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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 (SiO;), and subsequent etching, are vital operational steps that currently
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endpoi nts are reached when a prescribed anount of tine
whamsesapsed. Over etch, in which the etch gasPCT/US2005/005607

continues to flowinto the reactor chanber after the

cleaning etch is finished, is conmon and | eads to

LARGRE 8PIIOGERDS of MLKS 25vieshiResd anhufabthieig posess.aBsth deposition

unnecessary global-marn1ng%gﬁ% Iosses to the

i ¥ 0] RN, & TOTRAIFARIBE PipCeduts, spyasfimappas ofien as every

%‘Hbﬁ'o?(ﬁe'r to dilsure BHifbrRBandBonsidié G8A proertied.ynn, S Y
Sem conductor I nternational, QOctober (1993) [OOO

[0A3) Gurrengy uimsetalting (gperadens. Pish oRdPaRtts (e Epagiieds Ve 6]rPrescnbed
%h&fn't de ik 3Rt @fa?é@dm@\fz? et(cﬁal%%mh e e%hI gaQ QGntﬁﬂtS@ﬁl) ﬁd?Wtho the

ectric constant naterla s (e.qg., /| or  F-doped
8aaR) chapbeatier Werdlesningztal iy finished, tse“@ﬁm(mﬁé‘é leagls) ¢hlogger process

grlles’ r%htclecf atloolErﬁfe?t &N a§geﬁﬁrfe9§sg gloﬁﬂ%am&g Q MBRS to the

pect roscopy, can be used to noni e et ch process.
&hwep)ere (Anfersen, Badehilpués Beanah, M; Beobeisghdhs |Hpémg dhd Langan, J;

fte e U|re a de cated e to their
g Sex1 aT6ﬂ8g] %'mzonlgaﬁﬁ%& 9 be a significant

advance |n the art to prOV|de a rellable | ow cost gas

E@B @ u‘ﬁﬁ‘b‘ ab%jellrlgh trgg% thg £ }“8{5 8%315(} con nltpﬁg taenéaﬁum o% {e (Ta,0s), or

bifiedh-Bagéd ToWalidlepisddnbtant nedetiabt (g, mgamf/or F-doped SiO,).
s!llcon-containing mat eri als, including silicon,
silicon nitride and silicon dioxide, by reducing and

ERbT NV ZidAg a1l B0RNiGies Nsich W FTIROpthenBaissied Wpedscopy, and
chem cal usage, Iengthen|ng equi pnent operati ng

meeé\é%%a@?ﬁ@sew ﬁﬁ’eh‘i u PR ol b]P“E&ee EQPV&YF{ these

é@ﬂ{l%&@ttbﬁm td\Pe ek ; 96 oftbd eshuis 0B dicalol, opdAler U@ to their
" APPARATUS AND P SS FOR SENSI FLUORO SP CIES I N

SEMNEIMMDUCTOR PROCESSI NG SYSTEMS' di scl oses an
apparatus and nethod for sensing solid-state fluoro or

hal ogen species, using a fluoro- or hal ogen-reactive

£A908) It fwiokkrthereforpolveen signifieand adianed ingheihtp ngvigda radiable, low-cost
S |

U R Y 400 B o AR Bl Oy o

ﬂ&mqmpmenteiscdsﬁ)r e depusitionrand gtching of gl¢ontcanmingmatgaals, ineluding

P FEI%’I’ 5l Luéo rghidg ané] 1?100 7o gxelgie 991 rednc,e hé al{aecﬁ)%rhﬂngc‘ clg\ﬂnt Jhdteth‘ﬁ times,

and hence reducing chemlcal 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 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
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[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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[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
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[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;



depositing a layer of a first nolding material on the

substrate nenber; depositing a | ayer of a second
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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 etch, 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



More preferably, the structural or support materia
conprises silicon carbide that is resistant to
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mat eri al conprises silicon dioxide that is renovabl e
by fluorine-containing plasma, and the second nolding
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Iy g another aspect, the 1?1v§1t1 r? ?elafcfgsntg grgasa sségs%qgssgmgloy comprlsm 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 concentration of one or more 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



standi ng gas sensing el enment arranged for contact with

a gaseous environnent susceptible to the presence or
w@ebasgegioef concentration of one or nore targetPQEES2005/005607

species therein, wherein said free-standi ng gas

sensing el ement conprises a rel eased support structure

S REoudichirchnledly ®her@fn s2ida8SsedEor8dediblybfurthertomprised spaced-apart

exposure to the target gas species exhibits a response

PRRANE IR couacss for Fn‘é’l’ﬁ%ég gmfeeeéf)anﬁwg BHSCBYINEIARENt r at i on

of the target gas species insaid gaseous environnment,

wherei n said gas sensor assenbly further conprises

K193 ell-aassitly ﬁurtﬁfrjsaﬂ%ﬂ‘iﬁ ithGinKHER E314eT 9ra GASIpRSPT pegmiply dormed on a

%Jb@ﬁ“ e %H{%'epgldgﬁﬁt ﬁg&%k BSht&k TR gast AR3QVirdnthedt Sifsédplible to the

urther aspect, Invention relates to a gas sensor

st oy chamgerod] correntrasion if roae @ meaTh daTeeirads apecien deaicinosaid gas
ge%rs](;raacsgerxﬂlil I?:o gﬁﬁge ? Lﬁee?sq]a\ﬁ'd{ng %Ené%? ngﬂteﬁtbéoﬁwglging hereleased
presence or c gnge of “concentration one or re

suppget tstrgasre speed with taHayeeiofia sermbrimggsals whishrin axposwrb ity the target
conpri.si ng..a free-standi [ I .
e
taagee paépeaies ensit gavedus rengirgnnwint, crheiain eaig @susedsdr@sselbly further

t ar get S species exhi.bits r.espoense i ndicative of .
bt Saet G e Oh ocmRctfl BAS oofe ikt G gapeics, fo
pR%kcERemht esbsirite imbeghsemdsr. envi ronment, wherein sai d
gas sensor assenbly further conprises a barrier |ayer
conprising a material resistant to the target gas

RRRE] BSa stil OfurtRérQlsiset, itigint diftio bdlatky it £gd¥BBIBSF assembly formed on a
thereunder. [0031] In a still further aspect, the

PYRoEHE msmber puck agingesl for goptact arithgy aseis FBY NP hHicHblg to the

prbsit BF hABERE coRRBtrAoh BTIRE or Moré YUth@Clas \Wpdcles@herein, said gas
gaseous environnment susceptible to the presence or

BINSPTRSSTRDIE CHEBREIRGIE] [59F- Mg ozas rsehiite clemprfetomypgging a released
?&Z)SH Siu rcGAtta w‘f‘tﬁ'aqa)%?%f S SBREF mARAKT RN GR @gﬁds% Yt target

e-standing gas sensing el enent conprising _
g&l spegekxbibip a resperse inskiagtive efothe prgsanice pr ¢hangg efrcopgengation of the

gagge? %5s g[)%i:xﬁlg Lnla%agd gﬂ%&ﬂ einOirS?ﬁPe?l?' .%}{%retiﬁ) s&iﬁ]ga% ﬁe@gﬁtas&ﬂf‘bly further

ci"es™ex response I ndicative of presence
osmprizang eorvictbarieeeiematt havingépatdveappa uggindipescospets ifermed over a

. d i ’ . : .
heEly R her B RPERL £oltiF oot hodfe sRERRRpes censine

Bizinicig arkp@xdibhrdgraayer dpapavie . makoial @eittantfto thvetdrget/gas species for
Biissve P gHoiee FRaLeSPEREIRG gas sensing e ement - and
said barrier layer conprising a material resistant to
t[Ohng]t Iarllr }ge%tangt%g’r ;T’S%S&' t % iIn?erntion 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;



protecting the substrate nenber thereunder. [0032] In
yet anot her aspect, the invention relates to a nethod

wobkoosmsmeBact uri ng a gas sensor assenbly arrangedr/ii82005/005607

contact with a gaseous environnment susceptible to the
presence or change of concentration of one or nore

tar geb,@ainSHRFSS of AR ki noldRk tadtdHaD RIFAR APIEAS bAULAAG recess
st eps of: prOV|d|£§qa‘substrate menber; depositing a

thay defings a prefetemtingdgiagiongirypiiiter i al on the substrate
menber ; patterning said |layer of the first nolding
material to format |east one barrier recess that =

def i néspositipg e dexee ofriarharricn arateria} resistagt tu the ; fargelpess ispecigg in such
Bark BY BLesOlin o RASTALthe TRLRLL BlenfigS] Stant Lo the target

gas species I n suc Barrier recess and overl ayi ng the
substrate nenber; depositing a | ayer of a second

nol di er i t.h . Of | LSt | g -
ot er PO RERE b fler B shoo HlGing ol ) b ¥ 1R, AP firt molding
patdrial avidribe ayeriof eperrieomatelial; second nol di ng materi al

to provide contact recesses defining one or nore
predet erm ned spaced-apart contacts on the |ayer of

bar ri patteridgefichl layet @ aisd $ccorgl moldinpeinatefialato provide contact recesses
OB 5 TN B g PR S S AT e o barict i
depositing a layer of a third nolding nmaterial on the

| ayer of the second nnlding naterial_%nd the | ayer of

the ceosbRe Polafgl Autoafraformipg meietilng gk rFopgiereceyses and
L& 12 o sBcHTRY e b e BRESF dierid10 Provi de support recesses

