WD 2006/ 101897 PCT/ US2006/ 009330 METHOD AND APPARATUS FOR MONI TORI NG
PLASMA CONDI TIONS | N AN ETCHI NG PLASMA PROCESSI NG FACI LI TY
BACKGROUND OF THE I NVENTION Field of the Invention [0601] The
present i nWEMPBHIFE ates generally to a nethod and a sySHERPE0II30
det erm ni ng pl asma conditions in an etching plasma processing

facility, i ,
such as fl uorﬁﬁgﬁ]@ﬁ?%ﬁ P‘:ﬁn E W%MG%A%A erivatives
or radicals thereof t E‘ n ene ge |ca y ac iva ed for
etching purposes, at a Iocatlon domnstreanlof such etching plasm
processing facility. [0002] BACH ¢ SEENTIONhe i nventi on
relates to a device and a net hod for senS|ng fluoro or hal ogen

speci es, which have utility for nonitoring of fluorine-containing
conmpounds andEEggfBelmseation.s i n seni conductor process operati ons.
Description of the Related Art [0003] In the manufacture of

sem conduct or 0%1 I ces, ﬂ@g;regeﬂp%&ntn xppelaeefs g%héraﬂgq@ a( §eamd %ﬂdas.:}rslte!np%

di oxide (Si Q2 nd subsequent etc are vital ratlona st eps
that currentl 93"3@@%@@@&‘ gonditiopy iry f”e‘ﬁ@“”érplaﬁ%brﬂ?ﬁmﬁg 15 by gersing pog o
nmanuf act ur i ng npfeeR@Rcalliatie Hepecds] sudias filiorind, ciadile,dddii, tranthe, otygdn, and
undergo a periflfeld: AR Bl AGOHW Ren &&g&sallp&%aéa B dcihe n S
run, in order to e uni torm and Consi properties
[ 0004] Etchln§m§$&§W@“ﬁﬁ§°6@@ﬁwmﬁa@va@§%ﬂmmﬂm§§hlconductor i ndustry
for etching and chem cal vapor dep05|t|on (CVD) cleanlng pur poses.
The plasna is lized as_an.ene
reactive spec?d%i}by br é%?(?pﬁoéﬁca artig'.;lt b mvennon ateS% aq(% e an ? ﬁlgqh &PIJ 4 sfn Bck
and such hi ghiflyore esaclieiogen syseles, e@h@cb“véri@‘étﬁ f?é Wt@”#ﬂga?fs ﬂ’(‘,‘-'ir!‘ﬁ@ma@ﬁgt he
wafer or the ghatdaeindidspdcRs heson@lcRl prbRsslop@gibhson products t hat
can be easily renoved. [0005] Currently in etching operations, etch
endpoi nts are reached when a prescribed amount of tinme has el apsed.
Over etch, i nDadejigiion pfitke Refatrddsts gas continues to flow into the
reactor chanber after the cleaning etch is finished, is comon and
| eads to | onge rocess _cycl reduced .tool lifetines, and.. .
unnecessary r e gﬁse of 1 fig5eE %"B’é CTLSEMIGRIYSoR, d7Vicgy ﬁ'ﬁé‘fzp osiiipst ‘#jsﬁlﬁo“g(gges
to the atnosphstsiiicod divMRie006Y 40kBBFuRCTNIB? GO B1t<) OB:BBOnal steps that currently
comprise 8 - 10 steps or roughly 25% of the total manufacturing process. Each deposition

tool and etch tool must undergo a periodic cleaning procedure, sometimes as ofien as every

run, in order to ensure uniform and consistent film properties.

fe004] Etching plasma has been widely used in semiconductor industry for etching
and chemical vapor deposition (CVD) cleaning purposes, The plasma is utilized as an energy
medium to generate highly reactive species by breaking apart gas molecules from the
feedstock, and such highly reactive species scavenge the materials either on the wafer or the

chamber wall to form volatile reaction products that can be easily removed.

[0005] Currently in etching operations, etch endpoints are reached when a prescribed
amount of time has elapsed. Over etch, in which the process gas continues to flow into the
reactor chamber after the cleaning etch is finished, is common and leads to longer process
cycles, reduced fool lifetimes, and unnecessary release of fluoro species or other global

warming gases to the atmosphere.



[0006] Simlar issues are present in the etching of silicon nitride,
tantal um oxi de (Ta205), or silicon-based |ow dielectric constant
materials (e.g., G and/or F-doped SiQ2). [0007] Various anal ytical
t echni quesW& &W“&%S""Langrml r probes, FTIR optical eni sBEEHHS2006/009330
spectroscopy, and ionized mass spectroscopy, have been used to

noni tor the etching process. [0008] However, these techniques tend
to be expensi {¥8%land Simiaeisyes Gisi presedt e giehing ot sjsen aitise, wrialunPxidaei r
conpl exi ty. Ferafdigbs sitfchedasaliey ganaicablsintaRREICEE S dnlpiREhiasd,).f or
in- line adoption for continuous nonitoring due to their oper atl onal
constraints. [0009] A sinple low cost, reliable sensor alternative is
desired, whi cPopE Us Sfacipusfagalytical spfinéyesciwolt Bilappmyis erobescliiiRraptical engssise| |
as in life safRinbs@pH afdQHBARES §REHRSp2RRE beodhisk®D SaonifR fle et@ﬂnﬁﬁﬁfccess.
industrial process gas sensing appllcatlons [0010] It woul

therefore be a significant advance in the art to provide a reliable,

| ow- cost senfiodd) netHveeveanigsaipghaines trad tohmtexpendite, Zdoben Qi apkedeaedt he
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silicon, sili &epdeption “U‘é’“fé{WEFSﬁ"P‘FOé‘%d“HF°6W’d’8°‘at'§¥‘ﬂ5l°9“8’famﬁon| toring the
etching and cl eaning process, by reducing and optim zing cl ean and
etch times, ence, [ nt
oporating |1 1R nd doarBina dhey SHERY Sior diafy. & BRALDSRIS g RS
Pat ent Appl i céﬁnw@wurievcﬂrvceﬁtcww Ndveﬂml@@@#mm 199PInEprng apRhpatipnspepd
2004 for " APRA&MmELEAMBRRa SR BibR:B6NSI NG FLUORO SPECI ES | N

SEM CONDUCTOR PROCESSI NG SYSTEMS" di scl oses an apparatus and net hod
for sensing solid-state fluoro or hal ogen species, using a fluoro-
or hal ogen-red8iflve rewend thir¢fpra henicniiven advarce imibe %@arOVﬁaek@gﬁlm@w-

posts or Vespeds( feﬁsnr@%aﬁomaﬁtﬁapgir&@s‘ﬂﬁatMI @ardél%o fuk dp@cﬂgﬂ}e mraﬁhﬁ@umemalt he
S

fl uoro speC|equ|n q %b tC?l § 9
monitoring tREVPES% st n %“Pé’ﬁ%n“% | "'é’“ "t“a?“ S %Sfﬁe"rﬁt ‘°%‘hi?§é‘8‘“5y
their reacti omstew'!ss Inclndieg Sﬁlicmosllmemﬁ'cﬂenrtdasﬂmrn@xcﬂampd)fgnmgntonm tarathbing t o

ensure accept ahi c@eaﬁ?ﬁﬁb&e&%} de@ﬁg' aril c@ﬁ}ﬁ&rﬁé &ledﬂ%d?&cl{ 16k, Qmiﬁ Qénce%é%mg
netal filanent-ba di mens tions of the

. OSl
motal fi1 amentEPidmes SOENrRBETI R OBE [ St GG OP R ot o

packagi ng posts or the Vespel (r) polyimde blocks, and the absol ute
resi stance of gaugh nﬁi@'Patfert'Aggﬁmoﬁ P@Jh%anbbﬁ& %&6@74%%%!%&% Al 22, 2004

endpoi nt  det ectl on 12 wever H‘g uct ures_and
the metal packagih BPAFS%Q% AR n PRIQERPS; rFORco#I‘{? Fi hU%?hsFﬁ%IEﬁell%l
filanment sensSEMICOMDUATORNPROCESAING SVIKTEMEt disclotsl e Spialaeis ihd) h@thod Bor

sensing solid-state fluoro or halogen species, using a fluoro- or halogen-reactive metal

filament woven around metal packaging posts or Vespel® polyimide blocks on a KF flange.
Detection of the fluoro species using such metal filament-based sensors relies on monitoring
the resistance changes in the metal filaments caused by their reactions with the fluorine-
containing compounds. In order to ensure acceptable sensitivity and signal-to-noise ratio for
such metal filament-based sensors, the dimensions and the positions of the metal filaments are
controlied 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

defection.

[0612] 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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Further, fabrication of the 3-dinensional sensor packages containing

the netal filanents, the netal posts and/or Vespel (r) bl ocks on the
| SF 1 angeWOS200¢ WY | vel y | abor intensive. [0013] One tYPEUBHOGUAZE

t hat has been deyel oped for, noni cies

m croel ect r orftEeefit lgeese?ﬁ%ﬂ‘?né?etﬁ uh“%‘e” récagcfnhogrghelssgdm K ?agfensor Ef° ?gie

is the pelli stoominiogtialndal Elamgds ﬂa@leue@l:pc@ts and/or Veprel binsks enethe EF flange is
smal | - di anet ef; Wl Sau68hiknsivb.Or med of a suitable material such as

plati num is reposeo‘l3 on a support of a refractory material on which a
catalytic material is deposited. The resulting assenbly is heated to
el evat ed t enpesial ur e On€tyge of seusort the hay igter degfloped o ttoniEBiGCstclameckpedive in
moni tored spe, cl%glec!trgxfig 5&9%%“%{3 e£34 Bl rﬁaﬂgu%a%aeﬁgod % tﬂe?eﬁigtx Gl Y

oxi di zed byt e cat erl esufp r|n

sensi ng oper a&% @ﬁec“-of IC%PS%%'%?FT%‘FFWI r d%fﬁé'B‘FaB@ mgferigl §ye la%st
is transmtt@sdinle, it Rpossli b2 a Cbort aﬂ‘H?lleﬂacfb&l oittrabs whicis€ tiglynig niaryidlivi ng
such coil the £ =¥S!te%| dﬁle resuigr? ! aesgembf}% he%{éd (l)o lévgtgd %ﬁé&&ﬁ% gOfonttﬂ: or @k 31
speci es of interest, abse gas stream
bei ng noni t or HeunRE, e:aittm ympm@reéﬁpe@a& indbe g5 ugcisrmmwoglﬁvéles scafalytically

| onger t aki NQoxidple@GPine LB LShattrial Suigdtuppener, the pellistor can be
usefully enployed as a nonitor for detection of fluorine in gas
streans susceptible to the presence of sane. One such pellistor

i ncl udes a  njogrdnac Muriedhereeske opaition the Seab plsppbustienaf B preeiespl Eiprsiite

support, in V@dn%tt@%ttﬂ@ﬁvm €oil and raf @ﬁﬁm&ﬁ@-%él&r‘mﬁﬁﬁﬁﬂ duSh kdil @en y1e1ds a
tenperature increase of the nlc tﬁ?%"{gel |istor,

change in thelEen¥PaALE BFRAE Secig 9 sy %Cf?f‘ve”%]]éﬁ’d*fjé?se%ﬁﬁé“n %1
ni ckel - pl at edgss isttrdemcbaing aoltitocke wirenafalytia pedution of sedipab epgeieh i no tohger lins or |
speci al care @’H%t be taken to protect the SiC, however, since it is
readily etche y fluorine plasma. It therefore is essential that
t he nickel coating be noderately thick and have full coverage over
t he entire nopofs]| amenduct wanpérghaetlistien B vefidiyreaplbyel anmemdnitbrfordetection

fluorine. The k{\mxllr&liﬁl ga%%u%s E\R@e}aﬁul% @rle pEe? At &}Qmﬁé‘éﬁe%a{ L?ellﬁf'apmgﬁ'depﬁ'

t he order of f m cron ness. typi cal fil anment
| ength used i Ricrppaghinef “ﬁ#@d’é@sas??ﬁhb’t‘ﬁra tlwarblfiwpf{ﬁ“ L ey emé?e@m
monof i | anment exfadeléabiondesil@si Sti@pefurs Ncrédsecof tiediekel pdllisohn vhich Thing ylebine

resi st ance i ”?rﬁanig%sur—fﬁ%reﬁsﬁ%\é%'ofl?rﬁrn{i@]gg&lmﬁt associ at ed neasur enent

el ectronics. core filanent also is tedious as
one filanent is plated at atime. In addition, in fluorine plasm
cl eaning opefpidjons,wieh ainfk@B&i Blicon cabidp mbikvailaesnt tiveritoyed dhoRnsole
nickel layer (s)p\éce1£1 cgre r1§1‘w’i’1*‘st bé ?aﬁéesnl 0 gro&g%he%i& however, since it is readily etched by fluorine
plasma. Tt therefore is essential that the nickel coating be moderately thick and have full
coverage over the entire monofilament to protect the SiC core filament from fluorine. The
thickness of the nickel coating therefore can be on the order of 2 microns or mere in
thickness. For a typical filament length used in an etch process monitor (EPM), the Ni-plated
8iC monofilament exhibits a resistance in the order of ohms. This low resistance imposes.a
heavy burden on the associated measurement electronics. The plating of the SiC core filament
also is tedious as one filament is plated at a time. In addition, in fluorine plasma cleaning
operations, it is possible for pinholes to develop on the nickel layer over time, causing the SiC

monofilament underneath to be exposed to fluorine plasma and the structure to fail.



nonofi | ament underneath to be exposed to fluorine plasma and the
structure to fail. 3 WD 2006/101897 PCT/ US2006/ 009330 100171 In
instances in which a downstream probe is enployed for nonitoring

et chi ng pw&m@mi?‘ﬁen t he nunber of avail abl e mat eri aPST/EF2006/609330
construction ns n the abi
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that nust be [eomyaed In%m@'uam aﬁg@aﬁang)ranegn&anéaagdahu@n%m& Q@A@eré n

addi tion, existing set M systens requires a su stant anount
of operator ‘i‘SH"’cﬂérﬂf‘érPf“?kéﬁ?d ‘VIF’F Efﬁ?&*‘i‘@ﬁ? éf'mc“l”n@lak FOFcRe gmoxs gt?F iNa and
trip point nusénibéngiplidatiohsy set after an operator anal yzes signal
traces that are collected fromprior clean cycles. [0019) It is
apparent fromthe foregoing that the current nonitori ng proaches
entai |l signiPP@hnt depddiionrrising saipl of BRM sysase oo Wosjopel paewd 85
and desi rabl e@peﬁldwm\ém@ﬁ Tttt YEMTdhERE dfOQ3Rhm Tierip pefenst teMagnally on

rel at es gener a ar at us ter { he plasnma
condi tions in° Lfﬂ%eaf“ Hslgﬁ raﬁ%ze r?%ngfrgcges%f‘lﬁé& éte‘ﬂf fﬂcﬂéa@%m toring

presence and concentration of energetically actlve gas species in an

ef fluent gas gbfogam %Qggp%ﬁctrommet ﬂa@gon%ttﬁahkm@mPAnaﬁamtomng@@s@h@gntalf
eam of such etchin ma  processing

facility at a Io ati.o

oot 111y, 1 OBer I Rt b AP SRR B PR Y ol at s to &
nmet hod for determ ning plasma conditions in an etching plasm
processing facility, conprising the steps of : providing at |east one
sensor el enent capabl e of exhihj hange in presence
of energetic gas species and €6 I QN ating an out put
signal indicative of said tenperature change contacting the sensor

el ement with @a%ogf (| 4800 0R%ShbFAMIBARHRLS ol aa&lggga;%@m &E&rmﬂi‘nésm

processing fa at _a |l ocation downstream of 3’6 et chi ng p | asma
processing fHe P\afrwondo\ms Hep Sichipplpg Proses s B T8 AN BR £ R AL h
et chi ng pl asnenphodies sf auggétadiylabivy gassases in an effiuent gas stream generated by the

etching plasma processing facility at a location downstream of such etching plasma

processing facility.

[0o21] In one aspect, the present invention relates 1o a method for determining plasma
conditionis in an etching plasma processing facility, comprising the steps of:

providing at least one sensor element capable of exhibiting temperature change in
presence of energetic gas species and correspondingly generating an output signal indicative
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 condifions 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.



on the output signal generated by the sensor elenent that is

i ndi cative of tenperature change caused by the presence of energetic
gas species in the effluent gas stream 4 W 2006/ 101897

PCT/ US2006M604888H18970022] Such sensor el ement in one enﬁﬁﬁﬂﬁ@ﬁ@"’fmm
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gener ates a volta
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condi tions a%ﬂ(ﬁe in Bk %Péaagwﬁ&dcapee ﬁéE& o &temﬁm%&ﬁ hiafh RhASTR

processing f I'n_anot her enbodi ment e Sensor el enent
conprises a t#én H‘P%‘iac? h‘“&“‘r"@%‘f]%{”é*ﬁ@@hmﬁ@%@P‘&‘feﬁﬁ‘“é "’df@‘fyect or (RTD), or
any ot her probe that is capable of exhibiting tenperature change in

the presence @ nerg;gg@%@gﬁa&%@m&%&%cre Cﬁ@'ﬂ%hxyt ,gm@nmng

an out put eratu 024f
energetic gasteﬁlpﬁé@ilre§etF%t(R'E%)u§’ém’tYéﬁ%’éPra§elfP% i trathle ] ‘?’ihlf’lﬁlég CBRLHe

el ement i ncl btﬁl@ge d@wﬂe sﬁlc@@ﬁenbﬂgéﬂctg@ﬁsp'&cﬁb.s afd tiRredpBRlinglyhdendtdting an baghit ne,
brom ne, oxyge " vatiy a%r c%nd radi cal s thereof as generated
by pl asnma conﬁ%r{a‘1 H%a Wé) ah geti'c tgas species are energy-carrying
neutrals that have a rel ati veI y I onger lifetine than the charged

particles gepesated MY ete ncpga@ﬁisaesqmdauza t&ﬂ;&r&hﬁ&ﬂlm@&% e pakdr ele@ént
reaching a propbe sy rface

ool 11ty ol s Paggy o B eat Pist S0Pa RuBdepeRains' "
col I'i si ons anerdordieaisothérent 1# genertsd b ivhsd enditigng0 383h ¢naragticf gap shreips are

aspect, the pgg J&&r)n@V&G&élsoﬂlatriﬁb@Il Setatibedy ﬁsn@:}’ %?eﬁﬁb fh tﬂaeéhexrgéﬂ ﬂalrt&&s
pl asma condltlons in an etch

conprises: a GREELHOHPT Pl‘@smdé?ﬂd%@‘%f@ﬁa‘iﬁﬁg’ﬁﬁﬁ? &ac ggaa%rg%ﬁf%%éed%’%kmn
ef fl uent gas sfheachigafenatredsshyg fichiey to dtmttiengeypindlsmobs rofes i n‘glastlc
facility at a élﬁ’sﬁ:ﬂéAnﬁBr&QM&r@c@x%%oéUCh etching plasma processing
facility; at feast one sensor el ement operatively coupled with the
gas sanpling device for exposure to the gas sanple, wherein such
sensor el enenfooy capaklfetef aspachiti liréseng intvemipe refites tea selvanige détaumining
presence of eBﬁJa&%Bﬁd&{ogﬁﬁ m‘?#&%ﬁ%éﬁsm@ﬂ) o&Qhd ﬁélﬂmﬁlcﬂgdn}bn%nef ating an

out put si gnal erature ch g{
a gas sampling device for obtaining a gas sample from an efﬂuen gas stream generated by the

etching plasma processing facility at a location downstream of such etching plasma
processing facility;

at least one sensor element operatively coupled with the gas sampling device for
exposure to the gas sample, wherein such sensor element is capable of exhibiting temperature
change in presence of energetic gas species and correspondingly generating an output signal
indicative of the temperature change;

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,



a nonitoring assenbly operatively coupled with the sensor el enent for
nonitoring the output signal generated by the sensor elenent that is
i ndi cative of tenperature change caused by the presence of energetic
gas speci e¥AHWIGUIHgas stream and deternining the pl aBAHUEBHIP?Bns
in the etching plasma processing facility based on the output signal.
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materials, including without limtation, gaseous oxygen conpounds,

oxygen per se (yg3oft OMhCusedheddi) Eﬂe(fenﬁ @&)ygen@ﬁeciei dratbyBEnt is(ifk@)led 10 berbroadly

gﬁg?ggt : gg_is | yacggs[tr?%;%/‘ ggncgrﬁ%gsf'lal? e ! -90?1 Elmg pxgﬁcrﬁg mV\1h!118é1 v%&xt limitation,

gasepus oxygen compounds oxygen per se in atomic, diatomic (O;), or triatomic (O;) forms,

b.

oxygen ions, and oxygen-containing jonic species, which are energetically activated under
plasma conditions. The oxygen species may include activated oxygen-containing species,

such as H,0, NO, NO,, N;0, etc. in jonized or plasma forms.

[0031] As used herein, the term “metal or metal alloys” is intended to be_broadly
construed to encompass all metals or alloys of metals in their elemental form as well as

conductive metal compounds such as metal silicides and/or metal nitrides.

