THERMOCOUPLE RELATED APPLI CATI ONS [ 0001] The present

patent docunent clains the benefit of the filing date
woinasn4Bs1 U.S. C.  119(e) of Provisional U 'S. PptE0E2008/063919

Application Serial No. 60/940,012, filed May 24, 2007,

which is hereby inc %(ﬂ? f@f erence herein.
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[0&[}45 uct %Eggusoprocess parameters must be carefully controlled to ensure the high

quality of the resulting deposited layers. One such critical parameter is the
temperature of the substrate 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
fhe fimshed 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.



surface of the substrate. O her processes for which
tenperature control can be critical include, but are
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eSI
the processmg reactor 1s heated, thereby heating the ceramic member and the wires of

the thermocouple. When heated, the wires expand longitudinally at a different rate
than the ceramic, thereby causing longitudinal stresses in the wires. Because both
ends of the wires are substantially fixed, after repeated cycles of heating and cooling
the longitudinal stresses within the wires cause grain slip within the wires resulting in
failure of the thermocouple. Accordingly, a thermocouple design that allows the
wires located within the ceramic member to expand more longitudinally relative to the

longitudinal expansion of the ceramic member is needed.



wires located wwthin the ceram c nenber to expand nore

longitudinally relative to the |ongitudi nal expansion
woboosher7eer ami ¢ menber is needed. BRI EF SUMVARYPCF US1d68/063919
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skifte®id fe art from the following description of the embodiments of the invention
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.



be regarded as illustrative in nature and not as
restrictive. BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE

wORAMNGS1 [ 0011] FIG 1 is cross-sectional deppCr/usmwog63919
an exenpl ary chemi cal vapor deposition reactor; [0012]
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[0024] FIG. 10D is an end view of the cap of FIG. 10 A;

[0025] FIG. 10E is an end view of the opposite end of the cap shown in FIG. 10D;

[0026] FIG. 11 is a magnified cross-sectional view of a portion of the
thermocouple of FIG. 3;

[0027] FIG. 12 is a magnified cross-sectional view of a portion of the
thermocouple of FIG. 3;

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

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

thermocouple of FIG. 3.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] Referring to FIG. 1, an exemplary embodiment of a chemical vapor
deposition (“CVD”™) reactor 10 is shown. While the illustrated embodiment is a single

substrate, horizontal flow, cold-wall reactor, it should be understood by one skilled in



deposition ( CVD' ) reactor 10 is shown. While the
illustrated enbodinent is a single substrate,

whososaersal flow, cold-wall reactor, it shoul dpOEUS2008/063919
underst ood by one skilled inthe art that the
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tenperature sensors. The reactor 10 I ncludes a
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action space an e I ment e reaction
prodhétsrioeit t}iledasndmfpm 16f 1t raaresp@ueimint,ghartaction tchahbml 1@ is
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realiIchAhb&URh Glagnbe [Brfel HUOSANMA! biAN KBRS be

relative to a deposition process therewthin. [0031]
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enbodi nent e heating el enents of t'he upper bank
adjageat beatiagtedananin e avthiratheysape healadile an smbpdiment, ke henting

ele[‘nllggts q%%tfltl%g %A é?re %@egtfe Ql%tgn?\gﬁ{ Bgr?ﬁrlﬁilcu-[gereg% é %ongle

heating rddanient? IWdfhhutloxa@pusaem a”Dlhee hatmg rq:b&m@rns by pro€ide radiant
reaction chanber 12 walls. The hea el enments 16 are

eneEShiq disr BB ﬁbweaemr%b%tap%a WapR Ryt thg reaction
chARRPT DGRy mbﬁeaﬁm%%wén% t@ar@g;oﬂﬁ gyegm@ﬁe %‘dlém%%at of

portions of the substrate support sm 18. I'n an
Wawibigﬂhmm;bed nl ﬂreaidbstyatoﬂ)emgmrodmmdsaiﬁfebmvpmf&ons of the

sl Ghop ik Eftahrar 18- 1 B wbiparagre 4 HuspolPhEbeurpegr 26

pro@ﬁié&ﬁﬂc@ﬁra@éﬂ' Koo UPRRY tin@&Gile bRTIRS walkt Q0shdRg nié@l\i@ﬁs% %8 to
through the bottomwall of the reaction chanbe

coyntaz]a e sinlipeffacheausedipportd FHDRE e ARIS qurimge‘si\wrdly
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posed, and a sup menbeér 30, as shown in FIG

{0082] Th él"lrﬁu;pbﬂfalte serbe rméi*)ﬁamﬁnqenﬁﬁaﬁ@ch fubsiats hafder 38, upon
t hat extends downwardly through a tube 34 depending

whighdhe syhstrals wdrmaaby diéwos%@nﬁi@awp%ﬂ@mﬁb%@ ag shoyg in FIG.
. TR RN s SR 4 ot heel e
threughst tatee3 P dependamgl| ﬁrdxre thahoedr ealt iofi @het itactﬂimpdsmtbeoﬂ2 A
mo?orro(ggtsﬁbwn) is configured to rotate the shaft 32, thereby rotating the substrate
holder 28 and substrate 24 in a like manner during the deposition process.
[0033] A plurality of temperature sensors are located adjacent to the substrate 24
and the substrate holder 28 for measuring temperatures at a variety of locations near
the substrate 24, as shown in FIGS. [-2. In the illustrated embodiment, the

temperature 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



[0033] A plurality of tenperature sensors are | ocated

adj acent to the substrate 24 and the substrate hol der
wQ@8gooBan77aeasuri ng tenperatures at a variety of PCT/US2008/063919

| ocati ons near the substrate 24, as shomn in FIGS.
ol marenipis SRR pE MASKD B 0t SRR Ufsor 2
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45, as illustrated in FIG 2, for a chem
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a substrate 24 belng processed, wherein t
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one heating el enment 16 dlsposed adj acent to a
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Anderstood by one skilled in the art that the
tenperature control system 45 may include any nunber
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any other tenp erat ure sensing devi ce Capa

