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I NVENTION Field of the Invention [0001] The present

invention relates generally to a device and a net hod

for sensing a target gas species, which have utility

f OX PPRRIATAUIS ANDIFROEESSFOIE ARSI ARCETADAS SPREFES N

in sem conductor process operations. Description of

t he Rel at ed SHEMIONDPCTOR PRO CESKRINGE S VIS EEMS

sem conduct or devi ces, the deposition of silicon (Si)

and silicon dioxide (Si ), and subsequent etching,

are vital operational steps that currently conprise 8

- 10 steps or rgneRGrRARD Or TE oERgRNUf act uri ng

process. Each deposition toolr and etch tool nust

undergo a periodi c cl eaning procedure, sonetinmes as
. 16f ry run, in order to ensure uniform and
Fiold of 8 @%nfl il mproperties. [0003] Currently, in

et chi ng operatl ons, etch endpoints are reached when a
[Oo%leﬁﬁrp{r%e purn(’)eélessrelags engr?\llg goe g%l V1F:)c,=r Od L2 %Jn q‘hlc Q:hsﬂxga target
gas Ispaidsp whichhiaurs eatlharf foe madniteringd ef gamglsettomdpouﬁdsf andi ishie dspecies in

ds to longer process cycles, reduced

Semfcé’f}ﬁucltqrfpé?ceffeo?eraﬁ?ﬁ unnecessary gl obal - war m ng- gas

| osses to the at nosphere (Anderson, B.; Behnke, J.;

Ber man issi, H; Huling, B.; Langan, J.;
Des Rela conductor International, October

(1993)) [0004] Simlar issues are present in the

hing of silicon nitride paterials when SN is
[0OGR iR FRermAMEATT of SEERINIRT daior SeiepRRsRcy @eslicgn yg) and sitcon

dioa @D 1@52141@15u8§&{1eﬂ$3f39ﬁé 0&9&14798 opkﬁggéx]l st\/?s:” th&URurrently comprise 8 -

anal yt1 cal techni ques, such cal Em ssion

10 seyps oF rauskly gy e ofitlep totabmalzle”@uwawr@ﬁé%tﬁas% gengyition kgl #xd etch tool
0 o |
e o g1 g S e Y B oo 2y oy i onder o
ensute dhifermeahdsprsisignt filml properties. hei r conpl exity. [0006] It
woul d therefore be a significant advance in the art to
provide a reliable, |owcost gas-
[0003] Currently, in etching operations, etch endpoints are reached when a prescribed amount

of time has elapsed. Over etch, in which the process gas continues to flow into the reactor
chamber after the cleaning etch is finished, is common and leads to longer process cycles,
reduced tool lifetimes, and unnecessary global-warming-gas losses to the atmosphere
(Anderson, B.; Behnke, J.; Berman, M.; Kobeissi, H.; Huling, B.; Langan, J.; Lynn, S-Y.,
Semiconductor International, October (1993)).

[0004] Similar issues are present in the etching of silicon nitride materials when SiN is utilized

1n semiconductor device structures.



sensing capability that will serve to inprove the

t hroughput and chem cal efficiency of the equipnent
waig@d/ofasl t he deposition and etching of PCT/US2005/001409

silicon-containing materials, including silicon,

silicon nitride and silicon dioxide, by reducing and

iz ¢ .
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Ion'aed:l Miess rSmstlr(fsgopye q:an preemded dovimoritonethe [e@ﬁhth]ocdzds S. However, these

Ilcatlon 10/ 273, 036,.f i |.ed ber
tectigE fend RNE SRR I s e 23 dared Speialon B s gomplexity.
SPECIES | N SEM CONDUCTOR PROCESSI NG SYSTENB

i.scl o an. appar at and nethod for sensing ..
r00QF o0 TrelPtor et non 1 i 2 PO palgbley lgw-cost gas-
sendTRd dpabilip RO viBavew ahgovdithiRhdly skﬁg ERghif Skficidity of the
Vespel ( ({ pol yi m de bl ocks gn a KF .flange, Detectjon
equaameph &s¢d fgr e Jreesian ard sighgcof ﬂlé‘foalrconmlwenaﬁs éiyluding

silicoBNSiREGH HifldeQBd QlicHP QiokRie] HPrdihéng 88d SHBMCHR g CNANARS elch times,
the netal filanents cause by their reactions with

and; bpacq redyeing chewisehpfignglerBhpdign sBuPment peiating dfes qad dscreasing
equipnfcaPIG msensi tivity and signal -to-noise ratio for

such nmetal filanent-based sensors, the dinensions and

the positions of the nmetal filanents are controlled

p ZR gS a @
[ooé‘iljebﬁ i’l\:}ggtp eﬁpﬁé%. 6 851 (9%763 ({;‘3 St@clt%b%g:iz,vi%éﬁgfog APPARATUS
ANBbsBROCESEesF@R arﬂ:fé\l SINEiat FLTéORéRa qOBEE€IESr I8 n M KIONDUCTOR
PR§8E§§INC9 gYSEE 1scﬂ)§£seanl aS 8&1? Qfﬂi lilnl“é Q)% f0r ge%si‘ﬁg solid-state fluoro
’'scover ~an evel op npr anen based Sensors.

spediys, anxpigoy i fhgraiactive nppeisi ﬁlmst aelvesit aroid el tprackagmg posts or

Vosplil BVigfiE Bt CAT TPRR abriy RS Dt o fing puch metal

filamentviRakdd Besdr® rElibst diemohiHngetht iesistdres RbmsRs tin N @kl filaments

t he ufacturin osts_t hereof. SUMVARY THE
cant o BRI ASORS et ARG CoryBiE| GRmuRGR: edn order fo ensure
acc&ﬁ&lﬁé Abdsiivity MR PAEAI-HSnARNalE P dudiOme® fﬂﬁdrﬁ@lt-ﬁastz@fs&%brs the
speci es, _especially a fluoro gas speci es,

gas
dimgpsjens Aadabe pasitions of thsieetaldilppents) ?’@scé‘ﬂ'é‘él egfand @ehmlzzd \m uses of
the %%%{Q—g 383 pB&%d bUR SR 18R Bniad @ﬁ)cﬁsp %&Jpl%%de af ldﬁi@)hﬁeg resistance

I ent enV|ronnent a gaseous | uent stream from

mmasgﬁﬁﬂ@@ﬁn@éﬁﬁmﬁdmﬁﬁumactur|ng process etc. [0010] In

one aspect, the invention relates to a gas sensor

assenbly conprising a gas-sensing
[0008] There is a continuing need to discover and develop improved filament-based sensors,

by employing new compositions and structures to further enhance the sensitivity, signal-to-
noise ratio, and mechanical reliability of such gas sensors, as well as to further reduce the

response time and the manufacturing costs thereof.

SUMMARY OF THE INVENTION

[0009] The present invention relates generally to apparatus and method for sensing a target gas

species, especially a fluoro gas species, in an environment susceptible to the presence of such



filament conprising nickel or nickel alloy. [0011]
Anot her aspect of the invention relates to a gas
w@ensor2iassenbl y conpri sing a gas- sensing fi | Beens2005/001409
conprising a coating structure encapsulating a core
structure wherein such coating structure conprises
B2 QPGS ED PR R B 1 GaT oL T e R fogidoRductor
matifighemg pheesst état of the coating structure and a heat
capacity that is |lower than that of the coating
structure. [0012] Preferably, such core structure is
[00D0)ah a4 ﬁph&eﬂle bxyveaﬁbxﬁte&fds ftd 6 @hs ScRSdrabdeviblyycdnfiiising @b-sensing
| east fifty, ? tlﬂE? | arger than that of the
ﬁla@%‘étt"PW@“%’?%‘i‘}Elf%P’ém]&ilua %-heat capacity that is |ess
than three fourth (3/4) of that of the coating
tructure. More pr.eferabl such core structure is. .
[OOI:IH A¥ngthes Pﬁpféﬁo%ﬁledﬁveélp@éf%tt%sato % 833 BNSQY asyerptiy ComBrisigg a gas-
senétﬁ@ﬁfan%ﬁ@c&rﬁ}ﬁiéﬁ@rhdccfaﬁgg Q}ucwrg@&a%@ﬂﬁi%g at @ sinfchiad, vHerein such
t he coating structure, capacity that is
coatigggruesncopnaiseraniekel oy mivked pllayh whergn quhlécorg SEHGHE is characterized
i t reql
by S UG Seoic 5] 0Bl EHIHED e 13 6T G SRR bt et capacity
ﬂmﬁeh&@rﬂ@nﬂmmﬁﬂnwmumganhbmt capacity that is |less than
2.5 J/K-cmi. Ina particularly preferred enbodi nment
of the invention, the core structure conprises silicon
(00t rHaefeably] such nﬁxb h&ncttmee‘sf dnaraeirisxitydinredaetricaf retsilstfevity that is at least
i[5 Bl Bt B ot MG b G o OTPRRET s s
thra‘ei foedth \@/4)hofihki 60 thecaatngdsaructuid0 Mijre Yedferablpl feh caspsniture is

t.he invention.relates.to, a s senso
ChaSiSHFR T S T Gt P FBSHODE QTIPS QDN g eceer than
thatOdf R Eda@ihg adntdwe, A Ratcap witp tB@Ss BR8N tha Oné hila (B of tIiat of the
fabricat ed gy el ectrochem c t hi nni ng éechnl gues and
[e)

coafing shusteror MoshBickettdy.i ek BP slfiche in GRAAGFrivR Ry aRppelectrical

resiSlity RAtSs BN RBstIO ﬁh%?@ﬁd a RERTBpRRY ¥n Y 18P 18N FANKZR®. In a
mcfons, nore preferably not nore than 10 m and nost

pargiguleriyy nﬂ@feyfew qntiodinaent :0f gfbe GRventiesn B FgEe Giructyym qogprises silicon
cariROUL Iy aﬁdtﬁ@r prefdfdd ]emﬂaﬁnﬂgm’ of tth@ anleﬁttéh CRE T &nd %Hgdtﬁ}g further
aspect rel ates to a met fabricati'ng a gas
Comwcomsmwwnqushymgatmgm cotbeh cersritbar withgjlicon carbide.
gas-sensing filament that is characterized by an
average di aneter of not nore than 50 m crons,
[OOtﬁﬁimlanothq aspeet of tp 1mifent1c(m_r):lams o a @am@na)rga@mbmsmg a gas-

.Si n nt ainl n S-S S
senfTF NI ADPHY el kg Phgo el G 200ay 2Ra; s Sa A flament i
fabﬁﬂddﬁm%%ﬂrﬂw thlﬂh@“létlﬁiiqubh aid is shengdore chivacterifdd by an average

dlalﬁptgnk noé g%{r]gth%% 3?8 %lélgéétsr, Ip?eq’eralg/ly tngt lrr]lgrlen &jf microns, more preferably

not more than 10 ym, and most preferably within a range of from about 0.1 ym to about 5 pm.

[0014] The invention in a corresponding aspect relates to a method for fabricating a gas sensor
assembly comprising a nickel-containing gas-sensing filament that is characterized by an
average diameter of not more than 50 microns, comprising the step of: (1) providing a gas

sensor assembly comprising a nickel-containing gas-sensing filament having an average



sensing filament for a sufficient period of tine so as
to reduce the average di aneter of such
WO R@EMOY2160Nt ai ni ng gas-sensing filament to 50 PETUAIN85/001409
or |less. [0015] A further aspect of the present
i nvention rel ates to a gas sensor assenbly conpri sing

dia%ﬂeg 9’1%{ 1?5 ?e d gx%)? 1cro f:c%ncaglz nhmrlfiﬁ# such %Pc?(e]t contalmng gas-~
seniing il et forlaOS)Lfﬂﬁcmelﬁ @%mid clkmhe by asvii ghdce the dvdrzrgerdlaaimert of such

. 10% t 0. about 90% wei ght.. Mo ferably,
nickel i Rt sohpk FOBRRblp DIpERar LB pr § sct. al um num i n

the anount of from about 10%to about 90% by wei ght.

ch nickel-co oy may al.so conprise oth
100 8 et B s et BT G5 1ra b G pIRb: germprisng &
gashdefdih® @ilaﬁ*&nﬂ_ bomﬁﬁsn@’ mcM]ﬂcopﬂ‘db alldf, Preferabld, sidh, nitkel-capier alloy

A still further aspect of the present
cont%%%?m dhowtdP%tta 590%0111%1@@ b weighs ard Hewebytyl 07 nhopis?tigy copper

by Sveidie K Qllore Gt Bfably QucitFic et a5pRe aflby RIFRRE chiAMifRd afy th
Y oeggous surfqgceahgw% aboutglbﬂzéof% t}t) aboutc 8 %tgt ;rlnnum o the

am@eﬂtdzf ifram abow 19g to pmif Pabby, weihs. t Steh niskelseppsy alloy may also
corﬁ’;‘}r?sfe SHRP hi{mro§b’s‘fﬁant Rt H&nﬁ&feﬁt@ CiclAfling Baihd F51iRE WS TV, Cr, Mn,
| ament 1s characterized by open pore structures.
Fm{MbJR?Iﬂnégﬂemnégbect of the invention relates to a
gas sensor assenbly as described hereinabove, which
further conprises nmeans coupled with the gas-sensing
[(00fi6] Anwiit fifrther agwtieof ithy pacscxttaing@tiion 1alates elassd gamesensor assembly
corh) r?sﬁ gacli %%c%el ¢ #&Hm a asss%Hss;flll n e|n? He\qn gp%?ou% osrl}.}“fa (%t ]i;avin about
as’ speci e respo era |n§
20% rto abdys lBD%Stogﬂl @brosltgd Iatndtnnote ptﬁferh‘tﬂg 6pYemah perosnfy Bitefdnably, such

vorpl S BRI Bt B aal b im0 by Plrr e R "

descri bed gas-sensing filament and a support

tructure, wherein the gas-sensing filanent is
(007 g1 ARXbrofrvesicer HGp PO PRUIE: FelAles  Fo 3j #A5a STse 255PRlY; Ay described

herBRAGINE, whitl 18k thefe bordpted @head$ RBESIeP it eheP E@Ss%ﬁﬁng filament for
i nvention relates to a gas sensor assenbly a

deterdigg o) GhaRESHE 12 IEAHILATG PTORKFY KA G FaFSTBIHS) fﬂgment upon contact with a
tar%e? load LB S dRsiPEL) GRS athlRBH G i Rithall BdicAHR Rhd PleSence of

o0 presence of one of nore target fl uoro species,
suohfisgdispecidie gas- sensing filament is nmounted on a
fluoro-resistant support structure and coupled to
means for detecting a change in at |east one property
[0068] Auathergapectefithe myertiongeleies taupeas seusor assemblytdomiptising an above-

desk@%e%%ﬁ%%?nggqlaxggﬁi &d a gixp%@rt %%é(xrgz gvillgrll,m the gas-sensing filament is

mounted on such support structure in a free-standing manner.