[0032] In yet another aspect, the invention relates fo a gas sensor, comprising:
a thermal isolation structure;

a catalytic material;



pl asma conditions. The oxygen species nmay include activated
oxygen-contai ning species, such as H2O, NO, NOG2, N2O etc. in

i oni zed or plasma forns. [0031] As used herein, the term"netal or
met al al | o> 200&1G1¥¥ ended t o be- broadly construed to e REbRBH8E004530
netals or alloys of netals in their elemental formas well as
conducti ve nefmiterc@dpounds such as nmetal silicides and/ or netal
nitrides. [003”;!l eraguysglgsmanot her aspect, the invention relates to a
gas sensor, r’er a thermal isolation structure; a catalytic
materi al ; V\!be@@%/ 101897 PCT/ US2006/ 009330 a heater; and a

t enper at ur e Stﬁ@wperatuwﬂ@h@i nomprie itewpenpat of @ hensgle, adimmiwegunéta

| east one of tﬁ ? {mgleme,t a thermstor, and a thernoelectric

el enent; the %’i“%ﬁecm Ferial is catal ytically interactjve vvlth a
gas to effectte cadtic ovriaghl is tratalytieally intemetlye il 2asdhdneitet reagtion of fig &
tenperature s&mgﬁgdﬁa@ﬂ:@@t ed to sense the heat effect and produce a

correlative o i ndi cative of pres
the gas conta T ef‘?@er?t'f‘fé SOIF A PR R p Ter A > fedt Sﬂ a9<§ Rl%&%{&ﬁgp%%&ﬁ%mpgl on

structure is adicatingddrescoceand/draomsentiption of th &aycqﬂ@gfﬁlgﬂ’eﬁat%'ﬁﬂaﬁ@aﬁﬂ t he
catal ytic magefbih Igﬁat&ﬁ‘ﬁru@@@ﬁ@&m&@{%?&aﬂeasepmm hetict AedHRE bf 1B catalytic
invention relates to a chem cal process assenbly including a chanber
adapted for frgweby BehsM¥cess material therethrough, and a gas sensor
as described herei nabove, adapted to sense said gas when present in

the process n@Bﬁi' al EL?EQ%ZQS oo §it &hglm‘feh’tfoh naﬁtesaﬁapEQ:Benﬂéal tphﬁesb l’z\%@rﬂﬂj’ on
relates to a sensor inc

licon car ?ﬂg % i
el ect r opl at edinglpding afhepRlsr adFP"FW‘%“é{“’(ﬂOaP’PFGéSHEﬁT“ tg?r?f{'j ’i%geaé‘ &% Thnsdrs
vertically apgcipaBictinatee afaptet DREnachid fowhgasesse ighaygeces 0BBEL. The
invention in another aspect relates to a sensor adapted to sense a
gas in a streamof effluent, said sensor including a tenperaty
sensing el enef03And & glsfoither e f G/ NEMERERRIS P AR ‘Eﬂgdt“ﬁe ﬂ{’hgn

reacts to pr 0@&#&& fBarkeROth41E elerce@mﬂ S@h diettebfilin, bidefilayent Teingtodentd verticatle
sensi ng el enent is heated by joule heating by a

heater, and i gnd&a%tb@%de ]gongact%‘or gds s%nsmg

[0035] The invention in another aspect relates to 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 ATettuen + Tetement XA[h(k, V)}} +AH-r=0

where AW is the necessary change in joule heating to maintain the sensing element at a set
temperature Teemens 1 Is the heat convection coefficient and is a fanction of effluent thermal
sonductivity k, and kincmatic viscosity v; Termyen 12 the effective effluent temperature; AH is

the enthalpy of reaction that ocours 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 suscéptible of containing the gas, comprising use of the gas

sensor of the invention as described hereinabove.



operation in accordance with the relationship AW+ {h(k, v) x
ATement + Teienent XAl h(k, v)]} + AH r = 0 where AWis the
necessary change in joule heating to maintain the sensing el enent at
a set tenPpErWPeit@sdcl enent; h is the heat convecti on cBETUPWPENP33ENnd
is a function_of effl ent t her nal on omat |
viscosity v: BP&Hhi<m O8ef peessy fe@%rﬁ‘?)’g ? rﬁeé' t %{]é ‘é“'Pé‘i“u‘?*E%eRrﬂ” %Hythe
ent hal py of rgagtadt &om thaatsuiog distlesuroand kipendsdeidinng eI enment surface, and
r is the reaction rate. [0036] An additional aspect of the invention
relates to a nmethod of sensm as tre mof ef f |l uent
contai ni ng or susceptibl e SRIEEGESERIE S Prising use of
the gas sensor of the invention as descri bed here| nabove 7 WO
2006/ 101897 P S20 0 7 t
enbodi ment s o the | AL TR w{ﬂ@g% o 85 ARG L B ol
ensui ng di scl esarcensipdn Blepeivigd epdiens ﬁrSBﬂldEiherBES’GPZF teRpeymbdijpent
DRAW NGS [003§ﬂthe|:plre§gntﬂw@h@ws a W shbone-shaped sensor el enent
containing a copper filanment and a constantan filanment joi ned
together at first ends thereof, according to one enbodi nent of the
present invenfod®. [ GOBIshews@ TefonSinested sensorelpthesh eeoprding it wsel cglodignsnt of
el ement, acco%gh@gmt@eg{@g enbodi ment of the present invention.
[0040] FIG 3 shows the output signals of a sensor elenent in
exposure to NF3 plasma containing activated fluoro species, in
si de- by-si de (oépari Fo& 3vwhows thedwtphi sippals ofe spaprtdlegient iperwosmierie NEgplasma
measur ed by a, nﬁﬁi'ing%uﬁ?eﬁ R s?ﬂgc?eg lﬁ@@é))y m&@%ﬂp]arlsgﬁ C";ch‘h:wS hQyRe ba{iﬁl

S

response signa a sensor ement function of
conposi tion uﬁ’@%?reéﬁfﬁwféﬁfaﬁlé@sgﬁsraé@ﬂﬁrﬁﬁ §hs flow rat es accordi ng
to one enbodi rent of the present invention. [0042] FIG 5

illTustrativel Qﬁpl ct thpgm%g %%?esg glé?lﬁ‘@lof X's&%%rgfemﬁnt%l 'f&faﬁon ofNF3
substrate hav irst sacri | ayer ano

barrier mater FWPOﬂ@ﬁGﬁﬁlef differp reEyRs EL“[1 E?GES‘]’ fﬂi‘fﬁé‘?co@miglt‘l %PW%‘%“W&H‘SW"
depi cts the cpessriseaiononal view of the structures of Figure 1,

except that the layer of barrier material is planarized to be
coplanar with the first sacrificial nold |ayer. [0044] FIG 6A shows
t he t op vi ew 0043lhe e Ucilyskdively dqp;c‘@meémg;-sectmnal view of a silicon substrate having

a first sacrificial mold layer and a layer of barrier material deposited thereon.

[0043] FIG. 6 illustratively depicts the cross-sectional view of the structures of Figure 1,
except that the layer of barrier material is planarized to be coplanar with the first sacrificial

mold layer.
[0044] FIG. 6A shows the 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.



[0045] FIG 7 illustratively depicts the cross-section view of the
structures of Figure 6, further having a second sacrificial nold

| ayer forned thereon. [0046] FIG 8 illustratively depicts a
cross-sect WEhBPS/ARIERL of the structure of Figure 7, fur PREUSHAYINE A
| ayer of cont for [l 897
PCT/ US2006/ oog’g‘{% mg]‘ﬁ%@d’g‘ﬁ?'ﬁ?B‘gt%lr"%as;%?"\tx‘ré Vi Qf*he S“Whggf%é“%l
cross-sectio nadcept'ﬂlewwdﬁyet pfeorgack-foerning watesil 1FP1§@¥1@483 bﬁ celsé@@wﬁt%%ecm%e

| ayer of cont agkncf.phdflBgematerial is planarized to be coplanar with
the second sacrificial nold |layer. [0048] FIG 9A shows a top view
of the structures of Figure 5. [0049] FIG 10 illustratively depicts
t he cross-secféial Fi@@Achows hopstewatthestactofs fFigued® 9, further
having a third sacrificial nmold |ayer formed thereon. [0050] FIG 11
|IIustrat|veI depi cts _the cross-sectional view of tg struct e of
Figure 10, Hher BLiA g usragleterig the GFTrTioThy iRy P ‘g H’é’ﬁfﬁ’é‘?l gore

t her eon. [0059,]ﬁ1rﬂibﬁav1ﬂéami’rdsa&ﬁ‘m:altmakélhwﬁmnﬁﬁ@som he cross-sectional
view of the structure of Figure 11, except that the |ayer of support
material is planarized to be coplanar with the third sacrificial

mol d | ayer. [06¥3] FFE: 11211538%&»36%*@ﬂleafs’sw%wabvw‘tJ REthe frugate of Beys
Figure 12. [ 0Qf8kthdrhbsinglIayed of kipbdraxhdteviall dyposiepineiean. t he cross-secti onal
view of the structure of Figure 12, except that the third
sacrificial nold layer is sel ectlvely removed and a | ayer of a_sensor
material is dEpY3i t edIG HeflberrtivalOdrsigh theomss-sectinnal WeweT i eiruetyis of Figwe of
the struct ur ejQfexdshiomsranel fiyer [000RDdrt Ibikrial IdplinkliAds td Bd bopRhy vlBPhEhEdt he
cross-sectional . iﬁwlgk t he structure of Figure 13, except that the
first and thesagréyf?f? GUSEEH ficial nolding |ayers are selectively
removed, formng a free-standing gas sensing el enent and a

cont act / barri g)() | enmgipd 1%%nggpymm%sﬁWQ@F@ﬁtlzof t he present

i nvention. 562? FIG 14A shows the top view of the structure of

Fi gure 14. [0057] FIG 15 is a perspective view of an illustrative
gas sensor as®esd)l y, Fi@nprilstatigely depicts decntesdions) viga of the siukng of Fiawent

supported by & coplac {hpﬁﬁrﬁ'sﬁﬁﬁ&hﬁ\gﬁ%er RGERNE M v £88 12y81H2 9 dinbiR Nt
of the present invention. [O is a perspective view of a

sensor assean‘?*e’éaéldeHﬁ"F‘W@ﬂ‘P’G"“anot her

[0054] FIG. 13A shows the top view of the structure of Figure 14,

[0055)] FIG. 14 illustratively depicts the cross-sectional view of the structure of Figure
13, except that the first and the second sacrificial molding layers are selectively removed,
forming a free-standing gas sensing element and a contact/barrier element according to one

embodiment of the present invention.

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

[(5057] 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 invention. 9 WO 2006/ 101897 PCT/ US2006/ 009330
[0059] FIG 17 is a perspective view of a sensor according to a
further enbodinent of the invention. [0060] FIG 18 is a perspective
view of a $EhW8+1UETording to a still further enbodi nenPCT/EF2004{@09330
invention. [0061] FIG 19 is a top plan view of the sensor of FIG
18. [0062] FIG 20 is a schematic representation of a process system
in which a sefem] adFt@ridisepstspeciveeriearre dinme atcording tovefuitiey embodimentjod
mount ed. [0063L;Fl&n 21 is a mcrograph, at 500 tinmes magnification,
of a sensor filanent in which electroplated nickel has been renoved
to forma channel. [0064] FIG 22 is a graph of change in electrical
resi stance, afo060]f un@Id.as iscfpeispentive viw of esensoav@atingsoastiildetheofmbpdinent
wire and ni Ckg’llt Soated alum na (curve A) and a horizontally nounted
strai ght nickél/coated Si C carbon fiber (XENA) (curve B). [0065] FIG
23 is a graph of resistance, in ohns, as a function of time, in

m nutes, showomg t herie.as pRGSlaied ofits detsor FGHL €8]l ni ckel plated SiC
filament (curve A), a discontinuous nickel plated silicon carbide
filament (curve D), a nickel plated SiC filanent plated at a current
of 0.125 mi || {@s f GHG20Heasdepgigromesgyation ol pReEsFs Psten dywigphca sensor
filanment pl at@ekamk toQnenbdliinkdt 8 RSinfeon® ittt (curve E) and the

pl asma on/off cycle (curve Q [0066] FIG 24 is a graph of

t her nocoupl e voltage as a function of tinme, for a test in which

t hree t her noct9pdles VEG.21ldx amiitremiaphyad 00 tixgsouagriication, of & segsrilament in
trifluoride, iAg)HehBGat@ nidRAhS tWinr&noledty REn b t.ARENt (Curve A), a
sheathed T-type filament (curve B) and a sheathed K- type fil anent
(curve C). DETAILED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED
EVMBODI MENTS  TaeEREOF FI(.CHA6s74 griphef chadge br ddseisal haisende.ee n fpijpk of trde, foor

studying tne loihaflofles S BN rdshdliiolel Ak oS TBurt OURRAShoRd R0 Ahb g
i nside the plas pr ocessi ng faci|i E?éél‘ﬁ?ﬁjcgq as the wafer substrate or

the plasna resEAghbHckelra#esEtC gaatiop fiber BFEF energy fl ux
experienced by such in situ 10 WO 2006/ 101897 PCT/ US2006/ 009330

[o06s] FIG. 23 is a graph of resistance, in ohms, as a function of time, in minutes,

showing the response of a Teflon-coated nickel plated SiC filament (curve A), a
discontinuous nickel plated silicon carbide filament (curve D), a nickel plated SiC filament
plated at a current of 0.125 milliamps for 5 hours (curve B), a nickel plated SiC filament

plated at 0.25 milliamps for 5 hours (curve E) and the plasma on/off cycle (curve C).

[0066] FIG. 24 is a graph of thermocouple voltage as a function of time, for a test in
which three thermocouples were examined under exposure to nitrogen trifluoride, including a
bare wire T-type filament (curve A), a sheathed T-fype filament (curve B) and a sheathed K-
type filament (curve C).

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED EMBODIMENTS
T THEREOFE

[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 epergy flux experienced by such in sit

10



thermal probes is the sum of energy fluxes carried by charged
particles, neutrals, and photons present in the plasna as they

i npi nge on_the probe surface. [0068] In contrast, the present

i nvention @?ﬁﬂ“ﬁ YIEwnst r eam t her mal probes i nstead oFCT/HS2P¢/gpo330
energy pr obes m oring. ener ux, fr n e eam
generated by ° {pd?ﬁ 5?%%&?%@&?5 ‘%‘f‘f’dbty Paé%eg dcéeﬁhsﬁﬁqsé%ha?}é%@g i on
away from t hepipteaismiae Elmrrdiaﬂlmmpmge[@@ﬁgljobmrf@ach downst ream | ocati on,
only energy fluxes carried by energetic neutrals, such as quorine
chl orine, iodine, braom ne, oxygen,  and deri vatives anlf i E ead
thereof, whi &98re dhgreshdis e By ghgwov PIEPToRR Hernt RSy B2
particl es andofphetonsgy mebys, feachitrineeragyfifdoe wfeffivent kasdosamseremiahby
thermal probeg, §§r€a€b\‘b%§smfxé1ﬁcﬂlt9Et%ré%%ﬁs}feagﬂclo&tkfb‘ﬁ a@wog&’thé Li4%8 Sond@Msr | ed
by such energet c neutrals correlates wth the ‘plasma conditions
guantitatively, it can be advantageous used for downstream

det er mi nat i on[o9]t he Mlsahrawsatth lbéatdts odlnerety fletes bdutg by phagtimneutrals,

Processing ! aGid! s yorkndOibline] u%fn%fls;srﬁ% %&P%@H&PQQ{)F@M rificafs h%;eo

present inventi o i's capa
temperature c h‘éli?@ are |°hﬁfitcﬁézeﬁ> Pié@ég%%fetﬁﬂle ﬂt‘aﬁéh%évﬁtl‘ét’ééﬁdrﬂhﬁ‘é’éf @We‘F’ﬁ%thc

neutral speci @ﬁfa@fﬂﬁ'f ﬁ:@l{ a&&melltmﬁw p&e&erwebaushgthamt@bﬁymﬂthes ergi@ | fluxes
i ndi cative of sa he aé%iﬁpeutra[s cl',oerl €s' wﬂh%h é))fao qug goqmbgns Fanﬁtgt Jefé’eipéangas

st r eam gener at®®H° Stl e eF proc

| ocati on downdt pdvantasefus pve f%ﬁewswnpk‘awtlw@ﬂ@s) TARConditqnp iﬂt‘f‘)’/e Stqhine
noni toring thesRNREBMnE kUXEs carried by such energetic neutrals in
the effluent gas stream For exanple, such sensor el enent may be
operatively coupled with a gas sanpling device, either coupled to a
downst r eam f | ¢do@olf | oWhpafole, iooneaniedimens bf ﬂ!@raerpétwtnﬁglf, agepett efeimerit.dviich ow

path, for obt ?Jaagraﬂg ofeiAfing &ﬁg&&@e f;ﬁaggylﬁ m@pleg‘eﬁéewmg aﬂﬁ@de@&rfb@cﬁéﬁb@&tn
such downstrea ocati on and Eﬁ(l)SI ng sensor

0 as
sanpl e. [007 1}1&%‘@9@%@&@?@@%@ wv%fa*m% = Pieusia! lﬁdﬁatt"ﬁ 84E S&lf‘ﬁ“l&’@ﬁ?‘%gas
stream ther efmig, iseapdted hem sSlirdtanestin guechied dytst tbamphens prcessing
el ement to | EE%%IEY a?QFlEQMn ﬁ)cﬂvngtrégm e Qhing 'ﬂfa. n@a%?ocgésﬁg fa&ﬂ@l i@isﬁidnﬁormg the

collisions a ease reaction energ exot herm ¢ reconbi nati on
t hereof on t herergydlygescardedby gech energgticiepfys Tﬂ‘%?fp%‘i 885 P& PR PGPR SN ge
on the surfac @er@(fr elobhel nB@ BS Oferatilin®@ngiled witilicdas taaipineyr &bicy, eittehengiel ©s
correl ative t o e B ERERESH AN SONGAEL A ol Alid HRE 8N ABER Gy o g

neutrals in the e uent ream ere oré usefu

i nferring the sphmsHm é@ﬁﬁ’ﬁlﬁfﬁ @rsstredih atisped C@WWF%IDWl%FPé %P%’Bé%lsﬁ“@m
facility. [O00%¢Rhedtkafaiaabhyle. such sensor el enment conprises two
different netal conponents joined together with a heterojunction

t her ebet ween, whi ch exhi bits detectable change in the
[0071] The energetic neutrals, if present in the effluent gas stream, therefore reach the

surface of such downstream sensor element to impart energy on the sensor surface via
inelastic collisions and/or release reaction energy by exothermic recombination thereof on the
sensor surface, causing detectable 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



voltage differential between the two conmponents of the sensor el ement
in the presence of 11 WD 2006/101897 PCT/ US2006/ 009330 energetic
gas species. Such change in the voltage differential quantitatively
correl at esWR PRI HE concentration of the energetic gasPQHE§¥@@mPﬁm

t he effl uent trean1 a a nonifor

for inferri ng%’feﬁ% ‘iﬁaéslf‘f’ﬁ'escgﬁl&}? '?’r"’%ﬁﬁé“ ﬁvqsuégead%gefe(??\ NS T Qag??é@ i ng
faci lity. [O0O07@Jconbtreragpeéint ercigsticrzacheicein tociipes gdsistm, @d danse kosideed
condi tion of $ughoHRASOS @%ﬁﬁemn B cofiditlohd 1 Hia Lk PhaGldage
of the presentyln\?ent?’%r?VIC ] ?eirabcoy,ownen1 helgﬁé¥%1 ) §§
streamis sus@ﬁﬂ%?ble to presence of energetic fluoro speC|es or

ot her hal ogen species, such sensor elenent conprises materials that

are resist ani e, Cor'fhgzgpﬂceicogtru%rga Dok gﬁflf uHe coﬁcﬁ?o%l S5 QLer

hal ogen speci rmse pro tected fromsuch corrosion of
attack, e.g., elﬁlyef‘éafFPﬁéli“Gal Torrtherpaactng efihe agp inggtionc oat i ng.  For
instance the two conponents of such sensor elenent nay be forned by

met a! fil anent[ﬂ% Cont}ﬁéfé}'#l}gluﬁg %sfﬂuent eg()nesttI%aln 15 usc 1P|le ?reqreanc]e # %Ffé‘la’lhps

al um num and copper
may have an a\ﬂe‘?regm@ emfféheebﬂ@ﬁ’en $negien, a5 sans@ e@mmt@memxscsomemlatﬂlat 2900

mcr ;)ns [ O?Z%mﬁutﬁiﬁé&rbﬁdﬂ o@ﬁt%a@!f B i8¢ RR s{:ééﬁ@orfbﬁheﬂ?a[b‘gaf spé‘che@{&% RlotheQise
practicing vent. on at co ses
DSt conponsRreh it sk ERHBER ik Sb-38 8t Homerb S aihsaap 5
copper - ni ckel ingliceyths rehcomporsun of awlt sansor Bleént oep pe foranidbninetklefilanznte

f1 uoro-resist %anmg@ﬁh@als%%%t& anwucﬁls%ﬁ@talmnmt 5&@%@%@{ S RoyStkof, OF
detecting ener oro species. [0 g! t her he sensor

el ement may c8 ?hsleef%{ PPISES BEY BF & Sifpee F’h@f oA OB Ot TBiEHeR to o
two netal conmpideridrsnsof the sensor el enment from corrosion and attack
by the fluoro species. For exanple, such sensor el enent nay have a

coating formed of polytetrafluoroethyl ene, alunmna, G oup nmet al
fluorides (sufl7¥s CAFEertcHEr mveferrs Bpesfgensosaiopent by Pfﬁ'é*ﬁ’eathﬁaqevﬁewsm(cg uch
as pol yi m de tsatsasoralement dat@mpiisas amdorhgpnmmnbfdmﬁeindtaheonddbﬁﬁaemr k

Vvespel (1)) SHa!kJ, ofll Hogagé?%fokel §1H>§Qm{; LisLl;h‘Bﬁs?ant%r?Sdoﬁltc%‘ éﬁ&?%}&eﬁ‘% {1 ”0911 1sct)an§ to

i nsul ate the e sensor enen
avoi d |nadverﬁ@H¥®éﬁﬁW& mﬁﬁ”ﬂﬁ@ﬁﬁﬂ%@“ﬁedﬁﬁﬁﬁ@mM$WWW%°ﬁ&@@rnm
conductors or conducting materials, which may interfere with the

measur enment . Oiﬂg)thﬂ ev %]u;ﬂ%i 9 %edsler}csgree[ee nntt Im%' fomfﬂseg\?\ﬁmro‘kesxs argc coa%ng tha?t%?o ects an

exenplary w's e- shap ed Sensor
the two metal components of the sensor element from corrosion and attack by the fluoro

species.  For example, such sensor element may have a coating formed of
polytetrafluoroethylene, alumina, Group II metal fluorides (such as CaF, and MgF,), and
perfluorinated polymers (such as polyimide materials commercialized by DuPont under the
trademark Vespel®). Still further, such fluoro-resistant coating functions to insulate the metal
components of the sensor element and thereby avoid inadvertent contact of the metal
components with external conductors or conducting materials, which may interfere with the

measurement of the voltage differential.

10077} Figure 1 shows an exemplary wishbone-shaped sensor element 10, which
contains a first component 12 formed of a copper filament and a second componen: 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 ferminals 16 and 18, and a monitoring and signaling
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contains a first conponent 12 fornmed of a copper filanment and a
second conponent 14 fornmed of a constantan filanent as joined at one
ends thereof to forma heterothernojunction. The other ends of the

first and W&’&%l"éﬁ?ﬁponents 12 and 14 are f| xed to or oPREVH}0EEI09330
nmount ed onto two trical acts or t
moni tori ng an€fv&r @ﬁ%ﬁ Py s 4 c }535%90163% E?%/ @86@4\%8%%‘@ gtew ce

(not shown) asetees triched tdueinas Hald\ié fmadqtemenmsyebemce apfbefinecoiratipn ef the
vol tage diffepentigh.s between these two terminals 16 and 18 for
determ ni ng pr esence and concentration of the fluoro species. [0078]
Figure 2 shows anot her exenplary sensor el enent 20, which contains a
first conpon@ots]22 atgdreae seeoastheosposientendd cfepentad, wiichdichkins e rirst
metals or met 9‘{!1 é)?‘lan YSana seJo}xd"QJr@ %ﬁ‘%%&i@& L8R IR GeRR o?%{aladllﬁjrsngﬂx

pol ytetrafl uoro ene insu onents a

protects suchﬂﬁqf‘bmlﬁw sPHng33 pfainig P?‘H%tfa@'é’f‘ithM]B‘i‘ed“%’%@& P‘ﬁg conﬁ?%e“?slaF st
and second cQBpeNfdkas Aéh ZOA aagakaiyehq @ied fMbrooneicen dhe five prelofecdnd
form a heter ol ynetd @, A hloathatnlnss ALASTNAE, IRLALER ek W0x

el ectrical Ter i nmoni t ori ng
and si gnal i ngotievisemoynted puig Froneieptrieshpprigets alteswingls 260 98, KoMt Ao EpnE

moni toring t hgndvé?éntaﬂ%edewsg fbesent) B4 pdekwely (gsE fof Wanieihgitiralokag? 6
and 28. [0079], of the, vo% gﬁ differential between the

two conponent 8if ““L“ e?é%?%?‘mé?”&%ﬁ fi'be readily achieved by a
voltneter with a sinple signal anplification elenment, or any other

sui tabl e inst Edé NtS \Paa MR &{thlesvo1tﬁ’g’eeﬂﬁe‘ie%{@mbm@&|ﬁe Hbeaoa@bmmetof i)
Corrpensat i on

t echni ques_are. used to co sa t
of any additi 657" e“*l‘l"@‘f‘éi“’o}’ wily gl e V%@F\%‘é‘rﬁl‘ t ﬁ%ple St I%%r Elff{er!%gt
and t he neasukglenént,i dasby umrm}taahdnatranansrmum@rﬁamc Fredfitrablyproald dhearaiuretiop f
the vol tage di %%p%ﬁsq%' tL&%QL ard! [géa% FRARUIBENRE nmat dehay additonal

above- descri bed 'sensor enen IS Si e an stra ht f Qr %t
per son or di namptppiuadgden fOé‘Hcdl hytotepn thy Spns n@a‘ﬁen’rﬁ%taﬁfj %7 W%"ﬁgﬁ?ﬂg °
conponent s andnseRBécgidhdbsu@medbf thheltappdifftrantining and si gnal i ng devi ce,
W t hout undue experinentation. Mdre inportantly, the si gnal
rreasurerrent for such sensor elenent of the_ present vention is
passive, i.e. [008& extBgmhmeaspraney Qrhs ahyys- ‘i’eé‘ifl‘deoFeﬂi"ﬁée r‘%ltS:‘md’?‘f
such Sensor S strdi@@8hhrdAkiice b Nitsbiy @fdiaarily hiillsens ok @l ewertdilpf detelgine the
present Inventlon an%oc {' %\ra%ona@y theo&al?tgn %f’%ﬁ rg?glnaiﬂé %ﬁ&: v&ﬂﬂ&dt l»lﬂlhdag

. . e:
but not Iimt&F G thE nistors and resista enper
experimentation. More importantly, the signal measurement for such sensor element of the

present invention is passive, i.e., no external energy is required for the operation of such

$ENSOrs.

