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ELECTROCHEM CAL SENSOR This invention relates to a
sensor for the detection of organic contam nants in
wo ows03618€N concentrati on process environment SPCEHGBR00aS04122
those used in the sem conductor manufacturing
i ndustry, the use of such sensors and a novel nethod
for the detection of organic contam nants in such
process environnments. The term"™ Iow oxygen

concentration pro L | be under st ood
to nean a process_ijﬁbe&$ parti al

pressure of oxygen is of the order of 10 6 nbar o 10 3
nbar (parts per billion to parts per mllion). In, for

Tha'ex mnehﬁon rélatesctiol & senkartfor theeaeteatiaruof o@ahiujcmttaminams in low
IS | n’portﬁ?t to control the at rms&xgﬁ I&t he
0’%(99'{‘ CORAEM AN PIRGPER ST UIEealse SHE, aF o9k lé
sefRESRGuAGEMaARGHdCRMNg |ﬁ€[]§lfr@0thé&%@ dfrsu@h%wsb@ émﬂia novel
envi ronment, as undeésirable or varying |evels of

methgdrfbttr‘@diﬂtaﬁﬁlcrrant @rgeni¢ earaMinants iesudepregss environments.

THERRT M Pt Befal bessiopRg? s o Ligarptood to
mé&an blmacéﬁo@)vurmt inuihedh mrpaaﬁam@ssm &f Paigehas of the

pressure of 10 n‘g o nmbar, do not, in general, result
orfler e\ Senbar tedi m&aﬁ(paamn?r@l"l%we%ms pef milli@n) evel s
of organic contam nants beconme nmuch hi gher than this,
failures may result. n order to control the process
In efiov examis) the 'semicx)rrdelc&xmryufaotumngiinmustmét is é@mpbdant to

cophihiBe Al oapRotLGs ProRes ETUBRDITEMORHGD WATSR 478 t he

mérﬂYf’aE’tBRTd angR waldfs afe B8SirddN FfariAQERRER 4 thﬁ’olled
desirable to nonitor the level of contam nant

envirormient, as undesiraplst o arngieg leisle vé prganic konaminantisagan result
._processes are.c and it is difficult to determ ne
in §ﬁv'88@@|dgqreq}'é?rﬁ§%%1“u e total organi c conpounds

(TOC) present at such | ow contam nant |evels. n

addi tion, many fabrication processes are tol erant of
Levelgiaf contaminating Ryeanic malsrial indhe pads pestiiher (RrEHO parts per

o000 PSR RO SBONH 4 B RSP 8" pbar
10t6m{mrpm hot fin gbreradesult ircdevieeronaguipmentdaituneg However, if the
Ieve‘fs o% orgamc c<)2ntam|nants become much higher than this, failures may result.
In order to control the process environment, it is necessary to monitor the levels of
organic contaminants present. In particular, some processes are sensitive to
contaminant material in the low ppb range, and so for these processes it is
desirable to monitor the level of contaminant materials in the ppt range. However,
such monitoring processes are costly and it is difficult to determine an accurate
value for the total organic compounds (TOC) present at such low contaminant
levels. In addition, many fabrication processes are tolerant of light saturated
hydrocarbons, such as methane (CHy4) and ethane (CzHs), which have particularly
low reaction probabilities with most surfaces and therefore do not take part in the

various contamination inducing reactions.
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I n vacuum based process environnents, TOC | evels are

of ten determ ned usi ng mass spectronetry, as a nmass
WGepmehsanet er i s capabl e of neasuring contam netT/GB2004/004122

| evel s of the order of ppt. However the interpretation

of such neasurenents is often conplicated by effects

such as nmass spectral overl ag;  nol ecul ar fragnentation

and background effects, for exanple. Al though rrass

spectraoneters can be used in CEesSS, envi r.on
In GBEHUM TS oR Pran L AVTEeeH e D ENSlaIoMit dRaNined using

mASCHIBIRI 7 B £nftR8deREroRcts AT aRaB|d GAbaSGHng i CN

trunents very expensiv such
coatandinationdegveils of ﬂnepardéeof pk. t blowsyegthe interpnatation apluch

TR N Ry .

m&leeélaﬂhagmeﬁtétrbﬁm BQ&kgLr@OSG effbclssfores@nsaey to fit
he gas Chromatogramw th a gas concentrator. t shoul d

be not ed that al t hough nmass spectronetry and gas

ABRLERMER BRPticiidiet b b8, SEH T Riee ey gherating at
anm@ﬁteaess@deedsradﬁovlel abditibpdr weuuboaad sahle hdndh‘hgibyméms are
fromthe nore harnful organic conpounds is [imted

reqiiraech Whiklk g1ake sichrinstryments iy &<REREIVen eUﬂ‘é@fa%quhe‘wl@tlonS it
is giaeé@'ﬁaa% 080 @,&Qrcﬂ?@ﬁge@g%b@?& L trm@es%%snwmenﬁsg Ie/\r/‘els

ause mass spectronmetr
presergds trehporess gneiptnment C ituvwpyes, |harrddetoemwnm0|_ng)ntbminants

QC | evel s.@r esent in (5) g ess_environnments r.%gl res
RIPtHPNEE g MepRRIATY t Hic}‘ec%‘i‘ﬁjc'?@ OgLAM WA BaRs ve
Coﬁgg,.,teétgrtypl cally only used as Point of Entry (POE)
nonitors for the whole facility rather than the nore

useful Point of Use (POU) nonitors. Hydrocarbons,

t <o REued 28 AE L RIS ShitBeRY 4] 08° Enieinopfhy are

abxiodgetbassst 15@Ns of TOD,itheis abilifeRedifersaniate theppieakhye of the
oper ate under atnosp herl C pressure to detect target

pr@fﬁéstolemaweht M@@cartzﬂn& referred t‘-bﬁ'BO\(%féPF‘sthSéPme harmful
org%ﬂ i b?ﬁ%)ohﬂ S ¥ fihitdd t\bﬁ’i % (fﬁ’cﬁllttté dﬁérrfﬂwle'th@ Rotal levels

sensofr vvor ectively wit
of damaging hydrocarbons in the process environment.

In addition, because the use of either mass spectrometric or gas chromatographic
techniques for determining the TOC levels present in process environments
requires specialist equipment, they tend to be rather expensive and are typically
only used as Point of Entry (POE) monitors for the whole facility rather than the

more useful Point of Use (POU) monitors.

Hydrocarbons, including light hydrocarbons such as methane (CH,4) and ethane
(C2Heg), have been routinely monitored using common tin oxide (SnO,) based
sensor devices. These sensors typically operate under atmospheric pressure to
detect target gases in the range from tens of ppb (parts per billion) to several
thousand ppm (parts per million). This type of sensor works effectively within

these ranges by providing a linear output signal that is directly proportional to the
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these ranges by providing a linear output signal that
is directly proportional to the- 3 - quantity of

WO 200g@8618S Wi t hin the nonitored environment. BCT/o82ma/004122

t hese sensors are suitable for nonitoring contam nant
I evel s within anmbient environgents, they do not |end
t hensel ves for applications wth sub-atnospheric
processi ng environnents such as those encountere%
r i Nk S I
R AR A TS B o tfese sensors
arsyitableg famnore;tbmtg contarhirtamd Ieaxais wahwarﬁblem Bh@ifénments, they

o 881 559 be el a2 hbbln e SR o sstngcupressing
et&hﬁirﬁn@it@%hbﬁ'a%ttﬁésé Bﬁ@otﬂﬁe@&’\ﬂﬁﬁ‘m%nﬁ’ oﬁ8 rl:g ér%rcﬁs%iﬂr

sil ver or hydrogen cation conductors, ave

epviropggntsr Uerge wo@fvamygemndjmmmﬂnedSn@bdﬁ)e afsknsor will suffer
rocess

OS] o AR SSRGS B B ermsponse

envi ronnen
afsgr perddd oftimgnber 0308939.8 and GB 2, 348, 006A, GB 2,

9, 933A respectively. Such sensors are generally forned
froman el ectrochem cal cell conprisi ng a measur enent

r lid state
] Ssore HRITETRE SR S5 OB ' oBlbanir
conduions, carmlvbur odigydrggenicdtion eohdastors, Ha¥e bREATYed tolhBnitor
A conprises a detection

Ie\geﬁ%gkm %%8%;%9%%%%@% §P¢%F’"¥lﬂ"{/ ¢rrbpAgnenoxide gas present in
a paicess éﬁfnf@rﬁﬁéﬂldé'nd Qré @@s&i%% e@j%ﬁgagr‘?] ap%}gﬁf %%rﬁ!ggtlon

I on conductln solid state e ectro yte

numbqr&SO@B@@t&mGBm,@@am% 1GB @ 1dt939331|Ae relmth éﬂ/ély dSuch

b d su ur di oxi de
sefiSh Sire R E LB B MR #1581, 81 Sttt iR el enriang Bugh
medstiremehbbdleetro8o] £ fefefericheleRPS P A A bSHAR s‘?{n\e ?&rdl% of a

en sensors of United Ki ngdom pat ent applica
Suﬁ%mgé?"'éﬁég%@%d'spﬁée@ between ané betgingrssiy etectroddsct s

oxygen anions and the reference electrode is generally
coated or formed froma catalyst that is able to

Fotexamplss thengas imxitor af QB2 3d80GBA Qdimpfls@s}()ﬂ)%'?ecﬁm éléctrode
ref erence environnent, in which

°°‘5}%§"’tl%ﬁn ﬁ?fwsaﬁi'r%%v'ag apaftieh WiiFa serresperds ke thegasdto be
derecR, aslRef RIFBESHILCRAG S8 state electrolyte and a reference silver
electrode. The gas monitor can be used to detect gases such as carbon dioxide,
sulphur dioxide, sulphur trioxide, nitrogen oxides and halogens through the

suitable choice of the appropriate anion.

For the oxygen sensors of United Kingdom patent application number 0308939.8,
the solid state electrolyte conducts oxygen anions and the reference electrode is
generally coated or formed from a catalyst that is able to catalyse the dissociative
adsorption of oxygen and is positioned within a reference environment, in which

the concentration of oxygen adjacent the reference electrode remains constant.