thWebf] srmmdemgodlhlemg eecthédnarsuple mh; & dhbenrie @GS 04, includes a
chanmber, or a_g conbi nation thereof. In an enbodlnent
B

shepd 4She FrRReBURPeS U4 colar ha st MircP2amscegnd wirerd) aRigng:6.
a ﬁa@éﬁﬁ’érgéidfgnd 98&%%9 "th a‘hl‘l’gﬁ’f)ég“eélgrt?éﬁégdpgéﬁ e 5B ik b's ﬁﬁst%tally

wre wre a retai ner
cydindrieal pdioigeabil meémbarhaemigadiongintdinal heis $Upp dhistratadhén BIDS. 6-
7.. fn aano%}lxjetr)séhl oéfn?elnlt the cross-sectional shape of the support tube 50 is square.
In yet another embodiment, the cross-sectional shape of the support tube 50 is oval. It
should be understood by one skilled in the art that the cross-sectional shape of the
support tube 50 may be formed as any shape. The support tube 50 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



cylindrical, elongated nenber having a | ongitudinal

axis B, as illustrated in FIGS. 6- 7. In another
wepdedisTrent , t he cross-sectional shape of the BOpPpPSIN8/063919

tube 50 is square. In yet another enbodi nent, the

[ 0SS- i.onal . shape..of the support ,type 50 is oval .
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be formed as any shape. The support tube 50 nmay be
atpgleniad logaligny type of ceranic or other materi al
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eé@*@?éﬁ?ﬂ?{%ﬁgﬁfﬁt rsp ﬁisfa? 0¥ 62 % 61‘?62%602%@?]{%@1 end 64. In

ow the neasuring ti
anbther ombodipicet, 46 fuppbe teiesoirelddat maredbai tvadbdrec 6 extending

0035] Th t tybe 50 of .the t le 46
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the support tube 50 includes a pair "of bores 66,
supharitulfer dinntdyeinglude \angvmuintbeFloGboiks @xb@edioged therein either

longitudinally fromthe fjr.st di,stal en 2to e ;
on g Bt d o R A el n e el ol oo ceramic
m&HBEOMnet 311Be BOrel BE i ARBteARS eckRBMANS ARt RAESD, BRI the other of

extendi ng at | east a portion of the distance between

the harep Op 4 adgpteddp resayedbe sseondhwirg 3ppdhe bpiss $650¢ disposethén a

0 ' e 4 oyl hy on
o EFEREy AP Do b G IR IR E 58 e AP shor
citcnit] Utle bamky 66urdheredad rdverve shoofirsh@idescdmarwieegs 12064 eichewithin
an?li ther longitudinally or at any ot ?er angl e rel ative

PTOHEC RS 48 BTEYCeRXDS OBier EHERCE &f Hifi Wik rbett, andnge dner
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and the other of the bores 66 is adapted to receive

inthes. dwemmberwimbedbdent, The diaorees 06 6achrterdbs pobedt Uit inches. It

i S A O T e T S R e
suffi@eritit@ Btetve alfiseindSetdiR Wird 51, ANGHiRESORHdinM 4 %ﬁ) BRgwecthe
e

therewithin and provide a small gap between t out er
wisefy dnglcibe grrfaageoliine eerraspondiue berg te mdowrthewirss SEadék togxpand
. ggﬂlﬂo [ he.dj aneter of each
ragljgf?\é Q@%ﬁgéﬁg%%% a.%g‘f i nogﬁlgeg&%]i #pgxﬁs&(? ier enbodi nent,

[003g di abetepoafiuieaiihisholeasiGhrtasly alxputed. Wilkin apehedivelsheath
shoul d be understood by one skilled in the art that

4% 18 shevedn ddUean Mave dhyn arHREtentsiie sshetedd is Jormed of a
RN GBS A M e 0
the ondizs pomngy pgitedrieont ediching ¢lteews 1 @andhe st IhopeXP anphss
thfgerg I(?]Lghgwﬁﬁ(gutlaorqaictea tlerill?clrrla se 6111§ tgm]:r)eergtlljilret ofo Ihet s%%gtHBAS. In 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 nitride (SiN) or have other surface treatments applied thereto to extend



[ 0036] The support tube 50 is at least partially
di sposed within a protective sheath 48, as shown in
wobes1473and 8. I n an enbodi nent, the sheath 4BCT/$52008/063919
formed of a transparent quartz material. The
r e ugrtz erlal 0 8 il al
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have other surf reatnent% applied theretq to
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anot her enbodi ment, a cap (not shown) suc%
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the sheath hin the measuring ti , the first
thareads of dmel Hivsit raed sseyndSviresx b nah. b&jnerfd:et dals fafrtbe vdiestd) 54

end. 62 of the ort tu as sho [ |G 5. .The
Opé%?ﬁ%%élﬁ J‘é‘h‘% éldffW“s eagﬁ%df@ecﬁ%tﬁlae ‘gtgez SUppRItgpke 0.
Theiseglest aaetye raret Qof¥dNoA  Hidél6ilaP mdtdlsb@adorrh her @bnocouple

provi ding an electrical connection between the first

thgregeiavesmndn wpre@sb0§2n6154the Ifiisiowie Sdtie dpmeast of Pladnymy and the

o] e t f
S RCPE H5R B2 56 AP 099 RELLR, 58y v
uiskeesosud By roas skledria thtusaetdthbogmt h/ﬁés 152, Solcderdenfprmed of any

should be under st oo one skilled in the art that
dipRnlipy mepalsvidad éh rwn 1 Bemapgouls thesspepucen dean embodimen,

thk Qﬁzﬁﬁ&&r oft fle s MBNHL albeségou 160hcte® BR Qifdtgﬁe&?bodlment the

el ectrical connection between the ends o
diamdtes o€ thedwines &5 B2sre Blout Thk! fnches. eidbowdd bk hmdswstoed by one
72 extend om t he second

sl%&e’gﬂt 0 thgp t a-@t t?\ﬁg g{}gb%?)ﬁ any, Biéa gjer sufflment to withstand the

cyclical temperature changes during CVD 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



