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ELECTROCHEM CAL SENSOR This invention relates to a

sensor for the detection of organic contam nants in
WO ows0x98gEN concentrati on process environnent SPCHGBROESH03370

those used in the sem conductor manufacturing

i ndustry, the use of such senters and a novel nethod

for the detection of organic contam nants in such

process environnments. The term "l ow oxygen

concentration proEtECHROCHEMGAL SENSORe under st ood

to nean a process environnment in which the parti al

pressure of oxygen is of the order of 6 nbar to 3 nbar
Tr(lé’%ie?ltlgﬁrref&*téé {08 sbRsPAbF theP@éteblidh bPBIg anﬁd%oﬁt@fnmants in low

exanpl e, the sem conductor manufacturing industry,
oxygenrqmwatﬁammpmess@thrﬁ@maﬂtﬁwphlelaétgemum@ﬁe

e AORE 7 LA B Y MEFCLAES 8 rovol

méﬂh‘ﬁdf foR RN etedfon Bf @ﬁgdnabbmtafnw@mé imgutiepedcessfenvironments.
ani ¢ contam nants can result in device_and/or

hﬁ‘q RGN OKMIPN CENCEKAION RIPCRSHEANTATHRPMG ISHiogemh ppderstood to
mggufu %.rbr%t:? gg‘u\r/'i?orﬁﬁéﬁtsin Wl 'EHel L9 é%%%%xré O &gflg{e?u |19%'F the

espo

orfeess UD€ nifarko 1mb°’anbar mwks pedcbllhom to partg@eenalllon) esul t
in device or equi pnent failure. However, if the levels
of organic contanmi nants beconme nuch hi gher than this,

Inf frleke é'BtMers%%%énddbtcS’rr HehufaRuARRY lhahst:f*: 8t @ﬁ%%ﬁﬁnt to

envi ron it 1s necessary to nonitor | evel s of
comrtrg:datha:atrmﬁmmm dheprpeeseenviranment) icwhigh, w&ferﬁeare

0 ese sitive t ont t t he
mREE RSt ake e Peblef2 ATl BRlked] fobfirotdy
erﬂm@hﬁféﬂt €ad QnABNFdNS of O@ryir@llék/eI@fonﬁQ&mmdfmnimmants can result
materials in the ppt range. However, such nonitoring

in sleyicesandioneauipment failwiet it is difficult to determ ne
an accurate value for the total organic conpounds
(TOC) present at such | ow contam nant |evels. n
Leaad of mntanmmm@ahgianmtmamnat mcthegestsapar ttitiber(ppt) toparts per
aturate ydrocar

i th
bl (BRI RBOR Bl AT B RS 10 AT TR Es B Ay g rba to
mﬁrg@abub' Adt &R @A@ﬁe*aalrrﬁé%tunsﬁ IR Sortlii ;srhehﬂ‘aqm% dpjgdver, if the

levels %f g?g;anlc contaminants 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 (CHs4) 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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various contam nation inducing reactions.|n vacuum

based process environnents, TOC | evels are often
wa@ledosomsned usi ng mass spectronetry, as a nassPCT/GB2004/003370

spectronmeter is capable of neasuring contam nation

| evel s of the order of ppt. H8wever the interpretation

of such neasurenents is often conplicated by effects

such as mass spectral overlap, nolecular fragnentation
Inaveib Uit kg sed pdoaddsezrtvironments XdnGlevelgard ofigh detarmined using

RS SR S st Bl Bl B MR
cHRaHIMA TR cYaIEb &8 dhdkd GTQJpZYSH&ﬁévé*meriﬁl%Vbl@@ﬁiod%fi dileh

make such i nstrunents ver xpensi ve. Under such

measdiaments, is ioftehsoprlice ethecis sugh asonassapegiral pivedap,

it SRR askBuelind o7 JeP R RISy {or -

contami nants in the ppt range it is necessary to fit

the gas chromatogramwi th a gas, concentrator. t shoul d.
Aljleo BRSEIRECHPMAiRIgIFaneRe U%%lﬂ PIOFEES PYiReNyaRts operating at

a . "

2 FRIHTPLOCH ABY aBfer Rufidfh YBLAG AR} SABER RaflinhSystems are
repuireds ehiohl realetsulch gigtrunyehte vanbexisensdfer érdler suab@oaditions, it
.fromthe nore harpful organic, c ounds is.Jimt
ISP SHLeEs saarhreaiPoEBIChaEBR RS & ey 2 LG eyels
pr%fggﬁﬁmﬁbrtﬁobéég 8RAFRASH NHERRVEF, & B8deraB thémifRBhtarRinants
addition, because the use of either nass spectronetric
indhe gt rahgeivis ngeegsary ta Bidhaigasahromateprasy withiangas he

TOC ltreYeIJ S present in process environnents requires
C%’b"@@i st equi pnent, they tend to be rather expensive

and are typically only used as Point of Entry (PCE)
monitors for the whole facility rather than the nore

It gbevigl bepppied 1Hat altRoYIPODRSHBRPEISPRSIPAAIRS TyRTatography are
B O i P CESENS D He e  v
proces®Holeramt ¢ghﬂby¢nﬁnﬂbpnbae@drade!nsabovée‘n®rp d¢e nidresmrmiul
OBk b BT A BRE LT FRA A RERIE e B v
of PAhASINBHYPbEArbBAS it heSHvBESE 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 (CH4) and ethane
(C2Hs), 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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t housand ppm (parts per mllion). This type of sensor
wor ks effectively within these ranges by providing a

wo pevsar9sout put signal that is directly proportPONGB2103/003370

thequantity of target gas within the nonitored
envi ronment . Al t hough these s8nsors are suitable for
nmoni toring contam nant |evels w thin anbi ent
envi ronnents, they do not |end thensel ves for
qaqmity ohtargatgas thuubwannnﬁcpﬁdrérwirpnmymwough these sensors

R (Do LSRR A 1 G SADE, 2RIl Sgufgnments, they

d¥ #6H ERAGRBH{Sehv@RSol BBpiHEYhY mrpéursgﬂﬁ@éph@ricl prodédsig
fromreduction of the active oxide content |eading to

envigpranenrtsisuchasthnee eneepliesed withisr semisenddefobpragensing

Chem [,S] L] I
o s B2 P ot BoRohbfs FESROEREE EPLAIES i st
frét icdDctiom 8fitHeoaGiveliide bestent! I%@dilﬁgptdmgmalm‘nf’d mhen@ésponse
oxygen, carbon dioxide, and hydrogen / carbon nonoxi de
afé%(sa BP@@@@E‘“W a process environnment and are descri bed
in United Kingdom patent application nunmber 0308939. 8
and GB 2, 348, 006A, GB 2, 9,933A respectively. Such
Chensaxl seasersgrmapiddihg sbhd stade breminofytes bech as oggér ahion

AR ke 2 yrapad BNl s DSe Ll monitor
IeI/QB'df gchéé}boH'oﬁ&@é@%@ﬁ&’%@eﬁ?‘@ahfdrﬂ%bﬂ@x@@'g‘és present in

el ectro For exan'p e q?as nmoni t or of
a prmswﬁaxonmmﬁ iandare descabed thUsited Kingtipre patet apalication

nfipBol HE098%,b B GR%3% 0GR Ga 218 SEMBRPBRATLL T Sy

s@ts%ir@ afd gehéelly fermastiirany @i elczroehsmicat tel bambnem\g a
The gas nonitor can be used to detect gases such

measuEMentBleeiEde; @ ieferenae @Jﬁcﬂ"é’deselﬂdp% 3piq piadg plRstrolyte of a
SLIII?'IOI nt% ?‘r‘nﬂﬁ?io%g géédJQQIQ%etnhé (15 Eg s LiBBrSdes.
chol ce or oxygen

r| ate anion.
sensors of Uni ted Ki ngdom patent applicati on nunber

0308939.8, th [ i.d I I d
e aablanthe o FontPe At BECr Sefhd Jdpids dblpcBit Rithtrode
cSftah B diiferasBIth St G b Hnidhathibis cBRbSpdisCRIAL YRS thhR

di ssocCl ati ve adsorption of oxygen and is positioned
deteclsidn asilver ien uehing seliheigte elegirahite 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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the concentration of oxygen adjacent the reference
el ectrode remains constant. Solid state oxygen anion

w@eoendoeesers (solid state el ectrol ytes) are genkCHGBR004/003370

formed from doped netal oxides such as gadolinium
doped ceria or yttria stabilirdedzirconia (YSZ). At
tenperatures below the critical tenperature for each
el ectrolyte (T ) the electrolyte material is

