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TEMPERATURE PROBES HAVI NG A THERVALLY | SOLATED TI P
BACKGROUND [0001] In the field of sem conductor

wordeniwhy processi ng, for exanpl e, sem conductBCT/US2008/008562

mat eri al processi ng apparatuses i ncludi ng vacuum
processi ng chanbers are used for performng various
processes, such as etching and deposition of various
materials on substrates, and resist stripping. Because
the effectiveness of such processes is often dependent

on CHFMPERATYRENBRQBESHAVINGA THERMALLY ISOLATED TIP

| ocati ons of the processing chanbers, tenperature
sensors have been used in the processing chanbers to
measure tenperature. SURBRCKGEGR pTenperature probes
for measuring the tenpe ects are
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| i ebntollihgtRe Eehpatdidrd &tﬂwcﬁﬁ@rﬁmdt S&tdin0catiid dfithe
| east one openi ng extending through the wall; a tip

nResessing Shembess clemperaturersansers Baw hegausedrn tkmt h

e PofiERhters % RRAER nRdRRRE o' 2" senbor

| ocated in the bore and adapted to neasure a
tenperature of the tip; wherein the second portion has
a thermal resistance ef f eQYNMMARY: her mal | y isolate

;@th P férﬂﬁ%rtég@rr?fe ﬂ%r{o%%fs W?f ltn'e%gurlh qug’lerﬁg dgt?lre of objects are

npfary e he tenperat ur

pdisglioded., Arhéxdmplany enmbeslimehbofihedeotpgratuse rmolaeé comiprises
portion, a secand Fﬁrtl on, and a bore includi

ffi’ POUSEGANRNiSINg Sreliany SERABGGPOTIRRS COMAMNSESQ '*%ﬁ SEME
RGN Sa P S HAE il &H | st Eée&&hehgﬁdﬁgmgu@?iﬁé first

the entire ﬁou5|ng g conprised
neardionand a kecénd SECt‘EB’CBXtendlng tthh@u@inthﬂwsmmgi pottiangthe
han he second secti.on, '

di te d t
g RAtiBh g Yo AN 0BT Ta A e PaRCRRT i fit
fpdréibnPa'sktORd endS8PAIineR™indtaWuter surface and an inner surface

defining the second section, and at least one opening extending through the
wall; a tip mounted to the second end of the second portion, with the tip
adapted to contact a surface of the object whose temperature is to be
measured; and a sensor located in the bore and adapted to measure a
temperature of the tip; wherein the second portion has a thermal resistance
effective to thermally isolate the tip from the first portion.

[0003] Another exemplary embodiment of the temperature probes is
provided, which comprises a housing comprising a first portion, a second
portion, and a bore including a first section extending through the first portion
and a second section extending through the second portion, the entire

housing being comprised of the same material, the first section of the bore
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including an outer surface and an inner surface
defining the second section, and at | east one opening

wezaoendiony t hrough the wall and configured sucPCT/H81008/008562

heat is conducted between the first and second ends of
the second portion in a turning pattern having a

| ength exceeding the | ength of the second portion; a

tip nounted to the second end of the second portion

the tip adapted to contact a surface of the ob
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B4 chforisind Raforiato BRBBRFEENSERROR. 8 second sndy a vl
hm&:lmitlrtdﬂtaﬂ mﬂtterr Q}ﬁrf@dea?lﬁd% a]lcafliﬁ@frt $u/r€atdeOdéfhﬂ&gg?hé gecond section,
isolate the ti romthe first partion an

raad pf legst 9ns|0@§@§19 axendmg m&ﬂ] %W?ﬁ@ﬂdé;@kﬁvé% such
m’llggﬂbgfe@tcoq{ duchéy Bgf\mférﬁ‘lthlérfﬁspéﬁ@gécbﬁd BHAY I second
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?Bﬁﬁﬁedttﬁecdcdté&ta Q&’r‘f?d:é’ﬁf the St5eenwhsse! terﬁPéﬁdtbre is to be
i nc an outer surface and an inner surface
dmblaaumgi anpa sensordbcated ih ding boceiandladapted taameasure a

| east ope openi ng. extendi ng through the wall and
c@mqedaﬁ"éﬁdgg EIBhat heat i s conducted between the

fihekeim Btk 866 Réﬂﬁ)’ﬁ @fhdd8 tisarendl fesistdricenefféttive to thermally
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turnin pattern
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cToobAT . FGRERE: REC ity icubiefc bt ERESTAL SigBLet

NBRYidedid whidte EemprisBE asertpiécedidusimy tompirishTy 1||r‘$6ahd second
resiliently bias the tip agai nst the surface;

skorgigns ppd A lemgitndined bpes extgndinadhiewgh the ﬂ@é@@f@rhand the
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S an exerrpl ry a tenmperature
md;laeent[tﬁé%it por€ion 2a isetosd eatiga veallaoch:dmg ah canert hiaface

FaTed B T AR ALHSTOB Y BHbiCRERUR Gk pPiEnynd at least
eSehaRNG Xteddihg RRIUGHhUHhE WEIPRSd configured such that heat is
conducted between the first and second ends of the second portion in a
turning pattern having a length exceeding the length of the second portion; a
tip mounted to the second end of the second portion, with the tip adapted to
contact a surface of the object whose temperature is to be measured,
wherein the second portion is effective to resiliently bias the tip against the
surface; and a sensor located in the bore and adapted to measure a

temperature of the tip.

DRAWINGS
[0005] FIG. 1 illustrates an exemplary embodiment of a temperature
probe.
[0006] FIG. 2 illustrates a portion of another exemplary embodiment of a

temperature probe.



[0008] FIG 4 illustrates an exenplary enbodi nent of a
pl asma processi ng chanber of a sem conductor nateri al

wW@bk@soaiopy ocessi ng apparatus. [0009] FIG 5 il PCBUSHDEE08562

10

15

20

25

30

an exenpl ary enbodi nent of a tenperature probe
including a contact sensor installed in a substrate
support of a plasma chanber. [0010] FIG 6 illustrates
an exenpl ary enbodi mnent of a tenperature probe
including a non-contact sensor installed in a

s[09971 atFdGs Boilustrates awpprtigeraf anathersexamplans gatiodiment of a
%}ﬁéﬁsﬁ’gﬁ PTION [ 001 1] Tenperature probes for

d enperature of objects are disclosed.
T[woewna@wmesmt@b@w exerhpRey enibdwiimeht yf & pdstha processing
tip adapted to be positioned in thermal contact with a

s@haraeér offa saMieH wmgéertaém precessingapearatus.
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808 1o BB arfoxdhpiarg SRR eR BF 8 d6pBAure probe
t ineludénge cahtact sehsobinstdlied |h0§3§12!}stﬁtb<sdpperttcﬁ aoplasha
t%ggaéature probes can be used, for exanple, in plasm

€ ng chambers for measuring the tenperature of
Cp@%ngr FEJTRO n&gﬁéteerarﬁéiarﬁemyurehﬂfomaﬁﬁ bfh %émgeramae probe

as processi ng operations ' asma proces

cinalubérgsa man-dentaelpsar sor vndtaHed inpd edbsﬂnatetm:mort of a plasma
i nducti.vel | ed chanbers, and resist stripping
cRfBEF'89; c%‘ﬁ'/\ﬁ?%h vari ous processing operations
i ncludi ng etching, deposition and resist stripping are
perfornmed. [0013] FIG 1 deo|cts a te oerature probe
10 according to an &dehpllE 5

s gﬁﬁi Tuet'ﬁBg'er&% %rgb'g §§5P%%§ﬁauﬁ§§é g%g%%;aq?% &f obJects are

h@isslbsad.1 TheAenttrss1urd grothsd Muddﬂ@tﬂmmw%dl&t@mdptad@pted
14 are tgpl cal Ié@g&de of different materials. The

Hewke pesitioned i thesmak goatack with g sudace ef an @bigrtiwhase

WG 7 B8 Mg rdl, EthbEdnfints Bt i S5t brobes
haresddaptd@ to bbaisedunivagiolid dpplitatiers @ rﬁ'\leastlreptbfetﬂeﬁriperature

18and an adj acent second portion 20. In this
nt, the entire housing 12 is nmade of one piece

Y003 2] R EhbBdimérits O 5 tatRpEtuld broBks ERRILEED or example,

in plasma processing chambers for measuring the temperature of chamber

components or semiconductor substrates during plasma processing
operations. The plasma processing chambers can be capacitively-coupled
chambers, inductively-coupled chambers, and resist stripping chambers in
which various processing operations including etching, deposition and resist
stripping are performed.

