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(Ta2Gs), or silicon-based | ow dielectric constant

materials (e.g., G and/or F-doped SiQ2). [0007]
wyarkaus9anal yti cal techni ques, such as LangnuP€T/US2006/009330

probes, FTIR, optical em ssion spectroscopy, and

i oni zed mass spectroscopy, have been used to nonitor

t feoost chi Bgniler B6RS Sre prfd8h towRNRE of isiiesenitrRieahEuASoxide

o9y St P R e R Ty SR s R

gener all'y considered inpractical for in |ine adoption

nti QU bife hif
cQUUFP AT R0 AL Retilel N8 bOLABRF pBRETALE At emision
2l sPesirpraeHyvand jienizaEmhss Beotrosiopls ayedeqrgiefii mprjior the etohing process.
sem conductor process control, as well as inlife

saf e and room nonitorin pplications d ot her

i %%%fr i aFOPP6EE e Gaians e ﬁ‘S L%ﬁﬁ@?f}%ﬁﬂ% flen PO e]defilfated

waipkrekot dve rie theit @orbyglexdty.S iF gyithief, ittep aie gankvaln censidaret! repractital Fo in-

pr I 4 ' ; and
P IBbABi bl mob ¥RER. S BLARMORIANRRRE |

and chem cal efficiency of the equi pnent used for the

deps] ti oR @hsle e Bish gelﬂﬁle %br{sbrcé?t@rngt%t@ﬂ&lrag which is useful for
nater|a|3 i ncl ud |n |C0n n nltrl e an

SiSPREFHURT SYces congy Hldasf“(ﬁl ahBi Séﬁyr?@‘?f%@ MOPLHing &P ippgons, and
clognintGtripl PeRS $as singaphlicatdgs. and opti m zi ng cl ean and
etch times, and hence reduci ng chem cal usage,

| engt heni ng equi pnrent operating life, and decreasing
ediiphent lidewd tharefere b¢ @6ignifijantddBncPattieernrt tApivide atdlighie, low-

P .s an s7 0 M . 10 u emica
S RO S R e

| NffesteRgvcefN mepbseE SNt §?@?1ER)B andjjetehing of siligpp-containing

ﬁpwl riak uﬁcham@ shieéd) Sideoh @l’tnc?%ﬂd&hﬁt@n aiekl'uéj aed faf Iﬁomﬂon@rt@e e@dhing
a en.,specl e a uor o-

oS PR R RS gV R0 el i Ao et e a8 il fcucing

Vebgeital ngge hgtheming equipnonkeperiingdifdBnd decreaymg e@amwmtdown time.

of the fluoro species using such netal filanent-based
sensors relies on nonitoring the resistance changes i

t HeOlhbt al UrS: Paiens Arrlication Sablicpipn tNoe? 404008 473P ipablishediAPHl 42n %004
f | hor tAPPARATEE NIAND CORPOBSHISFOR N SENSWIG  PLIGMISOIr 8PECIES IN

o SRt AN PR R TS ThST et Al it g mor
t sensipg splid-gais flobrot drvehatvetnabpeties) ase b Slluaroe oc dalpgeniréagiive metal
£ G R 3‘3 et Deastly 36 o Periey PRERAR IBRASHRr R
r dastestioarpd ghe orgae%lewluw sughy mgﬁéﬂﬁ@nt&a&edﬁﬁé‘?r@fe@?@n monitoring
adﬁ’é:]#é%tﬁlcé QKan8d3 AR eNthetsl e186nts QAused Qpihgir rEARMRY &¥ith thd)Buorine-

Ves g%%on?}{qan%m ﬂlro?dqer %ne%éu?er acJE:eI?)teab en51t1v1 y an§ gi rlla[i]- 0- 1%15% traﬁlo for
such metal filament-based sensors, the dimensions and the positions of the metal filaments are
controlled and optimized via uses of the metal packaging posts or the Vespel® polyimide
blocks, and the absolute resistance of such metal filaments are therefore adequate for endpoint

detection.

[0012] However, the Vespel® structures and/or the metal packaging posts, when used in

conjunction with the metal filament sensors, may form a heat sink that reduces the signal
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downst ream of such etching plasma processing
of said temperature change;

contacting the sensor element with an effluent gas stream generated by such etching
plasma processing facility at a location downstream of such etching plasma processing
facility; and

determining the plasma conditions in such etching plasma processing facility, based
on the output signal generated by the sensor element that is indicative of temperature change

caused by the presence of energetic gas species in the effluent gas stream.
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sensor element is capable of exhibiting tenperature
indicative of the temperature chaenge; g P

a monitoring assembly operatively coupled with the sensor element for monitoring
the output signal generated by the sensor element that is indicative of temperature change
caused by the presence of energetic gas species in such gas stream and determining the

plasma conditions in the etching plasma processing facility based on the output signal.

[0026] As used herein, the term “fluoro species” or “fluorine” is intended to be broadly

construed to encompass all fluorine-containing materials, including without limitation,
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[0032] In yet another aspect, the invention relates to a gas sensor, comprising:
a thermal isolation structure;

a catalytic material;



gaseous oxygen conpounds, oxygen per se in atomc,
diatomc (@), or triatomc (O3) fornms, oxygen ions,
wW@r@6osMgEN- cont ai ni ng 1 oni c speci es, whi ch arBCT/US2006/009330

energetically activated under plasma conditions. The
ogp{qup anpecies may include activated oxygen-containing
specl és such as H2ZO NO N2, N2O, etc. in ionized or
pmglnﬁatﬁremeor [ 0031] As used herein, the term "netal
oyndygt:al alloys" is intended to be. br oad| y construed

to enconpass all netals of all a i REE Tand a

Vg 9
elPE nERRSHMIE SPRPL SOPEIT s con&gct%l veheﬁ ﬂ}} Conpounds
S thedmoalsctiiedladeng ui ci des and/or netal nitrides. [0032]
I ﬁle cgtaly?g] 9121@5{1 1?%398%01&11}1 H?erdc{%e\pﬁﬂ QNad &l GfebiSrehdBoR 0P @S gas
i solation structure; a
Caloéll%la@em‘@ﬁl aI a heater and a tenperature sensor;

whe rt&ﬁﬂératu’i@‘ﬁnio@ m&@d% SerSE the Gkat @ﬂ}fﬁp EﬁdSpi'sduaet a bﬁ&iﬁtlveoomaput

of a thernopile, a therm. st [
ethdiigie o EREE AR RTee D e e Rl AR BF blehl an
i fHealienadl isoRtiod stlctere drasratged af 4t deest prrdialivt rpa’mt b«fatmm@f thpgegtalytic
pr og rﬁé %eatgc;at effect; the tenperature sensor is
SHZEY £'6"¥8hse the heat effect and produce a
correl ative output indicative of presence and/or
comggnt r aA' AP lasfcbCotas nRAtACEIRY tb he ciealidal }ﬁob@s assembly
material; and the thermal_isolation

B A R A B
C absalidel héreif@b @, hdaptediyp sérhesaliqas wiren pfefDBiB fhe Ardeess trh‘@nal
aspect of the invention relates to a chem cal process
assenbly including a chanber adapted for flow of a
priesélss natsstifatthet hwee tof thsuigrentioinglass ag syedspriuding a silicon
d%ﬁr%irdle Bﬁﬁwﬁl a@ ls%ﬁ@@éﬁﬁtedm%cﬁg i ﬁlﬁ) s8i@ Mifhefittefg GAcnteaertically
present 1In process materi al [0034] A still
fwrl‘iﬂé’rum?féﬂb@ﬁtaﬁffmtgﬁsese‘ilsﬁlﬂent| on relates to a sensor
i ncluding a SI I | con carbide filanent that is
orFEnT oa Db Bratlionp il serett T el HRA o3G0 gos i o
S esprsinnef. effllﬁﬁsﬁ]d sTiver mﬂvtmta tonper i FROtirRtloREs R R 82 iteraction
r el ?xfp 1{h%h§ch§1%|’k§9fea@sdt@ B;o%t 5 ﬁ’ierﬁﬁﬂ%@o&e g@sctible b ths tdirparature

uent sali d sensor includin

S esg@mg gle@p@ngmeuathﬁ Segsoy isheated by Jople gl?eatﬁlg% %eater ang is adapted for

operation in accordance with the relationship

AW + {h(k, V) X ATesment + Tetoment XALh(k, V)]} + AH - 1=0

where AW is the necessary change in joule heating to maintain the sensing element at a set

temperature Teiemenss 1 is the heat convection coefficient and is a function of effluent thermal

conductivity k, and kincmatic viscosity v; Teuen i€ the effective effluent temperature; AH is

the enthalpy of reaction that occurs on the sensing element surface, and r is the reaction rate.

[0036] An additional aspect of the invention relates to a method of sensing a gas ina
stream of effluent containing or susceptible of containing the gas, comprising use of the gas

sensor of the invention as described hereinabove.



el ement with which the gas reacts to product a thernal

response detectible by the tenperature sensing
web@aats97 wher ei n t he sensor is heated by | oul BCTIES100610P9330

by a heater, and is adapted for operation in

at®atldancethe aspectshisatures andi rbeimpntpyf the inyention ill e more fully

DlgafehRA theentélnPdidtlosatObd Glpendéli bhints. DH r = 0 where DW

is the necessary change in joule heating to naintain

the sensing elenent at a set tenperature Teienent; h

IS the heat coOnBRIEFDESCRIPFION OF FHE DRAIVINGSa f uncti on

of effluent thermal conductivity k, and kinematic

viscosity v; T Il-fluent is the effective effluent

t é0PB8Ir at UFIE. 1Bhtwss: wisliborethinst! pyrsasfelemsricaontaining lazpppper filament

OGfrd!s lysong)tght&nt}ﬁarﬁ‘e%p BB toS iR B Hrst _%ﬁ’cfsfﬂ%?e%ﬁ a@e@gﬁx{g th Snel diBodiment

reaction rate. [0036] addi tional aspect of the

i FBAPEEAt PEMtes to a nethod of sensing a gas in a

stream of effluent containing or susceptible of

oRURRL " i P 3SR st bV BB Py

asipgedsent invegibair es and enbodi ments of the invention

will be nore fully apparent fromthe ensuing

di scl osure and appended cl ai ns. BRI EF DESCRI PTI ON_OF
THRO4BRAW RIGS3 Fosdhe quingt signals Rbiveenger GPSes Ghaxretigfe it plasma
SeBSRAhine 8VERE 1RQ0tBldtkNE BdeQRRIAE cotapdrisstE Rith altdfldvrine partial
constantan fil gnent. | Oi ned] togﬁ her at first ends

t HEFRETas mgeetst AY Al BHIGHE Hent of the present
invention. [0039] FIG 2 shows a Tefion(r)-coated

S el t rdi . e '

B, ° FOE N afE PRk 1Ratg SHERELERGK ofi Mo of N
si agmpdsition indgr &Herens pregsiishand easi floWakipro a4gprding & quEguindiscripf the
COpdse fvigioRct | vated fluoro species, in side-by-side
conparison with the fluorine partial pressure as
measured by a residue gas analyzer (RGA). [0041] FIG

4 [slyans t e, Gelhpedisey Sépnaheacr@t-saticeindor ofelséineriubstsie having
f ua 1r£tlsa(1)cl;llp%l mNoll:d?’l }%9%%% 'éxl oggarHQ‘%{erigldggog'geggierégﬁ.esSur es
and gd5 FTow rates, according to one enbodi ment of the
present invention. [0042] FIG 5 illustratively

d 32(')4%5 S t s GASE1S8E hdpRAGhe ¥ds@Wc@inaidvich drite@Ructures of Figure 1,
substrate havin

a first sacrificial nold |ayer and a. .
| fyeapt Bat thialeysr @19 by @pferip! iyRipEred é‘aL% nga% ik [ﬂéfof?fﬁ]sa"”ﬁ‘”a‘
Fliid Bydr) | ustratively depicts the cross-sectional view
of the structures of Figure 1, except that the |ayer
of barrier material is planarized to be coplanar with
t He044{ r st FE&®AI shovesithe top view of the structure of Figure 6.

[0045] FIG. 7 illustratively depicts the cross-section view of the structures of Figure 6,

further having a second sacrificial mold layer formed thereon.

[0046] FIG. 8 illustratively depicts a cross-sectional view of the structure of Figure 7,

further having a layer of contact-forming material deposited thereon.



nold [ayer. [0044] FIG 6A shows the top view of the
structure of Figure 6. [0045] FIG 7 illustratively
WwWelewcabs9t he cross-section view of the struct uP€sUSL006/009330

Figure 6, further having a second sacrificial nold

| 490471 f or FiSiel? {llvatregiesh, depigis A crops-weptiogalview pf thegtricigt §f Figure 8,

deRlegitiSat the HyQSF vt foRMiAd m¥tbr@WMs @landrized Bk Ysldatwitifthe second

Figure 7, further having a |layer of contact-formng
%céﬁ?1§|m°&9e1@e?§| ted thereon.[0047] FIG 9

illustratively depicts the cross-sectional view of the

St&dig]‘ ur epf o £ I%%rgtoﬁme%‘fﬁghfum% ofiFifud AVEr of
ntact-fornn ial is anar i zed 10 be copl anar

with the second sacrifici al m)I d layer. [0048] FIG 9A

shews; a top, Yo ﬁl\ﬁ&tﬁflveﬁw@epﬁfs rtlié(btrddg-ﬁe@tldﬁﬁl VidvOsH tBe Structli@@f Bloure
FIG 10 illustrativel naﬁe&lcts he cross-secti onal

videlirtess having adiisd saqriffes & {preeddherqony ¢ her having a

thi rd sacrificial m)I d Iayer formed thereon. [0050]

V| @' 0%?‘ It ﬂ u‘?{ %1131%‘( alve dEf)IC :tlg:etc§oss iegtlo%](alovsﬁt?fecﬁién%&@lle of Figure
| d9nrthef haginp p buyer Oﬁmpmﬂ laaterdbbw!’fqdébbr@he reon. [005 1]

FIG 12 illustratively depicts the cross-sectional

view of the structure of Figure 11, except_that th

| 4908F] of ElGo bd Hlustipiy by fegicts; th§ %?S&Fﬁavcrnsle\aew of tbf‘est@&stﬁliea?ﬁ Kigure
Wit he)&:é’b@ b ItHedla)‘tbiR@f kdpp6it @ate1@ | i€l plamayiedd. to K0DBlandr IWEh the ird
sho 1he VI ew of the structure of Figure 12.

[(5% fialg |Ilustratively depicts the

Cross- sectl onal view of the structure of Figure 12,
SxGet ! ﬁﬁs i5esb Bl ﬁ@m @féev'o%fhsgtﬁlcmwﬁ,gh@yzer s
selectively renoved a layer of a sensor nmateri al

i s deposited ther eon [0054] FIG 13A shows the top

V: fﬁ)ﬂ?{{)f t hs. 33 [ll&@tﬁaﬂf/@y &picksi i &s- Mtwn%tﬁﬂ&ﬁ])f thd &ructhre of Fxgure
| ustr a Cros i onal e
SPGB PG PR moliudh B SRRAT e A EUE o hBor

S exandnid] isdepodited theredn. ol di ng | ayers are sel ectively

renmoved, form ng a free-standi ng gas sensi ng el enent

and a contactfbarrier element according to one

erf®5dl nenFlof34 thewpibe erievioh e priceis.of fieesét FI G 14A
shows t he top vi ew of the structure of Figure 14.

[0057] FIG ers |ve Vi e

1008 ¢ o Fre 18 ab el BER SRR ATy YR ErrE e grucur of igr

f riepexstpamat thy i@ ands e séong ﬁbxﬁ'wm_hmoldung poyetsek {electively removed,
¢ antml th( geae—swn(%gg gis%%ﬁk elefibift %cgil @(Qltat:’éaoagﬁ? element according to one

embodiment of the present invention.
[0056] FIG. 14A shows the top view of the structure of Figure 14.

[6057] 7 FiG. 15 is a perspective view of an illustrative gas sensor assembly, comprising
a free-standing gas sensing element supported by a contact/barrier element, according to one

embodiment of the present invention.

[0058] FIG. 16 is a perspective view of a sensor assembly according to another

embodiment of the invention.



enbodi nent of the present invention. [0058] FIG 16 is
a perspective view of a sensor assenbly according to
warwbhers9enbodi nent of the invention.[0059] FlET/1$2006009330

a perspective view of a sensor according to a further

enbodi nent of the invention. [0060] FIG 18 is a

pgﬁ ﬁ]eCt | 8. Y1 BY pofspe@ti R SRNOIT aB6z O ddédiling @ adfuret érhbodiment of
er enbodi nent of the invention. [006 1] FIG 19

i $hedneripnpl an vi ew of the sensor of FIG 18. [0062]

FIG 20 is a schematic representation of a process

XL | o S 8 R e BT OF iR i, R AR b iment

mo€the gwenpby. at 500 ti nes magnl fication, of a sensor
filament in which electroplated nickel has been
renmoved to forma channel. [0064] FIG 22 is a graph

of[OQ.éh]angeFﬁGn1%@@@@?%31‘“""’@@@?%%8@1 ad-a function of
time, for a conparlson test of iron wire and nickel

SRt MG AR Rt oo At AR st PHEF g
B)aCCOEdﬂ&%l’neEhﬁodnﬁaﬂt bRtheingntgalis méunfedsi st ance, in ohnrs

as a function of time, in mnutes, show ng the

response of a Teflon-coated ni ckel plated Si C fil apent
(dRfteel A) FiG 2diis 2 onerpsitrbud NP ¢kt mﬁ&ﬂ&ﬁoéfcbons Pi # gggppr filament in

C afHXndR e dplaBRkel h4WEMehdved @ fétinGkeinngl ated Si C
filament plated at a current of 0.125 mllianps for 5
hours (curve B), a nickel plated SiC filanment plated
at[o@4P5 rrFId 2 fgpsgréptrof Ehalypus sledidual negstdsye, and funktion of dreerdor 2
0 n/ l%f a{rxso t gf 1£o%u\{1yeeang)ut:ke[ &8 @ ]Alulﬁing(cu%é A') §n<16a }%Fi%ﬁllgﬁlounted

unction o or a
| rstramht@hk&tlmeéfé Sn%@rhm@b@ﬂwmf@ RBxam ned under
exposure to nitrogen trifluoride, including a bare

wire T-type filanment (curveA sheaeg}ed Tﬁé ;
b Vi 205 mEh T SR HOmRS FeIPh RS in minutes
( cuswigg Ghe réspdndd LIED: DESCERIMEd GitkEF pliiE $iCVERMEDONcuAN), a

F%sgorglgléoﬁls Irszl\c/l'?ngal\/g '\ngsc%nngi%%gg:an{egto(gl] lle BF %rnr@%: ;fi)z[téalbﬁé filament

egral ener
f | otedf act@muperasfra 125omliagps éDrISd@HISl (emveu s M@kflrpéatqﬁll Sg fijpment

p r;ﬂaﬁc%sﬁb ﬂgmﬁﬁ"aﬁipg kol ¥ hoBUCHVES) ahchﬁe YR Rlon®eER$dId ?ﬁl@e oy,

| asnma reacti on chanber 'wal The integral energy
qux experlenced by such in S|tuthernal probes is the
S o aai en@[@ﬁﬂl& WXRGh efahdrinedufly valags gedfumaing bLfines for a test in

ne 1chatLreé thermoccRJp{%s werg examined under exposure to nitrogen trifluoride, including a
bare wire T-type filament (curve A), a sheathed T-type filament (curve B) and a sheathed K-
type filament (curve C).