Zineania éﬁa\éﬁt iAigemperatargebelowribe cibioaldempeiiature for each

e gbiE (L G2 SRR R o CulrlEHEsy ipnRyatures above
TEHY éleerelyenbecsEE prodressiosipmbresbritiuctie. _
el ectrochém cal potentials generated by the reduction

of oxygen gas at both the nmeasurenent and reference

R GEA 61485 TR 87 5206 B &0 3B rorment

dgl@frm‘med ine tHeablecebtharmimal iéongangalls&ﬁﬁeé@ﬂedwméeebeﬁilg of oxygen
efined by equations 1 an el ow. Equation 1 + 2e
92s ghba ‘gﬁ 'peasier|att PP dRiBipRER Clgsiraes-al lNfeHepapggociated

with tﬁct@%UeFdlI%H etgc?n 'fe%cﬂﬁhg 5("%5'&2 eﬁ%ﬁoa% a%@fsaﬁg%t  below, the half-

equation: - E(tqlu I on ere el ectroc
célbtefactieh lat patle mlecifodat baihg defihed by eguatiome dsundedrbalow.

el ectrode respectively; E is the standard

el ectrochem cal half cell potential of the cell at

unit ( s)oagag)i vity Ris Q@gdsgas const angqhafién t he
tenperature of the cell F_I's Faraday's constant
a(Oads) aPdeat@e ) &re tH8 activities oEquadomasor bed
oxygen at the el ectrode surface and reduced oxygen
anion in the solid state ionic conductor respectivel

The elagtiochpmjcalpoirniigl peae@igdaheaeh elestrede ig gl@t@éminedy by the
NEHik 3GBatiSndi rectly proportional to

E=E® +Elni(9i5) Equation 3
2F a(0™)

where

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

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

R is the gas constant

T is the temperature of the cell

F is Faraday’s constant

a(Oags) 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, PO 2, in the
envi ronnent adj acent the el ectrode as defined by
weouwanisn? 4 bel ow. Equation 4 Since a(Q2 ) is uPCT/GB209y/003370
definition, and the activity of the adsorbed oxygen at
the electrode surface is propbrtional to the parti al
pressure of the oxygen in the environnent adjacent the
el ectrode surface (equation 4), the half cell
potential can be witten in ternms of the parti al
pressure of oxygen in the parficular environnment .
adj acent the neasuré?%mt)zégpbzeference el ectrode Equation4
respectively InR Equation 5 The potential difference V
generated across the cell is defined in terns of the
Sﬁil'c%fﬁ(fﬁg GE unfty! B)Z deghitiohehhdRAE @kl Bf B WESEHERCOXygen at the
reference and nmeasurenment el ectrodes in accordance
elactrode cauatacenist proportiGioplatd dine artidE2prgssurheafethe pxygen in the

the potentjal difference across the cell d, are the .
ol T o BB oaP SUARCEHRIPEl ] 8hdBe Al ool Potential can
b RAHENSHEBIMSE P ¢hé QAR (RESRGEI ofxygein Theparticuddree@ironment

defined above; and and the partial pressures of oxygen
adjacemdhe gneassiemenh ar rafaranceraleetrade@spegidely

respectively. Note that if both the reference and

nmeasur enent el ectrodes are exposed to the sane oxygen

partial pressure e.d. nad¥pheric | evel s of axygen,

the potenti al diffe%éﬁé@*ag;gggoqhe cell is §8¥%hoqﬁ

process environments such as the oxygen deficient

envi ronnments encountered in the manufacture of

Tl PRV (e BaS Y e BroatiPsadhBeab o rabied i Nages of the
ditiBRhcEN# 13l rRfead| bBFeﬁt@i@%%&\ﬁ@%ﬁltﬁ@t fed&Rnce! A€ mB&surement

el ectrochem cal potential at each electrode is
elgoivedereith apcordrnaewits equgiien bon, as the parti al

V=Er—-Ewm= %Ln( Poxw ) Equation 6

Poz201y

where

V is the potential difference across the cell

Ery and Eqv are the electrochemical potentials at the reference and measurement
electrodes respecitively;

R, T and F are as defined above; and

Posmy and Pozpy 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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pressure of oxygen at the measurenent el ectrode
decreases, the el ectrochem cal potential at the
woreastsnent el ect rode changes, which results PaT/GB2004/003370
formati on of a potential difference across the cell at
tenperatures above the critic@l- tenperature. The
potential difference across the cell is determ ned by
the ratio of the partial pressure of oxygen at the
less tledrethes adiatenttmucéoente elesttaded e Sirioe thealecispubemical

o e S o i S NP 0B KT

PP/ ISk BERSR Me hibaAuPBNEROEIBEL S HEERARBS, theBbdtrochemical
fromdete ning the potential difference across the

patehtial atdhevergsuréraest electrode cbanges, aviyehresiitsdn ifpe égrmation of
| o ost... sem -quant it atiyve, sensor ' .

= oBHatEr et dipealnd b 81 SEARI A B TR Al b

teHfiRdatire! MEndpbdhtiaf diffsferice @MesysR ddlids Rlets@sifed by the ratio of
environnent. n at least its preferred enbodi nent, the

therpastial preaswietaf oryaer ikt theredeignes andHagasdement efegtndes in
of - [\ Avest. ' r ' ;

oGR8l RGBT SRS eSS 2, PRl provice o

usErMeigNan didicatiomnpfi the el amound bfrexytgent freserhisica monitored

conprising an electrochem cal cell. cogprising a solid
enviEnaEBRIYAFRB eé%rﬁauwotﬁeimt%mlaiH{%E%%g%m%ﬁhe cell.

conduction occurs at or above a critical tenperature T

, a measurenment electrode fornmed on a first surface of
Howeven titkretis o ramd fox posimilar sinpiédowmoist, gesgi-quantitative sensor,

nvi.ronnent, the .neasurenent el ectrode conprisSin
whighdias 1o sersii o S ArLve gRHIc CHTRATR B AT e yped at
the iRt efadetio GRTaly thalirotBdLamlitnniegid. aln &fleasnespreferred

el ectrode formed on a second surface of the conductor

embpdigxgiisihedrresent inegrijamseeksdviadsipesminat Needr ef er ence
el ectrode conprising material for catalysing the
di ssoci ati on of oxygen to oxygen anions; neans for

A diesttaspiekt oigthanesantiibesntion progides rgresganicecarftamirant molecule
cell;: and nea controlli the electrical cu

f t
SISO SSo BN PRESGTUIBALEIAAIGRISEE SRdFenmant, e sensor
ccg‘r{a@?%ﬁg%‘ﬁsele HePYicall cdIrsmebading ﬁ%o‘ﬂ@'s@ﬂe}xyg@h GRBrE

nant nol ecul es are adsorbed onto an N
catidsstariinvdictaoxydan aniohposdottiarhecetrasilioeabave a critical

te%pee%tru?g el'c, a measurement electrode formed on a first surface of the
conductor for exposure to the monitored environment, the measurement electrode
comprising material for catalysing the dissociative adsorption of the organic
contaminant 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 dissociation of oxygen to oxygen anions;
means for controlling and monitoring the temperature of the cell; and means for
controlling the electrical current flowing between the reference and measurement
electrodes, whereby at temperatures below T, organic contaminant molecules are
adsorbed onto and dissociated at the surface of the measurement electrode
leading to the build up of carbonaceous deposits at the surface thereof, and at

temperatures above T, an electrical current is passed between the reference and
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| eading to the build up of carbonaceous deposits at

the surface thereof, and at tenperatures above T , an
web@srisenl current is passed between the ref ePENCB2004/003370

andneasur enent el ectrode thereby to control the nunber

of oxygen ani ons passing fronfthe reference el ectrode

to the nmeasurenent electrode to oxidise the

car bonaceous deposits forned at the surface thereof
measuricheert@lertadenthefemaiobamtdi the dembar ohexygeseatienspassing

t t t t d t ant
frandae reledrs,prBRpYs to e wesuismonhelgstiodt & 0a0Re 1t o
caIrBSn%@éb us dbposits 160RS ap #heaélﬂ'fa{c% tHBHR BhaaHe Wrrﬁétﬁ))n of carbon

equi riumbetween the ux of oxygen anions ( 2
diexidevi ng at the el ectrode surface and the rate of

desorption of oxygen gas ( 2(g)) fromthe el ectrode

surface according to equations 1 and 2 above. However,

INMhE AbeBHE® BRERRINC BeMaRiihantal & BrRReAuUre®T,tdiRl constant electrical
el ectrode surface they are oxidi sed (conmbust ed‘Z to,

curtar bn tie @satamabshfftel@qa aross thegelbiY calfi epitstantand isg

t € 2. ..
e AR SUITE) BSrestd 05 ho8h ") amving o
thé@l@ﬂﬁoc{e é’ur}ac@ afidéhesraté atdeSWptlodn ofrerygert Has (Opy) from the
accordance W th equation 3 abq é@g potentl al across
elefigodepyiriage pocording tpqedions g # @0 When t he

current | is applied to the cell, oxygen anions are
forced to flow fromthe reference el ectrode to the
Howager wmmtcaebenawemts depmsis ehe pressat onithe leleditwde surface they