The wires 52, 54 are fornmed of dissimlar netals to
forma thernocoupl e therebetween. In an enbodi nent,

WO b@sfleT’st wire 52 is formed of Platinum and P&EUS2008/063919
second wire 54 is formed of a Platinum all oy havi ng
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fragetostianstate 28thamn thej @eaft@rﬁf g un eddirestion cebstentiahles m@@m the
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shoul d be understood by one skilled in the art that

SEPROTE Bibgi Wehet gy cpBarsYlcgidetierataingl S& hddespaas 59 appkes a
ghﬂ% orhadir %fff%“fe'f‘?}{{&‘ggﬁ e EQIATR LA {hlaesuf)s(gr"f“tﬁ}%rS@ %0\)vaﬁld the

substant |
measuring tip 68 of the sheath 48. In an embodiment, the spring 56 is configured to

maintain the junction 72 formed by the first and second 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.
Accordingly, 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.



relationship relative to the sheath 48. The retainer
58 provides an outlet fromthe sheath 48 through a

wo eabsaett3di anet er, thereby maintaining the suppor/usioo&es3919
50 in a spaced-apart manner relative to t he inner
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101 bf ths tchptl 00 newliese BBN tros@seedpnal GlapeS QPME dlrbtvedldy1 02, a first
attached to the second distal end 64 of the sup gort

borg |} B issfprmgd dnte (s ot 1M | They ﬁ%baorﬁdﬁﬁéﬁtegé%ﬁmq ¢ firgjend
102°§Bn%0aq 1b%b2{ E%ﬁf&he&k {hEol%%gfdﬁ{a'l ']&1 | @tihy %ohg 1Itdsi? In an

support t I'n an e e cap
embatimext, tfe fDe v {09 isplirastai. cThd ﬁrsabmre H86 iswmindigireno receive

ol oo 200 AR B VEL N SHDSHES A0, ot o
104 RIWBSaRfalPAhy %ﬂ@gmw sH2BEl) thFQiteiuahicd Sﬂﬂﬁrs@bisﬁr?tube

appl i cations, PEEK and PElI provide greater durab

50.1 A ssteond Hotsel O8nid efﬁ@tl@oml%shemqeorsikﬁtndl Y ¢inthe Hv@darlﬂlt Hatan
em% hcﬁm% eos%a(r)rl?&/ borg IOQ rrﬁand o%rox%n%e g@éo%ﬁ'e%d I%Hf onsg ﬁ%ast a

a arge tenperature rarnges as

porh&ﬁ IoS&hd Rhgitaiiadl laﬁgﬂemseme el B0 VEhé erotsb@ecﬁbﬁﬁtdhaﬁéof the
[0042] In an enbodinment, as illustrated in FIGS. 10A-
sectiggbore A8 argy o upd oxpl 9wy AF el ok shipe selficient to envelop

o BLLGakramiecy o Jaus Opdrc b Sk Ere, i
emi@iimefit, tHeercapeditdahdspa of thigacend bore 108 is the same as the ﬁrst
bore 106. In another embodiment, the cross-sectional shape of the second bore 108 is
different than the first bore 106.

{00643] 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 fonger than the second bore 108, or the second bore may be longer than the
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cross-sectional shape. It should be understood by one
skilled in the art that the body 101 of the cap 100
worRgoshawel any cr oss-secti onal shape. At the fiPpeI/ustuds/ 063919
102, a first bore 106 is formed into the body 101
Th ore 1 6,.ext ends fro the first end
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thmathe ead stilfscef dfitlsd sebcmdedﬁ.ﬁﬁend ¢ anidplossd mmh(mﬁmmaglrelaﬂidmhip
cross-sectional shape of th cond bore 108

i RE CERESPP LA SHRAE o 'L Be5Pel oA fsbapsriers | L&i and a second
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resgiye Igofirst wirp &@ thay extpndssindys thentecand @asttih@ldﬁmf the support tube

i stapc as, shown
s BEcisa ™y TR LT b gon e s rROPH P Bfon a4 ha
likdwikb &xtdnts throaandhe eeRnd BohEe cdd®4 d0ThaB)ppbR fube FANBn an
the first bore 106 nmay be | onger than the second bore

empedimspt, theedigweisnol Beotesting serondongéirey hbdh 1l herg substantially
I'P%raﬁle]tﬁg'aetlapasatﬂe 9 ek %Tg%e b(gfg§6§ bfﬁm%@@goﬁ‘ﬁ%@ 5?; I{l Hgother

irst and second are su anti a
emhmhn&ucﬂhe tdhatetei df e filsoarel wwagyndr geainee 11 hd 1decositkhtly larger
di s end 64 f the supp

ort tu 0, therehy ensurjng
thap ewelf‘&%(p 188 SoEespop e&twesagée othRPRTtHhRE 20 The gap
bEDREMRGOUREEL st brce loF (RO QbIEHeL O TBAY. the REreS| 7€ 5aNdceived
shape of the first and second bores 106, 108 are

therdih eflewms the wates tRaT4 tolespdridratcobioact ra@rﬁlyl 85 wehleasdranglate in the

bore..cap ec V|n t he 0
Rl AR TR 88 by Bk TEn B it 3 HheriBetrarion or
chrtfagtio@nth S€ %ﬁﬂb@dﬂﬁ%ﬁ,&h& QBimelddSrane fise Rad %&@ﬁhd eAuMen 12,