[0019] Yet another aspect of the present invention relates to a gas sensor assembly as
described hereinabove, arranged in sensing relationship to a process chamber thalt is
susceptible to presence of one or more target fluoro species, wherein the gas-sensing filament
is mounted on a fluoro-resistant support structure and coupled to means for detecting a change

in at least one property of such gas-sensing filament upon contact with the target fluoro species



and responsively generating an output signa

i ndi cative of the presence of said target fluoro
waep@sioedel [ 0020] The invention in a further aspenus2005/001409

relates to a gas sensor assenbly as descri bed

her ei nabove, which is constructed and arranged to

[ t

and r'?g%hbéggetlg :QF’%ME,‘? gﬁ tou%Ju? g]gﬁ?ﬁﬁdé}.baggr? ?)\lf} gllgs éresencei ﬂf said target flunoro
spe@éd. | uent, wherein the effluent or fluid derived

therefromis susceptible of conprising a fluoro

speci es, and wherein such gas sensor assenbly further
[00203 rifhe | meentivrainsa fimthed elspet irclgted t¢ apge sénsorabsskbrablyt asodescribed

ert t he S=sensin il anent upon contact .
herdipbR mbich f5Por-Eped FAL s e mORLR oI 5ah B ey segrsgductor
marﬁllﬂdchuingiidlagiﬂ af a ﬂui’dCﬂeﬁaéd #&malhe éffRerll WEREE @he@ffﬂﬁdﬂl@ Br ﬂuld derived

%uoro s &m021 still furth r gt of the
therefiora s us PP eé’tf SAMpTEg 4, HYqER §P<Sies AvH &9 (gpgpr assembly
furth@Cdétphifés mb4iR B @SEUHGL aOdhaded B zﬁelEasﬂ dfie %R)?Gﬁ)eﬁf the gas-sensing

therein, said nethod conprisin exposin [ ujid
filagiteppop foataptowil ﬂteoﬂlspr@ SReciss r@g rx@spag%\éqlab lgw%mg an output signal
indidSH/eor R GresBkBF RRAGN G0 PRI Ori ng at | east one
property of the gas-sensing filanment of such
gas-sensi ng assenbly and responsively generating an
[ooé’lﬁ%’ Kin ﬁx'rtﬂ&ﬂé é S e AR 1858 1o OmLth @Sﬁ%mt%ﬁﬁé Righf 18cus for
change 1 n east one property t
the preghincavf antgrgehgspp@m@ﬂ@ealmfsardlm@thﬁmgwngag species in
the fluid |l ocus, or a change in concentration of the
target gas species in the fluid locus. [0022] Yet
anot hexposispefhtid oft $aid fhridsleats t\aeghd-wnsing| @bensbly csadescribed
el ongat ed .gas sensor elenment fornmed by one or nore
gas-s ARG Vi | anents, such el ongat ed gas sensor
el enent conpr|S|ng two el ectrical connection
term nals an | on |tud|nal xi s, wherejin the .
| ongt PR oaes B rrieerh o B8 eRreliah difiusnt 5 such gas-sonsing
substaﬁ&ﬁayuMdperpendicular to a line defined by the
two electrical connection terminals thereof. [0023]
Such el ongated gas sensor el enment may conprise any
nunNbefesRinsida§ e ARt nd%nf ddt}ﬁﬁ%fghﬁ wiAdhé ?§s &Héiné Hlahﬁhd &hibits a
shape or conformation, long as its [ongitudinal
axi s ¢hangamdhapitleast ong pr@emﬂm%/ ipdioatipg the. presence of the target gas

PCT/ L@%Q@?{notﬂéﬁgﬁ locus, or a change in concentration of the target gas species in
the fluid locus.

[0022] Yet another aspect of the present invention relates to an elongated gas sensor element
formed by one or more gas-sensing filaments, such elongated gas sensor element comprising
two electrical connection terminals and a longitudinal axis, wherein the longitudinal axis of the
sensor element is substantially perpendicular to a line defined by the two electrical connection

terminals thereof,

[0023] Such elongated gas sensor element may comprise any number of gas-sensing filaments

and has any suitable shape or conformation, as long as its longitudinal axis is substantially



perpendicular to the line defined by its two

el ectrical connection termnals. In a preferred
wepdsaiarent of the present invention, the el onp@Er/Es2098601409

sensor elenent is formed of two gas- sensing filanment

attached together at first ends thereof and has a

ngat e as sensqr

perf{rBRBRF % BARE: ool Bl G eRREELFRGRR GRPA o1 g profered
emigaiimers efi thet presentciaedntion, thdelongaredagas lsd:mbleﬁeraelﬁ@sr formed of two gas-

senfi i Giat ety ATt S+ SR Aot

the gas-sensitive coating and a heat capacity that is

hat of t e ga sitjive coatin )
[00?\{?%@11 5:‘151& ?srgi”h FrETat ‘?’ﬂ?j“t rpsesfﬁg'?li/’r I 0o Weé@%ls}” PR @ 8as-
senﬁlw@édauﬁgaﬁlasaﬁ sQhtes f&ﬂ;@ret SRQEeleOWRerb the BU2E tstm:uirahésyan electrical
preferred e i ment of the present i nvention,

resgqujWéthéﬂhr@g%r tgeghfgétro é]peegﬁéﬁﬁnsg{yﬁﬁpgtgrésang a heat capaclty that is lower

thai itk 8F 1HeQAL-BEMIRG CaR NNickeNEARIMh@tbMgas pAiBularly sensitive to
structure, such core structure belgﬁzcharac erized b

fluggo rgag rRpecies, e rthergfore g parfigHlarly predereed) erleadimenitof the present

: Aci 1 h u ! 8 tai td

BRSSO Qb SRoRUC kg o, 3120, SHEpAY con

encppsultinm 8 -cowngiuatira ssentsity | strlwmr@ Ibemg chpréterzsd dy 4 @alsqr electrical

h

b A AR SRR b el 93RS,
support structure conprises a surface for nounting the

[oogg‘; A%ogllhegga},sp °|fhst r? rf)rr]ries%%%g?en%;er rIr]ela ?I oﬁaﬁhseen%e{ngo 3 al %ﬁy, which

congsReCht leadt aine Dftthe abdveidh@ﬁbécbeloﬁgmd gdsi sregsoa element mounted on a

| ocus for t sence of g tar as _sp
SUPpRYE A EYIe S U R SRBBH pITP G & RGBT [oraR o dhe two
eledthith] ordbctfaitetniihdld 6F thoslbigated gas @asorsRARINY assenbly as
descri bed hereinabove; nonitoring at |east one
property of the el ongated gas sensor el ement of such
[009EYSTHRARVNAGh ASSRRaspeR dlated SR BRI Ifdk HSHBFAS A NBidAtus for the
out put signal when the elongated gas sensor el enment
DpregoRpq o2 targgt gap sprgies ithereim said mefhod spmpriging the sieps f:
thereof, indicating the presence of the target gas
species in the fluid locus, or a change in
concent reapesing Gpidt Mesaich Ayist laghs to g aestssnsing, assqmblyl ag described
| OGlSeindnd027] A still further aspect of the present
i nvention relates to a method for fabricating an
eI ongat enbngasn$ ehlcast ost eropatty hé tenglongated Pab semsors¢lempent of such
.09 £, of: (a) aligning a pair of
gﬁ ens ré&$$¥%%§g s side by side; and
responsively generating an output signal when the elongated gas sensor element

exhibits a change in the at least one property thereof, indicating 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.

[0027] A still further aspect of the present invention relates to a method for fabricating an
elongated gas sensor element having a wishbone shape, comprising the steps of:

(a) aligning a pair of gas-sensing filaments side by side; and



6 WO 2005/072161 PCT/ US2005/ 001409 (b) connecting
such pair of gas-sensing filanents at first ends

wao bh@senfigl whi l e | eavi ng the opposite, second ePdBUST005/001409
said pair of gas-sensing filaments separated from each
other wherei n the separated opposite, second ends of

ol a0y ey B <R BhPMneih AR S 5 Sk Bkl Sl Jenying the
gas sposits; sedoadends of G0Q hir AF es-seasing éilgmermmparated from each
W Shbgﬁ]lg Cﬁ)ﬁ\%&?ﬂ ] asp%r%{?e Oé)BgSﬂ% ms:"e%%)n(f %ncfsbgfngug:{d m:é‘ur (%y%as -sensing
of fi ﬁhmenib §01m the ﬂw ektulieal cohectianteeningle @f ﬂlﬁC\hlS]ﬁmw-Sthped gas
filanments trst ends thereof, while | eaving the
opposfTEr © %ﬂﬁ? nd end of such pair of filanents

separated fromeach other, so as to forma

one- shape cur tructure; and (c or nj a
1003k RGNS A BRSO Sked bscmn ity ElsRecaetie tomed BYa fnethod
confirRfg tfeQdteps bf:UCt Ur €. [ 0029] Yet anot her aspect of the

present inventiqgn relates to, a gas-sensing assenbly
ar r@h@lwmguarpasréaﬁ@ﬂ%&nwé}d&tbwﬂgh. p to a process chanber

t hat,) bo?m@d%x%g &RH Plifof MaRERS 8NGSt &lds MLt whRS l%av1ﬁ§‘fhg &pposite,
fl uoro gas species, wherein such gas- sensi ng assenb

conpr $esend endnofcsueh pais of filaments spnarated dpgn pach| @hgngo as %3 form a
nount@ hOSheAnSieh bHa%Ersof stdc g&gt structure and
ép % toeneé% %?g s@%%e%t#ﬁg a change in at |east

onechfoopmetagastensitivh ceping searsenh wikheparthappdpreewpratucture.

wth the target fluoro gas species and responsively

generating an output signal indicative of the presence
[0029] Ydi @ntbthcrg’epect bf tho mwsgasim@p’é@i ehfeswh e zes-sensing lassembly arranged
in ﬁelnsﬁrgge%ela '%H%fl“ E“ n T te%s @?\mégrgt}l?tee rgﬁs%te%%?% tGOn Besence, ¢ of pue or more
target fhscaib gasaspédie) {V}lerpﬁrspﬂﬂgiis{s‘eﬂsﬁfg ats@nﬂ)l}ecomwlﬂésl angol&lw(fmmng gas

senfcg ref.ﬁmem e lﬁ‘@o ¢ Stugégg Uéa quﬂ{)%%glamfeoalﬁé:ogplgig& ryeans ‘for%etectmg

a clepSinrat Restlo@e pRPEBNTRESh Bslserfsbtifléhéir upsindontabt Wigh the target fluoro
mat erials, including without |im atjon % eous
BaS PG AL TCSRABIY Y aRCTate 38 P Rut BT %191"?%"3& S5 Rtessgp of the target

fludtb BhPPebied, FhbrehPEueh amckalUéUhtaﬂﬁn% %ﬁ%ens@f‘ BllefnlhtOHak ré%ngl’cudmal axis
cont al nl ng ionic Specl es uoro SpeCI €S may fo

thatgig é?ﬁﬁlllt%d peipendisalas ey wbstanfiaHy perprydiculardp the meynting swrface of the
Smiﬁh ClF3, IF3, etc., and activated
uor 1 ne-cont ai ni ng speC|es (denot ed

[0030] As used herein, the term “fluoro species” is intended to be broadly construed to
encompass all fluorine-containing materials, including without limitation, gaseous fluorine
compounds, fluorine per se in atomic and diatomic (F,) forms, fluorine ions, and fluorine-
containing ionic species. The fluoro species may for example include species such as NFj,
SiF4, C,Fg, HF, F,, COF,, CIF;, IF;, etc., and activated fluorine-containing species (denoted

collectively as F*) thereof, including ionized fragments, plasma forms, etc.

[0031] Other aspects, features and embodiments of the invention will be more fully apparent

from the ensuing disclosure and appended claims.



collectively as F') thereof, including ionized
fragnments, plasma forns, etc. [0031] O her aspects,
w0 easirast and enbodi ments of the invention w | PCDESI005/€)1409
fully apparent fromthe ensuing disclosure and
appended clainms. 7 WD 2005/ 072161 PCT/ US2005/ 001409
BRI EF DESCRI P§ GEsé: Tli)gﬁ\&;\lgﬁE[ LG 1
I||UStratIVe|Ykg@%Tt%SEE;EVCTUSSTSé@ggéﬁgé—VIGMIOf a
gas-sensing fil anment conprising a anel coatlng
e,encapsul at.ing.a silicon
oo 6 v duRERRR aReR P8 Feeel R ba T 5F F tel-ponsing flament
compﬂMﬁn@tal Mbnel cQAIRZ kinkchiize edcapbitathga silitbh icabide rconessﬂﬂmlte; amording
q%gﬁ cngOS|te core structure, according to one
to oé‘ﬁﬁ‘ah‘? Rt ob fIePREe IEBI™- | nvention. [0034] FIG 3
shows the output signals produced over tine by a gas
sensar assenbly that enploys a_nickel-coated si
[Ooéﬁrfﬂﬁd% ?Wsa?rﬁgﬁlal FOPSTBTHYRN! ‘y%% RE ficOmPesife CBY?tSHHFme’ according to
one®nfbddinfent HtREpER: i@V&iiohl e by a residual gas anal yzer
(RGA) unit. [0035] FIG 4 shows the output signals
produced over tine by a gas sensor assenbly that
[0094]11*1@)’5 oW @EChuthit! s?gﬁﬁﬁtprodd%e& Qvé}q{ﬂles 99 aVak Qeﬁ%‘? assembly that
put signals produced over tinme by resid gas
emlamasl 9zre¢ke?ﬂ@m)d gihean. cqrbidgdflament, 115 cgtnmom Vﬁ'@r %e@tﬁ’ﬂﬁeﬂgﬂals
g a neck portion
mn&h%&%%&tﬂw %F%%%ﬁl%S mﬁ A%E%E according to one
enbodi nent of the present |nvention. [0037] FIG 6.
[005%}'#1@. AhbWE :;1¥e| 8{1 It%ﬁ&afs&%oﬁc&? %i/esret‘fntié Bg %l %aglsgﬁgop fass@mbly that
gas-sénsing filanent - conprisrng a porous nicke
emlopd 2 nigkelafilement] ingedngpagiven withdbl owpat GEnatshgoghrced emtr time by a

FIG 7 is a SEM m crograph of a
mmﬂ%ﬁgggﬂgﬂﬁﬁ(#&%iﬁgﬁt conprising a porous nickel
coating fornmed on a dense substrate, according to one
[ t of the present_invent 0039] FI 8.. .
[OO?é‘ng(dngB s }aeéqubtﬁre dffevséoféadglcgeg rfg rg@t thrp%r a neGk portion that is
ele ORISR GhidndIOERURiY t6 kB¢ emEinhéi Of (b preddi: @fvediesmh. by
an open pore structure, according to one enbodi nent of

the present invention. [0040] FIGS. 9A and 9B show a

[OOQﬂSFI@erES' ﬁlgsu%ﬁﬁ&?tﬁa}ﬁc?so RN bb@ctial mlecixl‘ &r-£ ‘?E 8&hsing filament
l'icon carb anent_suspended by press

congqr@@gra,p@mus pickel ceating, accpading|te apgeembodiment of the present invention.

[0038] FIG. 7 is a SEM micrograph of a gas-sensing filament comprising a porous nickel

coating formed on a dense substrate, according to one embodiment of the present invention.

[0039] FIG. 8. is a SEM micrograph of a gas-sensing filament comprising a porous nickel
coating characterized by an open pore structure, according to one embodiment of the present

invention.

[0040] FIGS. 9A and 9B show a gas-sensing assembly comprising two nickel-coated silicon

carbide filament suspended by press fit electrical pins over a KF flange.