Solid state oxygen anion conductors (solid state electrolytes) are generally formed

from doped metal oxides such as gadolinium doped ceria or yttria stabilised
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Solid state oxygen anion conductors (solid state

el ectrolytes) are generally forned from doped netal
wo@z200d@361sgich as gadol i ni um doped ceria or yttrP@/GB2004/004122

stabilised- 4 - zirconia (YSZ). At tenperatures bel ow

the critical tenperature for tgach el ectrolyte (T ) the

el ectrolyte material is non-conducting. At

tenperatures above T the el ectrol yte becones

S R i o
eIS&YdI ¢ eﬁe&ﬁtﬁl@%’?gﬁfeqﬁmé ﬁ(ﬂ? c@r'u?&é hﬁﬂé}ﬁberatures above

pot e |an gener e reduction oxy

TctibeIreledtmlyteamcomasrprogr&ssneﬂ)enmneeoede«:ﬂveodes The
steps associated with the overall reduction reactions
at each electrode are set out below, the halfcell

Oifg%?lt Ile@é]s%{s SRR Yy SUth fisisdes ﬁﬁéhi‘%nﬁbr&ﬂéﬂlf&ﬁﬁent is

I'"and 2 below. 2(g Equation 1 + 2e 2 'Equation 2
deéemnedbuetheeé&ctlmhemmilpog@rﬂalsage@erateceeyItheereduqtlowf oxygen

oas ol B M iprmdiR A BB Hochlbage . T s espociated

witheihle- &wJrhll PsduREibh aéa@ttontsfm g SEPRIard SRV BRIV, the half-
el ectrode respectivel E is the standard
ce&wee@thsbﬁeeﬁc@aeleﬁtaqmle éem qafinedthygaustionsel ard 2 halow.
unit ( s) activity Ris the gas constant T is the
tenperature of the cell F is Faraday's constant
a( Cads) amg..p(R2 ) wmre Bgg@ctivities dqudtienadsor bed
oxygen at_the electrode surface and reduced oxygen
ani on inQde+<ss i d St at € oni c conduct &rAYePett i vel y.
The activity of adsorbed oxygen at the el ectrode

surface is direct r oportional
The electrochemlcalr tent‘YaI%en%rated at eac electrode is determined by the

Nernst equation:

E=E® +f afz(()an)S) Equation 3

where

E is the electrochemical half-cell potential at the reference or measurement
electrode respectively;

E® is the standard electrochemical half cell potential of the cell at unit O(ags)
activity

R is the gas constant

T is the temperature of the cell

F is Faraday’s constant

a(Oads) and a(0?) are the activities of the adsorbed oxygen at the electrode

surface and reduced oxygen anion in the solid state ionic conductor respectively.

The activity of adsorbed oxygen at the electrode surface is directly proportional to
the partial pressure of oxygen gas, Pog, in the environment adjacent the electrode

as defined by equation 4 below:
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the partial pressure of oxygen gas, P, in the
envi ronnent adj acent the el ectrode as defined by
weouwabsass 4 below. - 5 - Equation 4 Since a(Q2 PCT/6€B2004/004122
unity, by definition, and the activity of the adsorbed
oxygen at the el ectrode surfge Is proportional to the
partial pressure of the oxygenh ™ in the environnent
adj acent the el ectrode surface (equation 4), the half
cell potential can be witten in ternms of the partial
pressure of oxygen in the particular environnent
adj acent the rreasure(raent_ ref erence el ectrode
respectively RT E +2 Eua |E)<h 5 The potenti al
di fference V generated across the cell is defined in
terms of the difference in the half-cell potentials
Sihe¢ wOf) i anityfisr defisitiomdama s netivityt ofeihecadsutbed ioxygen at the

accordance with equation 6. Equatjon 6 A P2 where
elgetrade ﬁé”ﬁ@? dfit Preapogianed tenthe aert@isor@ﬁgur@ewtéﬁdoﬂg@n in the

ed) Raté quationt e iHehsk i
e niet AP Er b oad SUABce Tedualon) N7 At 8 Botential can
beawsdittas inlédimmedf theopartiahptessue af exygen pathd particular environment
ressures of oxygen at the reference and neasurenent
ad R e Reau e o eieroes 8\echane e SRentiebhe
reference and neasurenent el ectrodes are exposed to
t he sane oxygen parti al pr&(:erssure e.g. atnospheric
| evel s of oxygen, the &t | di fference s the
cell is zero. n pro%égsémﬁ ‘rrgirﬂ’rents such a?@@%n@
oxygen deficient environnments encountered in the
manuf acture of sem conductor products the partial
THY Batehtisl 8fﬁeg§é{c%e§/ 3haReos ddPSsdmi Yol B WetfledCh Rlfhs of the
I'sTconsrderably- 3
difference in the half-cell potentials between the reference and measurement

Equation 4

electrodes in accordance with equation 6.

V=Ewm-FEon= %Ln( Porn ) Equation 6

Poxu)

where

V is the potential difference across the cell

Er) and Eu) are the electrochemical potentials at the reference and measurement
electrodes respectively;

R, T and F are as defined above; and

Poxm) and Poxy are the partial pressures of oxygen at the reference and

measurement electrodes respectively.

Note that if both the reference and measurement electrodes are exposed to the
same oxygen partial pressure e.g. atmospheric levels of oxygen, the potential
difference across the cell is zero. In process environments such as the oxygen
deficient environments encountered in the manufacture of semiconductor products

the partial pressure of oxygen adjacent the measurement electrode is considerably
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| ess than that adjacent the reference el ectrode. Since

the el ectrochem cal potential at each electrode is
w@omens@ass by t he Nernst equation, as the partieBdT/GB2004/004122

pressure of oxygen at the measurenent el ectrode

decreases, the el ectrochemc potential at the

nmeasur enent el ectrode chang€sy "which results in the

formati on of a potenti al dlfference acr oss the ceII at

tenpenﬁturgs above t e critfcal erature,

legtnennal a ?F?'étrtéﬁde RIGRE ePHe Sol PinpE t'a%?lﬁ%ﬁoﬁ@%méﬁﬁ'
rée}?la{l at bAchkl (ftcli‘r%dea}é gb@érn@d QrfnsPébjgé’ﬁbrf"E?stthé partial

erence and neasur Enent el ctro es I n'accordance
prm';sm_e of vaygem abthabmeasureerd elet rodecdsreases) thé efestmchemical

oA el o SeEie Shtiten B tl n FEGRnation o
a ;Bét@mumi.ﬁér@neé %résﬁethe@eﬁr&t 'téﬂnp@kétﬁ%seélfcﬁ/eatﬁb(b‘iﬁlcéhe

. Reduci ng gases such as hydrogen, carbon .
temnpﬁcatuwe Thietpatestial ifferenem acrassrtbe el indeterminast by the ratio of

& BEAR ploes AL b fOHoBe Pl 8GR Anf SRS Ben TRk PRs i
acdsidagcaivite YRttt 6 abo¥e N STHeS oxyRERsITds hA tiserefdregrofide a
solid state oxygen ani on conductor el ectrolyte having

usgr withran inication of the:todalarpewtef PypaBPresen e ajupmitered
engn%t‘ﬁ%t smﬁkﬂ%ﬁﬁﬂ'ﬁaétern‘ﬁfrﬁﬁg fife RNk élsdlff tcllegfcross the cell.

evel an equi m Xe
di fference bet ween the cat aI ytically d| ssi m | ar

el ectrodes in the presence of the re
Mg GRS asoR U, BYUODRN $IBPD AR TR oXIdes and

hy Qfo%%'r%ﬂsaﬁre%@hﬁinyd)étygehﬁ‘ﬁ:ﬁtérﬁ)%nﬁfé?‘mt@’('%%(?&g dP¥xygen) such as

operating the electrodes at different tenperatures.
autreobilecexhauist gases | for exampleacandbel deteeteddisingimixad pateatial

f th t1t
o QB r SUHR RebS oo oY Sl R odfanen sngpctgy glectrolyte
halimg dixdihlhi 6atafitic ledksddsaBrmbd ooy gatace t/hef@@fu CTI'ﬁG sensor
material arriving at the el ectrode surface

respanseresioiipadheflexelapment of ap equilprive nzxﬂ(teebﬁntlahdrﬁerence
bereerﬂhg dat¥lyti XT %@ eﬁcﬂgﬁﬁhlgp e%c%%(eg flry r?é%r%sgﬂt‘g Wt@@&%ﬁ\g gas

en ani o and en ani on
assMImedTot bgampiegmrDE%/OQZEBMmfenhg dmimmhrsnaialytlc reactions are
enhasced b)l/ %t;)g'rétiné the electrodes at different temperatures. The mixed
potential for a particular electrode surface arises from the competition between the
electrochemical reduction of oxygen (equation 7) and the oxidation or combustion
of the organic / reducing material arriving at the electrode surface (e.g. for carbon

monoxide equation 8) .

0, +2V, +4e S 20, Equation 7
CO +0, & CO, +V, +2¢ Equation8

where V, is a doubly charged oxygen anion vacancy and O, is a filled oxygen

anion site in the oxygen anion conducting solid state electrolyte.



10

15

20

25

30

Since the carbon nonoxide, for exanple, is oxidised at
the surface of one of the electrodes only (nanely the

wa@ adoabydiseal |y active el ectrode), adsorbed oxXyPENGB2004/004122
consuned at that el ectrode and the el ectrochem cal
potential at the active el ectyode increases as a
result. The other electrode’i's"catalytically inactive
and oxi dation of the carbon nonoxi de does not occur

here. This nmeans that the cpncentration of adsorbed

SIBGG fis CabOpRBORRHAader BRATRRS R PKEISEE thesa G of one of the
I . -

olCARTe bnip (Rarhly i EARIARRNY Bl 8lccHione], JEemedBgygen is

coaksuntedattibat elattrods end the electronbemidad poterdial atTthe active

olestiadfURGiRRsER &R vl  BRE O Se RSt ealavitalpipacive and

oxitltioR STRE chboPibhbiitle WBeR T dicBuPheRUS ThiEheaNY #Rit the
present at the surface of the el ectrodes. The anount

coptentsatinthonadastberd okygemat hersiseeraf toisreleclsods wneaipe

oo FsE8 TP IS PO 1 el A 4B Aol esas: s e
reflésied byithe nidasuréed eletroohemidad potdntiabdittianglephoee. The

_present in the nonitored environnment if the .
diftarenee imeleetroghemical petesiigigtretyvesn dhe pstive apd jrprhelectrodes is
e ot ; .
o DU o RGeS AE l36 SRRSO R prsent
theneadad®of thexselettradessi Mhlegmount af @sirbors eranoxideninithataitmesphere

cof RS R A SRR Bt b ogse mives

poléhtrail 8byssts PrYE8s adfddLinaitatiBh AF BFS cOREHRIIIBAN TediiciAg gases
l'east 1ts preferred enbodi nent, the present invention

presaritin the meoiterss emaonman if thefanvironeepé ia riglt intexygen (% levels

of By HENRRE. e S UAiRE, BlrB8 5 ahORoRRERf Lomiping e
orBXygead environnent, the sensor conprising an

el ectrochem cal cell conprising a solid state oxygen
ani on conductor in which oxygen ani on conduction

Thgg%: ¥ heffold a ABBY %'Z? %Hi‘drﬁnpbe R casy %@P'\;f-rqgtaﬁﬂtati}/% sensor,

I've measur enent ectro of med on’a sur
which has adowdeosibivity to uergactive ergami¢c bemponnds betican be used at

the; Pt PLiST bt abalyes GRT4R) BRLFISR RIGEP o OBy oM BTigarincat least it
préf@fre8Ensetiment, the present invention seeks to address that need.