110. The web 110 forns the base of both bores 106, 108

Thistlger tipn 2bo1t -Oifdnahest dranadirertembodisrent. the diamelss opthseirst
f bst.anti.al h

o8] b5 Rl 819, 197 L6 0aB PR A AT 9T ot

embodhhens uRp dfainetdd A thd fisycidtsbedndt fertard 190f ﬂ atés gdout 016

1r§cggsaf %g%gg}dgtljesfjr?cllers?&% g;r olng slgxlllgg ?r? %96 ilr? tl?art] tl?engtatrr{ete?‘s of the
apertures 112, 114 should be slightly larger than the diameter of the wire 52, 54
received therein to allow the wires 52, 54 to freely radially expand or contract or
translate therethrough when the wires 52, 54 are 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
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with the correspondi ng surface of the web 110. A first
aperture 112 and a second aperture 114 are forned
wo boosugirst he web 110. The first aperture 112 iBCT/US2008/063919
configured to receive the first wire 52 t hat extends
romt second di s ort t ube
i Rl BB s St Ploohy FsliNEE N s $n g perare
1the second wire 54 that |ikew se extends fromthe
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sig@h intsoeive paih Ba dirgangreeane Wigspor o4 thaniesbe deBopylitpleg! 16
el'(i)éfﬁ'é@g QbeH ere V‘%Qcﬁ"é}othg g\‘ﬁnas t5§a§4 fsrlﬁ SRE 3N ad[{ﬂ?é af 6 ﬁﬁﬂ tl?a[% the

e sup contacts t e corresp ondi
esdipf agd uube tihé 1Maﬂa€10v1t}t1hehi€ehmomb®btd jhe:d yf theo:azpl 109. In an
emggdlg’nlél olget e&d ofe both tubes 116 covering the wires 52, 54 are in an abutting
relationship with 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
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50 within the cap 100. Upon assenbly, there should be
no gap between the second distal end 64 of the support

wo dws/1503and t he web 110 of the cap 100. By al PQnUBH08/063919
t he apertures 112, 114 in the web 110 with the bores

ort t e 50, an ntial  sheari
segonflat 1 i Bl Py oAt OF |P8rré> lied 11p6ureindtha e first
antdosetcgﬁi SHIRRADL Sk Wléﬁre@@iﬂm@e{hg rfﬁﬁt A §e%91‘1’d3 %qreQrSZ 54 from
elimnated. Additionally, a properly al i gned cap 100
tvasty tegeshar @s thcheitestend thd wels1BR, 54 remai n spaced

0BRE i FLQSSE M ol Y s B St R Wbt Tora ol the
th¥ni ®Supid 460 4F e 80t §Hﬂ)ﬁ)\0t—lﬁrbu§) Reeesy BRer®dd L the ﬁrst bore
sup ort tube 50 and through apertures 112, 11

the bat 190 DTWhlhb theakyrst @01 S@@h@d gpariesesridaal H Ehe‘pwhahe(web

ORI L B LS PR s o

wiktd 83 Wrem'éfh bubs@nsNBCiadaap &Inl‘%nedszﬁﬂ&hai §fdced-apart relationship.
rel atlonsh|p [0046] In an enbodi nent, the first and

Thewsae S Veextezdmeﬁmtrh%l@ fisstt andoseeonshanrcrisres ddgod 14 e cap
2
10'?)%% *&5%‘%%“%&% ﬁe@ﬁpon?r% 4% ’Fn%l@ Hb\a% %ﬁﬁ@c&&%cﬁ% es 52,

covere tub reven
54 femrariesp flnemxmmﬁtr@cﬁbmgtheasebbrﬂtm m&doftareSctapgl(w In an
short circuit, as _shown in FIG  10. The second bore

erbslimgnindle irpdiphof CHp'aL0 qfsthsi len H§ teatiWel both: t fe an
erflbcfcﬁlrneﬁn%e§§cﬁﬁ§gf dM\fa@@rc 82the 4o E;h?l\@ 189etolen 163Ut @Muf)and about

tube 116 encasing each wre. the wres 52, 54
25 gini.nde pn@bleri emmdam¢nipibe Iacﬁufsuf:hnvdttate afhtbe &g OIS indetween

oo oo Foosh 2ol A el b RGOt o Gt e ey e

lo6pV €8 i%ohﬁ?m\m I BShdvdd bdih@FLoddbydhedRilleliim the art that the loop
relationship with the web 110 prior to the

Lithrmed dupthe fug andi ssgondhwiras PadS54 e bave g radjys of curvature

u?ﬁ&%rﬂtet;p a‘ﬁr(mrotﬂé ﬁtand tsQ%nS %{6%252\23% Q(l T}%Ql?Stra}lgigtealoﬁglhudtmally

pace apart rom o ensur
wtthna ther Sbrrﬂjpdn(ﬁﬁgl ogeswib esl B2, shppodtr @ubro60 i With®@nStedsion or
when assenbl e The tubes 116 cover each of the wires

casppressipntiesses Aeipp MirodpcerigpiodheWire S hi3dg 60, to which
[(]ITOF W TS %ﬁfxbogl%lécﬁé% Bt Qﬁ'nﬁc&leekfg ltl & &hdy gﬁ&ﬁt the > Sypport

strate 10A and 10k, e second
turbs 50yad shohaped168. ¢4t Whan td)penprmgt wbe 6&@‘5%@1&@1 lhtmr the first

|sIar ou hto h r. .of tu 116
bR DB R G, TR Ry atb e Sufmdtieass R if Sposed
afARMER iRUirkhend | 6551 ﬂledcaﬁ qund;m resiliadratda4nf élﬁﬁ}vdlment in

tw sting together as the wres exit the web 11

whigb 4i7§ecendcshiring-slegve |1 R 4t diapascd abeyt éhq)ﬁeﬁt yndd @,iéﬁﬁﬂy: cap 100
cess, f.or senbl.i,ng~t h her 9-10

