WO 2005/ 081931 PCT/ US2005/ 005607 NI CKEL- COATED FREE- STANDI NG SI LI CON
CARBI DE STRUCTURE FOR SENSI NG FLUORO OR HALOGEN SPECI ES I N

SEM CONDUCTOR .~ PROCESSI NG SYSTEMS, AND PROCESSES OF MAKI NG AND US| NG
SAVE  CROSERUPYIENEE TO RELATED APPLI CATI ONS [ 0001] ThFPET/U82085/005607
continuation-in-part of U S. Patent Application No. 10/273,036 filed
Oct ober 17, 2002 for "APPARATUS AND PROCESS FOR SENSI NG FLUORO

SPECIES I N i Lra ) Kk
oimeo 3r., . PEUSR TEREREES PRI e AR SRR i ORG
Stawasz, Thomas &kNGATTFLUMIKORALLEGEN i b@qN%lmmc%mu FOR
Jeffrey F. Roeder. GOVERNMENT RI GHTS I N | NVENTI ON [ 0002] Work rel ated
to the i nventPRAOCRESING SYAEERGNANDIRRDCESSEFEOP MAKING AND GSING SAMEATP
Program Contract Nunber 70NANB9H3018 for "Integrated MEMS React or
Gas Mnitor Using Novel Thin FilmChem stry for the C osed Loop
Process Control and ptim zation of PI asnm, Etchand CI ean Reactions
in the Manufacturing o u ¢ "8t has
certain rights in the i nventl on. BACKGRCIJND OF THE | NVENTION Field

of the Inve .0Q03] The present ntjion rel ates ne

Gevi co and AT AT or e Rt opol S Pl BoRi- S Mpol0s e fled
have utilitycfdber IMppOc2add wp&kﬁﬂummmmo%am&mmwu@a%ems

i oni c speci i i t t,i.ons. Descriptio

el at ed At oA NP AL RO SRaTE SyRIEMR o8 i ot ecBinee e

deposi ti on @hilipid.H.COWen( &iff)reyadee&ieHJamé\s Wielnxirde;héISiS%)asz dA6as H. Baum,

subsequent re era s that currently 1 WO
2005/ 081931%’%%503%%‘%%7“9’2 #1288 ey8F i 'steps or roughly 25%
of the total manufacturing process. Each deposition tool and etch

tool must undergo a peri Othﬁhﬁ%ﬁWRﬂmﬁaﬁ“ mes as often

as every

[0002] Work related to the invention hereof was conducted in the performance of NIST
ATP Program, Contract Number 70NANBOH3018 for “Integrated MEMS Reactor Gas
Monitor Using Novel Thin Film Chemistry for the Closed Loop Process Control and
Optimization of Plasma Etch and Clean Reactions in the Manufacturing of

Microelectronics.” The Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Field of the Invention
[0003] The present invention relates generally to a device and a method for sensing fluoro
or halogen species, which have utility for monitoring of fluorine-containing compounds and

ionic species in semiconductor process operations.

Description of the Related Art

[0004] In the manufacture of semiconductor devices, the deposition of silicon (Si) and

silicon dioxide (Si0;), and subsequent etching, are vital operational steps that currently



run, in order to ensure uniformand consistent film properties.
[0005] Currently, in etching operations, etch endpoints are reached
when a pre§,cr| bed amount of tinme has eI apsed. Over etch, in
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equi pnment dcmmonbmd 1C{“0®ﬂeqm¢tosstarﬁatam1@151§@pl G-cad/ookrdoged SI®).273, 036
filed Cctober 17, 2002 for "APPARATUS AND PROCESS FOR SENSI NG FLUOCRO
SPECI ES | N SEM CONDUCTOR PROCESSI NG SYSTEMS" di scl oses an appar at us
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packagi ng posts or Iocks on a KF flange.

Det ecti on ofteghhiguesf fendrie bspfémzré@’e,usndngﬁeslu@ﬁmwe@ dlediegtedy ppamatodusety their
sensors religs gmqpnnltorlng the resistance changes in the netal
filaments caus by their reactions with the fluorine-containing
conpounds. I n order to ensure acceptable sensitivity and

si gnal - to- no[b&f%] b dull fuBlefodd!6d s significant advance in the art to provide a reliable, tow-cost
gas sensing capability that will serve to improve the throughput and chemical efficiency of
the equipment used for the deposition and etching of silicon-containing materials, including
silicon, silicon nitride and silicon dioxide, by reducing and optimizing clean and etch times,
and hence reducing chemical usage, lengthening equipment operating life, and decreasing

equipment down time.

[0009] U.S. Patent Application No. 10/273,036 filed October 17, 2002 for “APPARATUS
AND PROCESS FOR SENSING FLUORO SPECIES IN SEMICONDUCTOR
PROCESSING SYSTEMS” discloses an apparatus and method for semsing 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 semsitivity and signal-to-noise ratio for such



WD 2005/ 081931 PCT/ US2005/ 005607 netal filament-based sensors, the
di mensi ons and the positions of the netal filaments are controlled

and opti m%d%%%é@}&zes of the metal packaging posts or hg}efg?%ﬁ%ls%)

pol yi m de nd the absol ute resistance of such
filanments are ther ef ore adequate for endpoint detection. [0010]

However, the Vespel (r) structures and/or the netal packagi ng posts,
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sensi ng device that contains a free-standing resistance sensor

el ement t hat[odll@] cloatagihe V2edl® byuchedsaint/vethy nlihiteg hhaadagiag pbshlwhen used in
resi st ance,
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[0013] Other objects and advantages will be more fully apparent from the ensuing

disclosure and appended claims.
SUMMARY OF THE INVENTION

[0014] The present invention relates generally to apparatus and method for sensing fluoro
species in an environment susceptible to the presence of such species, such as an ambient

environment, a gaseous effluent stream from a semiconductor manufacturing process, etc.

[0015] In one aspect, the invention relates to a gas sensor assembly comprising a free-
standing gas sensing element fabricated on a substrate, such gas sensing element comprising
a sensor material exhibiting a detectable change upon contact with a target gas species or
upon exposure to concentration fluctuations of the target gas species, means for detecting

such change in the gas sensing element, and means for responsively generating an output

signal.
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netal s and noble netals (including, for exanple, but not Ilimted to,
Ni, Cu, Ti, (80170} he M‘lsor Hhtcnmnaﬁmmpﬁsh anf\@yitable mafdrial thatefrytes ashéasirable
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signal strength/response time upon contact with fluoro or halogen species.

[0018] The sensor material of the present invention may be provided in a free-standing
form, i.e., which is structurally unsupported over a portion, preferably at least a major

portion of its physical extent.

[0019] Alternatively, such sensor material is supported by a free-standing support structure
that is characterized by high electrical resistance, low thermal mass, and high resistivity to
corrosive fluorine-containing compounds. Such support structure may be fabricated by
using silicon carbide, which demonstrates superior electronic, mechanical, and chemical
properties, including but not limited to, high corrosion-resistance in harsh environments,

and manufacturability in thin-film form suitable for forming microelectromechanical



using silicon carbide, which denonstrates superior electronic,
mechani cal , and chem cal properties, including but not limted to,

hi gh corrogj on- i.stance in harsh environnents, and
manuf act ur?&ﬂ?ij@ﬂg' thin-filmformsuitable for form nECT/USZ""S/UUSﬁm

m croel ectronmechani cal 4 WD 2005/081931 PCT/ US2005/ 005607 ( MEMS)
structures via mcrofabrication techniques. Such support structure
may al so be (MEMS)isEuttees vigi migrodabaiation S7chriguas. Sty THeRCSt STUEFIFOTaY #iso;be
preferred eqmghtg@mng@ftchtr&estdnwﬁﬁhérgn t he gas sensor assenbly
conprises a free-standing silicon carbide support structure having a
| ayer of nickel or nickel alloy coated thereon, wherein the nickel

or nickel aljh®y) foablehfrel @¥65dimnsnt 'l At inVeRtivi, teke ﬁds Lsarsbﬂ&sm adriirgs a
conpounds and produces a detectable change.in.its ecgc ri
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el ectrical reS|st|V|t nd hi hflg)rlnere {e tly m h tta
further asp&PPYIds ART PEATRTEs 3o fetpeiably, ange,n, it RIEFIHER! SPSISRTINE (B AYtas
fluid | ocus theiéwithi Bl rameslarmeesmtonacaﬂﬁdegﬁppcgammemmersnstchﬁmemad sailal
met hod conprj Si X ng fluid at sai. uid l.ocus to a
free-standi i §3"5§ r‘?gggﬁb @’f Vi oﬁ’bﬁl‘%\tﬁ]"é’”ﬂ“"%‘&%‘%r materi al and
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with the t ec €Sy nltorln ast o [
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said change in at |east one property of the gas sensing el enent,

i ndicative of the presence of the target gas species in the fluid

| ocus or a changmpbﬁngﬂwidemidatuﬁdinctmtoiﬁe ttadipe gaspassingrbapicascomprisitg e

fluid focus. gozztlzrzr)al n@0g 1b1§rl; m a]t ﬂgst oFé/ Sﬁ&é&rﬁ{)\h&@d g&f%c;n&c?wlth

net hod of n&h ng & gas gsenso rersin teps
of : provi di nig targstgasépeats rrerrber deposr t| ng a layer of a first
nol ding material on the substrate menber; depositing a |layer of a

second nolding material on the layer of the first nolding
monitoring said at least one property of the gas sensing element during step (a); and

responsively generating an output signal when the gas sensing element exhibits said
change in at least one property of the gas sensing element, indicative of the presence of the

target gas species in the fluid locus or a change in concentration of the target gas species in

the fluid locus.

[0022] In another aspect, the invention relates to a method of manufacturing a gas sensor

assembly, comprising the steps of:
providing a substrate member;
depositing a layer of a first molding material on the substrate member;

depositing a layer of a second molding material on the layer of the first molding

material;



material; 5 WD 2005/081931 PCT/ US2005/ 005607 patterning such | ayer

of the second nolding material to provide recesses that defines a
predeterm ned supporting structure; depositing a | ayer of support

mat eri al iﬂ’qwg‘y&g%ésses over such layer of the first %T/HF%S/“"SW
material; selectively renoving the |ayer of the second nol ding
material, to forma protruding support structure over the |ayer of
the first nolding material; depositing on the protrudi ng support
structure a | ayepat@inim SENBEMr ok €¢doAd molding mateeh® ptovile Yeceseaiit defirch e
| ayer of the f%{eSt nmol ding.material to release the protruding

support st r FRTHHCEMPHETBRIIEN Y a free- st andi ng gas sensing
el ement conprising the released support structure wth a | ayer of

the sensor material coated thereover. [.0023] The present, inventio
advant ageousl y effegiee ﬁ%?’%?ﬁ?“@?% W@E‘%dﬂdﬁ%gﬂci% S Eatugh H%’F%??ati“? 5&%
structural |myigingmadetidl; snooth vertical sidewalls and featurel ess
field areas. Sacrificial nolding materials that can be subsequently
renoved by |iquid- or gas-phase etching or other renoval process are

deposi ted and patdleringyrreir@ving it layenof the wécbid melkdeg sieserial, or foce b iprutmding
predet er m ned_st rﬁﬁ.t ure, i.nto V\'htitﬁehfia stpuct ur g!ﬂ, or support materi al
0

is filled, RS c&urggvgrél}%vgfo ﬁtemglglggfl?lem al nolding materials

to rel ease the predeterm ned structure forned of the structural

material. Suitable sacrificia | di ng, materi al r.th ractice of
the present i nveﬁ?plogﬁn% fic ?J%Irg%mcgr?ﬁ Sq‘ﬁ?e Srtlrg)%tﬁ]ieia?nayt%re%ﬂtsgll,isog%?tgr@raéht hat
are renovable by ashing in the presence of 02, or materials such as

Si 02 that are reppy. [arsrt Ml :
appropriate chem@%ﬁpégfe%f%ﬁn%ﬂ%gpﬁgﬁﬁ &g{ngfgo tr}?altegiﬁﬁ%rre ?zg% it Fbo, %‘Fé‘/
Speci fi cal | yypiortestfuctust tizemebyt fosning @ofiet-stardine rags versig i edé¢menh sompristigohed

her of nabove oIRka B8pbNEnBRNR Rl ld hEREBsorFLELSI ADlY pelebferl 7t and

t he second noldi ng are "~ characteri ze er ent
renmovability and are therefore renovable at different conditions.