[0013] FIG. 1 depicts a temperature probe 10 according to an exemplary
embodiment. As shown, the temperature probe 10 includes a housing 12
and a separate tip 14 provided on an upper end of the housing 12. As
described below, the housing 12 and tip 14 are typically made of different
materials. The housing 12 includes an outer surface 16 and an inner surface
(not shown), the latter of which defines an internal longitudinal bore

extending through the housing 12. The housing 12 includes a first portion 18

-3-



the first portion 18 and second portion 20 are
conprised of the sane material. As shown, the first

wW@rwioowod8 i ncl udes external threads 22 at theChESE08608562
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the first portion 18. The threads 22 are adapted to
engage mating internal threads of a body in order to
secure the tenperature probe 10 to the body. In the
illustrated enbodi nent, the portion of the housing 12
above the threads 22 has a cylindrical shape. The base

ofind ga gdjacantsecondportion R8I laithig empleodimesidheentig hoysing
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Equation 1 can be rearranged as Equation
measured. At a steady state condition, the tip 14 remains at the same

temperature as the object. Accordingly, the temperature probe 10 is able to
provide accurate measurements of the temperature of the object.

[0015] For one-dimensional, steady-state heat transfer conditions, the heat
transfer rate, q, across a material is given by Equation 1: q = kA(T+-T2)/L,
where k is the thermal conductivity of the material, A is the cross-sectional
area of the material in the direction perpendicular to the direction of heat
transfer, T, is the temperature at one face of the material and T, is the
temperature at an opposite face of the material (AT = T4 - T2, where AT can

be positive or negative), and L is the length of the material along which the
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g = DI/ (L/kKA). In Equation 2, the termL/KA is
referred to as the "thermal resistance" of the

woraioeni4h? According to Equation 2, at a gi venPOUHUSI®0$608562
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DT, increasing the thermal resistance of the materi al
decreases the heat transfer rate, q, along the length
of the material that heat transfer occurs. The thernal
resi stance can be increased by increasing L,
decreasing k and/or decreasing A. The housing 12 of

t heat teansdernecouss p Espiatioo 4 ean baseatanaged s !%ﬁttamm@
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using 12. Accordingly, the materi al
heardution bedwaeb¢hea tip ezt and the tirsh paodiont K@ T herh1gh thermal
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tt%ﬁﬂﬁ-‘!réfdﬂé Qhétq§%‘q@1§§td3fhett'é hﬁﬁ’é of Iﬂ@é sGAAcOBf ffféiéb@ht in

the tenperature probe 1 17] To allow exposure of
tmta@tm@n thatie 18r obe 10 to reI at i vely hi gher

;l%@ﬁ%i Al %@@)ﬁgqgg@%?émﬁéﬁg léitggsﬁntéélecr%gtgr?al'ﬁ%@ﬁtgo{he

paesiteRt r@ bbt(b"soe'l'lﬁb/hﬂténéﬁ?fﬁﬁé hoel mpr@ttatmyhtaeraelssw
( PEEK) , n&ql m de, pol yam de-im de

eneftcinat of sem@t@?n@céwﬁvé( t@t&@mqﬁmsatam heattrapgder. q. by
F
(PP LS s 206 ABMR 525 Alekdfg. e

tiIc m

anatarla otttk BOUisihg A2, carabe Belasted! td enh@m@é thectherimal isolation
housi ng 12 18] In ot her enbodi nents  of b ?b
tfrpet @tmgomtmej irst partiehytg ﬁtgthfzh%%hn%é%w ichggnhances the

r@%&‘fr&é of Bhi3drature 'Yﬁéatngbcof R 85 an I[r)tlbﬁes {tquagdsie Q%ﬁte

roader service tenperdature ran
rtet'rajdramrmprme 40s used to construct the housi ng 12

p{oﬁ % ab[loy alroe\l/}//%x‘ré‘olsl?rvé’ ct)ﬂﬁeqampera ﬂ‘#& E)Iralbet YO to relatively higher
temperature conditions, the housing 12 can be made of a suitable polymeric
material, such as polytetrafluoroethylene (PTFE), polyetheretherketones
(PEEK), polyimide, polyamide-imide (PAIl), polyetherimide (for example,
ULTEM 1000) and the like. For relatively lower temperature applications of
the temperature probe 10, other plastic materials, such as acetals and
acrylics, can be used to construct the housing 12.

[0018] In other embodiments of the temperature probe, the housing 12 can
be made of a metallic material. Metallic materials can be used over a
broader service temperature range than plastics. The metallic materials
used to construct the housing 12 preferably have a low thermal conductivity
for metals. For example, embodiments of the housing 12 can be made of

-5-



for metals. For exanple, enbodinents of the housing 12
can be nade of stainless steels (for exanple, 304 or

wWaA3DIs1adnl ess steels), nickel-based all oys (fBPCT/US2008/008562
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exanpl e, I NCONEL, NI CHROVE or the like), or titanium
Al t hough these netallic materials may have a
significantly higher thermal conductivity than

pol ymers, such as plastics, used to construct the

housing 12, these netallic materials offer higher
sstairfless stegini(fer example, 304rort4d0 pleiniess steelneBiskel-based

. 5 Ll . Cals
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housi ng. 12. Consequently, the netallic materials can .
beondisitivity than pelymers, sudLas plasiigg ysaghig sonstruct the housing

C - ' I ' e i
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the netallic materials in these regions &% a sui,tgf)l e

| ghaller giosgsectignalirreae iy ian piagticy aﬂa sfiy haye sHgRDIE,

o 3 ; t

OpeEhpREsTBIcOHETRORe TR, CorlsARRERAY he MR
emigiteréal$§ icantbepfabricatedit® havd @ sufficontly-poall cooss2sgctiomal area

oS lord sk i SRR Folo6 poluifh fhdBptone
fgs&mah%/oﬂmqﬂim@ $20{o fehncb eRBRhatdorRILRtiGR ehrbRightthe

irst portion 18 and second portion 20 of the housing
1metallic atedglaimthess wgionsoto ansuidablelleveldeor useimthe
the first porti 18 and second portion 20 can both be
C Hﬂ%ﬁ?gﬂeéFoﬁﬂgﬁsane pol ymeric, netal or conposite

nwoqlgp alIn other éitérﬁglaw ebutlirk8n&Nef theaenthapature ProZd 10, at

can alternatively be conprised of different materials

fleast a portian akihe hausing A 2dasbdineeentise fisstpastiond 8xand/pe

fi y t f :

SRS Bafh LA o B, rgreraly

naviee haginghewi thgrrhavedriderctigity.conduct i vity, to further
decrease the rate of heat co_nductiPn fromthe secopd
p9020bn Insome exempiaryemrpdiments f thenigmperatyerrygbe 10, the

S ey BRQ 38R0 oy 0 o hd Rl 0ed e separate
vpiete® bf trize tialu Fiargexb2nplenthietferst pbitidnntshand tseeofid peition 20
g‘%ﬁbaﬁ’( é$ cg%%?iﬁg tof 'trﬁ'é: Isgrdn(?a S&gge?i%?mqul(gr) éogggsite material.
The first portion 18 and second portion 20 can alternatively be comprised of
different materials from each other. In such embodiments, a top end of the
first portion 18 and a bottom end of the second portion 20 can be bonded to
each other with a bonding material having low thermal conductivity, to further
decrease the rate of heat conduction from the second portion 20 to the first
portion 18, and vice versa.
[0021] The second portion 20 of the housing 12 includes at least one
opening that extends through the wall of the housing 12. In the embodiment,
the first portion 18 does not include such opening(s). The opening(s) in the
second portion 20 enhance(s) the thermal resistance of the second portion

20. The opening(s) can have any suitable size, shape and pattern that
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second portion 20 enhance(s) the thermal resistance of
the second portion 20. The opening(s) can have any

W@ 00vableew si ze, shape and pattern that provi de(BQT/Uk®08/008562
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desired anount of thermal isolation to the tip 12. For
exanpl e, in the enbodi nrent shown in FIG 1, the second
portion 20 has a coil configuration and includes a

si ngl e openi ng 24 having a continuous spiral shape.
The spiral can be a single or nmultiple helix

cpiovian(s kihiegdesirescameonst of thermabiselsdtieg te4hartie b keent

erunpRa biscepBri o8 SRS BLERF e 55557 pcfior, 26 has 2
degli €drFiguralidre an@¥edlndes ¥ siigle Gpemitig 24 haling a continuous
ten‘perature_rprobe 10. In this enbodinent, a plurality

o$PiEsd shanee Thsesnirah sapbena single po sutiplg halixgandigheatiany
; .
PRRUEIS. 18 4reng 28 cilaceif sB¢ HRMlcRAl 26.07ngeRond
dpsrtion @D dwri inehid eashions ¢imdin pnetsbiralszm;l)abbpdnimgt erial
ten Cl Qse

25. The t i 24 h 80. As
89221 b &1ha Grpcs Bntbes Sramalans etadigent of e terangrature
IPBESAF. T emBboient STACIBPL! s byB pfohings 74 afe
deipposed amnan hiternatiogp attern abdragitheglengtif of e second portion 20
t t 10, I.n thi nbodi | [

ot B8 sRiuHnG. lschis oo e e Fus RgnIngsot are Bisnaset petween
PadjhEemt yodhvhblﬁﬁ o?§6lﬁ“ﬁ1a$@ﬁiél!ﬁ.‘ PRe @ho OpRniyLs24 8ach extend

sensor W ring i's shown di sposed inside of
t¢lese bz $80°.pAstdesaribed balawpa sansey Hbwithemring 41his shown

3SR Bl B s R Por e, 1 oGR8 sBoona
bA®®.24 in the second portion 20 can typically
have a wi dth of about 0.1 mmto about 0.5 nmin the

Uf93dpr d9Sed denicts. annibenexemplary embsdimest ablhs tegnperature

oI, i PR PRI 3 il o RiHlr A ogdnihls 24 e
tfpprinedlih ynhaiteenating gattent inathe wecBnd pomidm 20luithe Pobising. A

mm The second_portion 20 including the oger;imr;%%s) 24
csansoy g0ith wining, é1 4s sbaypdisposedgnsigesfiths g portion 20.