A first aspect of the present invention provides an organic contaminant molecule
sensor for use in a low oxygen concentration monitored environment, the sensor
comprising an electrochemical cell comprising a solid state oxygen anion
conductor in which oxygen anion conduction occurs at or above a critical
temperature T,, an active measurement electrode formed on a first surface of the
conductor for exposure to the monitored environment, the measurement electrode
comprising material for catalysing the oxidation of an organic contaminant
molecule to carbon dioxide and water, an inert measurement electrode, formed on
the first surface of the conductor adjacent to and independent from the active

measurement electrode, for exposure to the monitored environment, the inert
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nmol ecul e to carbon di oxi de and water, an inert
measurenent el ectrode, forned on the first surface of
wo besoanstict or adj acent to and i ndependent fr oPat/B582004/004122
active measurenent el ectrode, for exposure to the
nmoni t ored environnent, the inert- 8 - neasurenent
el ectrode conprising material®that is catalytically
inert to the oxi dation of an organi c contanm nant
nmol ecul e reference electrode formed on.a cond
m@aRraisT SGHEde OB TSR SRRk s ol iAo L e
oxﬁ:fb‘(i‘oh%?m H&ec rﬁérﬁfrﬁd?ﬁ?ncﬂé&ﬂér&‘i’&acr@fmégéé Bbctrode formed
mat eri al cata sing the dlssoc:|at|veasorp|ono
onox ggeond amémze bmemnﬁuotdrlfwgewurmm aafeiemgmehenwronment the

releraea SIeBIoLa cPLRSIG Tl KSR RS is<EriaNg adsorption
of Ak§§ér; Qﬁéa@%r%ﬁtr@ﬁhb%d’m@ﬁ%ﬁ@me RhRsdraffe ol itk ESIE means

electrical current flow ng between the reference
fore¢andtallingetherriectrieali gusrant deliewinghatveen dhe refeecncerrieetsgde and

i By Ao Bl B LR, AU B 8woon e

reféeady sleendde badithe inat meapamment electeodk, tRemebyftoicontrol the
nmoni toring the di fference between the active

ot t I
flun@&%ymamoersé@w% Eggh‘ﬁfft e fﬁ?ﬁé’?f‘c‘% etagtioggand jheragtiye and
inerf %U?Aﬁﬁ e&fro&é@@répacen hem%hn%%uhﬁénﬁ@me potential

potenti a erence active and 1 ne
dlffB'faBCE be’mﬁereﬂhecaotmdeaememt eldoirodeariduthe\inam eéléatrode,

t he ence of organi ¢ cont ani t he
wheisapin G SReEnER Gh Lot ROt agur AR RO LR NG Rote difference
Vel DEhdtwERASHE %’&ﬁVé afbasék AHRSUASHEAESIcBtr8as Héﬁffﬁéé a base
value V, the value V - V being indicative of the

valuenéeand it therpresence)aherganieeniaminant molecules $he petantial

algFehelty s BEn Y BbRITER Indh SERRNFARACAbrfiges Bosumes a

mdEdueSMbAt &E06 O, fiies value V -/ uein@kwmw@cmqaetcbabemratnon of
nmoni t ored envi ronnment, t he sensor conpri si ng

or@f@%@%@ﬁ@mr&@ml@@ulewﬁﬁen@nﬂ@empruW@@ﬁnmrUﬁem
conductor in which oxygen ani on conduction occurs at
or above a critical tenperature T , an active

A sexamdraspect obtheqireselst invertmn providestan ofganéocehtamimant
for exgosur noni tored envi.r

malgEiuE SBREN 05 B 1 BN CLWEPR CPRESHANE MohitgfEd environment, the
seﬁééraédh%br"‘&né bR &éétftﬁmeﬁncafcemoﬁﬁmg af ¥xygéh BABN conductor
nol ecul’'e to carbon di oxi de and
in which oxygen anion conduction occurs at or above a critical temperature T, an
active measurement electrode in contact with the conductor for exposure to the
monitored environment, the measurement electrode comprising material for
catalysing the oxidation of an organic contaminant molecule to carbon dioxide and
water, an inert measurement electrode, in contact with the conductor independent
from the active measurement electrode, for exposure to the monitored
environment, the inert measurement electrode comprising material that is
catalytically inert to the oxidation of an organic contaminant molecule, and a
reference electrode in contact with the conductor for exposure to a reference
environment, the reference electrode comprising material for catalysing the

dissociative adsorption of oxygen; means for controlling and monitoring the
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water, an inert nmeasurenent electrode, in contact with

t he conductor independent fromthe active neasurenent
webmshsase, for exposure to the nonitored envi PONGBH0F/004122

the inert neasurenent el ectrode conprising materi al

that is catalytically inert tg the oxidation of an

organi ¢ contam nant nol ecul e;Yand a reference

electrode in contact with the conductor for exposure

a refegence envi r onment e refe ence el ectrode

teem?;s@ﬁugfﬁ Rtheceelk maansder 89’9'&?‘5%9 the ¢ lestripak Swirent I flowing
bétdeBhRAh& ﬁ’é‘fef%1 c@%ga?odé“ﬁﬁafihé Qf:tl\@meraguérﬁ?ntaélgctrod? and the
A nmeans f or

nmonitorin tenperature of the ce
electnt;aloctdrrerg Itflosviled betwéernthecieferente lelddtmdierandhthievieert
nmeasur enment

th f el d d t
mERSBRITE Sl atketaraey 19 Gt dind Bh of ogvoe AfePadioing
bétWaeh % E FSBFhR! r-ﬁéétf&!i?aﬁﬂ @hé aswénsﬁa lrm?ﬁﬁféb@méfﬂﬁent electrodes

el ectrode, thereby to control the flux of oxyge

reapedtivelyf Suski that thet MEMCA ipéfectiscactivateds apdimeans immnomitprmg

th Rote ol Bt SR R eeR R 8 s A Bt EREBbE ABeligp nent
el8EFodel Whigeby i tetabtidneb oliokgatie contamsiharemolattlgicthiesotential

measur enent el ectrode and the inert el ectrode, whereby
differense Vawseheiwesn the asHve apgrinemmaaaurereat elestodee assumes a

baRBLEE §, o nﬂbe'lt' Zr‘(iﬁepFe%e\r{cé g n%ﬁ“n’&‘ cghﬁin‘ﬂﬁéhtvﬁlo@rbglhégnrfl%tpotentlal

measur e S assu ase val ue
différenpe 85 gucieetodecarthamctive anddnemn ardasuoéraent electrbdes assumes a

mERSEaMsnL Naluel ot he Jalles fo oriie DaNAUAGEA Ao the AomgSgiration of
or%?ﬁc%h%ﬁnh'{ant MoR&IUNSE prteRRin the mbnitdied %‘PNFrSHHeN ion

organi ¢ contam nant nol ecul es present in the
noni tored environnment. n the absence of organic

In$5% PORCAE Foraptie @R ets Yop Bl PR ORI R hoten the

actitg and inert igdsuesmbiit éleetrdtiéd Ry corstantiahd B let@rhiihgd by the
rate of reconbi nation and desorFtl on of oxygen from
diffgrenses inhecatalytio eata of reeornbipation apdaesemtinesftoxygen from

N kb A U
mfhxariced Mﬂeimmehtmﬁmdleﬂmnhgdi@wleendm refesmeetéleetkqde and

thQ ﬁgtl\fﬁ. 6'3%&”@ @%ﬁ?ﬁto q@%ggﬁ] rfgsspgcr:tlevély t rl-?cgvbjec\?eq \IN

organic contaminants are introduced into the process environment, they are
catalytically oxidised at the surface of the active measurement electrode and the
concentration of adsorbed oxygen at the surface of the active measurement
electrode decreases. This means that, in accordance with equation 3 above, the
potential difference, Vsense, between the active and inert measurement electrodes
increases to a value V. By suitably calibrating the monitor, the difference Vy, —
Vp between the potential differences in the presence and absence of organic
contaminant molecules can be used to determine the concentration of organic

contaminant molecules in the process environment.

It should be noted that the provision of means for controlling the electrical currents,

la and I;, flowing between the reference electrode and the active and inert
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catalytically oxidised at the surface of the active

nmeasur enent el ectrode and the concenfration of
waadmenkass oxygen at the surface of the active PCT/GB2004/004122

nmeasur enent el ectrode decreases. This neans that, in

accordance with equation 3 aﬁ ve, the potenti al

difference, V nse, between fhe "active and inert

nmeasur enent el ectrodes increases to a value V. By

suitably calibrating the itoy, the difference V- V
measyierient ﬁl@%’é’ﬁéﬁtfﬁ%ﬁecéwﬁgo ﬂ!ﬁ‘r\'@é& t¢ qontrel tBPé’é‘érﬁ’g EX¥gRN anions
flo‘Wﬁ@ BEfvéin HedRfeente %ﬁ&fﬂd&%%nd‘@e%iv@sarﬁﬁﬂ eRGn&s&Hement

to determ ne the concentration of organic contam nant
electrenad respectiviehg afiowsdhe sensor torsetatmine lewdebels loé organic

not ed t hat the}})rowsmn oI neans for con oIIin.tht?
oIt 0 low pRiCONCoRITAo] STFFPRG S o REAROVIHEN Of currents
|l BRE§'HI0G8eS 'a%tdr@éi Bf 8RR tﬁetszuvn%cérai clalh rotf Thelglectrodes The

neasur ement el ect r odes respectively, thereby t
provisionodf suieh an eygen souweRis mﬂleularlyllmwortgnb@tttheaurfane of the

reference el ect ve and

adyib SN Eormel tleifEad sesfafiidess 38l dvaen danregetion

wdrpthéecsrgamcrtsbdtmdaew at thed$urfic@adr thatoletasteahis is infportant
en concentration environnents. The provisi on of

snm .? girans|thatibegesnerrssobthesignser dpesrplaly an thepresence of
oxggéﬁ A5k i th& 851k éja&ﬂ&&#&&t. sBfesT h% RENLS4 nst'thbfgﬁet R% used

an OXYyQgen source 1's par Srcul ar y |npor ant a
to pusvide @ sﬁrmtchmrmltatlveanmeaaom efrthel preisente oflerganicmaitérial by

rovj des a source, of ox for reaclion w.t
m%%mg@ e ar TR O SO ATERR A0S GHORRge 8 (s prlglyic rates of
tidnl ctcl bétWeepithe %ch@e %ﬁaﬁﬁertt R adurémEREPIRBRSIS —

e sensor does not rely on the presence of oxygen gas
usunlly the petastiaigitierense ibetweén the activehand mesioelectsiodes relative to
t(grefore be used to provide a sem -quantitative
PgﬁFFHﬂ Ho%he presence of organic nmaterial by
nmeasuri ng a paraneter which depends upon the
difference in the catalytic rates of oxidation
In gse the Eﬂ@SQ!'eQRﬁé%WStWeOQﬁSMQ/@ saall anien curent ts (ih between the

ret%ﬁ&‘?éer (%’Iggﬁ'ode gﬁH ?Jn'eyofttﬁ S i ér’n@h gl‘efcerEi?é‘ ?cf Hﬁ%t%etﬂe

rve an nert e es re ative
potaftial diffeeersdechétiveda. that meastlemnertral refgrenaé etedipdes at a fixed

| |
vafigs Yoo Re0eGeg 19Rn Ui 6lesodeicanibufatict. fRE ROSSIDIS sensing
mEARCAreQsiRSiti® maintain the

Firstly the active and inert measurement electrodes may be formed from
catalytically dissimilar materials. The active electrode may, for example, be
formed from platinum and the inert electrode from gold. In use the current, |,
flowing between the reference electrode and inert measurement electrode mirrors
that between the reference and active measurement electrode, |, and the

potential difference between the two sensing electrodes is measured.