More pref er aghy ThiGresh %ﬁ%ry%ﬂlraﬁ%mg%bgg lehnplBH4 ﬁﬁéraholgiggggcmmﬁiﬁf% Lkgon

carbide that" is resfistan T uor ntaf ning pl e the
first nol di rdeneetedrstmaptusbigyeissweith ginpeth onrtighlosidapalls and featureless field areas.

Sacrificial molding materials that can be subsequently removed by liquid- or gas-phase
etching or other remaoval process are deposited and patterned to form a mold with recesses
for defining a predetermined structure, into which a structural or support material is filled,
followed by removal of the sacrificial molding materials to release the predetermined
structure formed of the structural material. Suitable sacrificial molding materials for the
practice of the present invention include, but are not limited to, polymers that are removable
by ashing in the presence of O, or materials such as SiO, that are removable by a fluorine-

containing plasma eich, or by appropriate chemical solution or solvent dissolution media.

[0024] Specifically, the first and the second molding materials as mentioned hereinabove
may be the same or different. Preferably, the first and the second molding materials are
characterized by different removability and are therefore removable at different conditions.
More preferably, the structural or support material comprises silicon carbide that is resistant
to fluorine-containing plasma, while the first molding material comprises silicon dioxide

that is removable by fluorine-containing plasma, and the second molding material



that is renovable by fluorine-containing plasnma, and the second

nol ding material 6 WD 2005/081931 PCT/ US2005/ 005607 conpri ses
ponS|I|con rea%ily renovabl e by various chem cal etchants suc

pot assi um ﬁyﬁ e (KOH), ethyl enedi am ne and pyrocatgg Fyp2 ?%%ﬁ@7
whi ch have no significant effect on silicon dioxide. [0025]
Therefore, in a nost preferred enbodi nent  of g ent invention,
the support coppgfiess iPalysilieappiedily dempyaple gy VaHpusi < "e‘mcﬁ iF‘?tf Spehsy Hﬂ’fﬂﬁsg"m

mat eri al COfﬂ;&ifoﬁﬂiS (KOIH!)C&gyl&iéﬂﬂﬁunetzhﬂ PYERREQEHD] MEDR)| RBicHEHaeF hdlsignificant
conpri ses poI i con the sensor material conprises nickel or

ni ckel alloyaéﬁﬁﬁf T°W%Pm9$other aspect of the invention relates to a
gas sensor assembly including a free- standing netal sensor elenent

arranged for_se e resistanc at of th elenent

i bt 1 g dAORRATReO i & et oGRS SrBRARE b Real BHERp e suppor
contact W t hmateridl Uaitisey silidval cagede; ﬁlpe“mstefs:ﬂdmg ﬂatgﬂeﬂ@&ﬂﬁnseﬂbillf@mmi t,he
and a signal generat.or eratlvel t he .sens

Co out put 2 SFRGHTRMEEH seate B Res B s SRl SR oda o

speci es i n gesl dlley.ng nDnltored when the gas being nonitored is
contacted with the sensing elenent and the gas being nonitored
contains such fluoro or hal ogen species. [0027] A still further
aspect of t h{e016h Wenaniothier arspécabﬂthe in@eraioh redres3t agztisngomsenﬂadminbm@ng a free-
el enent sin rel eased. suppo ctur.

0 f a sensor %l{iélg ﬂ% 3??%1501’ eﬁgment arq%g dr ff_O%SSCECr?E\ée 1‘8?1.&?1108%&&%%% {ll'le eﬁmef@éﬁé
speci es or fdxhxbttmgtal cmangenmczm dmnbmapmpmtyoif the) elamért o rcontaqt w1tha¢ ﬁg@n or

speci es. rab the rel eased. s C n
carbi deo. Wh aloglly tpkties in & gaseolis Svire rHé)nP%;)é Ia§ H%Eﬁéﬁﬁ?r o@%ﬁ&e@ﬁéﬂu&%{i fvﬁf?
[0028] I n anbt keesingglpeeit to -:nhwtmrsmaitmcbwtwebiazrwnqe@f a flgero os brlegen species

asserbly Comprl el il Yrolfl BhAk RS AHGLYLSol IELHANGe Bsipg clement

free- standlng gas Sensing el emen er el nabove

preci se temﬂ&tetgaebmwrmﬂoredfcomtkms fucle Buase amteiagep pagdessensi ng el enment .
[0029] Another aspect of the invention relates to a gas sensor
assenbly conprising a free- standing gas senS|ng el ement arranged for
contact wi t h027gdswidifurthen vspecrafdhetingnteepliehies frepstidaepaesasiogelepent

change of congenlihAl AR sufift BlcliR BatbAHALh 19850 ARERbERa kAR [&hdhsive

to presence of fluoro or halogen species or fluctuation in concentration of such fluoro or
halogen species. Preferably, the released support structure comprises silicon carbide, while

the sensor material comprises nickel or nickel alloy.

[0028] In another aspect, the invention relates to a gas sensor assembly comprising a micro-
hotplate structure including a free-standing gas sensing element as described hereinabove,

for precise temperature control of the free-standing gas sensing element.

[0029] Another aspect of the invention relates to a gas sensor assembly comprising a free-
standing gas sensing element arranged for contact with a gaseous environment susceptible
to the presence or change of conceniration of one or miore target gas species therein,
wherein said free-standing gas sensing element comprises a released support structure
coated with a layer of a sensor material, which in exposure to the target gas species exhibits

a response indicative of the presence or change of concentration of the target gas species in



wherein said free-standi ng gas sensing el enent conprises a rel eased
support structure coated with a layer of a sensor material, which in
exposure tgv JE’G ta et gas species exhibits a response |nd| cative
the presente ge of concentration of the target g&S" Eﬁ@ﬁ?ﬂé’gﬁ

7 WD 2005/ 081931 PCT/ US2005/ 005607 said gaseous envi ronnment, wherein
sai d gas sensor assenbly further, conprises s d-.apart stand
contacrs T orsCLEmOR TS MG SORRA oG AR aN i G SemeHE oot
In a still fupstahdhig @KREE for stigperting wefice-candintg gis easing elamg@ts sensor
assenbly forned on a substrate nenber and arranged for contact with
a gaseous environnment susceptible to the presence or change of
concentr at i g0 Ioaetildfurtar 8pdeg tigeihvaption epesites ghhener asserskly dorgad on a

sensor assenb ising a fr as sensin nt.
ool oo C b E R lPaBre SR SR w i s e Ot aEL S yte o he
sensor nat erﬂreﬂemcewhlahhmgerbfenmmn tof ohdrer taregetget gassp&}mecﬂms'n said gas
exhi bits a response i ca sence. or

concentrat i osﬁnsg’f affsﬁ'@{)f}t ofné’gfm%é‘iséesa 5 a@?@% hegar deglselgto%sn PLSDB AoTRISETE |

wher ei n sai chug@st mmmrcoaissmblaya}feu pf & emsorguaigiai, s'ém:han lpzposwre to thayaget
conprising a nateria i c
protecting t 878 G158 Xhﬂ%u%% réshgnsg "fd 3{r“éeu°n§1ﬁe &gs%bcg%ifﬁaﬁg Jatec??cep%rhfo 1tctﬁgr

aspect, the tamgotegas |spm1e|seti geid gast@is angEmmery yhereiassidreos sentaransuiblyrfugher
substrate "e"%%Fﬁandb@m&aﬂgegdco&%ﬂg@Qtreaq§nawrés@mat OPRE AT RN SR

suscepti bl e t resen or 'c ncentration-of~on

nore target gatsctmaéwlse@tl‘@ﬂqerﬁmbnr,th@aindergas sensor assenbly conprising
a free-standi ng gas sensing elenment conprising a rel eased support
structure coated with a |layer of a sensor material, which in exposure
to the targef03ljdma sibdirber asndel, et igventiprerghitnide a iepRciienser pspembly formed on a

presence of GHERRGALE AREEMNER oP Borlet WIF o dabBEIBIMAPERLELIL b the

sai d gaseous envi ronnment elrn sa| gas sensor assenbl y
conprises a Reseesct/dbangeiofcondentration oR &U¢ AYMSSalatseL aﬁemmqaﬁhqr%oﬁ%gas

contacts forgpd, st@ﬁqbﬁ co%'ﬁgihfla #raxg%dmg hd sHRRE %Qn@ﬂa@&np‘tﬁﬁé anlgiesgad

contacts supportin ffee-stand mg gas sensi ng el enent, sai d
barrier | ayeﬂupwmpwerf@atad with erlaver of & 8ansqrapateriab Yhich ip AFRpStre @%@e target

speci es for o pLatRCLinMsLhG&pSHPaiaiR JTRREsehder @lﬁ'ﬂ 6f cohd@fB4bn bfthe
yet anot her as ect, the invention relates to a net
manuf act ur i ntergg_t gjtg_§peCIes in said gaseous environment, wherein sa1d gas sensor assembly further

comprises a contact/barrier element having spaced-apart upstanding contacts formed over a
barrier layer, said spaced-apart upstanding contacts supporting the free-standing gas sensing
element, and said barrier layer comprising a material resistant to the target gas species for

protecting the substrate member thereunder.

[0032] In yet another aspect, the invention relates to a method of manufacturing a gas
sensor assembly arranged for contact with a gaseous environment susceptible to the
presence or change of concentration of one or more target gas species therein, said method
comprising the steps of:

providing a substrate member;

depositing a layer of a first molding material on the substrate member;



sensor assenbly arranged for contact with a gaseous environnment
susceptible to the presence or change of concentration of one or

nor e targe&f as S%ﬁCIeS therein, said nethod conprising the s g
of : provid ﬁ% ISBIHLt r at e menber: depositing a |ayer of P&t /PF%"QSI’UO 607
nol ding material on the substrate menber; 8 WD 2005/081931

PCT/ US2005/ 005607 patterning said |ayer, of the first poldin

material to formPaerNagsad Bxa of fefirgmaidipguateriglie fory ot }eﬁsé§“%bamer Tecess
pr edet er m negladiRfifidsQpreableththed Rmied @RRAN; I Ng a | ayer of a barrier
material resistant to the target gas species in such barrier recess
and overl aying the substrate nmenber; depositing a |layer of a second
mol di ng nateri al depositig al iayeerofafbame nfatefrisk resiethéli thGhe tARELFAs 3becBdn biltd
| ayer of the barrier teria %Fernln such | ayer of the second
mol di ng mat e‘?"i’%‘f”?"BSsﬁgEWHI@y‘%ﬁgé tmrtee{?é R&5  defining one or nore
predet er mi ned spaced-apart contacts on the |layer of barrier material;
depositing a |lay of. a onta t-for mat eri.al i uch ntact ...
ebesses and  overTRyiRg BN AL p apepd sRtREEe on e VG I hRFholaing
depositing amhﬁMﬂﬁmﬂme&y&hﬂﬂdbﬁﬁhdmﬂgnﬂﬁterlal on the |l ayer.of the
second nmolding material and the |ayer of the contact-formng
material; patterning such |layer of the third nolding material to
provi de support mpegesisgsudhdayer @béftﬂerﬁeagndanqﬂdiagatamﬁai quo»sidqopmtabt recesses
structure over, n act I
and the | ay et TarbeREodRus Ry TRl et A P AR R R
support material in such support recesses and overlaylng both the

| ayer of the cont ol for er.i h

nmol di ng rraterlalda nP%é%ly%]ggreﬁﬁégﬁggﬂW%ggﬁﬁg Sﬁ% &mﬁa; %%&gﬁmd
to forma prmterludmgﬁgclslawofthebamamlaxer@l,overI ayi ng both the Iayer of
the contact-formng naterial and the | ayer of the second nol ding

material; depositing a |layer of a sensor material on the protruding
support struct ur alepaitidg a layer of a third molding material on the layer of the second molding

material and the layer of the contact-forming material;

patterning such layer of the third molding material to provide support recesses for
defining a predetermined support structure overlaying both the layer of the contact-forming

material and the layer of the second molding material;

depositing a layer of a support material in such support recesses and overlaying both

the layer of the contact-forming material and the layer of the second molding material;

selectively removing the third molding material, to form a protruding support
structure overlaying both the layer of the contact-forming material and the layer of the
second molding material;

depositing a layer of a sensor material on the protruding support structure; and

selectively removing the first and the second molding materials, thereby forming a

free-standing gas sensing element comprising the released support structure coated with the



selectively renoving the first and the second nolding nmaterial s,
thereby formng a free-standing gas sensing el enent conprising the
rel eased s rt structure coated with the 9 WO 2005/081931