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED EMBODIMENTS
THEREOF

[0067] Thermal probes have been employed for studying the integral energy flux from
plasma towards a location inside the plasma processing facility, such as the wafer substrate or

the plasma reaction chamber wall. The integral energy flux experienced by such in situ

10



present in the plasma as they inpinge on the probe

surface. [0068] In contrast, the present invention
weapbaysItdownst ream t hermal probes, instead of PETIUS2006009330

energy probes, for nmonitoring energy flux from an

eftlfermes ptobesasthe sumeefiengyesn@uxet eatliepy eharsedpartisten, NEYEeRE PhRjons

T s dnk erheEHlasﬁa gsqmsi& iR B HRGRILL ARa@nvay from the plasma

condi tions. such downstream | ocation, only

ener gy quxes carrled by energetic neutrals, such as

f |[®038] ne, InCd’d)h@efst e, prdséiﬂ lifventiold élﬁﬁl‘bﬁ&i,owﬁ)@hyzgﬁ thernguh grobes, instead
vatives and

c r?gff’gf C,W %r}ergz é)&obgsy ¥“c1r mr?m?orm% LA %5/ %%f( fr?rp] gzh gf@ﬁe@l{ %as atream generated by
p alet rilasine grogasdngfhaiity atsa dowesjreanelacstion dyery Samfteaiasof candidpns.
downstream t hermal probes. Because the intensity of

the energy fluxes carried by such energetic neutra

cdPG68] at edt gich Hownstean) lgeatien, BN GRY§YoRE eI bY 5’3‘?&?@? 9e“trals’

| tsu@aRs Mrind] \cAERY QALS, bio@He,f (Xyged OMdSderidines and radicals thereof,
sma, condi t etchin

d
ple‘%tlg?rpgreg t I gtg‘&%@y ?%F I tlng}e thfnd‘(glaféicf p‘%ﬁlé:lrese?nd rplléetons miay Ie 135kh the

€ ndncfakie rod rSﬁChOfO\MnhEaJp riesesl tprabay e Bedawsa , theaingeyitg oof ted engrgmtiluxes
Aa&!zd by s Q&ngeﬁc ﬁeﬁmgﬁwnl@ia § D HEPR ggﬁﬁa%wlﬁons a@n&alae@ it can

presence O e ove-describ energetic neutra

s p@ce«i@@taawas wet foa dpwntraRgiciprgesier at the glasafﬁ Stifiage in the ctching

si g0 pobsilieafbitg. Of said tenperature change, is
exposed to an ef | uent gas stream generated by the

etching plasma processing facility at a | ocation
dqoeTs] r eamhaéfoiehie osd aitioigheitlofi Surprepnvioenton g sdnse ielemeng, which

f AL cdpp rl‘e': gt%xfng n%{él%pe%]c&xjé gl){anéér #%ﬁ}re@é{cg bietge &Y)ves&gglb?d energetic

energeti c neu t he as stream
exanpil epeciespodh casrsspopdingdy gefrerpiing fR Ut s1grr§iémgqutl\y@pf3pa1d temperature

CakiRleeds \é&ﬂolékdato gﬁ%’fﬁﬁm& BebafleNhERed B thBRchia® %ﬁkrﬁﬂp&&ssmg
a downstream fl uid path or constitut 1Jo

2 SRR PR A B oF BF SUTRER R B ot O TR e he
t hergy fhlndéﬁfhirlegag sieh esagttiaiieusalCih td@ilusit pesasnedno Gt example, such
andn/s%( OSI p ng t ee cgntser%?%??r co%blgﬁnﬁ %{% stcul;l %%ts,vi?eagiwmecoupled to a

ef dovpgeem @a@ ﬂQere‘@!rW cqnpféivting @ art Pfesa@hﬂltldw%ovsnﬂﬂf &g @bigining a gas
S us%!ﬁglg RYRSHE SRS SAS@Ear hENBN dovinSrehMNadationeR@ reQ];Yosix?l%~I teNBnsor

sensor surface via inelastic collisions and/or ease
r AR the gersgPPlBy exot herni ¢ reconbi nation t hereof on
the sensor surface, causi ng detectable tenperature

@Eﬁ? at ur helﬁgq% ég r?e%gals if Sl’rgscn St% %?l{lent? a%rTEQaEﬂ th%ﬂ:%?e re(ajch the

dae S et adt Ve presenc
cosmdeqatqfamlndlovufstrdaimeseewe p@@t‘nt do riepartr qllegwon thé) eensor surface via

%él&&‘ﬁ@ Eoll%ﬁ) fo? ?erfgaseqmtldnsenérgeﬁﬁ(%%n%&foh%mgtﬁﬁ thereof on the
erri fg asma conditions 'in the etching plasm
pr Bewsyiiags (fag@]lg qlefeytable temperature change on the surface of such sensor element.

Such temperature change is correlative to the presence and concentration of the energetic
neutrals in the effluent gas stream, and is therefore useful for inferring the plasma conditions

in the etching plasma processing facility.

[0072] Preferably, such sensor element comprises two different metal components
joined together with a heterojunction therebetween, which exhibits detectable change in the

voltage differential between the two components of the sensor element in the presence of

11



[0072] Preferably, such sensor el enment conprises two

different netal conponents joined together with a
whedoenaisgnct i on t her ebet ween, whi ch exhi bits deCEUSZ06/€09330

change in the voltage differential between the two

c ompredtisrEas spediest Hachsehargsrin Sk epitage differenthbqpniggiply eorrelates with

of RN&hQfirdton Oftfe SRGGcGSs spsiks h HOGRGR daDstleif, aYlﬁ bdn®d Shonitored
differential quantitati velgjéﬁcorrel ates wth

c dNerniterinesisvies fo misriog deglag cqgdidons b‘éiai‘d@"hms Piapiga processing
efdiitgnt gas stream and can be nonitored by a

nmoni toring device for inferring the plasnma conditions

in said etching plasma processing facility. [0073] The
speeBY i ¢ Fhe ypdeilicestrugtoep osupositon, aad durge feapiition orfdsuch Gensor
of y for the
preé%%éﬁ%éé%? &? %ael?%r e enit:lél ﬁglg Slegtﬁ}.”;e}ftg)g74 Pref erably,
when the effluent gas streamis susceptible to

priesRNCe OfefRidBr, 9Bt the EMILAL s SRARI i€ Susptith RresBRE 0P&Brgetic
ci es, .such seg or elenment ,conpri.ses materials Ip ﬂ
tbtelb % I‘gg s that are

sp,

ar BOPEPLE ML P SAFEH LT HIPRURBY COTRESE TRV S

s peditastoeprraioner athalt bgalspegeds, or otherihglogintypecies, e is otherwise
r OL.L OSL On

pl pS%?cgegi%n‘r %%&%%Ur} grsaftté%%a% ? l?'oa[ {h?otrg ¢ Eag?g%n-gesiistaa%ogmg For

t Hestanggy ﬂ@ommq@mr@nt@fof sugk ﬁe@@rﬁé@renfem@h’em formeglybypmetal filaments

f QofEding Yne AR tR mefal &1@P'§ﬁ€1§ aCRabRl hl@ﬁlﬂgm Bh %!)pcbelo Encf@l()?sl thereof,
al Un]nun] an

al | gys_such_as ni cke oppe

al ﬂ“g)éé“h {5t Blgments WAy BYE AR ASERY SPPeg 08 %‘J Oﬂavléroa.tp about
avieo@agerods.anmet er of from about 0.1 mcron to about

1000 m crons. [0075] A particular preferred type of
sensor elenent for practicing the present invention is

a [¥akor &lrerfiewar préferted Bwapl sesseselapehi foxiracticing b pretentintation

Ofis £ QRRE Lleddd thak c%ﬁﬁ%éja £:BBRPSRAt nFBIS BfpePand a second component
c&EPper- ni ckel . al | such as const ant an. Bot h copper

ok pacePregRigk lpt it roeemetnlig Dotk pPe sefmesh e fior-resistant,
el miaih seds eleiiet emalieefire bargsediof Rtectd@ eReidinguangegeat | C
fiuoro species. [0076] Further, the sensor elenent may
conprise a fluoro-resistant coating that protects the
t ie07akt al Fethep dreenser etpinettivesy semmie 2 8haersistarft comting that protects
COhd AR ﬁaal%glp@hteﬁtggk m*g)éeﬂsg}eelgrﬁerfr&n %@r?ogfoﬁ" 9nd Etgt(:k Fy the ﬂuoro

exanpl e, such sensor elenent may have a coating forned
ofSPEEFyt X aF¥apleoetirly | AW P nHay chamjpa |q°aw§t dprmed  of

flpémetrdfmmé&weﬁb aﬁmﬁa,F@roﬁﬁlﬁ Mﬁa)uomc&@ dsupte b bm lad) Mgeg and
Suc errals Cco
oyP BRI B TRt s R B b furof Sher e

f uratiéven Vesudh). tlufbortio: sagi fhlblantswtaomoatmg flﬁmm mmnssllatedhe metal

k] bs to@ et‘lletT?e&ng i Qﬁn&lée a\IoEiem (R’Fl%e%L c&lteﬁp%Ftthe metal

reb avol ertent ontact o
c c?ﬁ*ﬂ?é‘ﬁ’é‘ﬁ% yl’fb\F’t’fﬁn'fé %?”é‘k‘ﬁ%ﬁ* openengtnegraerigls, Wgelomet infegfere with the

Nehefuredlesit of MR ivEIhebBiffereiifarr f €re with the

[0077] Figure 1 shows an exemplary wishbone-shaped sensor element 10, which
contains a first component 12 formed of a copper filament and a second component 14
formed of a constantan filament as joined at one ends thereof to form a heterothermojunction.
The other ends of the first and second components 12 and 14 are fixed to or otherwise

mounted onto two electrical contacts or terminals 16 and 18, and a monitoring and signaling

12



measurenent of the voltage differential. [0077] Figure
1 shows an exenpl ary w shbone-shaped sensor el enent
waoemmisgh contains a first conponent 12 for meRCDUSA06/009330
copper filament and a second conponent 14 forned of a
c alpsitedndtaiovin) hedrenibediwrgingbave daralte usricto arprisor tiipatolitgp diffgrontial
f %Qmeé}l tﬁ%& A PLNBRAD) & ARt 1808; deldiRinBl HkserRO SR @hcehfiion of the
first and second conponents 12 and 14 are fixed to or
otfheredpesies-npunt ed onto two el ectrical contacts or
termnals 16 and 18, and a nonitoring and
si_gnhal i ngdevi ce (not shown as descr.i be er.el,n
CHPRL LBt o Y Bt Heho B S8 UhPre A by ARNE o fis
bebM@maﬁuhem$aBmmmtemummat@lmﬁmanddﬁ&ﬁmbmﬂwepeﬂnﬁhﬂh@S A
pgﬁ@%@%ﬁtaﬁpga r%%e&h[aﬁﬁ% gglﬁg{radubl%etﬁ)lléﬁg 11RuSRE G4tR Somponents as

shows a r exenpl ary sensor _el enent
Ovellvﬂqlpeqﬁec@o?‘iﬁfafrﬁ@ ok isihe TR AT 26 The Bt Bigsecond

CQURARERE 2224haho Wne@fat e bAB HRRLS 08 aSqufOJtﬂiEtioahnd fixed to or
al l o 2 A f l goro nt Coattl Ql% g:l%g QE@ Whl a monitorin
p(ﬂﬂi?f"@ier”é‘fumﬁ PR eétﬁ‘ F‘H’éaﬁ 8t SRR 280 rrpoo nent's ae orne
W&Jnh sfgﬁahﬁg ateet (SloS&hG‘hn)f da0 me atettaicitly ryuriddefor oronigesing ¢he voltage

o e en reof to forma
heterOJunctlon and flxed to or otherw se nounted onto

t V@O?@i ect hieg@lenfeANdrakd Sol@ke &ﬁﬁreﬂtfdﬁbs‘iwééﬁ tﬁmdvo%mpbrﬁnts of the

whi ch” a nonitoring_ an al i ng devi,
C ot BTBE 71 Gy COUBFED PR T F0E ARG o PUan
di fidn@he Bt b/ otb@tsmre ihdnementd woapbantnd. nAtefrdy, avld ﬂ@enmunctlon
E gcg%ﬂm%%%f(ﬁ qec mque %ehl%ec}/ 9)' é g‘%gns%!e ff&%? aﬂaﬁ' ofba%/ Wedttibnal

he sens
r elawrduylciamhfoemédﬁetvybela tmcﬂemsnneplemerx\vma@dntha rgq%% l@rrwr and to
anplid 1 Cakik ABaskROR B the %ﬁta%‘?ﬁffe@hm r suitable
i nstruments or apparat us referably, cold
t her noj uncti on conpensati on (CJC) techni ques are used
t opoegIPENSahe medsurther Ifdifpmetab@)fe dasmlbeads@lnsbt elemknt is simple and

P ﬁstérg{gg unCiSI OI’(]iI %gl{errggn ordf 2L aly dri?l ed Sin S 2R ol 1%5@[ t c@Rfine the

Poien 0 ensure accurat
NMeasipbens rand on‘onﬁgmeltmo lof dlipe mgiifofieg enrt isighaling GOEE} vathgiayndue

n%%gl%gﬁg&n Qe Hﬂ@{&ﬁQVﬁe giErEF fnbe{g@tgm&% %?Qﬁch%leﬁﬂie&@mdnﬁof the

stral person_qrdi nari X
o KiTFSeRnYentiqnie PRSI i 1 @élfamﬂfna@t BIURE! {didhe operatidn of such
cogpepent s and configuration of the nmonitoring and
signaling device, w thout undue experinmentation. More
inportantly, the signal neasurenent for such sensor

el pognt ofAltelmetiyelye e rsensbmelendnt ofnthe prepras fivengion jmag compyige any

eXttﬁern[ﬁiermglrb%bqy ﬁ&udﬁr@%‘t L&EMifiRA 8 RRmARES 3hd Ais@fice SbifRrature
detectors (RTDs). The RTD may operate in measurement mode where its resistance is read
without modification. Alternatively, the RTD may operate in constant resistance or constant .
currént c;ntrol mode, where the resistance of such RTD or the current that passes through
such RTD is manipulated to maintain at a prescribed, constant value, for example, by varying
the electrical power delivered to it. In the latter case, the manipulated power provides an

indirect temperature measurement.
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[0081] Alternatively, the sensor elenent of the

present invention nay conprise any other thernal
w@e@bae1897 ncl udi ng but not limted to therm stPCEHUS206/009330

resi stance tenperature detectors (RTDs). The RID may

Of9B2it e | Althypgisthe ebryprtespringion ishrsimarilytdireptessiocdetgption of §nerget‘°

I 8%, WekfaO e SO iheRidn U bdMh@NAbIM Qb Yiherd é’h@rg&?@aﬂ&:}écm,

operate I n constant resistance Qr constant, . curr I
c orluding byfygelimifgdep ghlpris, odiag dtogiice Oy eens Adhd %v%granii ﬁaglca s
Cilfefegfdt that passes through such RTD is mani pul ated to
mai ntain at a prescribed, constant value, for exanple,
by varying the electrical power delivered to it. In

t hesdlat t eFheqasepsingrysieranf thepresertdnvosise map inglifleeginglgrgas sensor
' gghersﬁg d ﬁe@é’ﬁpagsv%t Ao SlFRRR S sﬁéﬁ%E seh {03 %’Leréh tﬂ{émtblet é&@ sensor

above- escrip tiron I1s rerHrl Yy |reCte hctl h
oflempiy @emiecreqlqn%eboré)@eﬂpégnsmﬁ KPR s it Wl“ﬁw PIERS g Qhthe
b%u[t@@ds'ehs\ér a&ﬂénlts@cﬁle hiean@ddneyr seﬁsﬁl@r @Hﬁﬂf@eng aﬁer@ﬁe gdsespecies in the

|nclud|n limted to

oSG PR P PR o0 6b Sl on S s e n

[ (RBBhy dth epegaed- is @ifsiengmsiys beimigéretated npdess each ag fovpraductm of
é’sgécﬁ&ebslll%q)gls %a? érg gf ?ﬂtgrﬁ‘%alft?%%ﬁlaéé e%e Ssﬁlgt*aptﬁ)qu, to generate a net

such gas sensors,
m@ceinrg signel mltplinptwely@,@éﬂ%h grodspeehiampesiis irsjatig signal, or in

r eehBAANGH a1 nlREk M WhRE nﬁd ﬁigltlﬁlﬂsﬂfﬂ Wi [sérdsdt, el@fientsnis \Mﬂcﬁd’ﬂously
di fferent ones of the nul @éﬂ%ﬁgnsor el e

arep]ghéeél&o fmopita élﬁsqnﬂéetla fgasdqp{e sté%lglrod é]&lrgevoglglg of mterest, for
S ReGkEsn dfitotrdlRivs sigralEnf@nmogiaaing ol asntep! p@pases. moni t or ed,

or in which different ones of the sensor elenents in

the array are operated in different nodes, or in

i {0084} el atreehnnestias witls thetisaaf &S pf eresensing glegpnts, advanced data

r %?(Rgsgﬁlé ‘cé@hn?‘dugsnﬁll $e EJ&@% é’i‘lﬁﬁlcéiﬂh' Qﬁtbllt Bihe &dnbof system. Examples of
mani pul at ed, subtracti vel

1% fgenerattte aa:ﬂ %h of
i rﬁa?héé‘thplﬁbeséli“’é]ﬂﬁlb‘“ P oo outedh fy 15 &PS/0T QERTETHDE Fignas, the use
prtﬁﬂibb@@m@ s{za4y) (DSdtér Euﬂrdﬁdj loét-ih Agplige akhniques, sipnadh Axeraginp esignal

cﬁflvatnrfre% ne'? elaance S % htrosgjﬁ% Fggllntic{g@ I Iﬁ Ia&&{tlo%f acﬁlgrﬁécp{echmques

aCI 6]
ertmtgaéltmto ﬂgea@tesge of demomettitpemayt alsedqmamheﬂl Eh?&e {relmiyes ipglude

' ruea@tr &idres i, 990 1@55[’ Qdared, pﬁﬁfpﬁﬁénﬂ%bﬂéﬁ t 1 Rr8d3dh, (ahd pheRAl least

nmonitoring or control purposes I n” connection
wi SaPere dage apEwisgretigrt- ays  of gas- sensing el ements,
advanced data processing techni ques can be used to

e out put of th nsor s
SRR 1 S4B S A I, RAPEAES R
usseltatbfe mamnwewslan e gLiliogj fhalas, tottiaesduasts. esfpiriatinalmedplenr other
%Qil p§me£§1@hﬁ{s {5 lﬂFoR/ﬁQ%r?outéu@ Elichtive 8PRE hrb¥ht W change in amount of

nf

ni-ques, gnal averagi ng, signal tine derjvatives,
nfdle e smtgéue@eme?%%@eﬁm BOHATPRILREmEMPERIER i on,
advanced techniques that fall into the category of

chennngﬁélcs may al so be applied. These techni ques

[0086] A test was conducted to determine the response of a sensor element as illustrated

by Figure 1 when exposed to NF; plasma that contains energetic fluoro species.
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| east squares fitting, inverse |east squares,
princi pal conponent regression, and partial |east
W(sqaﬂa/aelselata anal ysi s net hods. [0085] The gas-BENEE2996/009330
nent (s)_of the invention ma&ét heref ore be coupl ed
| n 098 i t abhe Plasam sarce Wap e ASTRONS ASK 7450 Asémit Fiéiogine Genextor by

tr AB'SOU@;&faﬁmg '&t@mpkﬁz?dnti end. Mmdube %onh@ﬁer%%g lised 'tog&fi’éro process
proc Icative

pr ovi de, an out
th éasg AL gﬁiﬂ'“ g}flo"@h th@"@ 1men %%Wdlétply@h@e Blasmgpyonrce outlet allowed
enasqgiEn of tgapespesiseh a mhtdnewaffdrs.u The@fafdr ABIBAL mA& (TH061 T6

”Dmum{uﬁld anzﬁ%&@%e[ 891?@% ports a%%:ﬂ-xas %ﬁg}gttjg gcg q’or t%ermal probe

determ né t esponse a sen
i | ingfalfatien ed %Bﬂcﬁngq}n%lometvm uged proredde prédiiBe phdisgapant] b atrottle
CORlRIvAS uRD R SRt the bhldRF QusR&GI:ES- [0087] The plasna
source was an ASTRON AX 7650 Atom c¢ Fl uori ne Gener at or
by ASTeX operating at 400 IcHz and 6 kW Mass fl ow
c o038 | er\ElﬂwesprCtlﬂnSﬂid sdn€or 6RME,Cl cgﬂfe@ﬁﬁ&&lt?ﬁits% &aﬁﬁt?rﬁ‘d?l%lament
NF [ a asnma
soﬁf)ragédt g\l??f rfh%f)? %frta Clthflse OBt ’fe§§t)én@’be€’ﬂ‘? s atcYigmpford
asCanectigubwess snot-weldefHegetherzan §fseends ﬂnlaeoﬂmaﬁarmdaqsﬁxfelﬁﬁﬁﬂwnh a
T6he&|rdj'ﬁﬂcmﬁn5t tﬁéﬂﬁelhlh Qiné’veftﬁh 5r' eﬁ’én?e P]Q,F a?len attached to a sensor

transport tube ?%erma e 1 nst
ca %’Eﬁ‘ni HyeEn ﬁﬁﬁ@f?é@hei"“tbvﬁgppers@d qoBstanten FoRhsctpns dasspardased from