B APARIRES RPPRRLTPR tourer BRI ikl B pTERyde R §8hs amiving a

thé@léarddénsmfac“ear tnans It Dedsiteolof Fdtichy PRNGQAMKUM
deposits are transfornmed,into carbon dioxide their

caneRbtatiemof exygarbaniensi(Ve) at thecswinses whishymegngdhaty i

n
SHUFAE S BTSRRI ASHALEARENEN, Vi, increased
rermlaeubemenwméreu’ce“ md@ean Is appliedas ¢hé oell,lexygenstrdons are forced

todPelem RIS efes piRsE0e T b b eUIeme R Apeed ahere they
reQEf \ﬁﬁﬁ Jﬁ@ Earq:@nlacé@ﬁ@déﬁééﬂsﬂ‘%rrhed ta'i‘ﬂw&@ur}%c%‘ihe‘l@éﬂﬁmng the

0, provi des an i ndication that al
admrmmpm vdglo sesudtson thentorqatibacd Cabech@lOéld@ct Asdes
cargonaceous éeposnts %re transformed into carbon dioxide their concentration
progresswely decreases to zero at the surface of the measurement electrode and
the concentration of oxygen at the surface of the measurement electrode will
increase to the constant equilibrium value determined by the flux of oxygen anions
to the electrode. The potential difference across the cell then returns to the
constant value, Vo, and provides an indication that all the carbonaceous deposits

on the surface of the electrodes have been removed.

The total amount of carbonaceous deposit formed at the surface of the
measurement electrode can be determined by measuring the total amount of
oxygen transported to the measurement electrode by the application of current I,

(which is required to oxidise all of the carbonaceous deposits) over the time 1,
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The total anmount of carbonaceous deposit fornmed at the
surface of the neasurenent el ectrode can be determ ned
whoosesssut i ng the total anmount of oxygen transpor/GBaiot©003370
t he nmeasurenent el ectrode by the application of
current | (which is required-Bo oxidise all of the
carbonaceous deposits) over the tine ttaken for the
potential difference across the cell to return fromto
taken f6i theepotrbtialrdifisyemce asfossdible asliyigeatusnifiom Ve toMe. Since the

uBHSRGEE Srct) REydRT aaioBTo AN FYSCT AL AFoH G Ejedode

1@8MhalpasBadd BNBRS RS of ehdrhe, Hiefibfd Quahtifys oxygen at
rﬁ%ctrodtggi sa%eterm' ned 8y thg term Igltp El%tgt ixg% r%azoms

transperteshishthetssifiase of dhe elecregeds deteraingdhby $hg teide of
the el ectrode requires two oxygen atons for conplete
conmbustion, the total anobunt of carbon atons oxidised
during the titrati gp phase and he ited at the
el ectrode during thg adsorption pﬁ%@@H&E?SEquation 8 4
t wll be appreciated that by controlling the tine
over which adsorption of the organic contam nants can

occur_ on .the surface of th surenent..el ectrode, th
SR RachratbitotehrpBfiePot gl Al TiREl FEP e Sish BB ehlfes two
oRffE AR PRedbinpibtedoniislesion! tHeatoRe ladtdlirg ciedrddmeatbhi¥oxidised
t" taken for the potential difference across the cel

dyingrthsplitration Rhase and/henge degogjieskatidhe aleptrode during the
aaégrpﬁ\gﬁhhggg\ké.y nonitor the |levels of organic

contam nants 1'n the process environnent in the parts

per trillion (ppt) range or |less. The sensor therefore

provides a | ow cost _alternative to the use of mass

spectronetry and gc@i chr omat ogr apkyguattort Be

determination of lofw |levels of organic inpurities in

process environnments. The reference environment may,

for exanple, be a gaseous source of oxygen at constant
It wilebs @ppréciatekl that lay vosipding theatimp aver avidel adsaptide of the

source of oéyqen,
organic contaminants can occur on the surface of the measurement electrode, the
value of the current 1, flowing between the reference and measurement electrodes
at temperature Ty and the time t, taken for the potential difference across the cell
to drop from Vy: to Vo, it is possible to titrametrically monitor the levels of organic
contaminants in the process environment in the parts per trillion (ppt) range or
less. The sensor therefore provides a low cost alternative to the use of mass
spectrometry and gas chromatography in the determination of low levels of organic

impurities in process environments.

The reference environment may, for example, be a gaseous source of oxygen at
constant pressure (such as atmospheric air) or a solid-state source of oxygen,
typically a metal / metal oxide couple such as Cu/ CuxO and Pd/ PdO or a metal

oxide /metal oxide couple such as Cu,O / CuO.
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typically a nmetal / netal oxide couple such as Cu / Cu

and Pd / PdO or a netal oxide /netal oxide couple such
wW@g00801917 CuO. The sensor is al so easy to use BOGBaW4/003370

be used at the point of use as well as the point of

entry to provide accurate inf8r-mati on about the

process environnents at all stages of the

sem conduct or fabrication process. The total |evel of
Thestasoriamso eaasio esk byd che beeussst atcthe poirdwf dse@sswell as the

e ermtefeiraiRdBlartnatan e fis, a2 Bet environments at
alf gb@%ﬁ% serhitiRBtd 96 ReEHBALrB8edd. ght organi ¢

nol ecul es present in the process environnent do not
stick to the surface of the measurenent el ectrode and

t t f . i . .
T8 Al BB R b g Bl o som-
quErRRaiId inthcatiohbf the |tieb 6t hadefubordaniecdraanhinars pfavent in the
w th other surfaces encountered. in the fabrication

priocese e8Yiremaeniundéegwrisariapinatinghlighi @reqnic Mmeleeyigs present in
raenund _
thgjﬁﬁgg%gegmyorgﬁ%ﬁe d%cfﬂo tg:'kgﬁ ﬁ@ﬁH&gg%mhe%gaga%%nyt slectrode

ecte herefore nonitor
atidaramaistheesford malaeatadh d . is Gaiyethel harhduloergahictdoataminants,

whighdiava 2 FlchvecRreh Prabatlty o e aledt e A Gsnianlfheroforo

r I I ' ' ;
9 of Bl ARGk pse) Bl e,

diestmiation #na e Hivrefarasubsegusnilyeridised ei thsdeerpsuemenid

o AL € 55 el R oTB Ry e mocauromen

cldBirbye. N addition, the organic material is preferably
efficiently adsorbed and cracked by the el ectrode
material. Furthernore, the neasurenent electrode is

cg.tgfala&logcegpi ﬁetrﬂafe@fa%@ﬁe& ib%%%@gg&% 'bRﬁ'%tr%HQ or the

rackin organi ¢ contam nants. e el ectrode
matdriai fralrs whittl it deformakdvell salise senhef ofdhe thiaemid ouganic
s u i um rutheni.u

conpri sing rheniu irj .
CORBIIARL T a8SolinAAdS siThcs Bhin earyiapientatsde i
pr‘@'ﬁ%r@%e & ofritds af cfsvaRly tABGHe ARIBRIcH 8lattiobess fothTed from

gol d and copper nay al so be used. _ _
material whose uptake of organic material proceeds with a sticking probability of or
about unity. In addition, the organic material is preferably efficiently adsorbed and
cracked by the electrode material. Furthermore, the measurement electrode is
suitably able to catalyse the dehydrogenation and cracking of organic
contaminants. Suitable electrode materials include metals selected from the
group comprising rhenium, osmium, iridium, ruthenium, rhodium, platinum and
palladium and alloys thereof. Alloys of the aforementioned materials with silver,

gold and copper may also be used.