PCT/ US2005 densor material, and a contact/barrlﬁ?ngﬁ@ﬁ¥%ﬁa”
conpri sing spaced apart upstanding contacts fornmed over a barrier

| ayer, wherein such free-standing gas sensing.elenent is supported b
such spaced- 5P mategipls and Aot EFE‘G’E}@’E'H‘%‘%H?%B?P%‘RHSPE Ing contacts y
el enent, andpwhardbin Bah@rbged i er |ayer of the contact/barrier

el ement covers and protects the substrate nmenber thereunder. [0033]
As used herein, the term"fluoro species" is intended to be broadly

construed t the@élﬂ@ﬁﬂﬁ&‘ﬁeeaiahdtﬁé Uk | saxin0 Bledbiiti ﬁgsmrﬁﬂl By Such §ketdipag

without Iimtati eous fluori oun Tl uori

Bt o, and EAPBITG SRRt e CPRIPRAE HORGT: S e Bree dHEaPh it
i oni ¢ speci e®ntadttRrrdek tlementSpeed a8 profactsitie subst@rhetntenBbragides peci es
such as NF3, SiF4, CF6, HF, F2, COF2, ClF3, |F3, etc., and
activated fluorine-containing species (denoted collectively as F')

t her eof , i nciooah) 2g dsehhereid, fhe agma‘rﬂn&ro {lecissTeis firnendsd toebfcbro{uﬂﬂ&ﬁ]sm@dher
aspects, features a nyent i more fully
apparent frof\ ?rﬂ%as%ﬂgﬂ\’meﬁ? “n ﬁ“r%enaﬁ’dmd“ “é%‘aé‘a"“&}'“%“““’“ gy fluorme
DESCRI PTI ON dompdinids, Dl%\ﬁ\he\m sp G)Oél&]mcl%h@dnaiomd: tﬁj)sfonast, lﬂuei:ry: 1depamitfhmt1ﬂme
acr i1t al ROFENE e s HeGD b SRS R T Sp ifydeshBles e e v
t hereon. [ 0Q08E CEHGCHF T2l (E(DEnkaFa.tIFu elcy antbgquiivdtsl ﬂdmen@ccmmanlmiéetnoted
view of the r of barrier
racor i al 1 SPESHYSER Blecph W Bk o ER R Bk Bk BUET O, 2

nmol d [ ayer. [0037] FIG. 2A shoms the top view of the structures of

Figure 2 h - ti hHEW
of “the strucliragusE ok JUShhd Bl iBORE ol uBIAT TN LB, K9
mol d | ayer fapparent &Oheﬂnecmumg O@G@urﬂndiapmnﬂddlcmm atively depicts the

cross-sectional view of the structures of Figure 3, further having a

| ayer of contact-formng material deposited thereon.
BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 illustratively depicts the cross-sectional view of a silicon substrate having a

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

[0036] FIG. 2 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.

[0037] FIG. 2A shows the top view of the structures of Figure 2.

[0038] FIG. 3 illustratively depicts the cross-section view of the structures of Figure 2,

further having a second sacrificial mold layer formed thereon.

[0039] FIG. 4 illustratively depicts the cross-sectional view of the structures of Figure 3,

further having a layer of contact-forming material deposited thereon.
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10 WO 2005/ 081931 PCT/ US2005/ 005607 [0040] FIG 5 illustratively
depicts the cross-sectional view of the structures of Figure 4,

except that the |a ayer of contact-formng material is pl anarlzed to be
copl anar WM ¥¥1econd sacrificial mold |ayer. [0041FCEPe00RRS607
shows the top view of the structures of Figure 5. [0042] FIG 6

illustratively depicts the cross-sectional view of the structures of
Figure 5, further having a third sacrificial nold | ayer forned

thereon. [ 00&)@]10]@1@, 5 ﬂ]dsﬁiﬂ:&SlfyﬁﬁplbtéQileycrdﬁ{%b&ioﬁaltdit@v 61 06 sms:aﬁésl dl'fFi’é'ure 4,
view of the struc s,of Fjgur T?P furthe;: a]w ngdla aﬂ;r/er of
support mat effapt %‘ & 138 ° gﬂa\"l‘aéﬁ rming Jopiqriagfscplangrized foshe caplapy) yith the
depi cts the ¢osSsa&HRial 90ORIlapét.ew of the structures of Figure 7,

except that the layer of support material is planarized to be
coplanar with the third sacrificial nold |ayer. [0045] FIG 8A shows
the top vi ewooh1tHI6. SA sHoat tHeasp Wéw bf Beistrichires pOBigEE SFI G 9
illustratively depicts the cross-sectional view of the structures of
Figure 8, except that the third sacrificial nold |ayer is

sel ectively poesamved. adithstativelyelepiofs the rensedtionatadesy ofathe stsuctegasiFigne: 5,

thereon. [00 Fl G 9A t he structures of

Fi gure 9. g’ﬁ%‘f" YI@ E’ﬂf ST%@’?&B@P\/@FV#O%‘?S €% he cross-sectional

vi ew of the structures of Fi gure 9, except that the first and the
second sacri e sele II [ ved f rax ng, a
f r ee- st andi n@ogga]afllggﬁéﬁﬁggwf %lftsg%dcrglss con oﬁ%t %varfretgglstm ur%o%tﬂguregﬁ,
accor di ng t ofupther haeinda thyerexfi suppbrt tiaerigrdepmsingd therewnt i on. [ 0049] FIG |
OA shows the top view of the structures of Figure 10. 11 WO

2005/ 081931 PCT/ US2005/ 005607 [0050] FIG 11 is a perspective view
of an ill ust (884 EGgasllseatvely dapisents grosseentiondl yiemgofathe trbirest d iagurey7,

gas sensing %L:%g‘r’g@ glf, '1‘3?; rngrFs)r g %nglqpéll?!?ayﬁ&ﬂ[) bt Edplab B the A€ GRAifNY

to one enbodi I nve
mold layer.

[0045] FIG. 8A shows the top view of the structures of Figure 8.

[0046] FIG. 9 illustratively depicts the cross-sectional view of the structures of Figure 8,
except that the third sacrificial mold layer is selectively removed and a layer of a sensor

material is deposited thereon,

[0047] FIG. 9A shows the top view of the structures of Figure 9.

[0048] FIG. 10 illustratively depicts the cross-sectional view of the structures of Figure 9,
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.

[0049] FIG. 10A shows the top view of the structures of Figure 10.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED EMBODI MENTS
THERECF [ 0051] The contents of U. S. Patent Application No. 10/273, 036
filed Cct ober 17..,2002 for "APPARATUS AND PROCESS FOR SENSLNG FLUORO
SPECI ES | NVOSERYEHIBUCTOR PROCESSI NG SYSTEMS' and U, S. PaFER003@se07
6, 265, 222 | ssued July 24, 2001 for "M CRO MACHI NED THI N FI LM

HYDROGEN GAS (ﬁg&ﬁ‘qﬁ ND METHOD OF I\£A G AND USI NG THE % ME" are
i ncor por at edl b X rAl EPETIYE VIgH,° Iystratiye; FREPIIARY: FUPHELEL.
[0052] Whi | efritdhr@ardingamnt l;e(ﬁﬁing slesiefGuppoaed B4 eontadl/bayrid eleienoddeardingitd bne

specific refer ce to I i cati ans i n sem conduct or process control,
it is to be &P g gﬁ?“éf’té'ﬂe %?P“PYFé‘ "Mility of the invention is not
thus limted, but rather extends to a wide variety of other uses and
applications, including, without limtation, deploynent in life
safety systens, roomor anbient environnent nonitoring oper ati ons,
and ot her | ndust r i BETAS EWDHSCRSPTIONSOREHE INHENEION) NI BREF
applications. [0053] The present aspect thereof
provi des m croel ect ronechani cal %@M@%ﬁsed gas sensing
capability for determ ning the endpoints of sem conductor chanber

cl ean pr OCesﬁJ%%I] ih@%"ﬂ: tsCS’f'l‘f %”Ht&@%g %és';h@ ﬁﬁslig)%‘?? Hﬁé Rileq BLAGL 17{72;1’05 for

beni gn gas envi ronnen requi e Sensing
| ayers on a %H’Hﬁdbﬁﬂb%lseﬁ‘d\lﬂevli’lﬁécﬁﬁf‘r uMeSEﬁﬁﬂq@uﬂﬁé&lﬁéﬁlt SHE@E\EB ng™

and packagl ”%ﬂfcéﬁﬁu@%kcﬁi{béﬁﬁé&n@g%‘%ﬁ%" 1y 5 TBhedn: Y re%ts 222 issued

fabrication approach” entails a nulti-step process, 1nvo
cor r espondi nipinga, tZD@;lofmp M&ROMWE&BHMIM@HX@R@QEN (ﬁAWSEHﬁGEabND

conmponent i s, s4bi-Re i R M iy
gases. Wil e |t may Ee possﬁf')\ﬁ‘ﬁ ?o pr?tsgct elgemgﬁlg&%gteééés&%c ?%/fgrgme
conponent s bip thiénaakits fagall m2podd. 2005/ 081931 PCT/ US2005/ 005607 a

sui tabl e encapsul ati on structure, such expedi ent adds further

fabrication conﬁl exi t% manuf acturing tinme and cost to the product
gas sensor dE¥FdaVhijcoihe Hvemtiva ipdessabad mere Sl kpmeieafier wihrspecifisaglorence to

obstacl es i Nagd i8S HEI sEARBAduBEr ﬁrlagesy§§m‘3f, it3s to be appreciated that the utility of the

invention is not thus limited, but rather extends to a wide variety of other uses and

applications, including, without limitation, deployment in life safety systems, room or
ambient environment monitoring operations, and other industrial as well as consumer

market gas sensing applications.

[0053] The present invention in one aspect thereof provides microelectromechanical system
(MEMS)-based gas sensing capability for determining the endpoints of semiconductor

chamber clean processes.

[0054] 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. This current fabrication approach
entails a multi-step process, involving a corresponding multicomponent product sensor
assembly in which each component is subject to chemical attack by the heavily fluorinated

gases. While it may be possible to protect each of the respective components by developing
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MEMS- based sensor device that is easily and i nexpensively fabricated,
and readily inplenmented for nonitoring fluorinated gases in

sem condue@mw% er cl ean processes in an efficient,_durable and
reliable 8% he harsh chenical environment of subht ?ﬁ’?ﬁé@é@%s
[ 0056] The fl uorr nat ed gas sensor device of the pr esent invention, as
descri bed nore g/ helr ei nafter, &s {gl vant %ggous feafu res
t hat disti ng?us‘élﬁ’ e engapsilapigre SEUCIG Y ’ﬁ’efi'ﬁﬁ acqp it LRt ©HP

is the use Imaﬁdmnﬂﬂgtlﬁleaﬂfcobﬂtghleﬁﬂfdﬁzwmﬁ)rﬂémrI ne reactive met aI
sensing el enents, such as nickel or nickel alloy, which are
characterized by high electrical resistance, |ow thermal nmass, small
density, andion$5]iThe presant aivertion ©0atdmaitine olfaclee i Sinhiiet gmbliﬁgahe aedf a

t | arl f b d d
Ponture ol AYEbSBoedeq S5k haT & 2R r oA omat e A g rosoly

mat eri al andimgtengntee &ir nsmitordg fluerigated gayesmem:tunm;or cmmtduﬁéan\peqcems in
ot her heatin reo S _sensi.ng, oper.at

where it |s§‘d%sﬁc‘re‘é‘d r&{"\(‘)?aa“d 'ieﬁ%?senr?g?eﬁgmtg}éen%er%t h‘“‘?’é‘“fl e“"‘m“ ik a‘{rp“"ﬁ
condi tions, mwpcesms.match the tenperature of a sem conduct or chanber
whose effluent includes the target gas species to be nonitored. The
third such features relates to the use of silicon carbide (SIC) in
conj uncti on MPid) T8e Odérpeied ghd seoem deder offthe pratennimvantiom las déscribefl omone fudly
free-standi id i tur.e. . whi

formati on of eaatﬂ!eg i mﬁfﬁh{%é gﬁaﬁ%ggﬁg#avthé {s tH{t ﬁylg%sﬁg{ &21 el%éﬁkrﬁrﬁ&gﬁ ?éthe
and t her ef orarki fanernuzieﬁeatuhfeis teatse inths devier @‘Trﬁmerffh@nta)ﬂume-mmv@ rr@tal
relates to t i {0 :
ol anar; zed st SeBim'hihs FRkeLoP Gk 51, QHER ol AR B) b clocea
product i on orfesrttheega\s' tbeemlmwngs,de:allde@ltnfanﬂ ﬂrehﬁmmre cwﬁﬁcemt pHuesistrvaty
whi ch provi dg 8 Ch ofd I

features as esc&i&]lf)ogé1 rgrg‘?{éar&lra]af O\Q/Jemg{cgg%n gpleégrljlen:% fean%lg%at%snta
can be i ncoryerhthenetal elaments baslh ay ntensing wateyialand 45 hermeursm(m oy tresistive,
and/ or SuppOLhafPRlE rahcrrmxm@l:ﬁeéd?gror ME ngs éeﬁsnﬁgaareraﬁ@ﬁ %ifor bAPAPeat £h
resi stant polymeri ¢ materi al The fluoro or | ogen speci es
sensor devi cié dssiradhte Yany digt re@ﬁnsrﬁvnneﬁéqracf@naaglbﬁgq @nd@ewsrongo araiqhethe
in any of the,HuimBrQits sénHicBﬁﬁl:t%r B WRRE EiREH iRGIded MRkdg gaslBedl 1o
2005/ 081931 PCT/ US2005/ 00560

be monitored. The thlrd such features relates to the use of silicon carbide (SiC) in

conjunction with SiOy/polysilicon sacrificial materials for forming free-standing silicon
carbide support structure, which eliminates formation of heat sinks in connection with the
metal sensing element and therefor minimizes the heat loss therefrom. The fourth feature
relates to the use of micro-molding techniques for fabricating planarized structural layers,
which allows automated and scale-up production of the gas sensing devices of the present
invention and which provides high precision over product quality control. Such features as
described hereinabove are independent of each other and can be incorporated either
separately or jointly, The substrate and/or support material may alternatively be fabricated

from an etch resistant polymeric material.