I e@eilintis Nodth d&n&rit:eh Cobl AteLaMidhsy SCYVahicH SR ﬁxQuﬁ%ﬁﬂléﬁl to ahﬁgnal
trapsfer.tu ressure. [008 éh res ect to

se Cnsor T’ it OIP o ORS8Ot r ‘ét‘%lﬁéf?ﬁ lg?fﬁm’é eatie é‘ﬁ’t &r‘FmPerature
fllﬁﬁimnt of about 0.005 inch in dianeter (as purchased
from Onega Engi neering, Inc. at Stanford, Connecticut)
wer e spot-wel ded together at first ends thereof to

f JPIR%h seﬁ’é’érde@s’élﬁ’#%fanwgtcwﬂﬁ Viwse sinwjaterc t Spevifitly, tthe deposition

\Neiydbsl’tgermt]ﬁlbted BUGHi SNSRIz ShRIRR Yo M@&T taﬁ?t‘ﬂe Ak dnf glg%iies Jrere

ement vacuum f eedt hr ough coppér” an

c O S BE e s SECH™BLaMa ol 61 B g Ter per
Novitikie GBI AC the @dd-pointaf eatiacicaaing oycBCI00 swdd meﬁgradaauy added

Uy 4G léwof?(fjl?{eglﬁlaco §i 1R Ia ﬂﬁg ¥ elglltl X r f B rt fo?égg\{lzaglaﬁn}ﬁcgatgng

conversi on tage 1
t enper ature readi ng. [0089] Fi ve dep05| tion/cl eani ng

C){Oﬂ%}s Wepge R@ABUJ) ﬁEs@ﬁe G@ﬁ&il}fzér%léa)’lforé ﬁ@‘seﬂﬁpﬁéﬂeﬁxé QIQS used to

pr ovid trogen
7 ra(r:%[%?' tl\éﬁ{aogﬂ AL W@n ef @gmcﬂépe&?% F;@gl 199é1y the §1;tha[]| ﬂmr@g ccb}yentratlon
pnm)thp distgandfoki] wisiclpdcamisdia Willt100 ab@RMadd urd sig&%rﬁm gy @@%&nds

%9% glottécf & Ehe@r%marg'b% uﬁsuénglsﬁ @@Rﬁwgﬂ%@ %ﬁ%gﬁtg‘?qnsfold

added over a 15-second interval to sinulate a fluorine

rif@iong engipgt Bkhdwe Ehetté?ﬁ)e%l?é r@:ldﬁ@g@f i £RABI diBhent through such five
simulated deposition/cleaning cycles, in comparison with the fluorine concentration readings
of the RGA. Clearly, the temperature readings of the sensor element-based sensor of the

present invention correlate well with the fluorine concentration readings of the RGA.

[0092] Further, a 2 x 3 matrix design of experiment was executed to study the sensor
response characteristics. Specifically, the transfer tube pressure was varied between 3,5, and
7 torr, while the total gas flow was varied between 0.6 and 1.2 SLM. At each combination of

transfer tube pressure and total gas flow, NF; composition was varied between 1/6, 2/6, and
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[ 0090] An RGA300 Residue Gas Anal yzer by Stanford

Research Systens was used to track the tenporal
webnoison of chemical species, specifically theT/as100&b09330

fluagrine concentration in the test manifold, which

s ¢ 3{And velums, pf the Gefalagap esd. mEhsssiznpli dependense onAVRe\cemyosition and

Seﬁ@ﬂ&ﬂ)‘éndnl‘@@ﬁ BRiAS aRl AEWELEh BFudeNErol AL éﬁﬁxteocfemélp bf experiment

fluorin concentration in the test manif

[ OB iy éhgﬁﬂg??bﬁﬁ}gﬁ%nr%’éf“ie eieathieaPopwad NEscompositisa, from
s enkidr quehtigatiza pardnittaaugh bsdetiedfts reprodicertik ads@flse characteristics.
deposi tion/cleaning cycles, in conparison with the
fluorine concentration readi ngs of the RGA. Cearly,

t hi903d npe e ulisslopusesdph §sS. dfatenth dpglisativor Publieatiemn tNob 20@10074285

s e@@%ed)f«pxtilhﬁz QD@S@P t‘APP?\\I@J’[UsO&Nﬁ PROBES %o\%éé&véﬁ‘%yg 3‘& ORO
éljf:go IgngE cent rati on readi ngs of €

$1iﬁr"rj MICONRYGTOR JRAGESS e%éFEMﬁe rand WHS. Patent No.

ex@b&juezj istued Sitlyl 4 2001efoS MHRO-VESHINEEETEREFIANE BYDROGER -GAS

C ; ran varled
ey aons g witthor, FofnRig D ISR iy Y9 o oo
v alfereinbylyeferarae in Deientiret far ol pSiphdes. At each conbi natl on of
transfer tube pressure and total gas flow, NF3

?}iltl on was varied between 1/6, 2/6, and3/6, by

of TPpEvengengonigmplatesasgds ser9e caprjisie: dependence on
NF3henapoitiod @nctadd correspondi ng test conditions are
sho re 4 for the entire design of experinment
n&ic\ﬁay&pnfﬁ%r?&g is a linear correlation between the
sextsger; adsponse and NF3 conposition, from which
quathjetAald dgsopar ameters can be derived to repr oduce
the response characteristics. [0093] The discl osures
of "A¥e8:  Pat ent Application Publication No. 20040074285

puld iteatpedufp Ednlsorzc%mpa&gdat figst otPEARARLRO ND Pﬁ?lqﬁjﬁ and a
SM&NC—% LtJO?O SPECI ES | N SEM CON ROCESSI NG

.’S. Patent No. 6, 265, 222 |ssued July 24,
20@10&@10"mﬂtmm@ﬂh¢dﬁﬁ) infeédhdulvd- Wit aH-PADROCEEN: @ASiion of the gas
SENGERhe AR METHOD OF MAKI NG AND USI NG THE SAME" are
[ ncorporated herein by reference in their entirety for
althe FOPGFREEe sensqrdogigpted feschn eerhehtoffes and proplcares raatiyasutput

S Gitfidative of @%ﬁée&hdﬂ& coﬁ’ceﬁﬂ%ﬂ'@ el é@o%étﬁg the Ee[téfﬁfc WlattrialPand
a heate r, nmper ature

c f:}% LG terial;
3‘?1 % mﬂa? 18 $fructiyes tremgd rt%\?td?aét F@%‘ﬁ‘é}’o‘i“tﬂ‘é hpAting akthe patalytic
@a@nal@m@eaﬁata thernopile, a thermistor, and a

[0095] The gas sensor, in one embodiment thereof, comprises catalytic material
including nickel. The gas sensor may be configured as a microhotplate or as a pellistor, and

the catalytic material may be present as a surface coating on the microhotplate.

[0096] The gas sensor may be fabricated in any suitable form. The substrate can be
silicon carbide or other appropriate material. The heater can comprise an electrically resistive
material, and the catalytic material can be provided in a form that is not electrically

connected. The electrically resistive material can constitute polysilicon.
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t hernoel ectric elenment; the catalytic material is
catalytically interactive with a gas to effect
wo e@ettdoso7 of the gas producing a heat effect; PEEUS2006/009330
tenperature sensor is adapted to sense the heat effect
af§9Pr oduBhe heates dsraderftedttp painteinasenstantiempergurs i agiference portion of

PR SERGRNAN bk, LARE SRtidiad bpl'ibaﬁl{g #yN8e GAkr GORdiLild Blcatalytic
the catalytic material; and the thermal isolation

s i1giReHipn With the g5 pith e gaigigictatiglast partial Iy restrict
heatlng of the catalytic material by the heater.

8(9)85] Thgltegx?a% e? 4 rhse%eat r'chh B rlﬁap‘?mé’ gﬂeﬁ?ergt ath re?eg{rlhal condltxon

npri ses ca rat erl al incl u

s esietd figmyamions mﬁﬂm gurersdndpowar, il tbﬁtdhmtlplll mttennsratugss f 1°at“’e
PRF ok i@ fnterAR6h drAR o&ALiR e dafaly B BEAAI MRY be present
as a surface coating on the mcrohotplate. [0096] The
gas sensor nmay be fabricated in any suitable form The
SydpedT at eTiaBatfiRabintlidz@ihearadpile, dR., Bkcludhfepoldiosmiptkel tretion.
material. The heater can conprise an electrically
resistive material, and the catalytic material can be_
pi@ded Inrthagd oensert thatcatalgticrrodteria] eaptindlude b Injckel dayaieen eelicon
TQFrbﬁé SflstriC 2! l'nya ﬁduﬁ&l& \rordHRRl ee'iﬂb@éhm@rﬁnth@ QRS Ll Beludes an

|conﬁé eater is adapted to naintain a
c@ﬁ@ﬁaﬁﬁdﬁﬁ @P%PGP%m?ﬁh%mVeference portion of the
tenperature sensor, so that varlatlon of heatlng by

: E@Olg]jgt \?\{F l?elhgals Irfgx%écgatg: l%lfte?rgaflﬁgat% A ttzlurtl: 160 ﬁrlcglt resm anee op the
Aleteett"dpate'tl wuidkyl, sifidoe chrbide Gﬁiam&ﬂ’]cdnsanad‘ameﬁd atchangpdr Hieeelegtrical
% %ség(% i fng' %tl';/é gﬂh n;g&&% tculld%rll cc?h%!:rﬁrgﬁo%%f th@ 94X BRI, the catalytic

, current ower , variation in
t@Wﬁ@Nature IS |nd|cat|ve of catal ytic interaction of
the gas with the catalytic mat eri al . [0099] The heater
can include a therno n
o3RRI’ o2 Rk CpbmebieoR ol Bt HA geduding a chamber
saﬂ@@ﬁ fort iy 624 pﬂoyetss matamd] @reregdrougrend @ @hsskeson an igkéed above,

X tedotn &s It}lel gggq‘lhgéélggegﬁmsﬁf%g}ogég ﬁﬁtehﬁ Arhe gas sensor in such

par |cuP§r as sensor

| rresenbls sargle febr@@t@dr with ad/Bdnchpluger 2 &B iich @%g &pgbhnecthe sensor to be
f iR Rkne hAHEP1] The gas sensor can be arranged to

mai ntain the electrical resistance of the

el ectropl ated nickel silicon carbide filament

C C[Ulﬁbﬂnt Th\d‘lﬁs &Eﬂ’sotacaﬁ hehge aivartitdlle celkeat métaladoated filament as the

G N e e
m":sﬂeon flhmerft 6616 quctfﬁhlgted itk picked filng GPﬂhé‘ﬂ&fﬂlea‘t @giga)rlented vertically

c hﬁ%&sﬁion&rﬂ cort B9 Rk Md d4loPEhinalse RRWAS press fit contacts for
securing the filament in position. Channels may be present in the filament, for use in coupling

the sensor to a substrate.

[00104] The sensor may be arranged to determine end point of a chamber cleaning
operation by change of electrical properties of the nickel coating. The sensor may be operated
so that presence of gas is determined by change of electrical properties of the filament. The

electrical connections are separate. In general, the electrical connection can be of any suitable
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adapted for flow of a process material therethrough,
and a gas sensor as described above, adapted to sense
wo b@egersImhen present in the process materi al . PANESYPaE009330
sensor in such assenbly can be fabricated with a 3/8
i s, iclygingrat gleasy ®né rof rmgshanigale erabdctiony dldetropdating sonneetiop eand
eﬁé&ﬁéﬁh&Ac&$g%&yanber [00103] The gas sensor can
include a vertically oriented nmetal coated filanment as
the catalyst material and the tenperature sensor. A
SEOMO0S] Camhd Lhdr Pen@hd enbehent MeElhdesl b AGerénsthihédirpellistor on an
fihanent that is electroplated with nickel film such
fi% PRS%i ng oriented vertically and positioned in
contact for gas sensing. The sensor can al so include
6(?1%6]f It T%ﬁ Hl}eﬂ&fn%n ErQ)the %U&ﬂn@xg ]:onﬁeg d sjel?sgpa[agptédnco sense a gas in
tion. annel's nmay be prese In ["ament, fo
usﬂestteﬁmcqfuﬁﬂtqq@ sti¢he seggon dehuding etetmveeaﬁeeSIHq GKS‘I‘S‘K]a“CI't?egaS

s Eﬁt&nxgétxo%?émaﬁ wih VaRe qfétgtpre@ett@ pidinEa ﬂl&%aﬂ?épﬁ?se@@te@ble by the
Cha er cleanin 0 a ectir.ic
e R e A R ﬁ&eaf%ibgl%mestng&aﬁs%ﬂ and i

O pdipmdderet operatidndrt acparémencich tf relgtiashis det er mi ned by
change of electrical properties of the filament. The

el ectrical connections are separate. g@neral, t he
el ectrical A¥EEE VORABam: hHEcof XAHK, ":‘)U‘I"t t 6t Y pe,
i ncludi ng at | east one of mechani cal connecti on,

el ectropl ati ng connectlon nd el ectropl ating,

coHEAY dhihe poELEE Frarpeind e BRHGRS SRt = o s
| I”texjnlhbﬁtﬁﬁe adem,t,qr 9 R Mbat Rertedon B(&lfﬂcieﬁtt At iscnfuadtion bAufilueat thermal
Sucp Qc? 8t1v1ty [k an Q(Grtlemelt 1s|cns\ilent on Ethe eﬁgcttlvg gfﬂﬁéﬁp% k}% AH is

eeY & Tenderadapted 't 6™ekNs I'n a s
ofthednﬂtatue pf reactercthat gecmson the mlumlﬂgenasutfeqmd aisiffregeaction rate.
sensing elenent and a gas interaction elenent with
whi ch t he %as reacts to product a thernal response
delPO7} I Eheipventien paT SrbPEnet AOVHE Pehednt seniie pgpyin
t %eﬁ@&ﬁdfﬂuehﬁcoht@lﬁﬁl@ dr fiyceptld &F cheaiihdiGe By, eontpeisingise ofithel gas
S ada 8%@? ratlon i n accordance with the
r e at] ﬁ%sﬁtﬂﬁe Pk, v) x DTeffluent + Teienctnt
xO[h(k, v)]} + DHr = 0 where DWis the necessary

h[@@l%?][ i Wlﬁ)lg It}% unzgﬂtoh %egcﬂbJWeﬁﬁl%l{ﬂ s%&ﬁic%&ﬁéﬁc@ & apphcatlons in

el enme at a set npera ure Tel enen
C oHRiseRduesr RfecefoqoetrOént is 40 be jpgregiated, that thewiligs ofdhy weﬂtn is not

t htﬁﬁsmﬂxlnte@ o€l theet Witdns K) a @iﬁé veiﬁeﬂeimthbﬁusw S@Qpplicytions, including,
Tef f | uent e effe t tenperatu

I S DH is
¢ R, o RRET: Bl Erat oSBT SHPY o “BERL Fyromnen
el eonitntings vpefaioss, aaddther iiglusthe asewdt 2o womsatnef mpBer] G| sensing
TQ% hAygation in another enbodi nent provides a method
gen3|ng agas in a

[00109] The present invention in one embodiment thereof provides a .
microelectromechanical system (MEMS)-based gas sensing capability for determining the

endpoinis of semiconductor chamber clean processes.

[00110] Conventional MEMS designs (for other, more benign gas environments) require
deposition of the sensing metal layers on a silicon-based device structure, and subsequent

bonding and packaging of the device into a chip carrier. In one embodiment, this fabrication
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stream of effluent containing or susceptible of
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I's described herein with specific reference to
aprqagmertElie mpltsiepiprsersEtbngD? exresponding mpigpompopent groduct

t Qenlt? BRPBHCih aﬂﬁdﬂ éaHanrﬁﬂaﬁenU‘isl éuu)jem 9 chbiieal | aBMRNEy BO hevily
ngt thus limte oo &Fr ext en a wide vari etgby

[

ofuUsPAES eAies ‘H‘ﬁ & %ﬁﬁfﬁﬂe °dh ¥°teFtﬁ&‘§iP5 ﬂﬁdespww%%’a?"“e“

| dévielopibg N suidlp| cayapeitition nirbdifre setf ekpedisytstddsrsfrtiren dibrioation
anbl ent. environ [ e nd ot her
RIS S e Bk Ao AR BBl 1, D
appllcatlons [00109] The present invention in one

ergoe ”EnfheEJ‘@oEﬁQés a‘PJ QNicBi8S inh MAasQRhUEGE e WBCFAMNVEBRIS-based
syst em (MVE based gas sensing. capa

it
d & riehE éhﬂ% fie et 3o eSS R e iR dplspented for
c hﬁﬁlfbrxﬂg amasr&ea ga{e@(hi sdfifon@aumy ehimien aleadVivBscbe Sh gn Sfficient,
d gb%%le q 6%13%116 mtati;]néar lélg‘lﬁgl rrs]lg Eﬁemica \éh‘{ll%grg?nqgfss).lch ap?(‘fjcléésgs
silicon-based device structure, and subsequent bondi ng

E(g) L C kaﬁ{enfgloﬁxgatetd h&s Q:ﬁ%k B&ick 3F Me PreSit Rv&nBbA, 'u%ne e'nﬁiodlment

odi nent his fabricati onapproach entai]
nﬂFSF‘ilbeét“é’ﬁF By b@@gaﬂ% HROT iy 2ty e e o B TR disiingiih it as a
mMychitiGeigAe@aB Lt Pr oduct sensor assenbly in which each
conponent is subject to chem cal attack by the heavily
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I cl ent of
element and therefore minimizes heat loss.

[oo1 16j The fourth feature relates to the use of micro-molding techniques for fabricating
planarized structural layers, which allows automated and scale-up production of gas sensing

devices and provides high precision over product quality control.
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resistivity that are particularly suitable for
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wo e@b0189T el ates to use of the netal el enents POL/OSHL6/609330
sensing nmaterial and as a heat source (e.g., by

r e[SO HY] Ve The eebdtib ifdhRires Qfe 19&&B§{derﬁ SaLdcRGthEnSH R be fnbdrporated
as sensin for exanple where it is

de"'si"ihr e&pat“oewf °“EtB(e ?‘En%ﬁbﬁﬁtet VB FURPRSt Sferiy paynHic@akvely be
c ofadticatediie arogtchtresistamt wtynteliembtedigher at ure of a
sem conduct or chanber whose effluent includes the

et gas species to be nonitored. [00115] The third
fe@gldﬁe r dhafleerotqs haleeenysneciest sesdor ideviy way bickide @ SinBle femsing

C OINjmeRGHh bifybf We hiinPbi sdlaPOkovsi ds &S8O IRAGRRST cial
materials for formng free-standing silicon carbide

support structures, which elimnates fornmation of heat
Si[AKS9] n Ademaitlyothe Wiubie dirhl&tlolgat &eciSe R@bon gieﬁbdi ey codfifde a

t heat 0

¢ EBOEE b Bling SRndfE be@B0ne g el ol B dbadnngy o
f drck-ypbrensing: Japayilisl. n i Wiiehodigereny oes o0& the [naytiplessensiv eddments are
al drigisd B kAERE %1@&1091‘: A6 & HAB%&&Y g&}ég i 905t Rm glagas volume being

sensi n deVI ces and I‘OVI recli sion ov
prisietd g whigh éléfﬁfﬁ?fdan%[ ?fd‘imsmgrf‘éenfeaﬁsergéie g eratoawsd in
ardifferanchepdes de it intefelaiaibded, hrk asa’apbr@@alda%ffeaﬁ@ﬁv@ @fgﬁ’dlﬁﬂat are

T b t t
e'aﬁ gfél?)§c§§a51%£15?l¥tecp r %o%uggrac}l\{ely, I'l? )}g%lgeéa? rggx}e dxac{{'cé"xangf Fxgxml or
arﬁl terpatively. eadiligvadn to Jprgduywe rcpropositet igdicaihg sigB 1ot 8} afhether suitable
fl i 0 2 t the
rﬁ!ﬁﬁé? iPWhi 51%9&61%1&5%? 6f 85 Isﬁé?r?eg% sdlﬁféd (%ﬁ.l n%ploggd tgs]%g% th

single sensing elenent In an us-su

dFP’Wé’ F epscies ip BEgtraamyos fipid pelupe Of[nﬁmsl &r epperadipmeficpayeitiye signal(s)
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sdPHRGg capabiellikbapn, Brorineweeds with mtisf helg pid L8 Sisob cdslhpbunds
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pur ﬂ%gﬁ\'? I candidate gas sensing element materials of construction to the fluoro or halogen
species-containing environment, and determining the suitability, e.g., corrosion-resistance or

etch-resistance, of the candidate materials in such exposure.