The sensor is easily and readily manufactured using techniques known to a
person skilled in the art. Sensing, reference and optionally counter electrodes
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
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The sensor is easily and readily manufactured using

t echni ques known to a person skilled in the art.
w@emwsiong17 ref erence and optionally counter el eRCT/CBe®4/003370

can be applied to a thinble of an oxygen anion

conductor solid state el ectrol@te such as ytttria

stabilised zirconia either in the formof an ink or a

pai nt or usingtechni ques such as sputtering. The
tepemmsquag; ichads spldtaringi sPhatsedsingeiecthede isfisoletaskiramdhe

q‘}gt | onal o&%ﬁ gé{@%}r rereﬁrgﬁletv%pie éonas %)é%?@oqeﬁ%gqﬁ Seal. The

sé‘r‘\’é’ér% sORABI§ sbeWMtﬁ'he*a't@r rheaRs tREHitfol Ahe téperature of the
el ectrolyte”and neans to nonitor the voltage between

ebntrotyée@hd gnednscioroasiteriieiiedage etweere thensenshg elactrode and

1 BT B R et ekl T et e to

catal yse the dissociation of oxygen in the reference

envi ronnent, for exanple atinum The referenc
Thaveiesohemelesiade s %fén% &rme@lrﬁ%m Favatarial fhat is able to catalyse

h%%.ggoaaﬁérﬁoﬁ&waq%% iRfin@¥YQ éfrwm'rﬁémafdﬁgiawé Blatinum.

used aseous et erence Sour ce
Thé weiemglma)eﬂmeror@mtmmm%m\mmsfmmra gasemﬁsjor SO|Id state source of

oReen. [vRioely SERPaRn Al 1 e ASe Srep s TR et sy of
offb%rpénrﬂau&t&hepgweo t‘smbn%aﬁ%ecm e Svhalsiae s@mr@s of

The parti Cul ar d-state reference material s
oxygesetypigally campeise b matal opwtak oxide eavplecuebras Ga / ChieO and

P PR oL BnbRLBREE /B Aiolas peldb R R R GhETE The

padiicarar eohidisedio refesersad inabdriald ehossh \fvﬂlodmﬂsrmamethe-’o\d)peratlng
t hat exhibits oxygen ani on conduction at tenperatur

erynener thesenad anbiyRAHCHAT Bie WEilandenneraiies d, de >The solid
BB ORHSFE 4 ToRibo Ak EoRLapbl S gihap AR o o

male i) teanskiniity oxtygeh Lahor omal dionydittempesdtabsd abmrda 300°C
zirconia (YSZ), which is conmercially ayail abl e.

Swisablaygen gty coneickrs iReldde gadalinitg| daned ceria antl ytira
st%IBPESEI HirbRiaCf P]éé?g?rgﬁ 'r?l\dateﬁ %rfof‘ﬁé’é 85%hé 86lidged Ei‘)%ééi‘gamon

ment's, woun e so state electroly
cdwtecinciudeld% molbuyttria alabilissd Zireoniggd SZA, which is commercially

avalleabﬁmCOUIO' e may be used to nonitor the

A radiative heater may be used to control the temperature of the cell. Such
heaters include heating filaments, wound around the solid state electrolyte. An
electric light bulb can also be used. A thermocouple may be used to monitor the

temperature of the cell.

Currents of between 100nA and 100 pA may be used for driving oxygen anions
between the reference and measurement electrodes. Currents outside this range
can be used, depending upon the circumstances. The magnitude of the current
used to drive the oxygen anions between the reference and measurement

electrodes depends upon the surface area of the electrode and the amount of
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tenperature of the cell. Currents of between 100OnA and
100 mA may be used for driving oxygen ani ons between
wo b@snefser ence and neasurenent el ectrodes. CurPENGS2004/003370
outside this range can be used, dependi ng upon the
ci rcunstances. The nmagni tude ©if-the current used to
drive the oxygen ani ons between the reference and
nmeasur enent el ectrodes depends upon the surface area
cratkddh bydu‘oe;atbcndéemﬂitedm thesurfacethrrack e tlargeirasmnie will

oensbhjeRuL e ads el r suedehSuace A Bed laroe
@HDR?&%%&% RYddchAHRPEsEuIRY & thelApaed tA¥RPC arisensor is

eposited on the surface thereof. The sensor is
preferbblyaided instedjunctioonyitma devicevipr measyeng thee potential produced
nmeasur i ngl the potential produced across the cell. n
aqess %ensor conti nuously cycl es between an
adsorptl on node and an oxygen titration node: n the
adsor ption node, the sensor is held at a constant
Intusiep dhersansor cPAiBUOVHY eNCles hsdween eRedserrtiopamode and an

, for oxygen anion conduction within
o%;%?@[;rfaftéﬁ?po@e el ectrolyte. The T for YSzZ, for
exanple, is in the range 300 C. and the sensing

el ectrode rraterla are chosen such that the catal yti .
Inghe AsienrongNohIheRSaE RTIE B BRoNSEANt ARSI Tase, Which

|sl%%gcghng tfglrc?ﬂ%r‘éﬁﬁfagﬁfe' ‘T'C, fto?ofé mgﬁlgﬁ%ﬂﬁﬁc{ioﬁﬁﬁﬁh the solid

up of car onaceous ep03|ts on
stateeelentrblytee. Ther Tafop Y&, dunexsinepler isde the mngfxaa@%‘e Tiags and
in the r

thgehsdSne o mate i a0k hg S PO BlariAF Babil bertios of the

seisinerctrayer atof, 9@'&%@%@36%@@9&%&@@@0% dé—H?GI‘dbenate /
at tenperature, F a tinme, tads, during whic

cragk agstingte e huils tm gb@ﬁtr@oa@m% fi'\%ﬁﬂ%'fs(%bmﬁs‘surfﬁ% Fora
plgﬁ%%lé’&rcﬁ [ exdn?pl?-)u*l' all ¥ thgtr&ﬁgé' 2@'?9 8@"@609{1@% ideal case

I's pre St AD| The®dr der
ccﬁﬁpi@t@de&g’dmgenamtme!s:rmﬂnn@wﬂbod:nm?minmg; arsgjﬂacegeyer of
C%;ﬂls’ortg ntinmes. t is, however, desirable that
"of the measurement el ectrode during the
adsor ption

The sensor is held at temperature, Tags, for a time, tags, during which adsorption of
the organic contaminants occurs. The length of time, tags, is suitably between 10
and 10° seconds and is preferably of the order of 10% - 10° seconds. Greater
sensitivities can be achieved using longer adsorption times. It is, however,
desirable that saturation of the measurement electrode during the adsorption
phase is avoided as this will change the sticking / reaction probability of the
surface, typically surface coverages of < 0.5 monolayers are desirable. In the
event that saturation of the electrode occurs this can be overcome by burning the
carbonaceous deposit off of the surface of the measurement electrode and re-

adsorbing for a shorter period of time.

In the event that incomplete cracking of the hydrocarbon contaminant occurs
during the adsorption phase, complete cracking can be achieved by raising the
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phase is avoided as this will change the sticking /

reaction probability of the surface, typically surface
waeowsnages of < 0.5 nonol ayers are desirabl e. PCT/B82004/003370

event that saturation of the electrode occurs this can

be overcone by burning the cdldonaceous deposit off of

the surface of the neasurenent el ectrode and

readsorbing for a shorter period of tine. n the event
teniprature mfrﬂheasw&mao lei tegnpefratuing | mym@ba‘teb’rd)lat of the adsorption

contamn t occ uring t he dsor ti.o
teBRABKE. brincichyoclir 8 kWU O FARSRIGRalY applying a

pStBRIAMB RS Breerishe lﬁrﬁfé?WhlérPc@rﬂlﬁméé&h\éreﬁe cracking of the
|ntermad| ate that of the adsorption tenperature,

a@aufbe@h@ydrctqadwmncwspekmm@ appligationgn¥: mgyibsnzarpy The

S%%‘r%&yst ﬁ%lﬁisatg@%ﬁﬂé ngeglgg %?ﬁ%é %ﬁwéﬁ@ség engg%ﬂlm\@élﬁﬁment to

allnd EORRINS RoAVEISIGH oharmpuRcrapkéd hpdioeathomeyhiamizattao a
The sensor is held at the internedi ate tenperature for

cafbpeaceyisfienasitons threr swaae ofthe MeasureBRpt elestrode.
conversion of any uncracked hydrocarbon contam nant to
a carbonaceous deposit on the surface of the

Inrtha xygem mtraﬁblemasdnj ¢he sehéer tempgeatute ts rapidiy raieele from either

ISR AT STRTaLBo T e S TRl Bnpdra bl Rearaed
aﬁfim%rt@ﬁiﬂe‘?ath% ar t.[ hwtfich i%b%ﬂ\}ét'?c t Efﬁ?ﬂ@%iértémp)é‘ﬂaﬁlﬁ’e i’é‘ﬁnp de-

During this tenperature ranp dehydr ogenat ed
hyﬂrggamaiedmrgamlalma&ﬁerlal witlremain antthe sydacec OnchekTata gmall

e R e P B e Pampiggveen o e

setlsied eledRogylifeee, %p@ﬁéqﬂl@tg orC @rerfisof & srdafr df He0 nano-
order of 100 nanoanps to 100 m cro-anps are suitab)

y
ampado 190 éhl@;@;gmpsrﬁrgngggly\;@eﬁ c bhB Py gen peogressively combusts

rEYERIRRENS LEFLANS 88 MIREIBRE PRIty cquator
1® C(ads) + 2Q ads) CO Equation The potential of the

sensing electrode, relative to the reference
el ectrode, will tend to the equilibriumthernodynam c

val ue predi ct esloby>tIg el e equat i on Bguatori be
C(ads) + 20(ads) = CO» Equation 10