8 WD 2005/072161 PCT/ US2005/ 001409 [0041] FIG 10
shows a w shbone-shaped gas sensor el enent fornmed by
wo dsgadesensi ng filanments, according to one PCT/US2005/001409
enbodi nent of the present invention. [0042] FIG 11-13
show el ongat ed gas sensor el enents of various shapes
0 | ].... Fl h .
(00FAZEET il Pione SRS st sbisag defid Poutten by g gy sensine
filaments) taecbrding o ors empoditmesttaf tietpresent iacsmdoni ng t o one
enbodi nent of the present invention. [0044] FIG 15
shows the signal’ responses produced over tine by a
(0042 FIG cHI-1 Y/ shonusidrgated BhsHotnon elembp eflvagiats shapsiand configurations.
el ement (W SHBONE), in conparison with the signal
responses produced over tinme by a horizontally

[oomq WG Sowal ORishbunekRiped @ad elscrl derfichit BaRisl veahally ¥obied on a
under the sang testing condltlons DETAI LED
SUPPYTERRCIST, eR§OTHnErioEne RIVRAGHRER; Of ARDTSRIEATYORET-
EMBODI MENTS THEREOF [0045] The contents of U. S
Pat ent Application No. 10/273,036 filed Cctober
[0044)¢3Gf 4f ShomPHNRATELS NDNFROTESGeEOROSHENS| wGaF‘LeUmb' mounted
w1sl§§o§glﬁft§a%eh %lis s% A Ssueﬁdm\] 0 §§h%§r’;‘n§d\2§§§§-% tl?élqlgﬂéh I%Sponses
produgrCREr m@mymamnzwwynnwﬁtqd\qmm:c@sommarbm@ber (XENA)
und MRS, qgsth@ﬁ}g&ll\@ld%ND USI NG THE SAME" are i ncor por at ed
erein b erence in their entirety for al
pur poses. [0046] Wiile the invention is described nore
fully hereinafter with specific reference to
applications in senm conductor process control, it is
DETAIDEDAPPSERIPATIEON OHTEHE DNEENTION { ANDIPREFER RED EMBIOINMENTS
is not thus limted, but rat extends to a w de
variety of other uses an&‘;bp..cations, i ncl udi ng,
without Iimtation, deploynent in life safety systens,

[ or anbie enviro n ni ' operati ons
r0041oF s om R A Iy Pafet dbRTgtfonRo.ciovrartae e Pltodar 17, 2002 for
“AIFARSEOS| NANIRPPPROGESPNSFORO04ENSASG SmeﬂidRcb(nomacms IN
fluoro 2§§C|es react with nost netals to for

SEMB;Q;&QH O BRORESSING SKSFHMSS 784 $bSekaions 0. h§5a22 issued July
8@' afol ORVIRERRS MAéﬁﬁfEQﬁni‘ﬁINSqﬂlLﬁ HSEOAER GARCRERISOR, AND

a SI CS.
METHOD O MAKING AND USING THE SAME” are incorporated herein by reference in

their entirety for all purposes.

[0046] While the invention is described more fully hereinafter with specific reference to
applications in semiconductor process control, it is 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.

[0047] As is well known, fluoro species react with most metals to form compounds that have a

high, and sometimes, mixed oxidation state (Inorganic Solid Fluorides, Chemistry and Physics.



WD 2005/ 072161 PCT/ US2005/ 001409 Academ c Press,

1985, Ed P. Hagenmuller). Many of the transition
woredoaiom1end nobl e netals (including, for exanptEBUS1H0$/001409

not limted to N, Cu, A, Ti, V, C, M, No, M, Ru,

Pd, Ag, Ir, and Pt) readily form various non vol atile

t Gon th Sug

Acgde}ﬁ% f’x@& F%zg?&gﬁg y ese ]i(/fa %Nf & tra er L 8tralg and noble metals
(1ncéurbhg)y"<§r ebchmp]epbutemchmlteﬂ wﬁ‘ﬁlaCu fA] a“nEhtGr MByNb, Mo, Ru, Pd, Ag, Ir,

ond P it S RRE BByl RSP g SOpRtioRy: sueh Muoro

spesip€Cci es, one can determ ne the presence and/ or
concentration of one or nore target fluoro species in
a particul ar gaseous environnment, such as a effl uent

[oogsqsmzt peRet dirseitdnd @krdye amplotd RO e C RREAD Efilaments, By
rocess. [0049] eC|f|caI the electrica

Cl ean
mom&wwﬁﬁess it @a@@rtt%g Eusbaneid] rélaanmt&ﬁrcauﬁeééﬁatthﬁﬁereawon with

fludtB tspdcies] bhd RN eteR tHel 2688k e[hdﬁ)r %ﬁ&%&&uﬁ‘ln(yﬂ SRNéPefibre target

susceptlble to contam nation by a fluoro species, has
flugsa sppcies imdParice sasepudenviraamenit weh asr 2 efiflgery geswiverm disgbprged by
a sfBERNGbALL Al Qlest ffdbelsl UOTO | speci es in the

envi ronnent. Becau e metal filament possesses

hi gher thermal conductivity than the gaseous

Ve , f p n
[oo%e‘] %;egi@igﬂﬂzt the,ta ﬁ%hgl)rc(]%lt ﬁglstﬁ{wg ﬁ?%gsg: Iob%%rsvg(g %?pgaﬂuO{%reactwe metal
ﬁlanemalwhfenlpMden anghsedve ehlinomens peceibld © ahmmtmd_byoa fluoro
spec1e I,llirrsre,rbeeteg ff&#‘i.ld%gﬁg%?wﬁaﬁﬁ&l gﬁglg(hft ﬂ? [?rgsregéﬁuaél Sco?c%% 485 of Such fluoro
speelbemtthd: efironmesti Heanse thefmedal Gameit possédstsaiighes thelf TOhductivity
i ficall t he se nt i r.el at es t .

thay BRI B gt PYGL L Lo g geBrrole] i grottermic
rea€tionb BEtweH e RietH Ellan®int Mdekeudb kpatses id thafidsedSe rm&é 0éal filament,

assenbly for detection_of get fl oro spec
Caufleéstilppﬁréreprné¥eéf-er &Yy S%%Blarah?ﬂ%m%'r RiGh iny WHt Faites the electrical

resiSERdeQY Such BAS-fA/A&tNg filament conprising a .
fluoro-reactive coating structure that contains nicke

or nickel alloy, while such coating structure
[00SG1CRSHEALS %heap@éeﬂp ifveftiont deMiek Yo thePiéel 3¢ mEBRLI- JE%%M%) fifiments,

structure, Is characterized by an el ectri cal
whick spriping |ett196rtmm nickel pir gitrkel alloap intzas-somingpesebdi fasgletection of

nd a heat capacity (i.e., the product of
mﬁ%%é%#%%%ﬁﬁgat Cp and density D) that is |ower than

that of the coating structure. [0052] Preferably,
(00FH e B S8 LRI S oP B IAVARCLAASH s Anslg A Bemprisng
a ﬂuoro-reactlve coating structure that contains nickel or nickel alloy, while such coating
structure encapsulates a high resistivity, low thermal mass core structure, which is
characterized by an electrical resistivity that is higher than that of the coating structure and a
heat capacity (i.e., the product of specific heat C, and density D) that is lower than that of the
coating structure.

[0052] Preferably, such core structure is characterized by an electrical resistivity that is at least
fifty (50) times larger than that of the coating structure, and a heat capacity that is less than

10



fifty (50) tines larger than that of the coating

structure, and a heat capacity that is less than 10
wODROME6072161 PCT/ US2005/ 001409 t hree fourtPCT/BS20P5/001409

of that of the coating structure. Mre preferably,

such core structure is characterized by an electrica

sl SL Vi , ' . 1000) .t ] _

B (O X1 Py bR, Bathf BRlen e MO URTRLA, SN ocky Bifhure i
chagapeaized Yy ahelectiisal lresisivith dnat Gree ldas dne (tigu@indofl 00() aimesflarger than

h £in tructure.  Mst. pref.erabl su e
o it e 3tk s, ERpo R €18 i B ke (2 it of e
coatiag i sshittuiet y Mds@prefcalsly, hwehsdorel Gtrindbire -is rehamctesizedeBy an electrical

R et @l R et aPan LB s 2 Ry

such coating and core structures. Wthout limting

e broad scope of_ the present jnvention, exanples, of
[00331 M?mmcgmg@ﬁ‘?%nabqfemﬂs?alﬁ arww&a{;lﬁ o §oiting Sug ogabpg and core
strifeburéhC L WitBSut AnftiALE 8 bRoddl Ruplsthe Y& inveftidhd 8xaniplds of materials

ure nickel for the coatlngpgnd a nickel all such

(0]
suitghleNph gqn,ning the GR?_ging(?@ﬂ (F8Fe B A ]aer@iﬁé).rowéi W Cil) include: (1)
pur® HidkeNof iR co3f ng"%rﬁf(a? hicRhl D4y (QEL L RIMmeRS 'ﬁ&eﬁ&%gﬁr alloy) for the

silicon garbiée or the core; (3) pure nicke
corpij @k ewre gliqkel orfrigkel pidoychva thierppatingdandasilison cribidethethesprs; (3) pure
nickd] or ?i[:Qé?_Qﬂ«l éhlﬂe%%in%%@b&ﬁod for ﬁl@%&ﬁg?é{é.ar |y preferred
or orn1n§’t e core structure I n the present
i nvention, because the high electrical resistivity

B

investioj theatfse thelisgh elpdtrcnt esistivity @Egltizlgreater éngtlh m@uooh) and low heat
' f [ ckel - ining fil :
corp SREGRRINTER Bin 2 R Grb Stiiar et its et ff§he signal swengtn

andeERAviednessSofl the pidkel-abhtislthgl flarh&@f is&dsar) ivithoutdhduring siphificant heat
the corrosjve fluyorjne plasm, which, althqugh is not _.
loss, ﬁjé?@é@%raﬂbc%c&f‘?} eelsdf’s‘{%ﬂ’é t‘éﬁ@ﬁ’ﬁ?& [thet Gogrogiys Lludrine plasma, which,

altuEE bt Lnecad¥ S TEANE OB e ¥ndaBRNANESOre §thRWIAE aldtagadusly improves
r obust ness and rellabLL|t¥tof the filanent sensor when

the gagshpniqy! tofpstRrss nd tglirbiliy o1 the AlAmeahsrsnr YWhs usrdiin e9irastye gaseous

enviloHRER (SRRELES: fiRPRRkCEI gure 1 illustratively shows
the cross-sectional 'view of a gas-sensing filanment 1

according to one enbodi nent of the invention, which

[ . t 1 fo:Qs Sl 1i.CO0
OCSETREHEOE 1t e R Ll e
accgsskinggio ohe embekmbnted theeinventipmywhitibepaiprises GBS ytructure 6 made of G-

IR T M 3 OO LA S Bt pon

be used to formthe core structure for the fil anent
ors of th resent.

o038 el B EBRF e PR 58 oL ety lgw thormal mass
mateEile chdhlso bansddeto form the core structure for the filament sensors of the present
invention. Various combinations and configurations of suitable core materials can be
employed to further improve the performance of the filament sensors. In one instance of the
present invention, silicon carbide fibers can be used, upon which a thin layer of nickel is

formed as the gas-sensing layer.
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enpl oyed to further inprove the performance of the
filament sensors. In one instance of the present
WO pwéentileon, silicon carbide fibers can be usedPCTPsI905/001409
which a thin layer of nickel is forned as the
gas- sensi ng Iayer 11 V\D 2005/ 072161 PCT/ US2005/ 001409
ure oWws a |aI §5-56¢ | view. ..
roosH Fidp pisB s vt Gtor-Paspnl e RGPS it BBy Ay lon siticon

cariidshaaan ovatldtiamefepoRk@i abdut 78 ﬁlﬁﬁrﬁﬁﬁbl tboiB140 wickus, wigich includes

o o el HIoG1 5 gk AE YA oo Seh R 1-BBe SCS slicon

cartside fiBe€hah8 a hE@apiclly 8€C) ey D) haribhubat bidIRIfof iy 6f ickel, and are
heat capacity (CC tines D) that is about one half of

resigtanfito §pO1QiSR4EES, and are resistant to fluoro species.
[0058] For quantitatively determ ning the signal
rength and responsi veness of gas-sensing _assenblies
[00§iﬂeﬁor cuantidativelyristeamitieg theovangl sirengths andJgsnepsvengss of gas-sensing
assEfeE ke goﬂi‘aﬁﬁ AleNBORY.EontfhihL MGn%aa% de&?i%@hé}élﬂaﬂvle L@f]ﬁbnt gas
species froma sem conductor cleaning anbe first
congparring Buerd spcias frone m sengiaendyetns cln@u%@@mbﬁﬁ léé“lrftt wantacted with such
: I
gas%?&g@nébgéghﬁiéﬁ that %Bﬁ u?l%l fmgltﬁ %‘Bg%qﬁ? u(l,;en‘gsf 9§ ggﬁe?%cgtaﬁse‘? &F sensor
sigiphewpuats.t ﬂuahw@ﬂueat gwss ﬂialapasga&hmgli glmrduﬂllwanadmt (RGA) unit, to

ener at ntr out e
eenfiRohe? oF sARkaGOuGc P BUBRAT RS BRAER 38 i ppensine
asséniblien tafohe dnvbntitne and nhe obntanl t quttiuss proddcwdeby the RGA REA can be

sup%x%?og%:g%?g g?rtecﬁy ?lgt %) ?Q/%ls%ai?‘%ﬁ §1e ré?t?\}élr?%ﬁlosgﬁagtﬂehd responsiveness of

such @sRAsihy £9a6Hlie bf the itBntias- sensi ng assenblies of the
invention. [0059] Figure 3 shows in the upper portion
thereof, the signal outputs generated over tine by a

[00SAFIHED S sh@ys38 ﬂ@(?)pyr Ifo%m{th&b&gth@ sigh#l %a{pufscg@ﬁ&slte&@r time by a
ve

fl'uoro-sensiti | anent, and _the control _outp
gasppRsnEass R FoITiFRg ByickeReoated ¢ flgpre-seniiye ﬁlﬁn?lﬂeand the control
outﬁlﬁy\ﬁ’bdﬁ:@ﬁ bl @inRibyfal TGA 8nd arel HOGPI thé BWeLpdttioPE lillé\ﬁe 3.

ot her hand, shows the signal outputs over tinme froma

gas-sensing assenbly that enploys a nickel filanent,

j : ri t t e
(000} 1EEDA bR S hnfS o ROR O gl RUME WP Mo 4Chas-sonsing
assehehip Het eraploysd njpked Glagient, in ¢copnparispnhwighthe cagivbngpite prodeced over

Lt ho i.n [ e s .
amdAIHEI LS, SR B, SSRGRLY oGRILALLR by ot v
respmsivafe@er IaH]noulgb shmmeemmﬂmassémlﬂy bh&ammg tlmmbknﬁcnged SiC filament

061] To fur etglﬁenhan

shofjs P st o shlr et Eoane it e, G4 b k) St

of the

[0061] To further enhance the performance of the nickel-containing filament sensors of the
present invention, a high Ay/A. ratio is desired, according to equation (19) provided

hereinabove.
[0062] High Ay /A, ratio can be effectively achieved by configuring the nickel-containing

filaments at average outer diameters of less than 500 microns, more preferably less than 150

microns or less than 50 microns, and most preferably in a range of from about 0.1 micron to
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present invention, a high AS/Ac ratio is desired,

according to equation (19) provided hereinabove.
wQ 0@6AaT2168 gh AS/ Ac rati o can be effectively acPtBUSHOFH1409

configuring the nickel-containing filanents at

average outer dianmeters of |ess than 500 m crons, nore
aboﬁf ?6 g’{ll(g'glllsy a §v°'ére ég Q&gﬁggg 6{1&9 RSt 8{;11 n&g%gtgéth rg%re tlgan 5 cm,
andOmbsmpncfemrbly onor& ZhaMJlQ(mS/ z&?@ Jlﬁlhné&ﬁéthﬁéﬁ@%ﬁf&m&g and ease of
ﬁwﬁmEMB 30 mcrons, and average |lengths of nore than 1

nor e preferably nmore than 5 cm and nost
preferably nnre t han 10 cn1 as a balance bet ween

ornan ease of. fabrica wever,
100PAIGRERTES Sl S e bt il e oL micray g bxremely
fragile i@ ASfTiatle tcﬁkdrﬁl%mnﬁenﬂgrtﬁ@ Edbgic@toel ofiaf éals-@bkislngta@sembly with such
dl e, renderin he fabrication of a gas-sensing

s @Wﬁﬁ?nﬁfvﬂm@ﬁgﬁ ‘smal | filanments nearly inpossible.