Secondly the current |; may be a sub-unit multiple of or equal to the current, |,

flowing between the reference electrode and the active measurement electrode
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potential difference between that neasurenent and

reference electrodes at a fixed value, V . Depending
W pms/osdiss el ect rode configuration, three possibPCEGB2004/004122

sensi ng nodes are possible: Firstly the active and

i nert measurenent el ectrodes y be formed from

catal ytically dissimlar matdiials. The active

el ectrode may, for exanple, be fornmed from plati num

and the inert electrode fromgold. n use the current,
and therpaiantia) diitarrees beearhe B sénsiag elesedgnds paay

gement el ectrode mirrors that between the
reference and active neasurenment electrode, | , and
the potential difference between the two sensing

FabEhe S SeTbeasu B e ey S ok Yot
cafrtélgg\%d] HRlNERRL s 'RCARBtIRIACIIreS A, ltIHQh@,Cdds\éQhe

urément el ectrode- 11 - and the potentia _ _
cutient owingbetmenndhetreierence ard iearhsensiog elagtrodes isigsub-unit

iR SRR el B BT be TRG B asuroment
elé@tRIdsadrid theusdtensial différencgbetwser rnEserisind efect@dies is
the current flow ng between the reference and inert

agadhglea§ue®ct rodes is a sub-unit nultiple of the
current, I , flow ng between the reference and active
measur enent el ectrodes and the potential difference

In ditcages tivd potentiabdifferemgedietwbendies actveigad inereamasarement

elggataces il depranPRbae pestians of 452 Pkt ARt srat on the
el?tﬁﬂﬂ:iet QFTRLS TheMHixed pb_il’_éh‘ntfé‘l,?ﬁ‘SF*a RRiGAlAR 1B 686 BLITARe, arises

e el ectrode surface. e m xed potential, for a
fropathe catiadyticalompetition hetweeanr ¢he elactreshéminal réduction of oxygen

catal ytic. conpetition between the el.ectrochem '
ar R o BroTae TR HHE Bl RIS S EURA A Bh flagirode
sutfageorganic material arriving at the el ectrode

surface. O + 2V +4e 20 Equation 7 C H + (2x+y/2)0O xCO

+ y/2H + (4x+y)e Equation 9

O, +2V, +4e S 20, Equation 7
CiH, +(2x+y/2)0, S xCO, +y/2H,0O + (4x+y)e” Equation 9

where V, is a doubly charged oxygen anion vacancy and O, is a filled oxygen
anion site in the oxygen anion conducting solid state conductor. Pumping oxygen
to the electrode surface (the reverse of equation 7) has a beneficial effect in that it
allows the combustion reaction to take place in an oxygen depleted process

environment.

The sensor is also easy to use and can be used at the POU rather than the POE
to provide accurate information about the process environments at all stages of

the semiconductor fabrication process.

The total level of contaminants measured by the sensor of the first aspect of the

invention provides a semi-quantitative indication of the level of harmful organic
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where V is a doubly charged oxygen anion vacancy and O
is afilled oxygen anion site in the oxygen anion

W@ ondusdissrg solid state conductor. Punpi ng OXyRETGB004/004122
the el ectrode surface (the reverse of equation 7) has
a beneficial effect in that it allows the conbustion
reaction to take place in an 1 Xygen depl eted process
envi ronnent. The sensor is also easy to use and can be

used at the POU rather than the POE tg provide o
CORRMINANES Prasenkint ﬁhGrPr_SB%%ﬁ e't"‘fi[é’%’?%f@e_sghé Wr%ﬂﬁ’ﬁ‘i’?tﬁ'@ light
or@hhic%@@%ﬁ\e@f r{eggr?tsiﬁ thé E%é%%’nvfraﬁﬁfeﬁ?gb%t BE&@ fofhe surface

e total |evel of contam nants neasured by the sensor
ofdhe nieaduireraentsieetrode andree inot tharefore pneaswled. dt is only the

v W S 3 o s i o

elEQYSdONMEte (ahithBRIIo ORI Bt dUMCcEs @REoQR@PEH f the fabrication
nol ecul es present 1 n the process environnent do not

process) that untiergadissosiatipntat@ndeaie dhesieiore subsetreatly axidised at
8 ripahokelnaft Bl SRR Dietinrh JeSBlindq iRy moniored by

the nedslirbmbrit Blektfroi®e el ectrode surface (and therefore
with other surfaces encountered in the fabrication

process) that undergo dissociation at and are

Céelﬁgﬁl ehalce &H!Hé %gﬂﬁr& gppﬁ’éﬂ £ ﬁm%dac@i(/gtrﬁ‘aﬁ%ﬁﬁﬁﬁwnfgfeg&rode or the

ctrode surface are detecte ere
matenial Pomdviigh titie foresed wilheausees@ué 0bthe h&lanfel atgatlioi ce

CoBIUBYRBIROAIHS O B18 SHTAcEHH R BCHYS 625 T Rakelgetrpde in
pré S%r?‘%egfb'"&h@fs.t PRcferatly the QE@ReaSARIMEM EIBEtPodis formed

onto the surface of the active neasurenent
froph eratedalevioseuptake of oeganic material. procedds withya stiking probability

of 3 e, 52 B0 1% il P A TE BudEPBVBHGI4rRY avsorve
anditdrakeWbpiiaiectrody ntdtefal. aBaithblerdléstrode mAeriadle ihdllde
organic material is preferably efficiently adsorbed

metals sqleeirddrasy thearasipeampidingsheniug, OsEiimaisidium, ruthenium,
L RS AT BIOR feq RRL AT HRO Minenineo
mateddisumith pilvatrj gelchamalccqpgler achyuatsae wdddys t her eof .

Al l oys of the aforenentioned
The sensor according to the first aspect of the invention is easily and readily
manufactured using techniques known to a person skilled in the arnt.
Measurement and reference electrodes, and optionally a counter electrode, can be
applied to a thimble of an oxygen anion conductor solid state electrolyte such as
ytttria stabilised zirconia either in the form of an ink or a paint or using techniques
such as sputtering. The measurement electrodes are isolated from the reference
and optional counter electrode via the formation of a gas tight seal. The sensoris
suitably supplied with heater means to control the temperature of the electrolyte
and means may be provided to monitor the voltage between the measurement

electrodes and the reference and counter electrodes respectively.
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materials with silver, gold and copper may al so be
used. The sensor according to the first aspect of the
WO nensdiss) i s easily and readi |l y manuf act ured BPGT/G82004/004122
t echni ques known to a person skilled in the art.
Measurenent and reference el ectrodes, and optionally a
counter el ectrode, can be aﬁﬂl ed to a thinble of an
oxygen ani on conductor solid state electrolyte such as
tttria stabilised zircoqia ei.ther in the form of an
t

The, kefgrenge piectiods: is siitally TREMRH HipER adnateriasthad iz alleitagatalyse
Itk at ;

e TRy o ok PRARIS Fatah Bk KR @vironment

cdroberderived brmea gasesug bt selEhstatd heurerafaxygen s ul yddlly

sudpphi ed wi.th heater neans t? control thef ten‘gerzi“_.ure
algiosPRENe AUt HEPY A8 LARPIRYETETHR)CB 8BRS RIYIPB @ ough other
gigg%%ﬁbsiﬁ&@s ¥oh badreBet B8R State JRASSH SFBHgeR tRSiEARIESMprise

e reference and counter el ectrodes _
a metaléoeial okige-couple sudteas SUC U @ndl Ra/Pdbhier a setal oxide/metal

ot EPYRE ih B QUICLR o B P DigaR ol Tbfance material
chidsahiwill lepdh@ ohahé opeedirg envidnimarit of e Benst | ved
froma gaseous or solid-state source of oxygen.

Typically atnospheric air is used as a gaseous

THE LARERGER: SRU ORI LoRLHIFRE| AT SopBasorjs cutanly
fomwﬁ é&on api/mtekihy Meﬁlﬁbitaomm ériahaiond;abtiim Iab’te;mhpaaratures
suc Cu/.Cu and Pd/ PdO, or a tal .oxi de/ netal. oxide )
Ay Suc futeeinayaan el eondiiors. GulE SPapRIURLEOBed ceria
arﬂp@f‘rfd QbBiliSEe $Rorh! IPréfrpRImaterdie RN @ solid-state oxygen
environnment of the sensor. The solid-state el ectrol%t e
aniomponduatgr innludeydfe anarfo%brmelanytida statikses ditcamia/ (YSZ), both of

f. d f . i al,. which hi bi '
whigh e o aBaldhie: os above 300 & Suitabie

oxygen ani on conductors include gadolinium doped ceria
and yttria stabilised zirconia. Preferred materia

|
A faghiatiecheaiet mayds verdiceentil jur ierape@iuredtdoe cell- “Such
nels B8 g RO hblAG P b oo, an

electr¢ fghttsulbeahaisoby used Lsk théronaomupieomalyte used to monitor the
of the cell. Such heaters include heating

t enper at u
tempe Fﬁ%{tﬁﬁxﬁ?Hd around the solid state el ectrol yte.
An

Currents of between 10nA / cm? and 100 pA / cm? are suitably used for driving
oxygen anions between the reference electrode and the active and inert sensing
electrodes. Currents outside this range can be used, depending upon the
circumstances. The absolute magnitude of the current used to drive the oxygen
anions between the reference and measurement electrodes depends upon the
surface area of the electrodes, the partial pressure of oxygen in the sensing
environment and the quantities of organic contaminants to be sensed. Larger
currents will generally be required for environments that are oxygen free but have
high levels of organic contaminants. The sensor is preferably used in conjunction

with a device for measuring the potential produced across the cell.