[00122] Nickel or nickel alloy (such as Monel) is particular preferred as a fluoro or
halogen sensing materjal, due to its high fluorine-resistivity, high electrical resistance, low

thermal mass, small density, and high temperature coefficient of resistivity. The ratio of
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concurrently as heating structures.

[00127] In order to enhance the sensitivity and signal-to-noise ratio of the gas sensor of
the invention, a fluoro- or halogen-sensitive metal thin film is deposited on a free-standing

silicon carbide support structure that is characterized by high electrical resistance and low
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suspended area appropriately. A suspended net al

filament can be thinned after fabrication thereof, in
waryeah1sar vari ety of ways, e.g., nechanical |y, PCT/US2006/009330

chemcally, electrochemcally, optically or thermally,
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[00132] When the free-standing gas sensing assembly is formed over a substrate (such as
silicon substrate) that is susceptible to attacks by the corrosive fluorine-containing
compounds, a barrier layer that is resistant to such compounds is preferably provided to cover

and protect the substrate. Such barrier layer may comprise any fluoro or halogen resistant
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sacrificial nold. [00129] The sacrificial nold may be
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Rep@syi n gFig&Pél 61A0shb € thd li- RS top FhdaSor Rs LAfnas Sf Figure 6, from

schematic illustrations
wh?cHBh first sacrificial molding material 112 is visible, with a square-shaped barrier recess

filled with the barrier material 114 therein. Please note that the shape and conformation of the
barrier recess can be readily modified by a person ordinarily skilled in the art, according to the
specific end use and system requirements, and are therefore not limited by the illustrative

example provided herein.

[00138] A layer of a second sacrificial molding material (preferably silicon dioxide) 16 is

further deposited on the planarized barrier material 114 and the first sacrificial molding
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depicting the process flow in the manufacture of a gas
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wi th a square-shaped lg%wner recess filled with the
barrier material 114 therein. Please note that the

Sf[G(pel]andFig%§ (DI IIEBEBOQ/@ depostibe oPANdybiebr & %&E&f lnﬁéﬂalt@rtefereably
| ed in

qicon Xar g 1% 1 u rs%nsogdl asrl | thereof to
ar acco 16 h BCToPES ey Hl§ ughiPlanpEAaton
r@qmwfrfémcémryiclaamdldagmatMﬂm ore not limted by the
illustrative exanpl e provided herein. [00138] A | ayer
of a second sacrificial noldi nfg material (preferably
silfq1¢dn dFigwrdes shevs e taprvitiep! de pousiuresdn Greutehkd, comprising a

p |sﬁ1ﬁJalft lstilﬁﬁireleQ Ifdrﬁéd Hﬁ{e%frhcﬁlre éée@se@ﬂlqm; #ifa fabdital molding material

t ,. and tt dt
o o0 ML BB R L L e Ve T ABEF e Grpc (ot sl

o Bigep 8249 dadipasctond oatifieisl soldatmaterial 106 Giot VGBI th FOES 124).
the pl anari zed barrier material 114, as shown in

ure 7. [00139] A contact-form ng materi al
( |& #8r ablnyFigire i 30ke tird Istcd6yial M@ding matdah 18@ Fowlettive removed,

| ReRb q&hnr@om@@rﬁdlﬁgea@ﬁéﬁmm RlAnays %@@ Bt %&9 6‘122 and
t he sec‘%nd sacri fic)al _nol rg%,lrmte“a 1 as s

i (TRePP g eoondgacrificigl poldisgynpipiinl { e @idiarieyer ¢ ﬂﬁpwréafctwwtal
Sbor wethialleg (méferbblg bon@airfing nickel) 124 is deposited over such protruding support
structure. Figure 13A shows the top view of the structures of Figure 13, from which the
second sacrificial molding material 116 and the fluorine-reactive metal or metal alloy 124 are

visible.

[00144] Finally, the first and the second sacrificial molding materials 112 and 116 are

selectively removed, forming a free-standing gas sensing element comprising the support
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fromwhich the second sacrificial nolding material 116

is visible. Four spaced-apart square contact recesses
wae@ofiorsped i n the second sacrificial noldi ng PEL/E81086/009330

116 and are filed with the contact-form ng materi al

1 1sgruct{1r@ @IALk tﬂ%i FRFiR-rddRtie HRS 1618005 fhExie&ln aﬂﬂco%&tﬁb%ﬂj eithent

of a thlrd sacrificial polding materia
CeRpEhs Saeyrer (2eisn | B Mgt g, e he hee sanding gas

sts&mtgwteaientneﬁ@meﬁ b)lﬂpﬁceﬁ-l’aﬁﬂrt ddsthdtnd 8 at it peelptieel, Mhil@the central

" ecsﬁ(?r Sptg ﬁ%gs{ﬁ%’éa% sen%f% %egq!a g% JB%) nd%%%\?ihl %lﬁé'ldc t’l"flr %amer layer 114

poSI |one
C oWPRetts the sonthatyl Ifetheseongghd prp@ctatiy untkalying substtate member 110 from
S Afokehfidl GttaBlts bma&rgdsﬂ. ﬂﬁ@ﬁl@ﬁdnﬁhnuéjeémpo@m t he support
structure so defined therefore bridges over the
spaced-apart contacts and the second sacrificial

nobeli4nly  matgerei 18 sHokB the] tofViHLYT thd @’u&@‘és &flﬁg]a?e S@Which only the

TRl LBl o SRR e o o of o
rewe@@@sﬂﬂahdwmubsaﬁmﬁnt planarlzatlon thereof to

expose third sacrificial nolding material 120. [00142]
Figure 12A shows the top view of the structures in

Fi [8 @l 12 Figdgnpt iSst AYSPECHye pisyral asgep ensesr wsempbly fosqriipgto one
i I’bnibb(ﬁmsdt,r\bllﬁ&w&ompﬁﬁﬁ eS@eaaddmgtgbbeseﬁdmgr@lm&mcmisfcbxﬁalﬂihg a silicon

| di 120 t st t 1
ELGATL i S SRR PO et 8
vissprofted atritsFregpherl b Ajacwiragart hpstasdiom oraitasiadB4.f iACbaddier layer 132

cq)lcfé? 'tkﬁ:l sgélc%t{sap(a{e %nta\é %épis%vellﬁs Ijogytgﬁl Jlgtf(ﬁlm%substrate

[ 00143 q§ |rd sacrificra
nete fiPg rtheilzl@h phemical) celaltiov@mp@wébse@e coptiqely etprgetiza spoirg during the

Preat debihign@erstippor t structure formed of the support
material 122 and exposing the second sacrificial

nol ding material 116, and a | ayer of a
f [[00ATINne- Thagbisasingreltadnt 035 sumpedds o&érltl&)ba(rhf e abhsywell as the

C %%s@ﬁt@ !lﬂ)gthé}éucr‘xbegl a)md &rﬁi} Béé?)he‘;eﬁl@ %é{técu o s\é%xd- S}%ﬁuont:«tlchs 13% at very

pro rud I Ng sup ure
vilimijed pregsh & hsr? tfethe agrityfsuificg aree (m@eralﬂx warewkAn At shidace area,
S %@ breS Biefetably Chétb 0! 93%5‘ G ARt é:‘aEJsé%Lmé- Jz@m@tﬁdmg h§ suspended and
ggrlne rgactlve nﬁ or nmetal alloqy 124
Aderon B TP ALY P cavitra it ko s sewedbrn contact
S&G# iwfith Ghatdrialy@haiorgizetetyelighat] SctricdZreadiahed Akl 18Weahermal mass (e.g.,
S t oraing. a free-standi a e
Sg%‘@gn 521\{1?{3% n%)?etngé{ %gatrlosg Itﬂ' én @Fl éas-sensmg PT rguc u%g %i ﬂmmxzed.
rf@lrth%ethﬁf Bag @ﬁaemblyméét@mmelt Areyerdion Ilsafyemed o2 Jluerineresistant maietials

sG&nﬁsaQﬁlé&aEa[rbﬁer £l eﬂ&%recﬁ %’f‘tioﬁl'mn}g r&lﬁ@c gfrﬁaf“eﬂgo'l@@x?rggseous
contacts 118 and the barrjer 1ayer,

f reRuroame sseRgtiyate Peses ﬁ@umwmmm%cogwawf ted by
spaced- apart contacts 118 at its peripheral, while the

oL al Jportion of such eqiln eIe
i Hdflded e ST 8 oG TBATY Fop® PayEroTs SPRER"s bbby

of a high surface to volume (S/V) character, to facilitate rapid response, and to amplify the
response relative to the substantially lower change in the gas-indicating bulk property that

would otherwise occur in a low S/V conformation of the same sensor material.

[00149] Thus, the critical dimension of the free-standing gas sensing element — the

thickness dimension for foils or films, or the diameter for forms such as filaments, bars, or
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supports the contacts 118 thereon and protects the
underlying substrate nenber 110 from potential attacks

wbdy00600189%i ve fl uorine-containing conpounds. [POWLWS53006/009330
Fi gure 14A shows the top view of the structures of

FI @)anﬁlts ]eﬂoa —laBsidbly Gshesd MMlal sbMBicroRs @Jm),l ﬁmﬁblﬂ-%gsr ?,tmetr 0Gum, more
r ee- st.andi sin e
| aRjEPre s t?gw%émb St i rEh o s R g mprigragyraly i n

[ ODiedgr of Fraguateutl®] ki ta alp@t S e bd & Balanc€Wf BfposeGp&d and ease of
seﬂg,r%ﬁog%g&mftg}agongccor ding to one enbodi nent, which
conprises a free-standi ng gas-sensing elenent 135
containing a silicon carbide |ayer 136 having a nicke

CO@MSOE 138iid ﬂl@ rfﬁr@ﬁ in ﬁdﬁn@n gﬁﬁvﬁ@@%v@@ucﬁﬁe@ﬁ% Bt inlBRinkeSof from
iﬂ)?orted at peri pher al Eace -apart upst andi ng

Ydls ni§>4ab°3& 58&% .d&%lratr%b@éfrs 511@ dl@ﬁl&wﬂégarmm fn the, Blane
t heerepdadd tapathickaendircion ol 54 féilSor\mh | agﬁﬁ f(ﬁrr@tscﬁ‘:@ bBrefpdssivity.

u r ng. subst.rat 30 framth

cgﬂ1 l%tgraoln(gm?nsgns & 5“%3?’ ?lg{'yc@?’}eb‘évl Ve %? 5%‘%{8‘%@3 tﬁlcgﬁ&q“g&m)
duinlvdg a{lmthqwlrgbgp@mmgwxdrhe(y-dtmcgmg thaf € ddV@jtaghely less than about
gafy &??&k&&lﬁle a th;,??ooaplsmﬁrm mg}é?rcgé E\ﬁye Rav i Slbout 100 um,

| ayer, 132 as we as the substrate reun nd
on? 8 ipa Fanghefritem %P%taﬂ t“é‘é? dophemymseddlangs of fabwmnah@@plexny
1 3ehd adsponsitefieds) Imgérﬁﬂtl SHRES dimbNeme bR or WiRe cdiBde @dabiflyVdetermined

T N PR T,

elenent 135 i s suspended and isolated fromthe
S l‘t@é;lt:i d]at € Iril'?ﬁg cWex@Bi{ th&i%}/e' &X d{&%&e Et 'is ybe a rggl:i?e% tﬁ'R ﬁle gree-
spaced- apart contacts aracteri ze
byStaﬁfh@& £ Séltstnﬂueéementr‘r@glﬂ @9 éqb@@teér@a a |n@wspm plﬁlmmt rAtbs as a more
( €coltly, ga$ bdnbdz QRbd6A ihah @R)typidd Q) Bfih@dr/nh&8hetbA8Se EIERMRSt dBussed
ga senS|ng el ement 135 can be mnimzed. Further, the
§SSeany of the present invention is forned of
quorlne resistant materials such as silicon carblde,

ar[gOltS r efhp Erﬁtahc%s RAE I1ﬁ1H eﬁg I[% al 9«{?195% e%lqlgnt s?r J:t?r S gre provided,

gaseous envi ronnent susc resenc
f | digrrenhence effhainwiiply mefelrﬁfrmﬁwsnay[be om4igjoted h@ arranged for sensing of

f re@asit &ﬂt@in{h&dgs‘?}ﬁcl&eﬂﬁ'ﬂ{égﬂﬁh eém%mexﬁ bdie 9RRItARNSAi/or same
as enbl re&grabl%@of a hi h surface to vol une

Uyt é et F‘laﬁufeéeta@ F‘éfﬁ‘ie’éf geRragidTierd copfigurgtigns of
ar‘spxllsinfgyelélhﬁltsr &8P oS empieyedt Fov erethmdinbge aadvbﬁteamtmgalalcgaracy, etc.

{Ag%ﬁgla%{éﬁg&%d&lﬁonaw d%%;lsé orﬁxgs o(t"% %pf% Se 1n elergentstrXa 3] f)%erated

rw se occur
s dndiffsepioperating modesas-g., l‘f«@mdba ]conﬂmlls?fly,tphbed; # PCingd, an AC mode,
diggensi on of the free-standi ng gas sensing el enent -
the thickness dinension for foils or filns, or the
dianeter for forns such as filanents, bars, orcol unmns,
et[00153] deﬁi taabdcylor with @BSusé bBTays Glf £s GERNE elcMddts, advanced data

prg pI'ObeS1115 La¥1llll%§§vil %@Qw% 5nonﬂmﬂp HD oftput of the sensor system. Examples of
such techniques include, but are not limited to, the use of compensating signals, the use of
time-varying signals, heater currents, lock-in amplifying techniques, signal averaging, signal
time derivatives, and impedance spectroscopy techniques. In addition, advanced techniques
that fall into the category of chemometrics may also be applied. These techniques include
least squares fitting, inverse least squares, principal component regression, and partial least

square data analysis methods.
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preferably less than 25 mm still nore preferably is
|l ess than 10 nm and nost preferably is in a range of

wo e@aneasout 0.1 mmto about 5 mm as a bal anceP@f/US2006/009330
response speed and ease of fabrication considerations.
[00150] Foils and filnms, in addition to having a | ow

t L{bmtsmgg S Fofexfmple, dd lﬁmﬁ @&&%te@i)y ﬁﬁ&m‘: @Q%Eno@s) :Lum 5@, and/or
apbou

ng% desirab I%3 ve snmall di nensional

c A5 Bt Prcalogds spesich e gitagh ACps fS @NvH Tontingelemsnt (A component

t hif ak ele«sscadmfce;@tmaymr@f intiibtivé of dn n&l‘easfel ih l‘lestazgﬁ lofithé Qfetal sensing
IVI

nenf’mm en{to it t w1¥hya \/\,F]rég %u?r ?ogxr} sgecxeg %H"E‘ Vo tage drop can

t I*h@m@ysﬂ i geemte @rs)gnalrfgﬂ mrgltessacohfeqi @uiposex - he edtageodrpp can be
ar%pYUyEH ) g%exq{ere? gl%ﬁa@ Mat tatl@ettes%e uﬁﬁ?ﬁﬂ@tcé’rg P"Jﬁl/ tJ) %ﬁ’@ct flow
t han about 10 cm pref erab bei n ess t

g R e teﬁ‘i‘lé‘ﬁt&nab‘l fJow e¥ic ’PEa’lfl aamfms sire@n mﬁheese@wonductor

I I’pr@:efs ayh@m Otfhe £6r0) s?éh@l&tter%vﬂ?ﬂnﬁﬁbeﬁéﬁ@%ecﬁo B¥RatePScydle timer, to
C at |l

P iR & B 3t bf Rhos B Brenfion o s s Tl v sy such s
s eshage-oviiof @ scrubber résa in mmbryendm@mﬁmﬁﬂbr fisoeqsyi od desirable.
correspondi ngly suitable signal-to-noise ratios for

the intended applications. [00151] In the context of

t HBOP & e gHivilh belempesciajsd thetihe ¢hangedn propasies apthe metebseesing element

t had bd AploftddaRarslodR ddrfé@ o’@@ys S8 BRdch e &)ﬁ)ﬁ(m:af‘ﬁ pro@H il redPion to the
fabricated as el enent,  al beit as a

nor e
c oSty Ga¥ %ﬁts%ff% 1&?&% o W= [Becieppyifhi b skill of the art and
rnWMmMEmamkqmﬁmamnbﬁr scal e el enents di scussed above.
[00152] In instances where nultiple netal sensing
el ement structures are provided, different ones of the
miPRIEQl e Retvedy oftfiutiker graswplepmifle bense onssmblycefettie drvention may be

argkiaRg @fcdnMciGeRR N gasQhbithk ESnSifi}ta sfukl}H? bf DALEH oSREEEEDecies
int ui d_envi ronnent bejing nonitored, and/or sane

f %%@mﬁaf B Ao s PReEiesy £-8 i Pﬁrr%%ﬁfttedt%%@?%@ml@gwrsmr chemical
divhfoe ﬂqﬁiltl@a@ﬁﬁﬁdnb)e&dmw@ﬂﬁcor bty 194yDe@npBEdiitd BEermine the

€ le%ntgnc% 3t zglg%f(ut? ToIn tggglg}?l \e/éjstI ?rreorth:?e qlé'le\r/}rg f}ln %Xv(% ?{r]gl/itr(glrin the gas cabinet.
acTéip tsqnsnmbﬂ the ﬂ@rﬂf dréhplogrn spasies thef meshie mtitited itphapagerreumgof bulk

el pﬁ&@ BdsSto IREp BE: tRAGEAR: %S’iuﬁqcnofqﬁ gfaéz—%@]ﬂét a%gﬁﬁt' tﬁ%oﬁ@gﬁﬁon of

resjstively, conductivel
A@erfhla@ or palegen frogjesftem RN A e ftararfiq%leuﬁé% of

arrays of gas sensing el enents, advanced data

r Si techn| can be used t.o enhance t
oRBED of T B SE RSO BT Uk i 8 TR g o am ambiet
t @uhmm}@reshat mfcisua@gubldoux thairgresobr ganmttoadaftfmprotdrehakogm spbcies
CQﬂQP&P %@Eft%ﬂ\%l}gﬁﬁ@l éﬁor zQs%mUI?/ecowgﬁ bk 'arpgnsYﬁ 09 of lcl %Q‘Lﬂﬁ? gas

heater currents In a ues, Si
a\;@ngcg}nggxmtsﬁxﬁﬂmarranged to actuate an alarrn and/or a self-contained source of

emergency breathing gas, for hazardous materials cleanup crews, firefighters in chemical

complexes, workers in HF glass-etching operations, ete.
[00158] The gas sensor assembly is readily applicable to monitoring of fluoro or halogen

species in various industrial process operations generating such species, including

semiconductor manufacturing operations such as chamber cleans, in which fluoro or halogen
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time derivatives, and inpedance spectroscopy
techniques. In addition, advanced techni ques that fal

WO 06/101887 cat egory of chenonetrics may al so beP@ppb10e6009330
These techni ques include | east squares fitting,
i niRspieseare atilized &yuemaying spicomenidsal silisompitiiden tantabyr esdss.omgd low
angiclafid dogdtank &3S3. 9)%&&6&1&%1@@1’11? ﬁ%ﬁ%ﬁaﬁ%ﬁ &rgmtdb&q%llg(gl%;(é@ etc.
For exanple, on being contacted by fluori
conmpound(s) such as Si F4, and/or other quoro or
hal00tf@h speeiriey, of tdbsipny @ﬂetpagﬂblea‘ﬁxf 06 Sas tshﬁngf&isahblfi %HdS h'@ray of
el nent .of .an el ectri circui,
ar SR ot R GRURARTHL: & eo Blafeoffy el & ety itiency
nee he geseaion assehtdyrinTespedt of gbagration and ctug)utuogwfa]qﬂurazut)t &f s@nals for
t afhl Ribnifokik %’(’)’thlene bahQe %ﬂget%%?gﬂeags in Y ﬁ;ﬁd Qb A6 ggr%%‘lomtored