[0064] The present invention provides a solution to

such problem by first fabricating a gas- senS|n%
[00 %s’émr?ewnﬁ@msn Qs acehvtian fe pHghpachleranky) figgt fabricating a gas-
senbih a4¥BRAbIyLRAL m&eﬁeolﬁéiﬁﬁégﬁ‘s ga'nﬁﬁ? hﬁl’inen{ BLORS ah Q@&aéﬂodlameter

m crons, “and then el ectrocheni cal hi nni ng such
larggaéha§e$% inHerons, |aadehen elgctrachepicdly tlgmmge pepegagisanfitgefilament to
redﬁ& iHsEERES Qiahfr APlfreateAhk & d/AI PatloDi R 18Y 8Rint, thd fhinning process is

hi nning process Is carrie on a gas- senS|ng
canﬂerd eutonta gassendngsfilainemdbt hoe elmealdm besmpivrarperdtied into thehgas-sensing
sens 0 n

o5s 35 SO Qg R of HE o8l Wil diP R botal) el Sninning
therteﬁm gfwifiearsly geruting #hetrisy of danapinggh¢ hlerasthis filaniendanmagi ng

the ultra-thin filament. [0065] Figure 5 shows a

partially thinned nickel filanment 22, which has an
[0063]i Kigurals shews agrrtiatly aliiBheel nicke] diment 28)OxHidlOhas 47 @f}Snal average

After .e] ectrachem cal thjpni at. a, lon of such
diadfplPE i ApOU3 2100 H@ %vanagé * leraphansbal fﬂl@w\ﬁéwypomon of such
filameatoethe h@ermimﬁé‘@f@ffd&l@é‘lﬁ Rsucddd9 8&ut 55-95 morddy.

ratio can al so be achieved by fornmng a
ni ckel -containing filanment having a porous surface,

[008\6]' 16iBh AYAG bdtNen hRo b@ %h?@%@ by REmlsrS Iﬁ%l 8rRAniAS fiimehhBaving a
ament sensor with OU conpri si ng

por@rScﬁgéfa%‘-‘e shichfanctigpety increasp drceyrlacy @%44 ofthe, filagnegt sensor without
comﬂdsﬁgkﬁ@&béé%%mﬁh%%/ﬁtﬁyr&}fe' containing filament 25

tthat conprises a relatively dense core 26 and a
porous surface 28. The porous surface of the

[00@'}] Cl#&lré 8qmsﬁjameﬂgshfolﬂls gmgl-containing filament 25 that comprises a relatively

dense core 26 and a porous surface 28. The porous surface of the nickel-containing filament

may be provided by a two-stage plating process, wherein at an initial seeding stage, the plating
of nickel or nickel alloy on a substrate (such as a core structure) is carried out at a relatively
low speed, so as to allow improved bonding between the layer of nickel or nickel alloy plated
and the underlying substrate, and wherein at the subsequent growth stage, the plating is
conducted at a significantly faster rate, so as to form rough plating surface with microporosity
or nanoporosity. Figure 7 shows a SEM micrograph of a nickel coating 34 of nanoporosity

formed on a non-porous, dense substrate 32.
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may be provided by a two-stage plating process,

wherein at an initial seeding stage, the plating of
woe@ger21ior ni ckel alloy on a substrate (such aBCHUS®N&E001409

structure) is carried out at a relatively |ow speed,

so as to allow inproved bondi ng between the |ayer of

ni ckel or nickel alloy plated and the underlying

substrate, and wherein at the subsequent grow h stage,
[0068eAdradtivaly, psrous afellelaiorithgatdancbesiogned by asihig Yighidsdrgstal templates

fofy BPBEOMIEEY on RaGHGRBLIS G Mgl SOy ogiggpen pore

stnmlﬁésog'hﬁh lfna&fmlaeg’th@ Redro-aarbsitigsudthcObren aMhp 961064 ﬁlykel coating and
86 on .a non- por ous, dengg1 bstrate 32. .13 WO
thossiss BRI GTPRCA) Lo tORlitiy & 8] Sepfer HEPR Vo Fipws a SEM

mlcﬁ@gr%lﬁoﬁu pdi6hs siciadl |c&ﬁm§ a9 chgadteridee Q‘Jy%eﬁl 5618 g;trhétﬁh‘éb fnd having a
from proper surfactants.

yst t enpl at es
ﬂ“‘ﬁ‘éﬁ%ﬁ r?? gheut 45935310911&“110%%% flqngt, pilicqrpgaryide rﬁ%at@ @i&n The porous
mclé’é? lcBating inhayHeh@RcteMiRd B, ﬁ?é&afﬁp?ee§ tdth¥orosity of 60%, as determined by
| uoro-accessi bl e surface area of theé porous nicke
Xﬂébﬂﬂ@ﬁﬁ*ﬂﬁ@nﬂVﬁérefore further inproves the
sensitivity of the filament sensor. Figure 8 shows a
SEM micrograph of a porous nickel coating 44
[006 ¥ lec perforradced of ofhe nnipkai-eomaing t gasesnsingl fHawénty of the present
9 f n
mvélnioﬁlé%ﬁsb}aﬂlbfrﬂmgtg ik (gétd’rg & ﬁgq)aﬁ%us ﬁglgggggl%éﬁ I%}:l S 3h as Monel,
whicb atei qhgramagxz@é)ycammdt resistzred thay are femn legleniae thegputentialtel.
porosity of 60% as determ ned by X-ray fluorescence
anal ysis. [0069] The perfornmance of the
[OOﬁd)]CRreferab@n tsat nfitfelg@ppes eillsy mgntﬁinh droentbounf10v e Po¥skekel from

abOHF X to gg%%:a (h?qp]:gglglgyhgr ﬁ nﬁﬁ%&epgo us! 'cﬂﬁyvar | f%rtﬁel‘ comprise

oth&*lﬂfoﬁﬁé-@ésisi’a@ﬂmb&ls&hﬁﬁisVAICBL VI €6 Ve, AIbCRIol RatPdaAg, B\aa Pt.
hi gher than the pure nickel. [0070] Preferably, such

ni ckel - copper alloy contains from about 10%to 90%

[00n1 CRR abt){?@&@scﬁm%n&g%fﬁb@dﬁ{%ﬁtdtof %0 ARG Eant Y eY%ﬁérgﬁHependenﬂy

Such nj ckel -copper alloy nay further conprise
imER YIRS €° QIR TEPIOY e { PVt e eranp Bd gasTensing ﬁl@nenWIth diverse

maﬂélﬁal My sty chdtfbtersfies ﬁﬁn_g st thd Qéhzﬂr]fm&ﬁ? of various systems and

bove-descri bed vari ous enbodi nents of the 1 nventl on
appélaatwb@ HiwiH e reqogoigechihetthe yhoi¢eyflacapesifie thatepipl §ndj qenfiguration for

o Y, S0 AT O R 5B ot e
strepimalteinguinpnitdred fceq:hlev pemm sf Gfioro aipd:omss aigl/pardendarhnatcording to the

catjion Wi_| t he choi of .
concglgrsjtelc f &1 ﬁ%g r%a%repegle(sj %618% ]mog ? ogﬁtlﬂgrwrlse Rrﬁsgntflflﬁlger lgomtored
gasspeci es senS|ng el ement of the invention may vary

according to the character of the
[0072] The gas-sensing filaments of the invention can be readily mounted in any manner to
form a gas-sensing assembly, which may also comprise means for detecting changes in such
gas-sensing filament upon contact thereof with a target gas species, and means for responsively
generating an output signal indicative of such changes. Specifically, a gas-sensing filament

may be mounted in various free-standing manners to a fluoro-resistant support structure, as
disclosed by U.S. Patent Application No. 10/273,036 filed October 17, 2002 for
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stream being nonitored for the presence of fluoro
species, and particularly according to the
w@oemwsertisat i on of the target gas speci es bei ngPCT/US2005/001409
nonitored or otherwi se present in the nonitored gas.
[0072] The gas-sensing filanments of the invention can
“ARPARRGTS Y ARBN! SR ACEQRNY PBRINEENOING O M doRo  sPRCIBS I
gas-sensi ng assenbly i ch ' may al SO conpri Se nean
SEMEO@@[&TQRQPR@@B@SSNG SYSWEMS ;g8 sensitngf fwﬂlcﬂ]nmﬁtmcorporated
nt rget S i es
e CRIREE b L ey Tl AR d Ao oGy fibe mopaa
as ipandliof at deviee qfackalge tin ahpegable Hpmet, fand aldiyionfl protection or insulation

as-sensin nt ri qu
taPReRACBE aiig HeL eV PP ke oot e i redfapssaf the overal
detite package € c@fosiofls B the SRBritycoukatmind iR éontoRhdcat i on

No. 10/273,036 filed October 17, 2002 for 14 WO

2005/ 072161 PCT/ US2005/ 001409 " APPARATUS AND PRCCESS
[007ORTERENBIING tELid@theSR@le%@sﬂaﬁﬂmgQEé\ﬁkmw fdhents into a standard

PROCESS] SYSTEMS, " the contents of which are
mictaelgiifoBicatieice Raskass SHR e efhi Catricn nepkage, ewpblescthg gas sensor
appatBud 508 HiveRstinng b@%n&ﬁﬁﬁédﬂﬁgﬁﬂeé g @ﬁéle%ﬁﬁ device structure, or

integrated as part of devi ce package in any
alterpativaly|ag arﬁlﬂﬂ@iemeahwaad@gs umvaqﬁd dnedal siragtungs, different geometries,
or 'r&ﬁt’dheﬁ'ﬁ 'sﬁﬁctu%e@y Eﬁtlﬂ%ﬁt *aﬁg e | b GfkrkifreS uﬁ)h e fhe g8 detection

package, for enhanci sistance 0 over a
capgbilityced tb%@%&@j@en%ng:@vwe& ons by the'

fluorine-containing target conpounds. [0073] The

ability to integrate the free-standi ng gas-sensing
[007#] e rsfeited endodinsent] athel gasriscmsingl filatmeminbf tibe present invention is

Kk h as a. c carr packag nab
S“Pg’gée@%ﬁs%r uoé?)f%}s??ﬂgp aB§° Pﬁl nlahveé%t i O%Ft %Plfg Y Yespel®
polgmifié, phireitums of nidkelg | Q’e@b@ﬂpﬁlynﬁﬁﬁvll@@ Iﬁéﬂaﬂéd PoI9imifs matenal of

natlvel as nmul ti-el enent, ar
corppifion Tuiripts, ERbGIHRS of Her Fesiinn. Baghath Seetomped tat other
pol&ﬁﬁﬂ@&@ﬂytﬁdﬁc%ék@b&isxﬂmﬁé) RtdHR1sf cOhstidNhay alternatively be used.
tenperatures, to enhance the gas detection capability
of the overall sensing device. [0074] In a preferred

[00eSPRHSTBAtand bB Qleﬂ@t%f %@ @&is&gmfay e a VOpeldy ﬁﬁ%ﬂﬁde flange 74

invention is on a fluoro-resi stant
Supﬁaﬁ@s|aaYespé1®gpolymﬁq:blroplsﬁ@eauddw@ewtsmf niekeheoated press-ﬁt electrical
pinP 98 YHefQoH Efor leﬁgﬂd o QKB &)5@*1 “SlL?/ E%hglﬁ% filRledis T dv@hlkﬁ‘may or
a preferred polyimde materi a construction in
may 5ot bgtke semgduitmciitre of the invention, but it will be
recogni zed that other polyimde or polyneric (e.qg.,
pol ysul fone) materials of construction may
(006} Bhrerfzeeisteaidingmechitsabare of the nickel-coated SiC filaments allow them to be used

both as the fluoro-sensing elements and the heat sources (e.g., susceptible to electrical

resistance heating or other mode of heating), as well as maximizing the sensing area, as a result
of the high surface-to-volume character of such filaments. The integrated design of the gas-
sensing filaments and associated packaging obviates the problem of chemical attack by
aggressive fluorinated gas species in the sensing environment, thereby achieving a fundamental

advance in the art over standard silicon MEMS structures.
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[0075] FIGS. 9A and 9B depict a gas sensor array 70

i ncluding a Vespel (r) polyimde flange 74 supporting
w@20s8mpab(r) polyimde block 76, and two sets PET/US2005/001409

ni ckel -coated press-fit electrical pins 78 thereon,

for suspendi ng two nickel-coated Si C gas sensi ng

i
roogyy FFifisEer it fobn BF necisesst Bitat e BPeh O R paidfyate filamen
gast kedisots aliet| eanobd @duySed ifi | deﬁdilif.g’lfraatﬁinblﬁpv tb he préc@sd ehdnsted e.g.,

hot s the flupraq-sensin ment s and he he
semieninde pRStgts CBlien g, Bn; ATVB. P oua dobess o ppsitivity and
resprRiiverdgs, BY affirbigiatdRULtie ofteadrialtihd ssctied for @eh filament sensors.
maxi m zing the sensing area, as a result of the high
surface-to-vol unme character of such filanents. The

[0l It B ﬁ&@ﬂt ﬂ%ﬁt% & aﬁdﬂfer Gt ﬁﬁﬁiieBg fdw HIERRUnEbARE gas sensor
associ at ed pack agl ng obvi at'es gﬁgibl em of chem ca

elementa Blkichyis eepgnied Sp\abapq gt hﬁ%m epgBicalpeqmedionptepppals and a
Ionélﬁﬂﬁdap i€ MYhd %r@?&'ﬁicaf Qfh&d%n et hﬁ)’s' dtuch %%'ﬁ/%éﬂﬁé]&ﬁém define a

advance 1 n the art over standard 1 con
hnestcrwbpmﬂleéqngmdmbam@Srh@zmmsopeivm@szs)@@ﬁ@@tim@erpendicular-

[0077] The present invention thus in one aspect

provides a group of novel solid-state filanent gas
(0082 wras filalnent-lasd bes swegyl afdziven sempesitign,r ik sispash sdtiopbatween its
longxﬁ%ﬁﬂ%f 8‘?11% gn {;Egeaﬁd it age\yael ds%?n%ggéﬁgﬂgusg%l%ca& RiFSRes on its signal
strengthaind raspénge dind. Geasqlin speaking I6e latgyer the D patiqtle higher the signal
=l Héh{%n %F? g?eterl al 5. and structures for such
steepgin g QLR §eSp°f‘§9 H The present invention in

anot her aspect provides a new fil anent - based gas

[Oogwgc{eetb? hqn@ﬁp&n&% ﬁlﬁgcc{} t qin?vl% (é?r.lﬁg%taﬁe(g em%ggp 'ﬁme present 1nvent10n is

sublst@ﬁtﬂaﬂl&u?@rﬁb%hlcﬂl’éf So thBClafel® 18lceadfink€ My wmtdl@&lcal connection
term na such gas sensor elenent define a |in

termpigalirhe fpngitina ﬁgﬁletnalen RApuch RS seforelaneghd-es dhesmension along it

lon hﬁiﬂﬁmaxis iSHOSHARL B! the RRERE AL BEtweed YR 7 ctii@l cBnnection
| ament -based gas sensor of given conposition, the

tena@ple@d itthereforreeandis ingreased fognagimiaeithedl/Daptie 181idnin tumy improves
sigt?aﬁgtfégg& and@t&ihads 1 llpBRRSERN (D) has significant

nces on its signal strength and response tine.
General ly speaking, the larger the LID ratio, the

rs t t
[OOQQ%% ﬁggﬂxﬁu&{ %ﬂ%&fgo]‘ﬁ%{]&%ég ?E\gs Iagn lélig%{ %ﬁs Jyﬁsor el?ment 110,
accbﬂdmgntevm g&fermdnmixodﬂhmtrmﬁtth&)bresm 1mreet~mnt 'Iiha\ﬂdmlgaﬁem gAS sensor
tiall r pendi rt at er al .
cleEt AR, § s i Rirme? o Afactieciy® s g omenss 111
andt he tb @ﬂ@r biudiéin apped endsNwhiddledfing the NovaendLsfsch laaigris keparated
frm% eaﬁ'l other el“he srergar}gtleg E]owaelr %H cl)fttﬁe filaments 111 and 112 therefore form two

electrical connection terminals 110A and 110B, by which an electrical current can be passed

through the elongated gas sensor element 110 for gas-sensing at elevated temperatures. The
longitudinal axis 110C of the gas sensor element 110 (as shown by the vertical dotted line) is
oriented perpendicular to the line (as shown by the horizontal dotted line) defined by the two

electrical connection terminals 110A and 110B.