10

15

20

25

30

electric light bulb can also be used. A thernocouple

may be used to nonitor the tenperature of the cell
w@Ewosestiss of between 1OnA/ cnR and 100 mA / CNECEGB2004/004122

suitably used for driving oxygen ani ons between the

reference el ectrode and the qgtive and inert sensing

el ectrodes. Currents outsidé '{'his range can be used,

dependi ng upon the circunstances. The absol ute

AP Eeneanothe skl & thacn e cahe s3a ith just three
eI§+t?&déé’ > réjftﬁﬁe?%@sa 38 sEHIMENSI8EFGI&Y) o‘anS{a it is preferred to

el ectrode partial pressure of oxygen'in -
usecars elegtrode iar@mge mend campnisinguacounies lexftrosiega@ddition to the
curre

tam ts tp b d, L t il
mERRBHIN 250 PR HOr GPOIER oF LERRENTS SPRYS- HTP SS4ER
elé&PSIDidpdimioh el flljadedit @ thofeferddBi dle@foteahd #ntontadhRith the
sensor i's preferably used in conjunction with a device

saine referencei enyironmend as e sefeprnngrlestrede.ods thisoretared

oo RS, SRR 1k pbfod 2708 bsRleb g e

actioé eernaert aedsingelcrasigsarepéctledit Mikasferenty elddtrode
preferred to use an el ectrode arrangenent co_gri sing a

thewlioredprowides i eanstarn fﬁfﬁﬂ?ﬂ?%ﬁf"('@'ﬁﬁ@”h‘é%@d’i’@ #7e and

oIS BE AN SE03h HETAELAFERAR R i el s and

theteforerthd @ otertial difievencecacross lthe bell samberdsdtemeined. The counter

SRR ST S e
ca?j]Zs&W&i@éocﬁéﬁ%@ A@spaeN of BRyqat.i ve and inert sensing

ctrodes respectively. The Teference el ectrode
therefore provides a constant reference environnent

T eI O Hfa ot ho BPREML EMaB bk SefeflaBtiPichll of te
orget 6Nd few squdreaseprlinfetRey @dass.heTretlectededformed or deposited on
determ ned. The counter el ectrode is preferably forned

each@htbe futfacespresthersiare gmansienaddeediasty. vd h% counter
oI GRS HydiBa AR ﬁog&%\e BRIt Yo bf #i6VH8GsurEfent

MeNsi o . ottom surtaces o
eletrsias. al ke trgferarale glectfoddis usuidly obfa lassenvdisgnsion. The

eléﬁ@gﬂt réteateré‘?iqigéuy' SStsicen 1 EngHd Soes, L griged or

It will be appreciated that the sensor of the first aspect of the invention can be
used to monitor the levels of trace organic contaminants in process environments
and another aspect of the invention provides the use of the sensor according to
the first aspect of the invention to monitor levels of trace organic contaminants in

process environments.

It will further be appreciated that the sensor of the first aspect of the invention can
be used in a method for monitoring the level of trace organic contaminants in
process environments. A third aspect of the invention provides a method of
monitoring the levels of trace organic contaminants in a monitored process

environment, the method comprising the steps of providing an electrochemical
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each of the surfaces are therefore di nensi oned
accordingly. The counter electrode is typically equal

WO mosusdisce area to the sum of the neasur enent PCT/GB2004/004122
el ectrodes. The reference electrode is usually of a
| esser dinension. The electrqdes are typically between
0.1 and 50 mcrons thick. t W1 be appreci ated that
the sensor of the first aspect of the invention can be
used to nonitor the |levels of trace organi

SRR SAMRRRINS 3 Aol Blate EXYIRI AUIRAEANSIUSHRA 1 éafepxygen anion
caRiefibn Bbchiitat 4 \/b%i”crﬂfc‘éﬂéi’ﬁéertaﬁ?re.uﬁ?aﬁfacm?@ tn'c?)@db%?ément

according to the Tirst aspect of the invention
electinbdeforinededrs a dirsttsuaface @f dfaen condustoatdrexposuierto the monitored
rocess .eavironnments. .t will further

orRpaTIaT. e foeRewpmain cidtirope ctkimtSing TytBRATG L fiBlyeing the

oxidRtidiFole drddhiccomhhfthriteholBBilet teldamSon BRXIY&hd Mater, an inert
trace organic contamnants in process environnents. A

measurémen electde; farmashemthedfirspsufacref hhergarsliyigtasfadjacent to

af fokBenddy o iR Syl mebRiER S 8 faf bP a1 e
mbhRorsbevirehmghe\thediimgrt feagupsrhencdiesirodé codprisingamatsrial that
conprising a solid state oxygen ani on conductor in

is mradﬁiqa%y it tniherpxidatinneef Qihoﬁﬂ_é’@iﬁ conjamipaniyypolecyle, and a
rofrhte BleckPHBTOANY Bn B sodthuiiats STife ERRAERL: for exposure to
refarenex pnsivsrentnt, theereferdnceredecteods campusing méterial for catalysing

théns éﬁ%%g{ﬁgt lg(req%{gr ¥ .teq)&.arerg; rlaiﬁlvrl]g g@fﬁeréyia%araté r%[ﬂf ihe above the
crﬁi@hﬁ‘éi’ﬂédaeréﬁl r& F 005 ST PEh Sfechichl Wakaht %aatﬂetweéﬁ khe reference

measur enent el ectrode, forned on the first surface of
eledteodsoanid theoactivgj meastrement etegtragiepandia elegtrieahaunkent | between

e B PR HIBE Ahe TS e Bnep B lRiPucnd Tar 8By 0 gonirol
thé IR 'of Dkpgernrahhsdlowihgbetvicarathel reféreaté yldonede dral theeactive
oxi dation of an organic contanm nant nol ecul e, and a

andeinefténeasuspaient glestrogpmsespactiyelyeand maniiariagdhepotential
offIRALE bRIwe O i BARK Mebunicth Sldttftccid HRRBRIelodiRSe,

erence e e conprising material ftor catalysing
whdrebylirs thecalsdance cfadsgamit icontamhinarygehecules Biengptehtal difference

tenperature of the ahove the critica enperature T .
Veprae OB sy 521/ Bl e meguremil Bloch SRS arepDes pase
value Vp and in the presence of organic contaminant molecules the potential
difference Vsense between the active and inert measurement electrodes assumes a
measurement value Vp,, the value V, — V, being indicative of the concentration of

organic contaminant molecules present in the monitored environment.

As indicated above the use of a sensor having reference, counter and
measurement electrodes is preferred to optimise the electrical stability across the
cell. Therefore, in a second preferred embodiment of the third aspect of the
invention there is provided a sensor having, in addition to the reference and
measurement electrode as described above, a counter electrode positioned
adjacent to the reference electrode and in contact with the same reference

environment as the reference electrode. In this preferred embodiment, the



10

15

20

25

30

el ectrode and the active nmeasurenent el ectrode and a
electrical current between the reference el ectrode and
wo besiosasg neasurenent el ectrode, thereby to ceait/Gakoo4/004122
the flux of oxygen anions flow ng between the
reference el ectrode and the QﬁiVe and inert
nmeasur enent el ectrodes respéctively; and nonitoring
the potential difference between the active
nmeasurenent el ectrode and the inert el ectrode, whereb
CUTFES s L b How katweeg dhe corater slacirade ans e measygent
clBOG &S, arng @F&Eﬁ@& gl&%ﬁﬁ%ertel?&e \/N)%S%Pgodé?%‘itt referﬁnce
neasur enent €l ectrodes assunes a base value and in the
empieserard froim ehicinthe electrechemainal patestialsed bottethe measurement
tential, di fferen V nse pet ween. acti ve and
afdF it sleGirarien and tasreiaadas POt ial dietide fedah the cell can
be/ 8bie®mMed.t he value V - V being indicative of the
concentration of organic contam nant nol ecul es present
in the nonitored environment. As indicated above the

use of .a,sensqr, having,re . [ d
PitsindH isheTESat ond Promde riVeniiEn ity &R Hhodtifen, bymay of
eX@ingsit 'onha Iwiti /iélenty t@ eiascarhpamihy drawiagef brwhichn a
second preferred enbodi nent of the third aspect of the
invention there is provided a sensor having, in

. i1i t ; :
PR DR Bt SR en PO TBRR B Lgtp o dR e
adj acent to the reference electrode and in contact

wth the sane referenc nvi ronnent, as the reference
Fighte? flyglratas 3 Reeonst SmbPALRENt MG SleqocharmIcal gensor.
currents | and | fl ow between the counter el ectrode
and the neasurenent el ectrodes. The reference
The elettrockemical séngar o Figurddscempises aniactied preasticement

enviro nt fromwhich.the,electrqgchem ca otepntials. .
eIty O BRorslby Bhe Hdd, f2 8 Sl S ERiSiudlals "l dmbrising an
8% yariaostabilised eRtemiupbxydjen§ eieneendgttoss THicadtRlel can

be determ ned. Preferred features of the present

measwamesh elactiodadl may desdenasiiad using\ajedinig@fpivas vacuum
sffibling g FEA S0 e EORVASERINIB0 RO UR shce. n
thelegent thahtha activeseaasurensmnd efearoade 1 isl forraed andbe surface of the
elSGaS G S il S S b e Eetiredin S Liitable

atmosphere determined by the nature of the ink. In the preferred embodiment,
the active measurement electrode 10 is formed from platinum. Alternatively, the
active measurement electrode 10 may be formed from any other material that is
able to catalyse the oxidation of an organic contaminant molecule to carbon
dioxide and water. In use the active measurement electrode 10 is placed in

contact with a monitored environment 16.

An inert measurement electrode 18 is deposited on the same side 12 of the
electrolyte 14 as the active measurement electrode 10 using similar techniques to
those described above for active measurement electrode 10. In the preferred
embodiment the inert measurement electrode 18 is formed from gold.
Alternatively, the inert measurement electrode 18 may be formed from any other
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The el ectrochem cal sensor of Figure 1 conprises an
active neasurenent el ectrode deposited on one side of

wa2@ehsdsst at e el ectrol yte 14 conprising an 8%gt/GBR0oAM004122
stabilised zirconi um oxygen ani on conductor. The
active neasurenent el ectrode may be deposited using a
t echni que such as vacuum spuat'teri ng or applyi ng any
suitable comercially available "ink" to the surface.
n the event that the active neasurenent electrode is

matsriRbthas e atahdioahanend theoERSeD AR erdenia cemigminant

ranﬁuﬁ@°|e assembly must be fired in a suitable
atnmosphere deternmined by the nature of the ink. n the
preferred enbodi nent, the active neasurenent el ectrode
is formed fromplatinum,k Al ernativels}r/ t he ac

A FlRisTIE RRetral 80 o eainsy O e Ghpasiorsustacara? ot Rerelectrolyte 14
to'TRE Phéadurémht bRchBYEs lﬁ 9, ??h@inﬁ@sﬁnﬁlﬁﬁt&ﬁhgﬁe‘g(’cﬁ tRbséBescribed

organi ¢ contam nant nol ecule to carbon di e and
abmedor activesmenberement\adectredaut @ndnithe peeferredeernigodiment, the

| aced [ n,caontact ;W th noni t.or ed vironnent, 16. An
refesgice pleRUGAE POe faimeed FOUEPREREL AREAERNL e eiptehoe
elSEREIOD0 Thiy 168 Bsihied tYd® avfy Gthick RtataidlitMat isRdte/ tco@alyse the
el ectrode using simlar techniques to those described

disgnpiativerrdsaeptiareoh@agenenent el ectrode . n the
preferred enbodi nent the inert neasurenent el ectrode
is formed fromgold. Alternatively, the inert

Innas tHecraferenet eldotodie 20is placdédimeshtactonittaayefdronce 17

-.material that |s catalytjically inert to the
erPREATS 24oNNIGh. I i OGS 15:m0aRePUS 5PWCe f Oxygen at

corn‘éfe?g ?gés;séﬁ% gﬁ&ﬁ aégn%@lst)@?ﬁ&wdrﬁ eldifroaBRqY ﬁts, 20 and the

sur t he ect yte to e nmeasurenen
eledtealytectbtogether f@mu sinrejectrodHemicaleadiini ques to t hose

descri bed above for active neasurenent el ectrode 10. n

the preferred enbodi nent, the reference el ectrode 20

THeSsérorsimouptBdPinathk INViroAMeRit BRbé Yiednitoréd @sirgf £ rfimting
el ectrode 20 nay be fornmed from aniq;ot her materi al

flanget26, andishe measssempyteleciiedes 4808 are iwicallydsqlateskfrom the
refdre s Aol BB hrdUl the el s dHi S68R%280 1h thiBWiFis

rereren
possible to separate the monitored environment 16 from the reference electrode

20 and the reference environment 24.