SR8 FBUASEROT B sebbng figpboThe Lemperatur
g0024pnrimthe éxempiprysembodintdnds afftfieetempenaturerprebe, 10 shown
tiﬂ%l&%ﬂ%, t ero%enings 24 in the second portion 20 can typically have a
width of about 0.1 mm to about 0.5 mm in the uncompressed state. The
material 25 of the housing 12 between adjacent portions of the openings 24
(FIG. 1) or defining separate openings 24 (FIGs. 2 and 3) can typically have
a width of about 0.3 mm to about 2.5 mm. The second portion 20 including
the opening(s) 24 can typically have a length, |, of about 5 mm to about 15
mm (see FIG. 1).

[0025] The temperature probe 10 is typically exposed to an ambient
environment during use. In the ambient environment, the one or more
openings 24 form one or more corresponding air gaps in the second portion
20 of the housing 12. The air gaps typically have a low thermal conductivity

of about 0.025 W/m-K, which is substantially lower (for example, at least ten
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openi ngs 24 formone or nore corresponding air gaps in
the second portion 20 of the housing 12. The air gaps

wa ypooalehy have a | ow thermal conductivity of BODUS2008/008562
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0.025 WmK, which is substantially |ower (for
exanple, at |least tentines |ower) than the thernal
conductivity of nost plastics, and | ower yet than the
thermal conductivity of netallic materials used to

formthe housing 12. The air gaps are effective to
i eesdowen)ikan the tharmab sopdueipvdtyaif most plasticsd apdriowen yet

2 there ase ond ctiaon fr

e aSt R R ot B Rlaie RiPtR I8 Usga 36 it sh fousing
Agizli Trhersd d;a(ps e éﬁémuwtotuherea@@rthégﬁe@‘ﬂanresistmwciae@mé
portion 20 of the housing 12 in a spiral configuration

\/\Nwr@r@fﬁgerﬂ%@'\q thereby pecregse; heatronduetien froanthe tip 14 to

f i pl e openings (such as
%ﬁgﬁﬁ&@b&gé gﬂhg&@% ﬁ%:ggt has only one main
cpms@t | Addithodillyi, bytfbﬂnmgrthercfpiemimgsomhethwsécrmm pdsnelon 20 of

tip 14. For exanp in_the tenperature prob 0
i fﬁ'thQES'f!Q 12%8%@1 renfigiratian vthy ‘P’aﬁ\PPﬁn'ﬂ“Se(Féé Filor n

?ﬁc&tﬁéﬂs@ﬂﬁb ﬁ cbhfi§u r%ﬁBHrhqthPﬁggr‘?\gﬁwe Bﬁéﬁlhﬁg (¢8ch as shown in

ou3| materia e ‘openi ng
ZHJGSJﬂamd Bhéwdmavasrmﬂy bhewedinadandyctibe path in 'dnel tenme'rature

Terobe (G SRR 4 2P of Bt i mBe bk Shown

GRENGENY, #fk hBaf B%ﬁfé@%ehdwm tHénsp?Ral %‘a&@rr\‘ bﬁé'&rlcbé around the
i ncreases the actual |ength e heat conduction

mﬂdorﬁm?tlgh 20rtbraugiothe m:smghwaﬁenaleﬁweeﬁnmgdhe.q@enmg 24,
18
U ATE petes BN Hand 1% eh aSBUE Hanp PR pastion 20 and

TreacRed RS fiest portids 18fof the hadsihg! 1 2PERLIS FofAhgtPe spiral-
i ncreased to increase L. For exanple, t he spiral can

i shﬁnﬁgieonema% 24 indeesgcend portigm20 sigificpntivdncreages the
$iuiBhafhy L UE oA dhd REOR B3R 1 BT sbbfd Bortion 20

(Bstuenahe :ﬂb 14/\/and thé firstporticted 8 e sies hbbemgatze a3f cdrapared to
transfer, | ong the second portion 20 and i Nncr eases

;th@ leregihek Sthe Repard PoSiAEd o hgrnurpler ofguins of e snieal
(9Petlin® Bah b incfbaskl BiAELA8 L | FGF SRR duﬁsa,ymgn include

can reduce the anou openi n
vilwalt o tveaiycturns. Wiereasing the pergthicf tee Mpatssrdiyctimm path
per turn basis. t[L1002 the te

HREASER the BAGTIURPTINE RaSATAI S S RIS G ghBSCORH Rarien 20
'tq;Eg%ahHﬁ ) NFhRALRRBr 8BEHask8thé a8l SiEaR andtdrS qOhlong the
second portion 20 and increases the degree of thermal isolation of the tip 14
from the first portion 18. In addition, increasing the number of turns, can
reduce the amount of individual opening width reduction when the tip 14 is
compressed, on a per turn basis.

[0027] In the temperature probes 10 shown in FIGs. 2 and 3, heat is forced
to be conducted in a turning pattern about the longitudinal axis of the
temperature probe 10 as the heat flows through the housing material 25
defining the openings 24. Consequently, the heat must flow a longer
distance in going from the upper end to the lower end of the second portion

20, or vice versa, than the length, |, of the second portion 20, which further
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tenperature probe 10 as the heat flows through the
housi ng material 25 defining the openings 24.

w@egeggent | y, the heat nust flow a | onger di SPEINUS20081008562

going fromthe upper end to the | ower end of the

second portion 20, or vice versa, than the |ength, |

of the second portion 20, which furtherincreases the

degree of thermal isolation of the tip 14 fromthe

first portion 18. #0028] As descri bed above, reducing

t inereasies thaidsigres of H1ernta istationiobibe: tim 4 fwrathe fiest portion

hﬁ%Slng 12 al so increases the thermal resistance of
second portion 20. Accordingly, it is desirable to

[0028] ZeAd Besemtbéd bbbk redacial thbavaemmesero&nm séfond
e wal | thickness of the second portion 20 c

t poitieal 40,0k thedrousingn! d1dsA increasas the theeuel @Siﬁ#anqm@f the

h
A Qg RBHoR 20 Ao S R PR Ted U, 8] s
f off thie gerohdQoriién 26. tThe wall tlyickness @frthbththEpcw&bh 20 can
t hi ckness of the second rgortl on 20 to

dypicaly range frgrmabauet Q.5 mphiosabey 3 HE"hJ?@I fﬁgt aczrtlopow of the
KOG 125 Upplts) tnb BePERG Torlin OZrRNElth 147 The wall
ahvickmesh of the Gesd potion M8 ésrtypibaliyrgreatdrahan rtimeb wad thickness of
e seabg:POrHaR20 0 R iedhe Heskbd Sibnalt atd silipeds 1 the
NS @ik q2W&ré@n$p|eametwawﬁﬁgkqﬁscm%réaﬁire fiRg portion 18 (or

housing 12 wth a smaller wal ckness at bot
finrtbe pootien oﬁthlssfurahnost@@o‘rﬁjabove trenttzeada22do rqmab@ﬂmecmts
t he hou

DAt e trea it sueh TR I Fis hutdts iy 808 from about

[ PR#lto laboREBAHMTEAS Seseritséd asow%@tamlitpmaterna@caﬁ be used to
1-3, the second portion 20 of t he housi ng 12

eastséiugbthe Bowsingitgnwitly arsrmalleramal thlﬁlQS@ovattb%h the finst portion

P RN e B oHion SOCPEROTRErsR R cleifia MReBhAR Ay

1dbrstrich e ﬁo@yhgaqe afll siil ppdvidetsuitabRsStri &ORE propérties.
is to be neasured by the tenperature probe 10, in a

00281 i dniempedimests. sushiarthosssioneminsF K ovin3, thersegend
a%cﬁ'tloﬁ% @ﬁﬂe%Js 3@3 Béegé rj h@ff Hénltlsl rb5fbnt to allow the tip
wever he™t ave di ferent

chhtomove snméwaat mdependem:ﬂy aff thetHratsimgt 2htd thereby resiliently
contour of the surface of the object that the

Hirs Joa topssusdanadb o1 e Hp MoaiRbm sudace of ﬁn@bg%towhose
ttgﬁq%ﬁﬁfg@g @ﬁ% gé g&ré@ b&ﬁﬂ?‘féﬁ@g"é{t&é‘ﬁr&d’@ﬁ‘b”ﬂ(él;elf-
aligning manner. In the embodiments shown in FIGs. 1-3, the top surface 26
of the tip 14 is flat. However, the top surface 26 can have different contours,
such as semi-circular, that match the contour of the surface of the object that
the top surface 26 contacts with. The enhanced resiliency of the second
portion 20 is produced by the opening(s) 24. In addition, the material used
to construct the housing 12 can be selected to increase the resiliency of the
second portion 20. For example, resilient plastic materials can be used to
make the housing 12. Thin metals can also provide resiliency.