B B i RRE et Pl B SRR T1 Brpdegng b

dikPetepbibdih Qhe:appa@@werswmrtﬁdﬂmw edihtdns to aadirs@@aNa2 of the cap

I(F)Jl i%r Igrlfl)iq%i alr}lgre s]égi?retclg{lge% 1lgn tbgt?ve\gﬁ t'ghe 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 prevent 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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110 of the cap 100 are aligned with the bores 66 of

t he support tube 50 such that the wires 52, 54 remain
waopdstiarBi al |y |inearly aligned and in a spaceBPeBp8zins/ 063919

rel ati onship. The wires 52, 54 extending fromthe

first nd con rtur 2, 4 .1n e 1 [
redcirRin ARG IGHEE FePRAR P Tl bt ol 13RI por
tulbd ) Wt%ﬁﬁélvém FR&tief thé cépn(m idtReRo IkSsuppt@ndci. In vet
fromthe second bore 108 of the cap 100. [n _an

aneihﬁbemh@hmentc He seartidudistal end p4 el the supiort thbe F@ dpilatied gnd
Qd
G L 30 Do PG B psbliel 0SBl R W

pré\fénﬁﬁlg)ﬂﬁﬁﬁﬁp e 0 6din@indting rélet vedi thissuphog umibeai(u rfeftﬂfthé h@ond
| oop 118 is between about 2 mm and about 12 nm
shripk tslﬁ@\fe ERos gprrssied, 2 ﬁ@tffcadﬁ slecvsr 128 vispases! abeut fﬁl@ Cap 100

begt oykd u
an OBR stfhrt SuiRDSH! o Bt ﬁ@ 45d PR;. gg?ﬁ%&@fgg LYol P24
opﬁraltls’ély&bdn@&ﬁ(&bduﬂ\lhﬁ@ﬁot&ﬁwe%e&@ﬂb av gecareya pcaﬂr)nlﬁf dfe loop
curvature sufficient. tqQ all the first and
Ligitp dae potechye plgever gt yl Therbnd At SFBryt PORIPRA |t G@PP Hilh to
mélﬂﬁh ar pegnondhag rQﬁﬁse of Q8rRiurt N BEPREH L ltSUbQ“hé Oassembled
out” tension or conpression stresses being
thémtocouhle 44 is titen indvepaated snts 2, mashing QO8] relniriag a temperature
enbodi ment, a first shrink sleeve 119 is disposed
SeB¥5ut the support tube 50, as shown in FIGS. 9-1 1.

OWAN t o RUARAT the intRSurf} tpS68 MSBE bRt 48 @ didp8sddi 4 Stposition
[ %gﬁe 106 of the cap 102@%%% roper | allgné% t he ?

at f whigh a:,mmpﬂzatgieeév@sulwrﬁ sis closies e A A dupreratsre; Heout the

rst 8n 102 0 t
thel}%)%au e ql6 intre V\%es I?edae&;%g%e%hg] { }J&)rlt(]rézi egeQ/ gi%l élge ?Jire?rfb, 54
ex@hﬁp&sﬁﬁn@&opﬁrtlﬁﬁlarlf’ lalosiz tlemtﬂmgﬂl?dlmél alx 3B edphel@Pparn dube 50.

the first shrink sl eeve 119. e first shrink sleeye
Inyam epbgdimgas W Fasthasd oof Ehe ¢ SPARBHOL e @hﬁspgit

su%;ﬁgﬁha@l dlffeIttheth%ﬁ §Re Q(deﬂ@&@ﬁt oft Rernfl® ckpdrdfonS8Idhd Qép Rt tube

e ca to provide a nore secure connection
50 exthasdm thermn@ma: ofi theshali axpasdi@evictht X0reard@, then ther longitudinal
shr.i nk sl eev

11 100. The, second shrink
gl 657 SbgBp IBmED PR Phe B ghHerp n the same
dikgtiveem M&h&%ﬁﬁ)dﬁ@eﬂt Ntht REeFURROGL thbtle cRPanddnlbftthe wires

first and second a ertures 112, 114 in the web 110 of

52, 54 is aiprito Oy teteectisiconal tisrmaliexppnsianeofithe suppog] tybe 50. In
fuft ”f' K EehO th%"%‘%t 15npt %‘tthé%ﬂqtﬁ ;Szl}lr%}%)%a& 20+ %%E' V& is

e suppoft n ‘ano odi nent ,

sub&@ntﬁeﬂll@l thél &fnas the cieaﬂﬁng:ndeﬁ G (| reﬂparsmm)tham;)bh eube 50.
support tube 50 includes an jndexing protrusion (not

As Hiswpret e el eoansisria di lpeaitidinal ﬁge?tmalemer@pd@@@tiﬁdtee to
th?%%%y‘ingvd?étéd dénﬂ‘@t (‘r?fe@qgﬁ%lﬁ%?)tt t;a?? (‘)52%?\%15?(;:@ i} the J&gqoeslﬂ&ﬁf%?.t The
capel(mt doee nbo ptelventsnhp popgort wbe 550rorh mxymdnag]mt betracting freely
alg% g%legglttgdmpgzt Q%Hgle rtn?nlangg gnfl%m%ftuchr'?a? stsfgsggsotlilgt would
otherwise result if the second distal end 64 of the support 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.