[0081] Alternatively, the sensor element of the present invention may comprise any
other thermal probes, inclnding but not limited to thermistors and resistance temperature
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 .
curr;ant control 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 latier case, the manipulated power provides an

indirect temperature measurement.
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detectors (RTDs). The RTD may operate in neasurenment node where its
resistance is read wthout nodification. Alternatively, the RTD may
operate in constant resistance, or constant _ current control node,
where the MESIYHHEE of such RTD or the current that paBSEYSIONE/BIEH

such RTD i s ul at to ma i n, at crlbe e,
for exanple, ”@9%61 r‘ﬁg"“ﬁ? g @ ‘?"8 eripag) 6’3 1Y q&¥e g@ a9 Ona(%} ené{%hyt he
| atter case, fhven spamspthb atedt ipenan opr byiettidly aaﬂned fordfier et@tgeﬂce&?pé?eaﬁsur e

nmeasur enent . H-;&ucm@ %PRG/ 113119408% Z:hlglggl b 086LR0 Qﬁ%@n @ 9824tiv4 dobodaghs t he

above-description is primarily directed to detection of energetic
fluoro speci e¥efhe present |nvent| on can be readily applied to other
energetic gas species, | ncI uding but not limted to chlorine,

i odi ne, brom @GS éOXY% néj% ik ﬁitth éer@&%nﬁ%%&ude b Bﬁ‘él@ﬁg sensor

[0083] The ga nsi ng ys e resent 1 nventjon nag i ncl ude a
singl e gas seffsigferiveddiergiadhoyy BfébPhH@%‘? '&’B@@Seser‘sﬁfls’ viersin themyliRle &3¢ SBWE L
gas sensors, M@ernalpfbvidb edifdhcy Bl backgPSersiag subilitg beimshics difftientiona of the
redundancy or in i I fof es
of the multifPF i Seﬁlg%rei%n? e f% %gr etgljas%%’aﬁ%aff rgwgée}%hgﬁ;s 3 B

di fferent enesisaniey a[glum)@éigé@nit%edt pren Wblplr diffpret pneg a5thy Wiﬂ*‘rﬁlﬂb@i‘sﬁ’g

moni tored, oy eréy%e(‘dﬂ;e@ﬂecf inQitRRht rﬁ\ﬂ@ss o10h inkdAetatB@RGdRs, sﬂiz QIR piSduction of he
array are operate

t h
as for pr oducf"f“’c‘fi"‘fl“’f’)1“1gm§j tE”[:Eé“c?t pg\/rétglg’lcagliérfmp?lé{ndf | gr e% © l"aryi‘ {jkﬁ%&q&ﬁ 1y ot
mani pul at ed, @&digatipg siglel, Paeteingielely, adtibvelyein eroduce aazomleﬂﬁﬂe lil'h@ﬂ@%ftlﬁﬂﬁ‘gor in

signal, or al E@faﬁ&'sh{@ab% meARH i34 W&h )ﬂlet@m;n@iqusfeseasop@lem@ fsesffcaclously
i ndi cating signal, or ﬁee%fot er sui b}le mann

Tt bl oty Bt BuRonid R G eprHes B TET o THH TS RO RT  or
t he energeti cggasti@pécirelstive sigial(e) fgtroeitmmgper cfitwl drpess.unme of i nt erest,
for generation of correlative signal(s) for nonitoring or control
pur poses. [0084@3 n connection with the use of array ze of 93s- s nsi ng
el enents, advEB8d ddp Sonnpstin Wi e gsg FAATS Al 8L FEMIYe FYE e ffance
t he out put of plobssifaangnitues yathe Red xangteate afput Fuichat@chrng Ukemples of
| nclude, but %‘Jcﬁmn&%qu& &Mq@%& s pbfifuliSs, £ HS%FP&J;,&@LADQQ@M&%& oft he

use of tinme-vary eater current ock-in-a yi ng
t echni ques, s F@ﬁé@yléﬁ/»‘é&%@l heger curegkialpek-i prpbifing trolaigyes sienal éY?EPg’i“ﬁﬁ&ﬁnce
spectroscopy tiee bé}ivﬂblz% and ifpaieiet spe@idscopydiva@niqas Incdbifion sidysnced facthiqieal |

into the cate Ou 1 mtc] ’&’1 rTEtoI;f Icl%%mx?(&%{%s%ag ?Isp Fe %Pﬁ)eldl %qese -Qaﬁﬁcﬁes include

technlques i nC eas uar es |'east sguares
princi pal cornjresieqeres @@F@S@Pf%leashmarﬁalﬂtﬁima#l cpranpatnt regigesiop.cang REral least

anal ysi s nmet hQ@re data analysis methods.

{0085] The gas-sensing element(s) of the invention may therefore be coupled in a
suitable manner, within the skill of the art, to transducers, computational modules, or other
signal processing units, to provide an output indicative of the present or change in amount of

one or more energetic gas species in the fluid environment being monitored.

EXAMPLE

[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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[ 0085] The gas-sensing elenment(s) of the invention may therefore be
coupled in a suitable manner, within the skill of the art, to

transducers, conputational m)dul es, or other signal processing
units, to Wﬂﬁ@%"ﬁ' output indicative of the present oFCEN&H{E09#0

anount of on as, n the fluid environnment
bei ng noni tor g[d%iEXANEP_ ‘éfgg@éc% “%5 ?ﬁ{\ﬁe{\gi?ﬂﬁﬁﬂl@?’é‘ﬂ Riupripe Beeionky
the response ofSTEXoanaine aighd Wé«?ﬂﬂdééfw | Nagsfavadositblleds yedeiugpd teecohtraMpbess

exposed t o NF3aplaARNE)AbwS ONERERS ﬁtﬂ 4
2006/ 101897 PCT/ %SZOPG/%OQWBBO @008 % tg”s%@%ﬁ?ﬁg"%&%g&'“ %ﬁg%

AX 7650 Atoni ¢TEINGORT Rt REEREF PG RS °“lt§$§x%b€tﬂaf?ﬁ TRy s madroofidpt End
6 W Mass fl ovilesnemofidethge wereemuliplel pois damat meltramspm ams fmgatsm{aApm@md

NF3) flows. A isR@asAEN &95::&&11'05%&@&%3@/ % t ?Q)Q“d 1a§sure Jeadi g%rsca%dﬁ(! tt?e

al | oned |nsert on of test sggm rrens suc
transfer tube ‘RS HaTE ‘HfonEd e tangler tbeprisfism  and there were multiple
ports along the transport tube for thermal probe installation. A

Chrottl o val ARt MR Raltoad b Rtk BKLAE o RO B THnlsE B rcineh

[0088] Wth r&5peet 0003 ipehdn dismee (asaruehiset fronaO@eq;@agmxemnamat Sancfora,

](c:onst antan f i |Canenicut) okre aRHavkldé. t&g@@erl aﬂﬁﬁat dndb t6HrRPBSH a(s)@&opéi@nféﬂtasﬁﬁq
rom Orega En ecti wer e

Spot - wel ged t AEaBEkiRg b 5ol pSh Sk fonpor SBROE St 8 el Te e

with a het er SfcHAR tReHmaEedhughwite copgerpoil menstaBuciinsensaes piréa@ationas

t hen att ached JeRm@ecSRAHOAmerRL @H@ Nt 1M@EN Uéﬁ)f &R 950 ﬂgﬁmv%?{:l ed" F%1psgé’naland
const ant an connec or.S rom Ceramiec

)
Corp. at Lauréns, eé&}’ ag&ﬁ’latgchm\ﬂﬁsemlcﬁ theuyolaee Siffsreatp! rding W@ﬁéﬁmperafure
converter for &dinmmatic conversion of the vol tage differential
reading into a tenperature reading. [0089] Five deposition/cleaning
cycles were si Specifical] t he deposition cycles were

§ at egF g
si nul ated by [Bdrggv]l di Mg nTPrbgHeasR gje"l"ét“’e‘ms“ﬁ#ﬁ?dr Spepificelnghe Hepasiiong
cycles were sicimtveztee@umcd py pwiidiigngiraget furge ayrloasen, dﬂﬁthh cl@zﬁﬂ@l&y@ég w'ére

Torr and aboutimhi.gk @Egﬁ:ﬁ;ﬂm% ik pQﬁx{a W@'Sa{?%{zla%t § %Jmmanq Tbou gang;rg 61@5 per o

of each cl eanin Cﬁrp radu
15-second i nt &P Asfuﬂ’rtﬁlrf%reema PP pipgecy e, §P‘?ﬁj"°1eﬁﬂ]%|“ﬁt grhdupllytakided NF3

pl asma cl eani ngra1§-0680]ntcAnl REARH a Rod i€l CrBoN o] YA, pldmaanhor d
Research Systems was used to track the tenporal evol ut| on of

chem cal species, specifically the actual fluorine concentration
[0090] An RGA300 Residue Gas Analyzer by Stanford Research Systems was used to

track the temporal evolution of chemical species, specifically the actual fluorine concentration
in the test manifold, which scanned a full 100 atomic mass unit spectrum every 10 seconds.

Mass 38 was plotted as the indicator for fluorine (F,) concentration in the test manifold.

[0091] Figure 3 shows the temperature readings of the sensor element 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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in the test manifold, which scanned a full 100 atom c mass unit
spectrum every 10 seconds. Mass 38 was plotted as the indicator for
fluorine (F2) concentration in the test manifold. [00911 Figure 3
shows the PH3Y e readi ngs of the sensor el enent thPELFAZ096/@4330
five sinulat i ni cygles, .in c arison with the

f1 uori ne concﬁ? (rjoilto‘% ?)Jhlteroggé o{%ﬁ r}%d ﬁeﬁ@l\al d@eg%ﬁ%y"“ Frecomaipiar 3tdir e
readi ngs of tHEUEEMHEHE tet @#ﬁlﬁ?ﬂst&&s@wts@hﬁl@ne 6 ffort the entior ésigmbf Experimhi on

correl ate wel | manint hrntl e aflinb@Edrféﬁt &%ﬁ%&tm@éﬁ e GR
[ 0092] Furt her trix : ser?s?}entén\?\ag? %@gﬂﬁg’%

Louas) ¢ he sonouid il By, GRBL Mt £X dgbe&a tFSpes hpractarics

transfer tube pressure was varied between 3, 5 and 7 torr, while

the total gas [ﬁd9@}N Wa?hevaiédlcﬁﬁlresb%f V&L bafdnt léﬁn n&] %u!ﬁc%r %\t[o 074285
conbi nati on of b [&ﬁ%n‘%ﬂ?r e _pressure and tota

conposi ti on waEONATH AR B REL T IAFARSTES AN PRAGE %6@7’%@8@?101{0
PCT/ US200G 00SBBOIES3/16, SEMICONDUGTEOR fPRIOTESSINGak Y g ead. U eashig Rl
dependence on 2, LOROSY 20Mod «mkb%gaﬂ%ﬂ%ﬁﬁwggﬂabgﬁﬁﬁ@

shown on Fi gur for_ the'entire de erien

is alinear c N@P%t ﬁHﬂ METHRR PR WéK ﬁo'ﬁlélé SANE” NI incorporated
conposi tion, fhbwmbyvd&lr@ba1ﬂﬂﬂﬂ§ﬂt1¥e@&bﬁéﬂpﬂ§d’s@sﬂmerS can be derived to
reproduce the response characteristics. [0093] The disclosures of

U S. Patent Ap | i cati on Publication No. 20040074285 published April
22, 2004 for ARATHIS INRIOPROBES S @R SENSHNGIfIgtIORO SPECI ES | N
SEM CO\IDUCTO?aIBMSShtN@st&‘éﬁEENB and U. S. Patent No. 6, 265, 222

i ssued July f/éﬁ_t@géfte "M CRO MACHI NED THI N FI LM HYDROGEN GAS
SENSOR, AND W\KI NG AND USI NG THE SAME" are incorporated
herein by refé@heffeaéndn their entirety for all purposes. [0094] The

i nvention conta@amb,aﬁlggenamgas sensor, conprising: a thermal isolation
structure; a catal al ytl c material; a heater; and a tenperature sensor;
wherein: the terrperature sensor conpri ses at |east one of a

t her nopi | e, athehiempdrasire rsensem chngprises heriermehecﬁfricheﬁh@nerﬁ thebrfl@or, and a
catal ytic mat ejeinfklednic Gifepd Ytically interactive with a gas to effect

reaction of t
qle cgt%gﬁc material is catalytically interactive with a gas to effect reaction of the gas

producing a heat effect;

the temperature sensor is adapted to sense the heat effect and produce a correlative output
indicative of presence and/or concentration of the gas contacting the catalytic material; and
the thermal isolation structure is arranged to at least partially restrict heating of the catalytic
material by the heater.

[0095] The gas sensor, in one embodiment thereof, comprises catalytic material
including nickel. The gas sensor may be configured as a microhotplate or as & 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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produci ng a heat effect; the tenperature sensor is adapted to sense
the heat effect and produce a correlative output indicative of
presence and/ or concentration of the gas contacting the catalytic
material ; WRPVYHESYher mal isol ation structure is arran@@"ﬂ’@%&’“ﬁ@"”w

| east parti al estrjc eat of .the catalytic [
hoater 00051 he g dbS aRSE TS BRESE A GRS e PRl R eE
catal yti c mat te miperammcsbn;m sgthativetiedibn of Teating 43 tedngors aigatiye of catalytic

configured asia.BidmhahelRial tRlatAficdaRBl] i Stor, and the catalytic
material may be present as a surface coating on the m crohotpl ate.

[ 0096] The gas sensor nmay be fabricated in any suitable form The
substrate can[obes] si lAleonivelartis idgerom otalmpted apperatp pi adfixed diwtrlicerditiomhe

heat er can Com%ee m@amg.g%a{a% agﬂelgxndp%% Lol ti\{a@van%rn%{t'eﬁ]!:eranﬁ@ig idRive

catalytic materiral can formt is not electrically

connect ed. Th@f"é‘P‘é‘é‘t‘PtPré‘éPP?ﬂFeéé‘i‘%*E‘%%atﬁlﬁfﬂcé?ﬁteé* can constitute
polysilicon. 16 WD 2006/ 101897 PCT/ US2006/ 009330 [0097] The heater

i's adapt ed t OFOE?dL]‘ nt al’[ﬂe &a&to GQ§ ﬂxgch%g: attﬁ%ﬁﬁeag Flolﬁch!(x)d?'xgq 8[51?;1&&9@%1 jﬁ%ﬁ&f on

of the tenpe re sensor, at va
heater is indicative of catal ytic -interaction with the gas with the
catal ytic nat goice) - [119@19%& sédlsb@ﬂaeaitwﬁlmatemmal heladees nigkanaeLornsldidor d

to operate at gﬁlfuge gqtﬁ :[ [ I %uh Ondefetrrl.e mbosden!legtc tteg%afs rsg{% aﬁa[\'cgs an

vol t age, curr _ Varration in
i ndi cative oﬁmﬁamlﬁtquelSiimn@médﬁﬁb‘nenbf the gas with the cat aI yt| c
material. [0099] The heater can include a thernopile, e.g., including

a polysilicon/nickel junction. [00100].ln the.

catal ytic mat @B ioé,( céﬂﬂe iBRcTeOgE & Wi ?f'i?‘é#ed It%i}lélf“mé‘g&%e]g Fﬁ'ﬁalglbeﬁmm%? bige
substrate. | nelectpgiattd gidkehsiligon pribide fiteententztdi, mbeitin af dhenggds theetrsiieal

i ncludes an  gleeht deﬁzgm ofth, d&@slené hﬂd’o@ﬁbﬂceﬁ@e&x@ﬁ Sﬁhef gad Rbedihg th @a@a]y@ia]

The gas sensor can be arranged to naintain the electrical resistance
of the elect P’Stﬁ’l‘f’ért ed nickel silicon carbide filament constant,
wherein a change in the electrical resistance is indicative of the

presence and/ % &(fl? ncent EALAED céﬁtemblgt@s 59 mﬁg%&% Aelamee ﬁxc]ﬁ@ﬁgai WabnBer

material. [00 The 1T nvention cont ates a chem cal rocbﬁé
assenbl y i ncl edsPig s ﬂewafrﬁ@focesaalatﬁwaéawqe@mh B 08 &°OHF 38 BEE R LR al
t her et hr ough, a@pEd & gas the s Orhed gregiaisia rthed@oceahoaeizl. ditkagat echsdrdn Sehse

the gas when PLESEN L bl rbilGelLRAFESR wdRbiES &3 178 ASHAARRE RO LendoP 10BN

affixed to the chamber.

[00103] The gas sensor can include a vertically oriented metal coated filament as the
catalyst material and the temperature sensor, A sensor can thus be provided, including a
silicon filament that is electroplated with nickel film, such filament being oriented vertically
and positioned in contact for gas sensing. The sensor can also include 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 efectrical 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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assenbly can be fabricated with a 3/8 inch plug or a 1/8 inch plug
enabling the sensor to be affixed to the chanber. [00103] The gas
sensor can include a vertically oriented netal coated filanent as the
catal yst mHEPPEIOEHd the tenperature sensor. A sensor BEHUBHUE00§E0
provi ded, includin silicon filament that (s electroplated. wit

P okel 11 m S B b dPn gt SFPERER TR oh SFRGP IR ST Bed
in contact forlegaplagnemnertjon. The sensor can al so include press fit
contacts for securing the filament in position. Channels nay be
present in the filanment, for use in couplin the sensor.to_a
substrate. [OPR) Trde s550E granphass eppediep & aBeRrRigg NereliRer Pornt
of a chanber ehsmakipgort. operati on by change of electrical properties
of the nickel coating. The sensor nay be operated so that presence
of gas is determ ned by change of electrical properties of the
filament. Thel00&6kct rihe Evendierip atotiepidodipet preyides aseasor pdapierbip gansea sagife
el ectrical coan@edn of et DRCHO fenih Yinchldink ableBperaife \MAsBH QRN 1B 4 gas

PCTI US2006/ 00 9n e:i)') Q:tiont %ht \:\ifit%({nlfh%g ithre]. asai%acgs ?oasrgdu%%%%e%fxal %gcogs%r}iiet%%lnle b {hc
erectropl M I ng connectr on.

connecti on, ellec ropl ating COI’II’IEC_I on an ] | at |
[ 00105] The séomperatuie gensingoeitnesnt, whinidibaengor i heated Heioula hegting by wdierriadiis Ni

pel 1i Stor on alpredboHifieRfonIhREGHece kAG08koHRS | nvention in anot her
enbodi ment provides a sensor adapted to sense a gas in a stream of

ef fl uent, such sensor including a tenperature sensing elenent and a
gas interaction el enmedtW wli(h vishd Bt HBrgag\lealdl s AHor P oduct a
thermal response detectible by the tenperature sensing el enent,
wherein the sensor _is heated bﬁgjoule heating by .a heater, and is

adapt ed for opf&FaLoR HeRessisey CUraRca IRetrrlPh & Talttalt e SRORpRClgeRat 2 £ (K,
V) X ATenuent tempdieneMant.; & Q[tw(Heat canvictiontcobiificient aml iDa finaioe oPMVliest thaweal
necessary changudiiy) Ul Aallitd Mo LA AhDohb e SoRSH Ribp Sl 1o21
a set tenperature Tete",ent; h s he‘ﬁeat convecti on coeff| ci ent
and is a functiesrbdsy ofrepqtigniiet opgyis oh e sentngsirmert s fopsy e risfhrgeakiionadiat i ¢
viscosity v; Tmu,t is the effective effluent tenperature; Al is

the enthal by o5 factiQbiBh ORGHL 2Rl NELARRE L RG] STERN SYEdiRGS:

and r is the reaction rate.~_fb ] The Tnvention I n another

enbodi ment  pr é¥aaeS cFusmbeorEling P weasRiblgt eoniinsithy ag5 caprrigiamysp pf the gas

ef fl uent cont aénkdrBgdeaibGUSERMVDl € of containing the gas, conprising

use of the gas sensor as described herei nabove.
[00108] While the invention is described herein with specific reference to applications in
semiconductor process control, it is to be appreciated that the utility of the invention is not
thus lmited, but rather extends to a wide variety of other uses and applications, including,
without limitation, deployment in life safaty systems, room or ambient environment
monitoring operations, and other industrial as well as consumer market gas sensing

applications.