[0057] The fluoro or halogen species sensor device of the invention may include a single

sensing element in any of the numerous suitable forms described hereinafter.
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[0058] Alternatively, the fluoro or hal ogen species sensor device nmay
conprise a plurality of such sensing elenents, wherein the multiple
el ements provide redundancy or back-up sensing capabili t_}[ or in

whi ch di ff NEHPYEIBL of the multiple sensing el ements aFSlNSIOLHYaH7
for sensing of different fluoro or hal ogen species in the stream or
gas vol une bein nonitored, or in which different,K ones of the .
sensi ng el erfﬁ‘?ﬁggf\i“ﬁn@tw&lyaﬂ’faévo@r% halggsnaspesies; spnsoyevics ey comprRs & PIyslity n

i nterrel at echyREESHnsiH 6lmars, viereRl e Wallfighd elefnekte pRORE rdtRNGnGN& Sack-Oat
are algorithmcally manipul ated subtractively, to generate a

e.g., )
net i ndi cat iSEepIng SgraRILity.§F in \ahiﬁlbéiﬁa&egwpwf %ﬁaplflpk?é?%msaleﬂ%ta freamanged
conposi te i ngi adbing Bf et lLfo bNhABXn Wpbds MUht aBkEn oNMBEN@Sluh# being
whi ch fthe mul tiplicity of sensor elenents is effi caci ousl enl)l o¥3d
to nonitor PHEORARE b whichsiifaent ppesiod dhessepsinglgrents 1y;the %K GHeCRGpated m
interest, fahiffgenedodts, 8NinGhte&Ohke hdlidsy Sich 8¢ G0 PrddBdtioh OF redpdtitedyignay tigut

control purposes. | 005 As is |1 known, fluorine reacts with st
rotal o bnd % GEHTCEN TR SHAE N bR e SEPe LR eSS
rrihxed oXi datajétedﬂat&tem edditve B tg PiddceSO borbdsiteimdicatary, signhile Bt Hitany othanghitable
Physi cs. Academ c. Press, 1985. Ed P. Hagenmuller). .Many of t .

i ansi £ on HEFEFGR Wik B E e DAt R AT TG oA BRI B Pt
limted to, tild flow of PeciedM, thiNbtreaivor fidid vdlaine ofgterdst, forMenerdlon ofdoredtiive
Pt) readily for arioys.non-volatile fluorinated conpounds in

cont act Wtﬁ‘@f‘@}lqrﬁ?nﬁ%{?gc% Z?ﬁ’%o.sesThe gas sensing devi ce and

nmet hod of the present invention use free-standing forns of these

netals to d t he presen of fluori.nated peci es i.n.the gas
bei ng noni ¢ aPe At ol SRRe et BT e Rt RE el i dfurie oy
const r uct i orhaway hipe, ardadinkymebe triredi axgddtionf wate @ngrgarin SanidElugales, Chemistry

application of .the ipventi b i experi nent . inv i.ng..exnp e
o "candi dat xR e TGS Atnt ek or San o onarh o I et
fluoro or halndgelie mpelsi(iadudiog idrakahple bemoit Himiterdens Ti, Wrch, Miei b, Mo RagPd,
the suitabil]t . Qq, ~COr I .ON= T eS] n Jeteh-o resi st f,
the cand: dats® S i 65 ! 2RRAGY TRtV RNE By Shgiaub ARl AREGmd?n
al l oy (such castadtbriti fJuorige pasrdompoeats. (Jhefzey seednmdevice ahdigrethod pf thalprgan
sensing mat qhldtlion flCnOnite Tl I MO AL & bl thd YresebdBr fluorinated
el ectrical resistance, 6wt Rer el mass, snma ensity, an |gﬂ*|

t enper at ur e spepédsfin the emstbeofg mopgdred.i vity. The ratio of signal
strength/response tinme in resistance-based gas sensing operation is

significantly influenced
{0060] 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-
containing environment, and determining the suitability, e.g., corrosion-resistance or etch-

resistance, of the candidate materials in such exposure.

[0061] 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 signal
strength/response time in resistance-based gas sensing operation is significantly influenced
by the material properties of the sensor material, and nickel or nickel alloy-based sensor

elements have been discovered to provide the maximum signal strength/response time ratio
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by the material properties of the sensor material, and nickel or

ni ckel all oy-based sensor el enents have been discovered to provide
the maxi mnum si gnal strength/response tinme ratio 14 WO 2005/081931
PCT/USZOO5»66@%%§HBAWDHQ metal sensor el ements, when t hBCHENE005607
form di mension and the instrunentational factors provided are the
sanme. [0062] Detection of the fluoro or hal ogen species_of interest
may be achi cARO8SMFtah sEPOgiements whemthp sensorglogi/dimensipn, andsthe, nstpuraqniational
i n resi st ancgeigk pfWRed S8 @eshandi ng metal material as it reacts with
fluorine-containing species. [0063] The netal sensing elenment in
fluorine detectors of the invention may be provided in any of

numer ous suibed] ®eleoidiBef B HUERY o BMEseh Apbdidsest MRFPNMLPGY ,ackier@l iASny
roughened surfaces or induced nﬁf?o orosit The, resi st ance anﬂrgateriai

behavi or of LHPGBIYEL &8e REREAES “gee‘ﬁé‘fs?;’@éfee?ft egrsfaadipg et

geonetry of ishgestsitAliotne-Eteifxadppdi® the geonetry of a suspended
nmetal thin filmcan be engi neered by choosing the width, |ength and

t hi ckness of the filmover the suspended area appropriately. A
suspended nEDE43) fThé aBRAN{engmclfifent i Mideite dadcters of tbinvadibh may bdyeoeddd,in
in any of a variety of wa e.g., ,rechanically, chenically,

el ect r ocheni B(’j%ilcﬂf)}‘,“%ﬁtﬁ’t‘si Fort} @9 f?ff“%t A Paye q‘?‘l’?ré(‘glrla%?ﬁfm%gyi ?1“5%3%%“@7%"1
absol ut e r esfugi@p6cindsd Waloporodity. The fesistadaaad béhavistsificeetal element can be
area-to-volune ratjo of the nmetal t her e i ncrease, the

Sene t vt vy DEnrat By Shetad ol ey s by SEERke | 857 BAFPILI® gopmery of s
materi al ' s phyghdd|mdp dpefiln &6 be@agindeeddyghasiag de. wiliby lettaandltidcknedsef
conposition cap be dified either by allaqyin r i n n h
ni cr ost r uct Jﬁ%ﬂlé'éﬂvegg’e rsrﬁsgfrfdle‘gar,ea %?pr?p}{'a%{)}" (%%’S 387dnm%aﬁ§lar?%§f %gf%e }hé@gf
of cryst al l4fiet tfabricgionothereof, (reagy of mavedpiyr afswiyg) £.gs umdchangeally, chemically,
area-to-volu rati o, .etc. [O I ]

the metal sef %cltrﬂ%mé]fdea]r% r?Ftwrarlg{/Qrgfe}Jn\?g{rbf’ \({)MU‘lsr{i?ﬂwﬁérg%slgéh%rae%hg%gggtn%&g’f% gvgﬁ
as desired wvistth inespeche tsurfict srdacipivplumenhoe whithco metaphtpstherglhy increase the

properties, chenj.cal .properti and . of04i . W1 hi

the skill ofS%Fsﬁtémgrof ! a%rgpe t\lillx,iE oa&?(p ﬁoﬁ%ﬁéggx%%@ﬁtrg{]%ﬁ?b%ggl\éqrg#hgs

reacti on of dahdefehgiorerade Koorpoupld thd cdmpobigomednabe wedif¢dejthet enalloyingwy

be tenperatuyure-s A ti.n i

by passi ng Ccﬁ)rp} gh?n%tsir]# Cl;\égrﬁst?a@grehga% B ﬂo&lﬁec{, Qeg,rﬁ(t alangeaﬂ Qﬁn %FZQ, Ew\/e?%f
crystallinity, porosity (e.g., nanoporosity), surface area-to-volume ratio, etc.

[0064) It will therefore be apparent that the metal sensing element 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.

[0065] 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.

[0066] 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
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it. Inthis way, the netal sensing elenents may be utilized in the
gas sensing operation concurrently as heating structures. [0066] In
order to enhance the sensitivity and signal-to-noise ratio of the gas
sensor of WRH00FBAti on, a fluoro- or hal ogen-sensiti vEBCHEBHOSHNHEN
filmis deposited on a free- st andi ng 15 WO 2005/081931

PCT/ US2005/ 005607 silicon carbide support structure that is

char act er i zeslidpp chibifls seprogttstriietare thas &5 eharapierzed vyl highglectrisal rpgistangp grd low
The hi gh el egLrleaber agl ﬁfgﬂ@gan&ﬁ re%&g&hce%&,&%%ﬁpoﬁgm%yﬁ@m&ﬂeﬁmecrs
enhances the sensitivit nal strength of the sensor;

t her mal nassthefersitigityriprd ﬁﬁizﬁé§tf°11§ ofrthe gansaretie 1%%@3&&%8% eré@upwlﬁes
structure, g@ql Vexltﬁbaﬁogg BURRRY dopsddd éi{%tldfee andogkﬁlg]d  5iBgort S maﬁe BEing free-

itself, eff I solates the netal seéensin rom-t

substrate anﬁar@maﬁdé effprsively jisglates theanaid pensing ﬁg’il 8°m [‘@GB@S}TatSGE%enhame the
free-standi ng.5i |J. &0 (£RI i de support structure may be fabricated by:
(1) providing on a substrate a sacrificial nold having recesses
therein that define a predeterm ned support structure, (2)

deposi ting ajodhF dubh MebBlafdibdGilESE 8R5RS sBfpofiUhictufedfmky fbk ClaBicald®|8y: (1)
and (3) sel ectl vely renoving the sacrificial pold, to forma

free- st andi ngfoviding @hﬁpé‘l‘b@mﬁ riuchaiisiaf agld ]?Vg‘ép@F"éfeédthF‘FlS‘mﬂPhéiEﬁ“e a

substrate by, @ae&erﬁaﬁﬁ 4 pmmwa(g)eaepo%hglansubl ﬁln@Qﬁb‘Rh@decBééeSS o€ Buch
sacrifici al rml [ 0068] .The sacrjfici

deposi ting asaadsl refld.ad ﬁ)fsf’]E?tﬁ’Ferfﬁ‘P%‘fl?%ﬁhE S%?ch‘a]t ‘H%‘H tﬁgf”i"b? ﬁ%‘hﬁa’?ﬂ’éh

layer to forgict igpiteeRsaRé Yhat RCQpHEGd thoal tHdatbshete! BiCaip gasdedrednipnn Sfdces
support structure. Any suitable nmateri gl s that are selectively

renovabl e |no%?ﬁ%ef‘iuﬂﬁdm’f"r‘ih”tcﬁ@‘%{fbﬁ rt structure may be used as
the sacrificial materials for the practlce of the present i nvention.
de.is ect renovabl e

For exanpl e, on di ox ve

f1 uori ne- cont® Qﬁfﬂl%s‘w gﬁ‘ﬁ i &ay E "3%‘! met\g?ﬁﬁtm@& W&?fsa%fwaﬂ faiprigls and
silicon car bihge pstepRfy buch tije tl F@mt thahedessaryl‘ R&ds&k Al dbfinet the predetermmed
fl uori ne-contai ni ng conpounds 0 ti the s
structure, S“Ipa%?tg'ﬁ?’ma ‘L}I}YLPBP%)IJ ?telﬁ‘%ﬁ %’ﬁteaﬁe %‘%ﬁé‘?ﬁ" remr%ﬂ%k lFﬁ?meé{B’P‘
prefe (r]I ably atk b\h{iﬁbﬂ-strﬁturhaiapgeﬂseﬂeaﬁfelsmﬁﬂﬁt ﬁhteﬁa'ls foe tialpraatiteoof thenmgsette
coated over ,such s ort strycture,.to f ree-.standj n

sensi ng ass e%‘f'&;m?'higp ieéarr}piqs glﬁgl? \c}}gk{dg 13 pe ectweqy removab% %y qfuognegcontammg

compounds such as HF, in connection with the silicon carbide support structure that is

resistant to the fluorine-containing compounds.