for deglnlng a predeterm ned support structure

overlaying both the |ayer of the contact-formng

mat er halosiahs a 1her bAY Hirdholdle RACUISnRL iy BGoMME 88doRd molding
deposi ti ng I'dyer of a support material in such

swytquiet andrtbe ey @f thersantestdpinipg matebai h t he | ayer of the
contact-form ng material and the |layer of the second

mol ding material; selectively renmoving the third

ol di paterrangesuchllayet of fhertiirdimpldgter matemay te ppspysietsupport recesses for
BAFHELY PROPY TP PRSPy B KBy gt comact fomin
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



second nol ding material; depositing a | ayer of a
sensor material on the protruding support structure;
wanaseglvecti vely renoving the first and the seponds2005/005607
nol ding materials, thereby form ng a free-standi ng gas
sensing el ement conprising the rel eased support
$ErfsS1ChAtE9a] CAREDn it TR} R RARAOCONPARE ispdced-apddt @standing contacts
contact/barrier elenent conprising spaced-apart
dppedamradaeBatadet s formed over a barrier |ayer,
wherei n such free-standi ng gas sensing elenent is
supported by such spaced-apart upstandi ng contacts of
Mﬂileremomi@ctﬁﬁb-a?andlex g8b esensing clameniierseppericAebp el epaced-apart
C
3 oS e FBARBIEE R dha SRURAF g ricg daver of tre
usrembt/lbmner glgmeriigovesy and'pidtents the sybetrate giember therewdded t o
be broadly construed to enconpass all
fluorine-containing materials, including wthout
[003B1 A iued, hageisethagerfl Uftwara epercim*bd}:umttsded‘ toulgr broedlp @pnstrued to

' d t [ .
SR SR a P el oSSRl BB orn
SPRphREs, rmynﬁ@perax arplosmid zmdl dJIzdemB:p(EglfeBnS tlabriresiond-3nd fluorine-
SiF4,. C.F
SRR denid FRSETn Bhsc iRy %FR’fF‘ﬁﬁméiS &,rleé%mlala Gy goecies such as NP,

s, e VIR, GSFFE)F; 1 I le®0fand héthlated ifGrined¢untaixing species (denoted
fragnents SI as forns,. etc, ﬁﬁ;eg0034 O her aspects,
rellsctivedsasiha theragb dnsiustingsiopized FrAgMERBeRIATHOWRS: Fihe ror e

fully apparent fromthe ensuing disclosure and
appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS
[[(ggg}spthe{ @spests; |featpges and \;agqbydlg)gbt,s cfsthe javention will be more fully

g@&% ﬁs&tth@mhmg aﬁwoaﬁe %d%’pbérﬁl@@cl%%ﬁ rate having a

rst sacrificla | ayer and a | ayer of barrier
mat eri al deposited thereon [0036] FIG 2

illustrativel yrlﬂﬁgirag ARIPTRPSE TERCHRRAMANGY ew of the
structures of ‘FQUT'EE?WW[—%_F&Wr of
barrier rmteri al is planarized to be coplanar with the
r I y 7] - :
Jdc{ﬁtﬂ%ﬁﬁ lu%tlﬁ 1ve1 LPC(fqlSJ rh§SC%§) %:Q%garl evug»l %63@§(frh%\%att€ﬁ’avmg a
ifirdt wdrifiadal meldyla)cée pidcd laydr hébmassat&mt tlepmsitad theveaf. t he
structures of Figure 2, further having a second

sacrificial nold |ayer fornmed 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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[0039] FIG 4 illustratively depicts the
cross-sectional view of the structures of Figure 3,

wao woshg3havi ng a | ayer of contact-form ng matBeT/@k2005/005607
deposited thereon.[0040] FIG 5 illustratively depicts
the cross-sectional view of the structures of Figure
4, except that the layer of contact-form ng materi al
is planarized to be coPIanar with the second
i%\Qf‘Pi FiGi sailluptetigely fopiets theypressseptiqual Biaw g strysirgsopf Figure 4,
k&Pt Hat 1ela ?érr HCLIHERE fRhing ©MERa1 s plAAAAZN ! ccﬁﬂanar with the
illustratively depicts the cross-sectional view of the
seqopd sagrifisiabmoldilgyigr.e 5, further having a third
sacrificial nold layer fornmed thereon. [0043] FIG 7
illustratively depicts the cross-sectional view of the
004U ¢ FlO. &4 shbwithgtereviey of e steturpeefifngpreaS.| ayer of
support material deposited thereon. [0044] FIG 8
illustratively depicts the cross-sectional view of the
$6040t F1G. e‘silbﬁtrdﬁivglurcbpms thex cxe;sst -setthanal view dfdbhestngfures of Figure 5,

u t.materia be coplanar with the
DHRREh i it PaeriobisPmORIsf RopbfeRoRr & “5A shows t he
top vi ew of the structures of Flgure 8. [0046] FIG. 9

e Cross.sec tion

b¢4§i%{§t M %ﬁgég:,dgltngtstt g(cérgﬁst se{;thchla YR (?fh]ﬁf’r atructures ofrﬁgure 6,

Fa@ilek havengad 1ayealod supPY¥@ natesiabdpbdifell MRteonr enoved and a
| ayer of a sensor material is deposited thereon.

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

@] 1D-8 1RO Bvell | depicdsOhd blobkSdet@dral Sleyr chapd @th&tdr&eof Figure 7,
cross-sectional view of the structures of Fig

exesepthat thatayeriod synppg majgiigl is RRniee besqelapdr Bifihe thind sacrificia
idipg. | ayers are selectively renoved, forming a
free-Standi ng gas sensing el enent and a

contact/barrier elenment according to one enbodi nent of

t@ﬁg? %%t shbY¥ 8R4 PHew L)Egl Urudidr& of Hews the top

structures of K gure 10.[0050] FIG 11 is
a perspective view of an illustrative gas sensor

zﬁ(%lﬁgﬁ*d@ RN tlvggfqu%ts th€ Ero s{%gﬁérﬁgwg@ fstﬁ@ﬁ#ﬂ:q“es of Figure §,

suppor a contac arcier el
aeapt thanthettbird seeri@pidboliokielayerof sdlévtively esreonediand @rlayepof a sensor
DETAI H’E% %Cz‘ﬁ PTI ON OF THE | NVENTI ON. AND PREFERRED

€rial 1S aeposiie

ereon.

[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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EMBODI MENTS THEREOF [ 0051] The contents of U.S. Patent
Application No. 10/273,036 filed Cctober 17, 2002 for
WO 200BARA31US AND PROCESS FOR SENSI NG FLUORO SPEELEBS10b/005607
SEM CONDUCTOR PROCESSI NG SYSTEMS' and U. S. Patent No.
6, 265, 222 issued July 24, 2001 for "M CRO MACHH NED
XMSN FIG—MIW@%t@&eﬁ%ﬂuﬁﬂ@v@d@ﬁs%ﬂ%mpmsmg a
ND USI NG THE SA are incorporated here
fepsieading eassentieg slemehtisprpoyed By a gppta ?was@gmefpo@s%}img to one
\Whibbdintceo MR GvdnBioglesCr | bed more fully
hereinafter with specific reference to applications in
sem conduct or process control, it is to be appreciated
that the utility of the i nvention is not thus limted,

but rat her extends to a w de varlet of other uses and
appl i cRETAASED D N QF I RION: ADH PREFERRED

depl oynment in Ilfe S-ﬂﬁkﬁn§M§$ﬁﬁ¥HEﬁEGﬁ{or anblent
envi ronnent nDnltorlﬁ__ﬁperar‘ﬁﬁ__—éﬁd‘ ot he

i ndustrial as well as consuner mar ket gas senS|ng

i@%gﬁﬁ‘{ h&@e%t (Lto(g)§3ﬂ’a %Bflc%%%ﬁ'i\lo' W%%ﬁ%wpgfgggtn 2002 for

ereof provi croel ect roneénani ca em

(‘MERBRAGESed AQHS S@RQGIE@S cdifdbi | SENSINGr USRS ni SRECIES  IN

T T T

ohlper, 2000 rfer ‘MICRIMMYESHENBD THINEILM HYBROGES GAS SENSOR, AND

SFEFROR S a By R T N RE S AnR SienGifnt basgindwference

aithe P @ftidY I fOh1Ifurdde&s. device into a chip carrier. This
current fabrication approach entails a nmulti-step

process, involving a correspondi ng nul ti conponent

FP@OS@]J Qhile GRS Qﬁ/etﬂﬁﬁelmélséénb&i MbBieC P RERINGREPONE Bpecif reference to
bject to chem cal attack by the heavily fluorinated

@a@é‘gtlown semicendyetpr precess santioldt isdo be eprregiated B1gt Bie ufily of the
ERRREAT |sV Fot CRP ARGRA, Sbtnyraglgyg*tglﬂisntgaa SHad B of other uses and
encapsulation structure, such expedi ent adds

fapiich@ertsi mludmpmt%putyhmmtmf denleymang in jlife sa‘nw sy@@tnsx tpom or
.tagx%leg{ g%%%mgﬁts mofi %}Qtl ffs a[nﬁodﬁﬁér 115‘\?3&% &3 e\%ll as consumer
I NVenti on overcones e e sfac In manne

gzt grsgending apphcatibnsa I\/EI\/S- based sensor deV| ce that is
easily and inexpensively fabricated, and readily