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

endpoints 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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[00108] While the invention is described herein with specific
reference to applications in sem conductor process control, it is to

be appreciated that the utility of the invention is not thus
limted, bWO#4¥/HEB7extends to a wide variety of other HEESHE009330
appllcatlons udi i i ation epl o

safety syste né)progch enltarfsga mnﬁf s&eﬁ tp'IJoec%s\s/ ’{rﬂé’sv at cohﬁ.Bm%%né)énrr?ﬁ rﬂenlt lpIo(I_EI‘uct
and ot her i ndstr mtmbé:s inwwhith eash emponasbis swbipck ad clgalyalsém}i the heavily

applicatio ns ﬂ‘log%éa%se;rhwhmeﬁ% phsvRA ﬂ:r@t@bt kdoh Of¥8e ﬁm@aﬂe Bapbnehio 6y eof

provi des. Groel ec onech ni cal nsi ng

rpabi |1y Tof Bt At PR JOITS 0P U A C PO CRARIET

cl ean pr ocessemplekiQhdBfac@nptientrdms ko thfvud esisgng défier ot her, nore

beni gn gas environnents) require deposition of the sensing netal

| ayers on a silicon-based device structure, and subse u

and packagi ngl%F!1t he Ta86 PEECPHY DG RHS B AcBAPReF gabling he tg%?fgﬁésr‘i

this fabri cat ieosor d&x&ceVﬁtZi@&@aﬂ;’LQﬁ@%xﬁ?ﬁﬁk&d&ﬂﬁﬁﬁid)@%%dﬂyamtmﬁﬂ for

entails a mul ﬁlbmt%ﬁ%pﬁl%?&ﬁe%s 585 19 er'ukr{%F&to? cﬁag‘ﬁagreﬂ r}agci}':&ges in an efficient,
eac

mul t i conponent produ sensor onent 1S
subj ect to ch@nfbieand r&‘cl%b&e?@ﬂwwﬂrfél%@ww em’fr?%ﬁ*mﬁa{c%rc’ﬁa%s Wi | e
it may be possible to protect each of the respective conponents by

devel oping a gl bAbl 4, eREARSL AL LoD §e;v,cy§fttm§{ese§tmu%§g§9ﬁ Rlopldle

further fabri

product gas sésgiped m@mﬂéng her[em % b ﬂﬂﬁ*@%@%@ﬂ@éﬂ '@%f“rafr"éaté‘iﬁé?g@% #¥H a
manner enabl i pgadibRgimencaft, @ MEMS-based sensor device that is easily
and i nexpensively fabricated, and readily inplenented for nonitoring
fluorinated gases in sem conductor chanber clean processes in an
efficient, diP0HB] e &mdsyckifdarisl iethpassriethe device hEhigiapesthrmatre fuerine-reactive

envi ronnent OfpetSiehsidd DG555 8en hOHAL2d:r anna dib qmcnaa;eesimgasnzs@eﬁmgh
device of the present invention,.in o %\ descri b g. re
et Ce o e PR b 0 L2 18, o, Sbodimnt,  SSSRr D RS
di stingui sh i tesistivitathatlaregaituinly sujable for eediganertiased pBEIEBE. One such

feature is the use in the device of high perfornmance
fluorine-reactive netal sensing elenments, such as nickel or ni C‘Ebaxi/l

al l oy, which EPE4L harTéﬁ‘E“’é‘r‘“fif‘“éH""Bi}“ﬁl“g‘ﬁe ofegnefal slemapts PYL PR SEHTIE Mafe
thermal nass, ainald heaessict (&g, ipdeshitigh cdnénpier at ethe heaief thewbRidr tof gas

cansing. [ 0; %ﬁiﬁ%&fﬁ@%& b PR B LA Nl R L S EmpaRp adis

sensing. [001 ure relates to use of t
el emrent s bot haml ené_ccg@ﬁgqsff@ toygately theyemperature of a semiconductor chamber whose effiuent

includes the target gas species to be monifored.

[00115] The third feature relates to the use of silicon carbide (SiC) in conjunction with
8i0,/polysilicon sacrificial materials for forming free-standing silicon carbide support
structures, which eliminates formation of heat sinks in connection with the metal sensing

element and therefore minimizes heat loss.

foo1 lﬁj 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 produet quality control.

19



and as a heat source (e.g., by resistive, conductive, or other
heating thereof) for the gas sensing operation, as for exanple where

it is desired to vary the sensing tenperature from anbient
condi ti onsWOHI¥PI$Et ch the tenperature of a sem conducPEF/UEHAHEF30

whose effluent includes the target gas species to be nonitored.
[00115] The t HOHHIf eathyrferegoinedfestisestary indapendrmbofohohsitlier edrvat be bEapSi C)

i N conj unct i ORit\k E@ara@y%ljﬂﬂthyysfﬂlé ﬁ@d&ats QlﬁJ/érféuﬁﬂoﬂlmdf@i’étleﬁ'lh)a!al&mfaﬁfeﬁ be
formng free- shan ({Jedr%l%m t| con Cnﬂ 23’ %ﬁort structures

el i minates formation or AEsEs i “}E’H“B% bction with the netal
sensing elenment and therefore mnimzes heat |oss. [00116] The

fourth featuregooi ﬁ] at efhet Mol Mﬁ:@enogpecf’@s %Erﬂor&ﬁe’vféi% LRaRDI, %%?e df g

fabricating p% |zedf structural layers | ows aut ohat ed “and
scal e-up pr oddct W38¥°dlé"é‘“?%rﬂ"sslsﬁﬁbleE?é\}ﬁd&"égbeéh?im?ﬂﬁﬁV/| des hi gh
preci sion over product quality control. 19 WO 2006/ 101897

PCTI US2006/ 003@%1 | 0l {5 2001 R AU S8 £ADIDEAMENL O

each ot her e | ncorporate eparately or

substrate andPB‘F ﬁbﬁhtse??%&%m r?é}ﬁmalﬂtee‘?lﬁ%ﬁiq %myntsuvéovﬂ%arbciun@aweu
from an etch- rba:$+us tseusibg OB lot th mﬂm&!iffeaeht on&é)&fltﬂﬁhulﬂ'ﬂ]@seﬁéukg%}&ae% are.

hal
' any ot he ey aaerBEH AR ER ok B BBl k8 rEER B £ poSp O R0

Al t er nat i vel ymopipgeds orjp mhich diffsptogesref diseeisig clsamson titeiax ere wagrated in
conprise a phisk@htictodespde uSiplfeh\elﬁ@lnﬁdd&gsua{ & fm@ioauctlml’r&fge@tuie@@,ndﬁ%att Ll e

el ements prov bac ensi ng capabi |
which differ eh Sglilnglgaﬂg late ul $4p gtraé’ enY] lt‘?ggeé‘?rétﬁrsaﬁ +@¥“%F‘§‘3Ld’éd
for sensing ofltegrfively @Wt“"ﬂ}' @mpredtm a heripogite indepiii sigmali or it hay ethereaibler

gas vol une beinagher 1HWHicﬁ ae @fdmpﬁzﬂﬁy bifseyb efehleﬂé fsfeﬁ!’:a%{a&shper&ﬁ:%ygi to ildfitor the
sensi ng el ement s era ferent nodes, or

APl g i SR By o
interrel ated MDA Spec?ﬁu@ﬁhea? ¥ A golvme Hﬁreétf f‘”f@%@’é”f‘ PLAgTelsty R sipnal(s) hat
are al gorit hfr matitoyingraninpolpatpesds. e. g., subtractively, to generate a
net indicating signal, or alternatively, additively to produce a
conposite indi & ’ng si.gnal, or in any other suitable manner in
whi ch the mul laﬂ ’So‘f"’ué‘é‘h%ﬂ“"é‘f’“efﬁ’é’ﬁﬁ”é*h Pgst artriscand gy aiss to eoponsde d
to nonitor thé:at Iﬁﬁmlghfmsp@mumss, mized dxeiaﬁmrsaamaganfclSdhdFlv@idbbUEheﬁlﬁsny

interest, for argq:ﬂﬁsﬁc@tﬁlcg&mﬁafprapﬁﬁa%' »Fcflb Eﬁ%aﬁx'nﬁm?] (Nohy of AL n&?péé,%t%l ”agdor

control purposes. e{( %ﬂ uorine reac
metal s, and gP‘U’E@“ qlss(E‘dP %&?ﬁ’@ﬂ‘ﬁ]&s"“"‘t"h%ﬂf‘“ﬁﬁ&v@’g i i, Nia s gbr?é{f’rssres
m xed oxi dat i byNisalaCeang Pr) @dadiBiTorer vadub fbnfvblaile fleheiBated ChBFusdshi/contact with

fluorine gas components. The gas sensing device and method disclosed herein can use free-

standing forms of these metals to detect the presence of fluorinated species in the gas being

monitored.

[00121] The choice of a specific sensing material of construction may be readily
determined for a given end-use application of the invention, by simple experiment involving
exposure of candidate gas sensing element materials of construction to the fluoro or halogen
species-confaining 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 material, 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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and Physics. Academi c Press, 1985, Ed P. Hagennuller). Many of the
transition netals and noble nmetals (including, for exanple, but not
limted to,_ Ti, V, Cr, M1, Nb, M, Ru, Pd, Ag, Iv, N, A, Cu and
Pt) readil V"Q%S’P?ﬁ(\}%"ﬁl ous non-vol atile fl uorl nat ed conpoﬁﬁﬁ@s?(’ﬁﬁ/‘m%”
contact with t"eeP% e agsﬁctci)m g%frlgeg}gtance_ asse%en5| 0g: qe% ggﬁiﬁ@’m?

met hod di scl o?%”@ VISSRONSE e Ty feaigtarioghasety metal s
to detect theinfreesdhy theofatefitlpeopériiavéde @p@emetgmi,rqnct m@elgﬂa@cbeéiﬂi?g-bmd

moni tored. [0Qi2dlienddAR h%%béﬁ@llsﬁfve@d t%@ﬁﬁ!dé hé mﬁﬁﬂﬂﬁrh Eigrlaﬁﬁtﬁsﬁg‘tii/@ipoﬂfa time
construction may be readily for, a

[
appl i cati on of2i® & IRy BRE) 6FPS°rbee§1F%I wheay Sy i %‘é‘ﬁt IPCi"Hv exl}simr{‘g and _ the
exposur e of cascimehaiteny fstosersidaigrchesaent material s of construction
to the fluoro or hal ogen species cont ai ni ng environnent, and
determining the suitability : corrosmnr si st.anc

et ch-r esi st ant8123pf t%@“t@aﬁﬁfh&%‘%o Fataaeraipecie ﬁ E?&"ﬁt ’%%Y;’S?ﬁl?%’ed i 22]
Ni ckel or ni ckathbleminayt, &6 Uy meas ofboiehgde ih ssigavot ofthd fee-sprndifgenctad dhatag a

fluoro or ha&o&g&sm{;ﬁmﬁ -E@%a%n %em due to its high

fluorine-resi St VI eCtFical resi stance, low thermal nass,
smal | density, and h| gh terrper ature coefficient of resistivity. The
ratio of 20 mﬂpo6/‘1"11@&1&917selﬂﬁye]eﬁaﬁﬂﬁbﬁé)ﬂﬂﬁﬁﬁiete&b:@ A} be provided in any of

strengt h/ response i oe i 8mlgoe5| st a taq9r§cfgo$ﬁo§o§?%Q&'a@%ﬁx@?ﬁéd%xjfa@& S

si gni fi cant | y™7ThTT tUehce fterta e sensor
material , andindicekeshopgrosityi g veneswéﬁnpwd behavicd Oftbﬁa‘ﬂ%ﬁle@‘?ﬂé‘ﬁﬁh% kel Pheen

di scovered t Oal&FMﬂléjEeofng@ dmv}élsﬂ%&ﬁes |P@ﬂ@{hm§§ , iRty eﬁmﬂﬁﬂea inBe8! thin

rati o anong ensq [ nsi.0f and
Lhe i notr oAb onheresd 57 chisnin T sath dged et Bloi ik B St
Det ecti on of tiygenddduce eproepritall.o0 genspepetinetsl f@nenmb@tbmnwmbfebﬂcatm

achieved in agy..s4y Elﬂfb$fea Qﬁﬁf}ecgf’ wa@s %o, Igééhdﬁﬁ@ﬁs c&f'mcﬁllyc %mhdrﬂ'baﬂy,
resi stance of the free-standin

al
f1 uori ne- cont aPistgr dpEefledn OTF?%@JL‘Q%Ta”ﬁHHabF@T%TESI%’ﬁ% |a’f1661§'1‘5é?r§‘ﬁrf asp Q‘ t he
fl uori ne det eeirfatesarsamy-vdhengaatvefdiednstal, tafhyreof incrensmibe sogtivithiot a‘mlroee the

forms, and may, ﬁm%%ofs@wn@r S4drTP RNRLALYs p@g&aﬂ Eerﬁéauﬁhgé“@z%uﬁ#&f apgps

or induced na oporosi t he resistance. an a[w or of the matﬁlﬁ
el ement can b&EH; ﬁ@e?‘é@“ﬁ?‘m éﬁ“tE"H“f?&lﬁF%é‘ﬂﬁé Hioying,cor ¢ doping, pride iy e
For exanpl e, ulifosg@iietan e abdifleds g pentiage hidrad sitehievel of drystalliniy phresity
engi neer ed byéeg%r}gom DOt hé?n—f‘é@e‘ltepm \Joﬁxfﬁg}aﬂ o.and thickness of the film

over the sus are propriate A suspended metal filament
can be thinned after fabrlcatlon thereof in any of a variety of

ways, e.d., neghsni cat i thebreeine apgaynt tk Gﬁhﬁe&t keasheCcadnieyt may be variously
configured and modified as desired with respect to its form, conformation, physical
properties, chemical properties and morphological character, within the skill of the art and

without undue experimentation,

{00126] The reaction of the fluorine compound with the metal sensing element may be
temperature-sensitive, and heating of the metal can be achieved by passing current through it..
In this way, the metal sensing elements may be utilized in the gas sensing operation

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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optically or thermally, in order to increase the absol ute resistance,
as well as to increase the surface area-to-volune ratio of the
netal, to thereby increase the sensitivity or inprove the

si gnal -t o- W8} H86/1038%70. Furt her the material's physi cal PRFEpE¥PE/EZ30
can be engi neered. For exanp t he conposition can be npdified

ei ther by al | dyarny mses- prh@gelﬁc&ﬁa‘ rpbsnoes i 1o S1Cr RO Pl U enhances
nodi fied, e.g.the RYsitGAARGEsiEA @"eﬁ?gtlﬂoi&hi&nsof :aMelow alierid] \niabsadil $i0 intiyimizes
porosi ty ( e- ote?tﬁliage Eso cbng & s%%r entﬁg@ﬁ {nﬁ%ﬁcﬁ’x%ld ?l%)ﬁgf'? stFu@lLlleobm %tfﬁeb-

[00125] It wil er @t ore sensi ng

may be vari ousteydingitself. ieffestivelly lanmes scietal easingdily @'§¥1ﬁ1@d“wf%fﬁaf¥dé§1p‘é@tthet 0
its form confg %ﬁﬂﬁ&-h&dﬁmﬂﬂhy& cal properties, chem cal properties and
nor phol ogi cal character, within the skill of the art and without
undue experinmentation. [00126] The reaction of the fluorine conpound
with the netal{0®@ésisi nguck lfesrsatiingrailicob garbile speariatiustes sen st fabriaated 4yid1)

heating of th%rmﬁx@ongamst% a@%ﬁ&%%ld%vn%@é&s%h&éﬂtﬁﬁ@&ﬁn%QE)QH%i'néd
In this way, the netal sen5|n eer(r:te? y eutig I.zed 3 m?d%§
sensi ng oper atfRPAt StE’B?’I’é’u({Z}@H?S Pe 38 E‘Iét“}t‘g@ EESTE PP sacrifig f%’?f )
order to enhaneletivdieremevis the sacrtﬁymlam & fotned FreeotamiigsHC supparictrafurd the isgas
sensor of th 0 Iyt
filmis deposf\s"fa ag}éﬁ'}{o&n Ple sﬂbs rétyﬁ%%rilgg%m |1 Ebggeggﬁggamgﬁoss{%%ea by e
structure thatsaqicigmpldact eri zed by high el ect rical resistance and | ow
21 WD 2006/ 101897 PCT/ US2006/ 009330 thermal nmass. The high

el ectrical nce..of s S t re.f : 16 ES
the sensiti Vi tﬁy&&% The sa 'lﬂm{ﬂ mollcp I{lEHLfJQ?GI‘r %gib%r dgé)"dg &n% aqayﬁwf%ﬂﬁﬁm% %Q{H(f
mass of Si C niend ﬁnerze%fernmﬁ@hﬂqyerlto Fremm the | ngrsssary reserses st dafipp e predetermined

structure; andusdsbrmtufe. SAHPRGbIe Satfekfd HhitQre sbmtﬂagy ferrReableSh 86116&0&@1 with
i j i sol ates the m.fromt

itself, effectjvely i ne
substrate and enﬁ‘fﬁqv‘i’gég?cﬂlée mgy, Rised Efstther? %ﬁng‘élar a %ls lwof g5 Posee §§mﬁ present
free- st andi ng isiehtiog.orFoc axdvipibe sitieop plinxide gt ﬁﬂéﬁ@tﬂta}yeremwblbéy fiapriecentaringy :

(1) providi ngoRRbuRdsSHAS L BE, eina:oﬁl@&iﬁh f\)\htﬁ'tlﬂel sifth Qarbide/ bupBor! SREEEQBat is
therein that define a predeternined E)port structure, (2)

depositing a SPEERPRP PPEBG'E%EIHP%&‘&PQ of such sacrificial nold, and
(3) selectively renoving the sacrificial nold, to forma

free-standing &51@0]SUpRﬁ£rtfor§1§1t§olrl%tfﬂﬁE Suphdiedrudegie, asl@%fﬁtﬂﬁ&o-f dr ﬁﬂbéeﬂ-ﬁ‘ensmg
substrate by air daps_or % spaces orijgi nalj I‘y (f ]:gopl ed h

sacrificial nohderies gkl afhglos Ydpiopmaragfy OTTERA BEOYE BN o°°5t§flc°"‘°‘r
depositing a |sastedippoft ssward, fol formad freaatueling@hsssensing assembly that is responsive to the

presence of fluoro or halogen species.

[00131] One or more spaced-apart upstanding contacts may be provided to support such
free-standing gas sensing assembly, preferably only at its peripherals. More preferably, such
spaced-apart upstanding contacts comprise materials of high electrical resistance, low thermal
mass, and high resistance to corrosive fluorine-containing compounds. Silicon carbide is

particularly preferred for forming such contacts.

{00132] When the free-standing gas sensing assernbly 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

22



and then patterning such |ayer to formthe necessary recesses that
define the predeterm ned support structure. Any suitable materials
that are selectively renpvable in connection with the support

structure WE2MENEEd as the sacrificial rraterl als for ?ﬁ@”ﬁ?"ﬁ@‘w&*@
of the present di oxi.de is
selectively r enrqr%%/rg 11%%&% quglgoft h%g% fe’l¥u ni r?ﬁ Sipc(? ﬁﬂ%@m@,’@cwlﬁ‘s“q-ﬁ‘
i n connection WbE%IStPFPéEF@@I i con car bi de support struct ure that is
resistant to the fluorine-containing conpounds. [00130] After

formati on of t uppprt st ure, a layer of a fluoro- or _
hal ogen- sensi n[gﬁ3§lat er'i Af ,pm%%c# eé‘?‘bﬁ‘ﬂi’inw %’f BPLES TPl Fampgens fesmtepding
met al or met al 2aaienng, elemant, dye oiowat wecedumrt upstudiie ®uiPgY Bitd ahifiChyds, &hild O
forma free- stndpag- @a@ SRRY g %éc%ﬁ@'&ﬁ Eh@aﬁzarﬁé Isﬁw%%hgemt ek

presence of fl uaor ci es.

spaced- apart UB%E S(P\a(ﬁ'i‘eﬁﬁle%ﬁ‘gg’éﬁ‘é’ Wﬁheﬁ’ée“ﬁ?'ﬁ\}‘g gEdersiags %1%%96%“@ fog Geering
free- st andi ng agdproedingihngbassermby theprreéer ably only at its
peripherals. Mre preferably, such spaced-apart upstanding contacts
conprise materjals of _high electrical resistance, |ow thermal nass,
and hi gh resi s[POal?\‘Be t%ﬁfwﬁ% BT Ve thy digwingre FEGhHt 2l 4h ity esberptia ribisstrations

Si | i con carbi diepiiting the arotdscildweth thy mpiuek@ieloelpat &hsﬂg@ﬁﬁhﬁlgthﬁﬂé@ﬁlprﬁ%tfé@l S.

[00132] When the,.f d ass over
substrate (such asg’r E%l %%%né %%89%5 ? %Efcﬂg’f“er RRER ?u‘g épq%fcﬂﬁeélnﬁ%enﬁ'ﬁ"&cks
by the corros|39°€rdfqg%?‘?ﬁ'§b°éwta?fﬁl3Prgsentwﬂ}il%nds a barrier |ayer that
is resistant to such conpounds is preferably provided to cover and

protect the s ate ier er ri se any. fluoro or
hal ogen resi s#@z%sﬁ ZAV%} gﬁéfi?%“%‘?@%g& EPEEESstPon et Iy o8
i ncl udi ng but ﬁl*ﬁ?)ﬁﬁcllﬁqiﬁl tnelding gajgeidl Virefereldy dlivdn diptidel 019 ic depbsited andapangd,
whi ch siliconto faak bbﬁl%rke‘éespﬁﬁr%iﬁrﬁgﬂer of ngﬁﬂgbglna aﬁal %&ergﬁ)e;ﬂ?cﬁﬁ gdgo:de) 114

enbodi nent nsor, asse ises_a free-stand

sensi ng el eneanC%p%sﬁee '3?“%%?‘86%??588& S@B’éﬁmﬁﬂ‘ﬁgﬁ QR8P asc‘tﬁ‘ﬁ?%‘%’f‘ssacrlgﬂ’t‘l a
barrier |ayer m%nglmteﬁﬂlﬁ&,ﬂ}ﬁahmdlaaqumdtto @xpnt the fist Mrﬁciﬁhﬁlﬂdnﬁg&ﬁMalQm t he
barrier layer asdhohih®gu@g, i Nntegral contact/barrier elenent for
supporting the free-standing gas sensing el ement and for covering

and protecting the substrate nmenber thereunder. [00134] Referring now
to the draw ng¥i36F GShe pladafifution gepSopreventhe pladakilyws the at&mslayeﬁteﬂhaisis@g

t he process f |tﬁ’éf‘éb5/@n Ec!ﬁﬁwﬁgg%fd%;ﬁdﬁf @fﬂé gé% g@)ﬁofstﬁpﬁfgﬁguegtz]ﬁ% dys tc@u%l

COI’TpI’I ses a free-"standi Nng.,gas sensi ng mant an arrier
el ement as des‘@/ﬁsbglae W@?‘W%BEP/@ optional, and may be omitted in instances where good self-

leveling behavior is demonstrated by the barrier material, and it is possible to apply the

barrier material into the barrier recesses so as to be near-level with the adjacent surface of the

first sacrificial molding material surrounding such recesses.