[0030] The one-piece housing 12 comprised of the same material can be

made by various manufacturing techniques. For example, the housing 12
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make the housing 12. Thin netals can al so provide
resiliency. [0030] The one-piece housing 12 conprised
of the sane material can be nade by various
manuf act uri ng techni ques. For exanple, the housing
12can be nade by nol ding. The threads 40 on the fir
p&aR PeAmage by mﬁléhnaau‘ghﬂéhrf@d@é@ P theofirgb gopipn Hd of the
I
ano@%ﬂg 19 géhedﬁ %@ﬁe@hg?ﬁ% h@kﬁd:ﬂa ;gbgg%é’b‘?%%? th%rr]noldmg
npxdtueas n@n ansthuyleentpmchmm)fthpl mn.tsmg o2 camtbd maﬁlecﬂw archining

e of tu e eni ngs 24 can f.or
RO plkee RIS SOMSHAN FucH 354 RIGEa 81 BypifGedine Gbenings
aph 2hh P fol?‘r'n% lﬁrtﬁé %HESn ﬁ[od 8h oFﬁﬁfh&hQﬁgﬂ? by laser

convent i onal machi ni ng t hni ques exa
Hebiatiomshigheiradsurg watee jethmaachinimgp be cenyentipnal sequetrining

first d d b de by th
e e Sk BBt v ThER ahbt 655 o .
t §epdratePRistbHA ScRbAY %&ﬁbﬁ‘s’i)rbéheawé 8d rhade 'B?qﬁééé '?Qcﬁrhﬁues
tenperature of sem conductor substrates I n plasnma

piQD@éissuAﬁgdeaqmm gbove, cemho@imﬁrtts of the texepeyiature probe 10 can

t d
PR e P as Qg R Py by iupBpd B BLpStEateS!
p;bl@@ﬁh’é%rb@e%iﬁb Qm@ﬁm‘érgf A1at 4fdeili|ct§ %Séi@ﬁﬁ@ry 8H{dbdRent of
sem conductor wafers, in which one or nore of the

t 2 GpBACItivel¥-GoupiRG Plesmapracessiag hanbemid ofia dlasmea

FRES Y ehelrafRdo bt RnS ¥k RnditEE niBstat sy sgtes,
estiovaesemicohaetoralgfelrs, dd ehici\ens P Whord dfethel tafiperature
proceSS|ng%§hanber 30 includes an upper el ectrode

AROBRBICANIE Instaliedde raeasRdhRdamPeraisre aliena £ enpieobjects,
Tﬂghugé Q%e%négﬁa\?%gﬁggggeﬂné# 39@33 bﬂéﬁﬁ)te”& ng)%‘?fé'n'? %or example,

upper electro
canmppercalecbnde) t As shpwog ehas p@amaspwcessi&g ch’éfmbeupw includes

i ol S A A et i
ALRRIrioRS SRR wht TS [Rn HkRfids, cPhe BrBEPelRctrode
sagsembly 82ss ipfuid cxﬁnmmiicajim with arqzrecesmgaaseuﬂie 341 The
i e A RaRalBbiaZ tantes s ooty THESEReFS ade o the
Tﬁlﬁsr%tlﬁbééésﬁné CRBRTHer3D Vi¥ Rhé bk YnjeBténEpanmMys. A substrate
support 36 is shown positioned below the upper electrode assembly 32. The
substrate support 36 includes an upper surface 38 on which a
semiconductor substrate 40 is supported. The substrate 40 faces the upper
electrode assembly 32. The substrate support 36 typically includes an
electrostatic chuck (ESC) adapted to electrostatically clamp the substrate 40
on the upper surface 38. Radio-frequency (RF) power can be supplied to
the substrate support 36 by at least one RF power source 42 (with each RF
power source adapted to supply power to the substrate support 36 at a
different frequency), while the upper electrode assembly 32 provides a return

path to ground, to generate a plasma from the process gas injected into the
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substrate support 36 by at | east one RF power source
42 (with each RF power source adapted to supply power
to the substrate support 36 at a different frequency),
whil e the upper el ectrode assenbly 32 provides a
return to ground, to generate a plasma fromthe

prﬂt@S@_P ggplaﬁr@cm@@eswg keyi Ihlosatacheepregmihe upper |
cPBERPRa 4s80RERS 230 SRGAERE-IERIT Bie iy ViFlietg Ahr

sother eatisodifhents) tié peisreabestessingcharmbepBaam include one or

processi ng chanber 30 can include one or nore RF power
sore & pewsppuiresiasuPply RoweLiiEe WpRsselecteode assembly 32

a tsﬁﬁ@bynﬁﬁ%‘#eﬁréglc% nore frequencies. [0032] As al so

shown I'n nperature probe 10 is | ocated
i [0032¢ oAs Blse shdvat iraF KG.s4)pterhp &Gitunedprobe sifhisddcatedrinside

-ofbrdisai siaasn Ahand & TapeoroRhaice SUF6SS 380, The
raturéfob& TR At Hate fﬁrdb*h%tr&etid)ﬁ a8&RBWRCintshy one of FIGs.

measure the tenperature of the uppernost region of the
siH3s foregexarspipp drhie Benpetjplivemrobad O ismdaptéditensmsure the

supporting the substrate 40, tp,allow.the te L.at ur.e
JETRI=tHIE A e UPREIaSteomn of the iPStalp supPei 86 adicent
dipiei t@f)%u@fab@%é@é;)drﬁn?&ﬁ@@u BStrates4altb efothatemperature of
exenpl ary enbodi nent of the substrate support 36. As

sthevaubistrate &0 tg betrdriesninedr at e support 36 includes a

2, (; ' oL i . [ a
RRRE2 . 20608 AT oL RSB MBI it
t empedinhentasf thE sabstrate silgsgort 36 2y sHgwn IMEIG. 5, the substrate
sem conduct or substrate 40, whose tenperature is to be

30 Hicludrs abaserdd: @ konsting anaterial foreingahanginglayer
t f it | 4
| bR SEIAS e Snd e b B M Y ey G Eister Shap the
diedteelayens6n Theosaniionguctoarsubstrate Hecwhsse temperature is to

tenperature strongly influences, the sem conduct or
RO RESSIRA B Hh (STBHeTAUI R OBR s S SHEPEREABEH NG dop shiface
vigb {HeORPadtNal&mer at ure i nsi de the processing
chanber cah cause processes to drift. The tenperature
di0034} i duis desinableetat acairateilyy mdasupé demperatorassinsidg of the
ct]anber 30 af.fects the ocessi nt%”Perf r rreg b t.hﬁ
plasma processing chamber 30 because perature s ronély influences the
semiconductor processing performed in the processing chamber 30, and
variations in temperature inside the processing chamber can cause
processes to drift. The temperature of various components within the
plasma processing chamber 30 affects the processing performed by the
equipment. For example, during etching, the etch process should occur
within a predetermined temperature range because when the temperature
exceeds the predetermined temperature range, etching reactions are
altered, thereby causing etch process drift.
[0035] Inthe embodiment shown in FIG. 5, the base 52 is comprised of a
metallic material. The metallic material preferably has a high thermal

conductivity. For example, the metallic material can be aluminum, an
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the predeterm ned tenperature range, etching reactions

are altered, thereby causing etch process drift.