[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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i npl emented for nonitoring fluorinated gases in

sem conduct or chanber cl ean processes in an efficient,
walewoalot®3and reliable manner in the harsh chenPCBEIS2005/005607

envi ronnent of such processes. [0056] The fl uori nated

gas sensor device of the present invention, as

desehblb eslcdpRilgtidnu bthyenher fich akp&tient hads e BAication complexity,
advant ageous features that distinguish it as a

H@éé@??‘ﬂfl%'g‘ﬂe piql qoido dherprodyqeas seF WXEre i s the use

in the device of high performance fluorine-reactive

net al sensing el emrents, such as nickel or nicke

40958) Theypriesnt mwention Avercemaes thess abstaglesh aonawes enakling the use of a

NESN1§ 1AL senb AW FRE iBaSly SRRlikex ?&ﬁﬁf’efyyfabﬁ&ged‘“ £ readily
tenperature coefficient of résistivi that are

rzmplt:memmhfqr W@G@ﬂ@hﬂl@ﬂﬂ@?d gased igtsemicen @ééhag@;@r clean processes in
3 qﬁ’{ agrrt lt)h?! eagﬁ n%hﬁtﬁ@%nﬁerr ﬁll ﬂl% eﬁar&ho caq) dentv#&ment of such
enen ot

nmet a as a sensi ng MRt er | a

pemessenurce (e.g., by resistive, conductive, or ot her
heating thereof) for the gas sensing operation, as for
exanple where it is desired to vary the sensing

l[@ﬁﬁ]a’lfm ﬂmm‘nﬁred nesasdns@rdevico nflihe ipoesent inventian, rmﬁedaribddemore fully

emni conduct or ose ent , .
heeahes M in® sl et s {iies FRE ER R e e S, Shyadtilen in te
Tahl bl'(lixeSsUﬂhfeﬁﬁfet igtiesuse éh @teaevico of high psforafansd flidimg-reactive metal
carbpid (SIC n co unct on Wi t silic .
SEReme st Wb s RERY OF GiekFIgHIY i B SLarirsa) b Tieh clectical
$éslsta704) 16AKIRINESE BAHRAIAll RhdityChndl Egh Whipehngt tFBfcéR Df resistivity
formation of heat sinks in connection with the

dheharerpgrisplars siitablsdor meiptarcsrbarRdrgarPrsine. ke sreopd nfagge relates to

ubesahs &@ial dibBedtOUSth Bs § 8RLME SallaPiRiSstahehthiBuilds €. £f by resistive,
m cro-nol di ng techni ques for fabricating planarized

sendyetives an othenhepting thprpedh foritheosas senstngraRe@Hom A8 fos cxpraplg yhere it
N Qeled 'th’va%f tﬁehg‘engiﬁg tSRPSARE A6% SRReRT conbfioR, €288t match the

invention arid which provides high precision over
prmenbeasure @fialsemigondyator ohamigphoteesifluane snclidesiths darpdiezds species to

herglpapgve ang&ﬂef%%f& gfategqs nhgm@Te lof %qﬁoff WAL (SiC) in

|ncorporate e| er separately or
sojsiatian evitn 8iCafpolysippar tacniitiel mtenahyfoalftbrenmﬁm‘ethl}dntga silicon
fa?|CMedfrmnane s mter

1317] URRO ét sftructgrreowglrch eﬂpma?es% e‘(i;log Slf Xe':“’? s1n connécﬁg? with the
tnfeeal isensingtelententrand llhélefdn dtﬁmanms nkyd keas mss thﬂg:ﬁeine rfehet founth feature
any. of the n rous qgw desc g
ARt It dre SloIEy maRing Feliloven (P TG R riggd suctural layers,
Ralichogiows peomacd Sed sale-wlceyﬂomnﬁwf (1Rrgas k&wing dpvitksalfitlieypresent
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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of such sensing elenments, wherein the nmultiple

el ements provide redundancy or back-up sensing
w@apabsissty, or in which different ones of therp@Tis20p4/€05607

sensing elenents are arranged for sensing of different

fluoro or hal ogen species in the streamor gas vol une

126541 1PRRLAY Ele ﬂ95ro'd? haloE&spetitd RNn&ldePiBE MaPlompiise a plurality
sensing el emeéhts in the array are operated in

@f S’uﬁ’e sensingradeteants, avheremn thatrayliile gleaentsgedde sdendaggy propack-up
éjgaﬁphﬁﬂggh {nex%ﬂeed:&ﬁcfgx%ms JQE‘ 8 fe m"f’t l@geﬂsmg elements are arranged

y mani pul ate tractlve y, to
@ersemsatgeoﬁdxf@tenrc flioroa pi h@lomngmmes @r thel steqamapl ged yolume being

121?91 otredvﬁl Yo \iv ich rdﬁ‘?e‘t’%? esCSTRE ?elngl:ﬁ% ef\%ﬂ{egﬁtdtl ﬂ% a%lag N operated in

&r “Suitabl e manner
diﬂbtenpﬂnodnst or iofintsreistod rr@kimsmhsewifsr mbdictar pHrespeptive signals that
%?%}‘q%ﬁiﬁnd i(f:/a yrurnqnzlar;nlq% a[tec{mre ﬁt\%c?flelys chlén?ez%teq r‘e'?&dﬁ:ta{lﬁfﬁknal or
ﬂfeﬁraa'lvaj/ | additivelgnalpgaiucd mlt:ompmiltb mdlcmgng) sigganor iplany other suitable

oses rine rea
B oS ichlipbip ity o or FREER: if s BN iR o monitor
i(lha\fE)waoﬂ"ﬁpgd‘ies ?f“tﬁe steaRt drnfdd volume bf dnterds) fop Resdratioa of correlative
Inorgani c Solid Fluorides, Chem stry and Physi cs.
%ggggﬁ?ﬁmpwgg@goigggﬂ[ ﬁwskhgennuller) Many of the
transition netals and noble netals (|ncluding, for
exanpl e, but not Jimted t

[:QQ59]|3@S is A/gll kppwn, ﬂuonm reac@inglg.'amfjtn)\etq,l% a’laql gveq: %stem compounds that

NAE 1 200sh, Na8 s¥Rkdhds tifddUuidalad @tgtec‘(ﬂm?é%%l'&d&lid@l@&meﬁccmmlstry
w th fTdorine gas conponents. The gas sensi ng device

anddPhysich gibadémic Haespr E88nEd Pnilagenpyhen)s eMprke efq the Arasifign metals
%q%rr{gﬁle%etélpﬁﬁau éé%r%xluﬂ 18 8uehdt 1ﬁ1h£%d% 4$aNGE, Oih, Nb Mo, Ru, Pd,

uorinated species in t € gas beil ng nonitored. [0060]
Apelrc Noi Ak ©f araxi percadilycfogensriow mtenlitd¢ flyprinated compounds in

Cons wl‘iﬁtflug ng:%gl c%glpo € ?th ’the%‘ég nmng%g\&eg étll(ﬁgllggmxg 3f the present

use ap
ewfmron nBeea tfrdersmtimg rfgmusanﬁ)maseemethlscta nittagatle prassnsens iflngrinated
enment. mat er | onstruction to the fluoro or

h g rials qf
ﬂ??S@@ﬁ SHECFRE IR ACHi ng environnent, and determining
the suitability, e.g., corrosion-resistance or
tanc he candidate.materi.als in .
@B&sﬁ?’ Ofaegafpeﬁn e REISIMgMAIPAL 8f COFTURIop TR e 3y determined
Mpasliyeni eadvsd hpplivatidn diief 1ﬂf/d’nﬁdn aﬁ' simplk eRPedintent hablomgrxposure
sensing material, due to

oY caafie ZRosing emgnt miteie IarGoitmen o g oz rhalqeggyspecies-

L8RJifiRE 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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mass, small density, and high tenperature coefficient
of resistivity. The ratio of signal strength/response

WO 2008/081931 esi st ance- based gas sensi ng oper ati oPCT/BS2005/005607
significantly influenced by the material properties of
the sensor material, and nickel or nickel alloy-based
SROROMeE] SAESH cTenAKE WREE the oS P YRIAAmERidH i 1€ idsh@mentational
maximum si gnal strength/response tinme ratioanong mnet al
Setosanrowfledainths sampien t he sensor form di nensi on and
the instrunmentational factors provided are the sane.
[0062] Detection of the fluoro or hal ogen species of
[0962) etectivnyofbibe fbieice vr Halogenaspgcissiof apfeiestnimpy e achieyed in any
b ans._ of han [ L st f : .
PRI, o8 LPEHS oL chfily SRR b bioGhes sapding metal material
fid it oeacts @4th dlnbanercamgpiripespeeiss. [ 0063] The netal sensi ng
elenment in fluorine detectors of the invention may be
provided in any of nunerous suitable fornms, and may
6% Tiel henlesdngimy géradro dry flucine deastors@f leanenitisumhpbeprovided in
or induced nanoporosity.. The. resjstance and behayi or
B hBiTiEeus SER DTS, M B8 Shth HOREL BRI ar e CRughened
QR REE] dr)indiked AdopdrbiiB! UThe resk@ihcexaiehsyiot dfehegaemidlényent can be
of .a suspended netal thin fi [

il mcan be_engi neered b
ERRRFETCA PN PEPTIRE dhh Seamestigt ?ff the FUrpHPEK n]é‘gsgﬁf“p ®h gher $"1¥’me“y of a
Qt\é?éndte@ fhetall ARENRE thnelA BEREDHY &}@bﬁh%/ the AvidtH SIp&fil &l thickness of
netal filament can be tﬁlnned after fabricatjon

thedHmgrver thy S@ﬁgnd@fl arga gmrp@‘tayal)bf A\ﬂé@pgr’ldeg _nbe_tql filament can be thinned