[00137] Figure 6A shows the illustrative top view of the structures of Figure 6, from
which the first sacrificial molding material 112 is visible, with a square-shaped barrier recess
filled with the bartier material 114 therein. Please note that the shape and conformation of the
barrier recess can be readily modified by a person ordinarily skiiled in the art, according to the
specific end use and system requirements, and are therefore not Iimited 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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according to one enbodi nent of the present invention. [00135] As
shown in FIG 5, a substrate nmenber 110 is provided, upon which a
layer of a first sacrificial molding material (preferably silicon
di oxi de) 1WP3086/HdBsited and patterned, to form a bar PEEUSPE6/@9E30
therein. A lay f r referably sj li.con car bi de)
114 15 deposy i 12 AR P ea T bRLE s BRSO LS, wblh g e m e
wel | as on théP#CFC?'@Fﬁ satepts rtereapsitiones aterige piratrized Wtried dhaeriabiid, d ewn in
pl anari zed to mypose the first sacrificial nolding material 112, as
shown in Figure 6. [00136] The planarization step inproves the
planarity of the structural l|ayers, and assists thereby in achieving
good control df0iBHe géorsitat-foruifs materiad (hsfesie sitidoy cﬁrﬁiﬁéjﬂdssstmmdiq:idsf,aéd
layers. The phﬁa%h%@ﬁacp@césre%dlpﬁn&ﬂédtﬁ@@iose tﬁ?gca&ﬁxga&ﬁl aﬁoﬁ%ﬁ ’“atet“ﬁ‘

i nst ances wherli1 %? d self- levelin enons

barrier materiaf " '5“?353551%13 A P Vides shoyor Ve OfB]@rSFfP‘@ﬁesr?ﬁFTéWF &l
into the barr ifem widbeEsesnd acifsit nolties nEatd lle\aehswua t t’bui BRceadp-RGaRk
surface of t h%ontetc{ fe%se§§9fo'rr¥1édqﬁ ﬁlk Jlﬁrld%t 1o dEn:galate{la 11 u %Ireg%gedtxﬂiilh

recesses. [001 gure shows ustra
structures of ﬂﬁ"@'ﬂﬁ“& 06“‘“3?1%?ﬁa'%| ch the first sacrifi CI aI nol di ng
material 112 is visible, with a square- shaped barrier recess filled
with the barri t el el.n se noethat t he shape and
conf or mat i on @Mtﬂﬂ l{)éﬁér ﬁ%%ﬂ’?" tégie °§1lh%na5ﬁ“d g?”@%l? % garta 4 gprigel
per son or di nafmeldpegnatariplelgreferably rnslysiliqon) L8cwolrieh wgtammsttumral spec fL1xcthend
'UISF a?d tsyst emﬂnequprécﬁmniea,su H s&ﬁcﬁu& hgﬁe%lfﬁ@é’li éﬁallé stl'dcﬂ}at ?e@esRX 15916
illustrative rOyi ayer a_ secon
sacrificial mgﬁ}mn aﬁ%‘{%e t? °(°Bt|a‘§ "éﬁ“% te‘é‘#?i ?Jﬂﬂéﬁ?ﬁ%nﬂlée)‘mﬁ%ﬁl imglding
further depos Fllﬂ@t‘!aldhﬁ, tﬂhﬁb‘fhp |sappert Etretdrelzardefined themfoer bridbes bieh tRenghadetd@part
first sacrifi géndots ol 6l sB@nd SR ROGQ/ HLALH (s PCT/ UB2006/ 009330
material 112, and patterned to provide contact recesses 115, which
defines one or nore spaced-apart contacts that are positioned over
the planari zedObHdri digurmatiédn? allov\&lieposxa& stholayeriof a shppgi m@terial ([n@féﬂa&?] A
contact - f or m QgconBhSdkR22(R rs@cfhe{tﬁmlryl Rdeld gspg.‘gli %Eeﬁﬁ e }:If:;la}izatlon NI
anari zed the

deposited into S UG ‘Hﬁ F recesses_ an rz
second sacri f PEPEMESIH? ?ﬁ%W&Haﬁ‘I‘a 112016, as shown in Figures 8 9
Figure 9A provides the top view of the structures of Figure 9, from

whi ch th !
ic e secqehpacrhidiiCial ubmd Al g aret#l trugh}esm x\ﬁ'resizbconilpalsmga

spaced-apart square ~contact recess Seco
sacrificial neHPEITHYUGHE é%zlf%‘meﬁTGheéW“ﬁerréc“#SFﬂ lééleﬁhﬁti Hacrlﬁclal molding material

120, while such support structure 122 bridges over the four spaced-apart contacts (not visible

in Figure 12A) and the second sacrificial molding material 116 (not visible in Figure 12A).

[00143] In Figure 13, the third sacrificial molding material 120 is selective removed,
thereby forming & protruding support structure formed of the support material 122 and
exposing the second sacrificial molding material 116, and a layer of a fluorine-reactive metal
or metal alloy (preferably containing 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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the contact-form ng material 118. [00140] Figure 10 shows deposition
and patterning of a layer of a third sacrificial nolding materi al
(preferably polysilicon) 120, which contains structural recesses 119
that defi WO WoGETt er mi ned support structure. Specifi BaTUG200&/3{19530
structural recesses 119 are positioned above both the

cont act - f or m ntyucnet B2 i2ad thed Brigerrekctitrenctiblorn d24sbegaon fand & edntanibheliemepment
material 116, chaghchdheSHRRA: ShiHE LH &4 58 s4RHRRM1 LNOHE 0L far tgges

over the spaced-apart contact second sacrificrla
material 116. Sf‘tﬁ’(ﬁéﬂ_ﬁli‘fmﬂs @‘EPP%V&"C‘ flisﬁ‘?d“§ll’?§\ﬁ%“*ﬂﬁdb%ttt‘fﬁ B“r’iiptaelfahdﬂhlﬂai}’érmﬁt
support mat er inafor p@tief @rechlgys sesink elenent Ganpindel) and Rlated wosbms:tlﬁyéstiur al

recesses, and

Saorifiolal mayaoe el ABA N BBl BL Rl o RUBESRabt 16 o

vi ew of the stPPige SPWOF?SQ’B?IEW@?CUHEE%FQI@PW@S a support structure
122 fornmed in the structure recesses in the th| rd sacrificial nolding
material 120, |l e uch ort struct e er t he four
spaced- apart (go\i\dﬁlct sl*sl Yot VI sﬁtﬁemp YH Ei d?‘g ﬁﬂ;hé‘ﬁﬁﬁ’f ihopmge
sacrificial nolei hyernat eithatfreels‘t@dl(lgraqs smsmg blemerit nndﬁhgbareerl@ﬁt) 114 of the
[00143] I n Fi gufiRuihdier Si@enidd ighisacrificial nolding material 120 is
sel ective renoved, thereby formng a protrudi ng support structure
formed of the support material 122 and exposing the second
sacrificial milCdtalg nhigeeilalis 4 pGspecimel view lofiy ans ghsoa adsérutdy hderding actieve

metal or et ekl whith @Jnﬁﬁ*t@ la%‘re&ﬁ'ﬂltiﬁé Eds@gnsi'ﬂé glgrﬁén} 13]52c%nt51ﬁ1ﬁgggiﬂ§>ht ed
over such prOtrE@%E&@igg ort structure, lgure shows

view of the sf¥ Ve Gel ogatiog 18 ihgrionc hS“P]héas'S%“éE‘éﬁ]Gmm 133 38
sacrificial nobpgorred atmiid garipisdal biﬁpm&pﬁh@sﬁﬂdu@rcbmmsr BactA verigradyal 130r

metal alloy 1%%\;1@%5%%\%%' tpé sﬁg:ecﬁ %éﬂaitg ; hr)!lif éﬂﬁecfs tt(eqﬁttile?lg‘% éu%i%ate

second sacrrfrcra

renoved, for milfyTom fop bagsh §§%¥ %@dl@a%m@@%tm}gf carsiye HreeiEgnedios ﬁﬁg‘gﬂ‘ﬁe
support 24 Wehs2edfaf dfkdaBEhé. PCT/ US2006/ 009330 structure 122 and the
fluorine-reactive netal |ayer 124 thereon, and a contact/barrier

el ement conprising the spaced-apart contacts 118 and the barrier
layer 114. Thé&%t%e- sthamrsprying slemens Eiishamepdepieninbanies layerggd pt el ayhe

spaced- apart @&b@&a’ﬁﬂ@ﬁ thdrkEhdad ant oSty P@IpheRilG Ecttacts m@ aeediaisr@t c@ﬁmsrlah at vB@j Or
pOFtIOﬂ of su se SI enen

n ted. The
barrier |ayer ?T suppomre emat%htsgiatc 41)@' t° ]lyé%}ﬁet ?t’ 0%?58%%35??3% he
under | yi ng sulsest rﬂaltee’fﬂrf@%emommnf%%mof potsentehsdds dantealck¥§ ibypuspadedomily e
fl uori ne- cont gboRie &o:s GFRAIRAS 130 by air cavity. Further, by forming the spaced-apart contacts

134 with materials characterized by high electrical resistance and low thermal mass (e.g.,

silicon carbide), potential heat foss from the gas-sensing element 135 can be minimized.
Further, the gas assembly of the present invention is formed of fluorine-resistant materials
such as silicon carbide, and therefore is particularly robust and reliable in pgaseous

environment susceptibie to presence of fluorine-containing compounds.

100148] The free-standing gas sensing-slemsnt in the gas sensor assembly is preferably
of a high surface to volume (8/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 ocour in a low S/V conformation of the same sensor material.

[00149] Thus, the critical dimension of the fiee-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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[ 00145] Figure 14A shows the top view of the structures of Figure 14,
in which only the netal |ayer 124 of the free-standing gas sensing
el emrent and the barrier layer 114 of the contact/barrier elenent are
visible. [BO8¥18BYure 15 is a perspective view of a gBSTIEHEEP09330
assenbly according to one enbodi ment, which conprises a

free- st andi ng cgasns enst fegirablydnienstinal 3% wiorpslmy, mipfesablyiléss om 150qam, node

| ayer 136 haV'[ﬁ@er@elﬂbs@ lﬂﬁﬁ2§ﬁlﬁltshlpﬁorel§)§fe;aﬂ?fs@&glfhansﬂlq.ﬂx %ﬁné@ﬂ?&éé\ﬂy is in

el enent 135 is P%rte its peripheral }/ ced- apar't

upst andi ng corf’t"é%? ‘N‘Béﬂlfnl t@f‘bqub s T?zbaab‘?s “H%%“ses*iﬁbfﬁd‘f“i 354 % he
spaced- apart damicaiot eondi®fatias. wel | as protects the underlying
substrate 130 fromthe harsh chem cal conditions inposed by the
corrosive target @as speci es duri ng the gas sensing operations.
[00147] The ga@1é@nsiFri's apdeifigmtin add mwsfﬁ@%&j%bw\i@ﬁkn?%éaaa? p rasge 9ffipmy
132 as wel | asbidne.l uwbabdruasoemﬂ,?desuhmﬁmeuﬁrdﬁrmm@ﬂdlaoﬂwctaaﬁdsp;hﬂé @latey

contacts the }Q%gn%gulgtptgl% ﬂésgg&egtio%%?thg}’o]ﬁ \os ki %r‘ ygamr?or reégspns o?gwnswﬁy

Ther ef or e, surface
surface ar ea h&#i’é?ﬁ*ré\"f@nﬁpﬂﬂéméﬂf&lmlaye ﬁwrléanp,hfdﬁregly% axisfis thiBriclgzess dretiving

el ement 135 i Snchids pRALE tk-addlion) 8O WRMG dftdei) thhtGreshSlasdt® 1393%@3{:30@ r

t Furth d- t
mat e} 2l 5 char dSPoV SR b R R RRECT PR AR PeE PSRk s 8l PhPra
mass (e.g., Siehicoanasaf fimedout 2 omanttionlS e 2 bamise dffdrivatibrel complexity

gas-sensi ng e'aﬁ&@%n&%@&s:@ﬁa@a&@al @ﬁlﬂblgﬁlﬁl@xgmns cE'E@nEcJ?%es il Sty @e?e?xﬁifféal y
of the present I N\ Orlne reSIStd?{]t materi a

such as sili cé?lprﬁ‘ﬁ‘f *a“épmsl g f“r'f%r‘;?eésfga?lé” -Roise Ftips Tordf intprdgd apgkigdqns. and

reliable in gaseous environment susceptible to presence of

fl uorine-cont Eﬂ)(ﬂijﬂg Cﬂ%%ﬁl@& thﬁ'xgﬁzgeém &E%pﬁo‘he'?ls%% ﬁ’en%g at at the ﬁ'ee-

sensi ng- el enent S _sensor _.asse
surface to volsﬁﬂ"lé“g(%f\ﬁeng‘i‘%‘?l%f“é‘i‘mdtbcc')faf”écé‘e%{ﬁ%%ﬁ“’é" g |eHmF’§s%‘29ﬁ§éa“§Wd
to anplify theostly espesnseprodetiatanvie typicalhheiliiweesitntteal-icyle kBneis ddhasge
in the gas-indjpgating bulk property that would otherwi se occur in a
| ow SN conformation of the sanme sensor material. [00149] Thus, the
critical dinmension of the free-standing gas sensing el enent - the

t hi (r:\knes ? Fli MgESsNN fiarindtdbds Svhefe hiligies m/et@lr sehdy dénﬁﬂﬂﬁiﬁbtmfe?ﬁrcf ]Qé\fﬁid
such as fila r 06/ 101897 P 2006

col umms, et cn%ﬂ%e% Qs%fhe%:;ﬂsnpllgglg\ségkﬁ%msgﬁé econsmg{a(‘?ﬁgangw%gfg ?F’ﬁ%?f

| ess than 150 d&ﬁfﬂﬂhﬂﬁ@mmﬁ} afegipn ) yhe| Bed eptivgpmens bging eoanjtred, rppf/er same

preferably is fhassted §RBeskd dﬂ’éﬂent@dl@exﬁﬁﬁE aﬁl:f @feERBdoYhetids dnB cordighAdGE0Of

fe;gren g‘?om 0. ]s'engmg eemacrlljtguz}layS beg n}nplayed for re(flugé: ecyogndyo?s ngurr]ﬁge asc u?z&:}q ea’tg d

Alternatively, or additionally, different ones of the muitiple sensing elements may he operated
in different operating modes, e.g., resistively, conductively, pulsed, a DC mode, an AC mode,

etc.

[00153] In connection with the use of arrays of gas sensing elements, advanced data
processing techniques can be used to enhance the .outont 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 technigues include
least squares fitting, inverse least squares, principal component regression, and partial least

square data analysis methods.
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fabrication considerations. [00150] Foils and filns, in addition to
having a | ow thi ckness, e.g., in a range of from about 0.1 gmto
about 50 gm desirably have small dinensional characteristics in the
pl ane per PEhHPEUIEY to the thickness direction of the PETUSO6/PIPIH
again for reasons of responsivity. The lateral dinensions in such
pl ane (x-y plane, where the z axis is the thickness direction)

i nclude a | end®¥i54]x- dfor eximplondn @ing contagiehby( uodier @mbivod(}) stidhads Si,end/or
advant ageousl! %th%xelﬁr%rotopﬁﬂog@ip@%es tﬂeQ/cJﬁe[Qs ad?Js?ih@ﬁlé’tglsynsQ Elglgenjc @§§co§nlﬂa{3nt

about 1 mm and_nore preferab ’Iess han about
range of fr om°aHbiit ‘gﬁ ORI ‘Ba ’Lnd‘?)at’ﬁ‘?ﬁf a‘é%“"ﬁasﬁﬁ‘l '“%ﬁ‘f cec?ff the it Sensmg
fabricational eemaplneiderdtyo itsamdact mﬂmms&t Heneadalogen speite 1Sath, voRage Hap b

di mensi ons of 45 eRsRfe Wl g&aa{mfgaa HEA0eA Yoo IR} BIFBAC Dne (OB 6 08 ve

correspondi ngly suitab to-noi se rati rt

appl i cati ons. “MPOGISe ey hélgﬁ%ﬁlﬁ"’éﬂmaé?ﬁ ah HatopgicetyBrah gralie ste reffprt iflew,

it : 3 E) ) ?ebamﬂﬁw&i , dlo@Ctertrliation] hleﬂciw eﬁtchlﬁg aﬂdlpfbgesgat&mﬁeﬂslier@m@b@mt
cou e fabri el.ement |y
gas sensor pr 8%8%:5?3? tﬁ%nﬁeﬁ%ﬁgl SS% aﬁ A PR beP E? el %:ora(%nr%%? %?yde 85‘]” 3

el ement s di sc s nebeiRpen ﬂ{eGJ@P@QPPeraMOIL ns’{oairseéﬁhamemmtemybq ¢vpitesuchedsal

sensi ng el emerangd duelsilalébr@oetbsh iR kDabhtelRel: proctls B85S nRReSy Blied e,
mul tiple netal structures nmay be constructed and arranged for sensing

of different fluorinated species in the fluid environnment being
moni t or ed, andl08%5]sanibwiliftle apméciatzt et thpdeaige & radpertiesf df dre@nrtal sensing element

tenperatures, cand eﬁBlJﬂfe@ﬁu%ﬂI ofd QQIE%%H% t@&ﬁct%%@ﬂﬂ%f%io%ﬁn Matios A= NI

el ements may be e r edyndancy ensuri ng_accura
etc. Alter naf?”%@"g th%l’“%&léﬂst@ BnHforg or lﬁloﬁﬁf“éﬁpéﬁ’t"ﬁ ifaig ﬂ&f‘“’k{uﬁg ﬂl’“ﬁJF%/i’“ﬁl e
sensi ng el enenttsouwrayivdapoijoentatoed in different operating nodes, e.g.,
resistively, conductively, pulsed, a DC node, an AC node, etc.
[00153] In connectl on with the use of arrays of gas sensing el enents,
advanced dat al%pt%ced¥i iy ok Gtrawles dhr ff’és“’ﬂ%ﬁ“ 1% ok i dpteion may be

t he- out put of utilzel Bensettios il €gas EbiRIPhaRingk suBlycll atiReb B BHldgsn specles

i ncl ude, but ?sugl?:ris Sﬂe{:ﬂuB ?gpetcﬁgé & % 2?135%%111%{ fl%rgg}% l%l?c h (%I‘S%Ii‘ g]f c%szcal

use of time-varying curren

t echni ques, sVipAbdereiien a@raﬁ@wl &1dgheees sensprasseathly impa b w@yedetﬁ det¢fr¢1§e§'ance
spect r gs copy bafdtd c?‘ldﬁlc frbrh) tha lghbll @ kel ordehviane ecthd Ww}bﬁtbﬁﬁ thetgﬂ%ﬁbufeﬁ' |
into the cate 0 ennnet i

t echni ques i ngﬁu nsmglogg]s PR AP fé:)éenfs P%’tesatken mayﬁ’\? Eﬁg“é‘i tf)ea‘ét'éag; 0| mﬁe gulk
princi pal conpéest tﬂrse\g%ststh@nt,emam@iurwﬂhea*s chtdngtand povpntihecodetizption of
anal ysi s nmet hedSuore 6 halogen species from reaching toxic or otherwise hazardous levels,

[00157] The sensor assembly may also be utilized in a monitoring unit for an ambient
environment that is susceptible to the ingress or generation of fluoro or halogen species
therein, or alternatively the sensor assembly could be a constituent part of a wearable gas
monitoring unit that is arranged to actuate an alarm and/or a self-contained source of
emergency breathing gas, for hazardous materials cleanup crews, firefighters in chemical.

complexes, workers in HF glass-eiching 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 fluore or halogen
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WO 2006/ 101897 PCT/ US2006/ 009330 [00154] For exanple, on being
contacted by fluorine conmpound(s) such as S1F4, and/or other fluoro
or hal ogen species, the voltage across the nmetal sensing el ement (as
a conponenWO%S'f’G/liﬂS%'l ectrl caI circuit) may drop, i ndi caPCUESHP/H9330
increase in regjstanc nt incident to its
cont act i th Pt SRR s Sa T ieT e SR n G Pt W oy
can be enpl oy@ﬂectrﬁ Ggéiﬂ!@r(iaf d9ailiginepanthinifipfilmpsuot eserbandvpedsilicpldes s .

The voltage drop can be enployed to generate a signal that actuates
an automatic ol valy oeffect w_initiation, flow
termination, g@(ﬂ%%]ow \é‘vﬁart‘eg‘h? 55 1BF 25 P! Iﬂlﬁ g°§§he§5‘°r Sensie; assepply and an array of
seni conduct or degrwotdlfergy ditremsionsingy te adinntageorsly gmpibyed bd Ruxtifitd tedFcidNEYy
be enpl oyed t gy %%&ngﬁor%ss@%ﬁizﬁﬁeépgcﬁr)f geﬁepattoﬂ Jﬁh%ﬁtﬁﬁﬁlg%f qufraﬁ%%%ﬁneg f]c:Jr

process operat on, .or to si a nmal ntena

change-out of * F WPRNBAF the %‘?l°ﬁm?rﬁta¥ﬁt ARty the fﬁ?%ﬁ@éwm@ﬁhmomﬂr@i
necessary or dgsicnslhdy. (00155] It will be appreciated that the
change in properties of the metal sensing elenment can be exploited
in any of a variety of ways, to effect the control of a process in
relation to tH&16Yenslt n‘tj}“dﬁe 1e¢enized ripps tmiggerbotplate gmbodithantsr of e zhrabengien)

species, W thiasehble mi Ibb fdely hQri@f tnh 3ot VMfttHQ%mbUﬂgHesensmg films and

assenbl y of t RO SIRRRE ST B {-Fetinih OB Sk GhRRE e Aeis
cabi net cont ai®hd e @ppb@mn of @fgefagafSISu@rea defectina| dgiemn-hsipleei dgctogasay(ieuch
R it A o R A
Eensor asserrblrvn??agfclg%nk We(‘}ygd“% (sjﬂ’éﬂ“bpilﬁ”ﬁ”él liediscloxire (o8 rithich d’l"‘"%%)f fseak
from t he supplincopergtsdheragr bygefbrencaingtgeritiretst he fl ow circuitry in the gas
cabinet. The sensing of the fluoro or hal ogen speci es then nmay be
utilized to arc@lllglhe a@source of bulk purge gas, to sweep out the
interior volu t hEegREs e Y Hkn ’&nﬂ“’}ﬁi"re%tﬁtilmﬁﬁe"%@ﬁ@@?ﬂ P o835 GPPsef

t he fluoro or ikchlioge thesint Gole®nfstnenre eithChiatatié Gthed a0d arDnibRESH S@ter and

hazar dous | ev%ﬂ'&ﬁl&&lgo&%&Z]] 1J%101§%%£t61‘a(7%1§%g13 ¥Sl$¥ra%f %'H.DSJ.StOIbSGUtI . % d I n

a monitoring unit for an ambient environnmen I'S suscep

the ingress of*"HEABIEARTBFEMST if PEiE¥Erddy hwrregrils & Pewisss, Ol‘tm@wr@pﬁecﬁ@r
al ternativel yekhertsensor assenbly could be a constituent part of a
wear able gas nonitoring unit that is arranged to actuate an alarm
and/ or a self-contained source of energency breathing gas, for
hazar dous mat 810i%ls cThealviipereipreviscrentd bif xghtrmics reagtiosshem dal detected by

conpl exes, WOldipérstuien rﬂdlifsgglnaﬁs 2C fﬂﬂomg 20RRkAL bREor, Oeﬁhsr“?h @g&%ﬁﬂa}sgagr
gas sensor as
hal ogen s pec?ggsl})sll/%ea{?%}wngﬁ ST |D>r4"3 B tFer 561(: we{ﬁ?%é’g‘%d“‘ﬁ’ﬁ@f %\‘Jt”il%ﬂéne&é AePsteng

such speci es, d¢spedlleyigisprge instances to decouple the heating and thermistor functions. This can be
done in a number of ways.