16



| ongi tudinal axis) is not limted by the latera

di stance between its electrical connection termnals,
wansiot2ibher ef ore can be i ncreased to nmaxi m zeP€hES1008001409

ratio, which in turn inproves signal strength and

reduces response time. [0081] For illustration

[Oogﬁgﬁgﬁ@s 51[319 H{e%lojngaéfgj] gé/gssel‘?s%r g]el?l 334§ g sgaﬁ%o%ﬁfaﬁﬁ{ dlmfensmn that

erre
is nbhiémipedeisyethe dlstatu@mtat\mn tﬁ'dmvoedlmugai exhng@®n semgols. As a result, the
on SO0 SoRERALE, PRSP GRSk sy
for ilapetingrsigil ‘sthmgtlh and peducaipti®sponks hﬁelr@@tﬂeﬂ dort frs-sensivgy, without
ends of suc |Ia nts separate ot her hﬁl .
havglg,ptgr 10CTease) pter gneélFIOPHZ er?c?fl ﬁeﬁft er tix ansgﬁlzalong e line
definB@ b fiQy Svof datidal\PonnedtRa@ttéintimdls 6016 dtdnod béteesd thaltio elecirical
110A and, 110B, by which an electrical current can be
conperdion fprming bugh the el ongated gas sensor elenent 110
for gas-sensing at el evated tenperatures. The
Io&gltudlnal axis 110C of the gas_sensor el engnt
[003HI 1o Wh shayvstmathgrglongater santansry clgmeay 130 accefql%%]@éa Altormative

emlﬂﬁ'hﬁéiﬁ Qi gl ﬁéseﬁtoin%?ﬁoﬁ | Afe @ﬁ)%ga?tgﬂ)% Risok RRnRAY 12008k 3l keyhole-
dotted line) defined by the two electrical connection

shapeand i dbrned by Aeadiog andshaping a\yngkogsrsrsgsiilament. The two ends of

sucﬁ’ggt;s’%g%lag%‘li %ﬁlaﬂr%gﬁ?o}mltﬁk %CQ%ME‘ @?nneét{bﬂ te dpn alls 120A and

el ongat'ed "gas sensor enment 110 has a | ongitudi na
1208 ofshs gasrsendontlement 1304 andi ami elasttichl curtest Hersfozneram Usarased through

t t electri.ca nec n
the Fﬁggat%:%g %agsis %sall: %lglf&ngcﬁ()] VI, s‘é)lﬁﬁ)g tg%épﬁoﬁ]egtloﬁ?n@nglg ii’dA and 120B
for gereasinghieteraked ibir@:eraamsb &'hie hag@adied agis gni)(C of thi tghsysenécm element

120} GRRVRG B okl SuhE M b AP naS D R T Bum by he
horizbgal dvitted Hhe) deffed Dy aie tbx’ﬂ&le%ﬁfcal(donﬁectloletehhﬁﬁls 1b@A and 120B.

di mension along the line defined by the two
el ectrical connection termnals or the di stance

[ooﬁgtw;%aa 12 BiowisiRobedéighdlgas &A1 RRkhea 306w HcAAh$San open hairpin-
gure 11 shows anot her el ongated gas sensor

Sham %ﬁtforf?é by Derding? pyele gagppnging &lanant. Ehe @ipds Akike bent gas-

senﬁﬁg EgcBi 888 e tivh \Sﬁgﬁlbﬁ'%ommﬁor?ﬂeﬁﬂgﬁﬁ ¢80 OA% fﬁﬁsd? kthe gas sensor
el emrent 120 has a keyhol e- shape and is forned

elempentid hgnd Al clseteipal aerrent ierriore ceple rassedithrgugti the ﬂlematedmé sensor

elethdi? ﬁ%d%a Qych $ E&cﬁemnﬁxé&i%ﬂetgmﬁﬂﬁs 3081 41 fidBa@@'néas-sansmg at
ormthe two e ectrlc connection termnals 120A

elevag@Rernperathess. g?é]@ longitidinalbdxeSHOC of 2ge, gag ehserelemant 130 @aphown by

the %M:eﬁ r&%tt&f‘ﬁ{e an%{lt%qgﬁtJBgnd?&%%? thtg lhi'ggra%ré ‘%"b@é i ﬁglgﬁ%nﬁa‘f dotted

as sensor SucC
hnei) defied é)blshe]t%éleamﬂallzﬁﬁlﬁctlon terminals 130A and 130B.

[0085] Figure 13 shows another elongated gas sensor element 140, which has an M-shape and
is formed by attaching four gas-sensing filaments 141, 142, 143, and 144 in a zigzagged
manner at respective ends. One end of filament 141 and one end of filament 144 form the two
electrical connection terminals 140A and 140B for the gas sensor element 140, and an
electrical current therefore can be passed through the elongated gas sensor element 140 via

such electrical connection terminals 140A and 140B for gas-sensing at elevated temperatures.
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for gas-sensing at el evated tenperatures. The
| ongi tudi nal axis 120C of the gas sensor elenent 120

w@ 2038Maen by the vertical dotted line) is oriPRCL/Es2005001409
per pendi cular to the line (as shown by the horizontal
dotted Iine) defined by the tmo el ectrical connection

ol hhdaDrn S e Somacsien i S Pt R doia i)

is opipetad bapelmm%ar lsdwms ﬁn@@ﬁl ?]hcﬁvﬁ wrthe gor%?ﬁﬁdhtdteg Uiné) defifddl 1§ the two
as-sensi n [ The two ends of the bent gas-
ele‘g’éﬁgf?fﬁ‘e?tﬂ%éﬁ’ﬁﬁ’fa b“f“l‘%atnﬂé %o el ectrical connection
tern1na|s 130A and 130B of the gas sensor el enent
and an electrical current therefore can be passed

womrw@ Fhaf manepibergheres apheonfigprations of therplangatedeassersos element are

avaBhifi6 tahil C@h ¥ ﬁGfédoﬂ)rtﬁMHc@ QI Sthd %%eﬁ%v&@igg b&Y for illustration
gas- SenS|ng at evat ed tenperatures

Purpessgi anlitip el cxsmpdary sobodimenty érEgd@W@en%gur@l HhhhergigQ A person
ord{rﬁﬁlg?r%gl@a Yhe H&n‘f@fdﬁ ?ne %q%ns a'gﬁ)coflglﬁgug tfoﬁp Biet‘ﬂe elongated

per lcular to the ori zont al
gasgonsoe dlemlentﬁ @y stpasfni in Eiggutep 110Hé, mmls‘ehbwtﬂn thealisctogwm gotvidsd herein

and;x%rt e]eﬁg&ln?eggugg Qxﬁd alyg gﬁﬁ]modlf%i{li%g)a?e \v}; ?i\éxxﬁh%lgga% scope of

el on as sen el'e
meMRshapwanmh is formed by attaching four gas-sensing
filaments 141, 142, 143, and 144 in a zi gzagged
manner at respective ends. One end of filanment 141 and
[008TieTe nchiode Hipgh gae mdnsiliddy bad mitibant vasporsé eelay, hall/D ratio of the

connection teym nal 140A 140B. for.t ensor
el 9okt Claanc] e P PR IL 5 19 by an Jafnd more
preReabbal SR thhh 1 0ugh nokereababgairgs teassosensor el ement 140

via such electrical connection term nals 140A and
140B for gas-sensing at elevated tenperatures. 17 WO

[OOQ@OﬁIeOJB JedPglééﬁe&%%MQ%escﬁhsd m@%\sml Jﬁﬁ'beafﬁbﬁ’nted on a

0C of as sensor elenent 140 (as_shown

suppest tsrrlé%wredéﬂ @B 1 igAwyensipg agrembht 8t 5et Bemiaced, |ag|a ﬂ%d locus for
detééﬁﬁ Itﬁegﬁ'esfeﬁc?e @t{'hoﬁﬁ&epg/astsﬂﬁlégorsluéﬁ) PisAlengt) nggnlgl%%ﬁ)y also comprise

defi ne el ectrical connection ter
meang G ém@ctmg @@ng[ss)mss@jﬁh Rist sensan glemeahypast cre@tactsﬁaqse%wah the target

gas%@%lgél, d%éa‘&@ﬁ)r 9Js J%ﬁ/eﬁrﬁ%g&% d&?an%%u?ﬁ pia? indfe %&ﬁ&tsucﬁlrc%anges

and can ractice o
pr esent |nvent|on but for illustration purposes
[00%8'_%3@ Hre?erregx %%}eé% Egbgug) %gﬁ t@r%iﬁg?q%%\/\g a ﬁu?rﬂgems%%nt flange
maiedd, ¢.ead |I<[fyﬂ:mgel [f(frmeﬂ bﬁVsdpal@polymﬂda:mﬁlu@mmt |\mslsal®fpoly1m1de is
| o ensor enent s as '
« phegoed pOBARIGE EpustT of GRS e S LB B PR OOl P, bt i

wilarbe mbgaﬂzeﬂ thatl @ﬁieﬁmﬁmfﬂ%nbﬁtpb@ﬂlenanda ganyolgsitfone) materials of

nndlflcatlfns are Mﬁt(in t he broad scope of
construction may alternatively be use

[0090] Such support structure provides physical support as well as electrical connection to the
gas sensor element via the two electrical connection terminals, and the supporting or mounting
surface of the support structure therefore must be able to accommodate at least the two
electrical connection terminals of the gas sensor element. In order to minimize the surface

area or footprint of the support structure, the gas sensor element of the present invention is
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the present invention. [0087] To achi eve high gas

sensitivity and m ni num response delay, the L/Dratio
w@boosh®i16el ongat ed gas sensor el enment of the pPEBES1005/001409

invention is preferably larger than 3, and nore

preferably | arger than 10, and nost preferably |arger
orrgg20 onP sohFRRE) o 85 3OO IR0 RS 369 My Bl BRoutar 1o e
supporting oy meunting fuoface ef tgasumelm sirmguras e mh:lhyna;ﬂnad; tlteaﬁootbnnt of the

I f ct.i.ng. .t resepce of
bS5 8 Al LS S D SLBRRIRE vk DSPRRS E F enor
elembso conprise neans for detecting changes in such gas

sensor el enent upon contact thereof with the target
gas species, and neans for responsively generating an

[000Lit Figiire 14 ghaws 4 gdikseﬁdiﬂg\/eﬁsdﬁfblﬁmm&g% suplidamﬁbmfdnsa with a
ef erred enbodj. ment ort .structure conpri

plabi RO QLT Surii’a%gﬁé bR otk suglege 154 coparifqs g prese-fit

pinfs01 58 dorOfoMeasige the " dwoP Bledttibl ddnfdctioh UBInAR 1¥88PAI(131B of the

Wmgol yimde is a preferred polyimde material of

Bersrshiered; 838 spioy glemgnist Sd i dwiswiebnmannsr, thegas prpestglespent 151 is

mo@x%d id the ‘éhﬁ(ﬂortba@ru&ﬁfeoﬂ@' i& 0t iadr Hahgdr, PO P/dvmg(%% 18hgitudinal axis
pol ynmeric sul fone) materials

ls%ﬁmmqsﬂdimdwr ) Qr@ﬂbﬁézmﬁvlésr perpendipyiag to [h@og@qnnm eihiface 154 of
ﬂm% g%huaﬁkqggure provi des physical support as well as
ctrical connection to the gas sensor elenent via
the two electrical connection termnals, and the
. .S ort .
[00ZHPBReble 26, BheTHAL LA et BB Pehdf i SHRRAI Ly perpendicular o
the |l m@amting herficem! thd exppoit (sahctmenﬂne domgimudine]r dinreadien of tht:Ipas sensor

sensar el e e

ctofBY 36 Phefist e ifettvclot el gL e i ey response
tims,ens orithehiehdidg ©f intlsse the a8 of ity RBtnmting Jusfacel STMEfore, the gas-

2005/07 i61 PCT/ US20Q5/ 00140 arranggd a%d confi%ured ,
sengige @fsemoly of |t gresenitventiony pdvantageqpisy Bqyidgy pyhanced gas-sersing
capRéltyPRifitie@ilea fodirithe supporting or nounting surface

of the support structure. In such manner, the

footprint of the support structure is reduced without
[0094]f 1% thE) Ov&fica Oﬂ%ﬁﬁt ngr tt'ﬂ@ kdsD sérﬁbf Qi&hent NBroPRSs flexibility to

sensor el enent. 1] u 14 shows a gas-sensing
accqmefae \thargpl @esnwxom ng @@@ﬁm of suehy gagi senses 2lajjent alpng its
lonBhRAA] axgyYPPOr ting or nounting surface 154. The

nount1 ng surface 154 conprises two press-fit pints

153 for nmounting the two el ectrical connection

[Oobﬂr"fﬂe%&%, the ];f%és@ﬂqn\;e%a&r?’ a&IieJep gigniﬁcant advancement in the gas-sensing

field, by providing an elongated gas sensor element as described hereinabove, which can be

&

vertically mounted on a support structure.