[0035] In the enmbodinent shown in FIG 5, the base 52

is conprised of a netallic material. The netallic

mat eri al preferably has a high thermal conductivity
Fahun@namlb)y, CREPER 2atoRREr BloY: Prathedise. bEh%sumtﬁ@ﬁm support 36

T B L B G BGrar SRR Rlplabi®io e e
clemperatgifene basedI. €The basabradart |heldtm1ﬁtﬂl'@1ﬂowepaﬁsages

t he base 52. The base 52 can i ncl ude I|gU|d flo
pﬁg@l@wmw alﬁ@mp@fﬁtere-soméﬂl!ﬁdr a@felm w@,rwquas water or the

oM Wec%% B ﬁlb\k/g? fOMG il agﬁqd’é%&fr rBﬁeJli !llé&ld d&ﬂanQA (FIG. 4)in

from a ure- con ource

(fRhich.copmuniciation dvntmmem‘ove pbsmgers tdwccmteolfthe\tempemgasof the
to coptrol .the tenperature of the base 52 to wt

L ReSeBaits LR ARSI trapRIa T PRGS S PG PRESOnaat he
S%%%‘ﬂ@%fo?rsu ufatd @%%uéﬂoﬁé’(ﬁ’@ﬁ%@% tidiferisd, 98 shown, the
| ayer 58. Assovvn ase 52 includes an inner

shasen b2 intcludes anumrgerasmfaoe @defﬁhregda boret 4. dhetdiameter of

h fth
kel @4 o SRrefteao B S GaBinrest s purer
tQi@fddy ﬁ@‘@ﬁth’e?héunﬁnghQ amth%w@a& 52 afll th8Sniaissurfete 62

defining the bore hereby affect the influence

o?f tha@asgrﬁﬂadaﬁmmg the bton@ GBatszstrwefmaffﬁ@t thedeflugncepof the

enTherallte o 155 BB SRR R G5 12 E e i M8 Fral Tp8tance

| hétaveral thblyaseds? 8Ad ttive ﬁblﬁ@% 12)e The lewetleridofepevase 52
on the first portlon 18 of the housing 12 to secure

tineludespetesnalitbraadsed toengagathepexterta] thyepolsed2 onthe§rst
JPtih fBofthe thsET 2T BEBTERREGNERAREE prbg f9 in the bore

séhst rate support 36, the base 52 is kept at a Iovver

t rature than the tar | ayer 58, which is h
H@%EL He4ing opgfation=y thg Hlagma pregessing,ciaamber 38 to process

| SO B0RE S8R LoRBRTE LA BDHE, 54 s
B2 ishkepteradoaen tempeierd havahettarget s yer 5133 mpbwdeated by
dBecediet BYERES o unfleel Gaba apsrened eresti@R by conduction
from the target layer 58 to the base 52. The tip 14 and the housing 12 of the
temperature probe 10 can typically be exposed to temperatures ranging from
about -20°C to about 90°C, with the maximum temperature difference
between the target layer 58 and the base 52 typically being about 50°C. The
temperature probe 10 is constructed to reduce, and preferably minimize, the
effect of such a potentially large temperature difference between the target
layer 58 and base 52 on the accuracy of temperature readings of the target
layer 58 (and thus of the semiconductor substrate 40 supported on the target
layer 58) made by the temperature probe 10.

[0037] The rate of heat transfer into and out of the tip 14 affects the
temperature of the tip 14. Accordingly, it is desirable that even large
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between the target |ayer 58 and the base 52 typically
bei ng about 500C. The tenperature probe 10 is

w@emwsi4eet ed to reduce, and preferably m ni m zBCT/UR®08/008562

effect of such a potentially large tenperature

di fference between the target |ayer 58 and base 52 on
the accuracy of tenperature readi ngs of the target

| ayer 58 (and thus of the sem conductor substrate 40

supported on the target r 58) nmad
t@mratmealmr@néea@ewg@s%e tenget Iaver 68 aw@aba&er ad $pye only

f
Ao it h 10 e o] AREL0) SR HTPE SRR oo
| whgsdrature idifferefcds Hberrcﬁrmg@_tlb_ewmt theateauraey df dagm@perature
58 and base 52 have only a mninal effect on heat,

t feaddnasy ofi thedaraed layar < by te tarpraratys rrpke thavhieh yeould
¢ SR tﬂb%fnﬁiér&fu% proe 1 B30 R84d aqg@atdexswe %ﬁéﬁ%lﬁé}%nt from
tenperature

accuracy o readi ngs o target lay
Smetgctmaidenmmame of theotarpet Iﬂa@er 88i By theahdllxc eamailrtgwme tip
erat ure that

1 d
oA Fereme frebpotie 1o ofuie honay 12upbose toRPS aigR (s strongly
| ﬁ&fte@% c@bhh?%%fﬁ'a%& 525 e kifes 6f'1ﬁettérl?lp33f‘atﬁfé’ efietence

first poftion he housing 12, whose tenperature
i betweeorthe arget meafdi&)and:thﬂ ba@e ﬁﬁeorbt’mg@csmrattmef temperature

ef fect of at ence between t

CiepBiostshe TaiglliyeP i abe tyohg 1emestall S Proy® p is reduced
t QP predbrably éﬁﬁ\mangg of the target |ayer 58 made by

the tenperature probe 10 is reduced and preferably

di003Bhatledhe pouzgiment.isheortrlag amaunt of pewer is sunplied to the

B 0k B BBy B e P e

oonrlyingr@argeétr iggér Saydthirp@ dmdirburtempéesﬂur@damgﬁm%atwrﬂmg
range. The bondi ng | ayer 54 produces t her nal

rla¥ers4 RERduses ibefmabiesistancs betwaan e herter layep§6cand the
t
CFsE . S¥thal Bkt HEREHEASE By o hBGIGHTAIGH 70 B FangBrre,
sefhglentty into thé Galrgxele IaybaﬁﬁTLI%JrMp:m%F thé &xemplamyi tatgst layer
ein asmeaer e s e |layer can

hi5rdeitoten s Bxias $nole layphnd 66 sincls Jauer capgpmerise, for
%%;ﬂlé abb?éh% météri“eﬂ”é@oh 88'alundinaC TALPIS quartz,
thereof, or the like. 1n some enbodi frent’'s, the 'target

|cawnbms&omthereab mré.lme like.eln hamec&mbbdnyfmntsﬁhle target layer 58

le, .the tar yer 58 can be an el ectrost at
SrcRrheuth e N coblibis durermrepe: 1 BRbEERVRLSHcan be
%h é@&tr@@ﬂaﬁblcmca a%@éﬁmlyc RS &EH 8mboaRENBNEthOtfgll layer 58
more additional |ayers, Tor
can comprise a ceramic material layer and one or more additional layers, for
example. The target layer 58 and the metallic base 52 have significantly
different coefficients of thermal expansion and are also subjected to
respectively different temperature variations during operation.
Consequently, the base 52 and the target layer 58 also undergo different
amounts of thermal expansion during this operation. The bonding layer 54 is
made of a material that is sufficiently compliant to accommodate this
potentially large thermal expansion difference between the target layer 58
and base 52 without debonding or negatively affecting the flatness of the

substrate support. The bonding material can be any suitable material that
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different tenperature variations during operation.
Consequently, the base 52 and the target |ayer 58 also
undergo di fferent amounts of thernal expansion during
this operation. The bonding layer 54 is nmade of a
material that is sufficiently conpliant to accomobdate

t proquasttbatd@ameﬂ bendjeg strengtl, thenmeal Sesistaricer andaepliancy,

bet he t er 5 nd 52 w t hout

dﬁ% af ﬁ@CBPeﬁlgg@qu pQF%‘é@t?rtggﬁﬁs fl atness of the
S[0v39] atia SHaRer émbﬂibﬁn@mndiémargat layeabs ¢an deelogated directly
suitable material _thatprovides the desired bonding

son dhgybandingdayen 54 d5-sthensubsirale SURPPTt Soey, n@uwuag the

SRR 0GP ARG 1 9hkBuld BEind BRERp) 8 gan e
dccbmcdlleyd K}nvéﬂvﬂ\d)mwwmpérauﬂe (aAd (dptlenally hlgoghbdiqui, diquid
port does not jnclude the internedi ate heate

| ﬁ% rgte apg{or ﬁerqt@mrfmmf the temperaty Q%FON&?'&#J iguid sypplied
o6 SIDEERUAGES KBRS 5k RS AU e e e
diayet b8t te tiesigd tﬁmpemtumper ature-controlled liquid
Stk ' RIBS R Ry S VB, P L IR [porature
ds&ibeeth Fn%lUbQJsaé l’écﬁ\taét@@é%oﬂ 'ﬂOt reafise i 3&Nsor 70 is in direct

enbodi nent shown 1 n 5, the tenperature probe 10
i ploysicil coatad erithatie! tlps éﬁs c‘ﬂhe7tnp 141ingludes athedtose sygace G2

s, in |rect si cal cotac wth t

 Bnpfe fehEE b RirtRnaRR R et dnbol 20, ABsiaivn, 8 Potlish of
NBRSERGr PP ddiebs sBaRd mqhefb%n@mwrfa@e PQIdfitied t.gf14, wg direct
sensor 70 can be seated in the bottom surface 7

of
t thermapcantact withithe &ip thef haiseoser & inclides wiing 7 p extending

O P e B ey TR e rtuces
ba fiestisectionl 4 in the fisdt etion A8 of4hé moubingf arida smbhd @ection
18 of the housing and a second_ section 76 in th

é@ahthep%ﬁqqn@rp op 20 pithrdipuising 12. Thﬁed'am#%rt%frtthsecond
ctﬁ)%cﬁgfnﬁﬁt%ﬁlbhgﬂu&ﬁ Phorell€ I%@%?i r%?i%la%tésgﬁgmfe first

| arger | AMerer o of ot sectlon
ti;‘@ctioun@ d)ﬁJtﬂielmhgmwleanmetdue teethsalvall tHickressssf the Hdusing

12 BrgtralSr e Secend Paion 28 Yl GAHI ISt BRI L. The tip
0f4 28K bEBdPhpAsed'8Y ARY niateHAI h&ikg bl suffidighty ARfhMkrmal
conductivity to reduce thermal resistance between the target layer 58 and
the tip 14. For example, the tip 14 can be comprised of metals including
copper, copper alloys, aluminum, aluminum alloys, platinum or the like, or
from high-conductivity, non-metallic materials, such as aluminum nitride and
the like.