[00163] A microhotplate arrangement can be employed, with a catalytic surface coating.
With respect to materials, SiC and Ni may be usefully employed in EPM applications as
materials exhibiting high stability against fluorine corrosion. The catalytic layer need not be
electrically 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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sem conduct or manufacturing operations such as chanber cleans, in

whi ch fluoro or halogen 27 W) 2006/ 101897 PCT/ US2006/ 009330 speci es
are utilized for renoving silicon oxides, silicon nitrides, tantalum
oxi des, an¥WQ¥R/1UPY| ectric constant (lc < 3.9) siliconPEBNEHIOHPIE0

filns such as carbon- doped sil |c Xi des 0159] . A varjety of
desi gns are p8gLy gPEatedypt gpixegawlt %%P'éqeﬁ DE?Sé'ﬁ?ﬁFWI q’ﬁnﬁs e arariafien of

devi ces of di fdmpeeinte idhdietiel Onsfacvmytaljie racicant ageousl y enpl oyed to
maxi m ze the efficiency of the gas sensor assenbly, in respect of
generation and outputting of a plurality of signals for

noni t ori ng of [R0A& onelepwerpiie aepsaieyet c3y ke caéft?é@}lté@m ﬁ“‘ieﬁcgdfheﬁ?"éﬂe& e:8
envi ronnment beh g o Bf foBtiRGn/nidkel fukdiodssenbl y. [00160] It wll be
recogni zed that micro-hotplate enbodinents of the gas sensing
assenbly may be widely varied in respect of the conponent sensin
films and re&¥¢Ne/ dorprhyevaiption derielisionr fFpsgyiia, caasb@é%f@i’fmdn@b%@

wi thin the skipblysifdon héa®r/BErnistod insRadlf ¥£dcataStichitkSBuERPlaiat | on of
target gas species detection. Mcro-hotplate detectors may be

fabricated as nore fully described in U S. Patent No. 6,265, 222
i ssued July 249016001 Inag stilhfgrthen eaniers, vedful Pith miterDiisNegng alrigh Sephiciaefficient.

Bahndari, the (di,s¢pOntysguind S1@'€E§e@ﬂlol&%£fﬁ§éﬁt$§ 1 VY RQEBLEA, BEAQIHRaDY

reference inits entiret T esent in anot her
enbodi nent corfPBHpPAsSLC i’?yad%“ %’ﬁ%&'&? rewa?“ﬂe (gD el hF%é‘P'éEergon
structure w t huiatrgd) al ybi odistivd aﬁ:emmmﬂmadxfhmwedldewph@adoercmahd used for

tenperature S%é}aa%&turé Mﬂﬁ%ﬁ.the heater can be a resistor or
transi stor el enent, 3 t t enperature neasurenent is performed by

a thernopile, a therm stor, or a thernoelectric element. [00162] The
tenperature i n@iease thys, &x elich@pitdach, iRalttic Sasditidaea B deduplld Frym the

tenperature ”g&ﬁ%‘g ?%%é}{eﬁﬁ t ﬂIe %ﬂgﬂ nﬂ:l{% g\ﬁface%%go I%%Er%?}ectn%}r ggwe Trus is

functions as rms erealvey
hi gh conduct i wistepifiesnt opeiatigl adr?éta@r If gradughdnps efaniche] caiplyshipre t qpous gpresult

instances to deaauRhi@civig ivRaldiphe maraﬁe tnhi@tafdes tribke tﬁw’iﬁtytlﬁfbiungTé'lhiﬁal@an
be done in a nu

ohot pl.at e “ar range can
be enpl oyed, \Xﬂ'% L8%§t°§Icy%(m%wgsugér)%%{lcl]esuﬁéna g 8@% e abser% ?}E v
mat eri al s, Si @uerind spiciesrdy abedmg@qcmmlyo@nqu@mgh the Wl&ﬁﬁhp% HeiORY as
material's ex h'o%ﬁtés@gchmxﬁm@t@@ hﬂerewm@gﬁesrtﬁet reﬁdburajrdfa;e SREL QiAo thRe

tal yt | t A t
ot or 1 al wi (b PG TR S Creer T g er ety

[00168] Such decoupling also allows separate optimization of the catalytic layer and the
transducer layer to be achieved. For example, one is thereby enabled to provide very large
surface area without any conductance penalty, and the thickness of the catalytic layer is non-
critical for proper operation. In addition, other metals that have potentially higher
recombination activity, e.g., copper, may be usefully employed. Microhotplates with and
without catalytic 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 fo separate the environmental

fluctuation from target stimulus effects, it was necessary fo talee a reference reading at tool

start-of-clean for subsequent signal processing. Such reference reading in turn requires active
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is desirable for perform ng the heater/therm stor function.
Polysilicon is an excellent material for such purpose. ldeally, the
heater operates to maintain a constant tenperature, with the

vari ati on B0 3%8¢1%8%Keating to mai ntai n such constant teRPEUEINF/R09330
being indicative of surface catalytic reaction. Alternatively, the
t enper at ur e casmibaication| vt theriept wmléwéich Rnetaverecrreilce fhe sogonfescrived

2006/ 101897 PGdvbR2R08/PRGH3Rent BRIy RPIENRIRE 18 Chrgdi stiulé. Xed
vol t age/ current/power, whereby the resulting variation in

tenperature is indicative of surface catalytic reaction. [00164]
Tenper at ur e g3 e neTie teamistreppraach inadrtiowtr hessseyrepl edvbbeientages. The signal

thermopi | es, Qofitioning B ot &ﬁﬁlfﬁ\e@ﬁeaﬁ@ el 1&5@&]&%&1%@. stahdéﬂﬁbé]ﬂﬂﬁen as
[00165] In another vari ation, f LIS or ‘ﬁrans ﬁ@ tg

perforned by CHBPAHH YIF PEEHF ‘WE%’EB VA998 Fefradiipemps! 8’“8’F’g s“éface
catal ytic ni cluethiing fraveseslsaghens the MIGIG Gipcebsrrommertinllyl avéilable frem FULAMIGRO,
useful with (TARCIR 1) i ng a high Seebeck coefficient, such as

pol ycrystal li Mr‘%‘%g_gee eck coefficient> 0.1 mv/C), are enployed. By
electrically connecting a SiC |layer just under the Ni surface
coating (hot) [endia C'I!Hed;ex{%&aﬂhusSﬁliﬁ(be( @nfipured vath hishidkalt ieyer oan siiadn carbide

ot e SRS i b Se o LhoBAERE8, AEURA AR Toall Ui unt A HERT e

tenperature neasurénen such approac
el ectrical tranlddwﬁi@mcwwut@éﬂﬁee@%%ﬁ fromthe active sensing
| ayer, so that the catalytic nickel surface is no | onger el ect rically

active. This i Si fic nt oper at,i ng.adv I age r 108s
of nickel cat éﬁ?‘i}?ﬁ ‘?%?'80% &ty ese%be?‘%%u Seks ore P?céglg act vfli%t

it woul d pose agmgps@itbatiavpids pessianeersnt frughethe W@O’ém dﬂa'sbﬁfb the palfitor engratiop
initially veny act:(thﬁﬂﬂshec!l-gﬁﬁnlﬁ% th@ﬁ@blht@&m bthrd] vﬁﬂﬂ% HoB ikt Beuigﬂseﬁi&dtd‘dtﬁotnn

t he readout in thg @ %“ % g or i eC|de eamyre%m 1ding
el ectrical cordtfRtFone* d’ﬁ’gﬁld T ‘E°§Ih§f‘?eir8an 8§fn ¢t RE o

obvi at es such Aki dnbthe wltdrptivea n dhetrireteatiy appropthooae be @Im‘éoyp@ Iumaa)iilllqoa yargifiest he
sensor, relatiyg ho,chdb Witk bl PUSGRALHSvided oMt &BsilbfiGia€at al ytic coating

i's exposed to electrical conduction. [00168] Such decoupling al so
al l ows separate optim zation of the cat al yt| c layer and the
transducer | ayeri7ijo bey atigembdmope, thexaipl & seserecongetivheis dipyeaeh &b ke d

Lo Py ovi de veriy AGR, uaULhAGf 419 dbidakk: A0E RAUGHARGS BRARLIY.

and t he thickness e cat | ayer 1s non- critical for R’&?Q
operation. In %ﬁ‘r%e@intheféfsﬁé’rm??et? &1&%‘3 optatts 1 ARee o PISKRL 1245T % §
recombi nati on mtcbmotsym p}ogded (POPEhe heamiy adiietwo @ fthe tiyipeenqé myddtement).

M crohot pl at esF we\«hl[’l% Fcrmlstor zﬁ:Pro%Ic% t eax}ugr‘xh%hf cggtgcltlsr i£ Aftaifi @ P'e rrade, and

therefore diff

[00174] An etch process monitor (EPM) in one embodiment can be employed in plasma
enhanced chemical vapor deposition (PECVD) oxide chambers to detect chamber clean
endpoint. Chamber cleans are petformed using a fluorinated etchant gas (e.g., NF3) which
veacts with deposited SiO, to form gas phase byproducts (mostly SiFy and HF). As NE;
breaks apart in the plasma, F, and F- are formed. At the endpoint, all Si0, has been etched.
limiting the reaction of F with S8iO;. This results in a change in electrical 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. Fach 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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Wheat st one Bridge neasurenent, can be nmade that is selective to the
catalytic reaction, . . independent of environnental fluctuation.
[00169] In prior practice, where it was not possible to separate the
envi r onment) 2006/1Q18%7uat i on from target stinul us effect sPCTAUSAE009330
necessary to take a reference reading at tool start-of-clean for
subsequent si gnahg PrOERE SiBintghe Sitdncer &ftierrashelelated atlicongeaibide tiilament iebed r es
active 29 VO.AR00 A48 bt ! ﬁ?&&@é 192 nont RERMAL €8 Lhiinitle 1 diie

tool controlleéer ways accessl bl e, The senso desc¥|bed
above avoi ds ghaess in éﬁﬁ@m%n*ﬁﬁﬁurr&wp?@df‘? @Fﬁiia?éllﬁéjé?‘?f\?eé hys tsaf[leg@%“al or
stimulus. [004;&0ber T84 chdpeimtri St or approach in particul ar has several
added advantages. The signal conditioning is greatly sinplified
because of the large electrical resistance of polysilicon as |
conpared to nl08KE] | alpernsral, frisrdetiehle tomginipisthe foiniint of thegll POSESTBIRYRALF bl e
with existingghi aiéFssfs@l‘eeThenﬁ‘ahi&]@isagorgmc@a@ss&e& PSR @ st e MdSir @ the
process conmerci a vai] abl e from

[00171] The sBRES}® cippbL U BRI PYtiFe %4& TR ag"é”‘""’ iﬁl"?@é&% &me"
silicon carbi ceenmesaidiig tavailpids fimint Appliet Matmidklse diicd (Bornfclems; Gﬂ@m@)naﬂ%ﬁhﬁ h

the vol tage d%afojacﬁﬁcﬁlrb@@aelg&gd’l\%ﬂ alilze mBPItIP"laﬁlﬁh alloRd e &RRPBE Ry installed
constituting the Seebeck %be& A ther rTDﬁI?| edded in
n

a Ni-coated S HHOEBREKP a{oaﬁtséc The SEsd S8 FBREY: {HAE g‘ﬁ@’%m& 1L 3REE g
current throughchinaé fibnertoadt the senRatbhieg fabtidated pe kel 4 siney N er ethdr gwitablp s

acconpl i shed g%. %%ﬁ&;ﬁ%f&%ﬂo@{h&&lﬁ;ﬁper ature, with the hot plate
e

bei ng separ at rom e nic 'ayer. An enbedded pol ysilicon
heater can be enpl oyed to neasure tenperature. As another
alternative, @otfser neehetk ItHe(t‘oomm(ﬁﬂﬁ Beneua malee it pogsible yeidstalllsd sagpomst fhig con

car bl de S Seebectgﬁvggida%gﬁ agld)l Shtl.()% Hngla&ml%(! r&g\‘!s I'I’Bél‘p\“ ded on t he

substrate sidé& ng a thernopi e nunber of sensor
connections is increased by at |east 2. Wil e the t hernopil e and the
t her noel ect ri gog# UCtIhlrsema%fgén&Qnt A6} DefRiirable TP aficdif e pME@ss sysenent |

total of | fourseBhaits oaf ERRCh Rl b an e Bop SR8 ot B Byl MRy B
t he tenper at ubedasisvhisue @lvem the P50beﬂ1t0§lﬂnvﬁge g 2 ppiptferhet dopvn %b?%é“rf"h*’f‘ﬁe

number O]E conac bt 1Be QE&H ﬂ%@a&ﬁﬁ%@i be:l)ng IEJ&Q& Ms]'treaﬁtﬂ oLt RhPOeaI8sS Such

moni tor (EPM in one 0 nt can ed.in Ged

chenical vaporPTHeRHa] "’ilf“ﬁ 9’? 2 essd??flﬁoé?nig i A Qlla’%tglg%tm 1@%&%@

cl ean endpoi piessuhiaaduel tochepmsurea inethp rofasy Pi?eﬁb%s‘i*’m’g pEeviding oAn aﬁ%ﬁ’@ﬁ"e

etchant gas ( ?oogprmt fMF g&ali%h Gﬂhe etch process monitor. The closer the etch process monitor is to
the chamber, the more accurate the endpoint detection signal becomes. The micro-machined

etch process monitor in one embodiment can comprise a configuration that is able to be

installed without any major system modifications.

[00178] Figure 16 is a perspective view of a sensor assembly in which the sensor
assembly 150 includes a 2.16” diameter KF40 flange 156, on which is mounted a Vespel®
material disk 158. The disk 158 is secured to the flange 156 by press fit pins 154. The sensor 7
_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.

31



reacts with deposited Si2 to form gas phase byproducts (nostly Si F4
and HF). As NF3 breaks apart in the plasm, F2 and-F--are forned. At
the endpoint, all SiQ2 has been etched, |imting the reaction of F
with Si Q2. This results in a change in electrical properties in the
EPM In o o] t tr | si

carbi do T iTtane . PRy iR fRrRERh YRR £ AR S bR
seni conduet th¢enmt1@n Wtrn shseel&blirssrpohates ERNAthant 170 dmt defeftaslﬂmor,lenmdr'@
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supplied : i ies are neasured. 30 WO 2006/ 101897
PCT/ USZOO%?%B%E%E&ELBJ&ISH%{%%%% cl eans, the resistance of the

ni ckel plated silicon carbide fi I ament is held constant. At the

endpoi nt , [{H&0) esThs fHament 470 infhe Fighisigensphttaa s silicomegriidsidlamen it fsor

this Cha@ﬁ@trdﬁi‘atéde&iﬁfa%ﬁlﬁcél ﬁlhheUﬁHﬁﬁ%fﬁo &%ﬂehtﬁds&&l ihe ﬂt'ﬂn?snﬁ@t 162 to
decreases. This is the sig cl ean endpoi nt. 75

general , 2k glegrasl ?%Cbﬂtedﬂ%ﬁnh%%ﬁmﬁtﬁléedr%ﬁ e vad smpwwéen@tﬂcws wi

process mﬁﬁbl‘ilﬁéd BSert $6RIbRS o@qse%%éﬁ Gratelile ?H@'xﬂacﬁ;ﬁ&i Fedpeer msérth%s 1s
closer it is p055|ble to instal he sensor to the process chanb

For exanpfwstaliehig HPEcedd fhams having %@S@cmé@@pﬁﬁ@@é@ﬁt @hsarfa@rpomon'

conmer ci alikya. amg Ivé}h&a@ ofiériToARRI drfd é}@hﬁfea@e&he lHeprint ()ﬁﬁE‘Eé?astg 1@& &om
California), fabrication o% he sensor wi'th 8" inch NPT

plug al | ol % Fﬁa @%%rth%tds @@rqﬂeﬂétmfyh? Rigpig| I0e8nsor. (e @ fQOtB%‘?ttOf@r§7§u@h
process chaiheteasdNe sensor may enpl oy, in one enbodi nent, a mcro-
machi ned filanment, with the sensor being fabricated on a '/n" inch

NPT or ot t fitti m.ze t g,n
Sensor. O 03HsE" HER frvalst bieeSF pgtie ThE v recrstged, SpHh it pdeit et i
possi bl e k&utedss &ielNR]hﬁttmgnS@i‘n Aty shiﬂzﬂble m&ms;esrg PEISS pﬁkfﬁﬂiﬁﬁmidr"m

position i elation to the p ces 7 sone
Post ances SEAL Sl GR oliBciennRRAREE Ao S hiinh iy £ub172) af Giffteg toueh
accomodatie Vﬂgelﬁhmm,mnﬁamahfmgh the rmetd drangxasqlidsd wish thg sansbbAGanbly.

process chanber e de5|r bI to, rel.ocat e PR000 .throttle
Daive s o Aepgrndrd b oG e RS R Se o P T hegr T g
etch pr oce}scﬁllmaurb@mdnemmgalhgm&t@ﬂcdﬂp@tseseam of the throttle valve.
Such arrangenent allows the etch process nonitor to be disposed in
an envi Rl | b diftEainRREHSUERol B BB ich@g LG ORE GEFULES 1 adin®
process cmér, V\hv.:!lﬂi)te pr oyf11 I'ng an a%pr%'gérll atnec oot Briﬁn %{‘ s 18ark

i nst al | at i1BnFighretliids apasipegiveveessofmpaisoniE0 ani Eigyleodehe ¢dmssponding ppadaes s
noni t or

I n

i Sielwof such sensor. The sensor filament 184 in this embodiment may have a length of 0.5
and a diameter of 142 microns, with the filament being mounted on a 4> diameter NPT fitting
182. For example, the micro-machined etch process monitor can be installed in a process
chamber using a 3/8” NPT tapped hole. The micro-machined etch process monitor shown in
Figures 18 and 19 is approximately 25% of the size of the etch process monitor shown in
Figure 16. Such size permits the sensor to be located at the closest possible position to
process gases exiting the process chamber, thereby enabling the earliest possible endpoint

detection.

[00183] In the Figure 18 micro-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 filamenit.

[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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t he chanber, the nore accurate the endpoint detection signal becones.
The m cro-machined etch process nonitor in one enbodi nent can
conprise a configuration that is able to be installed wthout any
mej or syst 8@ WBHIM$¥ati ons. [00178] Figure 16 is a per sPEBUSEYOEH
of a sensor assenbly in which the sensor assenbly 150 includes a

2. 16" di amet epropdritd aff thashgmbet 5igan codpoinhi T siliconrperbide dldment Venshserfegtroplated

material di sky}bicke] M ofbedXyith2Bmdiat fﬁ@ﬁﬂiﬂ?@ﬂl&osuitﬂ% hdnR&Y %uésécﬁemo BEess
fit pins 154. The sensor

ele silico r
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associ ated t h?{eﬁ%éz{badzh@n’c a lgyexsis ésb&]tg%rr%ov%e éhIaIH‘JLS tP[lﬁrg@gmh Q%lnehzmg,” the

el ectropl ated "ni Icon car | anent rizon
ori ented. 31 Potrd filmentihgy e fopry shoyn jp tb%%a‘@b*fl?%f Kiguesn) 9owh%e%@ﬁ§8werie4
accordi ng to amotheaes ae&ﬁamdfeﬂmiany coafinubld@nd mifeint fhidkness Tofing eNsicke] (D6 4n

i ncor por at es flla 7 y oriented, to mnimze
the required tE“‘rsi“n ?fjth Sfl’f%&%mfdéﬁ‘ﬁgfgf%algéch reduced footprint
enabl es ready |nstal lation into a 3/8" NPT tapped hole in a P5000
process chamb oass?uc hrnk awa@é% 19%3631@@@&&:1 nfhl Gl @byR Inidaawa@mai a;ﬁﬂlCh
chanber. [00180 qﬁn(b Jﬂ i 3 eetFlI uoresﬂjnse i8or Tée oS &
silicon carbi &M% eﬁ‘tsof Y “gme%Tr% PO H B TR¥E AT cKer Efelﬁ
Utilizing twosethhfagearehof cheimels i tpereatededs intthqrhetal filigthat forg Zhetelgciripphiedh Of

el ectrical cORfe@Ginentt he filanment 170 is installed in an el evated
support elenent 178 with a nachined insert 168 fornmed of Vespel (r)
material. The machi ned Vespel (r) insert 168 is installed in a 3/8"
NPT fitting 1E®1$6avi rithe akctapisietnetlachy eipperet usheamsniustosl persnmplagwputer
portion 166A, dTJah@ary&@fgﬁeﬁ%ecml?fa,to%&atgme @taﬂpl@tregsmwﬁmﬁc rEs%gaHEeQﬁmE he

footprint of t?’ue sensor i amet er that
charact eri st i elegpripphmetl i ks repgrdeddpiiglly and ‘iﬂte‘&dF’dBecsﬁ:FWﬁ? regpyrd 0T hS*f‘gime“t
70% decr ease. e @lBifollhe witcaRtzmd Cup@oistapgied mete fibd8nt\dudngt dlileprocess

machi ned Vesp%iga(r }r cgasseﬁﬂuﬁlhg th@mﬁm 408, t\lésens%lealpémse;% &H&é wPIesfsaas&' ng

166 in any suitab
seal ant, or ot¢feaint g@érahth%es rrbﬁmﬁlwnwh%eab Fr@g%ntfsl aehlwfﬁ&eelécfacal Prﬁ%eﬁmﬁ"f 2)
are pr essed t eOt@d fith RRanMde S P& kdntrd! thé ERMEnt abthel sétheBtahderawghhd bdwaret al
fl ange associ ate sen S C

di aneters are?%ﬁ%w%yegmgmmcanalQSM%%5%£§%¥fcg %g%gg? ﬁgg?ggkﬁMtoﬂw
medi um shoul dilexngyerespondsdeteshaneeableangedpeintt process gases. [00182] In
anot her enbodi nent, the sensor may be fabricated as shown in Figures
18 and

[00187] To further electrically isolate the nickel thin film, thin films could be used as
barrier layers between the nickel thin film and the silicon carbide filament, to increase the
response of the sensor, as well as to protect the filament from shorting at high operating

temperatures.