[0069] After formation of the support structure, a layer of a fluoro- or halogen-sensing
material, preferably a fluoro- or halogen-reactive metal or metal alloy, may be coated over
such support structure, to form a free-standing gas sensing assembly that is responsive to the

presence of fluoro or halogen species.

[0070] 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.

16



presence of fluoro or hal ogen species. [0070] One or nore
spaced- apart upstandi ng contacts nmay be provided to support such
free- standlnﬂmgas sensi ng assenbly, preferably only at i

peri pheral & pleferably, such spaced-apart upstanHFﬁﬁsgﬁﬂWE@F
conprise materials of high electrical resistance, |low thermal nass,
and hi gh resjstance to?§$rros|ve fl uori ne-containin conp%ﬁnds

Silicon carlPld When S Eigingy8as SEs I RSP R 18 f T ARSI (U S

16 WO 2005/ Oﬁﬂ&;ilsuBgﬁla/td)l&%&OW 06HBle {00QiTatks ‘tﬁpemetda&oéweeetusﬁramhmmg
gas sensing assenbly is forned over a substrate

Suc
substrat e) t‘F?éttpoF%dSs‘h SUEpR s dhat s TepistaRtig SpSp e g"é‘tﬁ’? r‘%E‘iefF?% y provided to
f1 uori ne- condebmindprote@MROLIBELEate. ASELRAMakriE ldy&)/ﬁﬁy bdi}ﬂ{insb Gny 8666 b hilodea

such conpounds, is prefera rovi ded to rotect the .
Subst rat o Shere ARk Ryded g oG R e S e 0 vhich
resi st ant m;mohab@;detméfuekdng but not limted to polyimde and
silicon carbide, anong which silicon carbide is preferred. [0072]
One preferred enbodi nent of the present invention relates to a gas
sensor assenfobyz) Gnd @:tef«mﬁmhibstameﬂ off tteq:mtaxa ﬁlld)iemg)ng‘alstestarasgam gans;tr @srembly -

one or nore ace -.ap andi n act s and a_ bar

while the sp% Cé’mgﬁ?i %cc?n%)agé'flg B&Y %mf“é%r FrRgthe e ah e ag?draﬁjgrrt ug%{%f}ien
form ng an |¢W&gﬁadndmmﬂdybamlenhee§pmraparf cnntestappzofabmagpdtohehe barrier
free-standing gag sensing 0 ecting

t he substrat‘g a ?’90 et e egrndegqa%%?gr‘ ]%"Féeirfxrél n@;ﬁgﬁg%&@%&g@% %agss
FI GS. 1-10A, sewtingdiersente argichieswatring and protstiingt thesubstratbopendter thgretider. pr ocess
flowin the manufacture of a gas sensing assenbly that conprises a

free-standi ng gas sensing element and a contact/barrier elenment as
descri bed hej0e7yalsteveng new do i dmgWings GifeS.e Al wiich atst schereatigrillgeations

i nventi on. [&g%% {2 p%tgetﬂhomn prdufacur® B0 bl ARGS 3319 atl Smprises 1

provi ded, ayer Prrat sacfiflci eri al
(preferably &wtatandmg@m)mndee elgrzentsm@lep@stacttfé@tnamermt @sem@dae b@emﬂwm

a barrier r e:?gér)ﬁm%'jlbeén%'eﬂlgoﬁnls&%?%e‘Btesé'ﬁt gr[);ogr material (preferably

silicon carbi eposited in suc arrier recess on substrate
menber 10 as well as on the first sacrificial nolding material 12,

ggd then pl apgsi128dndoh SHRESE 2 lided hefbaa8id frbibdd ugtRiicRY 14VRE &falrhd:

sacrificial molding material (preferably silicon dioxide) 12 is deposited and patterned, to
form a barrier recess therein. A layer of a barrier material (preferably silicon carbide) 14 is
deposited in such barrier recess on substrate member 10 as well as on the first sacrificial
molding material 12, and then planarized to expose the first sacrificial molding material 12,

as shown in Figure 2.

[0075] The planarization step improves the planarity of the structural layers, and assists
thereby in achieving good control of the geometry of the subsequently formed structural
layers. The planarization step is 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.
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as shown in Figure 2. [0075] The planarization step inproves the
planarity of the structural layers, and assists thereby in achi evi ng
good contr he _geonetry of the subsequently formed_structura

| ayers. g%%g%gﬂ?:’}atl on step is optional, and nay be Bﬁ@?@&”’?“ﬁﬁm
mstances wher e good self- leveling behavior is denonstrated by the
barrier material it is possible to apply the baryier eri

"ht o the bar Y i Fieteds Biovs dRaergh saop e o B aruen o e d, G et

surface of hdfsd ga&ﬁﬁcxamalﬁgp b @Hial TR W isiBle,AtHES éq@hre Shipb O bittlérgressUillad
recesses. 17 WO 2005/ 081931

CT/ USZO 5/ 005607 [0076] Fi e 2A shows
the il | ust r atifh /e dapier matirial 14 ferew Rigasq pte tyt ﬂ'iLi 8‘&3‘3@“5 Cg‘%’%“%?ﬁﬁe
the first sagfrick kdébs’@|carl’f'@é @hd1l oiclifRdibRla pbroh SrditkslyRkitled wmcharaaccordmg to
squar e- shaped bar ] ecess filled wth the, barr,ier ﬁ

therein. Pl &S8P tc ""E 4t 9t SSHIH EURUEEN 1287 (it F*}fﬁef?fF e é‘m‘%gjbﬁ’u bf
recess can hbgusheadd dxymplegichidedhdasina person ordinarily skilled in the
art, according to the specific end use and systemrequirenents, and
are therefore not limted by the illustrative exanple provided

her ei n. [ 0073)77AA Ry&rofafseeond aeqifidiab moldidg miterial (ptfdiably sriﬂbnerhoailde) 16 is

bl anar | zed HAPHF GPPIRITEPD A1 HAEAE DIREr TG AP Fechal St fgeloine
material 12, maethl 1af b patmied 1o powidiecoatnt ac&ssasdées@eﬂ; dbﬁnesvwnecm more
the. pl anari ZBFBAPH ST RRRE A PTio A G o A SRR Bl B Sn
contact-fornnfigurett.eri al (preferably silicon carbi de) 18 | S then
deposited into such contact recesses and planarized to expose the
second sacrificial nolding material 16, as shown in Figures 4-5.

Fi gure 5A pr(ov18jes cirluet-foopinginsateral (nrbferablvrsut;bmlcabid@)‘ 1§ isgthere dgpositefl figgen
o e SRR LIS oA GBS At driE Wil R 1
sacrificial asohawmin Figtres #4l Figrand mmedefs |tﬂeetdp wiewhpf thehgtructures of Figure 5,

cont act - forof?f&.gwpmh% s%{;on&%a gFl%leF e%afms@%ﬁ]ed%eﬂ LéeﬁrAFzﬁ'pQ;uare

pat t erni ng ayer 0 sacr CI a
(pref erabl y (potagtgedessss aip f@@iedvmihe kecewshsagriifipdal srto#clmrmtwal de ek bled with

that define @ contact forming material 18.

{0079] Figure 6 shows deposition and patterning of a layer of a third sacrificial molding
material (preferably polysilicon) 20, which contains structural recesses 19 that define a
predetermined support structure. Specifically, such structural recesses 19 are positioned
above both the contact-forming material 18 and the second sacrificial molding material 16,
and the support structure so defined therefore bridges over the spaced-apart contacts and the

second sacrificial molding material 16.

[0080] Figures 7-8 shows deposition of a layer of a support material (preferably silicon
carbide) 22 in such structural recesses, and subsequent planarization thereof to expose third
sacrificial molding material 20.

[0081] Figure 8A shows the top view of the structures in Figure 8, comprising a support

structure 22 formed in the structure recesses in the third sacrificial molding material 20,
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predet er mi ned support structure. Specifically, such structural
recesses 19 are positioned above both the contact-form ng material

18 and the_second sacrificial nolding material 16, and the s%(ﬁort
structure Y@ HEYBAEY therefore bridges over the spaced- BpHPE20R¥INENE s

and the second sacrificial nmolding material 16. [0080] Figures 7-8
shows deposition of a layer of a support material (preferably silicon
car bi de) 22 Wilesuethsugpgrt dugiun 22 krdgesser thy depr spasedspagFontatts gk Yisiklei B n

thereof to expRSeAfdMatd se§ad bdchifisihidholdR Mh@Eal T8 vidibledDFigh@BRY.]
Figure 8A shows the top view of the structures in Figure 8,

conprising a support structure 22 fornmed in the structure recesses
in the thirdossgid Fighled, mithiei HOrifA4ISidIdhg 2ieriallfd Y\QR1LE0O1BBIES thereby

PCT/ US2005/ 005607 whi |l e such support structure 22 bri,q%‘s ci)ver .th
four spaced-SFHPS 2 PEBITLdiEg SPpAhEtriFREs foraed of thesuppgrmataial 44 and gxpoting.Bg
E acrifi g i al hsewnﬁis&giﬂ&ﬁl ﬁfo}di’dg a.iﬁm(mqts, Midsd e dfl’hl ﬁi@;ue-&-,aaﬂl):.me[tﬁ%aiemu n
igure 9, t thir acrificia i materi a 0 is,selective
Cemoved " t htlh o abientanE MskTLA rqentEier S B BE FRpba e
t he support mgiremiaakhodd thd tbpexpwsifnge sierurse 6D RiFu®ad; rfrdmh oihidh Mo lsedond
material 16, a

.a |l ayer of, | yorine-reactive petal qr al _.alloy
(br ot er abl v Bt o el o o4 HesiansShors mebEh R ity
support structure. Figure 9A shows the top view of the structures of
Figure 9, fr ich the second, sacrificial mldin terial and
the fluori néB%i@t'ﬁa % ‘Eatfg{f‘ 0 hecarong %@ﬁ“ﬂ %?‘gm%?"%ﬁ‘ 15 i?(aﬁ%gé] are
Fi nal ly, theecktthwly mndvddh®ramgantkesstanding iged sehsingeldinerg comprisingaths support
and 16 are el ective renoved, .form a free-standin S_sensi
ol errent -comare g2 e e BT ety ekl 24 ek, A8 OadRiBEDSHAR
fl uori ne- r eanmprisingréteabadedypart éhitatfadB8ead theabuiria Igyenidc (Thd &eg-standing gas
el ement conpri.sing the spaced-apart conta r . L aer
Cayer 14, THEN bl sTREAGL Rk P RS R Ml o cenca
spaced- apar tmajongoatiinsof k8chagas sdnsing eleinpritéy suspenddd dnd itok¢edc dhe barrier lnyey df
portion of such ensi l.ene I e . I
barrier | aye‘o’ru p%ﬂg %Zeugoﬁlgar%tsgﬁ t E3erg(():no% da r? ts‘?aﬁ‘%t ']E;hg? 5@%&? agér gl{elgg?rsm?ﬁ%m
under | yi ng swhstizlattekseyixensitOflieromcopaniepntimgoundst acks by corrosi ve
fl uori ne-contai ni ng conpounds. [0084] Figure 10A shows the top view

of the structures of Figure 10, in which only the
[0084] Figure 10A shows the top view of the structures of Figure 10, in which only the

metal layer 24 of the free-standing gas sensing element and the barrier layer 14 of the

contact/barrier element are visible.