[0041] As shown in FIG. 5, the tip 14 is configured to be secured to an
open upper end of the housing 12. The tip 14 includes an annular ring 15
configured to be received inside the housing 12 to friction fit the tip 14 to the
housing 12. Alternatively, the tip 14 can include external threads for

engaging mating internal threads formed on the inner surface of the housing
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al l oys, alum num alum num all oys, platinumor the

i ke, or from high-conductivity, non-netallic
materials, such as alumnumnitride and the I|ike.
[0041] As shown in FIG 5, thetip 14 is configured to
be secured to an open upper end of the hou5|3g

he
t 1 atiagent theiwppemennin ather iempadimests.ithe tiedT4 sam;@e bonded

| s L it O haterid) ey ol et bBBaberRity,
| Whighdearerddeicediedt lvoaddstiém froantiadiip 44 e the getone postion 20 of
threads forned on the inner surface of the hou3| nglz2

atjedhuting fe. ipdesaihed above; e serdudPREIRN20 ohihg husing
14g ?é&n.?@f&aesg tﬁ@t.@ha éz:P 4% dariabd ?6%f mﬁg@pngawakes

["ow herma conduct I vi
r goout ¢herered| contahu wmmtheftacgetﬂ:merwaotoldnsmetlhw teemnad

Dt iang ADA GRS TS efTam e 15 aeb L S Pl e 14.
;Qfg 421 e ésnfa%%eﬁ&@r AHEARBE £ thehindcBple, %%,gwfes

hermal contact with the target |ayer 58
ermstante;tempenraﬁmle detector {Rd B)aplatlguudrdsMance bulfb‘ éxulk silicon

f the t 8 the t 042
SRV Sisastireons 3tk dBYice Torbirulen 4 Polting walsrial can be
r Siacel an e fn%‘?"@@éﬁ’éhW@ di'@ﬁé?ﬁir@f tuﬂﬁﬁ@boré’bﬂm(—ﬁh’@ﬂlsm? 12 to fill

resi stance bul iliconTdevice or active so
sthet @aﬁ:@ﬁwmurfcbmg éxaagms,or 0. pbempeatare eeadings ahthsetarget

I [ he fi 74, of 1.h i & udi

Dia7E" 5P b ihenac oS5t 57 wrse B eSURRILIE feBidtalurg of the
t &&n&%‘ﬂl@i@bto?@,ub§ﬁﬁl%e4@fsuwoﬁ@@6hftﬁé surfacBe6 0 of hettarget layer
I%er 58 by the contact sensor are used to estimte

tenperature of the sem conductor substrate 40

R ARG AR Lo blE SRRy Bladiher,
t@xaﬁFlalaya erfboivpeat hseatieedin rmnéxemplaay bm:bomm@nt of the
exenp ary enbodi ment of the substrate support 36, In

twtss &0 SUPREHSE. t IRdhiscapbpdiment. Hietsenneratyiel Fueeg 1&
|ﬂ8fﬂjo‘é§rg Hdn- ?éﬁﬁﬁ‘? rs'enbof ie.a §§@%&r th?Eﬁ‘feé%% the

tenperature o e target layer out co actl ng

t teenperaturé afthé¢ tergbblayen§8 witrout @ontantingcthedgnt4 of the

”ﬁgﬁs‘fﬁge S T I2=:enotnec r?t%%% lsjér(?soorfméggurtegrtﬁe temperature of the target
layer 58 by a radiation pyrometry technique by monitoring the quantity and
character of light emitted by a luminescent material positioned in thermal
communication with the target layer 58.
[0044] In the illustrated embodiment, the sensor includes an optical
waveguide 80, located in the longitudinal bore of the housing 12 for
transmitting light emitted from a light source. The optical waveguide can be,
for example an optical fiber. The optical waveguide 80 can be comprised of
any suitable material for transmitting light through the housing 12. For
example, the optical waveguide 80 can be made from plastic, quartz,
sapphire, or the like. As shown in FIG. 4, a light source 46 is located outside

of the plasma processing chamber 30. The light source 46 can be any
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| ayer 58 by a radiation pyronmetry techni que by
nmonitoring the quantity and character of light emtted

Wh009/0k4609 nescent naterial positioned in thernBT/US2008/008562

10

15

20

25

30

conmuni cation with the target layer 58. [0044] In the
illustrated enbodi nent, the sensor includes an opti cal
wavegui de 80, located in the |ongitudinal bore of the
housing 12 for transmtting light emtted froma Iight
source. The optical wavegui de can be, for exanple an
omitatdte deviserthatremits @t iacde siteswaveleagivowavelength range. For

PP s e 1Bk B5 TR A MiprisRepfl il 76 i
W@\tawa @hstr?é)b@%mtmmméem bptherlipsti As mawmzthe end 82 of the
sapphire, or the |ike. shown in FIG 4,

Sopliaab weveDyidess abw hisih |§'Hé3 smitted i sRAGRM %P @@épﬂ‘gﬂescent
CHARGER 730 ThTJ‘S fid W avs gy&efgg%@ea eﬁxtt@ﬂéﬂégie‘reéﬁ&cmarto the

devi ce t hat em s at a

Waottdrargirface aidies Itﬁnrneenenpllretertdié’& aglsihownurlmar% can
be a laser. A |um nescent nat f%é |s | ocat ed on

t SRDEEIesh Qlﬁ'f-’%@e?%’lifm@i?é'a ' 2 PhespbRg hopRRoSRfe
Sitaditid ﬁﬁ\&gﬁé&ﬁg §8I" &Qﬂ?‘éor\“@bﬁﬁdé Q*Plbsf)ﬁ%)rés typically

emtted I's space omt elumne nt materia _
Ttmmppse aeﬂoslvmaiguakjmcsentQQuiedmdtwamrtteraﬂ@ct the emission time.

ﬁg{lépﬂglpg%aéa‘i %gl?ecﬁ haaﬁ FUr 68%&?{9@% eﬁelelrjéﬁgneeﬁw At e
él%?(%fﬁ% I?é)&fds@d t69nithe %Ia@ﬁﬁ’é" PR&Yessititpshiraber 80€ The

Slt met al” conpounds or rare earth conpounds.

Rblmﬁlmrsanm canthinedonma binden suehtasratsdicate r%md bider. A

S‘fﬂ?ﬁg@%tpé\éqaﬁtgéattgg@gb%g%% em ‘7"{2:)1 P&RB”EF Sgosphor SO

rthagthd pRdspHeR i$ AbBBkpdsatElo the érﬁm@hﬁﬂé‘rﬂd to in the
pl asma processi ng chanber 30. The ag&{:or can be

cmt45i| ndd this emboedimant, tmcwh@s@h@rss Ifi tedria putses by light

'
U ol B SRR R Pl b BT Wonioe o0
rmmeﬁnhémsbhot iseexitedrignmislight] tHedphodphdrtersits Ilght ata
enbodi nent, the hos?hor is irradiated in pul ses

|Giatend wavilanash tli% 3 i aplieccbythenligt sPUFGABL e light
k0 AP e, B S BEndSRRIR b o o
dq:léttwmagnmm sbectgnﬂm tb_raibvxt detelctigh of e tatmatded)yglhﬁmth
enieRHisH Csteitersor TG Shbibe T aeaY Sigss and uartz
gén@ﬁag wmagﬁitabvgvi fdﬁ%h%.t Thel lateofl @besy beheDIngtré?mtted by
the phosphor after termination of the pulses emitted by the light source 46 is
a function of the temperature of the phosphor.