[0095] For detection of fluoro gas species, the present invention preferably employs fluoro-
reactive metal filaments, such as the nickel-containing filaments as described hereinabove, to
form such elongated gas sensor element. By monitoring changes in the properties of the metal

filaments as caused by their reaction with fluoro species, one can determine the presence
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wi shbone- shaped gas sensor el enent 151. In such

manner, the gas sensor elenment 151 is nounted to the
waeapporiiest ructure 152 in a "vertical" manner, PCT/ES2005/001409

having its longitudinal axis 151C oriented

per pendi cul ar to or substantially, perpendicular to

e urface 154 ort Sstructure

andy 5 RIS o8 BB uars ko R PP S R pe ibghg gayironment,
suchan swefflebe pesdireh® didchapaityl awehl)t:opétrq&emdarﬁbtlr @leati Procdskie

nmounting surface of the support structure, the

| ongi tudi nal di nension of the gas sensor el enent can

[o0be] $pcifealbed 1ﬁirgﬂ Infdk@l&fdkie& St@ barbﬁpﬁﬁéfb Btﬁl 5 ﬂfgﬂbd 51de by side and
strength and reducing response tine, but wtho

theR AR fLoTerfals Aicerabiebilelgaying the REPGF FRdsRf et rnalée -coated SiC

carﬁ&ﬁﬁ&?@ﬁrﬁttadh’@@ aﬁﬂ&‘paﬁ@ﬂ $loReadl §ﬁ970 ko/fodth atviSHHRE&SIBPEA gas sensor
i nvent.i on advant ageous é&pr ovi des enhanced gas-sensi ng

elemgnfas despribgd hersipabqrevith Bra gledtvinal cqupemiop tqrminalser |
verti cal nDuntlng of the gas sensor el enent prOV|des
flexibillté accommodat e t her mal 'expansi on and

[008 @l terpatively, sichsvigbogershapechersrsersior pementanashe formed by aligning a

pait 8P Ghdokdh RGE c%bﬁ fibbR 4] ttg-éi‘) tge&l%{‘l%’t ohd gnrpsrt‘ﬁér% g0 as to form a
i nvent1on achi eves signi fican vancenent in

wishhenesshapsid mgecufsoe saychiyy, wiridy cati bryswbseqsbwhygenated vg&sa layer of gas-

e er ei nabove, which can be

Sm%@???%?ﬁ?ygﬁghnﬁgﬁggﬁﬁ%hgg%%grt structure. [0095] For

detection of fluoro gas species, the present invention

100g8 24 S KR i el S bntraBtpes sonor
eleherteif iay@v@nt indention) ¢Tflsahe Qasﬁdoﬂﬁ@ﬁtﬁ@ﬂu@&%p@iﬁ@m a semiconductor

nt. B npnltorl chan erties. of ..

clefii FRYber U CRMURPADACHA S0 by HET RHBa CETBa foppprising 2
vertiéall9 M Ao ivishborRiBased Noad &b @i e RechN EWISIESEREP and 8 ¥¥dnd gas-

2005/ 072161 PCT/ US2005/ 001409 and/ or concentration of
sengifig adPmkyr @mPEERE R horigeniylyspewtekstiaighi nigkelrdogigd §C carbon fiber,
botH 32 G géﬂyﬂafe@rh”&ﬂbf senS& b odpute! fThe s@halq%pu% pré@Bed by the

di scharged by a seniconductor chanber clean process.
verfigpdiy smowgyed | Wiskhemp-yhapad pgaf r segfor nelenaent- etaetheedmsn@n and by the
hor%ﬁtgﬂ’ﬂ rhduRRiaSsthdtht Sﬁ‘c Lécﬂféﬂd&@ mﬁ&})&l’ F‘ %étdevel%nﬁﬁn Wfifiposed as a

ed at one ‘en er eof eaving t
fungiippaditime, wridsiabife theshpting sigesl steongthomd Sesponsiventss thefdober s
unattached and separated fromeach other, to forma
wi shbone- shaped gas sensor el enent as descri bed
[00B®r EguraldS\shows fih theveolié liee thei Gzlal owpute genaated everitimad By the gas-

sensing assembly comprising the vertically mounted wishbone-shaped gas sensor element,

which was formed by two nickel-coated SiC carbon fibers. The signal outputs generated over
time by the gas-sensing assembly comprising the horizontally mounted straight nickel-coated
SiC carbon fiber is shown thereby in dotted lines. It is clear that the wishbone-shaped gas
sensor element provides faster responses and stronger signals in comparison with those

provided by the straight nickel-coated SiC carbon fiber sensor.

{0100] The fluoro sensor assembly of the invention may include a single gas-sensing filament

or a single elongated gas-sensing element in any of the numerous suitable forms described
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[0097] Alternatively, such wi shbone-shaped gas sensor

el ement may be fornmed by aligning a pair of uncoated
w@e@sozbon fi bers and attaching them at one ePCBUS2005/001409

thereof, so as to forma w shbone-shaped precursor

structure, which can be subsequently coated with a

hexleﬁlxggve lal%Erah?rch‘S%c]h %ﬁag rsé%}ng rﬁlar{l%nttsl %}%‘fbr %%sé%r]eléx%ﬁg lﬁ]leﬁlénts, wherein
thet hmltg]lg rfadmats endfoh samdr rebseats pmnbsaadmﬁdahh}e ogalsack-up sensing
f p ent tion, effluent gas

cogd R on 1 g G BRsead B GHHISPE Erasgb s semsor cfents are

arrelged nbn gerGingnbl difieet aagaugdsedetivs GOMiaeteani tob g@s folusite being
Oaﬁs-%ensi ng assenbly conprising a vertically nounted

M ¥ fone- shaped gas sensor el ement (W SHBONE) and a
second gas- sensing assenbly conprising a horizontally
@ﬁfnted strﬁ%ght ni ckel - coated Si.C carbon fiber,

[0104 ] Giprier i Hismshis dnd/os sansqyreleansiisdp the 3yl caa@@w@@tedm élfferent

modeIbin iRtdirBldted nydesl Upash mua@ Sut )ﬁ%rﬂdt Gidlidedl tSTRURNSAA current (CC)
wi shbone- shaped gas sensor el enent of the i nventi on

mogeqy algiy censtant pesistansge t(G@R) Yuage rfee @roglp«ptmngﬁﬁ respective signals that are

j rb wer n

e PRyl S BB, Epl e S VRRERER, i, or

alignativakyt hdditicly és powdope e remposita en@afung[mg]orﬁngamve)tu@ suitable

maﬁﬂé?\i\ﬁwhﬂhtt qnm 1llcqt¥|olf ?iﬁm{eﬁg aﬁﬁ/gps%hsr?g léfeﬁlléhté 1&%@40?&1?1& employed
over tinme g sensing asse

to wenitorc tiel ﬂrowrmf et gass biiscine 415 I’nhaqoeweagasr ﬂards oolume eafemtexest for
whi.ch S r red wo ni.ckel -coated Si C carbon

sftPlsEP ot el er Bitagtey I TP S s P P T e by ¢ he

gas- sensi ng assenbly conpri si ng the horizontally

ted stra kel - coat e rbon fib is
01Gpb it Rt ol - sp RSttt e omaapecr HAmeh are provided
difremb i ©f eiaa%edplg @8s- seﬁﬁﬁ@ﬁramlehte BRdIbr PARY LS8Nk AdYBE constructed
nses and st er signals jn conparison wt
an‘{ ﬁ%ﬁ’@ 2 OVP%%O{)&?%W@ g‘iSrS‘RF"d?ﬁ infhe Kgid. eypwgens;being monitored,
and?o';}’r M8 ghd §REieS SHEMErent ok ﬁ%ﬂtur_gg‘ Qnfl ARt 36818 esAha @Bt ighrations
of the invention may include a sing Ieé%as sensi ng
of the fﬂﬁ@?ﬁts aBWO%SféiSWgﬂ@n@}t%ﬁgatb@oe@%@yeé rsrrerslgn@qnémm/w prsuring
accRAY the nunmerous suitable forns described 20 WO
200%/072161 PCT/ US2005/ 001409 her ei nabove, or a
plurality of such gas- senS|ng filanments and/ or
S i [ i | .
(01935 ERBEAG BN Bee WESEENTor PAGE herd SRR bR sensing
elements,iadgancedifrddprloresying @achmquaamlcbe el feeerdbatceghesutpft of the sensor
t t [or
sysl o fafpidcsr B SERE B SpEPTRT GRS wpe f compensating
sighals, ttlkealsstolf ﬂammrylwsgmbd hemerlvatrags, Iock-m amplifying techniques, signal

averaging, signal time derivatives, and impedance spectroscopy techniques. In addition,
advanced techniques that fall into the category of chemometrics may also be applied. These
techniques include least squares fitting, inverse least squares, principal component regression,

and partial least square data analysis methods.

[0104] The gas-sensing filament(s) and/or gas-sensing element(s) of the invention may

therefore be coupled in a suitable manner, within the skill of the art, to transducers,
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nonitored. [0101] Further, the filanments and/or sensor

el enments in the array can be operated in different
wor@es7asl i n interrel ated nodes, which incl udepCus20as/e01409

not limted to, constant current (CC) nodes and

constant resistance (CR) nodes, for production of
co ngutgt?onfi L %}ﬁésg or otﬁertstgﬁ%n%lrpgécieeﬁ/%q {s t8 P@%‘ﬂ@? g{ Qutput ﬁréclxcatwe of the
presenilot ahdnge 1rsalg<mﬁit of otie orahdre tangdt Igue kpgcieaddiht itMRI ghvirénment being
nu@;odgce a conposite indicating signal, or in any other

1P¥%bl e manner in which the multiplicity of
filaments and/or sensor elenments is efficaciously

QT B TR o R o RSEASRe s o

the(JBRABil fioR fma?{Qfereﬂgﬁéaﬂeél ¢ fh GRAbdnSor QImUNRNbE @E ;pﬁ@elﬁ linvention,
contrql purposes I n_instances where mul

1
as guoze Stlysdengived im e Roteah dioo f-28 2 A% ssuadelvbind 2&% in the names of
F ra‘i&k QMM%@ Ur. ar@i Gu@n® BELRRE, Sth@filsél&%rm \;/Pll% fer 8%6d herein

| anent's and/or sensor el ements may be con ruct

byaﬁﬁfﬁﬁﬂﬁﬁg@@“ﬂﬁf sensing of different gas species in

the fluid environnent being nonitored, and/or sane

gas species at different tenperatures, and different

geonetries and configurations of the filanments and/or

sensor el enents may be enpl oyed for redundancy and/ or

ensuring accuracy, etc. [0103] In connection with the

use of arrays of gas-sensing filanments and/ or

gas-sensing el enents, —advanced data processing

techni ques can be used to enhance the output of the
[0 l@@{‘ﬁﬁﬁougﬁyﬁk e{Ryertitd THAL %eecﬁf v%glgt QELBLAY SRl Gl Geference to

are not limted to, the use conpensat i ng

illustrggivalembodimenigaad f;[atu(rﬁismtj with by dnpeecditeythatghe cre‘eadgments and features
deseHbdd® Hér@magoQ/g karé rho%El 'mjaﬂdgy'tg Qimhif QHJ] Illgfléﬁ dOn alng :}%t other variations,

averagli ng, sign Ivat] ves,
modifatiane sudpther mﬂmdnnpm&swﬂllrcaddﬂ dmggesinhemsaﬂmatmdh@ke of ordmary skill

i.n he cat.e of .C

in thE %Hnl})aqgc? é Hg%licio%éxj h'ﬂ']ese hetlrené E[}ll %ﬁlggef E)ﬁb rgaadi)f construed
corfsq;tthEth fhetcimmghereaﬂeem éortheast squar es, pr i nci pal

conmponent regression, and partial |east square data

anal ysis nethods. [0104] The gas-sensing filanment(s)

and/ or gas-sensing elenment(s) of the invention nay

therefore be coupled in a suitable manner, within the

skill of the art, to transducers, 21 WO 2005/072161

PCT/ US2005/ 001409 conput ati onal nodul es, or other

signal processing units, to provide an out put

i ndi cative of the
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present or change in anount of one or nore target gas
species in the fluid environnment being nonitored.
wQ 0eH7216t wi Il | be recogni zed that m cro-hot pl BEBEUS2005/001409
structures of a type adaptable to the practice of the
present invention nmay be enployed in the gas sensor
assenblies of the presenigggﬁgggggn, as nore fully
described in U S. Patent 222 issued July 24,
2001 in the nanes of Frank D Meo, Jr. and Gautam
Vvﬁﬁnﬂgﬁﬁwd ghe di scl osure of which hereby is
d herein by reference inits entirety.
[0106] Although the invention has been variously
1. 9ess i bed he n wth reference 2 il lustrative
5 GBSl OB Re eSS S a‘E‘%“éEBBP’é%P%P‘é‘édPh%‘f’kel alloy,

antl m&aﬁd'rfw detretiigsa aiblgd @RAUERS ondIBBHértydeTsate EALBARDY Blament upon
intended to limt the invention, and that

CORBt I A tHEE B SPOOSRMP PR YA EFIREPLBE B, oW S HEAdigative of

pradedde of Sadl takget 5409664es. t hensel ves to those of ordinary
skill in the art, based on the disclosure herein. The

invention therefore is to be broadl y construed,

| . e ¢
2 S0 BaB Labr Wbiloly 18 A ISR Sited) as Sl cofiprito'a fluoro

spesieqispisefed &romythe mmyossﬁmrof@%eﬁmw&rﬁh Ea, ﬁ@Fa, CIF3, IF3, and

ac%?éd%ﬁ&?és'?%rédf' ament conprising nickel or nickel
l'oy, and means for detecting a change in at |east

one property of said gas-sensing filament upon

C g2 Ci I.esppnsi v.e
3. g‘gﬁ z?sasielns\f/]&é taghﬁﬁlg&/aif%?a s gﬁvﬁg‘fn (ff ga%as %nsn%ﬁ R f'c)lrnent 5 ﬁﬂaéacé?nzed by
an gedraRetdangmidr ofj dess ﬂxpnaeboaaSSOOchiﬁme. gas sensor assenbl y of
claim1, wherein the target gas species conprises a
fluoro species selected fromthe group consisting of

4. WhB gasSiehsbr a§s2mbly dffclaik2l, whekeih saﬁﬁlgﬁrsehﬁﬁg fiefdnt is cIrlTag?ctenzed by
activated species thereof. 3. The gas sensor asse y

an B‘fer%aeg]i‘ar‘??efr q?ﬁf’é? @F%%&F gJOdﬁ§r°§énS| ng filament is
characterized by an average dianeter of |ess than
%Eout 500 microns. 4. The_gas sensor assenbly of claim

NS GHePRIOR agsaméi}goaf ladrarls hgretn Pih SIS ng Hamaeis Fhasederized by

an BYeragdiAAYeRdrad RsHhanBicRt sPhickéRs than about 150
m Cr ons.

6. The gas sensor assembly of claim 1, wherein said gas-sensing filament is characterized by

an average diameter in a range of from about 0.1 micron to about 30 microns.

7. The gas sensor assembly of claim 1, wherein said gas-sensing filament is characterized by a

length of more than about 1 cm.

8. The gas sensor assembly of claim 1, wherein said gas-sensing filament is characterized by a

length of more than about 5 cm.