ﬁt oyed to generate a sI gnal process
coftt ?“%ﬁ%”boses The vol tage drop can be enpl oyed to
generate a signal that actuates an automatic contro

et 0 IAESL LB AL S S L0
semqarbiydtm@b'obe pridete serigly st emspecthef tentanglongik gamling films and
al {e%l%b\ﬁ% MwHEMwP@m;ﬁéQéh QY ggerﬁl%alﬁ?:&% fhe %klﬁXF tlhe art for a given

tiner, toinit
op?é‘ida‘ts? GRplicgtiont of @iegngas %PPFGFIS %?teﬁwnnt Mﬁaﬁb@pletv edatectors uady be

ana@rl’batB@&'lﬁME filfy dRscHBdAUR IS, PAEIR ING. 6,.9655302 abal @ﬂg )] 2001 1n the

process necessar deS|rabIe

Py PSS S T SMep B PR ERTAR haPa oot g bt PR echy i
th@ummMWﬁdh@@m@yn@ﬁaﬁenmmémmaﬁ be exploited in any of a
variety of ways, to effect the control of a process in
relation to the sensing of the target gas (e.g.,

£ 11ABK6] or Thepegen )invpiian is anofier leinboditeat skitbrplaés & hgas sensor
aribchaid MhérﬁﬁMﬁoleég YRucRXPRH Mlﬁfds@x@ace L&O&%e(ﬁ\éd Weder and

of further exappl e t he sensor assenb

i BRTTBH STHESF Bowhith e hegtes ??néﬁrﬁq@élffpro?r {Fangipfory clgmpept, and the
C abmpeetiure orbsatetkmigs @erfoupgl by ©theAndplid) Qrtﬁerﬁh[stdﬁ&irqgﬁ&moelectrlc
SQ%%}%$ gas (such as a perfluoro species, e.g., a
perfluorinated organonetal lic precursor for cheni ca
vapor deposition operations), and the gas sensor

aseged Y mRy tgﬁpe@ﬁfi’é Oy &ehsd bedéloﬁ{eﬂﬂlé‘ ere&cnﬁmseéel ﬁn&%ctgé by

a |leak fromthe supply vessél herw se Int

ci PRI PrAsEREeny agPaia ficfeta “Fflfél é’éW@PrnngPht fhgctions as a
f Idatelya/h@aterjﬂ&hmgem Dap ecthelatiBNhifByonBRtiviyl IfinZRE nel, it may be
acdteé'ﬁ%glg in so oeulrrls a%c Oft% ﬁé’lclok éep ’éflx gﬁﬁ“ﬁ%gﬂd thﬁm roggt@ﬁt?o%% hilﬁs can be

interror vo
cdh@@nﬁnm@kmmﬁmWSthe fluoro or hal ogen species from
reaching toxic or otherw se hazardous |evels. [00157]

The sensor assenbly may also be utilized in a
mof08r i ng lﬁiﬁio]ﬂ"tl?lﬁ? AEAREeAPR| @hbe ePRIQYES it tcatpltig supface coating.

S %ﬁﬁféﬁpem tﬁ niaﬁbrihlb,e&C NGd &5 $naf lbe YSMEK AhripRPedfn EHMI @FficRbns as
. or alternatlgﬁly t he sensor

as 5 ger%% ; Ve gﬁ“ § ‘g'oar%‘fl? P cpLgston ghe gatplxtn laysr meed gat be

electrlcally connected A resistive material with a large temperature coefficient of resistivity
is desirable for performing the heater/thermistor function. Polysilicon is an excellent material
for such purpose. Ideally, the heater operates to maintain a constant temperature, with the
variation of joule heating to maintain such constant temperature being indicative of surface

catalytic reaction. Alternatively, the temperature can be a floating variable, with the heater
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monitoring unit that is arranged to actuate an al arm
and/ or a sel f-contai ned source of energency breathing
w@aws/1618p7 hazar dous material s cl eanup crews, PCT/US2006/009330

firefighters in chem cal conpl exes, workers in HF
glba'sns geehing opEedtvodres/curentponEn 01!88DY The rguiling evagaion in

éﬁﬂ‘gFaltﬁ{e is halcBRE bt N ARRMhGRLRBHJ0 Moni toring of fluoro

en species In various industrial process

operatlons generating such species, including
sqoolepndu Q“Elﬁ)p'erd’ti&@ mERGEMEN BE YeRATAE dud iSngSeidBddas thelRpieSe.g.,
cle r o .or hal ogenspecies are utilized

fdP%Pgﬁﬁfgﬁ “@PPV@QWP%%FggS silicon nitrides,

t ant al um oxi des, and Iom1d|electric const ant (k < 3.9)

S;;b@%sﬁn Cﬂmﬁé tio ”ﬁleséjéﬁﬂtofﬂ%raﬁs%ﬁ@igxp - o po%dpe?fomeaosy the
erikamgising

etc var desi gns are possib
f onolysiigondwas ngisadeaty yca‘faé)ﬁle nigkel giftfegnlayst devi ces
of different dinmensions nmay be advant ageously enpl oyed

B 5Tt Sk B SRR SRSy

Of suSFl gpalyarydtalinetShe (Seetetit @Eﬂﬁb\glt of0. itrh'é° Onare enploged By electrically

rmm ? 1"% S%%pl?%e?%%gngell q{ﬂ@ Nfi Lg%g 650?‘9{11% (RW abpo% Hht sink (e.g.,

fek ed emﬁ andigafiver of thmpqmtm difierppesddayelprss which cpnebgyasgd for

se@§b§gm@§§%mghﬁﬁnay be widely varied in respect of
t he conponent sensing filnms and reactive/sorptive

chem stries enployed, as determ nable within the skil
Of[O(lllhE] ar lThlfsQBy such) iaMﬁthclﬁl’ﬁlﬁ dlléémcap@hsidmbxh cdn efdetaaplgdfrom the

%trweg grfs{ng ?ager Sr(T)Dql?% h;re & iltill%ﬁtlcg”lr c%el sur% ce 1% tng loﬁeégl%éro{aﬁ% ?3&%{% t%ﬁls is
6 , 26| R2R opgzineddGutkge. 2ﬂgra@@loqss pﬁﬂl@ﬂ@bcat%ézﬁ@ser@)fo ofgus pka result
ﬁct?]c]af ac’u@iﬂﬁi it %Hﬁ @5@6 %@Eﬁg "f}f 1hstant:J§ Svhgie %ﬁlcﬁlyﬁ@cogtfng is initially

ereb I'S | NCOr Orate ereln b reference in
i t\@rYethwl Losg 9f coptimreord theierepitds At in the &ﬁ@qubﬁ theyabssnst peactive
enﬂlﬁﬂhd@éﬁies CBﬁ E@Eﬂﬂ{gaél@ﬁncﬂ cGiRRctBe MFQIzh itRCatdltie Gating, the sensor

rmal i ture W th a tlc sur
AR B QU L S B e el i LGt o ain
whiilmisertsbre inhvdddhetire cetaiytib@atingriespsstdio elpetri¢at eomdiction r

el ement, and the tenperature neasurenent is perforned
by a thernnplle a thermstor, or a thernoelectric

el [BERL . pg@lc@g]upl]qg@lsp @qu@rsma{ﬁeé)pp]ﬁ@pt@g Sbthggatalytic layer and the

EXQhRRER et 16 BE Eéh@éﬂ&l i eﬁ&p@e&@ Gd ﬁ&e@)’enﬁlﬁéﬂﬁﬁ foebhvidE Qery large
art oma ni

neasur enent. a St or
vt aire oo eondoOier mibafii Fid RE skt ey sy non-
r edratal viet prdperg bpemumdu_clm addttipn,06thexi métalb tlmthmlvq potentixly higher
iy, 29! SRR WD and
9"?}1 a@o% tmpyf 20 g%@%@%ﬁg%@sﬁﬁd@@%% itRRoIGAL 149 an
w1thout catalytlc surface can be made, and therefore differential measurement, such as
Wheatstone Bridge measurement, can be made that is selective to the catalytic reaction,

independent of environmental fluctuation.
[00169] In prior practice, where it was not possible to separate the environmental

fluctuation from target stimulus effects, it was necessary to take a reference reading at tool

start-of-clean for subsequent signal processing. Such reference reading in turn requires active
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done in a nunber of ways. [00163] A microhotplate
arrangenent can be enployed, with a catalytic surface
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usefully enpjoyed in EPM applications as materials
e>63}nbiuﬁli:dﬁ@n fite e Sdopddintrollel whBRisnSt alfdys occksmiblecTitersagoratscribed

The cat al yt bl
oaﬁﬁ %??{'% Su‘}i}CrF"é‘g%/‘E?‘ﬁt n%elsdtr yesrelecgflve ?o t?r%étg{uﬁlglksg)e/

tenperature coeffi ci ent of resistivity is desirable

%6019@]{ f Rl RGdiddst - Eﬁ@gcﬁ'ir( SRRLH B chvelfapa{@lgéd' éaoantages The SIgnal

icon IS an e lent material for such
| or@aclmq,nmgtlhgrewéétlmhﬁ@ﬁp@qe%%gf o e FisEtisah reistansm & Bfyeticon o

t eJoR@srad 1 mekel WybB. HubiBer M lykiflédnQdre@dily ofthidatiblb @@h exiging Mi surface

mai nt aj n such co st erature in

SUPABLE PR F1H6 3 DO S PO Err ey T E8h RS Miero
t e(wperfairicreca@n be a floating variable, with the

heat er bei ng operated at a fixed voltage/ current/power,
whereby the resulting variation in tenperature is .
i @917t | v&hepensurthuscmayche eonfigured vidae micks laypnen g 4jlicon carbide

TefpehRl Wt RRAHI @BRBtiok2ihdRthGiR voltRE dBftenttTefBen the hot and
enbedded t her nop i.n the form of

| e
pofolAopreetions ?ﬂ“?*l‘g’lngfhﬁﬁﬁelbg“&?ﬁglf [00165] In anot her

vari ation, the pellistor transduction can be perforned

pol
0y P S 5oL 0 i ey P
f uartahgmemahat amotds passing eyir ewﬂtnghﬁleéh Pagfing. Rathersthe pelligtogpperation
Seg Q&G%ﬁﬁsﬂ&ﬁ{y‘ tehif he hStpled te%fpeﬁﬂfe}’@ﬁﬁ/ﬁﬁa abl ﬁld’ﬂ@beﬁlg@eparated from

Seebeck coefficient > O, rgp
el e picket yeryAe gRbriged H?&Sl&cogu beat?ra%ﬁ ffﬁﬁ? ihﬁyd%?as‘tfﬁémﬁf”m
SUA{ atheffiRinag, & iRinoeREElC ap;ﬁ@bldcdﬁ&ﬁtemlomd (lﬁngsﬂ,lcon carbide's

o Tt e B FBpt PR TR U per atur e

msasur enment. [00167] Thus, by such approach, the
@6{7% CalB ta[dﬁfﬁ? qucffénln&ﬁle Ctﬂ@ mlﬁ@oeg EEQHRL %gmg&xgﬁ'ﬁ‘ i h&reased by at

Ive sen ayer, t he catalytlc ni ck
s uWSa% eWhils theyt Prawgléer ang |ﬂ@dt*erﬂin%eéﬂ<>t“§ Stapefurg aped S4pagts| f%r tepoperature
Si giBdsiirbBEhi tthedP B Md tikdddo AAVAEUNAGE to thé u}gkxaﬁiblal la&dﬁs Shaf a total of

ni ckel cat al yst re to r

el é&’i fonteg arﬁgir‘?v\/il\? v fpr T&%Eefa%r’ %gx' aﬁ) | ssuep erature measurement).
i NBdlaninga thalngster dppreach abaluyberef gcmams fsgnaiingairied natZ al ly

very thin. Loss of coating would then result in drift
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optintzati onor the: catal ytic Tayer and
limiting the reaction of F with SiO,. This results in a change i m electncal properties in the

EPM. In one embodiment, the EPM uses an electroplated nickel silicon carbide filament.
This filament has a low heat capacity and a semiconductive core, which enables the EPM to
provide faster, more reliable chamber clean signals. The filament can be arranged in such
embodiment to span a KF40 flange. Each end of the filament is connected to an electrical

feed through by which electrical power is supplied and electrical properties are measured.
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| a)@érial diEKUISS. The Sk 88 iOfecured to the flange 156 by press fit pins 154. The sensor
element 160 includes a silicon carbide filament that is electroplated with nickel film, such
filament structure being secured in position by the press fit pins 152 associated therewith. In

this sensor, as illustrated, the electroplated nickel silicon carbide filament is horizontally

oriented.
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four contacts are provided (two for the heater, and
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pr[go(:lgfjs CPn t[l;[b‘l?‘lgure 1t8 Hm:axx-machined sensor, the filament 184 has a 0.4” long, 25

micron wide, 2 micron deep laser ablated channel 185. Press fit contacts 186 are employed to

secure nickel wires in relation to the filament.

[00184] The use of an electroplated nickel film over a silicon carbide filament combines

a durable, non-reactive core material with a reactive metal thin film that changes in electrical
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be desirable to relocate the P5000 throttle valve to a
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alummum oxide thin film is deposited as a barrier layer between the nickel thin film and the
silicon carbide filament, the nickel film is electrically isolated from the filament. The nickel
thin film typically is deposited using electrodeposition. If a non-conductive barrier layer is
deposited on the surface of the silicon carbide filament, methods of nickel deposition other

than electrodeposition may be required, such as e-beam deposition or sputter deposition.
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Recomended hol e di aneters are enpl oyed based on pin
wa@pweilhiseat i ons. The seal ant nedi um shoul d ensPECBEUS2006/009330

vacuum seal agai nst process gases. [00182] |n another

erf® 89 mentFigutefd is e micoeraphyat 50 firadsmagaifieation of & lsensgr filament in

F'v&x%%f%ctﬂo?la@@ dickd 11%@6%1%0\/13@ tol 1SrnPa MBERPEGE ki¥Bnd RrﬁWs Qstance
a sensor Figure 19 the correspondi

viled BiFrogy e gré‘r?sla&cronﬂfép B I A e %’B‘FW@ plated

ershadi@idton AR BANRoBcakiRRGldmest 0. 5" and a di ameter of
142 mcrons, with the filanment being nounted on a VA"

di aneter NPT fitting 182. For exanple, the

mi[e01ee]mac hiipeel 2@ fisch sobermatie seprasotativo pf T arvcdse systgrt 200 | iw ohich a
I Qer@oplg FfeGmed. C?ﬁé@ﬁ&gg‘»‘%&é}ﬂ 280 ?I{cﬁdes M%Ob@%ﬁx@e%b %nclJ h@ an

ro- machi ned etc cess nonitor shown iIn
18ntgrm valogmg 2044p whisk FSrﬁéﬁP@ﬂe‘}/a PO pYAlE7E6.aPovE ﬂ&rpum’é‘g @{a@ﬁog
p IMBE R Ses1BAIbA ROSH QMplell it brddkh@istlifie 2 BUdhnetied & aqxamm ds Shown

gecronorbepraeetNThct St Putp TReoyBoaae: fuas

thereby enabllng the earli est pOSSIb|e endp0|nt

Zb(ﬁg I ON- 1y tBLQ ]c§r€ii u{apo]t_lsg%ﬁt{: J)rgﬂﬁ%f j:l% tPi'J Cghgwxg%: pig&%q6 may be

nsor’, the m-cron
@eose@nﬁhwhﬁﬁs@é@ﬁpww thy mr‘éﬂ%‘@l"é R hseﬁhO"lfBS Press
fit contacts 186 are enployed to secure nickel wres

inrelation to the filament. The, use a
el B8P2lop| af beanatiy % dpwever ﬁqddv%t%rabo{%& 1?‘%’ CofPripLeRioy 210 of the type
fi shamexmmgmﬁrm AR 8 & mihadinahe m(m@ssrcmmet wa! elwehe pumping plate

react | \/ s
et SRR AL L st o
THeP it that is aetebld engagdablaevith acAly W @pl@é helopn e édewﬂtqﬁ the
n LPQ&@Jb srchdibel @t eﬂlclNaE)&d dolRhdls thel dnfhidd bABY tRIFBDing plate 208.

| e manner. Subsequent to the nickel deposition,
2 TR GWIBRE FIse 50576 S o TRy 0 PYEE PP SIEHS GG TRg fhe rocess
r aﬂmmalr nsmvgal@@ @ffcefrlﬁglTt}&dchhxﬁbeamimr&ubﬁoabh@nmrbﬁbwn)areg removed

rfhlp u@dnge geg%l.wﬁgll I% h¥v 1c uygfgre %x%r% eB% ggﬁldlgrﬁ]e'ter %acdlspersed
t heeroshtbeisveace dPrlielate Bebuicthe p\mmmtq iz prgugh thanés C@tmvtectjto the
fi ol p ' f3/8»
Fi Jgur 5 %5”)"{1\17.’\1}] Ml %gsd%??gﬂlg ﬂl%t foure}‘o&]?mlt R Mb e f3/8” NPT

ereln atures a
ci tARPadRale, dhetspiapr iy PQ?tSlﬁllqdnlm grogneTRlgtiapsin ks ek helysthe pumping

C ORtd, B wRkredht Sikﬁk wl@@ adNzat B@otil 18 Wi RS0 thd lsor does not
silicon carbide f Iane%t core, q§ [ 00185] The
cHﬁﬁﬁgfgﬁﬁﬂwﬁﬁgmgpggﬁi PPATES MR fil m may be nmade

180 degrees apart from one another, so that the

D@&@?L o%e%trig E%Ecrtlo&s‘r’}l) he nﬁ’c@c?&&%ﬁn@d &%px@&%ﬁ%ﬁtor rﬂ-ﬂ%e made

SUC arrang enment annel Is to create
i eigsany uitdhls mesmen ofsi, i mgvBanicR b papnecHer, élleé%‘ipﬂﬁ'“&%l"mﬁ‘%‘t“ﬁn’ wire

of bonding connection, etc. A mechanical connection made be made using 2 legs in the
filament, with individual mechanical connections being made to each leg of the filament. The
mechanical connection may for example include a clamp that is secured to each leg of the
filament using set screws or other mechanical fasteners. A large press fit connection could be
tapped 180 degrees apart, with set screws serving to secure the filament in the press fit

connection.
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Cl @8ated, BE HEDIAEnifHle {cg B}ocgstﬁﬁﬁrﬁ tof ﬂlaﬁ% &Srrﬁelchgni}gl%attached to the
| Zes the cha er

reS|stance setp0|nt an
c| E%n Tenlapoif e filagnepicr b penct withehetiekek mateddinepengpresiticorgarbide

OfbaEeh Febfiradghf bdldW GO IMER. carbRle GLB Lol bk Iﬂé‘ce;siaxje/ 38TES R hecRpower to
st ancg val ue, the software funcftions to

Ezgﬁe?&r?lﬂ% T BHEe 8501 i ed to the sensor. Such change

in current applied to the filament corresponds to the
chagiigsy cl t

eI oot r  cal ﬁ%rlegg Qc‘ilﬁlgl; é Z% er{mﬂoyfeéj {o !10nc¥ th%n nlckel w11es to each
coes f ﬂwefﬂqy@e@ Wik cq@afrct@reqf the éiylemskeb‘ewqamr@sh &t qm@kmn

thin filmand the silicon carbide filament, to

in@lg@fe the resgfglﬁse of the sensor, as well as to

pr t h& YA AEREES FERPS FaRieve dor dilameniteatsigang thermpeouple

t eébppeti@t ures. [00188] Wth an increase in tenperature,

the conductivity of sem conducting silicon

car bi de-increases, rendering the filanment suscepti bl e-

t dOH9Possi Borwers firoran . ackeptablex Awplneresistint amatedial ndfn aonsiockicke for

t hhticitioh Mofi Be AR PBdctE qncﬁftoxa E@l{sfdlﬂ%{g {l)lfby QF %@nérmﬁ/ the
de {71 anmen

ni ckel thin fi Im and the silicon car
ni (BRde M med dap tocitprireggxpapuse epaleetins aptrave dow vapor pressure.