ARGNABHSRALA YherEHEM GRY loY 1a GArRE LPGRSET &2l Inkchitaligabeyhically,
or thermally, in order to increase the absol ute |
elestrashemisally, gptically pr thermafly,iip ejdeniednarepse thg absplude resistance, as well

?%?@'iﬁc?éa‘é@!t%urﬁ’a%%i eﬂeaQﬂ‘o-\IohﬁnegFJti%! of th?. thbBAT, &BYthiREY §Re&se the

e sensitivi ty or 1 rrprov_e t _e S| gha -to- no[ s,e ratl 0. .
Fensitiivigy or infpgovesthe sigad! te-npisy mitioa [Fuphespée thaseriad’s physécal properties

' .ed. .F it ; .
OB PR o S5PAP Sy KR RARRS e AR Ber by i o

doping Sind Uthé mierostauatuloe carobié fioddiedee.g., by lohandeaimgg@ainrsize, level of
rain size, leyvel of crystallijnit onosity (e.g.,
B Sk PRSP R0 Bl

[0064] It will therefore be apparent that the netal
ens| ng el enent y be variously configured and .
TR D e Bl hecprppien 1t ficihelh Spsthet gt may be variously
cOMHpRFedBEdO thodiFiRY SdsCadsirpd QEEN tdsgt 6 Henfoem| cprfomedtion,ephysical
and nor phol ogi cal character, within the sh}ll oL.th
RFopesigs Chpmis LﬂroHﬁﬁtéﬁﬁém%W&}ﬁo}P@W ¢hagagter, 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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[ 0065] The reaction of the fluorine conpound with the

nmetal sensing el ement may be tenperature-sensitive,
wapeshgnsi ng of the netal can be achi eved by ppSEUSD05/005607

current through it. In this way, the netal sensing

elements may be utilized in the gas sensing operation

Qm@&{l&frﬁaﬁ bippae sHERdk Mehe $ Eﬂd%ﬁéﬁ@&l byl KK ElecttiBal REHR4Anct @nd low

enhance the 'sensitivity and signal -to-noise ratio of

th@en@asasseﬁh%blgbﬁleqtﬁ@al THEANE uclaslﬂ ppat stpyeture further enhances
| QA8 #1]\/1? st%'gﬁll ott #é Berdsbi: el BwadBBARI h2ss ONSi® minimizes
ree-sta dlngs | con-carbi de support structure that is

pmantan thezrtllsmd'rd@!y thei syhpagt @tmcmrq: and sechi SCanproraienciugsy being free-

B sl i B p ol e (IBTIGH BOSR8hc BHEhpance e

ajgdalsognmd: rasibr engt h of t he sensor; the |ow thernal

mass of SiC minimzes potential heat |oss fromthe

support structure; and such Si C support structure,

peicnp Siiche fress §taniihgn gilic drs ehrbide eduppart istredtyre i el &t dgbridated by: (1)

metal. sensing,filmfromthe s rate and en t he

Broyifine °8- A ogg)&trz}t%tai 8acr1[f{5@g7111glg &zhvn?g, é%cegiegngfrem thap define a

teldu@ﬂﬁin@carsﬁppdﬁ SHIPRE, t(2F depeitinpea Y fiim frﬂxbrﬂlccaﬁtoeﬁkes of such
] rOV|d|n on. a substrate a sa crlfl |aI

GG PBL. S0 6) SHEMBEH TERAYING Ui HE G Rl B o fee-sanding

SUPROPPortSitfubatd it is( shard@R Fednk ithtd su'fbstﬁit@ by dipdpate@ dnkiRy spaces
recesses of such sacrificial nold, and (3) selectively

ragpyibhercuried uwich sacgifighl MelAd, to form a free- standing
Si C support structure that is separated fromthe

substrate bg air gaps or enpty spaces orlglnaI%y. )
B8 Theisabyificiplanold ey be farmad byrdengsitingabgyr of secrificial materials and

l l 1 (<] ermme
%1%% Sﬂafnte&l R su 1%m B I&ﬁs&%@@eqsaw 8R0S ithi AR t'hé‘)f)?erd ¢ d

Crl I'Cl a and t hen patternlng such
|sagpert stroctfiuer mrwfselta’oéewstsmly thabare selegsivelyaemelesblena comnsction with

esglsit)oe gg'u? d I%lél Ql eeflsag S waﬁ:lal AWerd ff}%le ?ractlce of. the present

a e selective renovabl e 1 n connect
\idviehtidrhe F&ummpte silicoc tlmxeie na)selbelvable(dmasahjm by ﬂuorme-contammg

sacrificial rials f or tice f ot .
SRR atene B BE distatcop i, el Gatioe' LBl AERYs hac i
rensmna b the Dyorfrewontaintrgeonibainds.ng conpounds such as HF

in connection with the silicon carbide support

structure that is resistant to the fluorine-containing

GOUHOP WS forn@§Obf MetsappdrosfRtirgn Bijert bfea SupPOE halogen-sensing
structure, a I%¥er of a fluoro- or halo% n- fens ng

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.
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material, preferably a fluoro- or hal ogen-reactive

nmetal or netal alloy, may be coated over such support
w@ee0sos198e, to forma free-standi ng gas sensi NECT/US2005/005607

assenbly that is responsive to the presence of fluoro

or hal ogen species. [0070] One or nore spaced-apart

ERT | PWHER eheCREM MTldfagNRY sBiRing! R¥nthRf ist Priietoees: ta @U&tﬁtef (such as

ee standi ng gas sensi ng  assenbl : preferably on

pifigory é?bsﬂhfé} hag is\gsecppblef tor afcys Wudhe SPEBEG- Qb%f?‘le containing
SRR, AGar R NRRE $hat FTREERL fESBstu@l'i bé\hﬁou‘ﬁﬁs B dﬁ@ferably provided to
ectrical resistance, |ow thernmal nmass,

p@@r sndaprotect thecybstrts. v Sudh hagiar faves Waqompﬁge awhiesin @& halogen

%sls aﬁprgatgﬂl? d %l?ﬁ‘ V\ﬁ lﬁﬁlllteﬁrtl) %Solgfn%fi@&[d%(i’hcfog carbfie nﬂn‘ﬁﬁg which

cont 0 e- st andi ng gas

mhmsnmgnassemﬁhwdls forned over a substrate (such as

silicon substrate) that is susceptible to attacks by

the corrosive fluorine-containing conpounds, a barrier

[y 2y Ohdprefeired eghbcﬁmaxntoftlce seseht iommpom redhgesitg a gas sensor assembly

%gggx}algr?slgy a%{?gﬁ{asggg Itggs gei%\sllg% e%mentp E:)Igéngf %nggéa S aced a‘part ugstandmg

odntdvdd, agd B basiet &iyamtwhﬂatl&:r Spad:esl apBIm (cbmtahtan greifabrlqatﬂ:’d on the barrier
mted.to on c .amng .whi ch,.

by P4 Carmite B bl S Bp et epn B B PE AR FEG Eking o

edromg iel¥Bidht M féteveEngSad proteduthe @l[bsfrﬁb afeaet theraurgias

sensor assenbly that conprises a free-standi ng gas

sensing el enment, one or nore spaced-apart upstandi ng

£0078 PRE ferrin@ Nibvd tdfJ el BRWilgd YRGS, WM0Ae whih &ﬁadéﬁﬁnzﬁi@aﬂlhstranons
contacts are fabricated on the barrier layer, formn

depictingehy process AloRcn/thiampnyactue ofa ges FEsing &fﬁﬁ@P{y et %OH@“SCS a
e88nidiRg) gés%n&?gsel&ﬁ%'aﬂg 2@bRtABMarrRR dichRht £0¢8dribBd hérRhabove,
protecting the substrate nmenber thereunder. [0073]

Recoeding tagnp embedimerief theavdsen§snvent@®. 1-| OA, which are
schematic illustrations depicting the process flow in

the manufacture of a gas sensing assenbly that

(TR} As dwvan if FE2-15 8 auldiratg myadeshis prayide.awpemvhigha layer of a first
contact /b rier, el e

SROPal Mg BhismuTBRRra s HER FiokRE) LELBANNBpa patemed, o
[fcﬁﬂx?a%arﬁ& redesstherein. A @yer]o,f aayaﬁi@bshteable(pmttéy siliGonj aarbide) 14 is

S crifi
Rt P e Po Ry horbeb 103 ot oh 15 flst saciici
eDdisd ihelénarld qutthear pladrizédoo femps(m: ehelfastrsa@ificiab oméking matenal 12,
t her ei n. er of a barrier material (preferably

a$ shogg,in Ez—% e) 14 is

[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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deposited in such barrier recess on substrate nenber

10 as well as on the first sacrificial nolding
wondosns®Bl 12, and then planarized to expose thecT/UsBD5/005607

sacrificial nolding material 12, as shown in Figure 2.

