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CELL Field of the Invention The present invention relates to @

el ectroch ll's including, a first working el ectrod Lot

count er eﬁ&@gde? a second wor ki ri{g?(gl:[ﬁ ggg%@gﬂ a seconsr g(?;tlrjsﬁg/siz%s?

el ectrode, wherein the el ect F&§&d ’gﬁ t hat re ts
fromthe first counter electrode arrive at the first worki gﬂlmﬂ mmmmm and
reaction products fromthe first and second counter electr

the second working el ectrode. AlReldefdeilueifiqs 3 net hod of usi'hHg™%uch

el ectrochem cgl presenﬁ ve(?tltlolgt%faﬁzgm&écﬂgcltteht?cap&ﬂgﬁlﬁﬂﬁrﬁgta|fﬁﬂ wiikife fledhaed or

oxi di zed form of edox species wth greater 10 accuracy than can be

- obt ai nedfiks del@lte?tln:ldEh ezt n@erhﬁadnvoﬁdmgc@t:dﬁ Ot’tﬂawdnig segors epghter levirerhgvhsrdn &Sunt er
el ectr ode. Backgr ound, of the | nventi on y the
A T
concer t r glhQkh QéctBli€Ghd Ragih ¥R ISR $hetﬁaf|stragd se@ant @dnte] detodsiemotieptly at

the 15 working el ectrode. In coul o urrent fl

el ect r odéhecsaepnd evarking gleeitods 6\?%11’“’(";%& %/ ‘bmé%tr‘g USSR %er%rﬁ n’teﬁ’tl‘t‘aE Qﬁls i
passed \MaEt% Q%angotgé cShcBRARM 8f fredb&l amBxiBledforal &cd fdda)CTspc\cﬁs rmtheglleaibr
reacted at t el ectrode The current flow n passed at

;
any D mepcatacy emeke bc phigincdisperasisgpericniral G4 havipg gf‘lé@ﬁ §‘f°é?“%t“dt fogater
electroacs Ve specres to the working el ectrode. Wen a significant
concentr& 6n of electrooactive species is situated close to the 20

el ectrode and an el ectrical poﬁ@wﬂm@pﬁl@d to the el ectrode

sufficient to _el ectroche eh&si i @85 uadd ade
el ectrode/ sol JP|adt?e‘roﬁtegrcr%eégomxmls ﬁlgel %ubl%m 1‘1 héergﬁig%re trégtﬁ‘%%@ﬁ@"(‘m whi ch

di m ni shggeaWirt hoft théRondedtiatian of Seﬁﬂcab@dvaﬂptcsslﬂsmameﬂc@dl sleqitoghearicadly et thede,
where the potenti al plied to the electrode,is, s d%&ttxk@e

el ectldoactirias slseEqdss %ET“F‘E’EFFY/Qte)?”f‘ﬁrg?lé?m"ﬁr?egﬁsﬁm%c%dgﬁ géﬁrnrte Ft{; at t

el ectrodg %%Q 4 hea LR 0st glehbe glsesatwmacyrewe asmeuresf the amtmentedfeaiftqtrodvélvr: S
controll ed 25 by diffusion, the current fol ng& curve no ), i Lhg grt as
the Cott rletlttrleqmteﬁ@htheA@E@t&ﬁl??@Ofleo Thei gy W”bgn(o’t RETERTERE grr e

i nversel ythgvI ela &ﬂte % M &oh ¢ qpd ¢ o?'tfﬁﬁsfet-rhf Sheytledudsctigte Gpdcie’nb thbivedrkidgcays
with tinme as t ctroactive species that reacts at the el ctrode {?ecorres

depl et ed dtcosée.t thdmea olzaditmd gencgnEptien of| BHPIHEE |S%1°§b%ét“€£e h4e% 8§ P avel

f rom urt nd fur lgﬁﬁ&] I LBRRNAS clebiRhahRaNeSs®S. 30
’; (fgfctnl d R ﬁ] %0?13\8?%{%32% Car{O rrt_ﬁet]:ge(l:eﬁrgﬁ SO rflle eeleeCt I?O;.Ct |}61e

s pecr es adhe temetr@beet shades, at theeleetredetsolmban 1mfama@1tlilaﬂe astpét,ei eyrant flgwn shighed