[0050] 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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the first bore 106 in the cap has a correspondi ng
cross-sectional area, thereby preventing the cap 100

woeasinBat i ng rel ative to the support tube 50PCHUBBNS/063919
t he second shrink sleeve 120 is connected, a

ro tive sleeve 122 is .di.sposed ab e cap 10
B Gh TR LT BP0 T R PRRE IR AR Th TS 4P0Rrel iy 1
alidwt et waésesz_,%Wtﬂeelﬁéxmar&tdomr@étyreraﬁn@@;:tlﬁ%u@F@uttube 50,
the protective sleeve 122 to secure a portion of the
theighp redwingoon planpebegthe ipasieh @s\FempRasioiressah@pnlxg to the
secus e ortio f the | 8 ' [ :
wBFEaEr o b Sab Bt [PSRuchdr ofe FRLAELY Bravirepqyere
foblded @M RligthrktinRY AREDLEM e 46 tHeSupanNiubBSOr IBE afied SLN$Dara free

machi ne or tool requiring a tenperature sensor. [0049]
to) trans|atsr Brqush, the Reetiies Lk, g twigioss sgificael shgiargs ingofigeed
by RRR8 T O e RE, sl Y W E B LATREERRYE e sperres 112,
1 Mhigied e uphefidér inttfcemse §it aroude dreeases;2, e Thepportires 112,

t ube 50 and the wires 52, 54 expand or contyact

I athoridipearirsst I RsAYd¢ Aempl #gp DEHTSTAIGINST Brigee phihe aperture
ariHRP %[lfer SR et thd %ﬁgﬁm%%n twhd@e GARLT9C kLR Rl and

t hermal expansion o e wires 52, 54 is substantially
trafislatethemtghtthacortdsporcief dpediventl 1af 1 ithtee rzilloe®pulresild A rehain

. the ;su t .tupe 50, wherein the t of .thernal

ings SR L B g B o 1t B Y Ees Ho o1 GHER {1t iapion of the

wibd $L5UMRcdre SiRAdERiIhiAL ddpa 0bRe EERkir&xRans kgmnaf Itsheuld
support tube 50 in the sane direction. In another

be teashby onhekifle@ it thei avhthabthet distppagl betwermnidi epedires 112,
W rgs 52,..54 | i | ar. tothe fficie .
 E0ERB] Bt s b b R R R by e
siehbbsh whet a pdidof @Efthd eliept520f54t Resxpakedenpanshoonwief 52, 54
the wires 52, 54 is substantially the same as the .
theprslhy; eipent logeitedingliyeas aesepilhel ghingreashia tsmpgaiure plitg wires

5P _Q)'4, &t% e&Eiﬁsetﬁ Il#)gﬂﬂfnts of HREvird £XBANYRaih @ui*fitafen{lg g&&%gj ?gef}?lsuch

directio cap 100 attached to the seco
thentheg4loofiott doatasu pambr dthéruoecabfe & shorslcatas iForthére thealwep 118
manpner. The cap 100 does not prevent .t he,support, tube
G OBt TP e RTRRE T SR 31 G Pepbor contrac
dikeOfaCthérchl BRbandivh Sr BontRADE DN cBOAIHNA N GIARYDT curvature of the
| ongi tudi nal stresses that woul d otherwi se result if

lophd 18 sbowld byisutfadiensrie) aBaw ghe whirss Sappbfa freelb expondysr ontract
w{thc))(lﬁqn&&du%{n{géggtagdﬁigr?al ?Q%?fo?t%s‘l t%‘tht;,r I\?v reggf, Séo Q\If%lvflﬁ%hhe wires

mal nt al ns I gniren e wmres 4" exi
51, SUREQY texpdidortdntag in trbpbndeh® the lcBsngdeZin tbftpéremniid of the

in a spaced-apart rel ati onship, thereby preventing.a .
wiRberearesdhe tonggotad]thaihermedoenisi 10y rsaucing orglaingting axial
10580 HaPRhd 1 ARE glr:ﬁﬂ giiﬁ,%ﬁ%lﬁ:ﬂtﬂ&li}ﬁ&ehﬂfﬁr@ failure, of the wires 52,
54.

[0051] As discussed above, the coefficient of thermal expansion of the support
tube 50 can be different than the coefficient of thermal expansion of the wires 52, 54.
In addition, the support tube 50 dissipates energy inte 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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greater magni tude than the support tube 50, the wres

52, 54 freely slide, or translate,through the
waesmsaspendi ng aperture 112, 114 of the cap 10BCT/UB®08/063919

apertures 112, 114 al l ow t he mﬁres 52, 54 to freely

expa or con tive to port 90,

VTGS 8, R VL AL oy SRR R R itren
t&ﬁﬁa%tﬁfes tHan @t r»@i%ése§2 app |réc%ﬂzeH0thE1'%‘?n ‘d/hé e§ the ,dlf%eﬁdaéttm the
woul d ot herwi se be introduced if the free ends of

thamglscanén@nﬁtal add dpovifichdas pawell ab the ritexbwhichlcatigyds dlcsmated

bl B Sbmrb i oo bR 3717 ARG imeroved

tBdrabbiplaunt all®Sd Sk IR SPNSH RAteAEhiRYexphR! P@htrdétaBdependent
t hensel ves, such as resi stance t hat mould result if

of Hee alpimortdnbfs 56 ppch they afditineal comnesgioni qr temsion stresses are not
.int n round,the wires 5

i RAFeHFLE R it 53 ST Bl SEone it GE e snapor o
sgap betmeen the inner surface of the aperture and the
outer surface of the corresponding wire. \Wen the

[0§¥ds s¥hilspeetseadd camwgdinents | oft b Hreghh oy@tion have been
P ) sot

BRHEILENG BPSEHER, b o hbsenl MR 0000 s HARRA an

nhdiefisutioas mag be mdhds wathonhaftpaau;goﬁrmmahe psdoh@venti@s B scope
4 becone ex osed wi_t hi e cap as th res 52,

& heRisERHG Iy chah sulegn %gwﬁgfe?@%eaé%ﬁo 891%ém§ QﬁmdF‘é‘&eﬁ process,

ahﬁem@th&dst hal cbhr @atﬁ&a&&em@ﬁlf(g@%@ thb IARES tewme%sht&%ﬁy or by
14 tformed through the web 11 the cap 100

eswaebdmapamnwad@hmﬁn@n@nmedﬂsr@nce such t hat mhen a
portion of the wires 52, 54 is exposed when the wires