9. The gas sensor assembly of claim 1, wherein said gas-sensing filament comprises a coating

structure encapsulating a core structure, wherein said coating structure comprises nickel or
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5. The gas sensor assenbly of claim1, wherein said
gas-sensing filanment is characterized by an average
waelr@setasl of | ess than about 50 microns. 6. ThECTES2005/001409
sensor assenbly of claim1l, wherein said gas-sensing
filanent is characterized by an average dianeter in a

ek 1385 3y RO REU D1 B BB o A e

of @asoeslag sirgurt bhdanBat cdpacigtbatacloeet thadthbyofahe doathgy dirubdure.
nore than about 1 cm 8. The gas sensor assenbly of
claim1l, wherein said gas-sensing filanment is

10. cmrgaszﬁeagoraesénmy of cldir® Ogw Rereih el tridaBRsiaddatytof | EheCeme stucture is
nsor senbl% of claim1, wherein sa

e
ot aEa D Al et bR Tt 16 S8 e SugtR g Shegsen e et capacity
of ARCARS$Hhdtukd Y 16ds B2A thr&d foeH oK tRat OMIRIBAtheSRUGuUEOat | NY

structure conprises nickel or 23 WO 2005/072161
PCT/ US2005/ 001409 ni ckel alloy, and wherein said core
11.3ithe 64 é&@oﬂa&s%n@ry FleoReh b wRdreih 8% cidcti¥at %SIEM& ohfale%m%cmre is

than that of the coatlng structure and
at leashakqut ¢ ﬂaqvaqn@ timgsdipgher tham that nﬁthe@patmgesu@@imeb ng wherein the heat
coR sk B e o BETTESR BhurOP AR b R St
structure is at |east about flfty ti mes higher than
: .
12.321%%3?{?}&&%&%@12& (fﬁ} glg’?ﬁé 55\?{}%‘% al}eZeﬁ]e%gYé‘?lelre?lEtmltg IE)? {b‘g cg}e structure is
at legytiathdut 36 nihem, afd wikeecio det ieageaptaityadfisnid. cofelstrufines gaesss than 2.5
ySgRsor assenbly of claim9, wherein the electrica
resistivity of the core structure is at |east about a
thousand times higher than that of the coating
ructure, and € n the heat acity of said cor
13,36 6 oS0 BB TR % HGoW N Ficord Mt MBS coper
alloy} #ndoihbi€n sdid coalilg st surs edSiis eARE@IR of nRkelCl ai m 9,
wherein the electrical resistivity of the core
structure is at |east about 10 nSI -cm and wherein
141108 ghedthsdr aRRmblof efaird 8] WheQh §aid bé @fr&’cft@re b&n}!)r‘?s%§ sﬁl&ﬁ\rl:arblde
2.5 J/K-cnB. 1% The gas sensor assenbly of claim?9
wherein said core structure conprises a nickel - copper
15.8F Qs sé‘l{bgr M%ﬁwf%@&ﬂ @%tefeﬂgsa% boe Lt Sufe WoRt r}?gge% a composite
essenti al of nick 14." The gas sensor asse of
fibeg hayipg 9“11t )gqrﬁofghff@exﬁ@maéer@tsr ucture conprises Si I i con
carbide. 15. The gas sensor assenbly of claim9,
wherein said core structure conprises a conposite
16.fThgegas Isetvson gssembly i of lckrith Dy evheredf said ftére rsgn¢tumreosprisdssa composite

fiber having a carbon core fiber coated with a silicon carbide layer.
17. The gas sensor assembly of claim 1, wherein the gas-sensing filament is electrochemically
thinned after fabrication of said gas sensor assembly and is characterized by an average

diameter of not more than 50 microns.

18. The gas sensor assembly of claim 17, wherein the gas-sensing filament is characterized by

an average diameter of not more than 25 microns.
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16. The gas sensor assenbly of claim9, wherein said

core structure conprises a conposite fiber having a
w@aroboreieore fiber coated with a silicon car bi PEr/Us0e$/001409

17. The gas sensor assenbly of claim1, wherein the

gas-sensing filanment is electrochemcally thinned

[ ' .S aji~d . sor _assepbly and is. .

19 e B R B o B B L B e AT 3F oo vy
an &@rage diavressr of Bot ninethga $0 memesr assenbly of claim 17,

wherein the gas-sensing filanment is characterized by

an average di aneter of not nore than 25 mcrons. 24 WO
20.21016 ‘g O i ¢ lasfembly S0/ 1004AE6in thO gasTdasigpBlamemntso tharacterized by

asseml f.claim1l7 erein the gas-sensing filanment
an PR Aietes i 5 BAER Eout PURyEL-Lcti BHBORTS Bt | rror ¢
than 10 mcrons. 20. The gas sensor assenbly of claim
7, wherein the gas-sensing filanment is characterized
21. e ga sepseiassrantly ahdleiay L jwherem ths gas-gmsing dilamagsb cqmpyisgs a nickel-
copPbiCAIRY dofta from b W5 to Abut ITH HAS] RNBEGH ASHETN Yo about
of claim1, wherein the gas-sensing filanent conprises
90% copnek BY total Sysigdt ofzpid@lov.ont ai ni ng from about 10%to
about 90% ni ckel and from about 10%to about 90%
copper by total weight of said alloy. 22. The gas
22.skhssep sepseeaspingbly of elpim A, 2uhersim s#idinfekelajogiper alloy further comprises

i I J : [ : m about 10%
fo S a0 R Ptk 7 Lol W SRR 321 o,
23. The gas sensor assenbly of claim 22, wherein said
| - [ f [., Se one_ o r .
23 AL SERPERbalby BE b a2 ST AR BR et Ry Rl Rinfher compries
one(r,mdvh mekdds seldoied Rrom e grofg,condisting afi @i, Rl,.Cr2¥in, KheMgaRu, Pd, Ag,
Ir sg&ior assenbly of claim1, wherein said gas-sensing
 F &ment conprises a porous coating of nickel or
ni ckel alloy. 25. The gas sensor assenbly of claim 24,

erein said oys,.coati j s cgharacterized by open
24. 1B GRS LR ARTBLIY ol glaink o eheinsatlar-sepsig Hmyent forbrizenp porous
coafing it iRe6r GOEPAlCYl N @ support structure for
suspendi ng said gas-sensing filament. 27. The gas

sensor assenbly of claim26, wherein said support
25.STHcWak MrBoiCREIH P &% 18m P8 §hdréth said porous coating is characterized by open

pore structures.

26. The gas sensor assembly of claim 1, further comprising a support structure for suspending

said gas-sensing filament.

27. The gas sensor assembly of claim 26, wherein said support structure comprises a material

that is resistant to said target gas species.

28. The gas sensor assembly of claim 26, wherein the target gas species comprises a fluoro
species selected from the group consisting of NF;, SiF4, CyFs, HF, F,, COF,, CIFs, IF;, and
activated species thereof, and wherein the support structure comprises a material selected from

the group consisting of polyimide, aluminum, or nickel.
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that is resistant to said target gas species. 28. The
gas sensor assenbly of claim 26, wherein the target
W@2®387E6i es conprises a fluoro species sel ecP@US20051001409
the group consisting of NF3, SiF4, C2F6, HF, F2, COF2,
CIF3, IF3, and activated species thereof, and wherein
29;1? glr%ﬁl%ﬁ %Ir xg?%%)%ﬂ%%ﬁéﬁls@&n%r Bre?enrg?nto ! %aréﬁt B sﬁgélgsdthereln said
methiod kepridfie: WO 2005/ 072161 PCT/ US2005/ 001409 29. A
method for nonitoring a fluid | ocus for the presence
of a target gas species therein, said nethod
c ongxposihg Juidexpbsiluid 1dchsioth @ab-saRing akdethibl) dsd clsind D a
gas-sensing assenbly as in claim1; nonitoring at
| east one property of the gas-sensing filanment of such
gaSmeﬂ&ﬁing Oat 1868 &b | propedi ofl €18 PERSENRIgY fil@Rar af isilch 84b-sensing
ut signal when the gas-sensing filanent exhibits a
a“@ﬁ g®dinthe at |east one property thereof,
i ndicating the presence of the target gas species in
the fluid | ocus, ,or a change in concentration of the
t arfgarongiaely BRI A optpat Siendl qVhasc ths . gaseensgelilmenioexhibits a
chatbe &l @b 93 Rt oﬂ\@ﬁ’bﬁérﬂr Rekok, ﬁ‘hléaﬁ’ﬁ%ﬁle Fb%er[?;@ Q)P ﬁfettyrgafgag Bfecies in
as-sensing filanent bein 'S
thedluidtlopyscar a qhé%gesm aencentration eﬁthe tgget gaxs @age@e rﬂsadluld locus.
assenbly conprising a gas-sensing filanment conprising
a coating structure encapsulating a core structure,
30.\ifter method af dlaigo aﬁ,i wigereih rsaidtan leasicappropety & the gas-sensing filament
%Xhlblt a detectable
arget gas species, and
mhereln ald core structure is characterized by an

ectrical that is.hi than that of .th
3L Tore oty bonbrisg' 4 e R ARt bl e sRaing Sructure
encapahtinial cofe §thRteqakhdiginSdaidl Qbaﬁngf stfiﬁture“c@ﬂﬁn@@_ﬂﬁgﬁs-sensiﬁve
Il anent conpr) sin

assenbl onmprisin as-sensin )
maRaC e %‘&%ﬁ%ﬁmﬁbg chaplep upor GG i ¢ HEEt e EfeER and wherein
sai® 8b1d sGathiteNig chirhdtérizdd By GRANGMHAS rddisGH) thal isMHigheekhan that of the
all oy, and _wherein sald core structure conprises

coagipg F‘E‘Efﬁ“% & hrat cagacity shay isdower by thatof Spnogtingsigstiss: ng

a gas-sensing filanment conprising a coating structure

and a core structure, wherein said coating structure
32.corpy feneey anseaibly camprisingicegasensing filamgnt eopwrising asgpiing structure
and® ?rc%resgtfdéﬁltré” el?%lgﬂﬁlﬁsc%ﬁnﬁg GArRae CSE]BL&E RA41 8 ﬁl&ﬁélt eﬁloy, and

I con car
wherein said core structure comprises silicon carbide.

be@%glom?or}g& 1ts|t}\1/eeelec 1ca res19t€%cel%ﬁetr

33. A gas sensor assembly comprising a gas-sensing filament comprising a coating structure
and a core structure, wherein said coating structure comprises nickel or nickel alloy, and

wherein said core structure comprises a carbon center and a sheath of silicon carbide.
34. A gas sensor assembly comprising an electrochemically-thinned gas-sensing filament

comprising nickel or nickel filament, wherein said filament is characterized by an average

diameter of not more than 50 microns.
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34. A gas sensor assenbly conprising an
el ectrochem cal |l y-t hi nned gas-sensing fil anment

w@owpiiasng ni ckel or nickel filanment, wherei nPGHUS2005/001409
filament is characterized by an average dianeter of
not nmore than 50 mcrons. 26 WD 2005/072161
RCTLES 00 Hin 40EsHhbidghBe 48 of:

35.4d g?(?g %QggaS%%SO&Sggj‘?ﬂconpr&m ng. tlﬁgﬂég epsqﬁf
(a)(appmwuduhmg ghs (JRBSOT SeseRly @swersdl] yorpprésig 3 gfas-sensing filament
conpr|3| S 9. 5L AR ERfledt DM aRiab&Se diamet

ni ‘é‘ﬂ’é?r%fni Ing%tgln?r ‘%ﬁ RS %&P i %gment as ‘an B diameter

aver agemele dlmatsOMmiciohs;mor e t han 50 mi crons; (b)

el ectroche cal 1 hinni sai d n

f or(bkel §‘iﬂ‘°ﬂ§n { b@?ﬁnéaalg%a“i’feﬁﬁmg ?iaglegsﬁ)tr oglrﬂfgatce Fipd of time,
aver ageaddb adatEthe bvtedee @ianicter Migdreof oy wot tﬂ'd)amth&ﬁ)S(mnmr@ms

36. A nmethod for formng a gas sensor assenbly,

conprising the steps of: (a) providing a gas sensor

36. %&@ﬁﬁ@h Yor 6 $0fs s6RPAskEhilg com@asingthasiepgoft i | ament
ri sing nickel or nickel filanment

) r DEONHEC A IZPY STTHPT AFSAEOY aPTC S @E‘S?Q%% % B3SFRTipe filament

for ag &H@ﬁé%ﬁ&&]&%ﬁé}@ﬂﬁﬁﬁqeﬁﬂne so as to reduce the
average di anmeter thereof. 37. A, gas sensor a

enbl y. .
conb) iekictiochemirally Sérninangid gasapRSHS et i ar?@‘?‘filent périod of time,
ni ckel s cORRET &k WerageIRamferdRGectENSOr assenbl y
conprising a gas- sensgn n? 'ament conprising a
ni ckel - copper- al um num aI | oy. 39. The gas sensor

37.2? g%gﬁtﬁ):nsyoé ssemi)lgl rr? rﬁ@ﬁs%%ﬁhi .lgment com?nsmg a nickel-copper alloy.

per onprises from about 10%
to about 90% of nickel, from about 10%to about 90% of

d t 10% ¢ or-
38;3%3&58?80%?55# yo?onép%%ﬁlgaa[ FoV, S%n ﬁgo%kngegts/%se rkén‘h Aickel-copper

alugS@eRblloy. conpri sing a ni ckel -contai ni ng gas-sensi ng
filament having a porous surface. 41. The gas sensor
assenbly of claim40, wherein said porous surface is

39C ARE a6k Sdehddd JastmBIP T clpiat B85 twhidinirseidl. nidikl- cép;g&slummum alloy
sensor assenbly conprising a p ort str o

coRIpE§ea mgaoat f(il/eég gttogﬁa(?ﬁé)f n}?ié pmabaut) lll)rg ﬁga%out 50% of copper,

an@ASinSBBS 10% thiab&1®0% of aluminum, by total weight of said alloy.

40. A gas sensor assembly comprising a nickel-containing gas-sensing filament having a

porous surface.

41, The gas sensor assembly of claim 40, wherein said porous surface is characterized by open

pore structures.

42. A gas sensor assembly comprising a support structure for suspending a free-standing

nickel-containing gas-sensing filament.