cl ose to the working, eIetrode t D

current fHBWRHGS fithy tI‘Rilee et Eagyeﬂe@gr?éggt@%ﬁ%ig & ?egn% é?thglgdtﬂ} g’gg%??on
tends to %ﬁé@%stﬁe LRersencantidict td)fea@fthdeélamtomaetspams stfﬁwt:rves irstapteequelyt he
wor ki ng el'ectrode whereas the chem cal Eacti on tendg tth | easc%n{rcrﬁeed
concent r apRosRTEfng ¢dheetleEpde At feRnd ol PEET PRI HPEF ByfPa R 5
depenglent , behaVihRTthOfurieReSBows oo BFORNE &8 tHehar iy @otimaI XE@mton. tAmrﬂntmto
difficult to measure the chemical reaction kineti cs f omt[ft1 curre h
f1owi ng (s ashatiogehpasisaidprietinerslyestidcihs epare root of {ipp3F Y3 3is 2 Gurrent whic
PCT/ US02/ 31,289, F0LmE Ml fhe LEASive kibolel hraPidhltd SRRLe1dctrb &I REMAE, deﬁt;lgt@d cRbe® Of
chem cal reactions are not generally neasured el ectrochemcally except in
speci al i zed e&ppbdmﬂrsonbcmrtwg speis ihad tiozedieldpm pribertand Anthescarayite repeh &gch
equi pnent js tr@ own i ATt as a rotating ring/disc electrode. This
appar at us elegTSRAY Q%Blloglc%ﬁ e to relatively fast reaction kinetics and
requi 3@s that then elderh rt@de elaendcbetlﬁtt:aedeaanoraotahekcimmacrmmswegiet adhe gleeraget h

wel | -characteri zed | i qui d. hydr odynam cs V&
" el ect r och#fi Tetropd's %ﬁ SRABHeDFlOf g gor‘hngaéfnecg r oc em&ia%@tlé{]lthe
det er m ni RGnt frerhe QRN FlbRink @ﬂth@fele@nécﬁdiw@descn’ompiekdIThedlef:mdtnrelfcttan teadoso

.species with greater accuracy than can be obtain usi.n n trochem cal
cel | havi Hress ithegP@esbr gy %%Ho%ﬁ‘hts@rc’eélcg’éff r k”i% %&téci%F ‘%l?eeeasq‘hh

preferred cﬁéﬂ@ﬂ'rgﬁ%ﬂg§ teRHON| Qe Sl &h&ﬁ&ﬁt%@%&ﬁbch@ﬁtﬂvs spRlds hetHiostgionl N a
first enbodiment, a nethod for determ ning the concentration of a reduced

or oxB8li zdHe ftwenriependent BeheYiOts pethiesestWosPIRPSHFF degeloremaix g b gan Rt I9HEFHE ™ he
steps of : RLQYL B Brflhl aBRhIRENE R St Gt NG B thidelat MRElebAGe.

el ectrode, i FSt counter el ec a second working el ectrode and a

second counter el ectrode; selectrng the spacrng be st wor ki ng

electrode 15 and the first counter el ect¥ode-ode s m@mm mmwml mon products

fromthe first counter electrode arrive at the firs Kihg electrode

sel ecting the spacing between the first working el ectrode™and the second
counter eIectrode so that a srgnrfrcant anmount of reactron products fl 0111

o o - M r -



surface area of the second working el ectrode are substantially the sane. In
anot her aspect of the first enbodinent, the surface area of the first

wor ki ng e{,wqp‘hpgg_ﬁ]and a surface area of the second worKki ng,cell,l% Lhpgde are
di fferent, anci the step of subtracting % 35 cgfrccﬁﬁlent i ncl.udes: ggér%%;a i,ning a
| I'rs

‘ , . es:
currentt fl owraghipesaseaein thapublisheditcragie ithegatss Sfhfrigd THSHOPRE count er
el ectrode. de M Natet LEM sidcRWEdRhpBRIaIBRNsiniep&adiafitequpnienng An
el ectrod%‘eaasﬂlgat%[?gﬁ&h%%&fé%fgéﬁglCPCT/U ?12_/31289 second G unter . .
el ect r odeanpirafahdhziquigntehiss knovmenthefartofianetatng iReshsclratrgder JOS\IBPRTHY!S
el ectrode and Rl st .Gount er 1eti008: ARG ifel 1 Hie leRrodel RWoRAG dbg aween
the secoffdy #BPkF R %‘é‘t‘?g’l% E(lasE éfﬁ%%%]ﬁ(glgeglg%olnd gtglunt_gr electrode to a sane
el ecty odpn&urbaeslcaraawit wyil-ehathcwringt livmid Iydebdgnpmicsur rent f1 owi ng bet ween