[0075] The planarization step inproves the planarity

Rlo76 NG gek PUCEHHHkhel 1ﬁ¥s%ra§ve @E Jicwest thé StrichRELHFiflte 2, from which

achleV|ng good control eonEtry of the

ﬁmfg@q&‘érﬁcw}/ W%@a@ﬂ?ll}éﬂwl&ﬂb o ¥itb agquarerghaped barrier recess filled

PR bAAL V\ﬂgteﬁﬁleﬂ ﬂh&eﬁptPl%glnoteatHﬂ HB¥hAPE aREchABANALBN of the

I nst ances ere good sel fleveling behavior is

umcqsacaetbebyadnhencwaﬁqdl tyra pragoarordinarily piglled injthe art, according to

El%ssrspep lfg & Qs%pluyd tS}tE?enp %c[u% ﬁlerqf?t d e {h@{e?c# Nt limited by the

recesses so e near-| evel

dm$mnﬁnbx$mﬂémmewgiMHhe first sacrificial nDIdlng

mat eri al surroundi ng such recesses.[0076] Figure 2A

shows the illustrative top view of the structures of

Fioguy & 12yer fof aneodnd Ghcriftotal iolditg smeril (poiferhblsilgbmgioxide) 16 is

eri.al bl th
PRREL Sk ct” i BBl i PRI 2 BB BrL RS motane
Rlagase1204d pdiRined e }ﬁdNMIEccﬁlfait casfsos rr&,t ivhich afefinéseone or more

barrjer recess can be rea
B e GRS (s Tostia-spr T8 glagp oA ot PREFal 14, a5 shown
spEgitBCc end use and systemrequirements, and are

therefore not limted by the illustrative exanple
provided herein. [0077] A |layer of a second

§1 Al Ghabkt-fRhik MRl Sﬁﬂeﬁkab(yp&ﬁé&xr Sdbide)Sid isCtBen deposited into
Ioxide) 16 is further deposited on the planarized

prshrcontactraasses and plenarivgd thexppse be secqad secridipal mptdimg mggerial 16,
I%Wnalln Pgi%ur?saﬂq Fﬁ%&r@ rSReﬁmtn@esptBQdedﬁe\Q YURC RFEBTESgure 5,

I nes ohe or nore space - apart cont acts
tﬁhmt wlaplettpcssqmd srreificil moldingempeeal 46 iy deiblsa Fopiegpaced-apart square

g%ntﬁfcgi e%s%s are ?&Tﬂ%ﬁ%l {E E&l ﬁcigkrfx[ﬂg%%até‘}lal 16 and zge )ﬁled with

ormng nmateria erably srlicon carbi
itz ciostad:tltfenmdgma&:nalem into such contact recesses and
pl anari zed to expose the second sacrificial nolding
material 16, as shown in Figures 4-5. Figure 5A
pO00Y] Bigeret 616hoira Miepositivnaindtpateraing ud taulages offa third) lsaceiﬁBial molding

fromwhic E d)e crific mat er 16

mategial ( paftgra{v o]aﬂﬁ}’s@&gg g@, a‘ﬁlgftl "%’3?}8? étr%c(t}ﬁ?l e{;esFegC esgléts define a
fe@ett@ii® supPort REu@ee Orspesificdllyf buwhaltruomtatli Ird’a:gssﬁﬁilﬂe latea;bosmoned
6 an r I h th

above bg)thathee contacef\ %orvrélnlrtlg mgter?alcl r;%g %e s];(?orn Sag’lf{gla ll(f3 ing matenal 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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[0079] Figure 6 shows deposition and patterning of a
| ayer of a third sacrificial nolding materi al
w@ pooshgmabl y pol ysilicon) 20, which contai ns SPeTIOE208005607
recesses 19 that define a predeterm ned support
structure. Specifically, such structural recesses 19

Fhie BRAIshpRREIBRAVE Biihs b tl@ﬁhﬁ@ﬁacé@iﬁh%ntﬁ&ﬁ %{dt &sible in
18 and the second sacrificial nold g(? materi al 16,

nd
Figuresidn gad the seqond sagriicigbmeldmgmaderich i @obyisblsin Figute A)
over the spaced-apart contacts and the second
sacrificial nmolding material 16. [0080 igures 7-8
H08AsIndbpws 9t the rthied saanﬁgylemoldfngan@@rmé@ tis Pﬁgflcélw ggmoved, thereby
fer r .
?Ognélg é\%ﬁé{dn‘? Ldp gl'g stglgc?]\?é ﬂﬁ’)ﬂeé ralf {Zhgtslﬁ rﬁ&et%ﬁjag fZEtang exposing the
saacpmds eactlﬁcmkjrr@hiang rfhatcmil 16nahdjarl@'enaf erﬂuarm@fb.actﬁ\@osm?l or metal
sho t he I e '

03' (Irp fegAbl% Son mmg ﬁnctkgls)s% 18 Xglpgllte%l ?S%rtsbg}gﬁrtfg'ﬁéﬁgg rg;g) orlt r%tructure.

Figeresf)mm‘bws eher ﬁIpG&SWSOf metdttacmfes raf Egmlﬁ‘,ifumalwhich the second

teria e,such support tru
ST GaEnGE el A s Rk S Rl Fare visiole
VI SI bI e in Fi gure 8A) and the second sacrl ficial
I ng rrater not visible | re 8 0
RsE Bl ohe i 4 na teond beceal i, andlitlls 13 g g1s are
belecti®&19 GhhMRdl mm?ca frédaimag §a0rsBasi éierﬁér@tcbmﬁhsﬁ@g the support
support structure forned of the suB1 por t rrﬁterl al

BFHE K 56@%@6&51@%?@@6%# augtal laver 4 hersen.and g %ﬁiﬁ&tﬁagrer element

dEnpidit @e |sPabRE-afirt Sonkdctiord ﬂﬁi‘!h@%ﬁHeY% 14! TRE flRBL@hding gas
all'oy (preferably containing nickel zﬁ%,i . i s _deposited
Et 1ts

erneing sleaientois senpatechley gpafﬂgoqpprt SseHags g)ieggheéal,gﬂule the central
&E&%oﬁﬁﬁ of %hﬁég?%n‘gﬁl tei%ﬂleﬁtt i lf'a&stph’ﬁcféa 2Rl 1s51a%r ernd abalf'rfepl'ﬁ‘}/er 14

€ Seco sacr f|C|a 8 material 16 and
suppofts ther sontactseldcthprgen ped atotests tthétua erhfingosubsizate member 10 from

at%?tl ail gt‘tac[(%)lgy8 g’c}nggllvg ﬁL$r¥ -c‘i)gtﬁmﬁdfrzc%hﬁgﬂgigt 2? o second

sel ectively rermved form ng a free-standi ng gas

' t ¢ i Si.n e r
RABEL 0 G Pl 2GR U0 o 08, SHED osFUERTR i ony e
tedNdyRe 24 bdrthd te-sthlimn fasc@nying s]emgmt el thpdeoth: dqyar 14 of the
contacts, 181 and the . harrier |ayer 14. The
FOMREVRRTLALRIHReY A€ V¥R&i ng el ement is supported by
spaced-apart contacts 18 at its peripheral, while the
central major portion of such_gas sensi n?S rrent [

1.S
QRS RimsEr Ahcis| S EPERBEYS YR Bhrh By SISOl TEDE ARG o one
tRBoARBh S ;;rgseﬁthﬁ%@lﬂﬂn aHcHdoRtpRicésSa frétestanddrday-kdi@ing element
substrate nenber 10 from
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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potential attacks by corrosive fluorine-containing
conpounds. [0084] Figure 10Ashows the top view of the
w@eeosos198es of Figure 10, in which only the nepel/UBAY®005607
24 of the free-standing gas sensing el enent and the
barrier layer 14 of the contact/barrier elenment are

WSl P Eas. [T%Qt%tr’clreﬁ{l@ﬁ{[{%ri%y]s }ﬁce%r&%&?&%&%%%xevﬁm@% siftface area,
gas sensor assenbly acc raln to one enbodi nent of the
prdemerst pricfevably imome theni ¥Xe)ceinihe i sse-sensingrelemegtt Hdis rigspended and

R R
yhssbnsatadple blementized by Sighgipticabtbsiatane andplewi fhbmrakmass (c-g,

by spaceq-.apart,. upst.andi ntacts.34., A Ler L
PipRF @550 Bl St 56, Pty ARE kAR e L b mngmize
Bdrtis, thegds aasenihlypbfthe presdnt invaokéml iy forgnes vl fiuor@teere§fant materials

fromthe harsh. chem cal diti ' d by t.h .
LR P S50 BBy bR TG i n s
epoahERREsceptiISH prebbitce @8 Ausre siongintl gaivmpbudl. suspends

over the barrier layer 32 as well as the substrate 30
t hereunder, and only peripherally contacts the

?@@Wﬂm@%%am@ﬁ@%_@@§Q§si§§el@ﬁlel\¢6ﬁ YHeigdt §cpsbrakRably of the invention is
herefore, the nmmjori tly surface area (g{rs_e,fer ably nore
u

prefanabib0ob & hieh sudacsrie yolumedSiochararies &t BElINtHEPK reppgRse, and to

R ey Qhe tdiforl@SaIRRRSH Mk SIbQERNAITY IowdrThinBNe M6k fhsafdlcating bulk
?s%?gt e%l f}r?%mtehe substrate 30 %y airr gx;g\%ity. usrth(é:arl,ng ’

bippéte tatrigpuldhetherpiass ogew rat towcNrcagfosmagiongf the same sgnseq rgatenial.

characterized by high electrical resistance and | ow

thermal nmass (e.g., silicon carbide), potential heat

[a988] Tiusnthe betighdinsesien afthe freqretndigngas sensing ehamenh- the dhickness

Eyrr{etrlplgﬁ f?rttjf?x?s cg'afﬁmg,s&qﬂpbi){m&fer f'olP Porthls %?&nets ﬁlﬂ'}(&{g, b . 6r5601umns,
orned o uorine-resistant materials such as silicon

el -bidaablandetshBmef00 meicioss (pan)i prefiatahlyl lyssitianuSO pam thore preferably