The potential of the sensing electrode, relative to the reference electrode, will tend
to the equilibrium thermodynamic value predicted by the Nernst equation 3, as the
titration reaction proceeds. When the equilibrium thermodynamic voltage Vg is
reached the oxygen titration reaction is complete. The total amount of charge that
has flowed through the cell during the titration reaction is directly proportional to
the amount of oxygen reacted. For the ideal case the amount of carbon
accumulated during the adsorption phase will be 1/4 of the total charge, as per
equations 9 and 10. The amount of carbon can be determined from the time

taken in the adsorption phase and the surface area of the sensing electrode.
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titration reaction proceeds. Wen the equilibrium
t hernodynam c voltage V is reached the oxygen
WO Raosaidson reaction i s conplete. The total anoPert/GaRo04/003370
charge that has flowed through the cell during the
titration reaction is directI\8 proportional to the
anount of oxygen reacted. For the ideal case the
anmount of carbon accunul ated during the adsorption
Weih psteniiohiethie tittadom pradeelures aihd cheicgeltansmptry are frequently used
equatiops 9 and,10. The anmount, of carbon can be
toqHpaIo HedeYoRT KRWT CrtHaIant Frediee MaRIGRgES oA dagse
prdBdsdditiaRkbpIaSLinahBaigRid phescsSans LsE rélasibiddrRcitbde processes,
potentiometric titration procedures and cyclic

moetly asimgtwatenee the swpjencanstitised of heeelventandhise elgstrons to

.of K nt ani peci i | ut | . f .
Rl B E2R500M T TR IR B2 e Pty B ornga o he
areQ¥ & elddiR chbRidd] @eAsisp beRBEStentid®klic asd ampsrdestrizs and solid
the maj or constituent of the solvent and use el ectrons

oxide el sells pehercefwiigh yiseiasly kind efiticatiigghreagienphase
el ectrochem stry is confined to the areas of
el ectrochem cal sensors, both potentionetric and
It ailpiicpsiote be appreciaiald tHatpin dentirastto dled et tiiriediic pfocedures of

tnrricgegy st eeiaetE e o dae bR of fraosafoanic
c#rg%ﬁﬂ{ﬁﬁé iﬁtﬁg&gﬁp@?a%_d 19y Risbft sBté elddi@IRENSOr

Itates t rametric determ nation of trace
organi c contam nants in the gaseous phase using a

| I I . h
ARZuigh Persestt SabButas vl bEP R e fle GfileREe and
mMBBASIEHESR et RIS Iopdlg It i Praferret! tb wspraaf elecwddé arrapgement
el ectrode arrangenent conprising a counter electro

camprieing | eavnter elpetroge iuadiiion Iaile mepayisent and re?eerence
. i hed .
oBLEALLAE BB SBUNE TR oL oot o

'S posi t1one acent
thenrefepathes tlestrobetamel inawatact wdihethe esaemy rafereneatenvéroniment as the

SRR bt B B AT e
th%ﬂ;&@@é’tr@deﬁéﬁﬁ e mebRardRéfr f86Po®. € GtHeO@erence electrode

therefore provides a constant reference environnent
therafarenpiovitestre cengant midreiice ginvisenment &P whichdba t he

neasyr enen nd..cou ectr t
g RSl pfRaiaR A balh FLCTpRSIBE AN S RS Slobihbdes and
thapdferanneasbtenii® difisrehee across the cell can be determined. The counter
electrode is preferably formed from a material, such as platinum, which catalyses

the dissociation of oxygen.

The dimensions of the top and bottom surfaces of the sensor are typically of the
order of a few square centimetres or less. The electrodes formed or deposited on
each of the surfaces are therefore dimensioned accordingly. The sensing and
counter electrodes are each typically of the order of 1cm?. The reference
electrode is usually of a lesser dimension. The electrodes are typically from about

0.1 to about 50um in thickness.
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el ectrode is preferably forned froma material, such
as platinum which catal yses the dissociation of
wo@00dems1The di nensi ons of the top and bott om BUF/GRe@8/003370
of the sensor are typically of the order of a few
square centinmetres or |ess. -THe el ectrodes formed or
deposited on each of the surfaces are therefore
di mensi oned accordi ngly. The sensing and counter
It aiilebe appesciated thaicthetsgrisontaly befuselddo analtor dhe faveds of trace
The reference el ectrode is. usual of, a less
AR RIS T BATIVATLS U] BHCRSR e0vPaTEYlS e8P 3 SaiskatRecs of the
in@ﬁhtﬁ?PHFova%brhs‘e%ffd(é‘&%rlds AfbldmSgtichiRigre Ghehiest 16Véls of trace
the sensor can be used to nonitor the levels of trace
orgagEntantaminanis ipprosess eprgeR®ENtvi ronnent s, and so a
second aspect of the invention provides the use of a
sensor as aforenentioned to nonitor |evels of trace

It ilDRYMHEr PR pHTEElaRidStha b tHY Seres ofthe fighaspdct of thevrviention can
further be appreciated that the sensor of the first

beasped in afmethedifermaniteing Hie lsyel efdimaeorgapietGrsamgiants in
| » | exal:.9f i e : ;
o BB LR ORG] XS sbhORs B AARKRGR ISP AT Lo of
mbhitsriny the idesisaofmeiceastgahicranmitarairiamis inhee maoentetad pfocess
trace organi c contam nants in noni tor.ed pro .
erufprPRATHO e, MeHoc B G AR FEPRA PVIdNg AN gpctiochemical
sdtfsBY 'cghﬁﬂis £58fd 48 %5(]/@ afRRVInJEeRih §hitth éxy&ini ghion
Sstate oxygen ani on conductor in which oxygen anion
caywhudtion iosaurscatiorebeved criling) éeraperiatirieckl atneegRiramens efpctrode

I [ .
folRBd BBl Grnres ool soeulil R Bf e¥fastro b Blp 8RR ©
erRMONHSHTE e mbASureRfsHi letstrrtd ced crapishog neaepalifer egtalysing the
material for catalysing the dissociative adsorpti oPerOf

disseciaigaadeoretion ahiNeapigants eAiRBINAA fNQleF e cpithadererence
el?%t‘fgaé Péjrﬁéagéré“é%aegen sBR5R8 bf MY EQtSuchsr thPBxSORIEGS U reference

exposur re?erence envi ronnent, the reference
erelieaniarnt etheaefereaca glavitodei aim frising atadé el ifogcathkysing the

o P 8 e R SR AP PO R, HBroce a
o SRS T ool AP R 0 odauce
orteblythosg enganic contaminant species to be adsorbed onto and dehydrogenate
at the surface of the measurement elecirode thereby leading to the build up of a
carbonaceous deposit at the surface thereof; raising the temperature of the sensor
to a value Ty above the critical temperature T, of the solid state oxygen anion
conductor and passing a current |, between the reference electrode and the
measurement electrode for a time t, taken for the potential difference across the
sensor to reach a constant value determined by the equilibrium between the flux of
oxygen anions arriving at the electrode surface and the rate of desorption of
oxygen gas from the electrode surface; and determining from the total charge (lptp)
passed through the sensor at temperature Ty the amount of carbonaceous
deposit present at the surface of the measurement electrode and therefore the

concentration of organic contaminant species present in the process environment.
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at the surface of the neasurenent el ectrode thereby
|l eading to the build up of a carbonaceous deposit at
wao b@spuwsiace thereof; raising the tenperature PET/GB2004/003370
sensor to a value T j above the critical tenperature T
of the solid state oxygen ad®on conductor and passing
a current | between the reference el ectrode and the
nmeasurenent electrode for atine t taken for the
potential difference across the sensor to reach a