the first working el ectrode ang thea fifrtgetlng&%ﬁer el ectrode and a

normal i zed current 5 flowing b wor ki ng el ectrode and the
second count en e Lehdieseal @RNEnEHubhs@ctishg sttteandectradhiened allferedsterningwi ng
between the second working el ectrode and the second.tﬁounttel_erocgllaap%lrér?gﬁfrom
t he nor méiei coaatntcaiionehe redugssi o g IBEehEER of A&edoK SREIGHEIR BIFGLI €L Pode” and t he
first counter. electrode  MheKEhM R Haligk tLnab WeRhg iasd obinir nébirofi isa
further ggﬁ’ggafnegfuggnﬁeg? idrBSt eenbodi Fnjenta,1 'fEhe figrst, vvorki]Bg e}llogct rode and the
fi r st0 couadieblelDheprettrederabodinenis epridstsedh Bepipdsielshs MIRA%H0 um or by
| ess than aboyt 20 M e Fing R @atdnRslRnangrdiiedseettided
counter el ect &%ﬁéw ?n%’r‘ljém?nlt’gsﬁe%%?%dr%fgheing%tr.ode. and the second .g.ount er

el ect r odeodl &fsepadat egtchy inmrevidddarthaothodsgeluing1the | steps By RFBFEMENEh
about 1 nm In yet apother aspect of oL EIRBRYde, atsBent &d@Ring
speci es r?&‘;?t"?fé‘elﬁlcﬁle‘iﬂ‘ﬂé%c&dmf’ a&ﬁ%r‘l’v opiH ‘%‘%ﬁ‘é’éé’ég%%?@%?s a _rr%disat_or, t he
concent r afd.Qheqhd b heoh@ sbimeeeladirote isebating tHeompmaing betvren the dirs merkingselperode

i ndi cative of the concentration of an analyte and wherei - t he
di f f d§i orand deffirstcpurer elspiredsee PAJERED Bfroglb%%%/%‘?r% g‘é%% For%‘]“%'f' Qlte e"ggng‘?#gtg%t?é is

det er m n%ﬂstav%r 'n?re CHBROLeldeBngl RS sshing NBiwRaH therfir@fwdrlisy demoéntndathe serond t he
analyte. I'n a further aspect of the first enbodi rre(&t, ft he 1eI ect rochem cal
cel |~ addidommatlegtrddach biesa st meuttetfereaition Reet gk theofod Gy

anot her aspect, & nbiigild LShe BPQGIIE ecnbe BBAIKIR: YD BeiGLiiCos Gecchd 2

second e , an el ectrochem ca is provided including a first
wor ki ng ebeking atierode find gt cowdteernte] eeghiodels? Batsie EHECARD ARPTY B1ELT P Bde

and second cqunter electrode, th i 2 i | 1 8hdg ed
f rom%tohe Rrpeusts E%‘hﬁl? SFCORY GUPFT eCE]B%: %Oe@ﬁg?l&g%ﬁg %&(t%dg‘%gg ,3%&% he fi lr)lg?ﬂg

wor ki g elregéhadathbingiapae etwbemntie fine wosdardectodaane thegfreicormeiel o e

th bout 500 25 ) and t he, d ' I e Q) th
Second QoS BIER ATt HOA KAk AR Ga0 e T GO RaaRRaF ot T e

second enfodioBENelectifiettei fokhtinarkha gire|vasking hiecrodt duble tifat tist ragoof eleptro-

el ectrode and/or the second working el ectrode a(gd t he sfegond 'Co'uﬁtfﬁ.{sion

el ect r odeoxifasion af thagedyprsl Tariperrrdsetrareduption; of the iidierd formel 1ac PEHeS 1§ HHAFI%n. 30

I'n any he%f)n%%ﬁ)n%? Eelggtﬁn he SRAANDreRDQLLAR ink N chrbdeSducivakihB gate be eletesle and
|

t he second working el éctrode are of substantially corrersﬁgondi ng. ar In a

. a,
further aspdationof thehmelusaicion ogitstdireiugtion efifee etidigadripaneincpeciees |d1f§‘tﬂ°flher

includes a separate referenc 5k b bR M&hdanptiletledRiehd ffe debshd
second en%%%‘f)ﬁeéihtsfﬁaﬁtglgeii g‘(‘:r%e?toghgﬁ‘l&ca Cell” TRy be a hol | ow 35 )
el ect r ochestneatlectedde frofhecueatclavoushestivesal the Bist werking iglegieoda and e disgticowntete |

vol ume of ellegusosde,twmae?eb% 'a%on‘ected current is obtained; and obtaining from the corrected current a value

30  indicative of the concentration of the reduced form or the oxidized form of the species.
In one aspect of the first embodiment, the surface area of the first working electrode and a
. surface area of the second working electrode are substantially the same.
In another aspect of the first embodiment, the surface area of the first working electrode
and a surface area of the second working electrode are different, and the step of subtracting a
35  current includes: determining a current flowing between the first working electrode and the first

counter electrode; determining a current flowing between the second working electrode and the

2.