R S b R Rl

bf EemIbAN @i INgn gesboseh pmNgs Ebatamea dbf fesponkrespgearsieraseosf fabrication
asse LX of the invention is preferably of a high
SMSTIGEEOR) vol ume (S/V) character, to facilitate rapid
response, and to anplify the response relative to the

substantially | ower change .in the s-indi cating bul k
FOSBEF QI 2pfh SR riRTHE PR 18R2 O Ress 4 o S o rom about
BANLA" BBLoRN 5@ unt, NRsiSANEhSRNMM] BBlcasibal chiR&8Sticd Mishe plane
the critical dimension of the free-standing gas .
perpendinylas tethe Hricknegspiireetiancof thefeil 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 um 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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di mension for foils or films, or the dianeter for
forms such as filanents, bars, or colums, etc. -
wale@snsiBy is | ess than 500 m crons (M), prefeeBDE3005/005607

| ess than 150 mm nore preferably |less than 25 mm

still nore preferably is less than 10 nm and nost

gf HEmadb 36oht§xt| &Y e rf@r@ﬂﬁn@ﬁe&ﬁﬂiﬁnal&oi‘dtto (e lapfreciadabthe free-
nm as a bal ance of response speed and ease of

stansfinggasisepsingoriement ceuld be &bnfﬁ%@ﬂ a magporsgalg glgment, alpeit psya more

@%qk %&Osréngo? p%}{étQ&thé QPichily xﬁhﬂﬁ@t@v/mﬁ:r&neter'—s@al@ elefRAXE discussed

0 om about 0.1 nmmt o about mm desirably have

glrevee dlnenS|onaI characterlstlcs in the plane

perpendi cul ar to the thickness direction of the foi

or film again for reasons of responsivity. The

(@O &) Il indanvenwhay switiplemetal gsheingelewent sphethres anipeqveded hdifferent

%me%)éc!)fs thI Sr}l%ltn}?le trggglk&gxt%ﬁ:reg &1%? tble %tmlso @&b Lﬂﬁ a@rahge'agfop sensing of

didfesemt a‘glanuaécy sh&ds inhére Abidutnvironment lpnu@‘ eroabblyd,b andigy same

lggcgl?ﬁa %gec?ﬁ,ﬁa élféremewpgraﬁg a,%rcﬁtf rer?t %tglsss@&uggﬁ%uéations of
ahenp SefiBnts afaya bbaérﬂﬁleybdoforf wnmdaaty Qnélbr cemsmingxhctcyracy, etc.

and responsi veness, |n._general i tabl e di nensions of
Bufavdy rasscaonly. (BT, o o M (TS SHFG dgnens may be
6 r48$ PNifereft opeating AbUR, &g ORabtived; bidi&iveBl pulsedf ©DC mode, an
e intended appllcatlons %0090] In the context of the
f%%@@%$ﬁ§ description, it is to be appreciated that
the free standi ng gas sensing el enent could be
fabricated as a nano-scale elenent, albeit as a
(9921 I geneasionswith pho det of taays ph&at yisig plgments, "advanced data
Eﬁ()légéﬁﬂgttﬁ%l &' RIBE &lea St&é}{hﬁnc%l thd '@dﬁglﬁ ofihR GHRE LY sRRO M amples of

I nstances where nultiple netal sensing
elchrteqiniquey includg, dut are @ofliraiidddedthe ysef <ffeq°émf«nseﬁ%8®¥al% the use of

t
e Y e o
isigndlhtemd Kerivdtieasy and nmmdandaespnqromnwttmm,uean i} @ddlts,qn@dvanced
ari nat ed pec at. differen ratu ,
HARRHSSDESATDE 55, Bl R0 FRE TAAAES teics o
ﬁcbﬂﬁ&n!iﬁsSnﬂBl}de blease nsqhﬁyeditfmg, meetsn daatst:)sqmeb/ qmnc1pal component

. L1
g%i*?%%"f’%%a CC%@F% %]lugrﬁ aﬁlﬁgég'sggmf% frul t| pl e sensi ng

el ements may be operated in different operating nodes,
e.g., resistjvel con v
[00%3 For example, on I%mg conggtgé l)y ﬁu(;/rmeIcc):lémic’)((;"lgnd(sil SLll:():g aggﬂs,’ an%/%r 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 alternatively 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.

21



AC node, etc. [0092] In connection with the use of

arrays of gas sensing el enents, advanced data
w@r@ses®Bng t echni ques can be used to enhance P&EUS2005/005607

out put of the sensor system Exanples of such

techni ques include, but are not Iimted to, the use of

conpensating signals, the use of time-varying signals,

heater currents, |ock-in anplifying techniques, signa

E0084 Jolg iy be sprgmatect thatethelelraingeaini prepsrties 9 thempridl sprsing element can

? )ﬁ)tl(;lgﬁ G Ql%@fh&fac{!a[ﬂl] ﬂ'l“bq’%vagé Q% @H‘gét 'iﬂe%ntra%}fqg%&gss in relation to the

ni-ques I nt e category o enmometrics
seying lof mheberwp pis @d., fMioes er hadeden) speeiss,i widhin dlee $kalhof the art and
quares, fit ntatloverse | east squares, principa
S%ﬁ%éﬁgﬁf %gre33|on and partial |east square data
anal ysi s net hods. [0093] For exanple on being

ERRAFSS Fw P bt B, MRn AR S0 g n kb pRLR! Riiced in

tétestnavittSe fasi cabinel cmbing Asupplycdapfoensdr l&ﬂo@m species gas (such
el ectrical circuit) ma dro%g |ndicat%ye of an

Phe PELWEro sresies o ai’nEf‘é wrnpyed opgapaipetallin orogyrsgy fghgmical vapor
bégokideN opératidrss 26@Mhelgds Whidn a@seh@[)gﬁkyfﬂel-@{plbﬁﬂ to determme the

hal ogen species. Such voltage d@ﬁ? can. bﬁ ggg y

gustercste mleak giom thequrply oessekocahenmae Buhs C*I*Pi‘é( in the gas

VRideROThe [sORiz2SY tBE rRBRI @Ytk sfh%lb@ Rdnemay St GARedttbaktuate a

actuates an automatic control to effect. flow

paviresi ofohthrpurge| zagy to BYIeP 94t o] nlter’@r velpmoL e gisfiahigeigmd grevent the
%&Qmoﬁ to ﬁ@rﬁdog}i S lo%@ﬁ”s Rd %Wea@ﬁr%cl%§§ o?ﬁﬁk%e hazardous

e control sign terna ively may be enpl oyed
&otlsate a cycle tlner, toinitiate a new step in the
process operation, or to signal that a mai ntenance
event, such as change-out of a scrubber resin in an
&m&ﬁ]e"ﬂmsenpmromsblg hmybelsq be sltlhgqﬁegsamyomjpnng unit for an ambient

i rabl e

S%VAWB@W th t 18 F% CF?tébsl,% hteh rre i ‘,Jrl lg%éeé%tio?xﬂ&ﬂjﬁ}orérgﬁpalg%eﬁ species
rediX @ @itérastively theyernbr @senstily eduid bé awmysi;l,tueht)pa&f bl t;vearable gas
GGt g5 € PRSETS o Pet S Mok ESTERRAh Shrce o
inkReityt Bieatsikg lghs, %r Kahﬂd&[stmﬂ&ﬁfaly\blbmwcmww tieefighters in chemical
experinmentation, 0095l W% of further exanples,

F?féplg’éﬁﬁs‘ﬁ?rkeaféé‘b%lgl?s%‘?t HipEonerAligRt #%n may be utilized
in connection with a gas cabi net contalnlng a supply

of a fluoro or hal ogen species gas ab
WF T gassﬁz@gqr&se lyg of the B@ffnftlpﬁd? ireﬁlgggapphc le to monitoring of

PLERMN el bfecis GEWRRY intiiridl st &adpeh@BRY 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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deposition operations), and the gas sensor assenbly
may be enployed to determ ne the existence of a | eak
wo pansiosiegl suppl y vessel or otherw se in the flpexr/Uus2005/005607

circuitry in the gas cabinet. The sensing of the

fluoro or hal ogen species then may be utilized to
Q%Mﬁﬁgopa ﬁﬂ%ﬁﬁl@)ﬁof‘%fl%rmélfgr 1R BRitERE of R SHERR Pnddéltardel as species
Interior volunme of as cabi net” and prevent the

oothe Bnid eayiranment beslrgemm@addwhe a#ereRden species from
reaching toxic or otherw se hazardous | evels. [0096]

The sensor assenbly nay also be utilized in a

fAPADY Jo Miikh he meviognifeslr thatrmigrebhasmiate embpimmgnie of thergas s¢nsing assembly

ﬁf" ﬁ%g gt%genp ln@eﬁt%nt}{hﬁ/ Ue%ﬁgyc' Varid 119% cl?’%ii thdlc pﬁ)];mlarﬂ QERin8'films and
al'ogen speci es erein,”or alternatively the senso

eepstévelsbsptigo ehanibeiea emphsetd tag glaterminnble ofithin theagkilb béthgam’t for a
nonitoring ynit t | n

gwar} g}dr uge g%qq t(l:Oonn Iﬁ‘arﬁet &as 888%&%%0 18n al%cgﬁégtp%r o te%fo@ of a type

gduptableas thegradtide ubthapteserit aivsnmdneazm fabmnm;i as more fully descnbed