PrefiSy iR SToE EhETtaRErn M nEPite bRkcrR BY YREor
exatipleasidy, anith téferenetdo tiie desampanying dfawixggein vasishf rom
the el ectrode surface; and determning fromthe total

charge (I t ) passed through the sensor at tenperature

Fighf& ] %m%‘t'r%?eéJ i PRARRIE oP' Eh@ﬁﬁf&tl sehs

surface o measur enent e e an her ébre t he
concentration of organl c cont am nant speci es present

ol R B S PR LB gt o

exanple only, with reference to the acconpanying
_drawings, in which: Figure 1 illustrates a first
Flgermadliuﬁrrattes:ﬂ\eeml%loeshtpdmtwaeo dhe yeltrge acrosgdihe cell and the

tota k8R4 Pafp Bl BR o it EP il e &1 oneni p

bet ween the voltage across the cell and the total
chaeF% Bassed theret hrough during the titration time t
The elepirocapiga! senseh efdiigdent spmprises auneaa_uremsxt elestroge 10

c@[‘@ﬁ% sRleSHd R &Sféoéllekﬁgly@ ?BSnﬁn@fﬁgO% gtt@%' d

rol'yte conprising rlumsta
stabllnsed 1Ziroom luwygﬁ;gmmon conduﬁbotubleu b&he Theaswesientelectrode

e T R S Lo S50 B any
suﬁéﬂmbﬁinﬁ’érﬂéll?‘é%hﬂe @ink? fH‘thetﬁrFa‘éé SHftfh@CeﬁfenF thdi®he

event that the nmeasurenent electrode is fornmed on the _
meagufenentetlectraes1 @ it fonmed@ntheiriageiaithe elestralyde 42 using ink,

theRER AatelEl, it bk 17EH ks Buatu’ HliBshTRRRlfigen oy the

nali®efitHEeink, hhRe PeeRueandIbodihkRet tAd tnéssremdnt elecitte 10 is
platinum Alternatively, the neasurenent el ectrode nay

formedifemdatinusin Alieraativaly. tae sieaguremant electigde 10dnay be
forfrEa i Gnly WinSERLERP BN 8BIcdb Rtalyse the dehydrogenation of a

hydrocarbon contaminant such as propylene to carbonaceous material at its
surface. In use the measurement electrode 10 is placed in contact with a

monitored environment 14.

A reference electrode 16 is formed on the opposite surface of the electrolyte 12 to
the measurement electrode 10 using similar techniques to those described above
for measurement electrode 10. In the preferred embodiment, the reference
electrode 16 is formed from platinum. Alternatively, the reference electrode 16
may be formed from any other material that is able to catalyse the dissociation of
oxygen to oxygen anions. In use, the reference electrode 16 is placed in contact

with a reference environment 18, which, in this embodiment, is a gaseous source



10

15

20

25

30

hydr ocar bon cont am nant such as propylene to
car bonaceous material at its surface. n use the

wore@sitsrent el ectrode is placed in contact w PET/&B2004/003370

nonitored environnment 14. A reference electrode 16 is
formed on the opposite surfac®ef the electrolyte 12

to the nmeasurenent el ectrode using simlar techni ques

to those descri bed above for measurenent el ectrode 10.
ohoxmrpafectcmertm wamldermmh,astatmaseherieaire theelaabdelesdl 0, 16

2l of FID oS T ok orahnn Fihiaey Savdatishdior 1o

that is able to catalyse the dissociation of oxygen to
oxygen anions. n use, the reference electrode 16 is
Tbeeeeaor is ropwntedtin ihe Bnwirorynenisade menitormshising 28NouNting

4650 45 1 B BERRED R o i SRS B e

refbenebeagéstastis 16 traadgh hise abeof yak Yibht d&als get ethid @ait is
an el ectrochem cal cell 14. The sensor is nounted in

PesrblerdoiseparEnthe m%tqm PRYFIMERY My framhvenefeignee electrode

I fyrent el ectrode is typically
1§g§pgﬁ%§&ﬁomt%e re erence eI ectrode through the use

of gas tlgEt seals 22. n this way |$ 'S p(r)]ssn ble to
5 BenSaide PARHIBHAA DPEIR enerDp FEReRHA® BScrmRl LEREdeating

the%é?fseveﬂadompﬁonmﬁs@aﬁﬁ@ducm émbqeﬁ@e%tar@éﬁﬁfé%hs%ﬂ The

for heating the sensor and for providing an indication
hedter padios tprrmaaeupleomayie, serilimtratathea aeﬁc@mtamgi/ eartridge

c I il cont ai ned
<SR e B B o o B iR
elebodes) sputtepsd omtottnets‘lt@otfdvytea;ub@eq@éntttb Qhelfcﬁﬁiart@ﬂaﬁ the

sputtered onto the el ectrol yte subsequent to the

clpgirosies shwerpnd reury the elsgialyig pwdﬁcprr%@ﬁaqumt to the isolation of
the'sﬂe%rrﬁj albetr8§é§fromh%r ?é%@ﬁ&ﬂh{ﬁ&tc hﬂtetr*é?edtﬁogi Rl *PHeOf

he sersin Fodes fromthe Tererence and counte
temrmrameeétheTSmstoermeommreel of atshidalslercontrol device 26.
controlled by a suitable control device 26. A constant
current source 28 is also provided to control the

A GBhERAt clifreMi SLirks 28 ik Beso @foeroe@qe RDhEoe! ﬂ'fed&rt'éhttfﬂﬁ\nng from
measur enent el ectrode 10. A vol tameter
the reference electrode 16 to the measurement electrode 1 O A voltammeter 30 is

also provided to measure the potential difference across the cell.

In use the sensor is cycled between an adsorption phase and a titration phase. In
the adsorption phase, the measurement electrode 10 is exposed to an
environment to be monitored, including any organic contaminants. The sensor is
held at a temperature Tags for a time tags during which any organic contaminants
are adsorbed onto and dehydrogenated at the surface of the measurement
electrode 10, resulting in the formation of carbonaceous deposits thereat. The
sensor then enters the titration phase. The temperature of the sensor is raised to
a temperature Ty; above the critical temperature T, of the electrolyte at which the
electrolyte becomes conducting. Once at temperature Ty a known current I, is
passed between the reference electrode 16 and the measurement electrode 10
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al so provided to neasure the potential difference

across the cell. n use the sensor is cycled between an
wa@admsopsion phase and a titration phase. n thePCT/GB2004/003370

adsor pti on phase, the nmeasurenent el ectrode is exposed

to an environnent to be nonitbfed, including any

organi ¢ contam nants. The sensor is held at a

tenperature T for a tine tads during which any organic
thedelata fosee oxygen adioos e passfromativs khidredce glavitosid tatthe

the surface of the measurenent.el ectrqde resyltin
meASp P B e aTe B ta by meeuis el pa eact i} the caifppacsous
dssosierforfien £ meEsfadeof thelbasireRftdt @lectitRle during the

tenperature of the sensor is raised to a tenperature T
agisyptioe phase ¢e famtearbppriiefidé.ure T of the electrol yte

at which the electrol yte becones conducting. Once at

tenperature a known current | is passed between the

Dusfg tientigatdre phassl thel fotantialt dife repas Weedas theadetids hishitored,

10t here,g% to force oxy%}en anions to pass fromthe
togetharsrtbthe tae tlRn tos theypotepial didfreancedpdeacih aconstans value,
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constant val ue, Vo, characterised by the current
thahtheeginchpping Ipfihe oxjdlative tiratipnshambegoreadhedl i ndi cat es

that sufficient oxygen has passed between the

ref erence and neasurenent el ectrodes to cause conplete

By riadauting toé tiedd talkbntitiealt thicheibesgssoudedupusits obrths @dtface of
at the surface of the neasurenent el ectrode and

the reeaswpE et glectiRdeda peridisedtit isrossiilade petermine the amount
iy . ’ _ . _
oftdgkigﬁﬁééabugﬁfeﬂb‘%ﬁ%lr Beghe s%('faggam@féd? Qiuhngﬁﬁé gas?r tign

or all the carbonaceous deposits on the sur
ptefset h8invedbherlengthtoféhe atisogion phiase dx kdowedi} is thehgpossible to

oGBS S TS B R D B o o e

el8stesddPpbPiniPhidtanSiro®ahisfiel @nRgERtrafiord BErasts 8fdtniOmaterials in
phase Is known, it is then possible to determ ne the

the peeeRSSENE@RMHceous deposit formed on the surface
of the

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 is provided by a solid state reference material which is
sealed from the sensing environment by sealing material 32, typically a glass

material. This embodiment also includes an optional counter electrode 34.

In this embodiment the current generating means 28a passes the constant current
between the counter electrode 34 and the measurement electrode 10a so as to

minimize errors generated in the voltage measuring device 30a. The voltage
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el ectrode per unit tinme and fromthis the

concentration of trace organic materials in the
w@e@sess1Envi ronnent. Figure 2 illustrates a sSECDG#2004/003370

enbodi nent of a sensor, in which the reference

nunmerals refer to the sane el¥hents as indicated

above, except that the suffix "a" has been added to

di stinguish the two forns of sensor. n this
meabuiihgrdavicetdta mehsuresdbe enliage babveen thepneasulethdni edectrode

olid, state reference erial which is sealed from

1 %@na&%fﬁﬁrwa%ﬁﬁ%qﬁn?é? seal ing material 32,

typically a glass material. This enbodi nent al so

i ncl udes an optional counter electrode 34. n this

Figntaodiillustratesithecehange: in dote the tote) anesgs passediseiegh theecell and

g Rl FAERE REL e et RRs SRS GuinTid BaSebfihion
ck@?@b&bﬁﬂtr&ﬁbr’f tieevig! t Flge [oVRSGUrV & Geslevé e t8Rachdiye passed and
vol t ageneasuri ng devi ce 30a _neasures the volta

" . e
thpdinReE UTverapsasaife Reiantial differene awrassithe ¢glke ?t can be seen
Ei i he:
e
aaress trenckll decremassifreth @ otadimual valué te aenibdimacr castarmeralue.