[0046] The rate of the decay of the light emitted by the phosphor is
monitored, quantified and compared to known temperature values for the
phosphor. A light processing system is operatively associated with the
optical waveguide 80 to process the light emitted by the phosphor and
transmitted by the optical waveguide to determine the phosphor
temperature. The phosphor temperature corresponds to the temperature of
the tip 14. As shown in FIG. 4, the light processing system can comprise a

photodetector 48 located outside of the chamber 30 to detect light emitted by
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standard |light detectors. This |ight can be
transmtted by glass and quartz optical wavegui des,

wo o09ex@mnpl e. The rate of decay of the |ight er@T/USTH0$§08562

t he phosphor after termi nation of the pulses enmtted
by the light source 46 is a function of the
tenperature of the phosphor. [0046] The rate of the
decay of the light emtted by the phosphor is

moni tored, quantified and conpared to known
t@\eﬁummwmmalesalfmd cawieghey ieoeptical Iwaylegwde 80. The

CRRAERRI A bR - RTh b A5 SR E g pystem

t H@ op s g praddsding 8gstchi.eThbsidgriee ppptessiig wsrtegupdn:esses
to determ ne the phosphor tenperature. The phosph

t%\@;ﬁiﬁaﬁngabslgaakf@sc@west thg sigjealita @pf@nmfagirsfva!%?qr ithe target
t .

oL SRt bl el o AT ORTBABRBISEBE 0, This

cleangeratuze vialuedistesdd fo @ﬂmm the&dn'&wpmteré ofrtheesemitonductor

e dDippastean e taisetdpuet 56 . dPedegiarate yallle can
Shé ﬂ@éd @@GSﬁﬁér A2 SHetRdRIbLWEr $UKIikeldaBithe m%%’éﬁw@r 56 of the

system The signal processing system processes t
esdustrate abppogrsﬁ totapndxoh Hee ternperadungnefl thedarget Iayer 58.

ature alue or, th t Ia r58|n
LR " oty Sinbbinher o1 Hhe Srpdiitlee oty 19 ahED
|hhﬁné§dmwétéhal Pabrsviied @ﬁetﬁett@ 51d éTBIéi:kaGy material. The
tenperature of the sem conductor substrate 4

sblppbbctcédrr@tenai enity ifdared(IR) light based paripe rtgmneéature of the

e & BB, o e e o 0P R P o PRy the

Stblﬁ@k‘tbd ﬁlatéhaﬂ W higdsurée byﬁmﬁfa’cﬂlelnghtopﬁrobbgsmgrg@tem and
| ayer 5 OO47L@I n anot her enbodi nent of th

t@ﬁd@m@f@%pﬁ teaget Inyer SBicapdieciferied érpmathemeasured

Rffg‘\"i'gﬁg Hon the tip 14 is a bl ackbody material. The
y'material emts infrared (IR) |ight based on

t[0048F MW hik thieimientibe Hasmemsd@tﬂrlbwlardeabll whthaeference to

| h of th db he bl b
R e pedieenis aerasy. hvalhe t@t&%@rfrrﬁé%ttﬁﬁeogﬁlﬁ%& itne art
St} AN AR AR TGRS bGP RA

be |n rred m t he measured wave engt
téraplayednwitbauhdepdrtiag foes ¢he Bedpé of the appemlemclalms
reference to specific enbodiments thereof, it will be
apparent to those skilled in the art that various
changes and nodifications can be made, and equi val ents
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enpl oyed, w thout departing fromthe scope of the
appended clains. WHAT IS CLAIMED | S: 1. A tenperature
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10

15

20

25

30

conprising: a housing conprising first and second
portions conprised of the sane material, and a bore
including a first section extending through the first
portion and a second section extending through the

second portion, the second portion of the housing
cME@';&LME&Eend adj acent the first portion, a
second, end, I nel udi

Tmner Lur aéaelleraldE Aie fuadtudiq ik IHifeet an
| slojett, gompridamg:Ng extending through the wall; a tip

nounted to the second end of the second portion, wth
the tid heysmoeomprisingtiist and seeand pogionsirorapfisad of the same

AT TRE AR ik SIS B TSR e

t pontienaing @ setohdgetiign extesdingthroegts dtosdcorad podion) dse
a thermal resistance effective to thermall i sol at$
t $REANAPIRIgM Af fe hoHgINgRAPrziNg A firghend é‘i%%ﬁe&t‘ thetirst

i

dlefining thevkecand sectidn; @indeatdeast one epéringi extendingderbugh the
on the tip; and the sensor conprises an optical
wi@egui de 1 ocated in the bore of the housing, the

opti caj tiE@h@GH{e@etoi tA6!sedbRd eMa STtHe SRR6RE Poren alith the tip
facing the um nescent material, the optical wavegui de

aargnted to contaat ansurfadegeitthedibjeaiawvhgse teenpenatureds émbe

terial. 4., The tenperature probe of Caim 3,
ﬁsﬁaﬁ'ﬁd'?ﬁ‘g | um nescent material is a phosphor; a

|'i ght $eBh&eér lotatdd iAtBebdre adid 4ddptédto Mdasuré@ temperature
opti cal waveguide to irradi ate the phosphor and cause

t®fdnpRi®sphor to enmit light; anda |ight processing
syst enyh8rih tid g&gorﬁcf Pg@%g\;ﬁe?sné 'i’lg%ﬂtrﬁém s%fgﬁéeegﬁd%éf{v'gqg

phosphor “and tTansm i cal " wavegu
daeenailygobate the tip from the first portion.

2. The temperature probe of Claim 1, wherein the sensor is in
physical contact with the tip.

3. The temperature probe of Claim 1, wherein:

a luminescent material is provided on the tip; and

the sensor comprises an optical waveguide located in the bore of the
housing, the optical waveguide including an end spaced from and facing the
luminescent material, the optical waveguide adapted to transmit light emitted

by the luminescent material.

4. The temperature probe of Claim 3, wherein:

the luminescent material is a phosphor;

a light source is arranged to emit light into the optical waveguide to
irradiate the phosphor and cause the phosphor to emit light; and
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tenperature of the phosphor which corresponds to a
tenperature of the tip. 5. The tenperature probe of
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bl ackbody material; and a |ight processing systemis
arranged to process the light emtted by the bl ackbody
material and transmtted by the optical waveguide to
deternmine a tenperature of the blackbody materi al

whi ch corresponds to a tenperature of the tip. 6. The

t enper atightpincessingsf systernris arrangeddo progess thedighd emitted by

FBieoBos piBHOREALS 1nd arfied Wl ail 46 e thing
Crempertfure of Weé phBaphbeahichscotrstpaptis do Retevisarature of the tip.
first end and second end in a turning pattern having a

| ength exceeding the | ength of the second portion, and

each openin i -0, .about 0.5
ooy " P8 Tt SnE 3Emibetatihd ol P Chaiih &, WiBrbh: 20U O
BegpecmieWBngn@sw;t gmteriapigrd b@{slkhe?y mr?mmmana about
.3 mMmto about 2. the wa t he second, porti.gn
has a ¢ HobkpESESHINTBERMAS STAROEE tapsRReSS ﬁ%ﬁqlﬁﬁwﬁed by
mﬂﬂjj FQ’\% e Stihlki [ the
ftfh %O(ﬂ c. emt5 teérir'];aétragt% utr e pr'g%g @%hé%]%b{@kﬁé?@ientﬂt he

ede:termeineoa e mperatusoofthiedsdckifody materiat whichmeorresponds to a
8. The tenmperature probe of Claim1l, wherein the

elfmnesa EQ?HEFHB- comprised of a metal. 9. The
tenperature probe of Caim1, wherein: the first

section of the bore has a first dianeter;the second

secti o of The temperature prahecoi@laimaihareirar ger t han

the figst dianeter; and the first portion.of the.

nousi 5 SRADEROToR S e, o bG et enafl i Mgt gna to
sthesddcahd endpport for supporting a sem conduct or
substrate in a plasma processing chanmber, the

subst rtheeatdeasioie epepinpds agnfiguredtsuchitbabheat is conducted
| @M%hqgeeﬁr&o&% and second end in a turning pattern having a length
exceeding the length of the second portion, and each opening has a width of
about 0.1 mm to about 0.5 mm;
the material of the second portion defining the respective one or more
openings has a width of about 0.3 mm to about 2.5 mm;
the wall of the second portion has a thickness of about 0.5 mm to
about 2 mm; and
the second portion of the housing resiliently biases the tip.

7. The temperature probe of Claim 1, wherein the entire housing

is comprised of a polymeric material.

8. The temperature probe of Claim 1, wherein the entire housing

is comprised of a metal.

9. The temperature probe of Claim 1, wherein:
the first section of the bore has a first diameter;
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a heater layer on the base; a target |layer on the
heater |ayer, the target layer including a first
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and a second surface; and a tenperature probe

according to Claim1l1 located in the bore of the base

wWth the tip in contact with the second surface of the
target layer, the tenperature probe adapted to

determ ne the tenperature of the target |ayer. 11. The
subst r theeseagisbsection i therhore hagtesesond diemetgs argesthan the

[ sical contact with the tip. 12. The substrate
sﬁrﬁg%’“ r'@%‘fm 10, wherein: a lum nescent materi al

IS protigif@t portidieoftthe:hdusing mitiiiescd bRse 8th @xternal threads.
opti cal wavegui de | ocated in the bore of the housing,

the optical wavegui de includes an end spaced from and

faci ngqsphe lyumi i al ' '

ndapt odOro (1 SUERERE RplBi by Qimprifio ARedrifondBLeR el bSrate
miat 2 pladima prddegbingschamber, thasubsigetd suppom tompgbing:

which is transmtted by the optical wavegui de and

i rradi ﬁtr@;e,taﬂﬁebﬁ%'inﬁlé’é’{'&?eh%géri al to cause the

[ um neé%ﬁer‘@@é{qbﬁkhé Bagf‘;i t light which is
y

transmtted by the optical wavegui de; and a |ight
pr ocesaitarges Jeptezon thecheategkayet,dhe targes tayanéndluding a first

1 tted t | um t terial d .t jtted b
it bdpelo B R e b ST Y 4 SEFoRY
t fefaceligmgscent material which corresponds to a

tenmperature of the tip.13. The substrate support of
d ai m adempeeatereprabecaesartding tedulgimdl Iosatagﬁrprthgdcwrefof the

I ic,.material: t Il of, th [
BB MR AT S o el S TSR 18 4y e
I @@j&er@ﬂﬁe‘iﬂ@ﬁé Reapfed RNdéternife Sieclenipurhtre df the tarﬁet layer.
conduct ed between the first end and second end of the

second portion in a turning pattern having a |l ength

cpeni nb has HevCREhas ~upibit SEERR REovAglin P et is i

physical contact with the tip.