L LSRR AR GRL 0T S5 AP P o, v n

GasemitBhn@dr, tHeedidclvsartof @hidhshefedfdd inyorpfplet hateincbyt @ference in its
nmonitoring of fluoro or hal ogen species in various
PRHERt ri al process operations generating such species,

i ncl udi ng sem conduct or nmanufacturing operations such

as chanber cleans, in which fluoro or hal ogen species

are utilized for renoving silicon oxides, silicon

nitrides, tantal um oxides, and | ow dielectric constant

(k < 3.9) silicon-containing films such as

car bon-doped silicon oxides, etc. [0098] A variety of
designs are possible for the gas sensing assenbly of

the present invention, and an array of devices of

6 10D EARRSugHi thensveansn may bbén asticaslyagronitekdyheesip| oiyiedeftience to
maxi m ze the efficiency of the gas sensor assenbly, in

NRSRASE @ibodRn@lsadndofta@RAOut it bd Mgpréiatéd Platit@l érhbodihents and
signals for the nnnitoring of the one or nore target

GARrSPES&LASed Rerilsbolé Wi neiNten@EITRN tintde ih Ginvafioh,0drRidthat other
by the assenbly. [0099] It will be recognized that

Q}I‘Htlﬁny RoRl b Gor qp@gt’h&eé?ﬁb%dﬁ’rtenkhﬁll 9@&%11? Sk theAREIRED Yhose of

e present I nvention may be w del Yy varied in

?}%kl fm El{é rF%g&E Q)(?l.ntile ﬁ{%@lﬁélﬂg hfﬂefnnﬁﬂﬁnigventlon therefore is to be
I' eac

I ve/ sorptive chenmistries enployed, as

%?oaglyrpoﬁ]s%lacf cx\ﬁs'is!tjénp wﬁtﬂ ?nesclﬂiﬁxg hé}gaf{ep Set Arth. for a
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gi ven end use application of target gas species
detection. Mcro-hotplate detectors of a type
w@daphsidBe to the practice of the present invertT/OR2008§05607
be fabricated as nore fully described in U S. Patent
No. 6, 265,222 issued July 24, 2001 in the nanes of
Frank Di Meo, Jr. and Gaupggg@gﬁgQgrl the disclosure
of which hereby is incorporated herein by reference in
its entlrety [0100] Al though the invention has been
scribed herein with reference to
akg%i" od§ enbodi nents and features, it wll be
appreciated that the embodi nents and feat ures
escribed hereinabhove.are I 0t
?nv &35 senﬁor as%ednl%q% a?m%?%xg, at@é;ars} e %%gle%ngog # { fowgd on a free-
amn‘idmg betpor ndrocturep wherein $alid meadl |sd:r;soxsdgxgemtcompemeth&telsor metal

e.of ordinary skill in_ the based on
ot PERE 2 S hadet o Pt S e hPE Sfeg B ghf rnerein saia
b{k@&dﬁd&n@ﬁiﬂ)ﬁbﬂt stecfure odppriseentuppbit hatdnial thhtalk rBSistant to said halogen
hereafter set forth. THE CLAIMS Wiat is clained is: 1.
APGHS sensor assenbly conprising at | east one mnet al
sensor elenment fornmed on a free standi ng support
structure, wherein said netal sensor el ement conprises
reflh 28t sepaeraassearly et claim b, £ hfePEGE SHIY elAFRjeomprises a

WRA ARt AT a WobIB ndtadlal ogen speci es, and wherein said
free-standi ng support structure conprises a support

naterlal that is resistant to said hal ogen species. 2.

S e Thes S s«ﬁ%&%@&nﬁﬁﬁﬁ*@&i 19%h&hiaithe ﬂeta%ﬁo@bl@m&ﬁ%oﬂiﬁﬁ&k Ni or Ni

ment conprises a transition netal or a nob
pBeyal . 3. The gas sensor assenbly of claiml1, mhereln
the nmetal sensor element conprises Ni or Ni alloy. 4.
The gas sensor assenbly of claim1, wherein the
f4r éke sgaa meb'nwg ssqopdy tof stlaimc § umderonphei fesstanding gwpport structure
rsesml q)egas sensor assenbly of claiml,
ﬁﬂ%?é %ﬁ Fr€- st andi ng support structure conprises
an etch resi stant pol yner.

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.

7. The gas sensor assembly of claim 1, wherein contacting of the halogen species with the
metal sensor element effects a temperature-sensitive reaction of the halogen species and the
metal sensor element, and wherein the assembly is constructed and arranged for passing
current through the metal sensor element, for heating thereof to facilitate the temperature-

sensitive reaction.
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6. The gas sensor assenbly of claim1l1, further
conprising neans for nonitoring the change in the
woredoalos®ensor el enent upon contact thereof w thCT/I82005/005607

hal ogen species, and neans for responsively generating

an output signal. 7. The gas sensor assenbly of claim

3, THh L LidnsGOREENT Y Rimt NeohphifgeR HPEFiAS of dali HR&I sensor

netal sensor elenent effects a tenperature-sensitive

eleaens.dAMYNS #MaATdal ogen speci es and the netal sensor

el ement, and wherein the assenbly is constructed and

arranged for passing current through the netal sensor

8| Ehegas, sehor apsemblynef l4ivr Sorherain thecarraytigcensiryeted and arranged to
| o . .

AR HE SR g o ed BREb O ipace HIETHER, ERRRE mpdes n jffren

pletmahts sEths araye| enents, formng an array. 9. The gas

sensor assenbly of claim@8, wherein the array is

constructed and arranged to nonitor different hal ogen

SpeThieegms sandy oserbldy of elaath 8, whereinfthe payt is gpestatiedgnd arranged to

des jn diff t el ener f th ay. 10. Th
R R e S

constructed and arranged to nonitor the same hal ogen
species at different process_.condifions. 11. as

I8 oS SEweHBr LB LG  rhr-Ban iy cispie Spport siucture
cadtd With S 1pEVUThicktloialcuélalepat ed with a |ayer of

ni ckel or nickel alloy. 12. A gas sensor assenbly

conprising a free-standi ng gas sensing el enent

35 ANGE deds6f aRONbIFComphibilg @ BRSLAUMgEAY IsERMEENEment arranged for
suscepti ble to the presence or change of concentration

spnteniavithra gaseass PRYIBMCRYSEpERIP Esthe RESSEICA OT Gli@Be pheoncentration

SRbfk & ﬁ@fest&%&d%a@ Ip&AS RELR! Nlerbih QIRNecCOMRINE $8S séhsing element
suspended support structure coated with a layer of a |
gormprisen 8 iswsperdgt suppart, stragfdregeated mvithadpyer gha gateteasing material, and

THEEH e 0 BRI p LORAARCOR- (138 08 RS b eporse
idinagee of theopresnte at iclamgefof tcarcentiatipnt ofgthe targeicgagssppies in said
sai d gaseous environnment. 13. The gas sensor assenbly
SRS M Y™™ ur t her conprising mul'tiple spaced-apart
contacts for supporting the free-standi ng gas sensing

?5 Mer};ta's sensor assembly of claim 12, further comprising multiple spaced-apart contacts

for supporting the free-standing gas sensing element.

14. The gas sensor assembly of claim 13, wherein said spaced-apart contacts comprise a

material resistant to the target gas species.

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 13, wherein the free-standing gas sensing element is

supported only by said spaced-apart contacts.
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14. The gas sensor assenbly of claim 13, wherein said
spaced-apart contacts conprise a material resistant to
WO b@shsivget gas species. 15. The gas sensor asBenib3009605607
claim 14, wherein the target gas species conprises
hal ogencont ai ni ng conpounds, and wherein the
$PAGE 2 ARALIr GRRLRSIF 1A D! fufthst c%in?l‘iﬁ%a oAty ﬁﬁer fdibprotecting a
The gas sensor assenbly of claim 13, erein the
substzate mgmbiprthergidlesensi ng el enent is supported only by
sai d spaced-apart contacts.17. The gas sensor assenbly
of claim 12, further conprising a barrier |ayer for _
b3.ofhecgab mepser asedyahly af elaime Mbevherdie seid hawier layer compaisefaa material
n aim 14, wherein said barrier
%%?%?ﬁggﬁégggéésg&ﬁ%%eriaI resistant to the target gas
species. 19. The gas sensor assenbly of claim18,
ein the tar as: SPECI.ES.: ' - .
PSS e steon e A < BB SRl SR TS gnesiercomrises alogen
tay#ning oompiunds asd Wheein tbablricielager campsasesisiliesn sarhide or an etch-
20. The gas sensor assenbly of claim 12,