S e Ao S SR B e e i e
maRithdrh Q/aH}éoﬁétlefrHTn‘é%l G B5SthRoR Of B bidherdt I% Edteg I to the

across the ce t can be seen that as the
migfradgeconsiariagdde isothe tira taken foabxidatipe op etl ém catbonaceous

i f ence across I reases,froma maxi num
oeigeliE Rl e P PG e BT BRE B e aken Tor
the potential difference across the cell to change
fromthe maxi num val ue determ ned upon application of
Examaplas rent | to the cell to the nini num constant
E%@gfs the tinme taken for oxidation of all the

carbonaceous deposits fromthe surface of the
Comsisuctionmf theBdnsmtes. Exanpl es Exanple 1

nstructi,on of the Senpsor Reference nd nmeasur emegnt
RelBERIoe0 dBE MeaRTBRENb ARG R M G7C BPEAne SauTEREIaetIode, were
formed on a thimble / disc of the oxygen anion conducting electrolyte
(commercially available from various suppliers) by sputtering under vacuum or
using commercially available 'inks’ and firing the assembly in a suitable

atmosphere according to the procedure given by the ink manufacturer.

A gas tight seal (resistant to both vacuum and pressure) was formed around the
oxygen anion conducting electrolyte to isolate the measurement electrode from the
reference electrode and optional counter electrode using standard procedures.
Depending upon how the sensor is to be heated the heater / thermocouple can be

added at any appropriate stage during manufacture.
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formed on a thinble / disc of the oxygen anion

conducting electrolyte (comrercially avail able from
wo a0sous1suppl i ers) by sputtering under vacuunPOr/GB210AH03370

commercially available "inks' and firing the assenbly

in a suitable atnosphere accot@ing to the procedure

gi ven by the ink manufacturer. A gas tight sea

(resistant to both vacuum and pressure) was fornmed
Exampte2t he oxygen ani on conducting el ectrolyte to

ol at e ..t he nt, el ectrode fromthe reference

DefetbiinBHEn BBt O GrIEPeIsciA EFSeret BP3de usi ng

st andard procedures Dependi ng upon how t he sensor is

to be heated the heater/ thernocouple can be added at

Asepseppadpg |aaYSZ§ph@§tataral¢r§rqiﬁalhaam dcERtSRPre and a platinum

mEZR A A A eVl e it B8 (AT of1 R ST hving

suUrtacef d&iity Co asih G° parhb e, e sxhessdto alpeetssiigas\béitaining
a surface area (A) of lcnP, the electrgpde havin

p@wkea@@t@emnegrat%e 0 Taas B0 HA) taan O 10m@§0@9qﬁasg“@etayeaage
st]f%ﬁgﬂfgeﬁr%b%ﬁu Ve ‘g:”tf&’ &gﬁﬂloo&ﬂ’géﬁ’nﬁ%tﬂ)n dhd %BHSfugteﬂé&ro‘He is 0.1.

atine secon € average s
Tipe tyapetatung, of Ene fsensanr\gam raisedid Agpiandre sumenttlpef 2 x 10° A was
sensmeq electrode is O. The tenperatur

Passeddetasn i & SF%@ea?{EP egghrame Ie'%‘?trofF%( @)%r\g&ge passage

ofﬂﬁé%@ﬂeﬁ?fﬁ%&eﬁﬂﬁ diféRNBE GRrGRANBRAYIEPFEM to a constant value
el ectrode ri passage of the current the

of st0smY ioxer auprern@dén@é 1Q@r8@§9nd$16 Tdw fotal rcbpmjpaasead between the

rotE0S P Hind ot SR BB PR TP BB icn

COTREPONETRE theeforiatiod &f \0a® nidhdtayrd of SarBerhosdiss dmbsmn

corresponds to the formation of 0.3 nonol ayers of

aceartriicsc Wt 8adalik il i n accordance with equation .
I[titttit 1 Equation 4e Ap The total equivalent partial
pressure (nbar) of the organic contam nant (expressed
as equival ents of M:aridzt@nl at ons) Eﬁu‘éﬁbﬁ%at ed as .0 x
" nbar or .0 ppt USing Ap

The total equivalent partial pressure (mbar) of the organic contaminant (expressed
as equivalents of carbon atoms) is calculated as 1.0 x 10®mbar or 1.0 ppt using

equations 12, 13 below.

Proc= Std x3.410° Equation 12

TOC,,n=P_x10" Equation 13
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equations 12, 13 below Equation 12 | (f Equationl3

TOCCLAI M5 . An organi c contam nant nol ecul e sensor for
wWaQs@si0msa7 | ow oxygen concentration nonitored PCT/GB2004/003370

envi ronnent, the sensor conprising an el ectrochem ca

cell conprising a solid stat€2®xygen ani on conduct or

i n whi ch oxygen ani on conduction occurs at or above a

critical tenperature T , a neasurenent el ectrode

formed on a first surface of the conductor for
Cgﬁgnﬁyre to the nonitored environnent, the nmeasurenent

ode conprising material for catalysing the
di ssoci ati ve adsorption of the organic contam nant

nol ecul e, ,and a .reference el ectrode forned on, a second
Tour face o OREANIG GADETBRARGMOISGHIR Spsrdobus e s I gxvaen
envi r onmegdncehftib® nesraiteed ehoivdrmeRt, 498BEASADmprising an

material for catalysing the dissociation of oxygen to
oxygen argleelsocharaigel ¢&jl caroprisiog la snjidssiatendryigenranien conductor

the el oct PRUHpT ofrodhenER sandeiel Ba = Hlor ARk & b
and neasuegippratued 9¢l 4 adRBuramentdiscrodd BRISNEERst surface of
bel ow T , organi c contam nant npl ecul es are adsor bed

onto and BPSOHEHEI0EORXRASHIE I edBOBHOTEReYRB e Ehe
el ectrode,Lg eﬂ%rﬁ%Iéar’boﬁuddrﬁi?ﬁ@nﬁ@&?ﬁ?ﬁ@?ﬁ&@?ﬁin&the
and at tenperatur

deposits at e surface thereof,
above T ,disspdcdteet adsoapticuof tetorganjcassgaimeinhe®iedudie, and a

reference and neasurenent el ectrode there to contrql

e nunbdP EPnE B AR BRECH 234 FPHECTI A T1dhe anguctor for
el ect r odesypdstiRetd B ASTeFSHERSn\BloRFd R Ot 1RFI8hEL R cHBBe

car bonaceous deposits forned at the surface thereof

and the fosnmgiiding metedalrfobeatalysiigie dissociation of oxygen to
oxygen anions; means for controlling and monitoring the temperature

of the cell; and means for controlling the electrical current flowing
between the reference and measurement electrodes, whereby at
temperatures below T, organic contaminant molecules are adsorbed
onto and dissociated at the surface of the measurement electrode
leading to the build up of carbonaceous deposits at the surface
thereof, and at temperatures above T, an electrical current is passed
between the reference and measurement electrode thereby to control
the number of oxygen anions passing from the reference electrode to
the measurement electrode to oxidise the carbonaceous deposits

formed at the surface thereof and the formation of carbon dioxide.