[0085] Figure 11 is a perspective view of a gas sensor assembly according to one
embodiment of the present invention, which comprises a free-standing gas-sensing element
35 containing a silicon carbide layer 36 having a nickel coating 38 thereon. Such gas-
sensing element 35 is supported at its peripheral by spaced-apart upstanding contacts 34. A
barrier layer 32 provides support to the spaced-apart contacts 34 as well as protects the
underlying substrate 30 from the harsh chemical conditions imposed by the corrosive target

gas species during the gas sensing operations.

[0086] The gas-sensing element 35 suspends over the barrier layer 32 as well as the

substrate 30 thereunder, and only peripherally contacts the spaced-apart contacts 34 at very
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nmetal |ayer 24 of the free-standi ng gas sensing el enent and the
barrier layer 14 of the <contact/barrier elenent are visible. [0085]

Figure 11 | rspective view of a gas sensor assenbly accordin
one e%od#??eﬁ?sgoﬁp Ehe present invention, which conpri ségT[HSZO"SIOOS 7

free-standi ng gas-sensing elenent 35 containing a silicon carbide
| ayer 36 having a nickel coating 38 thereon. Such gas- sensing
el ement 35 ilimited grsay: t Bgredare, ﬂh%mfjew;swéqcaprebgpr%fgfa@émossptam SQ{p%?Foﬁf??g

contacts 34.,,4 m&@wéf(ﬁsm} R AR PBEHVIrdRS g%@ﬁ’s@({gt elbfledt 98 S RAGESARA t
contacts 34 as well as protects the  underlying substrate 30 fromthe

har sh cheni cwlat@oﬁw theoubstaie W Rinspvith & ety 'Eiéf%“% Hiegatced-gapat contacts

speci es durizagy i Ra@Aas SRRRIMePBE hih leRBSical [EARRLe Iﬁlﬁlo@aﬁiezﬁﬁﬂ&hﬁQeg,
el ement 35 suspends, over the barrier layer 32 as well as the

substrat e 3GilicherEbidele Poteriid heat)1gss fem Hﬁe&aaﬂrg%m% Glimaet & ¢afigbe minimized,
spaced- apar trusfd M6 s addenibly YERY predefit MRnA0R B/ B8AADE fR6THYEIRNOHAREAOT

limted areas. T erefore t he ngglorlty surface area %efe ably nor e

t han 80% surshelcas attisen caids A dberrier ois 3riFulagy dobuhaAn lgf 1 grgeous

gas- sensi ng daliediiht s3&ehthblSleprAMIE Of Midtine-te@didihEebripoonast he substrate
30 by air cavity. Further, by formng the spaced-apart contacts 34

with materials characteri zed by high electrical resistance and | ow
ther mal nMasg0¢ey] Phe fresSitdrdB@RaCRAEMH@Imenp Bl (RN s aéns&eﬂienib@&ﬂ: tl’fentwmﬁdiles

gas-sensing el enent '3 an be m Furt her, S assenb
ofthe. pr oodRETSTHY GAE P P o HOAPLITH) BB RE S B F S aar e
such as sil igpNfCHE bésPense adldlive he firfabsantisilypdivbi ﬂﬂh@nhyher g‘d@umiicaaﬁgjbulk
reliable in gaseoys en iﬁonmant sus¢c e&h\ple to

[ uor | ne- corftaier e ESpBURTEE SrdsA e Frsutefiil T ssna eres Rarry
el enment in the gas sensor assenbly of the invention is preferably of
R S R A R e
| ower changaiiménstoh dorgfaiis orfiline,atr itheglidondtde forpfonypesutlyast filarmento bidrsl or cqumns
ot herwi se occur .in V nfor h nsor

material . egcoggfsnfﬁla ésolcﬁsﬁéan r lierg ne(émﬁgrﬁ%lr%)tl l%*s arqel5§ ?Le é%glie 6? erably
gas sensi ng ledselmans mn,tsiﬂembhimﬁmb}s is ldssrtbamslioqum, fand mbssipreferally fsiih m;qngor
t he dianeter [for for h

desirably i <fFRTSAPH A ‘gﬁg" %Hogtr%%nsl’ z{sn%%fﬁme fe%F%"gT Sf%?e&sﬁsqg ? % Ofﬁ%ﬁﬁmm

nmor e pr ef er abhgjderations.

[0089] Foils and films, in addition to having a low thickness, e.g., in a range of from about
0.1 um to about 50 pm, desirably have small dimensional characteristics in the plane
perpendicular to the thickness direction of the foil or film, again for reasons of responsivity.
The lateral dimensions in such plane (x-y plane, where the z axis is the thickness direction)
include a length (x-direction) and width (y-direction) that are advantageously less than
about 10 cm, preferably being less than about 1 mm and more preferably less than about
100 pm, e.g., in a range of from about 20 pm to about 5 mm, as a balance of fabricational
complexity and responsiveness. In general, suitable dimensions of sensor wires can be
readily determined to provide correspondingly suitable signal-to-noise ratios for the

intended applications.
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| ess than 25 gm still nore preferably is less than 10 m and nost
preferably is in a range of fromabout 0.1 mto about 5 m as a

bal ance of response speed and ease of fabrication considerations.

[ 0089] Foi WO 4k813lns, in addition to having a | ow t hi BRHES2805/085697 ,
in arange of fromabout 0.1 pmto about 50 m desirably have snall
di rensi onal characteristics in the plane perpendicular to the

t hi ckness di[0ea8f lro theafontekteoff the Iforegoirfy daspriptigmi ih isf tor ber apasoiatsd dlfat the free-
responsivity, .. i i I 3 SRV e
the 2 axi s 1 nhE T AhHEULALPERR) AL RLhADEH BhERRe ch o uBFas R
( x- di r ect i ordostirgis sanghripradyctdhanghs typieallymiiHimetarimicroveten sseje olampyts disayssed
than about m preferably being | ess than about 1 mm and nore
preferably less than about 100 m e.g., in a range of from about 20
mto about 5 mm as a balance of fabricational conplexity and

r esponsi Veneaso} indEREE Rhere %it%%&al%i&g%%ile%éﬁt RhucBRI SR brotde® i Fadht

be readily rmned to provide corre ndi ngly suitable i
si gnal - t o- noins® of #ei wyltiplermetpestruptytes mepydbeappasireciad; @ sarrapged\Apy sensing of

2005/ 081931 ,f@;éﬁésﬁ&@éétgﬁgg&?es 089 0uid ren%irbﬁmfeemsefg hitd B8 {I2aeheg

description, 1t Is to be reciated that the free- standi ng1r gas
sensi ng el enfiuerinated dpecieseat fifisrentigmperatyess, and diflsrestasrweipeapd sputisragensiof

as a more  cRsdilY Rawnts SAHObe PERANGEE foP aBddnBhcy YRIWGR! dn¥uring accuracy, ete.
mllinmeter/ mcroneter-scal’e el enents di scussed above. [0%91] In

i nst ances whiseEnagiusly.i ¢ eddiionglly, diffrsenh gney ehibstmyiiply Seisingselgpeats may be

provi ded, didtRtam diffeRRopeiatitd Bodthleld, RERHIBRY, 3bndubliveBi pUIRY, IBY mdee, an
constructed and arranged fpor sensing of different fluorinated

speci es in tHe™H&ie¥- envi ronnent bei ng nonitored, and/or sane
fluorinated species at different tenperatures, and different

geonetries and configurations of sensing elenents y be enpl o
for redundan®)92 Ky comneehng,with ghe, pie, ph agays qfcgas S,&Fst“égrngla?lf"‘%}%l {&,Banﬁgdegata

addi tional | yproddksifg@bdhniquan@s bdhsed Reenfatct ihelogtpeeiT$ieignset QBRI Exdiiestof
operated in different operating nodes e%gi?, resistively, . Is. th ¢
conduct i vel ySuclpispluqnes melsge. hppte noffimilee tonihgise 8 ?f’mpf’ﬁf@@‘é] sigrgs, the use o
gonnectl on Wirkdvdr{lfg URal6)f heater Q)ferd, 16aSInSANSIfYiGy SchilguRs Ssig@t \aasraghh,
ata signal time derivatives, and impedance spectroscopy techniques. In addition, advanced
techniques that fall into the category of chemometrics may also be applied. These

techniques include least squares fitting, inverse least squares, principal component

regression, and partial least square data analysis methods.

[0093] For example, on being contacted by fluorine compound(s) such as SiF,, and/or other
fluoro or halogen species, the voltage across the metal sensing element (as a component of
an electrical circuit) may drop, indicative of an increase in resistance of the metal sensing
element incident to its contact with a target fluoro or halogen species. Such voltage drop
can be employed to generate a signal for process control purposes. The voltage drop can be
employed to generate a signal that actuates an automatic control valve, to effect flow
initiation, flow termination, or flow switching of a process stream in the semiconductor
process system. The control signal alteratively may be employed to actuate a cycle timer,
to initiate a new step in the process operation, or to signal that a maintenance event, such as

change-out of a scrubber resin in an abatement process chamber, is necessary or desirable.
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processi ng techni ques can be used to enhance the output of the sensor
system Exanples of such techniques include, but are not limted to,
the use of conpensating signals, the use of tine-varying signals,
heat er cur WER085/081%ak-i n anpl i fying techni ques, signal BUBEB3§PS607
signal time derivatives, and inpedance spectroscopy techniques. In
addi tion, advanced techniques that fall into the category of
chenonetrics may al so be applied These techniques include |east

squares fitt] rse S ar,es rinc le ,C.O

regressi on, Q%j Ba¥ ‘ﬁ 5fp9r‘é°é§? tgﬁfﬁg chafgs! gpmﬁa lgsgqfsthen'g?% g gr{sl&g[e& g5, can
For exanpl e,becplbitédig acypof zﬁﬁined‘ dfyvafd, tosffentethe cmpolefa(sgcessus kelation 8) thd,
and/or other_flu ha 0 eci ol t I
sensi ng el erfg?ﬁmg( %gtg%%é%?nﬁ fﬁ'gm o qggn tF %/0(1: Al ‘%gﬁl"r] ?1% ?‘?ﬁ of Iﬁga{}”%@

i ndi cative oﬁﬂmnnkMaseasmnmmnmES|stance of the nmetal sensing elenent
incident to its contact with a target fluoro or hal ogen species. Such
vol tage drop can be enployed to generate a signal for process
control pur o83 By Pag of birtherpsamipley t}mamswssembﬂ}{ dyledintaptigemey et wilized in

signal that c%ﬁﬁe"dﬁ‘é AR ?s%lagq@ttéoﬁt V\*)p{])\/ E} y ﬂﬂor% Or ﬁ%fl & tpeble@Ws (such

initiation, ermn ng o ss stream
in the seni msradmﬁt@ro Speries ess asgpsﬂt@matﬂdwergmr@ﬁﬂic lm‘»cgrﬁat for chemical vapor

al ter nat | Vel oo on e MBS dOAHRE Sl Shey bl difovea 10 bt obg

a new step inv ocess  oper at or to s hat a maj nt enance
event, such %mteneﬂwaﬁ\géeﬂblftonbﬂleaumﬂr u@ﬂé‘érorroé?r‘-ﬁsﬁ m Téiﬁ floyagieniEptin the gas

rocess cha i i /
R SOOEE Ty e AlioR 2 h%‘%%%“e“‘@r" cife i nePde uitidd 40 gean’

properties gburpef }alrg%mﬁ PrpeR Pt integenyolume of hsleas e2Betand Bsyenbie
variety of vay ntr%]t%n%ffftlﬁzcﬁuowﬂ'@r QR Yecibd frém l?éa@l?lﬂéﬁ)xlcrbr bftleAtitedRzdrdbus

the sensing o target gas (e.g., fluoro or hal ogen) species,
within the dktds of the art and wi thout undue experinentation.
[0095] By way of further exanples, the sensor assenbly of the
invention may be utilized in_ connection wth a gas cabinet

cont ai ni ng d08EdFNy seEonmasedy ghayr 2liabo ydizes @i BYGHES PRt anganbjent

perfluoro speCir&Snenfitdt is sBscBivld 160thé Nt oPEGBRASELBINIE oPhAEHE Shdcies
for chem cal vapor deposition operations) gas sensor

and t he
assenbl y naythﬁ@nemlwewwhaéﬁné?rrﬁswb%yr@uf i as%ﬁwnbr%f’ﬁ eHeRTIdIeRRS
the supply Vig&seln® tni0@the idhShghd td RBudtd @NVahirh Gdi/bf ¥ sklf-céfng@idgource of

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

complexes, workers in HF glass-etching operations, etc.