f i Wiilgesnth priﬁlihetxe@ lafeke@t weln Ikﬁbv&fnl brm thaise @{eltMg Ip8SinflRPO Bide AMany
non-.conductive arr

S LR SRR TRERS bieSS e A5 bt €13 Bociog pointor
c ewmed élﬂﬁquda e C).miteeals hofngninwdtyed ploep asiy tforenflwiitiarthat are

t R sElBGhERISRISE hﬁoqﬂe-mmﬁ fhah %gféo%gig% &g@bﬁe& gsemems

de osition or Sputter epOSI 1 ONn
&te grgfadljsiand a?n-%@usxﬁblﬁégdeﬁatgmpmreappnmpns dhe ﬁllmmments
f Ifbr@ﬂﬁx@le uibriah bEdSesQWRE tHeORMIB G- inh b8 ublRs @@&ﬂ instance being

ﬁ % ot forma channel. The channel in th

i NSFLHPETUCSSE i crons wide and 2 microns deep in the

2 mcron thick electroplated nickel filmplated on a

1@ 1?)] ggon di aneter silicon carbide filament. [00190]
0 0 is a schematic representation of a process

sy@ﬂ@ﬁf@d@ﬁ@ﬁlg\)ﬁrﬁmﬁ Bed %68k i s mounted. The process
system 200 i ncludes a P5000 chamber 202 encl osing an

ig%erugr vol une 204 in which is disposed a process
6, above the punping plate 208. The process

¢ halrta®0), B8 2-1080)coupl ed wi th an exhaust |ine 212
connected to a punp, as shown

Group IIB
Zn (872), Cd (1049)

Group I1IB
Sc (1515), Y (1150)
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by a directional arrow (TO PUW). The exhaust punp 212

contains a throttle valve 216. [00191] In this
w@oemwbilgseat i on, a sensor 214 of the type shownPCTUS2006/009330

Figure 16 may be di sposed in the exhaust |ine upstream

of abififidedir ot t1 e val ve 216, as shown. [00192]

a5 W o SRLE o PRBV DR diefiam 13 g

17 and 18 is mounted in the process chanber wall bel ow
ttbem LU’{'HI ng plate 208, as shown. Such arrangenent, for

., may be effected with a sensor having a 3/8"
NFNI(MSlOil ng that is matably engageable with a 3/8" NPT
tapped hole in the sidewall of the process chanber
202 Such, tapped. hol e enters chanber, ow th

Sifene pibatelosaisal rqsrfawwﬁnapsﬂﬁ %reﬁ?lag SR {2D (btsdpe D and

ungéﬂéfﬁiredsﬁdws&yemlyg punp process gases fromthe
process chanber. Al |l gases entering the chanber
(i ntroduction neans not shown) are renoved through
hdP®88li n rheddiienph ribeiphsatas, maggrials Hompaptiigopf Elema| hefocouple
1A\1nch<lr>]1 qée@ﬁ?&r%[ch %H)%sg hroRAfok %ﬂca@&fs%%f’bé Bicetd fde8nPiwo of the

at Bel ow the punping plate is a trough that is
ccfﬁrﬁ@é‘tgé%Ptet”élsPh@e‘é%lH&%st line of the chamber. By
di sposi ng the Iovv-foot print sensor 210 in the 3/8" NPT

t hol e t. sens [ ositioned in.sensi

- P8 ns s RESEH ot e BETe BREBRARERE o e sonsor

d dilarsit. damecinbbdimeniaf e inagntiorg algmina isreoxtloged 20 A sublstifute fir silicon
%z%‘dle Oﬂseﬂh Qﬁeﬂ?&%@ Bgtelfiia%QI?clJagEﬁb@r{g%ofn@ﬁlﬁné%stcnmﬁi@%aﬂy available

ITDVI ng parts In i F0CesSS
El fecen ecﬁﬁloze,voﬁmﬁtmn Devog, Penasyhieit éAW%{%P aRphisg ggnofilament),

prs@ﬁﬁ§§ opRAl £IRF cOBMerBfy RS Phétrad, mchs; WHolvaR | @alifsatid) @hd chopped

T A et T S

c ahoygped filers. made be made using 2 legs in the fi I anment ,
wi th individual mechanical connections being nmade to
each leg of the filanent. The nmechani cal connection
mel0208r  exddumphads i highly etetable Buozingretisiznt mp&ridecur ed to
each leg of the fil anent usi ng set screws or other

ani cal fasteners. | arg ress fit copnecti.on
oo IRt soie B de CGpkts of Pt 11GRF aphg including
Safompagdst of Slexﬁéiﬁseaddhﬂlofls Hisdwesad herindtles, priohslingf without limitation,
opnect t| o g %4 Anot her approach would be to
eI TS fie T6gs of the filament to a silicon
carblde base wherein the silicon carbide base is a

ﬂZO Sk %ﬁébma' G0 o@xh&l caHlb@teﬁgloilddﬁﬁaﬁi is #tol 8Goated
S uc

[l nes be effected utilizin g o%eeg;hogra hICd
t SR T&E}égndué‘ﬁ’éé""i“ﬁ% PRl filery %@HS@%P gvaiighlfpfrom Varios vendors
M G4yOrelBRpIby e 6 REICH NED RIS AT fiberk. Mg AssEaén vesified as a highly
mechani cal | y attached to th m‘h%nrlin%gscggfatdh erformance

18518 ant ma

e
©f i N PR RO AP RET wi'th? S%e”m ckel-pl ated
oncohdiderasipnsi A0 ic bigldy deferred.

[00203] The filament core can be less than fully coated without adverse effect on

performance of the sensor. Such relaxation of full coating coverage requirements

substantially increases the degrees of freedom in design and fabrication of the sensor.
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base. Feedt hroughs bel ow the silicon carbi de base
woul d be necessary to connect power to the
web@etoxspt ated |ines on the base. [00195] A wi PET/US2006/009330
bondi ng techni que coul d be enpl oyed to bond thin
ni @R?@F]gvm Pesing Garehe 1§voideg W5f a toprding jt¢chmisyet in ivoh of use of other

C OB¢haGhids| Osﬁlc}Qis \Iaaﬁmtdabdﬂltxeﬁ félﬁﬁlliquw Egse—géamaor Q}glﬁéﬁhg técﬁmlques, for
copnnection. 1%% A variety net al s be
e POl Pt T St kg a0 FHY P REMHERoCoUpl 6
formation. [00197] Copper is an acceptable
f Ijgw Sf]e Ii\}leaﬁ %&t?rﬁtof u%ntdrre?asj oq'lmo%ﬁlé:n%g stix}r cl%'lgfetvac%gﬂ éifa%)él 1?rhlé readily

rication o rocess noni
fIQ%‘P‘feﬁaé“ﬂlé@ﬁ@thah@%rgaeﬁem&)mw the fluoride film
formed due to fluorine exposure nust be dense and have
l o pressure. VWile such properties are not well
r{ﬁl%‘?g]p FrdiHoprstae rietion T HisicAtinNEy mawjigmens. forphpgpetal coating
eI rBeaRthat aftkilblﬂlboﬁhﬂ’@k fio fohgeo quﬁiféd ﬂﬁl A Rase fbﬁé{lblﬂﬁa BEht b material,

b {
SR, el 0 AESHEVLIS T IR, T 8, 98B g e o
nﬁ&?pffsmdnmd’fdl orbiedethintas dfnna tve ardans- cs”mgmiudﬂﬂﬁhefr itten ambxcal nickel
| %%ﬁan'oH i %nsfﬁac‘rhe%t anl‘h tﬂyé‘a@e Bpﬁéﬁl I%%/I lﬂygpe% f%eﬂg(cgnmermally

hase, For elements that are met
P Gt bl G SV SR éfr Pagil, IRYSpAL)s the xolded] jawetsrs rangefrom 7 to 13

f Ohll:t@idbl, W@eréﬂy QAR FacloPEMO Sédﬁ@ioﬁ 1nfdlah|r§é[e|r Q%clﬂé’b@@l@ SSLfclMIﬁrhcoatmg
uor each instance

t of t h fl
bt M TP Be® R sPbbot e 670 of B Fovoni Pl me 0o
( 1dld &, Ne&el ﬁbjb1$7,'ﬂ)e,rengreét]ly&iﬁﬁghfﬁig)ﬂh@mbdsi@relﬁknt ekaMics required for

qu(esmsgp) F el @?@50 a‘(ﬁf B
(1515), 115% L9 aﬁeug‘g @"f”a 1 f%?%%f‘ *@%‘%}angew out the
( OBy 0@950(“11& MylSthE? of othgrBpomeicallylcPmplex coPfiEyrdnBs) , Lu
(1182) Goup VIII N (1450) Gd has the highest
[ 20
[&péy]lt ﬁgkl\htg St | él gal resmtggcet trlllee ﬁflaglrer?tgcoail rllag oIS)eeStgcli %Sa S:onstant
current mode instead of a constant resistance mode, since it is unnecessary to operate with

constant resistance to boost signal strength. The use of constant current as an operating
modality means that the filament can be operated as a resistance temperature detector (RTD),
thereby eliminating the need for expensive circuitry components (e.g., voltage-controlled
current source) and complex feedback control. Conventional bridge circuitry therefore can be
readily employed. Alternatively, the circuitry for constant resistance operation can be retained
and depending on the use conditions, the sensor can be operated in a constant current mode
(as an RTD sensor) or in a constant resistance mode (as an anemometric sensor). This
flexibility of operation will allow the same sensor configuration to operate in over-and under-
clean conditions. Finally, such arrangement permits multiple elements to operate in different
modes and at different settings to provide differential/redundant signals for accurate data

interpretation.

100208] In another embodiment, the Ni-coated SiC monofilament is replaced by
micromachined nickel or copper structure on an alumina substrate. Nickel or copper on
alumina filament is commercially available (see

http://www.microfabrica.com/resource center/EFAB White Paper Microfabrica.pdf).
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Is a preferred species for coating. [00198] In
addition to their use as materials for coating of
w0 pdoatrersp7 t her nocoupl e junctions useful for ePCHUS2006/009330
process nonitor applications can be fabricated using
any two of the foregoing materials or their alloys.

[ ORdR8] Ady aSkitha bénﬁ,omtxﬁr f@! m\t@ﬁbronbgon%m@iafey %dmtcpofmachmed Ni
formng the core fiber of the sensor ament

emﬁHBtOfrélﬁt*g id ththénlati%muawt Y itipn o thermalhy ta*gﬂetad B@Dgensor
SuBsiatsitigR rhetd], bt AsGlidkelC aidbi Hemofuiedibal (suell dsafidkalldopRr), may be
mat er | I's incl ude sapphi re nonofilanents commercially
avar T §1e from Goodf el | ow Cor porati on, Devon,

Pennsyl vani a (A1665920 sapphire nonofilanent)

S 6‘{@6&1 bf € @“%feCZQ I1s a érgﬁ of &QHW &éc?lc%%esfs{a%p :P Q%x{caﬁ of ltltng: "for a

Poway,” Cal i'torni a, ers cohme
av%mp%rﬁ%tett Peﬁqwe@aﬁpﬁtﬁt coagti alumigng (curviAy ﬁ@saohoazor%y mounted

W&l@ﬂ-co@tw&gféﬁ&ﬁ&ﬁﬁb& A (cul @ B3.08e réﬁbébm/d’@rvle%h@wtﬁﬂeg&lis}ﬁnce
SU|tabh$ﬂ%g$ ne-resi stant materj.al. {0020

i PR Vcﬁsé Togiigids gperalgdin 8 srisipl @ H‘ﬁt"é"de & gevole
i nigvaldingnigtemtinigno expdsurofo wiregee ntfvoddedarl dnwﬁopétaﬁmuﬁsﬂdch four

heerv tmgft’ en tIllﬂg)l‘ MXB%B%Q%%QR ate!dI %@%ﬁ Bid ch st %r i des,

oxI des anggnltrl
conposi tion can be enpl oyed that |s able to be coated

Wibdp1g t hl(‘fbnﬁ@eﬁ‘i@lgl ﬁﬁdtﬁéﬁa 8k 08 -prefBk AVertibh) Sathless steel is used in
conmer ci avallabl%ﬁ rom various vendors may

he
erfpt ey ey, i oo PR HEBCeqrogler Qiorfptoefigpencratd
beﬁl’plamﬁat iAfsisextl, seinless b (8SY issutiohgnb BocédidbRrmateiak eﬁto‘ﬁitﬂlfiﬁon for
b ce ous cost and perf
gg‘%g:ééé er a?daéd o Zfl g’?&f g Ftheg%d pret err?'eaa Su‘? en hee &
ith%mqﬁztlpl@soRED&; amd thmmismes atetvammﬁlaiallwave@éteedlovm cp$toAtloption of

aCBSes‘Béﬁnr?gf drRGivel9 réxlﬁﬁ&sftger FRPERuBhtible i B %%lablgfbg Rabrication of
rel axation of fu coat i ng cover%%e requi renents

s BRSPS ATPHnE o thﬁ @Feé“é‘é %‘§e“t1?fb sigesfheedeatipproyifss @gditigopiprotection to

deaRd dineattbht blabrvise alay Baetdbd bynos@nsor . [ 00204] Pl ati ng

can be avoided as a coating technique, in favor of use
of other techni ques, such as vacuum deposition

t dePitlqueYse of sheathed cloments tos ths pddet! edvianigeet o @Hnwiuww,to fveld the

depos ciujea@ t@thg'ﬁ&s@ﬁang@l}{ facedtG Hecﬁ’c%teﬁ‘ El&!ﬁ%al 1@ t .’I?Qsheath can

monof i | anén ss coat i ng

noorelded e e EPVhhesh Eangaétﬁtfﬁb/ d%lfﬁtf@i“telyo ﬁleu f@nseetaﬁmoy infrequently
a&moﬁipﬁﬁ’es thd shbatted CRIYntfe ex SR, e}?ne@cf RUDISH®Eekibd HTD temperature

r é)&ctz?o G%H%E%a%g !P&{gﬁc@éhﬁ%\? glt}{egnle)og%)(tﬁa el chn lg')e]:c wél«?e% toctgg] ]t—ElLl\q lltlxlostt }ﬁange.
Such welding, while a customized modification, is readily effected and involves no significant

added expense to the cost of the sensor.

[00213] While stainless steel is a popular sheath material, any other suitable materials
may be employed as a sheathing material, as for example Inconel and Hastelloy-C. Many
such alloys contain higher nickel content (generally > 50 atomic %) than stainless steel (< 15
atomic %). Many of such alloys are more fluorine-resistant than stainless steel, when
passivation occurs, e.g., a passivating nickel fluoride layer forms on the alloy surface when
the alloy sheath is exposed to fluorine, and such passivating layer prevents further corrosion.

While sheath materials preferably contains a high nickel content to enhance fluorine-
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means that a thick coating is no longer required, in

the case of alumna as the core nmaterial, because bare
wa@bkwwitoononof i | ament is highly resistant to fPCDUB2086/009330

pl asma. The | ayer of deposited netal can be as thin as

Z%mtanﬁéé\@ulﬁﬁld eftandRielRG betaddered By £pBingtaddel3utfded b&aahg to the

n|% gk} coating on SiC nonofilanent. In the case of

Xt%el 610 chopped fibers (commercially available from

3M Conmpany, St. Paul, M nnesota), the avail able

di sz"tta%ﬁ anang& frch%sront 0 éﬁ:tl'stam J O&‘S r eb'X an 9a11%$e at

factor o reduction in anet er i s achi evabl &

t HitR: //(‘Yé’}’&’tWW@WF%n/fQWWC%@B%QOQVO%m@dfi | anent resi stance by

a factor of 100-fold, to several hundred ohms (1000-

f xtel fibers), thereb reatly sinplify
ﬁh&llr@as u?%f?ﬁ‘ﬁ'? %T’ ‘étg‘lz"ft%}ﬁ Pf[c:assﬁ fafe Pyalty of ﬁ’g‘e"%ré?ﬁgeﬂse time. It

Fuhetrdffene hopreferradnie usahinwatlde grofnidbddieditin SaEnk. Amermaﬁva}, | a thin

q%IeBH' ﬂﬁ%a? ﬁ%vﬁ%lgml'fgsmtta!ﬂfmgtgr‘i"ﬁ? %&chtax annmu%chiIidte utoroo-polymers

W sh
conth gl Eﬁle@%n\éESPFDm@ K}APWNmaabft @p@de(b%@wmmlﬂy of TEFLON

r Qt%ﬂ S’E@ﬂﬁﬁm fﬁ;%e eh\bn%HﬁéHts K8 Bech EmPRGHIR L& Firhdd. 3n Gxﬁgﬁltbétﬁﬁuent

n;g a constant resistance no
s i ad’&eé F*iea §WfHﬂH%P¥8’§§HPfOt“B“6‘Eé‘F thicknegs) £47 be gplepasirhy, for example,
I edlamndneexide clabsds 23higoa| thlﬂlnéﬁftgird@araﬂ-\}'é@, 148 nsBdathed, 1nsulat1ng

¢ gcgg‘t%x? lrggﬁmé%%{}ngnq rHas %gdlg ong ?a?rrg% lén arI@dlg | téelré 8 esusceptllblg to faster

tépﬁp@lsaﬁlmféemetﬁlesb@adﬁdéﬁﬁ@nemt hereby eliminating the
need for expensive circuitry conponents (e.g.
ol tage controlled current source) and conpl ex

Vv
f de¥bck Eigherdlis @ enply effesities imelimsges acfupetion ef tjme, in minutes,
t hesvaho e e@pbnbee of Gaadbﬂc)h d@ﬁt‘éﬂ @ycREl. pidkd &0 kb y(curw ), a

A L e

s elrtedrat € eunreltef 625 mtllmthps for & hown&taaB) adrarmiakel plaodeSiC dment
anZHD: 58415 8L or! t - 3
AL 1 Wiy o Thof SORE ANl GRY: ARG B Whort
wicygle. aﬂ‘llf‘otﬁﬁttq%dﬂs%ﬁrﬁwsléﬁ sigpltaneqyply gesting plbfpur éla@pm &t & conptant
O\éﬁxﬁenﬁﬂﬁdéllﬂil&k@ dét&ﬁtl&@ lﬁ?llﬁlécpﬁl%resﬁfenﬁ{ 4 %’orr Seh f:[low rate of 800
arra ermts nmu emenfs to operate i
B s i RS o S PP g e Gghide it
d Iﬂief ;Edioesmtblelag bpeetkdrigamhing bg aal off oartings eWimilge eidipaint or fluorine
inggerpretation. [00208] In another enmbodi ment, the
Ni -coated Si C nonofilanent is replaced by
m cr omachi ned ni ckel or copper structure on an al um na

syipsigat e. i Nh&lﬂ‘ﬁérvéarths& %ﬁ%ﬁorp&)a@& sipRand ke ARERindodsly coated
conmercially .avail a

(se
htﬁt‘aﬁwrfﬂ\ﬂﬁ\wpmﬂe FSPaR RepSBOHIPRSTH LS hedrodb R o
Paper . M crof abri ca pdf ).[00209] In a further

enhadiment,,  the .invention cont enpl at es {1
NILUU“1 i Sf&rurc ‘,-.tli?n@ UofanWI QRUES, faf ﬁn%sné’xansc’: (bn of or. a?est mn

ad@pcb ithoee, thgmpdqeplq:m?dreyexmgmbchméd efgioRurs rismitses of nltrogen trifluoride.
A bare wire T-type filament had the fastest response (curve A). Curve B is the curve for a
0.020” sheathed T-type filament and curve C is a 0.040” sheathed K-type filament. If

sheathed, elements that are otherwise vulnerable to fluorine such as K-type thermocouples
can be usefully employed, however, sheathing increases response time in general correlation

to the thickness of the sheathing layer.

39



using a single netal,
t her noj uncti on (such as ni ckel /copper),

such as

ni ckel ,

and a
may be

w@e@vilasgr [ 00210] Figure 22 is a graph of chaP@gEUBI06/009330
el ectri cal

resi st ance,
conparison test of

as a function of tine,
iron wire and ni ckel

for a
coat ed al um na

( CI!OUM@] A) BROsefsofR08f HO Pheddnt YnveRALERL BY &Jﬁ?l)yeﬁ ARt shyuftable
pective curves

on flber

s h Gitiiae Pl

XENA)

(curve B).