52, 54 thermally expand longitudinally as a result of

an increase in tenperature of the wires 52, 54, the
exposed portions of the wires 52, 54 remain

sufficiently spaced apart such that they do not

contact each other to cause a short circuit. Further,

the |l oop 118 expands or contracts in a correspondi ng
manner as the wires 52, 54 expand or contract due to

t hermal expansion or contraction. Accordingly, the

radi us of curvature of the |oop 118 shoul d be

sufficient to allowthe wires 52, 54 to freely expand

or contract w thout introducing any additional axi al

| 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 wires increases the |ongevity of

the thernocouple 46 by reducing or elimnating axia

| oads that tend to cause grain slip, and eventually
premature failure, of the wires 52, 54. [0051] As

di scussed above, the coefficient of thernmal expansion

of the support tube 50 can be different than the
coefficient of thermal expansion of the wires 52, 54.

In addition, the support tube 50 dissipates energy

into the surroundi ng environnent
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through the outer and end surfaces of the support

t ube, whereas the energy dissipated fromthe wires 52,
w6 4doosa4tBansferred to the support tube 50. It BéDubTO®E63919

noted that the support tube 50 will expand at a

different rate than the first and second wires 52, 54

ature difference therebetween. During

“ﬂggﬁéiﬁggvgﬁggﬁ%ture changeswi t hin the reacti on chanber

12, the support tube 50 will generally be at a
1.d|quh@ﬁﬁm§@ﬂ@amﬁ@ﬁm -than the wires 52, 54 received

therein due to the dlfferences in the thermal

condl PV tee bavingsplest fistal pecite sgsondedistalends prd ¢ langitydinal

. b t
ax1Mé%@H§£%[ ‘?ﬁég 1%&\[’8 rggsé 19 C(gigbropgs ‘&F&&r@%‘nxﬁé&%gfd fggytggtals&ld
and el soeaufikel ¢hd; al | ows the wires 52, 54 to thernmally

expand or contract independent qf .the support tube 50

suchsheadt dispaged shomhnt lwﬁﬁp@é@p Ghsad sSurpREtBbe: st r esses

are, ﬁgsfr wifdld; @H&F\Qnmﬂtoﬁe bRGiPb&ES 52, 54 as they

expand or co tract relative to the support tube 50.

[ 005 &coihinlire dmpeﬁe&irw&ldn eimbeibiérrd nid bofest fadd preesenire formed

nventi on hav %?n descri bed, it should be understood
°f4 reph ey éﬁ? A&t on is not so limted and

modj, fdn‘éé&ﬂ Ao BeRen BRURS U LAPFt dRRAIT dirl @ BhidfiEcond
pr esent i nvention. The Scope of the pr esent invention

wineswhetinred bt}ncmmlsdpcp@ddwccmanorml,d fanstidiatal exfbof gad support
tbg ocess, and net hods that come within the nmeaning of
W% ai ms, either literally or by equival ence, are
i nt @Bé’(?gpérgtl\k%@y gitdRhec ﬁﬁsa‘ich&fc@hcﬁ dMEAENd Sf LMl t8be, kaid
A thernocoupl e conprising: a support tube having a
capf hawing @ifustdporetrirecaive éé@rf@cmds@ &1 e of said sapport tube and a
i n [ u [
secgf Bok U, T 58 SlaS HRERESpr e SREHE) Oy Bl Hyfte
incheind seeh lt’td-méd%aireeﬂ Raid fastsind atdonditepn sad V@Ekhaotld&]udhhg a first
| eas ortlon sai d support  tube; first wire
apeaﬁugf‘p%gé chip 1 die re w4 S§ropd gpergig SeicREP g second
wirdl %@%ﬁ&%’ést Bélﬁg tsfk%d Q6 5w QhidSBisH ahP5E&Ind SALL 845aP queely
wire formed of a different netal than said first wre;
thegethronght inores fpwseriTithomnaless parsivnen cboofracsian oo stid sirstindesecond
.and an end of said second wire, wherein said junction
WITS | ocat ed adj acent to said first distal end of said
support tube; and a cap operatively attached to said
2. secohdt@dhdbaluprnd Mhins Bifgdthet pRApisitidh BopIainttdcdd portion of

having a first bore to receive said second distal end
saig firs AN seSOpHYITes exipding o 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 mm.

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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second bore through which said first and second w res
extend, said cap further including a web forned

whedosaerrssai d first and second bore, said web POCUSZNSW3919
a first aperture for receiving said first wire and a

secopd erture far.r.eceivjing. sai n .r e, ~sa
7 por i EFGSGe o CUHRE S, YhPSR R 07 FRLE G BB of
baMve@satoat 3 hindend 12&ky t heret hrough in response to

t hermal expansion or contraction of said first and

second wres. 2. The thernocouple of Caim.21 further

8.conpFhssthagnasonplept (drimmed voteran paif d9oprhasp radipgof qurgature that
B SES IAL R PR a0 A Bl 3P Bl i
aral o Wwirg@ahéinaily @bnisaicd | oop to maintain a

predeterm ned radi us of curvature of the |oop. 4. The

t her pocoupl e of G aim 2 erein said loop h .
9 adi W BETRIHOUBERECIBN LoBtTes st . 1s i ol et plaive
t0%hidduBbsh &beWherein said | oop has a radius of about 12

mm 6. The thernocouple of Claim2, wherein said |oop

has a radi us of curvature of between about 2 mm and
1&boutheBermecpupiEnd Qlivar hovlbupheaidffing) andrecpondydperteien formed