The sensor is provided with a heater and thermocouple assembly 30 for heating
the sensor and for providing an indication of the temperature of the sensor. The
heater and/or thermocouple may be, as illustrated, a self contained cartridge
assembly, or may be bonded to the electrolyte prior to the formation of the
electrodes; sputtered onto the electrolyte subsequent to the formation of the
electrodes or wound round the electrolyte prior to or subsequent to the isolation of
the sensing electrodes from the reference and counter electrodes. The

temperature of the sensor is controlled by a suitable control device 32.

Constant current sources 34 are provided to control the current I, flowing between

the reference electrode 20 and the active measurement electrode 10, and to
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envi ronnment 24, which, in this enbodinent, is a

gaseous source of oxygen at constant pressure such as
wabromsephiss i c air. The el ectrodes 10, 18, 20 aneict/582004/004122

el ectrolyte 14 together forman el ectrochem cal cell

The sensor is nmounted in the environnment to be

nmoni tored using a nounti ng FVB%ge 26, and the

nmeasur enent el ectrodes 10, are typically isolated from

the reference el ectrode 20 through t he use of

contgl the errgnblglowinghewggy the referenceelprizode 29&551(@%“6”
m%ggu FE?H%&%S& S 4 8 OHGBkarh it é’g Asr Q%ﬁ é)?&ﬁﬁeﬁ h& ﬁ’iéa%%?e the

he re erence environnent sensor
patentialddifiersinch betWear te activet dred rrmbmpbeumsaﬂtdlqctﬂ)d&sr 10, 18.

M0 5 2 i B R P conston
cdrPé’ﬁt;EI?)gﬁ’é@ 84 Hﬁng tl*?@vol?é’nfﬂété&stbrﬁés%%toath‘éer%nE&@Haérﬂ/ﬂ@nment

cart ge asse y, or nmay be bonded to

1@l ectrolyte prior to the formati on of the electrodes
sputtered onto the el ectrol yte subsequent to the
formati on of the el ectrodes or wound round the

INAURS; 6T ¥2 Bf el Snsbp, 4iid thehsierdI By meastifgnémaigétradesPio, 18, is
the sensing el ectrodes fromthe reference and counter

expasedrto assenvitpamesiySrtathe @opitorask incdiding any organic
oS Poali ol & E0RUDRH RV E B SRATEERE uricce

of thélaetive tndmsiuneraent dlecireden o tel itsciteaation Wilthanq’gthpemes
active neasurenent el ectrode 10, an

pimeedly ke onigtie RS Urmenbeledtads 101G fasgurent I
THe F@H@eﬁt%mﬁkﬁﬁxy@?@%ﬁé&@?% te SGHacsIsr the: ac@ive measurement

tammet er o provided to neasure
elpcireds flQlis theréfore dirginishieddynits reactioniwith tﬁmecbrgaeptcontamlnant
rreasuremen{1 gect des 10 ht .el ec

SReGiRR PIESER e &7 o Gomtistion 3 ing odini€ cBtamiant occurs

atR8 Suffate o EHeembn&ﬁééﬁﬁ@n%t 2sttiode 18)lth@eTatechbmical Eotentlal
pass into the nonitored environnent 16. n use, side

meastred aidhalozlectsodp istrerafiestien oh thereercandiatinn of oxygen species
pr%%ﬁ %t h eg %ul ce bPthdt BISARAZELE 59e§mt ?ﬂ}‘lnbga?ﬁpggﬁcé gfa l?l:éccurrent

il I'Ng any organi c con
l; ared glsbahe iirﬂrla:he @y conoémtratich cfomtygengsteaénttihehe midritoeed
environment. The measured potential difference between the active and inert
measurement electrodes 10, 18 therefore provides an indication of the amount of
oxygen consumed by the organic contaminant at the surface of the active
measurement electrode and therefore the concentration of organic contaminants

in the monitored environment 16.

Figure 2 illustrates a second embodiment of a sensor, in which the reference
numerals refer to the same elements as indicated above, except that the suffix “a’
has been added to distinguish the two forms of sensor. In this embodiment, the
reference environment 24a is provided by a solid state reference material which is
sealed from the sensing environment by sealing material 40, typically a glass
material. This embodiment also includes an optional counter electrode 42.
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of the active neasurenent electrode due to its
reaction with oxygen species punped to the surface of
w0 besasdiss/e measur ement el ectrode due to curr ePtT/GB2004/004122
The concentration of oxygen species at the surface of
the active neasurenent electrode is therefore
di mnished by its reaction Wi'tH t he organi c
cont am nant species present. Since little or no
conbusti(%n of the orr%;ani Cc_cont anm na occurs

t th
IndiSrelpodinant e Feirert GenBiF UM ASAtsci4e RaRsedhe cRBStant
CLFL&% Taof. RRANEE tl@&tﬁﬂﬁé%leﬁﬁééé‘ UeCh iy th;er}géa&'l frefidr ectrodes

a réflection of e concentration o ygen speci es

1Q0a, dSargo as ta minisze exersojendratedaindbe vollage sneasusingldevice 36a.
of the applicatiqgn .of the current, and.als he .
THe:volihs BRp TS B8R BRIPETLIEF 18 yGLdes Pelisin e agtive
mEBRSIrbAe eRittiodeNRNAnd tHeeretBpide lediRidR 02 and the voltage
di fference between the active and i nert measurenent

between the incrimeasuwngriralegirasia 1@z and the meferanasrelectrede 20a.
anount of oxygen consuned by the organi c contam nant
at the surface of the active neasurenent el ectrode and
ExdmpRf ore the concentration of organic contam nants in
the nonitored environnment 16. Figure 2 illustrates a
Capstsuetiamaf theQNSA a sensor, in which the reference

RéJEFEHc%' and ﬁfe%%u&eg?éﬁ}eelé&ﬁ%* %@Wig@ék&&ﬂté@él%gtr%e, were

ove, except t the s een adde
founed onguihirnblenadisewof therowygeh asrors oondurctinig electrolyte

enbodi nent ref erence enviro nt 24a.is ovi ded
(CHFTIETE BT gvalatie oot LRTHE SRRER A SRiiaTorr s vagum or
usingdornhfersiaily h0&ilsN inik BRAtirRY the AssBMbIPI saitasté.

typically a glass material. Thi's enbodi ment al so
atnnnspha@samr%pg tothe prseduee gweadnyrtbadniy manufacturarn

thi s enbodi nent the current generating neans 34a
passes the constant currents | , between the counter

A ghstightostaal 4R sistantttb ot aacuEieINd prlesstire) es fofaed Hound the
SO as to mnimze errors gt;enerated in the volt

OXHEER APIaRCeNSlCtBg siRstrotfe 1o GalaigdnERRAR AR eab oléstodes from
R G A BB R P o SR g SR rpgedures.

Depaindirgrupen heerthe lsensoristto inedwateddme heater ¢ tloatenat®aple can be
%ng tthe refer encie ?I ectrode 20a I{'rxarrpl e
added at any appropriate stage during' manufacture.

The previously described embodiments of the sensor relate to the detection of
organic contaminant species in oxygen deficient environments. Under
atmospheres containing significant levels of oxygen (partial pressures > 2.0 10"
mbar i.e. >0.1%) as may be found in the exhaust gases from internal combustion
engines, for example, oxygen is no longer needed to be pumped to the
measurement electrodes to enable the combustion reactions to take place and
thereby develop the mixed potential — the oxygen is provided via gas phase

adsorption.

However, it is widely known (Vayenas et al, Catalysis Today vol. 11 (1992) pp
303-442) that under such conditions the catalytic properties of electrodes can be
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Construction of the Sensor Reference and neasurenent
el ectrodes, and optional counter electrode, were

wo ooosmsbissr a thinble / disc of the oxygen ani oPCT/GB2004/004122

conducting electrolyte (comercially avail able from
various suppliers) by sputterjng under vacuum or using

comercially avail able "inks Gnd firi ng the assenbly
in a suitable atnosphere according to the procedure

gi ven by the ink manufacturer. A gas tight seal
OO MPRGAHANTIEE 4 ARUSRT st ek tach eldhe Glantipdes, currents
BN f oY SO OaRB G T RBlcR T | ThiE Sph Faradaic
ElelcrotherdizcahMbdifitiation af Ghemmicalr Activitytis kiewnsisthe NEMCA effect.
st andard procedures. endi ng_ . upon, how .t he sensor j
HBES e GHGBRANISHE BURPER 19 e ST aIG aredrsiba! (ie place
indh¥ c@ﬁﬂful%ﬂbh Fb&ctiinddiredHy e rdtREHAQCA4 HR_MJBAS for the

previously described enbodi ments of the sensor relate
heteragemedus comhuistion ob thearganimeentaminant shesisisdyy gas phase

OB R St Gt & S Bes 27 BigmBing BV Eiinions at the
SUHRES WiattBeTulrehitsl |, I, idifererDraté8 ofsombyistion Willestur Giving rise
t he exhaust gases frominternal conbustion engines,

tordifferenhmixed peleptjals atdhe glachioges. nbaigds in eoHEast tefhraimethod in
napl LAN
D 35/d8R SR etb i Besthfic’ o [eachifg e e B fibeq
pgtehtdls iaré enhahecdby gparatingithe elettrbdesatgliffenehtiteenperatures
adsorptjon. However, it is wdely known (Vayenas et
which '%Etfgéﬁlﬁ‘stf’saégfﬁi’w%ﬂ?a'g’iggz) pp 303-442) that under
such conditions the catalytic properties of el ectrodes

can be- 20 - nodified by punping quantities of oxygen
Theactivatioordf slee NEIME Aceftdct itareakas, theuateat eombustian ofyorganic

oqianiEar 3 SyriAdE AR ARlE massPbnghPERcfiPuGapfithgerore
reBGtéy tHeYoveralk Responae tinhe ahlifcdeaééetHe sdititditylud tivx gaRsor.

ani ons punped to the surface of the el ectrodes do not
take place in the conbustion reactions directly but

In"aMRes #7é pBieriaPaRkrénte EtweBh the active and inert measurement

electrodes will depend upon the positions of the mixed potential present on the

electrode surfaces. The mixed potential, for a particular electrode surface, arises
from the catalytic competition between the electrochemical reduction of oxygen
and the oxidation or combustion of the organic material arriving at the electrode

surface.