The res

fance change while the etch process

nDnltor was operated in a constant current node in a

c
t

three off cycle steps.
aspect of the present

nv
ri

Y
”

i

ﬁn oh@gn oHI 2 '@E%

ent .

overnin
era

ex

ure ta ni

n clmh lnv%mlsﬁ'la

oo A fraiy o

f%nbtwp@@nStrrfluorlde exposure were alternated with

i nvent |

on, stain

| ess st eel

[ 00211] Considering anot her

IS

used i n prock¥s Hlols Almm et HaE B a4 r&dosur e

to hrghly corrosrve fluorine species generated by

pl v%her
accep

Paw R o e Bine R

nt ess .S

bR S

25 the &Pt

anon

t he
gement at a set

e xtpopeeadure GeckdhUlois ithecheat SBvstima biedlibidnend dr afunction wBeffushi thgmal

el SAERlvy €11

are commer Gi

Frraaratrac

e at

pin@%tﬁeﬂa@t%rs %ﬂﬂe ::jl

OW COS5t ;

lﬁenlefﬁetcw eét%lent

s HEBRFAtHE A rSeﬂst eqbalgy efpashens (eteh decombipation o @Watelrmﬂeb) that
n&tcaﬁ‘i (ﬂi the ﬂéﬁ‘%n{ Eﬂm@ il@f 1sﬁlﬁbé’abﬁbﬂtrdt@n Of Sensors

according to the present

provi des additional

S

one to

heaghe

o gy

%]

eat

i nve

ntion,

since the sheath

protection to the el enent that
ot[NeN0J se AVays heasebd el thby kiidwaihi reed tinfeO@ReL Bo tdams @fthe curly

lrec

8103(:1%? dan?%M:a ! grﬁgnt oofn lfa lal

ost f

cPWI "Hg etch

nge i1 n

pl Rirdcty fendytocdesi levithermad P@étiqﬁtﬂe'aﬁnd kisewatiaviserghy Wlemecompared with
s headidha@@dle 106), Weh&\@in irenid Ree1EPM host flange directly.

Al ternatively,

the flange that not

i nf

requently

acconpani es the sheathed el ements (for exanple,
RTD-&mnzqemﬂes.RTD tenperature probes and the Lorex

s~ at-had

Onega

f

rant

B

PM host f

adl ol
CUr—ST11

(WPIICU L h
llande.

Sugh

Fa¥al
A\

e n

\Jull ULo

&hlle a %

t om ze

lded t o thae
LAY AVAW | L LAY

S/ W0

el maD,

| ghifdgan
SR

[
| e stainl
any ot her

efmatat i 08,8 i s reddisloy eff
added expense to

ess st eel
sui tabl e

cﬁ&d and
t he cost
is a pop
mat eri al s

m®l ves 1
Df t he ser
Ul ar sheat
may be er

Q3.0
sor.
h

pl oyed

-

g
(

aAXigenbi€al |

last el | oy-
oEEHY {g

<uddiseglfomi c

Tplgg mat er
C. Many su
enerally >
% . Mar

-

hal ot ant +
S ST Arit U

Iidg, as T
ch all oys

50 atomic

y of such
Y

an of
[¢ 4 ] LU al II

Of 5 exanpl
contain

% than
all oys a

nil oo ol nn
T CQQ DSLUCO

55 ENconet
ni gher ni
st ai nl esg
e nore

3
kel

st eel

\nviﬂr\n
v LAY L

fl.. Yk A
LI AYA LA |

passi vati on occurs,
f 1 uor'i Kieerhatly eiiscdsity ipdefimedt ds éhealatio yetgesn fdareniowiseosity and density.
Because the den51ty ratio varies with pressure and therefore is not a fundamental mater1a1
property, the molecular weight is used in piace of densiry.

[00222]

e. g

a passivating ni ckel

Because the etching reactions are exothermic, the effluent temperature is high

during clean as compared with post-clean operation. The trending behavior of each term as

the clean progresses can be described as

AW =- {h X ATefﬂuent l + Telement XAh T + (AH " r) T }
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the alloy sheath is exposed to fluorine, and such

passi vating | ayer prevents further corrosion. Wile
wa@b@atispnt eri al s preferably contains a hi gh nPCR®EE2006/009330

content to enhance fluorineresistance, suitable

enhancement can be achi eved by appl ying a nicke

su [Oﬁ)M? C ®tdufignd telaﬁ\l'é@vefghﬁ Bﬂhes@teﬁnﬁb/‘eﬁllé's‘tﬂloﬁrbngélean process to the
corr03|on resi st ance _of s is avajl abl e

ht P51 Suhll PP Sviries hpvas 8?@ B o PRI B BT, figferministic
[ O82dritim Ismotfemidleal , the utilization of a sheath

entails a penalty of sl ower response tine. It

therefore is preferred to use thin-walled, grounded
shB82241 ng Fet earenlt tgo! oNerationn avhiley & [dgterministini atgolitayeis nof feasible, a
| NEdAbRS biR6kithdh ! \Ui@{ 'f @1@ sEl@édb%t ﬁeﬁﬁme@st & b@gxbéuﬂ?_ g(ﬁ &\Img generic

alun1nun1OX| e, | uor.o- E nmers such

VESPRIentatg ot W‘ngc?ﬁ‘ﬁt‘%t d %%f‘stuélb"y inggasidering general trending:

survivability of TEFLON and VESPEL in fluorine

environments has been enpirically confirmed. In one

enbodi ment , Wa=etdl 7 sReati (which is typically > 20

m crons in thickness) can be replaced by, for exanple,

an_al um num oxi de coating of 2 microns thickness.
Coltp#rht i Pepapding prethe peitisaweighing 9fikesd taoitereps.dhrag ¢ande four—and

ar dsxﬂ;nge:memsma&emad t um@ﬂu 1 UOBHAR! thBRRSut %{é@lehécycle (2) Term 2

r ef |bIe response than th

et SRR e G el P B03T8) T RGeS 24 iy and ghves
graptto Fernr Biissisequed oparationhnd(4) BEma ghuenehy ©0Tedi 1 inl thesourse of
in S eflon coat ed
nl%ﬁt M%?zlagﬂg%§§hl2@%%?%%@%&338Ayﬁm "di scont i nuous

ni ckel plated silicon carbide filanment (curve D), a

ni ckel plated SiC filanment plated at a current of
0.@25 mllianps @pr 5 hours (cygyve B) and a phcke

plated SiC filament plated at 0.25 mllianps for 5

hours (curvy h curve C resenting the pl
on/ of f c) conditions i
simul tarfeously testing all four fhlanmenys in a
c nt current node. Pr L.i+0ns in ded a
pressure of 5 torr with a flow rate of 800 standard

en r see

Le}[g?%‘ﬁn r % gégﬁért% ra?g[pﬁtﬁ{l)lr efeaabq%copﬁlonsr ocféegés) vglgli)eﬁ éo %cate the
oprafReing ér By qna phihesg f@hSCBlfﬁdOSofPhe fOBmeg formrmrametessiara flrs defined,
eNg§0d hctiol of tintd A0ip8nd dle%@proLerO216] I't was observed
that the Teflon coated sanple and the discontinuously
coated filanent had opposite responses. Resistance
decreased with the introduction of fluorine. [00217]

Fi gur eSd) FmaxgWaplh-W() t her nocoupl e voltage as a
function of tinme, for a test in which three
t her mo&dtipT 84t werieY&RAni ned under exposure to 4 pul ses
of nitrogen trifluoride.

e. The te

where the subscripts max and min indicate the maximum and minimum values since the Start
of Clean (t=0). Generic algorithms may be constructed based on these parameters or
functions of these parameters. An example is presented as a two-stage conditional decision

process:
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A bare wire T-type filanment had the fastest response
(curve A). Curve Bis the curve for a 0.020" sheat hed
waz2aogpeshi | anment and curve Cis a 0.040" sheat P€rUS2006/009330
~type filament |f sheathed, elenents that are
t$b‘a1|iawose vul nerabl e Q. C&{d;{gﬁl ne such as K-gyARion
her nocoupl es can be usefully enpl oyed, however,
h&?thl ng I ncreases r:ﬁs onse tIme 1 n general

elation to the thi'@&hess of the sheat hi ﬁrg”hreShOld
r.[00218] The se rs of the present i may
e grrpl oyed with anynliclgjnlet abl e endpoi nti ng tﬁ’fegﬁ

0@219] I n one enbodigneRte.imtd§iggover ni ng eg Qttﬂr@sﬂold' n
mnimal and differential form can be witten as DW

@n(k, v) x DTef | ugptpre-tit@h@aent xD[ h(k, g VA diesibidlH T

O where DWis the necessary change in Jou"]e heati ng

to maintain the sensing element at a set tenperature
Teieraent; h is the heat convection coefficient and is

a function of effluent thermal conductivity Kk,

ki &HAL i c Evdroinbisireaghed whepnfbe eonditions hrzauedr Bie pleedohditienis ddsigned
t h@ aedofnafelidy ﬁe @ﬁaﬁéé&ﬁ rﬂ@lat?v@ W&Eﬁu?é %‘iv@eem BH t\%é tem'lkethﬁ 3&%}19%5 the

of r act rgl a{q nbi nat1 on of rrne ra
t 8‘&:’{‘]}’ SrepipRe “é*leé%rf‘eﬁf%@t&*r‘faé\*e@f C%ﬂﬁ%ll judipigusfyp avill also allow
r elauitlple)peakﬁm“leplm&%%@ﬂran&wiﬂ the ﬁﬁc‘hﬁ:u(b’ Bﬁreﬁlﬂﬁdﬁﬁkiﬁielﬁﬁ @Mayers of

I Ny
- i ol colBSdo® A SE Tl B iS58 e
on k and v. The etch products tend to have | ow t hernal
Ooeb2ET | Vint el 1%&8@,%%&&/'&&%%%
fh fg:Le élt cehan ° e.g., EZ%,r as shomﬁ%ﬁlﬂn{gcﬁéggﬂﬁgy the steps
e‘T ow [ 0022 1] TaVe A * Kinematic viscosity is defined
asther c viscosity and density.

Becaus® ?%609%% ST conndg‘%g? Baer’ef aan 1\‘I’horﬁl'lessure and
therefgrsglebtﬁlg &,raathlfe%@ Qtﬁq%qg% erial property, the

nmol ecul ar 'S use ce of density. [00222]
Becauseg. gefé&m@ E&Qbﬂﬂmﬁﬁé&ﬁﬂp@%n Hrfer BAEF >Ij 6F dMafier tial] n‘g<
effluent tenperature is high during c ean as co red
W t E posK thizlcexpise indekdvittOStep T4 Ghetp[-dicréﬂdhﬂgl ci%ﬁlléb@‘ﬂie QBngQ%)nmg
each te ean progresses can e described as
UN—-%%ﬁ@WPﬂ@gﬂj + Telenment xDh + (DH r) t
[OOZZ@]&ﬁgﬁﬂHﬁ@m&aﬁw'Q&Qtlve wei ghing of these terns
varies fromone clean process to the next, it is not
known a priori how to determ ne an endp0|nt and
therefore a determnistic algorithmis not feasible.
[00229] The 4-step selection process described above can be automated provided that the

I+QJ'_‘U_OUJ""O'X
O

software is able to determine which category accommodates the measured traces, it being
noted that the clean process must be repeatable in character. Sophisticated pattern
recognition techniques can be employed, or parameters at the end of the clean can be
cxaminced for overclean processes (i.e., clean processes that reach the endpoint, e.g., by using

an auxiliary analytical instrument or an intentional extension of the clean time):

Conditions (at end of clean) Scenario
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[00224] For normal tool operation, while a
determnistic algorithmis not feasible, a generic
wabkgwriotgdem wi t h fi el d-sel ect abl e paraneters i SPCT/US2006/009330
possi bl e._The followi ng generic representation of the
gover ni hg, B@yato on therefore has utility i@Q
consi defing general trending: W= Term1 | Term 2 J.
[ 00225] | fependiong on the rel ative wei ghi nggf these
two terps, there can be four-and only four-possible
scenari pSu}}(SkP 0Term 1 domi nates t hroughout 3yhe cl ean
cycle, [2) Term 2 dom nates throughout the entire
clean cy®lldSMf®d) Term 1 dominates and init@ally and
g| ves =1V, to Term?2 in QlthﬂﬂlllﬂnT qper ation and (4)
Term 2 gives way to Term 1l in the course of operation
A pictorial description of each scenario is set out
below. (1) (2) (3) (4) [00226] A generic algorithm
with sel ectable conditions can be devel oped to | ocate
the endpoint for any one of these four scenarios. The

f OtOb@M ng Itfiﬁﬂéretgﬁrc%itv@cﬁesthzg,raﬁflf thJ s%%oiqgfeéug Etg%hf?%%w%re moves

function of tinme durlnq t cl ean proces

el [AARIY TS SREE YVhasR(Qvpr-)=clepp pyocespss glevipn Mpltipk difnes fonghe software to
S UdnRgbrizp ths tra®X aringbntifly DropEtdiir6A61€ vALRg: maxi mum and

m ni mum val ues since the Start of Cean (t=0). Ceneric
al gorithnms may be constructed based on these

paraneters or functions of these paraneters. An

exanpl eli s preeyé Heeavatags vaw-fatdgeoeneidintcydaal

deci si on process; Scenari o Pre-condition Condition (1)
None Sni-> t Hrseori Hhe trages Rpthefolanking sonditions] (Zera)is a non-zero
Smepr e-t hr eskib t deivintind the @aRalatcalifheanMeRI B LIRS RRROIY vague
Sn, < threshgld 88527] Endpoint 1s reached when the

condi tions ar et Y The pre-condition is designed to

aCCOnmggafe—rhEﬁﬁﬂmﬂy?ﬂﬂTﬂﬂﬁ1%ﬁﬁﬁ?ﬁ%ﬁfﬁﬁﬂ@—b€%ﬂﬁeﬁ—~
t he twdCanditipgs (atigad ofclgemdgori zes the thi Scenand f ourt h

scenarfios.—The pre-threshold value, if chosen
j udi ci|ys} gerowisl,| al so allow multiple peals (rippling
in appearance) if the residue to be renoved is made Up
of | ayjehs> Bérodisf,f erent chem cal conpositi®ns. A
pre-cagndition is not required for the first two
scenar|i s> Sn > Zero 3)

Sm > Sy > Zero @)

[00231] It is desirable that all processes yield the same end results.

[00232] 3. Identify the end-of-(over) clean parameter values of interest from these

cycles:

Scenario Parameters of interest




[ 00228]
endpoi n

woheospoesozondi t i on par anet er:

Sel ect i
Sel ect i
or snal
1 as th
conpar i
[ 00229]
can be

determ
traces,
repeat a
recogni
at the

enliorh

In field deploynment, an operator defines the
ting algorithmby the steps of: 1. Selecting
none, SM or SM BCT/US2006/009330
ng the pre-threshold value, if required 3.
ng t condi tioning co J . larger than ()
er Rﬁ%n (<) /'l this cgﬁﬁﬁgagﬂcluded with Step
przfondi tion defi nesytfig,gendi tioni ng
son as well 4. Selecting the threshold val ue
The @y step sel ection pyeaess,,deSedsiked, above
aut onat ed provided that the software is able t
ne whitch cat egory acconvibdled 8, addneaxieasur ed
It being noted that the clean process nust bsg
ble in character. Sophisticated pattern
tion techni ques can be enpl oyed, or paraneters
end of the clean can be exam ned for overclean

e g R B0 ST o St

~
-~

a)

-

o

i n§om uleprtviars stp witht £ sifetyp matgire K taiongddoNTioS sttafegy Gklpaensure the

t

[ 00230]
set poi n

stage W

tines f

i denti fly

traces

Cat egor
(" Zero"
mat heny
"?" con
Sm > Ze

[00234]

endpoint

(1P RN By e ot R

) ScenarioSm} SM? 0O
) Snt} SM- 0 (4)

It is therefore conceivable that, after the
t setup stage, the software noves to a training

ere (over-) clean pracesses are run multiple .
mﬁ?@rel%@l‘ﬁcg?“é‘%’ri Je the tr ddEsholdffiniion

1 Fa\V.Va¥d
= TVVCT

LA\"A A" BV | cCrIrre

or SEREIS of ¢

ptoper—threshotd—val-ves: Reeerd—the—p
val(lle for aNémew over-cl ean cycl es. 2. Subtracting A from minimal Sy,
ze the traces by the foll ow ng conditions:

i €)a non-zBe val ue to deternine theSubtracting A from minimal Sy

tically meanjngful but algorithmcally vague
Idi ha)lon) Cor?&"tfal%%‘lﬁf from gl 8 ¢l ean) @é@&fgﬁoi“@mmﬂ Sw
Adding A to a from maximal S,

r 0(4? SM ( 1%ub%'e\1/ét1?1g %%rrm% n?ini%%{bM( 2)

The endpoint calling with a built-in safety margin is designed to call the

somewhat prematurely to accommodate process variation. Therefore it may be

beneficial to add a short post-endpointing period T to continue cleaning past the called

endpoint

[00235]

If there is minor variation in the clean process, steps 3 and 4 can be made a

resident part of the continuing operation.

3.

4.

Identify the parameter values of interest from all preceding cycles:

Update the threshold value(s) if the parameter values of interest come

within a set boundary of the current threshold values.
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SM> Sm > Zero (3) Sm> SM> Zero (4) [0023 1] It is
desirable that all processes yield the sane end

WO e@al1os97 [ 00232] 3. ldentify the end-of - (overpPCT/USZNG6/009330
parameter values of interest fromthese cycles:

SC @0336“ 0 Ras umheris adapted Bt RARAE {20l Bh ﬁlﬁ' evm%lzt% docuinent the
nina

nd maxi.nal

st‘“*FP& “h%%%?%?é“ﬁ)e%w °°°[“E?o%§f]m o R e ‘&?1 é’PTrﬁ?re“éﬁ Blagpine the
anepbptdprideiass|ofl the #lresbald baansae:ﬂanga Tihehgd vaauee tiould\eib Y€ f-examined
T AREHPLANLABoR Rt @ safety margin D ali owed.
This strategy hel ps ensure the endpointing conditions
will be net nost if not all tinmes. Scenario
Pret hreshold definition Threshold definition (1) None
Subtracting D from mnimal Sm (2) None Subtracting D
frommniml SM (3) Subtracting D from m nimal Sn,
Addi ngD to maxi mal SM (4) _Subt ract' ing D from m ni mal
SM Adding D to a from nmaxi mal [00234] The endpoi nt
calPihlg wihithough Bhei intention @af?@pyla’imﬁlg|dnscr1§edd@§|mgw@drefe®ence to
Calulstrdtie BBERALR aROrERNRAL it RNiE %taHﬁr@JmYedt BatMpe %m&s and

ion. Therefore it ma benef i ci al

ess varl l
DR R oD P ek skt ot 0 oGP ok ot
c I veaanuomg mpdi§itatibisend athérethbedhal@ed will. reddORiZpdst thémselvey 6 thioSe of
mo%} ar)y Q&ﬁ ﬁ’lt {hQ IartI Hhs Cftdho% tﬁé 31? osFre Cr%i?ls Tl%tn?\gntlon tl?erg‘ore is to be

made a res con
oﬁ’é?aﬂlb' cetrued, COF%Féqiﬁ Wlﬂyfhft ﬂ@mp’@ﬂ@ﬁmsetrforthal ues of
interest fromall preceding cycles: 4. Update the
threshol d value(s) if the paranmeter values of interest
come within a set boundary of the current threshold
val ues. [ 00236] The software is adapted to generate an
entry on the event |og to docunent the setpoint change
when it occurs, so that, when appropriate, the too
operator can exani ne the appropri ateness of the
t hreshol d val ue change. Threshol d val ues shoul d al so
be re-exam ned
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whenever the control setpoint is nodified. [00237]

Al t hough the invention has been variously descri bed
wheweitouswi t h reference to illustrative enbodi NnRC/ESANE009330

features, it will be appreciated that the enbodi nents

and features described herei nabove are not intended to

[imt the invention, and that other variations,

nodi fications and other enbodi ments will readily

suggest themsel ves to t hoSeEEABY i nary skill in the

art, based on the disclosure herein. The invention

. onsi st ent
e 18 i SRl SR VSRR SO R e
f opompeisieg the #epagfipl asma conditions in an etching plasm

proces %Jr&&lin(gaeﬁ'léabtt She sERAPIdnRhNGndtCorSkB0Sn Feinper ture change in
pr ovidin | east one sensor ePerTen Capa ?

exHFBIEi° 5‘1“'{@@%@? sheeiesand iwairgeonfinglp eeserecanuitpeiigngldndientive
gaﬁsameﬂmasmamdmg@rrespond|ngly generating an out put

si gnal L.cative of said te at ure change, )

cogt act | ‘2‘%’“& P SESRE gpme gf%%ﬂ)& ef‘thga?slﬂre%‘f’fg?‘}?@ﬁf' by §d etching
St pleszn @@q@matfedhtbw galochtiet dbwmgeapl ofs s peldage phbnvg processing
f agéilidyiavqaat a | ocation downstream of said etching

pl asma processing facility; and determ ning the plasm
condi t idgfenipipg thy plyses EHlifiens ot ericheichineousma pregessing: fapilityy based

basahk @ifput Jﬂ@abgéh@htéd 15/ sgia @énscg%féﬁiélﬂtﬂﬁﬂls BMicBifve Af SRPSRhire change
| cat at ure change

cacﬁ%sg%gbb&e ?rﬁsgncﬁ roégngﬁgtéc gé‘? Sp@‘ﬂ?ﬁ?r“b?@{d] %{ Y$asHE ™ -es in

sai d effl uent gas stream 2. The nethod of claim1,
WhERRL ReMdd gf S0 th«glﬂg g%@ %e &9 qgfhlexﬁ %? ¥ses| aﬁ?ess;tgt t\tzvvwc)omponents
conponents that contain di fer ent s or Tmetar

al tha yentaiditferens mels epaptrs] ok etd I@ne zthemeibestigpiberebegreehe

net hod of claim2, wherein the at | east two conponents

f t cotaln nmetal s or, netal alloys
g 831 %hs niﬁfu[%wgﬁggtﬁ Hle @ ﬁag‘i twp; ﬂ)époaq,ntsrﬂf %ensor elemen contam
almnlnlmnmetai olyye ssleczd droad hoysu bvasignk of dickel henii®ikd) 06bpef and
clgbyugreottherein the effluent gas streamis
susceptlb e to the presence of energetic fluoro
speci es, and wherein said at |east two conponents of

t hle Tﬁ&‘iﬁ&@cfd &l RnEn! wiait ak @fﬂtlénlt' QhsQubfs Is ShRbPkivIa®S Ak ‘f)reQJnce of
claim?2, wherein said

th
e g %ﬁémme&cﬂ?ﬁ FYHEL S it o BRBR® St s plgment

c cppsn fluancsistas ecoldr memipdoyent cont ai ni ng const ant an.