[0097] The gas sensor assembly of the invention is readily applicable to monitoring of
fluoro or halogen species in various industrial process operations generating such species,
including semiconductor manufacturing operations such as chamber cleans, in which fluoro
or halogen species are utilized for removing silicon oxides, silicon nitrides, tantalum oxides,
and low dielectric constant (k < 3.9) silicon-containing films such as carbon-doped silicon

oxides, etc,
[0098] A variety of designs are possible for the gas sensing assembly of the present

invention, and an array of devices of different dimensions may be advantageously employed

to maximize the efficiency of the gas sensor assembly, in respect of generation and
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cabinet. The sensing of the fluoro or hal ogen species then may be
utilized to actuate a source of bulk purge gas, to sweep out the
interior v f the gas cabinet and prevent the congentration of
the fl uorowg%ﬁsé(f%bg@in speci es fromreaching toxic or otﬁ‘g /H#:@gsmossm
hazardous | evels. [0096] The sensor assenbly may also be utilized in
a nonitoring unit f n_anmbj e envi r onment %g IS susce tible to
the ingress WPUHRRE éﬁ’ %‘%?fsf'gnﬁlﬁrf?f th mABifoggR AL BpH A ‘Eénc’r?ﬁ' bEay spegtes
al ternati vel iy telfRiE@REMmeASSRIHEThohiteRY by tHe@ssemegNst i tuent part of a
wearable gas nonitoring unit that is arranged to actuate an alarm
and/ or a self-contained source of energency breathing gas, for

haz alr dous we{b@igi} o \ﬁlllQJe&mgtlﬂzdﬂrtﬁélﬁmcrfﬂ}b@idtegm&fdﬁndn& of iergac &dnsing ass;mbly
conpl exes, workers in HF as n rati o etc. [0097] .The
o sencor KU TERGHOTeDIR TR BRSO e PGP HpETTRAEH STk S and
moni t ori ng Obactild/sodtive Q:herhﬁﬂrl@QétﬂplSjmﬂC be etbrhinadlel Witdn itheddkdil of kb art for a

et act ur | g BB U DR e SR IRGL CEfiohs Ay H URIT ok B DS oY

hal ogen specidestatis ej the prhéticedf tﬂaa preseamvenmgn sialy be Gbrictddde siorestully daseribed

nitrides, tan e d i C.consta .

si | i con- cont’8i # d‘tef‘ T\Idﬂ'sg%?f(:%g %S“%agiug' %1 ?@%{‘&‘%? Pamegn‘)?tl:f)a)%?&)és, °’§%‘ca.n d
[ 0098] A varGauan Bihndas itigndischisere pd s/bich herebyois Hicopogad herimshyngfeassantiks y
of the present. invention, and an array of devices of different

di nensi ons neév *Be advant ageousl y enployed to maxim ze the efficiency
of the gas sensor assenbly, in respect of generation and 22 WO
2005/ 081931 PCT/ US2005/ 005607 outputting of a plurality of signals
for the nonitoring of the one or nore target gas species in the
fluid environment being nonitored by the assenbly. [0099] It will be
recogni zed that m cro-hotpl ate enbodi nents of the gas sensing
assenbly of the present invention may be widely varied in respect of
the conponent sensing filnms and reactive/sorptive chemstries

loyed, as,defeningble within the skill of th
end use appl L ?\éﬁ% e fspitgnes s il AEETER, PP rE T BRTRT do

det ectors of. at % t abl %gthe ractice Of‘ij

i nvention rm‘?“sﬁré afﬂﬁ?o 5$ tPr@S’f‘ﬁQ‘i @%é@%ﬁﬁ?‘?)tg e e biments and
features described hereinabove are not intended to limit the invention, and that other
variations, modifications and other embodiments will readily suggest themselves to those of
ordinary skill in the art, based on the disclosure herein. The invention therefore is to be

broadly construed, consistent with the claims hereafter set forth.
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in US. Patent No. 6,265,222 issued July 24, 2001 in the names of
Frank D Meo, Jr. and Gautam Bahndari, the disclosure of which hereby
is incorporated herein by reference inits entirety. [0100] Although
the invention has been variously described herein with reference to
illustrative enbodinments and features, it will be appreciated that

t he enbodi nents and features described herei nabove are not intended
tolimt the invention, and that other variations, nodifications and
ot her enbodiments will readily suggé&diAM®nsel ves to those of
ordinary skill in the art, based on the disclosure herein. The
invention therefore is to be broadly construed, consistent with the
cl ai n5 hedaf {sefaimed isf ort h. 23 CLAIMS What is clainmed is: 1. A gas
sensor assenbly for sensing hal ogen species conprising: a substrate
havi ng a substrate surface; and at | east one gas sensor, wherein the
gas sensoll. £@aPdcnSBSssctbly 00 s&lsaRdialGes HRBRE bompidigd: ure, wherein the
free standi ng support structure conprises at |least two spaced apart
contacts fpelistipiedpuing agubsiatersyefacqBad rate surface into an air cavity
and a | at {0j ecting contacts

wi th an aﬁl%ééﬁéggﬁgﬁgﬁhﬁgﬁﬂé#ﬁgﬁ%‘?}(’%‘ﬁgsﬁ ee- st andi ng support
structure is a fiebstapdingdswpbora suppoe,t whatesr tlal fiehatandmgr egipsttasttuctupe

(e el ogen BRELS3 30, AsTEAAL 458 sSARIE BT BT e

wherein sai d ARt & ais @REOS akl £0REL] QRMPE IHE Spabs REvAen Ake pFIRcahg 3bhtads
exhi biting a detectable change upon contact with a hal ogen species.
2. The gas seHébRnadE&aYEY therehepsgty wherghethei Hog Handing SPPpeEngBIcture is

el enent conpri;gesd oftarsﬁﬂﬁdﬁfn%ﬁﬁ‘ﬁﬁﬁli?] &Eisﬁnﬂ?%@ha’@eﬁgﬁ)e@?’%h %Hae gas

sensor assenbly of claim’l, wherein the netal sensor
conprises N ometahigankérsyr clémeThposgamed enstreas denlbleyal shrfedeadinhg free-
wherein the fsrta‘ef\l%insgts%ggéljf' Sl ,Ov(z ereslg'l B trHéte% sensor element comprises a metal or

metal alloy exhibiting a detectable change upon contact with a halogen species.

2. The gas sensor assembly of claim 1, wherein the metal sensor element comprises a

transition metal or a noble metal.

3. The gas sensor assembly of claim 1, wherein the metal sensor element comprises Ni or

Ni alloy.

4. The gas sensor assembly of claim 1, wherein the free-standing support structure

comprises silicon carbide.

5. The gas sensor assembly of claim 1, wherein the free-standing support structure

comprises an etch-resistant polymer.
6. The gas sensor assembly of claim 1, further comprising means for monitoring the

change in the metal sensor element upon contact thereof with the halogen species, and

means for responsively generating an output signal.
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conprises silicon carbide. 5. The gas sensor assenbly of claim1,
wherein the free-standing support structure conprises an
etch-resistant polynmer. 6. The gas sensor assenbly of claim1,
further conprising neans for nonitoring the change in the netal
sensor el ement upon contact thereof with the hal ogen species, and
means for responsively generating an output signal. 24 7. The gas
sensor assenbly of claim1l, wherein contacting of the hal ogen species
with the nmetal sensor elenent effects a tenperature-sensitive
reacti on @fwt hal n kes..and ., the nmetal sensqr.elenment, a
whorei -t fertsdfs MAsGRERA0oF B8R T hdi R PR ina S PR B B s,
t hrough t metahrednadr densmoreffete m&ﬂlﬁlperﬁmfe—m&ﬁihﬂ geattiat efothe h@logacn%%ebiea?m
the tenperature-sensitive reaction. 8. The gas sensor ass y
claimi1, CSHPFPsPHgoaclRmrs aP? evlieyevaftﬁgam Iy cogsipusyed o ated for
form ng apas@nt e thiiRghdAe n@ASRhsAIEND VP el MeRof WIELQliRte e
array is constructed and arranged to nonitor different hal ogen

speci es, WAWFHIUre-sespricacastipm di ff erent operating nodes in different
el enents of the array. 10. The gas sensor assenbly of claimS8,
wherein the array is constructed and arranged to nonitor the sane
hal ogen speTheegasatendirfdesmdny opchairesls compdsihg anaultiplcityvAoi)asd setid @énsor
assenbl y ?c]ong{i s#' %9: a substrate; and a free-standing silicon

car bi de” sUpPotE: LFHe £l %% onpri si ng: at | east one protruding support
ri sing above the substrate and a lateral structure contacting the

pr ot r udi ng support, wherein the lateral surface is coated with a

| ayer of 9-niheigss sensoppsrably0fi cdaim futvdiessin theaareayris eastruged and sgngad foy

e SR ki B o Ceshons, Ladhenh uiah RhayBIERRIEE "
assenbl y difleyeni demgnts of the array.

10. The gas sensor assembly of claim 8, wherein the array is constructed and arranged to

monitor the same halogen species at different process conditions.

11. A gas sensor assembly comprising:

a substrate; and

a free-standing silicon carbide support structure comprising:
at least one protruding support rising above the substrate and a lateral structure
contacting the protruding support, wherein the lateral surface is coated with a layer
of nickel or nickel alloy, wherein said nickel or nickel alloy layer is adapted to
exhibit a response indicative of the presence or change of concentration of a target

gas species.

12. A gas sensor assembly comprising:
a substrate; and
a free-standing gas sensing element positioned on the substrate and arranged for contact

with a gaseous environment susceptible to the presence or change of concentration of one
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a substrate; and a free-standi ng gas sensing el enment positioned on
the substrate and arranged for contact wth a gaseous environnment
susceptible to the presence or change of concentration of one 25 or
nore target gas species therein, wherein said free-standi ng gas
sensing clenment conprises: a suspended support structure conprising
at | east one protrusion rising above the substrate and a | ateral
surface contacting the protrusi on and extendi ng beyond the

protrusi oor mord carpetagasaspecygaphtrhm; evireddn saidd fiedremnding aias |semsig tleeent
| ateral surface is coated with a |layer of a gas sensing materi al
and wher efT"®EFY gas sensing material in exposure to the target gas

speci es exhi hi §uSpéhde@ SPRIISEsthidfr€ BbrhyEsiRd at B85t PhE PERARIonAsir AL e
concentration of the target gas species | n sal d gaseous environnent.

13. The gas SEPSBiC sk byl drlags eomgeting the profasion srehextandieg hesons the
spaced- apart r rg =5t j i

o enent 14, PRRARIACE dolhlan SHOBH hirSthbh Bpd £ REG ' AP BodAaP GHHALOS
spaced- apart coand asths: leprrmfiages sensimgtveatérédl, andsvlstamsaid gat deesitgmgetial

ies. .15. Th mbl ., of cl ai m 14.. wh th
Varget gas sBErRE NP DR 2y g Selihi Aeheroe ifesliaer thgpyesence
wher ei n the spakageapadicef@ition®f heGAFPY das Sectos il S0 gasesRhtigonmddt. The

gas sensor assenbly of claim 14, wherein said barrier |ayer conprises
a material resistant to the target gas species. 17. The gas sensor

assenbly of Bleakdl 1o IQESHE bHelal rﬂf_tﬁlﬂl?%eé)ggjﬂ’sl rﬁiﬁmﬁ[é Sfied-apart

hal ogen- cont ai nifng conpounds,” and erein ayer ‘conpri ses
silicon cambictdor sppanting thsfrecegtarslingrgas poisingelemeb8. The gas sensor
assenbly of claim 13, wherein the free-standing gas sensing el ement
is supported only by said spaced-apart contacts. 19. The gas sensor

assenbl y Bf. Tok ghsnschdor dsherhtflebf eRMPNBSWRGeia shrlr sph&k-dpay @bnth@s comprise a

rotectin a substrate nmenber thereunder.
P 1%ater1al resistant to t%e target gas SpeC{eS.

15. The gas sensor assembly of claim 14, wherein the target gas species comprises
halogen-containing compounds, and wherein the spaced-apart contacts comprises silicon

carbide.

16. The gas sensor assembly of claim 14, wherein said barrier layer comprises a material

resistant to the target gas species.
17. The gas sensor assembly of claim 16, wherein the target gas species comprises
halogen-containing compounds, and wherein the barrier layer comprises silicon carbide

or an etch-resistant polymer.