[00188] With an increase in temperature, the conductivity of semiconducting silicon
carbide-increases, rendering the filament susceptible to a possible short. For example, if an
aluminum oxide thin film is deposited as a barrier layer between the nickel thin film and the
silicon carbide filament, the nickel film is electtically 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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19. Figure 18 is a perspective view of a sensor 180 and Figure 19 the
corresponding top plan view of such sensor. The sensor filanent 184
in this enbodi nrent nmay have a length of 0.5" and a dianeter of 142
m crons, WYI2WHE1$Y7| anent bei ng nounted on a ''/a" di aRET/&B200p909330
fitting 182. For exa the mc ined etch,. cess ni t or
can be’i nst al I9099 1 GBI RkS TIEHRRDAY SICPIR ma R SapRT e
The m cr o- machhiieeeabgiedriaeidssheammandved toshowehinne!. Fiegbmes il Bis dnvenct 9
IS approxi mat gly n%éo{f.es%e 39@2 ﬁﬁcﬁo‘ﬁs &by 1R Shiehh m{cesﬁéﬁplgzmls@rﬁmﬁm in
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t hereby enabling the earliest possible endp0|nt detectlon [00183]
In the Figure cr i
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manner, e.g., by photolithographic technique, |aser ablation, etc. In
a specific embodi ment, a |laser is used to renove the channel . Prior
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190 on the outér ace o e silicon car ment core

[00185] The ¢ Mﬁrfétins thap istppgably| eagegsablp ith @ ¢/Shat A tappsd Werfﬁy}wﬁ@e‘?’?éld’é t}fso

degrees apart prkds®8Ra@BE 200 OSRE fapped Qolk BiRérs the @haBddarvaRIvhaguimping plate 208.

di anetrically osite ose of nt
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esi gned speci 0 et ch. process

resi stance of ""E’Pnséah"é?f’/r Tt ?fd‘%l péatteega ?‘?@’tt i PP llatg ]Sraetf:o% de'“a b com%ep[e 1ioglheand

entered in t hexsoffiwasfthe deoba. BYhigpdsing dvepn-footprint sensor 210 in the 3/8” NPT
tapped hole, the sensor is positioned in sensing relationship in the frough below the pumping

plate, downstream of the wafer and gas infroduction. In this location, the sensor does not

interfere with any moving parts in the process chamber,

[00193] Electrical counections to the micro-machined etch process monitor may be made
in any suitable manner, e.g., by mechanical conmection, electroplating connection, wire
bonding connection, ete. 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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then is controlled to that resistance. Current is applied to the
filament during all process chanber cycles. During the chanber
clean, the sensor current rises to control the resistance setpoint
and st abi | WAEH06/Md8% he chanber cl ean endpoint is achi evBAT/US}86/009330
el ectrical properties of the netal filmchange. To control the
filament at tHe188t r uptberanrrescly apuikbe to Plectgpifte thalegs offtbmiiarnentys atsilicon

adj ust the curchBis badd) Rhir@lmt Qlidoh @a:lﬁ&’erbﬁ@ fis o i3k Gk &JH@HQQ o hick" » é%g ] nhes

applied to th fil hecha er clean e

[88187] To fu?’ aﬂlé@’rsugﬂng@f P‘F%éﬂ ?%%3?@8‘?%1%?“9%‘ R e fechnigueps- ff?ricffﬁhe base i
films coul d bdabiisatad, themictpanaching elchymeess xhrettmﬁmnehthememaiﬁﬁﬁy dtthcthsdﬁoltﬂem
and the sili C@Qk C’ﬁ{et?égggf tﬁéﬁl%ﬁ%&mg&mﬁt%% %Ic%?ﬁ%d fn%?g tﬂé ‘ﬁllcﬁxg caﬁm

sensor, as wel protect the filanment orting

operating t erl?ffé‘r g‘feﬂ&%ghs [b%"i§‘8]Sll‘Wt°Hb’$?lb¥%‘6?"éda@éleFﬁPFatYé?rﬂ@ﬂ%ﬁ Eﬂ“@l‘ ot he
conductivity difeepermprohinectd thgbasd | i con car bi de-i ncreases, rendering
the filanment susceptible to a possible short. For exanple, if an
alum numoxide thin filmis deposited as a barrier |ayer between the
ni ckel thin fil1%%%nd ¢here bopdipetehniguscenidies emplozatdmiond thinenivielokiet tofeichm
is electrical liegof motilahaf] wit onich: Jf thk aiBRke] whBSo H?@Jﬁ@i‘: conhedfigh. fi1m
typically is deposited using electrodeposition. a non-conductive
barrier layer is deposited on the surface of the silicon carbide
filament, net {98$]of i eKety oflmptes ity bremptobiel for filluamt edatiet and depassupleon
may be requir edmateCh as e-beam deposition or sputter deposition. 33
WO 2006/ 101897 PCTI US2006/ 009330 [00189] Figure 21 is a m crograph,
at 500 times magnification, of a sensor filament in which

el ectropl at ed(WiVkel Kagpebdermrsrpiable fuwrifeorsisaat charidebf cdieuctdatmel

in this instapBgeatidrSo2Me rE'ccﬁrﬂP&%s %ﬁﬁoran&)ngdé?ﬂx rﬂ%}ﬁle qgs%ﬂmée ekgﬁly,zthe
m cron thick Ietr}%g%ate el film %

m pl a
di aneter sili CBW9RS °H’é°dfq“1’ fine ef‘%‘f@ﬁ‘]’s" IbF aﬂﬁeeanéé}a‘ieé%‘@ehmﬁ&v? c
represent at i ofhilé swh propetis siresyos velirkid@0, dnB mah u@hm@ting SRRSO a gxﬁdennmyed.

The process syghem fgrggsldgﬁ %luﬁftiig Eha% Eg'glg ngft\'m%rtha%gg ab%? S %8%% pgtof

interior volume 204 1n rocess wa

the punping pP@PeE dﬁb@“de (T PBr @@@5@5 W&&ﬁ@#iﬂz@hﬂsf@n@ofe@ Spridgs et app
exhaust |ine 2dtoidivmest aed 169 ﬂﬁmﬁuimstanaﬁmﬁth@%hvm@y sﬁgld b8 tHoPO@hents
arr ow ( TO PUN@E an;r 1lﬁ alﬁe(cjihﬁlﬁﬁﬁ ccﬂ%gépzblg ?Ir%der a rﬂ?[sﬁ eﬂ? cc{%ﬂz%onts % }og v.al éff?l}%glfs

[00191] In thls configuration, sensor

Figure 16 maywa singp dBerile ahases (t”ﬁléﬂ@xlmiuspﬂmﬁ Qﬁéhclfb@tl(ieelam®fm$ah® being
throttl e val vestadifpara@mesdpown. [00192] Alternatively, however, and
preferably, a |lowfootprint sensor 210 of the type

Group IIA
Mg (1248), Ca (1418), Sr (1477), Ba (1368)

Group IITA
Al (1290), Ga (>1000)

Group 1B
Zn (872), Cd (1049)

Group I1IB
Sc (1515), Y (1150)
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shown in Figures 17 and 18 is nmounted in the process chanber wall
bel ow t he punping plate 208, as shown. Such arrangenent, for

exanple, may be effected with a sensor having a 3/8" NPT fitting
that is nmaVAbie/ERHgeabl e with a 3/ 8" NPT tapped hol e PATAURH06/009330
sidewal | of the process chanmber 202. Such tapped hole enters the
chanber bel owLtdtimnigsnpi ng pl ate 208. The punping plate 208 is used
to uniformy andagy, '(Yen@)ygga@il?,ﬁﬁaﬁsgaﬁ@éw‘sy , PG, 7 Qe85 1y m@@nber
Al'l gases entering the chanber (introducti on” means not shown)

removed through holes in the punping plate, which may for exanple be
1/4" in di amreGasp &t di spersed across the surface of the plate.
Bel ow t he pungj @Iate is a trough that is connected to the exhaust
line of the cha er. By disposing the | owfootprint sensor 210 in the
3/ 8" NPT tapped hole, the sensor is positioned in sensing

rel ationship bahﬁshl& i‘gh@sﬂg&nlibaﬂ et emPAT T BiggoinglspdcRs (20l Ginessthat GIENT) oif
the wafer and. on. In this |ocation, the sensor does not

. SI%% e%r fihg
interfere mntﬁ ﬁ? ﬁmﬁﬁ % % in the process chanber. [00193]
El ectrical connections to the mcro-machi ned etch process nonitor

maybe made i fofddy Suhl88lG GBAGEHse o€ khterialdYor r@ﬁiﬁémfmmeﬁoﬂﬁ%ﬁduﬁﬁ,
electroplatln conne%%hﬁ W re banding conne

rechani bal . coECE D AR BRSO BL* PP PIRE tig MRS e
W th individuah@nmgMQnmﬁa#ﬂzmﬂhmntlons bei ng made to each leg of the
filament. The nechanical connection nay for exanple include a clanp
that is secured to each leg of the il nt_usin re or

S T g e

ot her mechani €319 ast/tparitable majerig! may "é@ yqd; fpr o
t apped 180 degees. mpae tmbodirisit ot insdtievnsunsieriv emmgoytdassighsiitete fdn eilicon

fil tint ercially available
P! Usooo) 003338 P GERRREY e dipitChonifnb ooty sl

the | egs of t femfGeogielgy Cogoratiog; PF‘@& enpsylypiag 14930 sapphisy gopofiamsnt)
silicon carbi e@plbas@mtas fiber tcbinierethlBKfdRO Blichbr) LG, PovaayNCaiedia, phé kiegped

lines. Plati ggerglécnt'm 015 S Y1 0rP SISt I [P , Munesota, a5 Neytel 610

photol it hogra ues.
m cr o- machi nedhappestiibgrs. ocess moni tor filanment is mechanical | y attached
to the disk. The legs of the filanent are in contact with the

ni ckel -plated _|ines on the. silicon € Feedt hr oughs bel ow
the silicon cé‘iogébge b’lalg‘@me\ﬁﬁk‘@m%%uﬂﬁ%%%ugrsmﬁrr?/ma%m%err]ﬁkect power to the

el ectroplated |ines on the base. [00195] A wire bondi ng techni que

could be enpl gyeghit 0 RRNFiah ik rbofal ﬁlK}elbeWblrnﬁﬁ Jf%n?&ﬁxﬁablel QGtels, txhﬁudmg
filament, with connectl?n of 51 hi,.n nic wre Lo a pre §? i
connection. compounds of elemenis and oys discussed erema ove, Bk ing, Gt TimitAtton,

fluorides, oxides and nitrides.

[00202] Any suitable filament composition can be employed that is able to be coated
with a thin conductive coating. ZBLAN fibers commercially available from various vendors
may be employed, as well as MgO and MgALO, fibers. MgO has been verified as a highly
suitable fluorine-resistant material. As.a balance of various cost and performance

considerations, ALO; is highly preferred.
[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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[00196] A variety of netals may be enployed for filanment coating and
t hernocouple formation. [00197] Copper is an acceptable

fluorine-resistant material of construction for fabrication of the
et ch proce¥® WHHIWYY. Considering fluorine resistance gBREVEING109834e
fluoride film nust be dense and have

d e to fluorine exp
| ow vapor pregésur‘ge %mﬁecagt?ﬁﬁvﬂia gpaératl%ag E&l’”ﬁ]&? Befpyoer 1ok dh of gther
may use nel ti rigghmiokntuchss woga dépositivataghniqeds.erg ntbeant arspuistingbdniflesdsi de
phases havi ng d@@%kltlﬁgregna@mapér&cﬁEga}ﬁckamﬁalamgfﬁo&ﬁﬁmglﬁl ting point of

copper difluoride (-785C). Elenments having nultiple phases may form
fluorides that are non-stoichionetric and | ess fluorine-resi st ant
t han those ha\@0agsla SMEBgI:@tiWhﬁadrernﬁhcﬁ[ﬁﬁﬁﬁtﬁn otidVatuual Rpodiibek kdadilyand

non- conbust i bl ' l.1ions, the follow ng el enments
a@né&gﬂj &lth %\;\%r%e%f Erﬁfggﬁrlr% . .

formsingle fluori de phases 1ting point of the fluoride
I n each instance being Ii sted In parenthesis): Goup 1A M (1248),
Ca (1418), Sr [qo2eb]7) ,In B&iltﬁo]lSﬁB)eiaxﬁbﬁ)Upthé hclnﬁn rdg 23 Oht folGRe GrRtk0QBng

G JIB Z

S006) 101607 Pt ek R SRR n{leRtPrehli e gaf"l‘gfg F‘“aﬁégﬁf i%‘%ﬁ?j‘“"“az‘\g

(1231), Dy (1Peayse bpg aluming3yonofiement 4dehly rPistantl t5Biprine plasma] F2Y lay@r dup

]yl [l Ni (1450)je;ﬁdte@ﬂ18taitcﬁh€behlh ?Eﬂatﬁtlﬂlﬂ'l SRldkdefdt még%ﬂd@%hﬁrﬁﬁért‘tyang Sﬂ:gl en‘(i:clﬂgs
rr

[oreaol 19 Specheie GO RIERNE Rkl Vel Go%Bbe] L SErahoShs

coating of fi Peileia ﬂn‘t&i\éﬁm@uﬁt Baul, Mimetoiap s avegaleudianferrs regehonp? ®d8ss

moni tor appl i @dddng %e@@"hn@cﬁerfﬁﬁgf bfqgtrﬁg:t}%ih REmAENs dWBvaBE. ERE thin coating
foregoing mat ert!.u%'bgosp a?nlell;t res1stan e%y a factor of 100-fold, to several hundred ohms (1000-
fold for Nextel fibers), thereby greatly simplifying the measurement electronics required for
the sensor. Furthermore, one can reduce filament length for small host flanges without the

necessity of resorting to wishbone or other geometrically complex configurations.

[00207] With a large electrical resistance, the filament can be operated in a constant
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.

[00208] 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).

37



[00199] Any suitable material may be enployed for form ng the core
fiber of the sensor filament. In one enbodi nent of the invention,
alumna is enployed as a substitute for silicon carbide. Useful

al ternat i v&/aWEMI7s | ncl ude sapphire nonofil anents coREEUEIUAPOF330
avai l abl e from Goodfell ow Corporation, Devon, Pennsylvania (A1665920
sapphire nmonofilanment), sapphire optical fiber comercially from
Photran, LLC, [f608y, Kad iffrhéernénsbodiaed, thbdppaidn chitbaiifes CO MisRdnticihdd YN
available fro VA I

chopped fi ber rs}SE ﬁ%o%%i WIthS&n alfn?% Fy %nﬁ%aﬁ&i ??\%{n{!ﬁ}( iohted KD sonsor
f1 uori ne-resi J¢iBHT Sigt @FtFIaWCh fm%‘ﬁndmgerwmh@r{ﬁu%m@cquﬁg@mé farbieed
of any suitablpevied.eri al s, including conpounds of elenents and

al  oys di scussed herei nabove, including, without limtation,
fluorides, oxides and nitrides. [002021@ ny suitable filanent

conmposi tion caif?hd enfieussRds 2 sieph of dangp Inelepigodbessigioias, ek fungtierof time,Hprm

conductive c O&BmlﬁgsonMNorf Wieing neREREC RhihY, mﬂ\/@k)l aﬁJD!a ﬁ‘orﬂ‘zén@ﬂy YdbultQus

beon ver 11 v TR IR G LM (HEb e MeerEE Bt i e fbiota.
a bal ance of wbqﬂsmwlgledhﬂsﬁttcham@quemﬁm weneperated dns sl gand tirenspodA P Bycles

hi ghl'y pref er r@dink 3RQBknt TR sdrd {oarﬁﬁﬁﬁn fi@hdridg aaﬂd Qx@oﬂ' @Ee&n&hfﬁ%ﬂéﬁ' L

coated w thout adverse effect on for mnce, of sensor.
rel axation of EVBE}TSPF’B%‘)&P’?W UoBERBPYHYE WF%GW@%W%@“G %fﬁﬁ@]teétﬁﬂsl al I y
i ncreases the degrees of freedomin design and fabrication of the

sensor. 36 V\D[(R)Qp@/ 10é§1@1ﬁerP QEA(H%? ng% 0P8 ﬁr@sent[ M&%ﬁ] steﬁh&g LB lﬂg!i Qe

avoi ded as a coating techniq fech gues,
such as vacuuﬁﬂ°&f‘éiﬁ9§‘ﬁ fhptppst %WO&%@*POSEE& hlghév WEHHE gP"@F)ERef*@rgiﬂlF?gﬁf‘fd

t echni ques, f oy plagiepasduth, sgnless aedl &S) lsaperg tdsedipalte iﬂhté‘rlﬁ&bfﬂiﬂstﬂ:btibmfd’ia
monof i | ament 0 S ctgfa‘[ iNgg® dr ; ments in
one vacuum depg)vgclgtgl 0 JIE/@ ‘r'%ea Sé)%hﬁieﬁ%/égd e%&ngr?%fe Surf e“}-?“% ergée
of uni for ni t y fe[mozpk) RifRs, éw%méwrs il €opRtreially Eyadblost Iomestc 6mpinmmft y
requi renent fa@s sﬁebﬁn@?ﬁeﬂilve@%ﬁahﬂkghe lw&nﬁahﬁé méterial a@!ﬁia@i@ﬂi‘ ‘degcah& 410

| onger requir ?%5015 accor%%m?h lprcsent {nvenpg 5 ?hets{;]es ngo\rlg?ﬁn%% onﬁapﬁ%?ctl%to

because bare a
pl asma. The Iés?élem@ﬁha@é}wsﬁeﬁl@ﬂbﬁrmhaib@awmbe as thin as 20nm two
orders of magnitude thinner than a typical nickel coating on SiC

ronof i | ament . [(JOQIZE he l?s F sheathe exgn%lts h?sltge (ﬂlodo dgagntafgé ctn)fea 1ow1$1gc gnm{’vg]h%l ly

sheath directly to the host flange in place of a dedicated electrical feedihrough, The sheath can

be welded to the EPM host flange directly. Alternatively, the flange that not infrequently
accompanies the sheathed elements (for example, Omega RTD-800 series RTD temperature
probes and the Lorex flanged/sheathed thermocouples) can be welded to the EPM host flange.
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 confains a high nickel content to enhance fluorine-
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avai l abl e from 3M Conpany, St. Paul, M nnesota), the available

di aneters range from?7 to 13 mcrons, whereby another factor of 10
reduction in dianmeter is achievable. Such thin coating in turn
boosts t heMQ 3084194897 esi st ance by a factor of 100-f ol d, PEHUSWIEN30
hundred ohnms (1000- fold for Nextel fibers), thereby greatly
sinmplifying t ﬁ@lsﬁ@aﬁﬂuﬂaémm&n@maﬁmﬂcmla@ilgwfrdéqmpm}entEfmclcel sut@e s@HsOp the
Furt hernore, gmemcan reduce filanment length for small host fl anges
wi thout the necessity of resorting to w shbone or other
geonetrically conplex configurations. [00207] Wth a |arge el ectrical
resi stance, tHe fibudattent cfan doposipper agsivncen afcoaibvantis curdilesd mmde
| nstead of a GanAhARbalSSbAkARGE AlMiSroRhpRC 1t TS unnecessary to
operate with constant resistance to boost signal strength. The use
of constant current as an operating nodality nmeans that the fil ament
can be operat 283 a Inesisl aaat&lzztuemars&hwmmmetpelo:antpﬁfs(om'@)sponséd‘h@er Bby

el i mnating tlﬂﬁreﬁ)?ee’g gxfef%ﬁ'ecﬁéragerﬁh\@g 9'%%%&1 l)[elatcﬁ% gmn?eilg atlgeilyl, al’fhm

vol tage contr ol urrent source
Convent i onal W?f&éélswfﬂéuﬂ%ome-rﬁw worial %‘Slhasbaémm?@a@ﬂ“lwmeﬂmroﬂyéfdlefs

Al ter naéI i vel ésuch BRETRELOBIV ESPELf 28 myr@t &EH berd@;ﬁaklﬁ’él am:@um&ﬁlﬁ)t bfOTRFE@N be
retai ne an

the use ditions se C
operated in a“cons gnflgﬂum?eeeﬁ o as( 58 IRAD °§§H‘§%‘£) n g ef“ﬁ ‘gment
constant resi $raRksbeaubiol i gisely 2 minwss initicleessisar e replasdsy, for example,
flexibility ofnOpghad bod c\Mt;h of2! chi@¥s i@ n S 9 0%Bm 5@} th%@ﬁbfaéa@ﬂe!& shiRRgt O

T angerent pEFINA SHETET I G G e o5 S e Aol FRERERC s
and at differ @nﬁonséltanﬂngsfat@eq&mbwadynmtf ferential /redundant signals
for accurate data inter pret ation. [00208] In another enbodi nent, the
Ni - ted Si fil | aced b hi ned kel
Nopor v ocy WPRDr AR 4 RahSE SRkt Brcinie i

al um na fi | anentvingsthe opspeneidild )Teﬂmabdtﬁbhﬁ{e( ybed SiC filament (curve A), a

Lo e 5 T B ERO S P e

M crof abrica pddf)
further embodPAEhf2 GPIFF@t VN PlERPEBRE kv (Ered) andy wekskkie; Sife flampnt
pel i stor sit pledat@rswibiimaforad kot (Arvs B P turvd O repebekintingdhe pl&ma on/off
thermally iso e as_ni I
and a ther m)jL %t ?%ET sucﬂﬁ(%é mﬁ?@iggy Igg%bgg%ﬁmggﬁ ?‘{’5& ﬁﬁmen Vi'ded ngtan?
[00210] Fi gur &gt madeaProgegpiendifions fnghided 4 presireof A iterawith ésﬂ@t e 808s a

function of t imfdard Ec cantlrrféﬁfma’f Dhif (sde@Bd a@bn dnkll @lﬁ) s\é\dn{ RerdBrihdeME bith

coated al um n%e g::%gegs b%mg opereﬂed b% hbrglrné gnoai;]l a}f f(}{:r

o

e:s to s1mu]ate endpoint or fluorine

rise.

[00216] It was observed that the Teflon coated sample and the discontinuously coated

filament had opposite responses. Resistance decreased with the introduction of fluorine.

- - [00217] Figurc 24 is graph of thermocouple voltage as a finction of time, for a test in
which three thermocouples were examined under exposure to 4 pulses of nitrogen trifluoride.
A bare wire T-type filament had the fastest response (curve A). Curve B is the curve for a
0.020” sheathed T-fype 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



ni ckel -coated Si C carbon fiber (XBNA) (curve B). The respective
curves show the resistance change while the etch process nonitor was
operated in a constant current node in a cycle involving
intermtteMMO¥WPHIe to nitrogen trifluoride, and on/ oPETHRWPEHIIIEN
in which four events of nitrogen trifluoride exposure were
alternated wwth three off cycle steps. [00211] Consi dering anot her
aspect of the [2é8ent Thergesrd ofhihe giegdnh ingggiors mep [be iemplageddwilln anypulddis S
tools that mushyRsERHRMAALE exposure to highly corrosive fluorine
speci es generated Dby plasma. As such, stainless steel (SS) is anpng
the acceptable materials of construction for devices exposed to
fluorine. SS-dbémélhedit @Hpﬁbcﬂmwnneﬂxﬂm&nﬁng aygatieh, 6 Minfimal EndQifferential form,

t her nocoupl es, , REDSu.pRd therm stors, are commercially available at

| ow cost. Adoption o? SS sheat hi ng ef fecti vel y expands the |ist of
conpati ble materials available for fabrication of sensors according
to the present inventioaw-s{u e dAme.shaal.h xamayifesamddi¢ i onal
protection to the elenent that otherw se nay be etched by fluorine.
[00212] Use of sheat hed el enments has the added advantage of all ow ng
one to wel d théere dNEistthe ngpepsaryichanes i jqulschetting to hiintriy theisensipg elereenbit aget

dedi cat ed el e@&ﬁpb@ﬁk Tfe,%ﬁtdh gy cormoﬂ@ﬁahf@m%ﬁs 2 BV | of EludnOindrRA

EPM host fl ange dir .ternativel flange that not
Coi'requent |y Sdesal Heertlis Sl v pbingris Chor ScRaririre Heya
RTD- 800 seri edenRam@utepAfids the entbalpypefotretondpg, tebmantinatiexoffiluatgediakehithed
t her mocoupl es)c&ARn Be ﬁﬁé@ﬁ%&%&h@m@ﬁ%ﬁ?ﬁk flange. Such welding,
while a customized nodification, is readily effected and invol ves no
significant added expense to the cost of the sensor. [00213] While
stai nl ess st ed102203 a HUpukhpasusheat huseioet iidkeal iy Tot e teshl inathd eurly
material s na)ﬁra%tsergﬁues%ecqangé Iﬂ cﬁm&ﬁ)F Il(ﬂga grd!e %Ldeﬁatﬁh{{ %d 9 Xﬁ]gpetcﬁ

| nconel and Hastel | oy-C such cont

cont ent (genePRA¥c tg’d%haé? Bf’ﬁﬂter% CQ“I%‘%SH“%'P%G Hpeagtic ‘éﬂl"@%i}’ whea Cm!BPaf@t"G% c
% . Many of stehickdnt @¥SF.aneshon i@ ThHdObddve- r esi st ant t han stai nl ess
steel, when passivation occurs, e.g., a passivating nickel fluoride
| ayer forns on the alloy surface when the alloy sheath is exposed to
fluorine, and su@ﬂzzéﬁég\/’atl ng layer prevents further corrosion.