5. The method of claim 2, wherein said sensor element comprises a first component

containing copper, and a second component containing constantan.

6. The method of claim 2, wherein the effluent gas stream is susceptible to the presence of
energetic fluoro species, and wherein said sensor element further comprising a fluoro-resistant

coating over the at least two components.

7. The method of claim 6, wherein said fluoro-resistant coating contains material selected
from the group consisting of polytetrafluoroethylene, alumina, Group II metal fluorides,

perfluorinated polymers, and mixtures thereof.
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6. The nethod of claim2, wherein the effluent gas
streamis susceptible to the presence of energetic

wo bwenaisgpeci es, and wherein said sensor el enePCT/US2006/009330
further conprising a fluoro-resistant coating over the
at | east two conponents. 7. The nethod of claim®6,
WheLR m%a' Fcl%(nlnl'io\%&r&@s% d%EréSFele%ﬁ%bxﬁﬁxs@soﬂﬁéinﬁ%
mat eri a cted fromthe group consisting of
polytetrafluoroethylene alumna, Goup Il netal
flou@hd Aleded ¢reldith UOWhddah el §0doy BRRfent calisell aXiebift@Be temperature
thereof . 8. The method of claim1, wherein said sensor
el dSHERT conprises a thermistor. 9. The nethod of claim
1, wherein said sensor elenment conprises a resistance
t el%pﬂ{e%&ﬁo% ﬁe&eﬁﬁt@rwhexle% &E@reﬁﬁmgqengrera%@h&lc%r is operated at

wherein sald resistance tenperature detector is

opersieyraRt. constant current. 11. The nethod of claim
9, where in said resi stance tenperature det ect or is
2:013{ i{;elmet‘%t;]de ﬂmt whrglf%? 1}1?&1 ?rgsgsgagc &exgl%eé%ren%etecgor is operated at
susmﬁmtmbﬁeméo t he presence of an energetic gas
speci es selected fromthe group consisting of
fluorine, chlorine, iodine, brom ne, oxygen, and

del2i Vhetrheflod of pleimy b ciberain ghet affistepseps strpan isgussgritblsiip fhepresence of
def,embrkaic %s Qﬁeaﬁﬁﬁelééﬁﬂ Qkirohl' 0O $roup caidisBieCoY MWrifd, 2B16Bne, iodine,
pr.ocessin %# %é E$ &gk a gas sanpllng devi ce
fd?mﬁﬁ%ﬁp’?hﬁl V?ﬁ 4N ef fl uent gas stream
gener ated by sald etching pl asma processing facility
at..a,l ocat i-on r S . -
ri3ea SRl RellRRE DA Shaplsth b ShBE AR Mg iy,
opemptisingel y coupl ed with said gas sanpl ing device for

eXPOSULEsk Qahfiftic HRSiceS ﬁﬁmbﬁmm\é'ﬂ? Eﬁ' é&mﬁl@' fbn® @M SMfuent gas stream
el enment |s cap a%le of exhibitin

% erature cha r}‘
preEREHEY TS SHUPEETE PPSE BB EITRE! & REFIED( SO Ryl §-hine
ggikemaplofgsidTadlity;put  si gnal indicative of said

E: g HB |e re %E %ES[? ﬁgeg sgeg ?gleerrl%gxg%rﬂér %t&ng Q?‘-‘P?e%vv{llﬁlg Sﬁfa?%g 9&1111 YIE% Yevice for
O Lexpastire &1 thegds sepenie maeteid sty senve elgmens isrcapable r?é??ﬁnbetwafﬂempgrature

| nglhgetd ﬁf@se&fe of ERREEALN SR ciENAN W6 HAGRLy géhe;a&% an output signal

presence of energetic gas species In sald gas stream
aﬁ@hﬁﬁﬁéﬁﬁ$ﬁwﬁﬁﬂﬂﬁﬁCﬁmﬁ%na conditions in said etching
p! asma aifiAeaHgidedcd aperdativelyycotiiaiadtharid Sakd eleuifitibr monitoring the

S| o%trllo%tl signal generated by the sensor element that is indicative of temperature change caused
by the presence of energetic gas species in said gas stream and determining the plasma

conditions in said etching plasma processing facility based on said output signal.

14. The system of claim 13, wherein said gas sampling device is operatively coupled to a

downstream fluid flow path through which the effluent gas stream is passed.

15. The system of claim 13, wherein said gas sampling device is part of a downstream fluid

flow path through which the effluent gas stream is passed.
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14. The system of claim 13, wherein said gas sanpling
device is operatively coupled to a downstream fl uid
wo b@w/1pwbh t hrough which the effluent gas streR@T/0S2006/009330

passed. 15. The system of claim 13, wherein said gas

s aprdlihe pgtedenficleln 1% Whelpin syq seasay BARRER FRrBRHSgs|afy feapt f"t"’o‘iR/mPOnentS
P@tahcohiam QieRniYhdta orinit@l Afold 448 Rdve @ @R rSdiinCRIMtheSebetween.
passed. 16. The system of claim 13, wherein said sensor
el enent conprises at |east two conponents that contain
dilf f Ereepdtenivef elhis 15, wiverbialtheadt|leytstwarrdmpeness af said sensor element
t her

1 ETEPLUDE by AAGE RELIRG e ibup SR SRR i Tomoe,
ekrstadloys teeof.ai n metal s or netal all oys selected from
the group consisting of nickel, aluninun1 copper and

al | ays t hereof, . . The sy of claim

GRTRTE SN L E o e SN

Okneggttid @edrd Gpekies) and whpeiaisais at Bt twh esngionengsadf dheagendoe alstent
0 nen h el enent contain

ffﬂ%?oﬂggémg%Mﬁ emﬁ o] %ﬁg@%& tal alloys. 19. The

syst em of cIa|n116 mhereln sai d sensor el enent

CQYPFiSERted drl didh 160 VRAHE Nhid GRRbALIBLhGEY EORREY a @ Eo@ponent
second conponent contalnlgg copstantan. 20. The system

0 CORAIRERORRST, 2ihbeeqne cRPRINEN PIPFLE CHRENE r eam i s
susceptible to the presence of energetic fluoro
compra e S AT op e Rl s SR das e R bt o resence o
| easgetit fpreprponad whereiR $aid Fngor slyfsetnéfmbqr corhraising Qﬁuoro-resmant
V‘Q@Juﬁé &eﬁﬁegléaktm Qi8R ant coating contains

terfTal selected fromthe group consisting of
polytetrafluoroethylene alum na, Goup Il netal
f lwor He@?ﬁem @Ledlzfnln 20/ wiivediechidpfhloyohmedisant edatingdoxtaing edterial selected

CISAH rrant ety ML RS BEEFL0, U

ofperdlb@inated fhlymving prgl mixts@s Bers@nsor el ement conpri ses a
resi stance tenperature detector. 24. The nethod of
claim13, wherein said resistance tenperature, detector
i $20pPe sesteapT sleins G ghosin said fepsarplementyomyises 4ERGPT of

cl aim 13, vvhere in sal d reS| st ance tenperat ure

g)e;tgte osr enbf) ?%, W &,s& Eglis%ge 5 ! esccn%1 Iilses a re512tf1nce temperature
sueeeapt i ble to the presence of an energet| Cc gas

speci es selected fromthe group consisting of

fluorine, chlorine, iodine,
24. The method of claim 13, wherein said resistance temperature detector is operated at

constant current.

25. The method of claim 13, where in said resistance temperature detector is operated at

constant resistance.
26. The system of claim 13, wherein the effluent gas stream is susceptible to the presence of

an energetic gas species selected from the group consisting of fluorine, chlorine, iodine,

bromine, oxygen, and derivatives and radicals thereof.
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brom ne, oxygen, and derivatives and radicals
thereof.27. A gas sensor, conprising: a thernal

WO 3@babison structure; a catalytic material; a PERUS2006/009330
and a tenperature sensor; wherein: the tenperature
s @hdogas sFABIcPIRISINGt | east one of a thernopile, a
t D@feias lsQhtion3REnRe; t her noel ectric el ement; the
catalytic material is catalytically interactive with a
gasaipigficapdstizk reaction of the gas producing a heat
ehhesdr;anihe tenperature sensor is adapted to sense the
h% t grfarureecstensggd produce a correl ative output
i ndi'cative of 'presence and/or concentration of the gas
covieraivt i ng the catalytic material; and the thermal
| 9l Rlp Q! bt WoRplises Af NARIEH b0 adthermB@R] aP@Erristr] ¥nd a
restrict heating of the catalytic material by the
hdhgrragelectigelemeft” ga5 sensor of claim 27, wherein the
C afteadayillyitic nivbdial is adataiyticlly degadive kith .2 @9 to Tt gastioserfgior gas
of gl ai m127t,effgcgn'pri sing a mcrohotplate. 30. The gas
sENSBP e E1°aT ™ 29, wherein the catalytic material is
prigstenperaige acnsurri§ aopted toaseisa dhecheatt dhict ¢ prgpse 3| catreative putput

Tgr%icgﬁfe o? pldstfide /oo flehfadhn ofRRERY dofttadiElg he BRAIYtcSHa@rial; and
32. The gas sensor of claim 27, co | Si n% a subis%r attﬁ}’"
f Ghentbermalfisalgtipn stpiuteH? prteed 1o leapipertg s reRtatdIsHIng P1 Bp S
2 mateplaEyy@ichedtte heater conprises an electrically
resistive material. 34. The gas sensor of claim 33,
wherein the catalytic material is not electrically

c QA riEe gexchens@sf cRine2 Tgakergeths catalgic mafegiplincBdes nighelr ei n t he
electrically resistive material conprises polysilicon.
36. The gas sensor of claim 27, wherein the heater is
acdpthe@as seosprnfslen 37, sorpieg A obERREr at ure in a
reference portion of the tenperature sensor, so that

vari ati on of heat.i the heater is_.i.ndicat]i .
A I R O T
mednelid reikrolodplatdhe gas sensor of claim 27, wherein the

heater is adapted to operate at a fixed electrical

condition selected from anong vol tage, current and
poileFhe eavsersapf clpip A cqgrisips? PdlPEr at ure i s

32. The gas sensor of claim 27, comprising a substrate formed of silicon carbide.
33. The gas sensor of claim 27, wherein the heater comprises an electrically resistive material.
34, The gas sensor of claim 33, wherein the catalytic material is not electrically connected.

35. The gas sensor of claim 33, wherein the electrically resistive material comprises

polysilicon.

36. The gas sensor of claim 27, wherein the heater is adapted to maintain a constant
temperature in a reference portion of the temperature sensor, s0 that variation of heating by

the heater is indicative of catalytic interaction with the gas with the catalytic material.
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indicative of catalytic interaction of the gas with

the catalytic material. 38. The gas sensor of claim
WQ7Z006ispEi N sai d heater includes a thernopil| ePCBES20061609330

gas sensor of claim 38, wherein the thernopile

c3The swssensonsiclin BT, edpreiitishstter) it fiapipd i, OP%’fe afm@xea &letrical

S 8MafRibn Qiected @blma%Zn% WheE SluRtert 51@1 R atboythdt Gariiibeiitedperature is
conmpr i se

r sSili on ar bi de
sigLeivEP catab'“imteﬂ%c’"g‘%@ §%Sn“§%|me °1ata PP 5’;7) conpri si ng

an el ectropl ated nickel silicon carblde filament. 42.
THE 1825 3505 9F 19 28 el Bl ARASS o Lidumb 2l 0 the
€c resi st ance e ectroplat ni cke
S|I|con carblde fllanent constant, wherein a change in
t Be Bleesk lsbfsdd off QSSIRANGRreinSthd mhﬁ?@tlé \¢8mfHsed A Qolysilicon/nickel
presence and/or concentration of the gas contacfing
t %8t al ytic material. 43 . A chenical process
assenbly including a chanber adapted for flow of a
pr, SsS naterl ret : :
B TR RS &t 97 U L e BB RER R lavr o o
pﬁﬁgmww%wnﬂmﬁemprocess naterlal. 44. The assenbly of
clain143 wherein the gas sensor includes a 3/8 inch

%1enablln t he sensor .to be afflxedf%orthe g.gf;l@‘CJer,t
461 e 8As ASRPH PG s coPRTiTHERS elegipalaist pickel Bliggn sardg,lgpent
|ncludes a 1/4 |nch plug enabllng the sensor to be
ed to The I 3
2 E e g%sl,]s(é\ens(ﬁ)‘;Jl s(,’ § fainl %r arran ed Q) m%ﬁt\%gﬁ?é )éleﬁflca(i" rgsﬁsmnéé (C)jf the
n@teatopkat@étrmelfalﬁcamsmbldaéilmet @attallt,y@terﬁmtl @b@ﬂﬁ Haﬁlﬁ eﬂfﬁ@%‘l
&t SEOS5Me prédnce shaRfE B Qntrhtidalobal B4 311t§dt1h ©O Ehtalytic
%ggﬁg $&§gnent fﬁgt‘Fé electréblatgd m?tﬁ ni ck % &
fmﬁﬁwﬂsald filament being oriented vertically and
p03|t|oned in contact for gas sensi ng. 48. The sensor

47  furthe L
2 davh Aisgieairofepapoamaiy SRk 3 Ppo B B e s e
C ltigkathreligh, ank e psisensartas plpigled ingptagn T, edapist! toj sanse vid gas when present

fi. bess hQLsaE0Upl ing thereof to a substrate. 50. The
sé%@gﬁgé?s $5Pn147 arranged to determ ne end point of

a chanber cleaning operation by change of electrica

PraPafetalRHb fof tikigh 43, GK@bin €0 Rbd dRghor Mclides 21368 ineNI@y enalfling the
claim4y, EE ¢ g gsence of gas is determ ned by
c Hglhigeo b af § wapber-

45. The assembly of claim 43, wherein the gas sensor includes a 1/4 inch plug enabling the

sensor to be affixed to the chamber.

46. The assembly of claim 43, wherein the gas sensor includes a vertically oriented metal

coated filament as the catalyst material and the temperature sensor.

47. A sensor including a silicon carbide filament that is electroplated with nickel film, said

filament being oriented vertically and positioned in contact for gas sensing.
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properties of said filanment. 52. The sensor of claim
47, further conprising an alum num oxide thin film
waleoeaotsed between the nickel filmcoating andP@ﬂanmwmmxm

substrate. 53. The sensor of claim47, including a
el4&cEheisenadr of elaimedds fugher comprisp aresselid §@Hact foreparing Bl ﬁlament n

whedign the el ectrical connection includes at |east

one of nechani cal connection, electroplating

connection and electroplatlng connection. 55. The

SensThe séankor@f elkim 47/ whetmhanmsis Agy peesenit Sirtlnfiiarhény éat cblipling thereof
p§$£&$§8k on an al um na support. 56. A sensor adapted

to sense a gas in a streamof effluent, said sensor
including a tenperature sensing elenent and a gas

i b efh@%ris&%f @lhlﬁf@n Srra\ﬂtetdho Wrmlte Ll oBRSE 4 &ﬁ‘iﬁﬁé clefhing operation
ermal respopse detectlble by the

pr oduct
té’ﬁ'ﬁ]@’l“%&%re‘@c@%%‘f’??&‘eé? jtkel RpfRei n the sensor is

heated by joule heating by a heater, and is adapted

f [a ccor w th t.he relati ' +.
% ﬂ%ﬁnsg»{[)o?tnc%a#rp 4 Zn\t%hereq%g %serrlrcg r? g:)a(sdf ﬁitﬁr’%m\%} ]b? Ql?_atﬂkﬁgf)%cgwal
wmsmem@MWSQdﬁh@ﬂmecessary change in joule heating to

mai ntain the sensing elenent at a set tenperature

T%%enent h is the heat convection coefficient, and is
UNRE SBHOOPL @i {Te Arthemeomptiting Shelbreinrm 08‘3913 ghin dilypy deposited
K ivaewa theniskeSMSbdtg id akedstrhtelent is the effective
effluent tenperature; DHis the enthal py of reaction
that occurs on the sensing elenent surface, and r is

t 138. The sepbdroficlzimt4d, iBcTuding apeledudnd! @fmegtémsi ng a gas in a
stream of effluent containing or susceptible of

contai ning the gas, conprising use of the gas sensor
of34c s spnsor oésvlalrsz\ Shetvhwein dhe destricehepnaectors incydey atlpastappe of
Ofme@fidhlchl @Bine & RARL I phfin OdonSoSHapd dl&thpliting ceRtaibMI NQ

the gas, conprising use of the gas sensor of claim47.

55. The sensor of claim 47, comprising a micromachined Ni pellistor on an alumina suppott.

56. A sensor adapted to sense a gas in a stream of effluent, said sensor including a
temperature sensing element and a gas interaction element with which the gas reacts to
product a thermal response detectible by the temperature sensing element, wherein the sensor
is heated by joule heating by a heater, and is adapted for operation in accordance with the

relationship

AW + {h(k’ V) X ATefﬂuent + Telement XA[h(ka V)]} +AH-r=0

where AW is the necessary change in joule heating to maintain the sensing element at a set
temperature Teemens; h is the heat convection coefficient and is a function of effluent thermal
conductivity k, and kinematic viscosity v; Teguen is the effective effluent temperature; AH is

the enthalpy of reaction that occurs on the sensing element surface, and r is the reaction rate.
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57. A method of sensing a gas in a stream of effluent containing or susceptible of containing

the gas, comprising use of the gas sensor of claim 1.

58. A method of sensing a gas in a stream of effluent containing or susceptible of containing

the gas, comprising use of the gas sensor of claim 47.
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