18. The gas sensor assembly of claim 13, wherein the free-standing gas sensing element

is supported only by said spaced-apart contacts.

19. The gas sensor assembly of claim 12, further comprising a barrier layer for protecting

a substrate member thereunder.

26



26 20. The gas sensor assenbly of claim 12, further conprising one or
nore spaced-apart contacts fabricated over a barrier layer, wherein
sai d spaced-apart contacts supports the free-standing gas sensing
el enent. 21. The gas sensor assenbly of claim 20, wherein said
spaced-apart contacts and said barrier layer forman integral
contact/barrier elenment for supporting the free-standing gas sensing
el enrent and isolating sane from an underlying substrate. 22. A nethod
of nonitoring a fluid |locus for the presence of a target gas species
t her ei n, i t ho 0 i.sing.. e i fluid at said fluid |ocu
Lo a gas 2Ened A8 SRR FOTREL A Gigt IR IHAS, combliipdion® 3 gy S el RS
assenbl y; conndtsr fabpeunsi vel v igaterlafer,ghaein Gaidpphcedi Ganlconden stfirgalse
sensor asPean .exhibits a_ response indicative of the presence or
change of TeoFielling SasiSERs g CIemenit ar get gas species in said fluid
| ocus. 23. The nethod of claim22, wherein the fluid | ocus conprises
an anbient gas environment of a manufacturing process. 24. The
met hod of 2lcIThiergas zensph esseinhlyt pleclpinui2B, Wherals wshgracekepag ddntdctd andrsaidm
ina sem ' t. . The nmet hod o l.aim 22
wherei n o RARGs PP BERR ARl er SR oy TV hsthe o2 s BB gt
from t he gnanpelemesi Bidiisodatof shihd frobi ddyndedfiag silsirade2, COF2, CIF3i | F3
and activated species thereof. 26. A nethod of manufacturing a gas
sensor assenbly conprising a substrate and a free- standi ng gas
sensi ng eleneRkthB@f hioARSEn LR fThidgosiast thalheesatd L ABEEHs ks AML&R!
with a gaseous environnent susceptible to the presence or change of
concent r attidnelpd epreP@Ying nore target species therein, the
f ree- st andld,0A5id3F Dk B ALEIGEY HORKL LA oAf BlFRGNAEd SuppOI L
structure having at [eaSt one protrusion rising above the substrate
and a | anewmitdringsaifiapesaontasiibliyg ande prot rusi on and ext endi ng beyond
the prot rr%%n'o%&vglg g(%réxtgti%g an oufput signal when the gas sensor assembly exhibits a
response indicative of the presence or change of concentration of the target gas species in

said fluid locus.

23. The method of claim 22, wherein the fluid locus comprises an ambient gas

environment of a manufacturing process.

24. The method of claim 22, wherein the fluid locus comprises a fluid stream in a

semiconductor processing plant.

25. The method of claim 22, wherein the target gas species comprises a fluoro species
selected from the group consisting of NF;, SiFs, CoFs, HF, F;, COF,, CIF;, IF; and

activated species thereof.

26. A method of manufacturing a gas sensor assembly comprising a substrate and a free-
standing gas sensing element positioned on the substrate and arranged for contact with a
gaseous environment susceptible to the presence or change of concentration of one or

more target species therein, the free-standing gas sensing element comprising a
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air gap thereunder and wherein at |east the lateral surface is coated
with a layer of a gas sensing material, and wherein said gas sensing
material in exposure to the target gas species exhibits a response

i ndi cative of the presence or change of concentration of the target
gas species in said gaseous environnent; said nethod conprising the
steps of: depositing on a base structure a first nolding materi al

| ayer; depositing a second npolding material |ayer on said first

nol di ng nitseendsd Syrpperstructyst hasing sideashprr atwhen HEngrbryetbe abisate and

| ayer t 0 5 YhdhI afasSSont Bﬁ% ﬁfefbr&tﬁﬁ}on%ﬁ leReRdif bero?lﬁ %eﬁfrg‘t'r& to form an
supporting structure; depositing a support naferial 1n sald recesses;
sel ect i vehly gaetieraundertdnd vwecondt lwedt dienptenatserfael is koatat with @ lhyer ol a gas

e R e T

t o rel easgetirg eShibROs respbiiddGhdicfive dFRE pRYerko LRCRGIgE 3¢ chiRen&lcaNdi thg
gas sensing el enent, conprising the suspended support structure with

a | ayer ofTEFASASSAYPTY SHieapIoRP cRBPEEN fridMmefhodopmprgng Hiesteps of:
surface t .o%%{l%gztlg%ase-@ﬁ%cﬁﬁ?éi‘ﬁgtﬁ%l&ﬁ&hi@gﬁzﬁ%ﬁy\é&er ein the first and

second nol di ng erials are the sane. met hod of cl aim 26,
wher ei n t @epofiting b senodd sedding mairid] lagermatsendi fabtonalding noivaiahbtyer, i zed by
different_rempvabi.l.lity. 29.. The th of claim 26 erei e
Suppor - nRISHTE SHg sy andC ol pfeat Pt W dep S PR Pl fSnes o
ol di ng nplegdterdlifec@pPoitiag sendtireon di oxi de, and wherein the second
nol di ng terial conprises polysilicon. 30. The nethod of claim 26,
wher ei n t HPo3AEs & spyioHg sekid 1n Bald K6RSFS ses a transition netal or a

nobl e met glectiddly rd&yiABIRAE M n@dl@ihgh?a%éial"ﬁ?ére{o%ﬁﬂtﬁ s%;(.‘rjb%?t%‘hhctﬂ?et, erial

conprises an etch-resistant polynmer. 28 32° The net h of clalim 26,
wher ei n t #rpogiting ge Hwi supparhstarciuat 2 gamysnsisemandiabenddi  al | oy.  33. The

met hod of ' t\;\(ﬂr ' ai d ;hase st.ructure ¢ ri,ses._on r_nore
contact s “FfeQy aRmePRERL heA B PR RadlAL R B RER LRCRaRER Bl
thereby forming the free-standing gas sensing element comprising the suspended support

structure with a layer of gas sensing material coated on at least the lateral surface thereof.
27. The method of claim 26, wherein the first and second molding materials are the same.

28. The method of claim 26, wherein the first and second molding materials are

characterized by different removability:.
29. The method of claim 26, wherein the support material comprises silicon carbide,
wherein the first molding materials comprise silicon dioxide, and wherein the second

molding material comprises polysilicon.

30. The method of claim 26, wherein the gas sensing material comprises a transition

metal or a noble metal.

31. The method of claim 26, wherein the support material comprises an etch-resistant

polymer.
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34. The nethod of claim 33, wherein said one or nore contacts are
formed of silicon carbide. 35. The nethod of claim26, wherein said
base structure conprises nultiple spaced-apart contacts for
supporting the free-standing gas sensing elenment. 36. A nethod of
manuf acturi ng a gas sensor assenbly conprising a substrate and a
free- standing gas sensing el ement positioned on the substrate and
arranged for contact with a gaseous environnent susceptible to the
presence or change of concentration of one or nore target gas

speci es t 92 lehe Mfor i ! FAdRANIEN RA0RL ngteﬁgﬁcfsg@hsgs%ﬂ%h\ﬁ!aﬂgy.a
suspended support structure’ having atr |east®one protrusion risin
above the substrate and a lateral surface contacting the protrusion

and ext engli beyon e trusi.on . forman air.gap thereunder
ond viher orh e U] of g 40 ciireid B Bes Lo St iy S g b rogRe
gas sensfdagu;{]mm{g' Bk {re88AnWNE &R densia dleG@s:. Sending material in
exposure to the target gas species exhibits a response indicative of

the presence or change of concentration of the target gas species in

sai d gas QST }%nl\ﬁgﬁlgtg' %E'Haim\’%e r\ﬁ‘jefkié Qéug oan 31? g Qgﬁtgcgs gas foﬁg% io? Bilicon

el ement is supported by one o6r nore spaced-apart contacts ricated
over a baearbide. | ayer, said nethod conprising the steps of.
depositing on the substrate a first nolding material |ayer,
patterning said first nolding material layer to format |east one

barrier rafes hdibdd SRfldiners, whefiesed BisdishedulabmpaiesThiltslt dpRed-apart
overlaying the substrate; depositing in said barrier recess a barrier

mat er i al ; SUERsESior fuoRIngdboer- AN s RS APMethyer over the first
nol ding material layer and the barrier material; 29 patterning said
second nol ding material |ayer to provide contact recesses that define
one or ndf.é\ preéwdtodmrinnbdiusipg eaxds apaot assonblFcomposing b aybstrgtetané a free-
barrier ng%g.ial' egositingtin sald cgntact recesses a
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over the gaeandenvirbainGg suedeptiblel tolthy preséitd dr RBang@ Tt @atentr@tiéd BY one or
material; more target gas species therein, the free-standing gas-sensing element comprising a
suspended support structure having at least one protrusion rising above the substrate and
a lateral surface contacting the protrusion and extending beyond the protrusion to form an
air gap thereunder and wherein at least the lateral surface is coated with a layer of a gas
sensing material, and wherein said gas sending material in exposure to the target gas
species exhibits a response indicative of the presence or change of concentration of the
target gas species in said gaseous environment, wherein said free-standing gas sensing
element is supported by one or more spaced-apart contacts fabricated over a barrier layer,
said method comprising the steps of:
depositing on the substrate a first molding material layer,
patterning said first molding material layer to form at least one barrier recess that defines
a predetermined barrier structure overlaying the substrate;
depositing in said barrier recess a barrier material;

depositing a second molding material layer over the first molding material layer and the

barrier material;
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patterning said third nolding material |ayer to provide support
recesses that define a predeterm ned support structure overl aying
both the contact-formng naterial and the second nolding naterial

| ayer; depositing in said support recesses a support naterial;
selectively renmoving the third nolding material to forma protruding
support structure; depositing a gas sensing material on the
protrudi ng support, _structure; and selectively renoving the first and
the seconB2Uf5HAE syd seacar imalding présishipysioe Mgy de eratact grsessey BaGHshige gas
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by such s - t, contacts .overlaying the barri.er |aye and
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met hod f otordtantifdridn@mktegigl; St andi ng gas sensing el enent conprising a

suspended support, shrgct%re and a gas sensing |ayer fanned thereon,
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contacts with a |ateral structure spanning between the protruding

spaced apupnd moldingmsteraldatsy; usi ng nul tiple sacrificial nolding

| ayers th?%ﬁ%#ﬁ?éfgﬁﬁgﬂﬁgﬁk%ms8%??%%%“%%“%%ﬁn]an air cavity under the

| ateral s ep sal d gas sensing |layer over
t he suspesdadvslypaosting theubirdineldidBmatéristad ioth 4 potridingtugor structure;

free-standi ng. .gas sensing el enent conprising: a substrate; a
suspended REEA cansrl n?ﬁ%%ﬁ?le thgtpfr&‘ﬂdmges%%@'f FTSHED B8 ¢ he
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steps of (1) formng said suspended silicon carbide support
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t he subst whtreinamethafrkab@ndihg sgas f eogng ot a6l doppdrted by gtiehuspavad-apart

formng an air gap between the substrate .an he lateral .surface,
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fromthe geeumnarRnsi sting of silicon dioxide

37. A method for forming a free-standing gas sensing element comprising a suspended
support structure and a gas sensing layer fanned thereon, comprising the steps of (1)
forming said suspended support structure on a substrate in a pattern of at least two spaced
apart protruding contacts with a lateral structure spanning between the protruding spaced
apart contacts and by using multiple sacrificial molding layers that are subsequently
removed to form an air cavity under the lateral structure; and (2) depositing said gas

sensing layer over the suspended support structure.

38. A method for forming a free-standing gas sensing element comprising: a substrate; a
suspended silicon carbide support structure positioned on the substrate; and a gas sensing
metal layer thereon, comprising the steps of (1) forming said suspended silicon carbide
support structure by using multiple sacrificial molding layers that are subsequently

removed to release said support structure, wherein the support structure comprises at least
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and polysilicon; and (2) depositing said gas sensing netal |ayer over
t he suspended silicon carbide support structure. 31

one protrusion rising above the substrate and a lateral surface supported by the protrusion
forming an air gap between the substrate and the lateral surface, wherein said sacrificial
molding layers comprises materials selected from the group consisting of silicon dioxide
and polysilicon; and (2) depositing said gas sensing metal layer over the suspended

silicon carbide support structure.
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