Fol¥ner]
SRS pri si ng one or nore spaced-apart contacts
fabricated over a barrier |ayer, wherein said

aced-apart contacts. su t he free-standin as
IRl r it Aoy, SEelEnh L SBHE GOMRESBRIY CET s epert
Sbhtacth RbAtAHedS Vel aSHnG® dayp awher€ia FariCipacednas abfltacts supports the
barrier layer forman integral contact/barrier elenent

frev-standipisas SHINeKEMeRke- st andi ng gas sensing el ement
and isolating sane from an underlying substrate. 22. A
nmet hod of nmonitoring a fluid I ocus for the presence of

al.t Bregeas sgnser spsenibds of pleinei2f, wherein it pRIGeE P soBtasty; and said
83&891‘;]81?& thirit ] ilﬂ%grﬁadoqtat:mh@crle%ﬁ t ¥ sfp ShEFRE-standing gas
assenbfy as in cllarm12; nonitoring sald gas sensor
sesiagbleyrentand isobipg sanie/fedry agerderlying sepstiateout put  si gnal

when the gas sensor assenbly exhibits a response

i ndi cative of the presence or change of concentration

21. A methodrafetonitasngs pdloidelocisrfos thieprésendecbflagaigst gas species therein,

said method comprising:
exposing fluid at said fluid locus to a gas sensor assembly as in claim 12;
monitoring said gas sensor assembly; and
responsively generating an output 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.
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23. The nethod of claim 22, wherein the fluid | ocus
conpri ses an anbi ent gas environnent of a
WORsH8BUr i ng process. 24. The net hod of cl ai NP@RUS2005/005607
wherein the fluid locus conprises a fluid streamin a
sem conduct or processing plant. 25. The method of
%i.am@ FRihoNBT Ghith bREwhétibeihe HRfd IRRE| REMPHSEPS IfRES sfeam in a
uoro speci es selected fromthe group consisting O NF
sengpqrduct@Focessiyig plEp, COF2, C F3, | F3 and activated
speci es thereof. 26. A nethod of manufacturing a gas
sensor assenbly conprising a free-standi ng gas sensing .
29. éftenmethabnbrlam 33 wherciot thp dargst: gas| spasisis toomgrisns aaflperg épecies
st ruct.ure fir i re al er itk .
SR RE ety b SR PREBHTLC R, HAYEICOBRERR Ik B9 aBivared
spaties thateof. ayer; patterning said second nol ding
material |ayer to formrecesses therein that defines a
predet erm ned supporting structure; depositing a
36) R QhidthetR b maak fadtariigah (has eeess esembly| @otprivipl ya free-standing gas
reﬁDVing@the secon%ﬁ | di pg material layer, to forma
PG FEMER T (PMRTSITE g%@ PFing on the support structure
a gas sensing material; and selectively renoving the
first nolding material |ayer to.rel ease the support
st r ucdenPBing i RasS SIS 4 rshmP]rdE’@-r’é*{t%g}aﬁﬁ” gas sensing
el enment conprising the rel eased support structure with
a layer of gas sensing materj al coat&? t he eover..fﬁgi ]
The rASPRRUNECY scePndimnloige mafrsiablayer OR &8I FIFSS folding BB PYer
nmol ding materials are the sane. 28. The net hod of
claim 26, wherein the first and second nol din
nat erpateringrseidspeand sradding matepgl layer faiogn gecesses therein that defines a
| 1 thod of claim 26, wherein the
éﬁgﬁ%@?ﬁé&%@o@g %E%upﬁeses silicon carbide, wherein
the first nolding materials conprises silicon dioxide,

and erein th i terial conprises
poly¥$ ?%%R%a%@Péﬁﬁgéﬁgpﬁggaggec aim 26, wherein the

gas sensing material conprises a transition netal or a

nobl eseig%{i\?elly removing the second molding material layer, to form a support structure;

depositing on the support structure a gas sensing material; and

selectively removing the first molding material layer to release the support structure,
thereby forming a free-standing gas sensing element comprising the released support
structure with a layer of gas sensing material coated thereover.

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.

27



31. The nethod of claim 26, wherein the support
materi al conprises an etch-resistant polynmer. 32. The
woredosogiosf cl ai m 26, wherein the gas sensi ng nBCEUSENS/005607
conprises Ni or Ni alloy. 33. The nethod of claim 26,
wherei n said base structure conprises one or nore
89 nh?e%%thB@ rofsaa&o bl \Qﬂer&h e}hé IsE5post ARRHAIcERTisSE BifibdtD carbide,
el ement . . The method of claim 33, wherein said one
whergipr &e cﬁmtt la@ldglgamétefl@? SERPETes $ilicpp Gipxidgs Bndievhersin the second
erein said base structure
%%ﬁ%&ﬁé%§%ﬂ8§m?%%e S aggﬁyapart contacts for
supporting the free-standi ng gas sensing el enment. 36.
ﬁ) nﬁ]te rﬁ?e@ho%fof%nﬂfﬁc&/ff&%lﬂgh g @énsﬁ%qﬁﬁgrizﬁ‘%&ﬁ e¥ a transition metal
conprisin oSItifmg on a substrate a
6nw&dﬂmmé@hng naterlal | ayer; patterning said first
nol ding material layer to format |east one barrier
recess that defines a predeterm ned barrier structure
Bl eTHeamiethgd tofieclsmbas, rvetteesinreheh srpport epeosrial icngprises sai ech-resistant
B@rner recess a barrier material; depositing a second
Y8fhg material |ayer over the first nol di ng materi al
| ayer and the barrier material;patterning said second

nol_di ng rial prOV|de cont. recesses, ..

Th e G T Shen 28 Norein B BRFER s HORe GHeBReRRaPE alloy
contacts overlaying the barrier material; dep05|ting

in said contact recesses a_contact - fornlng mat eri a

&b I methag o4 clalm 28} YRS T PASE SIFYCHITe POIPRITSCHRASOT 9K dontacts for

%?91@1?1 Eﬂelﬁ@e&%naaggﬁds@hmd@aaﬁe@nd the contact-forning
erial; patternrng sai hird nol ding naterial |ayer

to provide support recesses that define a

B4 efRt 1%5'?&6&] of cBMRPAr t\Vh%lteHJ Qatl&‘ Bﬁc QY ?ﬁdr@%brﬁgct@ HePfob& of silicon

cont act rmng nateri al he second di ng

pabidei al | ayer; dep05|t|ng |n said support recesses a
support material; selectively renoving the third

nol ding material to forma protrudi ng support

35. The method of claim 26, wherein said base structure comprises multiple spaced-apart

contacts for supporting the free-standing gas sensing element.
36. A method of manufacturing a gas sensor assembly, comprising the steps of:
depositing on a 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 member;
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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structure; depositing a gas sensing material on the
protrudi ng support structure; and selectively renoving
wo b@shswst and the second nol ding materials, ther/@d3005/005607

formng a free-standing gas sensing el enent conprising

a rel eased support structure coated with the gas

sensi NgeAficShidkcond Ribidng AAleARIIARAE] prBVid@L IR Mecesses that define
conpri sing spaced-apart contacts fornmed over the

g 9rnegre predetermingespaged-apere pontactscaverlaying thybaaer maleridling

el ement i s supported by such spaced-apart upstandi ng
contacts of the contact/barrier elenent, and wherein
t he bdappsiting ingyid comhctré¢resseomeantact-famganateriasment

overl ays and protects the substrate. 37. A nethod for
formng a free-standing gas sensing el enment conprising

a susgepnsienk sthpharddisg matetialigycaocr thegesond ermddingmhgpidiayer and
EPQ”EQ &heﬁeonhm%qnprising the steps of (1) form ng

KicqM AU SN Be B tiBhort structure by using multiple
sacrificial nolding | ayers that are subsequently

renmoved to rel ease said s rt structure: and (2

Geposrt el gl s Eie B s Larenes Sier &l SptsRhapp doine o
srep@eftingl swpbir @rudlire AverRying thoklothd osrmmadedorting material and the
free-standin sensing el ement conprising a
§W§B%HHEHW%P$W%€%y@érbide support structure and a gas
sensing netal |ayer thereon, conprising the steps of

(1) form ng said suspended silicon carbide support

st r ucHappEting insaid sEPReffITesepce 2 supPitmatal nol di ng | ayers

that are subsequently renoved to rel ease said support
structure, wherein said sacrificial nolding |ayers

conpr felestvelntrempung the third awlding matenal de Jopn o pwtwding gupport
gtfmcgjrg.i con di oxide and polysilicon; and (2) depositing

sal d gas sensing netal |ayer over the suspended

silicon carbide support structure. 39. A nethod for

form . - [ Wng:.el t :
corpr P 9eRiid £E SR et 3y SERRAIE IR ot ang
support structure and nmultiple spaced-apart contacts

by usi .yl tiple sacrificial molding.lavers. [ .

ki o Ty BT s s B AL BB Rormin o

treesanding gastkeAding elament@ompasing bfréleisad suppbdistrgctiraycestgd with the
2) sel ectivel renovi the sacrifici.al nmoldin

b sEPEns o PR Aida PR BB et -HpOr'as SR cpjagt formed

bRdreiRSReier IIRAT t

wherein such free-standing gas sensing element is supported by such spaced-apart
upstanding contacts of the contact/barrier element, and wherein the barrier layer of the

contact/barrier element overlays and protects the substrate.

37. A method for forming a free-standing gas sensing element comprising a suspended
support structure and a gas sensing layer formed thereon, comprising the steps of (1)
forming said suspended support structure by using multiple sacrificial molding layers that
are subsequently removed to release said support structure; and (2) depositing said gas

sensing layer over the suspended support structure.
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structure is supported only by the spaced-apart
contacts; and (3) formng a gas sensing |layer over
wa@ ald/og®Beased support structure. PCT/US2005/005607

38. A method for forming a free-standing gas sensing element comprising a suspended
silicon carbide support structure 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 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.

39. A method for forming a free-standing gas sensing element, comprising the steps of: (1)
concurrently forming a support structure and multiple spaced-apart contacts by using
multiple sacrificial molding layers, wherein said support structure overlays said spaced-
apart contacts and at least one sacrificial molding layer; (2) selectively removing the
sacrificial molding layers to release the support structure, wherein the released support
structure is supported only by the spaced-apart contacts; and (3) forming a gas sensing layer

over said released support structure.
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