43. The gas sensor assembly of claim 42, wherein said support structure comprises a material

that is resistant to fluoro species.
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43. The gas sensor assenbly of claim42, wherein said
support structure conprises a material that is
WO e®setAnt to fluoro species. 27 WO 2005/ 07216RCT/US2005/001409
PCT/ US2005/ 001409 44. The gas sensor assenbly of
claim42, wherein said support structure conprises a
44 nﬂf y%as @%‘xsotsﬁ}s&%lﬁ gfr'ngl!ngrghdé x? gaﬁch gupr;}i}t ég‘{é&tgrg %fé)zcl)iprises a material
Sdasgbﬁ@hﬂmanwangedmumc@pdsmmg:mmhamnmms&nmkﬂo a process
chanber that is susceptible to presence of one or
nore target fluoro species, wherein said gas sensor
45aAsgs|bdeysor ca_swm‘oik I135 elﬁelmge@aﬁ-ssmmgi fe@tibhéhaﬂﬁnh pracretsﬁichﬂﬂﬂ@r that is
ni Qr_nic - oy, .as nt ed
susPtER o resBies S8 piwnihire e TR B aletes Sins sprspr assembly
cordﬁﬁﬁ@ tai gagrsensinh aflgRent Ro@hinim@asiskeD BE nitkEAEOY, Vas rﬁéun&ﬂl &h a fluoro-
contacf wi.th the tar

fi |
roo R RGP a Sebie SHEFve S eFBITG eyl neiinge Gt Foeioue proper

of $4i@ NAAk-sérRitig CRAkin¥ R Qon LJoRtaBl KRB MRS tRfet SRoth bFdci8tand responsively
fluoro species.. 46. An el ongated gas sensor el enent

geneHting an ByPpiTignal indiggtive @8@6@%@% T #4id tapagh fleoro spgcigs.
el ongated gas sensor el enment conprising two electrica
connection termnals and having a |ongitudinal axis,
46.frarelongated gzas sergpr algmen foaxpd bisfone s Ieteseas-seisinge filamiests, said
Y. [
cloBAS] BIX (ofr KjenRGl OGARE Bl ol BndiBll Wiyt fldhaving o
longiteshiopd t axds, geikersin n@@rloeglmdmat agls of dhemsdBor \Mameat ris sabsfantially
I8 char erl ed
pergOi e P ErdRina PR B Cpe P Pirle e s BB 4T oo
48 The el ongat ed gas sensor el enent of cl ai m 46,
o i d _one or = Sensi ments_ar
5 Sl G “Bon claf of 23 Aot Bftois =i € BT ph g eas-sonsing
ﬁlaaiams tare]d’m@rameﬂieﬂrbs an 4 Geragbhttantdt@rog &dse thag alsous S0TB@{crons.
el ement of claim46, wherein said one or nore
gas-sensing filanments are characterized by an average
48.0T Wﬁbﬁgateﬁf gas &8fisof RRMeaAD oL tlaf? 48] Gh&8H- saRlonel BE more gas-sensing
el on gas s%nsor el enent of cIa|n146 wherein said
ﬁlam%tsg @e@%'fé ¥ @R &YHRpe Fameisreloss thaabayh i Aumisronse d
by an average dianeter in a range of fromabout 0.1
m.cron to  about 30 mcrons. 51. The el ongated gas
49.sBigselpnastedngas iseor glegient abclaipn éﬁawh@rpmzs@uig BYe ar merRyg4s-sensing
Xi s.
R OB AT 24 by alor S LG cE I HATAY S AR
characterized by a |l ength of nore than about

EI)

50. The elongated gas sensor element of claim 46, wherein said one or more gas-sensing
filaments are characterized by an average diameter in a range of from about 0.1 micron to

about 30 microns.

51. The elongated gas sensor element of claim 46, characterized by a length of more than about

1 cm along its longitudinal axis.

52. The elongated gas sensor element of claim 46, characterized by a length of more than about

10 cm along its longitudinal axis.
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10 cmalong its longitudinal axis. 28 WO 2005/072161
PCT/ US2005/ 001409 53. The el ongated gas sensor
web@semienf claim 46, characterized by a | engt PCDUSI005/€)1409
than 20 cmalong its longitudinal axis. 54. The
el ongat ed gas sensor elenent of claim 46,
53. ar zo%tﬁgt%r 4% gd eb OF § 1e8}en C? Ag;a E‘@a zli_f_:genze&— B n%tr}ggtt nelgre than 20
cmlaloﬁgﬁh longintdiiahaxig coating that encapsul ates a core
structure, wherein said core structure has an
electrical resistivity that is higher than that of
54.tTe clohgdted gas e¢iisad ddnght 60a4iinYP, tidchcieriRédby £ apabare)shipsat
is lower than that of the nickel-containing coating.
56. The el ongated gas sensor el enent of claimb55,

55. V¥ leR®inBatbdSas@biRGt ElbMatt of QR U6 Vdoh]‘bn@iflg ] IMi:k@locfoﬁ‘calmng coating that
structure Is at |east about fifty tines hi gher tha

encepiilatesfa ¢aiR SEICERS| Whestin Sridi 605 %talaftﬁr% jas %thalecwlaé rréﬁlﬁﬁmty that is
hlgﬁé}%hﬁetﬁit SFARAGELY-cRHtaiftB F@o&tﬁ&%mé taruesttddp&ny&hat ¢SRwelB8n that of
hree-fourths of that of the nickel- containing
the@l%iﬁlrwgtal%%% el ongat ed gas sensor el ement of claim
55, wherein the electrical resistivity of the core
structure is at |east about a thousand tines higher
56.{Ihaklonpaied gefs seiser elpmendiof cloim AF.nwheeeie Bigtelagtyical rgpisfivity of the core
| a . o
st 50 % 1645 208 HUGB06 il (ot SO8 (RUCLEML g Sooting, and
wheremtthm@eat &fpacifhel seldaogadtmdtugais lese tisothred-tomeths obthattdfthemickel-
Congl ; erlel n the electrical resistivity of the core
%?ﬁ%f%ﬁg is at | east about 10 m(2 -cm and wherein
t he heat capaC|ty of said core structure is less than

. The el n r el enent
57 22 S i P or TP L APah S R B e gy of the cor
stk Bl at GBPAoupa kidysand tEnes@ghet thas @al of the nickel- contalnmg coating,
ni ckel - contalnln% coat.i ng consi sts essent

[
andrvhareip the heat capprity f Sid SoRFIyelyreds frsh hag |°@?r§ﬂf OB%afcfrfébwckel-
corPRnin b ﬁg%n said core structure conprises silicon

car bi de 1. The el ongated gas sensor elenent of claim
55, wherein said core structure conprises a conposite

58.;’13@ &lonBAYd B3 sBAYoE biBnEnt R¥RER 59 withdih le@Mcuitat 5 @i of the core

structure is at least about 10 mQ-cm, and wherein the heat capacity of said core structure is less

than 2.5 J/K-cm®.

59. The elongated gas sensor element of claim 55, wherein said core structure comprises a

nickel-copper alloy, and wherein said nickel-containing coating consists essentially of nickel.

60. The elongated gas sensor element of claim 55, wherein said core structure comprises

silicon carbide.

61. The elongated gas sensor element of claim 55, wherein said core structure comprises a

composite fiber having multiple layers of different materials.
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WD 2005/ 072161 PCT/ US2005/ 001409 62. The el ongat ed
gas sensor elenent of claimb55, wherein said core
W@ R00s0T26E conpri ses a conposite fiber havi ngp@r/ts20bH001409
core fiber coated with a silicon carbide |ayer. 63.
The eIongated gas sensor el ement of clai m 46,
62. c%tg elo %g gg eer%?t ele &pg clanHGS%y ’whgr%in ;Qi] c?rlg()srt]tgcacure comprises a
compo@itceﬁbem bippeg a edrbom crmnﬁlaﬂr kenged wﬂBa s1Ir<hm oatbt)degajzee.d gas
sensor el enent of claim64, further conprising one or
nore netals selected fromthe group consisting of Ti
63.\Fhe €longdwi gabloensdbieleritnt oPlaimAE, cdniiprisiipd ftkel-6dpperldlRy.
el ongat ed gas sensor elenment of claim46, conprising a
porous coating of nickel or nickel alloy. 67. The
64.61the BRatAH §8 Serseid@hier bETRR 4D EorfiprRing sbfickeMbsifpei-Muminéh alloy.
porous coating is characterized by open pore
structures. 68. A gas-sensing assenbly conprising the

65.eIRNEeHAIRIGAS s&RBS @Fem%hteé'ﬁz-‘&ﬁmpgél CilyAhdP AEPRBHE 0RE or Abré metals
support structure, wherein said su ort Sstructure

selesisditons s gepup gpusisting PHFI, NoGhMm ity Me, RudPd, Agelesand Pa|
connection termnals of the eIongated gas sensor
el ement. 69. The gas-sensing assenbly of claim 68,
66.f Thetehangated igpy semborgelenecnh of £loim déit cooIprisigs @ mngeatmg ofzickel or
nick§afdy one property of said el ongated gas sensor
el enent upon contact with a target gas species and
responsi vel y generatlng an output S|gnal |nd|cat|ve of
p 8 of .sai d Laro8 eci ;
o7 the el S8 bl OGhmeitoet, SRET (Rl R eaoge
dmgﬂ&n&ﬂﬂgugenpm@pﬁuaem&a fluoro SpeCIeS selected from
the group consisting of NF3a SiF4, C2F6, HF, F2, COF2,
CIF3, IF3, and activated species thereof. 71. The
63.g0gassensngd Whsantsi bbhprishg it slongatdl, gavkbeiser dlerhehﬁ oS tipiD4d mounted
structure co | Ses materjial that.is re ant to
on @ SEpRoxt éw&re,ggtgeng]b éa&? élg)pOlé BITYREHTS mrﬁ;eszi%tg ace or mountmg the two
161 SRRORMAHARSs oftfe cldhRADEs SaRSEREeasSEND! y Of
claim 70, wherein the support structure conprises
polyimde or alumnum 73. The gas-sensing assenbly
69. qfhe (‘gh@ée'i{btzg ass%ﬁfyedf Rla%Ri6q, RRfer omPRERy ARMY6 & t&Ming a change in

| ament s of
at least one property of said elongated gas sensor element upon contact with a target gas

coating is

species and responsively generating an output signal indicative of presence of said target gas

species.
70. The gas-sensing assembly of claim 69, wherein the target gas species comprises a fluoro
species selected from the group consisting of NFs, SiFy, CoFs, HF, Fy, COF,, CIF3, IF3;, and

activated species thereof.

71. The gas-sensing assembly of claim 70, wherein the support structure comprises a material

that is resistant to said target gas species.
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the el ongated gas sensor el enent contain nickel or
ni ckel alloy. 74. The gas-sensing assenbly of claim
wQ@ 3osmasei n sai d one or nore gas-sensing fil arenUs200$/001409
the el ongated gas sensor elenent are electrochemcally
thinned after fabrication of said assenbly to achieve
72 AR 58k oCHsEMRHIE bf SfinlY, wiefeth thb 8ppelt sBuSHIRNBmpAiSds polyimide
The gas-sensing assenbly of claim 73, wherein said one
or glamiyite gas- sensing filanents of the el ongated gas
sensor elenent are characterized by an average
di ameter of not nore than 25 mcrons. 76. The
73 Bke grsrsensing assssehip pfclaiin 40, avhereBsaidyprer & mors gpgtseppiag Hlaments of
the@&n?agﬁéfsss%ﬂ%lr @ﬁnfeh‘é v%ﬁaﬂltrﬁcl@f or mickel %ﬁiog.n gated gas
sensor enent are characterize y ah average
di aneter of not nore than 10 mcrons. 77. The

gas- sensi k I f [ . [ id
ra035 A AP L P s UL A S0 S o
thes eloagatede lggsTserisoa elemehian@ célentiozlghitally athireneé radige fabrication of said
of fram 1 .mcron to about

di ter..in a range.. about
s e 3 AR RpgeA S PorBRe Bom a0 EoR i |ocus
for the presence of a target gas species therein, said
hod conpri si ng: 0S] fluid.at said fluid |l.oc
75, Bhegani assorep i oL ORE 1 adiereth L pne Sgnormgii-{opp P gaments of
thedlongB R toa O RBsd Rt e Gharidi@ized B Gai@ehgs Afan®dsd 900t more than 25
el ement of such gas- sensing assenbly; and

mig8honsi vel y generating an output signal when the

el ongat ed gas sensor elenent exhibits a change in the

at | east one property thereof, indicating the presence
760The grs-sensingeassqyally oBglaipyy 3 odsraiy b anepE RIS ZansMeing igrgnents of

the[: %ﬁ@gﬁ? ) éeﬂs&r@?‘en{eh{:’érg ché?&clt@ize@ﬁy &n %?2&9 _%id.nﬂeter of Iml),lti rréore than 10

atron o e target gas species in the f
mitwosis. 79. The nethod of claim 78, wherein said at
| east one property of the elongated gas sensor
el ement being nonitored is the electrical resistance
77t he gofsenBy asferntdy o dlafno 73, fveisrdinc setid ogp ¢rrreore|gasrspasing filaments of

thqugngsa?elasg%g seenlsgrntﬁer:]&en?farecclhgrlagt]egé’d b%roarﬁparvlexsélgg gial‘nlg%r in a range of from

about 0.1 micron to about 5 microns.

78. A method for monitoring a fluid locus for the presence of a target gas species therein, said

method comprising:
exposing fluid at said fluid locus to a gas-sensing assembly as in claim 68;

monitoring at least one property of the elongated gas sensor element of such gas-

sensing assembly; and

responsively generating an output signal when the elongated gas sensor element

exhibits a change in the at least one property thereof, indicating the presence of the target gas
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steps of. (a) aligning a pair of gas-sensing filanents
side by side; and (b) connecting said pair of
w@amspensi ng filaments at first ends thereof, P/U82005/001409
| eaving the opposite,# second ends of said pair of
gas-sensing filanments separated fron1eachdoth$r, »

i ., BRROS) ond. ends. of sai.d . .
e R b Yo LN Sk e B BtocBfifripy the i
lopgsnnecti on terninals of the el ongated gas sensor

el ement. 81. The nethod of claim 80, wherein each of
said gas-sensing filanments is fornmed by coating a
7% (The methodvft daim Hasvieris said wieleashtoae ippdpertB 3f thd diBighed gas sensor

' i Ng. . I t of
el hABE BB sy e RS B )" ol g a

pair of filaments side by side; (b) connecting said
whi | e | eavi ng

[ f il t t first ends thereof, . )
s6p %%518@188 Jpm BbTichiRg e clanegtedrens SPRson slemenst of laiginidncqmprising the
stgepAr ated from each other, so as to forg1? )t _
i, shhone- shaped precursor structure; and (c) formng a

\é\dgé -ag%‘ﬂ’ég & Pﬁ}gogggg-@?lﬁlgg S\lampentsaside by Ss(i‘?b@m]e- shaped

P CotirROlingSEaid! BAik OP gasBBnsidy BBREARNR RY RS MY while leaving the

arranged in sensing relationship to a process chanber

t haCPRasite,saemd srinplsaidaas dsaemsiog fBameenty seponted fianyeth other,

f1 UQhereftPiBie §ﬁﬁ?dt§§opgw4'i§3,r £eohdSAhd oBaga éaqpc?f eéﬁg-ﬁ%r%fn%%wlilé/ms form

conpri ses a ni ckel -contal ni ng gas sensor

noufHtediro glectical pofizasorptermsingls pibe tlongated s semporaaieent.

coupl ed to neans for detecting a change in at | east

one property of said gas sensor elenent upon contact
81wlhemethed efnlgnt 80f Wheorin egetsofspidgas senaing fﬂze?qmgs fotRky by coating a

[ s t. signal indicative of the

fﬂ%ﬁg@gﬁ%g@%?QQ%?ﬁgﬁggagt fluoro gas species, wherein

sai d ni ckel - containing gas sensor elenent has a

o BB i B 00 AT s

stephef: support structure.

(a) aligning a pair of filamenits side by side;

(b) connecting said pair of filaments at first ends thereof, while leaving the opposite,
second end of said pair of filaments separated from each other, so as to form a
wishbone-shaped precursor structure; and

(c) forming a gas-sensitive coating over said wishbone-shaped precursor structure.

83. A gas-sensing assembly arranged in sensing relationship to a process chamber that is
susceptible to presence of one or more target fluoro gas species, wherein said gas-sensing
assembly comprises a nickel-containing gas sensor element mounted on a surface of a support
structure and coupled to means for detecting a change in at least one property of said gas
sensor element upon contact with the target fluoro gas species and responsively generating an
output signal indicative of the presence of said target fluoro gas species, wherein said nickel-
containing gas sensor element has a longitudinal axis that is oriented perpendicular to or

substantially perpendicular to the mounting surface of the support structure.
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