O 803 SR B R By R RSP e

ofSAIdfilsPR Rasndawiediadsin@thetadirsagiir e that increases as
said first and second wres thermally expand and

decreases as said first and second wres thermally
Lk ont Adbgrmogouptheorppiésitcoupl e of Claim 1, wherein said

cap Blol Vi QaRrds @k hiE thQetidiugdn SuppOr t

tube#§¥%ﬁgiﬁ%n?h§%ﬁ§¥£uplergf %?a1§11,d§ﬁggéin said

fir st pandf sées fidnep e tdusesld onatds] dablr ofigid saics beved disposed
“have I apet er, said di.aneter bei | arger than a
e el hecisedbocssiod P geroa HPEabdnd wi o

passj kRep HEEHE tahpRUEN apetibresotied RREQHIBNEN, CORIRENSIaBE 'of Raid

support’ tube having a pair of bores extending ]
apdfairest theadvrgronearfpiald pof ojwnmines foisk pravdbaing Gxedy withehed to said

net al each.of said ,wres in i.SROse it i
bR, ERE U Qi P Ty Mol s ESRES M BBy
sdid @aR dfaapefigred duahg ikdrmapekpdaties drajfonesctionesfedait ough, while
wherei n each, of said apertures receives one of said
maaytinige sqid pal of euareq i ppaged-aRpreladanspR e keRRE R 0 sai d
12. The thermocouple of Claim 11, wherein said pair of apertures 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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support tube, and said apertures being sized to allow
said wires to slide freely through said pair of

wap@stiyrres duri ng thermal expansi on or contracPCDUSDNG/063919
said wires while maintaining said pair of wires in a

spaced- apart rel.ati.onship. therebet .. 12. The

© hof H6R QT e i T DUReTGR:EaTa s syf Support tube
beiﬁ%&rcéi%lﬁﬁir_fﬁidfﬁ%_tb&re,ough said cap are spaced apart,

thereby nmaintaining said pair of wires in a

spaeestonpbere exending dnis lshig bodfromisaid sseentorrdupl e of

Claimll, wherei. i.d pair of wires are exposed as
Chay eRrretdig PSR R cap and &
pr oh gedt ay@tiré REnRACRASESh hiPAEb, (1R Psaidalitks@eRRSeekiRRld in
of wires as said pair of wires exit said pair of

sald HEst pprese;f ormed in said cap. 14. A cap connectable to
as r 0 I r |\ - pair.-
o “Huoraint dpGreCliel 1GOTRE A’ Getl She 'R, of AR Aol teine

receiRgblane said secdtapenidied afd 8l sband eiteetipad dpact B@h daid
body fromsaid first end, said support tube being

first apcaiupab fistanse Wanainkin syd weesin aspaedorartselaionsiive et ng

i nt %@ %&@%@eiﬁ%ﬁ%&cﬁ%@ éjlo%\?:?a%‘ %%E‘ 4 f@el‘ﬁ)’etpan§1§&%@1relﬂ?&legh

sai ore sal d second bore; a“first apertur
whéo sdie sviteh erprgid s aboirasebs a oaseltof tieaind] sMpagsober ergntraction of

.receivable in said first aperture; a second aperture
sald 35%d t hrough sai d web, the other of said wires being

receivable in said second aperture, and said second

15.2pept ihperR@e ednabREsidh At Saiiénfiddl StapaPafddltRndreactor for
di stance to maintain said wres in a spaced-apart

procesisugiaonbraye, saiddesparatusgrantiol wstepesaneprisinged to al | ow
sal Qgﬁ\ﬁgh o%l%xﬂc re?a%llr sér{s 1%%9&&6% gdiz%%?tttglfs&i?%nbsm eE] sai d

W res ‘expand or ‘contract as a re herna

expansheollar thao rcepet itenp@itugatatawWirsscach Sof #id plurality of
tenperature control systemfor a chem cal vapor
IS FEYE SPATSs eact or for processing a substrate, said

tenpefali Yng HeQfitd Qllerr%}{tsfogﬁﬂa&: %g%%érﬁ I8 Q?idasuﬁil;tgﬁt@f&ﬂ ¥roPilding

tenperature sensors | ocated adj acent to sa
radsmbetargy @, saal sibstatel | er that recei ves tenperature data

romeach oSl RLAT Sl oL SIS, Spnor AL,
resPoHRe té BlnghefAireRIQVHELIABA 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 maintains said wires in a
spaced-apart relationship, and said cap allows said wires to freely thermally expand or

ndaera o ool crasmae b tradaa vailaila mantmfaimime ontd srrean oarmaro +arl
uve 10 WoCe Wile Maimaining 5aid witrds 58pdraca.
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radi ant energy to said substrate; said controller
sel ectively adjusting said at |east one heating
web@sami73i n response to tenperature data provi BeDub30ost63919
| east one of said plurality of tenperature sensors;
16. andAﬁ}enlng%l one. of . %ie)“ d plurality of tenperatures

le cComprisin :
sensors g a errocoupl e, sai d thernocouple

CONPsuippord Gubcchadigl a Phir W befes ffommachedetéd sl Baill 3tpport tube

netals; a suPPort t ube having two bores forned
havingércoe Hicnmg A thames! expansion; o1 sai d bores recei ves one

of _saj: | . of.. sal - [

ohe B O o LS 08 il PIRES G YRR
saidssuipgos hoint a paoed-asari chlapshipCeiclioigGaidaiatk Wi wiss having a

extending fromsaid su&port tube, wherein said cap

coefficiont of HErmal xpapsies ditisrent Shancsaifl enshligicitarf dhgrawb prpsnsion

p . . -
of B AR SRR B R At RP e iind BT pfive
to sa@d supporptubsngs Siad suppert tBCRad Lhi€wiis arsthdatedrampcalagpl e

conprising: a support tube having a pair of bores
formed therethrough, said support tube having a
coefficient of thermal expansion; and a pair of wres
formed of dissimlar nmetals, said wires being di sposed
W thin said support tube in a spaced-apart

rel ati onshi p, 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 cool ed.
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