2. A sensor according to Claim 1, wherein the measurement electrode
is coated with or formed from material selected from the group
comprising rhenium, osmium, iridium, ruthenium, rhodium, platinum

and palladium and alloys thereof.
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2. A sensor according to Caim, wherein the

measurenent electrode is coated with or formed from
woraioenimi7 sel ected fromthe group conpri sing rPenGBRg04/003370

osmium iridium ruthenium rhodium platinum and

pal | adi um and al | oys thereof-31-A sensor according to

Claim2, wherein the alloys include one or nore

el enents selected fromsilver, gold and copper. 4. A

3sensor acéoseatisoy accormling tof Cldinidysviierein tBe allbys #iatudenene or

B R TR N O

according to Caim4, wherein the reference el ectrode
is fornmed from platinum palladiumor other netal able
4t 0 di ssocAaenser pceisingotooupeiClaimanytod, vdereinghedgeference

he’ sor 1 aSeeapEses yame et R6RAEEDARo fafulhe A8 Soiation of

f rom gadobkygann doped ceria and yttria stabilised
zirconia. 7. A sensor according to any preceding
claim conprising a counter electrode positioned

sadj acent hq r F\%@Hﬁ%@ ShfF Y MWerein the ?%Z%%eo%lgctlrgde is

according to rern the counter &
formed friommeldatom yiatinpmh | Eadiadione or otheermatat ableabldissaziatively

di ssoci atiyely adsorb ox n. 9. A sensor according to
any pr eceaﬁg?@%cqxéfgﬁ? %ﬁ@y%ﬁﬁyttwep&fer ence environnent
i s a gaseous source of oxygen at atnospheric pressure,

preferably atnospheric air. . A sensor according to
Bany of C Aisemser aecordingdeeiny praeeding elaims evhemeinrtbe selid state

conpri ses l]d-st rce  of en, ...A sensor .
accor di ngO)?yoqs% %ﬁqﬁﬁ Pghﬁ%ﬁagfjﬁ %%%Ctggl)f'?/ gpdpliniuiny Joned geria and
sel ect ed ytiystabhiebdlzirtomat al oxi de couple (optionally

Cu/ Cu orPd / PdO, or a netal oxide /netal oxide

couple (optionally u O/
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.

9. A sensor according to any preceding claim, wherein the reference
environment is a gaseous source of oxygen at atmospheric pressure,

preferably atmospheric air.

10. A sensor according to any of Claims 1 to 8, wherein the reference

environment comprises a solid-state source of oxygen.

11. A sensor according to Claim 10, wherein the solid state source is

selected from a metal / metal oxide couple (optionally Cu / Cu,O or
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CuO . . A sensor according to any preceding claim
wherein the neans for controlling or nonitoring the
wao esoperwtur e of the cell conprises a heater aneCT/GB2004/003370
t her nocoupl e arrangenent. 13. A sensor according to
any preceding claim further22nclud|ng means for
providing a potential across the sensor. 14. Use of a
sensor according to any preceding claimfor nDn|tor|%?
t he | evelRd 6Pd) el mejaﬁcmde anetationigeteoupie toptiswally Cuz0 /
oxygen cqg&gﬂnratlon noni t ored process environnment.
A net hod nitoring the levels of trace organic
contami nants in a nonitored process environnent t he

met hod conprising the steps of providj r%
1221 ect r ocHERAPRIAT ALEAEHR (O APY iPERTRIIRG gy dWB?’éﬁ"é”b%%?@rﬁ’S for

ani on Co%ﬂ’\%ﬂ{r)\g' dat rﬂ@hﬂ:& r@(ﬁ‘\%ec@ ré’tﬂr& 8?@\%05élpc§bmpnses a

occurs at or abdve a cri erature

measur endrdated @ud thedmotouplecaroeangenientst surface of the
conductor for exposure to the nonitored environnent,
the neasurenment el ectrode conprising material for

jgatal ysi Wséﬁé’orddc%%%hg% %Ry dd eRirRf fuher ﬂfcﬁkﬁ’c!]h@ means
cont ami nant nol ecul e, and a reference el ectrode forned

on a secdatpgidiaga pstential acrorfibESENSoF. exposure to a
reference environnent, the reference el ectrode
conprising material for catalysing the dissociation of

1Q0Xygen t Qaxyie BepsbraatEording @S ang riré@edm@&laﬁrﬁrfeﬂtnomtormg the
el ectrode at a sensor tenperature T s to the nonitored

envi r onma@Yels §f trace prgantie ceniaRingRls i@ Inprexygegaansentration
cont am nqﬂ{)m{s&}gglpeﬁ Qﬁ’"%ﬂ rIqed onto and
t

dehydr ogenate a ace t he nmeasur enent
el ectrode thereby Ieadlng to the build up of a

15? ﬁgb? gﬁggq(.)gtse&}p%g 8? mog, gg&&ﬁs etvgfas oeT t}'ar}:%roergghlc con?am%ants ina
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;, a measurement electrode formed on
a first surface of the conductor for exposure to the monitored
environment, the measurement elecirode comprising material for
catalysing the dissociative adsorption of the organic contaminant
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 dissociation of
oxygen to oxygen anions; exposing the measurement electrode at a
sensor temperature Tags to the monitored environment for a time tags
to cause one or more organic contaminant species to be adsorbed
onto and dehydrogenate at the surface of the measurement
electrode thereby leading to the build up of a carbonaceous deposit
at the surface thereof; raising the temperature of the sensor to a

value Ty above the critical temperature T, of the solid state oxygen
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val ue above the critical tenperature T of the solid
st at e oxygenani on conductor and passing a current |

wheirdoeas1it he ref erence el ectrode and t he neasuPE€rsBR004/003370

el ectrode for a tine t taken for the potenti al

di fference across the sensor-4%-reach a constant val ue
determ ned by the equilibrium between the flux of

oxygen anions arriving at the el ectrode surface and

t he rat e @¥todeobepelosaNdPassipgencyrentlp beiwern the reference

char ge ( apaToaeBoa 30 BRI ALl SeRla 1'% bR ds sakgndor the
T j the assrentialadiffe@nbereerrtbedRPesdt to Raehentordftadi@lue
surface of the neasurenent el ectrode and therefore the

concent r A¢tANHEIINGHEE IV triuahPaRYReNs ihediuxofrmyseRtanions

in the progc 'rg%lm;a. '

d ai m 15, é)r?v\lg e eiﬁﬁ?{ése u sequesﬁcgﬁﬁﬁggggéﬁgfcﬁ%%@?%ﬁp& oxXygen

t he sensagad Boimctheadedimde diafaoey; ahdrdstémiiringeebmties dotdl charge

to facili e the conpl ete conversion of any_uncracked

hydr ocar t{iﬂ% &ﬁ??ﬁ%twgﬁgﬁﬂ%e ée@%r&fﬂﬁg@@@%%ﬁ@@? agpount of

the surf Wb@ﬁa&é&s’ﬁ’%ﬂé&?@%ﬁnte&t %54 0HSce 8fhe megsurement
erature o to

thereafter the tenp the sensor 1s raise

T jt. 17.elgctieddand dueyetate mige con@rdrationrof@rgamc tontaminant
wherein T_s 1S in th§. rﬁm%e from?20 to %: 18. A

nmet hod acscoglcbqsr@'etsgn 'H)} SPTYEESHEMENEM 7, wherein t

isin the range from2 to 5 seconds. . A nethod

according to Claim, whereint s is of the order of 4
1&Geconds. AMethodaeeerdingiodr@img s whaiginosuligeguest ithe
wherein isyd n : :
et hod ASbEpFRERLER Lot DL Gybranf promediate
i n the rangeafid dgid Grolitateldeman@lete’comidision at aay dinceacked
to any of %‘Iai to 2 , wherein the sensor i ,
hydrocarbon contaminant to a carbonaceous deposit on the surface
of the measurement electrode, and thereafter the temperature of the

sensor is raised to Ty

17. A method according to Claim 15 or Claim 16, wherein T,4s is in the
range from 20 to 150°C.

18. A method according to any of Claims 15 to 17, wherein t.4s is in the

range from 10? to 10° seconds.

19. A method according to Claim 18, wherein tugs is of the order of 10*
seconds.

20. A method according to any of Claims 15 to 19, wherein Ty is in the
range from 300 to 600°C.

21. A method according to any of Claims 15 to 20, wherein |, is in the

range from 10nA o 100pA.
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provided with a counter el ectrode adjacent the

reference el ectrode. 23. A nethod according to any of
w@@sestd 22, wherein the reference environnePCT/GB2@4/003370

gaseous source of oxygen at atnospheric pressure,

preferably atnospheric air. 224-A nethod according to

any of Clains to 22, wherein the reference environnent

conprises a solid-state source of oxygen. 25. A nethod

according to Caim24 wherein the solid state source

22opt 1 onal FynelIoR BeORIBY ANy hgisots & Bbrdhersin e sensor is
/et al - oxprFideRURE al@Rintanabityoddlafiate - re?e@enc% electrode.

nmet hod according to any of Cains to 25, wherein
potential is applied across the sensor.

23. A method according to any of Claims 15 to 22, wherein the reference

environment is a gaseous source of oxygen at atmospheric pressure

preferably atmospheric air.

24. A method according to any of Claims 15 to 22, wherein the reference

environment comprises a solid-state source of oxygen.

25. A method according to Claim 24 wherein the solid state source is
selected from a metal / metal oxide couple (optionally Cu / Cu»O or
Pd / PdO), or a metal oxide /metal oxide couple (optionally Cu,O /
CuO).

26. A method according to any of Claims 15 to 25, wherein a potential V;

is applied across the sensor.