Whi | e sheat h [8pdeRS T al § WEET er abigF, CONt aifiRgy, a ni g gl CREl QQgRt et t
enhance fl uor 7 _PCT/L |Q')nm:;/ 009330  registance,
sui tabl e enhadtBMEnt carf be acHildVed by dBBI yi ng d8hi ckel |24Pface
coating to theondstigist h. A tabuljati on of |corrosion resistance of

alloys is avaihaRir) at
Kinematic 0.6 1.96 1.5 25 58

viscosity

(npoise/g)*

* Kinematic viscosity is defined as the ratio between dynamic viscosity and density.
Because the density ratio varies with pressure and therefore is nota ﬁmdamentai matenal
property, e molecular weight is used in place of densiry,

[00222]  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

=- {h X ATeFﬂuem l F Tetemen XAh T + (AH : 1‘) T }
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http://ww. wati ow. com' reference/files/corrosion.pdf. [00214] In
general, the utilization of a sheath entails a penalty of slower
response tinme. It therefore is preferred to use thin-walled,
grounded sMeBIB/HE8%| enents. Alternatively, a thin | ay8€TdH2006/009330
insulating, fluorine-resistant material such as al um num oxi de, or
fluoro-polynmers such as TEFLON, VESPEL, and KAPTON, can be

deposi ted. Thel0&Gslvi viadoaise ﬂxyretafxve‘ﬁEiémﬁE\bfﬂaMerME&HEsl_frdnfmfe klpkdds to the
envi ronment s r o

metal sheath I(%ﬁtl gﬁ@lﬁbst %& dcgﬂ hxw%ZDEO'JtEI'rrII1¥l g?%’n%nd E;ges n%%éﬂﬁm’f)m
repl aced by, figPTERAhipt Basibleyy aIun1nun1OX|de coatlng of 2 microns

t hi ckness. Cbnparatlvely the unsheathed, insulating coating
arrangenent h di t an is. therefgare, Su i bl e
to faster reggg%ge tcgqgla agﬂ?aammhag{he ArPs g@%%ﬁ?‘ g%T@%
Figure 23 is a°griaprecstny wih dicinelectablerpasimisrs iaspossiblou e | fglip“mg tenerie,
in mnutes, sBewkdgiol bRhd BEPOREEUA RercERE hH Gni@ﬂﬁ%&ﬁdé}lng k&lkraitteAdifd
Si C fil ament (curve A), a discontinuous nickel plated silicon
carbide filanment (curve D), a nickel plated SiCfilanent plated at a
current of 0.125 mlliagp e%PTT5T§8§rS (curve B) and a nickel plated
SiCfilament plated at 0.25 m|l Ilanps for 5 hours (curve E), with
curve Crepresenting the plasma on/off cycle. The test conditions

i nvol ve si nmul t[en2esfjus| Beperaiit iof the adldtivd weighingiok dae ﬁficStelifrB tHer€ EHRSJE &ak—and
current node. ogf Q‘&ﬁ"s 059 o gée%{ljlgp %1)I '1%&% P&io%?na%s rou Solﬁltrtge c%l)ean EycC t@i Teg;FE

fl ow rate of 805 I c’cen
argon and 400 @@Eﬁ*ﬁ%ﬂl{op@g@ﬁm gafire| cleat pyle, GnTeh g ctom@atpq vddnitially apchgjves

operated by t urapid oD ieyubkeqibit of;@dﬁbn, Enhcf(E)SI‘ etr®2 Bilvd¥iha@ teTeBR U ROhd YourSd of
fluorine i S% er£t89 A?Jctol‘klﬂ déf‘,\@g)ttgl%t%eac sc',m%an?I aetmﬁ% ITef lon coated sample

and the dlscon I NUOuUsS 68Tt e responses.
Resi st ance decreased mnth the introduction of fluorine. [00217]
Figure 24 is graph of thernocouple voltage as a Rinction of time, for
a test in whi®h three ther@pcoupl es wergexam ned undery, exposure to
4 pul ses of nitrogen trifluoride. A bare wire T-type filanment had
the fastest response > i~s~t he curve for
sheat hed T-type fil nt and cur Cis a 0)\040" t hed
filament. If she ed,
fluorine such K-type thernocoupl e
however, sheathing increases response tine in general correlation to
the thickness [@R2d] he AspmaricigagthinayitrselectdlcWohdRROO Lk Bd 88/éloped to locate the

PCT/ US2006/ 00%§d%9’mt for any one of these four scenarios. The following four parameters are first defined,

each a function of time during the clean process:

Su(t) = max[W(Hl—W(t)
Sm(t) = W(t) —min[W(D)]

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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[00218] The sensors of the present invention may be enployed with any
suitable endpointing algorithns. [00219] In one enbodi nent, the
governing equation, in a mniml and differential form can be
written aswadbes/folgkR, v) x ATenuent + Tetenent XxA[ h(k, ROT/HS2006KM9330 =
0 where AW i s—t-he-necessary change in joule heating to paintain the
sensi ng el emgrskenato a set  tenperped@itdel cnment; h i s ghgidgat
convection cqefficient and is a function of effluent thernmnal
conductivity ki nemati c vi scos v, and ot her fact Tenuent 1|s
the effectivg gffluent tenperath%% AH is the enthalg 8? W@gctior
(e.g., reconbigati on of fluorinengadi cals) that occu%ﬁvﬂgﬂ%ﬂe
el ement surface, and r is the reaction rate. [00220] I's measured
and thus know®@)in real tine. Thé.twe-tirehsds i n t he cumlkirkragcket s
represent changes in convection |oss and are dependent on Ic and v.
The etch prodicts tend to haveSwowrtreioial conduct i §it freshold

ki nemati c vi seost+t+y—whenr—conpared—w-th the etchant (e g F2) as
shown in Table A below [00221] Table A Species W6 CF4 SiF4 BF3 HF
Thermal 9.8 15.0 15.6 16.6 23.0 conductivity (mM¥nrK) Kinematic 0.6
1.96 1.5 2.5 GFod3anyVi %@ﬁ)‘iﬁt)ﬁ r&%@%ﬁ@a/tﬁ)condmons}gtmgagﬁe re éoﬁ(? 9&1‘ it %sxgr?ed

defined as the rati o betwe dynam ¢ vi scosit

the density r g‘f FEORY R dejpange 1B "é@‘éﬁ%?’%gl’é{’ﬁd’ett"ﬁ%‘rt@f P éﬁﬂfi%ﬂ‘ﬁ(‘iﬂm@ﬂzes the
fundanent al nuitierand fourtp sepeind. yThetph’EethmbI& ehtheif dhBig fubliciogsly Salaltoulipl ace
of density. [ %&%l%]peﬁ? %Hﬁr% if Kbﬁeaﬁng LRRELH2 %%no%dels r%%.(é%tuﬁ SF WS of the

ef fluent tenpe f§ 'Hﬁ urin ean as co
post - cl ean op&FHER emlﬁﬂk%ﬂntpf’%twaﬁ @P’b%QWnd?“%ﬁqléfa fﬁ’f'théflﬁ’i‘fasscellahes
cl ean progresses can be described as A W= - {h X ATenuent [ +

Tetement XA Tootzdh At sl achimdf) QAN UALLRILEGT, VT8 099330,
of

1. Selecting the pre-condition parameter: none, SM, or Sy
2, Selecting the pre-threshold value, if required
3. Selecting the conditioning comparison: larger than (>) or smaller than (<)

// this can be included with Step 1 as the pre-condition defines the conditioning

comparison as well

4. Selecting the threshold value

[00229]  The 4-step selection process described above can be automated provided that the
software is able to determine which category accommodates the measured traces, it being
noted that the clean process must be repeatable in character. Sophisticated paitern
recognition techniques can be employed, or parameters at the end of the clean can be
cxamined for overclean processes (1.e., clean processes thai 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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[ 00223] Because the relative weighing of these terns varies from one
cl ean process to the next, it is not known a priori how to determ ne
an endpoint and therefore a determnistic algorithmis not feasible.
[ 00224] FowoOrrdpailisof ool operation, while a determ ni sti ECEUSHOPPNAIG s
not feasible, a ge } } i } - [ S
is possible. The foBjuwa@ generic representation ofthe governing
equation therefore|has utility in considering general trending: |W=
Term1 T+ Term 2 y|f@BBS0 Dependi ng on the rel ative@ei ghi ng of
these two ternms, there can be four-and only four-possible scenafios:
(1) Term 1 doni nat 8" PrimGfghout the clean cycle, (2)@erm 2
dom nat es t hroughout fk/a%e%nti re clean cycle, (3) Ter A 1 dom nates and
initially and gives "Way to Term 2 in subsequent opefation, and (4)
Term 2 gives way to Term i T the ctourse of operationm—Apictort al
description of each scenario is set out below (1) (2) (3) (4)

[ 00226] A generic algorithmw th sel ectable conditions can be

devel oped to | ocate the endpoint for any one of these four

scenarios. The follow ng four paraneters are first defined, each a
function of tinme during the clean process: SMt) max[ Wt)]-Wt)

SMt) Wt)-m F%EE) ] I%@Préfoter?@w@w@éiraﬁ pites thepstpoihestuyistaze thel Fafiavaes mopes
mlaxi rrymhand Midd fAbhy Bt Ohers (6619 dlebé@pr&e@séi are @h nfltRNin(el T khe sfgﬁﬁ@é 1!00

al gorithms ma .constructe se n thes araneters or uncti ons
of these par a%% g?%%%ﬁ“é%"é‘r‘r%nggP?peﬁg’éeélg’ﬂ‘fvgﬁegs a two- st age

condi tional decision process: 41 WO 2006/ 101897 PCT/ US2006/ 009330
Scenario Pre-condition Condition (1) None S. > threshold (2) None SM
> threshold (3) S prigect:hme phdr dactMart fof 2R 6ldkcletdyc &M
pro-threshold S. < threshold [00227] Endpoint is reached when the
condi tions are met 2. TheCangerize twdtides prihd fellogdgicepditidns: ¢Beraitic ommegiat e t he
change in relative wei ghluBth BRLWRAR: dABmbtdRyLERhT A BaliL6AhaoaL vass

h
the “?* condition)

Conditions (at end of clean) Scenario
8w > Zero> Sy n
Sum = Zero > 8, (2)
S > Sp > Zero (3)
Sm > Sy > Zero {4)

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

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

cycles:

Scenario Parameters of interest




third and fourth scenarios. The pre-threshold value, if chosen
judiciously, will also allow multiple peaks (rippling in appearance)
if the residue to be renoved is made up of |ayers of different

cheni cal cHi¥WeViI¥is. A pre-condition is not required PEE/USHDOPHRBIL
two scenarios. [00228]1n field deploynent an operator defines the
endpoi nting algorithmbyythe steps of: Iuvnbelgcting the
pre-condition paraneter: none, SM or SM 2. Selecting the
pre-threshol d val u¢, if(2yequired 3. Sel eddinimgl Svhe condi ti oni ng
conparison: |arger \n i% /'l this can be
included with Step]l as®the pre-conditi ofitiefmasd mdma Smdi ti ori ng
conparison as well {4. ecting the threshol d val ye [ 00229] Thg
4-step sel ection pfocess described above &W%S@a&ﬂPﬁ%ﬁggﬁ provi|ded
that the software s abtetodetermne whtch—categor-y—accontodat es
the neasured traces, it being noted that the clean process nust be
repeatable in character. Sophisticated pattern recognition

t echni ques can be enpl oyed, or paraneters at the end of the clean can
be exam ned fl[BR23¥veric|Degmipy we-thssied 4od iheesholdtabanbapd @6 Eeeambthatkiues
reach the endpgj Drrer S | ; : L ar Yo i

i nstrunent or ng}rllln%l?]%) Ig‘r,]ltglillspsﬁéaalyv,ngdt gd%g %1%@18?& _té1 otkavle %I ggggﬁt%g)hgﬁ%gnﬁgf tﬂlleons
(at end of c| &BfppindRespditiops wili e Py dtiggy PCT/ US2006/ 009330  S.

}} SM? 0 (1) SM}} Sm? 0 (2) SM} } Sm> 0 (3) Snm} SM-0 (4)
[00230] It is therefore conceivable that, after the setpoint setup

than (>) or smaller than (

stage, the softwargToves—toa trarnng stage-where—{over—)—ctean
processes are run pul3fpglie tin@@mﬁéwmﬂﬁ%ﬁ§@ftmare to Thesskaybdefivitont he

traces and identify | ues: 1 Record the power

traces value for a
the foll owi ng cond
the mat hematically
condi ti on)

f e@) over - ck@an cycles. 2. Categori zgubuld®ink A&ZGM nitipal S,
tions: ("Zero" is a non-zero value to determ ne
médni ngf ulNevat al gorit hmical |y vagué8ubttading A from minimal Sy

3
)

Subtracting A from minimal S, AddingA to maximal Sy

Subtracting A from minimal Sy Adding A to a from maximal S,

{00234]
endpoint
beneficial to add a short post-endpeinting period T to continue cleaning past the called

endpoint,

[00235]

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

somewhat prematurely to accommodate process variation. Therefore it may be

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

resident part of the continuing operation.

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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Conditions (at end of clean) Scenario Sm > Zero> SM (1) SM > Zero >
Si,, (2) SM> S, > Zero (3) Sm> SM> Zero (4) [00231] It is
desirable that all processes yield the sane end results. [00232] 3.

| dentify twe m»odofs7(over) clean paraneter val ues of i NPEF/ESA006/008350
these cycles: Scenario Paraneters of interest WO 2006/ 101897

PCT/ US2006/ 009@28s1 ( IDhe Mimiareas ac@:ted(tagedbiaﬁiaﬁﬁitryﬁﬁﬂﬂ(@verlwdgi tﬁTEJquﬁent the

and nmaxi mal ) [ e
pre-threshol dl\%tﬂcééc a%rsl%ilﬁ?(} 0\5733 s@ghag%én(l}% %})mp% aﬁ 19e aohE"f %rrcar\ll?ﬁ a‘f}lélggl
from the previdgrierigieesss aithe threshadvabie phangey émshpldaﬂlmsw@did alpp pereskamined gy
hel ps ensure tWhenev@REREIOLsePPniGORGifdfed.ons W |11 be nmet nost if not all
times. Scenario Prethreshold definition Threshold definition (1) None
Subtracting A frommnimal S. (2) None Subtracting A frommnimal SM
(3) Subtracting Afrommnimal S. AddingA to maxi mal SM (4)
Subtracting A frommniml SM Adding Ato a frommaxi mal Sm [00234]
The endpoint calling with a built-in safety margin is designed to
call the endpoint somewhat prematurety—to—accomrmodate process
vartation. Thﬁfﬂg re Al&o-%ﬁXhaQﬁvem}fbﬁ I’hgj Ee@ﬁ @Arioﬁsﬂf &g&ilb&l @E&er \;ntl'i Tefe dence to

pOSt endp0| ntin eriod to conti nue cleani ng p ast the ca
endpoi nt. [ 002@%‘]3 yer enpbqimgnty andyfeates. i Willabey dpareripted Hat tip emRedypwisedd

steps 3 and 4faaams ldesciited ehe@inatioes et inpatdd ﬁfhrﬁxh&leamhﬁdﬁuamthat other
operation. 3. vAerr‘dﬁE |f o ﬁéﬁ%nspaﬂ%%{&teﬁﬁo %Fm %Ildz %giésfﬁl& sfefv%% ?nose of
preceding cycl es: e thr es he

val ues of i nt @ilway S@Bﬁ%fhemlmsqq O&twlscbamﬁhpaqﬂy e Itlmthedhqr@w Hobe

t hreshol d val w@sily construed, consistent with the claims hereafter set forth.
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44 WD 2006/ 101897 PCT/ US2006/ 009330 [00236] The software is adapted
to generate an entry on the event log to docunent the setpoint
change when it occurs, so that, when appropriate, the tool operator
can exam ne the appropriateness of the threshold val ue change.
Threshol d val ues should al so be re-exam ned whenever the control
setpoint is nodified. [00237] Although the invention has been
variously described herein with reference to illustrative

enbodi ments and features, it wll Kge3ARmRCi ated that the enbodi nents
and features described hereinabové are not intended to limt the
invention, and that other variations, nodifications and ot her

enbodi nents will readily suggest thenselves to those of ordinary
skill in ihe aAtseIQ@rsc%g'inﬂné bﬁrsdéu%ﬁdrpsﬁhhl‘:t@rehﬁfé&bﬂﬂ suE;b'lﬁt dtiﬂM@f@tﬂha@& elevated
therefore is to be_ broadl construed consi st ent h e cl ai ns

her eaf t er relagiye P dhe first SHBPOFS \é“‘(ﬁ“&l Tl ayledshonedReg oy rf’rs‘}0 Gmftafl‘c?rg"l‘m“g
S UIOIOOF U Sientifd &léent foskRaanid cSMWﬂj’rTﬂuﬁitslébﬁi‘ﬁgUﬁvﬁerélh @tte at agloswa@h@al element
relative to the first support structure ast one transitio
et al - or b tRPEe st iien LTS ey el P PR PRt PR B Gree bR el
cont act f Rist blebbtbirpehaienithas sik@st@nadithesialled @astisbme sensi ng el ement
i's supported between the first support structure and the second
support structure, wherein the at |east one sensing el enent has at
| east one2.di nefsi ensdregscldihah Wsgeimthe2at [®he opensvmgoflengintihen 4t, least one
wherein t(tﬁg‘g%gonll%gﬁlk one sensing el ement has at |east one dinension
| ess t han m- 3. Sehsor conprising a first support structure, a
second support structure that is elevated relative to the first
support SgrUCtM %so%%pﬁgmé §ﬁ1%¥ L?Bﬁ't gtﬁ@ﬂﬁe' LEQGnJ@bﬁdﬁ stﬂémﬂac@@t% elevated
met al - cont'ai ning sensing el enent positioned in contact for uid
sensi ng, wWhéreiorihe fst sappqrréavg%mrsr?@d delgast Ay Enghempetaly o WEpﬁfﬁwwtamrng

bet ween t fgqifd é1é£en$ HRRRAtd 8 tcbited: WrenfNdnd e waa6a e 5 WRNOAE se§§1ﬁglélélh€nﬁ,
wherein the at |east one_sensing el ement conprises nickel. 4.

sensor of ISCPERCHFRbetvFea ths fiystsHepogstrpciys pngthe S?@F&?"ﬁ@"‘bﬁ“@ﬁ%’ﬁt WP:"(S% f’s?‘és

a ni ckel Whdt 8ne @fisidol el AR Yompises Ack@nsor conprising a first support
structure, a second support structure that is elevated relative to

the first support structure, and at |east one transition netal- or
nobl e net al - coTkeadeoNGf clERAITS ivhigreit tieN® RiastPAS bdnbiog eldmén caomisecd nifl@t wire
fluid sengljﬁgﬁen\{merei n the at | east one sensing el enent

5. A sensor comprising a first support structure, a second support structure that is elevated
relative to the first support structure, and at least one transition metal- or noble metal-containing
sensing clement positioned in contact for fluid sensing, wherein the at least one sensing element
is supported between the first support structure and the second support structure, wherein the at

least one sensing element comprises a nickel coating disposed over a silicon carbide core.

6. A sensor comprising a first support structure, a second support structure that is elevated
relative to the first support structure, and at least one transition metal- or noble metal-containing
sensing element positioned in contact for fluid sensing, wherein the at least one sensing element
is supported between the first support structure and the second support structure, wherein the at

least one sensing element is responsive to the presence of fluoro or halogen species.
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is supported between the first support structure and the second
support structure, wherein the at |east one sensing el enent
conprises a nickel coating disposed over a silicon carbide core. 6. A
sensor conprising a first support structure, a second support
structure that is elevated relative to the first support structure,
and at | east one transition nmetal- or noble netal -containing sensing
el ement positioned in contact for fluid sensing, wherein the at |east

one sensifg el £BRLr colPrisMPPRiEE REpREINBER, § RRodd suffortSUPREAE tha isrelt@itet e
and the second support structure, wherein the at |east one enS|n

el ement i% ameestacslrfs T SURRIISHIE P B A& bPrer i B Ing sgEe SoAnE
46 7. A S&H§1€§e1&ﬁﬁﬁp dsBioR@! ia chritdch For FUARGRsingSWhddeih l;l'fe&t ledist Sﬁ:@ﬂﬂn@d]mmft

structure that %f eva g relative to %?grflrs ﬁ [t structur

and at | eSSEPRSHE PITRFRY; S OFt NEPAT SEUFIHE ﬁ%?g S%@ $§|ﬁ1 emsenﬁng
el enent p@&pérhtﬁﬂa%nsbﬂccﬁmmfslagtat feast ofid i dttesmpilag thedidnt@) mdthbemtoeleaas t
one sensi el ement is supported between the first support structure
and the sBEBWY support structure, including a tenperature sensor
conpri sing at Ieast one of a thernopile, a therm stor, and a

t her rr.Del egt ri CT e sens T é}l any §ne O-Ehl%ln%elnﬁ Wher%{n tﬁéﬁ%legﬁ%ngg nﬁh%lb&ﬁen@ﬁséls osed
wherei n the at eas one’ sensi ng osed stant|aF
perpendicubamnmnyp¢MMMmﬂsﬂo@aﬁp@ﬂtm@tﬁ@gP@re 9. The sensor of any
one of clainms 1-7, wherein the at | east one sensing el ement conprises
a filanment. 10. The sensor of any one of clainms 1-7, wherein the
first support Brersersorefanhens okelaimsddic Wagreid thefai feast ors sesingiclelent Compret 2
and the sgg ﬁg_support structure has an associ ated second el ectri cal
contact, wth said first contact and said second contact being
adapted to secure the sensing elenent. 11. The sensor of any one of

clainms 1-i49, aTKeas@%fjoftaﬂ gt @ride - RheRA the 01 suﬁpcﬁ‘ihﬁﬁﬁ% hasCdnegdatingd
operation_b fectrlcal erties e sens

D ey st cadict 288 i Ferorch BPRRT HEMre Mt B s RUAE] Sorh For Ty

of a procesclBhi@l daid first BakaRt hdossghsecatidednned bidigngiapted ens@treahe amying
one of clains 1-10, adapted to sense said fluid when present in the
process nBEBMtal . 13. The assenbly of claim 12, wherein the sensor
includes a flange or plug adapted for mating mjth the chanber. 14. A

sem conducjf or roce55| contro rd :
of cl ai ms?g_ 10 he sgasor R?%@{ fae GD almgl ?HS agéga de%%é%g%dfﬁﬂﬁ%g R;&%
clains 1- E}J@anﬁr[g cpensm by chidnge of qqutraalsxqp@am offthe sensing element.

12. A chemical process assembly including a chamber adapted for flow of a process material
therethrough, and including a sensor of any one of claims 1-10, adapted to sense said fluid when

present in the process material.

13. The assembly of claim 12, wherein the sensor includes a flange or plug adapted for

mating with the chamber.
14. A semiconductor processing control system comprising the sensor of any of claims 1-10.

15. A method comprising use of a sensor of any of claims 1-10 to sense a fluid in a stream of

effluent containing or susceptible of containing the fluid.
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ef fl uent containing or susceptible of containing the fluid. 47 16.
The met hod of claim 15, further conprising controlling a

sem conduct or processing control systemutilizing a signal obtained
fromthe sensor. 48

16. The method of claim 15, further comprising controlling a semiconductor processing

control system utilizing a signal obtained from the sensor.

48