0, +2V, +4¢ S 20, Equation 7
CH, +(2x+y2)0, S xCO, +y/2H,O + (4x+y)e’ Equation 9

where V, is a doubly charged oxygen anion vacancy and O, is a filled oxygen
anion site in the oxygen anion conducting solid state conductor. Pumping oxygen
to the electrode surface ( the reverse of equation 7) has a number of beneficial

effects:
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het er ogeneous conbustion of the organi c contam nant
speci es by gas phase oxygen. Thus, by controlling the
w@Eashsdises of pronoting oxygen ani ons at the BUI/GBE®@®E#/004122

via the currents | and li, different rates of

conmbustion w Il occur givingzﬁise to different m xed
potentials at the electrodes.“'This is in contrast to

the net hod in DE95/ 00255 where the dissimlar

d hence .the nixed(ggtentia

_caﬁyal ggi C reactions aﬂ % ar e
Figstlvihbsepaspsdpe rate afghe somAustion seretions Qfouridng:at the electrode
sdﬂ&%ﬁihP%%f%‘%ﬁEMéA%ﬁédp %éta[ﬁc?@@étﬁ%{aﬁtes can be enhanced

practica activation of the NEMCA eftect
by adactasebup ke 1000.cThi$ resuitsusta fastesfandk prtentially bigger sensor
contam nant at the surface of the active neasurenent
régPRR$F-0de and therefore reduces the overall response
time and increases the sensitivity of the sensor. n

all cases the potential difference between the active

Segandiyéy purpingrdifienent amssnisakexygen todbp elrttigses tha dNEMCA

bR sbh3ace Arcid b Fie ke SoBiFRGYart s agfieved on
elgatrdderibithe &aetd rderidltypeice, arises fromthe
catal ytic conpetition between the el ectrochem cal

reducti on of oxygen and the oxidation or conbustion of
. o c ) _
THS S BRRSTIBNH 1f opBftlol Sthidh okfaiFIcRelS @ entical fo hat for
use ip/diyigen dékicightelgrarimentsSavedhat dolidsstatedefierience materials
oo b ST Bl R e e Y Sl st
refBAEE hititeriaTWolIA Deesirdedktastdtfined 8561t Pafiod of fiffe (
the reverse of equation 7) has a nunber of benefici al

effects:- 21 - Firstly it increases the rate of the

n 8 soffol Fialet i BREhenartn bUFefch 7)) Bemweon the
refe?@nte BlRCiratie aneeshedef taBimaagstement elettiodes @b maintain the

1000. This results in a faster and potenti al‘légﬂbi gger
paiential diffasenem betwessiegansing and riernce 9leelredgs at a fixed value,

AMPIBERdMG BOPRR didcttdife oAU thide PSd%ie sensing modes

are possible:

Firstly the active and inert measurement electrodes may be formed from
catalytically dissimilar materials. The active measurement electrode may, for
example, be formed from platinum and the inert measurement electrode from gold.
In use the current, |;, flowing between the reference electrode and the inert
measurement electrode mirrors that between the reference electrode and the
active measurement electrode, l,, and the potential difference between the two

measurement electrodes is measured.

Secondly the current I; may be a sub-unit multiple of or equal to the current, |5, and
the potential difference between the two measurement electrodes is again

measured.
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effect can be controlled and different m xed

potentials can be achieved on el ectrodes of the sane
woniosns@aks t ype. The sensor construction for opBCEGBOW4/004122

at high oxygen levels is identical to that for use in

oxygen deficient environments save that solid state

reference materials cannot bé&<use due to the

potentially high oxygen anion currents - the solid

state reference material woul d ecogg exhausted |n a

Figaly. the activriaed lnem@eaﬁume'ﬂ trle fogmeghfrom
)%ﬁﬁﬂ th
ca?é’l?gr e&c@“g%@% ?eo oangeplg I&"%;'ef&rigéasur e(rare N this case the
cuttert floodhresbétovenni theaeferem:e aod @wrt meadufdraerinelectrodes is a sub-
senS| and efereﬁ%e e ectrode

het ween tﬂ@ a a% a
iy PR PAIBe GTTeriap Bt PEMESI BTG EPacs ABd @cive measurement
elé&ﬂ;d%“ér?d tr@botbhﬁaed.ﬁé»%ﬁbs IbRIAESS OB §88siAg Blectrodes is
possible: Firstly the active and inert measurenent
agslireoteastesd.may be fornmed fromcatalytically dissimlar
materials. The active neasurenent el ectrode may, for
exanple be formed from plati numand the inert

5ﬁisfemtatmce@hé%éecdﬁtamr@éugn.fuaamevélgaaf@xygeﬁt(pamal
flowi ng between the reference el ectrode an

prejae:res e SUkeE hhar be e Jedheithird electnege qs»@tl@/é@ﬁlonﬂeted above
LSBT 15 GRS ALI S ddnt B HERTRAS e st

elédtode/corifigasaticrnispreferesd. r odes i's measured. Secondly
the current | maybe a sub-unit nultiple of or equal to
the current, | , and the potential difference between
the two neasurenent el ectrodes is again neasured.- 22
- Finally, the active and inert neasurenent el ectrodes
may be fornmed fromcatalytically simlar material s,
such as platinum for exanple. n this case the current
flowi ng between the reference and inert neasurenent
el ectrodes is a subunit multiple of the current
flowi ng between the reference and active neasurenent
el ectrodes and the potential difference between the
two sensing el ectrodes is again neasur ed.
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For operation in atnospheres containing significant

| evel s of oxygen (partial pressures > 2.0 1 nbar i.e.
wo000383615$e third el ectrode configuration |istedr/aBena/ 004122

will be preferred - for operation in oxygen deficient

environnments the first electrgde configuration is

preferred.- 23 - CLAIMS . An‘%?gani c cont am nant

nol ecul e sensor for use in a | ow oxygen concentrati on

noni tored environment, the sensor conprising an

el ectrochem cal cell conprising a solid state oxygen
CUWAIMS conductor in which oxygen anion conduction

occurs at or above a critical tenperature T an active

measurenent el ectrode fornmed on a first surface of the
pconduct oraf, o 9 9,5H a?nlhgntt MRICERIY Lar&st fglnﬁ'éeT( ﬁlpéf?d% oxygen

t he neasurene e ec e conprising nateril

cat al ysi ngprideatratiod atordtored eavirammgent, ¢he:eemsnnommnsmg an

nol ecul e to carbon dL )“‘ de and water,, an ine

ce

measur emeSIECEPChamigaLCelk cRmRLSIBg a sRlidstate; og@ppeﬂfgorbponductor
the cond Wﬁtvﬂﬁlcﬁ@k?&&%nfoﬁ IMuchiSs BeBGR Nt or ra‘ERS\/é I?:1‘9cr|t|cal

active nmeasurenen | ectrode, for exposure to

nmoni t or edegperatonedntan active measummraia@mdeeioemedma first
conprisin ter that is.catalytical ine t o the

oxi fat © orPlsiRCE;pt Bt shAugER ik Rakbien B b maidrgl SpviSnment,
refer enceth@hﬁ@éémdmefmbr&ﬁoaa congRyiniieliaesr edtalyBmg the
conductor for_ exposure to a reference environnment, the

r ef er enceoXidatian ofRN etANa corgmMivartMmaleckigtocarber diaxisle and
the dis S%ét@?'éé‘?m%gﬁﬂégéur%ﬂ%%t Pt 5 W?rﬁ ?rf]e first surface of
I ng e

controllin tenpera ure 0
cell; msahe cbaductentdjacenty ame indepehdeniafrorauthe activé
fl ovv| ng between the keferen&g el ectrode and the 8Ct ve

measur emdREARTERIENS @lecliogey I expagtte todhe dpenitied environment,
flowi ng RRYRGPidHR r&ﬁsﬁ@aestrsa@ebm%m@rma@?@ trﬂﬁfné

measur enment ectrode, thereby to control® the flux of
oxygen arﬂatbaiytlctalkymne'@ totherexidatiors of eh erganie centacninanie
and molecule, and a reference electrode formed on a second surface of
the conductor for exposure to a reference environment, the reference
electrode comprising material for catalysing the dissociative
adsorption of oxygen; means for controlling and monitoring the
temperature of the cell; means for controlling the electrical current I,
flowing between the reference electrode and the active measurement
electrode and the electrical current |; flowing between the reference
electrode and the inert measurement electrode, thereby to control the
flux of oxygen anions flowing between the reference electrode and
the active and inert measurement electrodes respectively; and
means for monitoring the potential difference between the active
measurement electrode and the inert electrode, whereby in the
absence of organic contaminant molecules the potential difference
Vsense between the active and inert measurement electrodes
assumes a base value V;, and in the presence of organic

contaminant molecules the potential difference Vgense between the
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the active and inert neasurenent el ectrodes
respectively; and neans for nonitoring the potenti al

waledobmsasse bet ween the active nmeasurenent el ep¢T/CB2004/004122

and the inert electrode, whereby in the absence of

organi ¢ contam nant nol ecul es_the potential difference

bet ween the active and inert- 4fbasurenent el ectrodes
assunmes a base value V and in the presence of organic

cont am nant nol ecul es the potential djifference V nse

bet ween t Aetivezand ingetmeasyrmen electindes asshaas a measurement

el ectr Ode§?lg§i§}1€a o dal a\ltsnhurgﬁi@%in i’r{rdai{?ealti\oe’ ofttng c%ﬂb%s'lgtré{ion of

- V being ve 0 once on of '‘organ
cont anmi nagiiganiy cariainamt esalotules présentim theonmrmitored
environment. 2. A sensor according to Claim, wherein
the acti v nent el ectrode is coated with or
formed frommaterial selected fromthe group
conprising rhenium osmum iridium ruthenium

2r hodi um Alsensouaccandingd6 IGidinuh ehereih ity activeemeasurednent
A sensor according t im2 wherein the. all
Mol ude. oRBcEroe BresatpE by Tomnes (o malerid) sefaited from the
gol d and @%g%mﬁrisir{@ ARING, 8&HRUME] iRBiUNS, erfim, rhodium,
Cains 1 1o 3, wherein the reference electrode is
for med f rpatimemeandgpallagium amdalioys ykerephe di ssoci ati on
of oxygen. 5. A sensor according to Claim4, wherein

the reference electrode is formed from pl ati num

3pal | adi una @enséh@dcordihglto @ien RowHeRs0 ehahilwgl icridew or
oxygen or any alloy thereof. 6. A sensor according to
any precedprelemants sqlestad fiomndivep gald andicepegigen
ani on conductor is selected from gadoli ni um doped
ceria and yttria stabilised zirconia. 7. A sensor
4.accor di ngA sensoryaqroedingito@nylahiGlaimeoinbe Bswherein dloeirgference

electrode is formed from material able to catalyse the dissociation of

oxygen.