12.  The substrate support of Claim 10, wherein:

a luminescent material is provided on the tip;

the sensor comprises an optical waveguide located in the bore of the
housing, the optical waveguide includes an end spaced from and facing the
luminescent material, the optical waveguide adapted to transmit light emitted
by the luminescent material,

a light source is arranged to emit light which is transmitted by the
optical waveguide and irradiates the luminescent material to cause the
luminescent material to emit light which is transmitted by the optical
waveguide; and

a light processing system is arranged to process the light emitted by
the luminescent material and transmitted by the optical waveguide to
determine a temperature of the luminescent material which corresponds to a

temperature of the tip.
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respective one or nore openings has a width of about
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housing resiliently biases the tip against the second
surface of the target layer in a self-aligning manner.
14. The substrate support of C aim 10, wherein: the
base is adapted to be in fluid conmunication with a
source of tenperature controlled liquid for
controlling the tenmperature of the base; the first

porti o b ext er nal

t hr ead EH? ﬁg%éigg@§%ﬁ({fggﬁéfaﬁ?‘eﬁ%%¥}éads whi ch
engagetﬁd@nteétrﬁfuwg ishdoragised of & pohaaeri®mdtéral;

housi n&ﬁﬂ%S A tenperature probe tor neasuring the

t errper all of trmsw@c@om@arhaa athigknessrefiahaty 0.5 mm to
c h{ﬁg.aflrst portion, a second portion, and a
bore |nc uding a first section extending through the
first theratiloasiore eperingris confijured sichethdt hgat Isrmxgilmcted

VSRR e o St B SR
haXkdld ravicy 9§&n h %gh 'éléhﬁlp @fctﬂa%e%%flb pYtioh,Yhd each

seco&g portion O ing conprising a first en
aopering hasrewidth <if a|bout Odnmnates aboutdd.&mdm; a wal |

i ncl udj t f d i T
dor 1 i 6 TAErBLEb e SeediEponBRdetniing Heshgclie Anagr more
eéfé&ﬂﬁg@ Bak B WA of BBoued 13 rﬁﬁdtoc%’éutgws(?ﬁrrﬁ y@t hat

heat i s conducted between the first and second ends of
t he setherseqomd:pastion of the bemslng rpailiealiy, bigsesiihe dip against the

|l AR e et A n & sl SRS MR O 2

the tip adapted to contact a surface of the object
whose tenperature is to be nmeasured; and a sensor

| ocat etfi n The substsateeuppathetdiaim thahereini
tePer BLUROL L B pUISHEID R AREAR R L Qrkl b

has a erma res ance
| teahmiratureeohtrpliéd ﬁmutih‘er tonsdlling the temperatre &af the base;

resilient|y biases the ti
the flrgt portion of the houglng includes a base with external threads;
and
the base includes internal threads which engage the external threads

of the base of the housing.

15. A temperature probe for measuring the temperature of an
object, comprising:

a housing comprising a first portion, a second portion, and a bore
including a first section extending through the first portion and a second
section extending through the second portion, the entire housing being
comprised of the same material, the first section of the bore having a larger
diameter than the second section, the second portion of the housing
comprising a first end adjacent the first portion, a second end, a wall
including an outer surface and an inner surface defining the second section,
and at least one opening extending through the wall and configured such
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16. The tenperature probe of Caim 15, wherein the
sensor is in physical contact with the tip. 17. The
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material is provided on the tip; the sensor conprises
an optical waveguide |located in the bore of the

housi ng, the optical wavegui de including an end spaced
fromand facing the Iuninescent material, the optica

wavegui de adapted to transmt |ight emttedb t he

| thet heatisraonauctad between ﬁhgrftrsts@m secord Qﬂﬁiﬁ@éé%e ggcond
t
" iabut g obRr B Bla MDA Fordifg he Rh s

ngdcondabortioneni t |ight; and a |ight proceSS| ng system

is arranged to process light emtted by

| umi ned dBrfnopaiesitodhe gegopd mrﬁftth@@esg)nd W@r@m,.tbamp
S R ST G ARt s o be

tm&pemmjulaedof the tip. 18. The tenperature pr obe of

d aim 15, wherei econd portion,.of the housin
hee o 4 SRGEY IPFBIRC e HoEs ABHPAAPIERLS MRANIE Srigmiberature

estheqipeni ng has a width of about 0.1 mmto about 0.5
mmthe material of the second portion defining the
r especwherein the second podiosniyhags adlkermalirdsistariceagffrative to

0,3 mmto Q .5 mm d .t he .wal f, the. secaond .
JoBemaly BotiRdhendrd hadrss niidR Apg dinieishl Woses e te
to about 2 mm 19. A substrate support for supporting

a sem conductor substrate in a plasma processing

chambelf. t hehe igmperature pigbe: of &anmﬂufs wherein thgssensor is in

i ncl udi [e: heater | ayer on the base; a target
I@‘&gr&&ﬁg{%&?&@&@? tfpayer the target |ayer including
a first surface adapted to support the sem conduct or

substrate and a second surface; and a tenperature
probe Hecor iheempeaatyraprobe ofGlein 15 wheseor e of the

a luminescent material is provided on the tip;

the sensor comprises an optical waveguide located in the bore of the
housing, the optical waveguide including an end spaced from and facing the
luminescent material, the optical waveguide adapted to transmit light emitted
by the luminescent material;

a light source is arranged to emit light into the optical waveguide to
irradiate the luminescent material and cause the luminescent material to emit
light; and

a light processing system is arranged to process light emitted by the
luminescent material and transmitted by the optical waveguide to determine
a temperature of the luminescent material which corresponds to the

temperature of the tip.

18. The temperature prbbe of Claim 15, wherein:

the second portion of the housing has a length from the first end to
the second end;

each opening has a width of about 0.1 mm to about 0.5 mm;
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base with the tip in contact with the second surface
of the target |ayer, the tenperature probe adapted to
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tenperature probe for neasuring the tenperature of an

obj ect, conprising: a one-piece housing conprising

first and second portions and a | ongitudi nal bore
extendi ng through the first portion and the second

portion, the second portion of the housing conprising
afir sthes'natexml at the se¢and pedionpiefininghtherespestde eng,or more
a_wal.l cludin surf ce an nner, surface

e Singy s Aoyt AF aPOL TR 3, R Saftha Sint Shlng

| east map@ﬂtﬁws@arﬂn&bnﬂ@ntdﬂwabutmg e 4 tifibkness of about
configured such that heat is conducted between the

f@.bgnmalecedghenends of the second portion in a
turning pattern having a |l ength exceeding the | ength
of the second portion; a tip nounted to the second end

of the1@ecoAdubstratesupport fortsupportingid aihtidothductonsalsstrate
a surface of the object whgose tenperature is to he

B plagma Wﬁ’@ﬁéﬁ'ﬁgtqli@’@té%bm? pebstrain supperticrPRriEingo
Sensor Paca iR E bl 92 0%, bt ed o moasare a
t enperatheaterddyeran thepbase;

a target layer on the heater layer, the target layer including a first
surface adapted to support the semiconductor substrate and a second
surface; and

a temperature probe according to Claim 15 located in the bore of the
base with the tip in contact with the second surface of the target layer, the

temperature probe adapted to determine the temperature of the target layer.

20. A temperature probe for measuring the temperature of an
object, comprising:

a one-piece housing comprising first and second portions and a
longitudinal bore extending through the first portion and the second portion,
the second portion of the housing comprising a first end adjacent the first
portion, a second end, a wall including an outer surface and an inner surface
defining a portion of the longitudinal bore, and at least one opening
extending through the wall and configured such that heat is conducted
between the first and second ends of the second portion in a turning pattern
having a length exceeding the length of the second portion;

a tip mounted to the second end of the second portion, with the tip
adapted to contact a surface of the object whose temperature is to be
measured, wherein the second portion is effective to resiliently bias the tip
against the surface; and

a sensor located in the bore and adapted to measure a temperature

of the tip.

-23-