5. A sensor according to Claim 4, wherein the reference electrode is
formed from platinum, palladium or other metal able to dissociatively

adsorb oxygen or any alloy thereof.

6. A sensor according to any preceding claim, wherein the solid state
oxygen anion conductor is selected from gadolinium doped ceria and

yttria stabilised zirconia.

7. A sensor according to any preceding claim, comprising a counter

electrode positioned adjacent to the reference electrode.

8. A sensor according to Claim 7, wherein the counter electrode is
formed from platinum, palladium or other metal able to dissociatively

adsorb oxygen.
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el ectrode positioned adjacent to the reference
el ectrode. . A sensor according to Caim?7, wherein

wo besosdst er el ectrode is formed from pl ati nuNPCT/GB2004/004122
pal | adium or other netal able to dissociatively adsorb
oxygen.- 25 - 9. A sensor accgrding to any preceding
claim wherein the referencé“hvironnent is a gaseous
sour ce of oxygen . A sensor according to any of

Clains 1 to wherein the referepc nvi r onnent
9. conpr | sedh Ao AcErding 16 oy BESHRA Bw%ém whegaiRdag reference

accordin o%rms %é@ué‘ @,%e xgaé{.'ate source is

selected Troma neta rreta oxXi e (optionally
Cu/ CuOor Pd/ PdO, or a netal OXIde / metal oxide

160 By prbeBORIALEoRing 1AADY o Biaims FERRcwhfer the Feterence

cont r ol | idiyir8hn{BMt cbRiprids bhsdlitedtaRy S3utes o@Bx?@éh cel |
conprises a heater and thernocoupl e arrangemen . Use

of a sensor according to any preced| ng claimfor

nltorl t he Ievel n t

T o xRt resntding to (51 Cfadlel SRAEHH S8 SolrBe is
envi r onngyglectdd frof a&héﬂ@ﬂ/ m%tm&id@écbdr_% dﬂ@tld@"?'@ PEu0 or
trace or n|c contamnants in a nonitored proces

envi ron 03, orea msdalriny metey oxide @L@&(leonally Cuz0/

providin Iﬂﬂ)electrochemcal sensor conprising a solid

state oxygen' ani on conductor in which oxygen anion

conduction occurs at or above a critical tenperature T
an active nmeasurengnt el ectrode,.fornmed OH%a first

1Zurface dY SEMROTESHAIAIRSFO ABY PEaGssing elajTs, Wherein Hiq Biaggs for
envi ronmeBhirolig JFIASHISHIRhe AbApkfAdR 6PHRdeH dinprises a

material for al ysing the oxidation of an organic
cont ani ndaeaterdretihesmpoouple morangieoydéde and wat er, an
i nert neasurenent

13. Use of a sensor according to any preceding claim for monitoring the
levels of trace organic contaminants in a low oxygen concentration

monitored process environment.

14. A method of monitoring the levels of trace organic contaminants in a
monitored process environment, the method comprising the steps of
providing an electrochemical sensor comprising a solid state oxygen
anion conductor in which oxygen anion conduction occurs at or
above a critical temperature T, an active measurement electrode
formed on a first surface of the conductor for exposure to the
monitored environment, the measurement electrode comprising
material for catalysing the oxidation of an organic contaminant
molecule to carbon dioxide and water, an inert measurement
electrode, formed on the first surface of the conductor adjacent to
and independent from the active measurement electrode, for
exposure to the monitored environment, the inert measurement

electrode comprising material that is catalytically inert to the oxidation



el ectrode, forned on the first surface of the

conduct or adjacent to and independent fromthe active
woreasos@asent el ectrode, for exposure to the noPQt/GBew4/004122

envi ronnent, the inert neasurenent el ectrode

conprising material that is alytically inert to the

oxi dation- 26 - of an organi contan1nant nol ecul e,

and a reference el ectrode.forned on a second surface

of the conductor for @%osure to referen

envi r onmedtan erganicIAAIRNANE MRlecYgean ﬁﬁ??ei?%e electrode
material ghohe &%hadrgéddm diacd SR I BhLEOR IH U RIds AR & a

oxygen; raisin e tenperature o ove t
critical remrpaceateumeon'fnenqothsreigreameedlemitade:ed)mpusmgrmaterial

| bet the ref I t d d t cti -
reasur oAl CRPBBITLIRE dsApapbiecIRaralen CLPRGs FERadRe

the refeng rﬁb?&&fl‘ﬁ@%b’l‘ﬂ@ thBQ:rl't|8§Irtbané@§t'a"r@'T?rHaSSIng an

el ectrode, thereby to control the flux of
ani ons f |aledtrigalmstrresd h betweeuﬂbeéaf@éemeeelemd and the active

and mon; (8PG et BRUERE A PRE BRI B bEREEBRMER e
active neafieRc@Blecibas bhadRe amsht hitisur@hentdlectrodslahereby to
whereby in the absence of organic contam nant

nol ecul esontiel he:fam ofaxygenfasieidowiagkatween dhe referance
and i ner g, ?o%éfgﬁ?% t%ta{rfbd%%n%é r{?%?negﬁtﬁb@e e

V and in t € presence o organi ¢ con am nan ecu
t he pot entspdctivelyf and menitdringethbeioledtial differante betv&mh the

i nert neasurenent el ectrodes assu nt )
val ue V 8cie mEasyEeroent gleriiads aafdae it sleCiRgs: Whereby in the
concent r afjs@RcO bt BF &orﬁﬁﬁﬁﬁéﬁtr}ﬁaiecﬂlé's(iﬁé'p%?erﬁfaﬁ?amétrence

in the nonitore |ronrrent 15. A nmethod accordi ng
to C ai mVidnse Imeareanrthe active andrineit angasurement elestrodes

&g g?’g‘i nlt%?gﬁglg%gag d§e§\9a ue bna%at iR tge%irggélhd'ceo& ocflgginf@ 15,
contaminant molecules the potential difference Vsense between the
active and inert measurement electrodes assumes a measurement
value Vp,, the value V, — V,, being indicative of the concentration of
organic contaminant molecules present in the monitored

environment.

15. A method according to Claim 14, wherein I, is in the range from 10nA
to 100pA.
16. A method according to Claim 14 or Claim 15, wherein the sensor is

provided with a counter electrode adjacent the reference electrode.

17. A method according to any of Claims 14 to 16, wherein the reference
environment is a gaseous source of oxygen at atmospheric pressure,

preferably atmospheric air.



provided with a counter el ectrode adjacent the

reference electrode. . A nethod according to any of
w@Eb@snss15© , wherein the reference environnent PCEGB2004/004122

gaseous source of oxygen at atnDspheric pressure,

preferably atnospheric air. _; . A nethod according

to any of Clains to , V\,herel% the reference

envi ronnent conprises a solid-state source of oxygen.

19. A net hod accordin to Claim 18, wherein the solid
18st at e sofimeethed @@PEH%@&O \a%ﬁfggquﬁlsawfo Wet Whergin the reference

coupl e (gm o‘H?ﬁ’é e@“azQaﬁHslP %g)%cggy&% net aI

oxi de / net a OXI opt1 ona
An organic cont am nant m)I ecul e sensor for use |n a

| ow o t It th :
195ansor” SRR NORAGRMIRY o CEn L arelnine Sogtels %gurce s
an oxygeébléabeqrdiﬁ%q%%félr/ rﬁétal"@)kléé‘ c@ﬁﬁﬂe(@) 88h&Y Cu / Cu_IgO or

conduction occurs at or above a critical P nperat ure

, an actPdé RdQ)sor ameelal exidetmetal qxnde:@wmet(omlqna"w@zO/
conducto é é?re exposure to the nonitored environnent,

t he measyl nt el ectrode conprising nmaterial for

catal ysing the oxidation of an organi c contam nant

nol ecul e to carbon di oxi de and water, an inert
20reas ur endROIGANe COBRMINARL MOIACHE SONSAT TOhUSE Bhalrw exygen

i ndependgnt. % 9Hbh Iﬁ? rﬁﬁ)tr%(\f SnUFGHERIRY Fﬁé%céo?ﬁﬁnsﬂ& Bn

exposure SRt enV|ronneht

measur en@lettr@ctmmbalj@elbwppnsng@nrmtygenedmcbﬂnabndsctor in which
catalytlcall i nert t the oxidation of an o [

I nit c
cont am rRMISRANIRR cRN %wnaoq%%%%%b%\reeeﬁﬂag% tefperature T,
contact x4 sa.Jéﬂﬁle%epFBmémreuéahﬂm%mscttmweeéa{m for

environnent, the re erence e ect rode conpri sing
mat eri al exmsuomtoalhpsmgutoned efiviroooient, the rmegsurptment etgictrode
oxygen; nmeans . ﬁ and nDnltorlng%the

tllrfol Li !
tenperat‘if’r"épr(‘ﬁ'ngﬁ'"éa8"31"l or Rt ine fidaln Phy preanic

el ect ri c@ntamira@imdlecule to carbon dioxide and water, an inert
measurement electrode, in contact with the conductor independent
from the active measurement electrode, for exposure to the
monitored environment, the inert measurement electrode comprising
material that is catalytically inert to the oxidation of an organic
contaminant molecule, and a reference electrode in contact with the
conductor for exposure to a reference environment, the reference
electrode comprising material for catalysing the dissociative
adsorption of oxygen; means for controlling and monitoring the
temperature of the cell; means for controlling the electrical current |,
flowing between the reference electrode and the active measurement
electrode and the electrical current |; flowing between the reference
electrode and the inert measurement electrode, thereby to control the
flux of oxygen anions flowing between the reference electrode and
the active and inert measurement electrodes respectively such that
the NEMCA effect is activated; and means for monitoring the

potential difference between the active measurement electrode and
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flowi ng between the reference el ectrode and the active
measur enent el ectrode and the electrical current

wo bososgsbet ween the reference el ectrode and tPET/GB20E/004122

measur enent el ectrode, thereby to control the flux of
oxygen anions fl ow ng betvveeg the reference el ectrode
and the active and inert mea®®renent el ectrodes
respectively such that the NEI\/[‘A effect is activated;
and nmeans for m)nltorl n&qntlal di fference

bet ween theeinsstel%tr% ﬁ@h echsenge of mgganig contarpinant
et e EfHEAEs 1SSeadiné RACBNRSHC Bofilod Bctive and iner

cont ami nant otentTal®™8i fference
bet ween tﬁws&n&mem electrmd&sr asswoss aé:rasetvahheevg aodels the

assunes a base value and in theqo f or

cont ani nBIRSEREE & QreaN'¢ ﬁ%"‘ﬁm'eﬂ'ﬂ “queﬁ?'grﬁoég '\ﬂg&?{ ence

the actiye nsertsietwasﬁ fthéf&étwmmerﬁh%%w&ﬁén@éémsa
nmeasur enent val ueé V , the value V - being indicative

of the cessumes atmeasuremang yalue ‘é@rthamaimvm roYebeings
present fnrcljlctart]l(\e/en?rhé 85necden?rré\f|' Eoor}r{)?'aémc contaminant molecules

present in the monitored environment.