mcroliters. -3 WD 03/32.111 PCT/US02/ 31289 In a third enbodi nent, an

apparatus for determ ning the concerntration of a redox species in an

el ectrochgy @ak.Ge! ! is provided including: an el ect rochelg'brm} 0 91I2 o having

a first working electrode, a first counter el eitroﬂ?e, % se.lc.on%w%r 1ng

el ect r odSEORH oSMER ElSHEPIEiMMEZINg TR TSRO RYSeR M YHNPRSIECRE 23T 1 st

wor ki ng ekt Qdftel SeSGRAE KU e Qitrdnd Bowing SEtweOLNE edcofd @oHuRMEechyde @8shd t han

500 umthe first working electrode is spaced fromthe second counter,

el ect r odesetopd gomeer teteaiioB00 ausrme SHgredsSUdIce G ickd f GOz Get ovePAced

fromthe b%R\gegpoheCﬁHp%l} cix?% %%Et('&gegp}fhenms? AR AQ0oEl i 2 BARSidObuARP! Yi ng

an electric potential difference between the first working el ectrode and

" the fisrstflavanpieevece iactecadievorsimng clvetzads ahdthe spohy comptes slestredst pidsubiAcEng i al

di fference between the second rKi r . 0, g

el ectr odetﬁe T?i‘]’}gﬁze ncémﬁlétp@%"i’m%ib \é\%)vﬁ%n @%is%ﬁgtﬁgg@?%glﬁg?&dtg ﬁ‘lg§ ggeg%?‘é{?’u‘?%&% be a

" gl ucose nredcabde thdm ahd painbhzed hoeit fewing tatweeh elot firscwetringadiectedel and shpfitsyi ded

including a first vvorEi nl% el ect rqczde‘ a f ibrst counter electrode, and a second

wor ki ng eloBRETegEode, KRerehY ORI dt ¥¢4PEde bei ng spaced fromthe first

counter el ect rigdeuhr h9ss ot i MirabRAbddihaE) th fitst workling blectsele amtthebrskcaugter

el ectrode being spaced fromthe first counter el ect rq}%s b m)rgnt han gbout
LR Ehe

500 Vilm dstpde se permidedehiblses Heheboua Wethod PoFssdite Hhehe second
concentragi on, Qe dreeagﬁ%dse&fnd(%ﬁxrgér%ﬁgn‘édg oMRf firdt WRRAY cRPese @8d hs sedoayi ded,
the met hod i neludi ng the steps of: providing an el ectrochem cal cell

i ncl udi ngeeantti dlestrogduoark bapgrateld d mogectban ahow G ey ordly éear? B 2bodhlma second
wor ki ng el ectrode; select ] . i _ Q&b S 2WREKIRIWN

el ectrode and Hgfa%ﬁlﬁ aeSPéCg?fe%l ?ibsgge{ﬁgog&%ﬁg?{e\r/%%}gts?onsgraé’dugt s fromt ﬁg
count er efheeddoosiecias tsiaweedidtort the chricestativoikhnrpdeded ot pxidieed formof @ mgdiatopo

redox, species, wherein at |least.a useful fractiaon_ of r :1.es
i1 B |y paeai o e Tt v engyand HatEhedkallie biche GRARG RATLES
been redugmd: REuRY bl bzade@iorh e ths eanthr Walckarmgie@hecpreadsy tafhpdytemgnaion
electric potential difference between the first working el ectrode and the
count er epidht operatratien A e gYhe potential of the first working el ectrode
such that the patgQf a%e%fﬁl%‘fir@c@nﬂ@(ﬁih@lﬂ, 0 el chadbtt @6l SdanBhaly includes a

el ectro-reduction of the oxidized formot the species is diffusion 25

cont r ol | estpeteteesierendersépciodeur rent f1 owi ng between the first working

el ectsode and I - : Lol current a val ue
i ndi c%(?i ve of H}'gt %gﬁ{(%}eﬁ) ?"Zt" f@%h%? %%gﬁgnfe?gﬁggzgytg g]ra?nﬁ)grg]ut&%g oxi di zed form
of the speci esln 4 secomk eabpimentodn tibaroflieidal eetbscirpagad ingluding pefivet werkimgof
the first rking. el ectrode. and r : r i hg

el cct r ode” BB LR SaET a1 Pie? e Vi BolRePhnd P REQI kb Ime,
enbodi mentisst Rorking kRcRoR e g @pactforh thie Sitst vamicr nigeteldeby keetharaboat 8dpmate ar ea
of the segond worKkin | ectrode are substantially djfferent. In i Xt.h
embodi nentst 3’0%1%%‘3’%?%? g?i‘é% Wﬁ?dﬁ’{r%‘bﬁ’t‘eﬁ&c"% R reéetc{‘%‘%eba'f m%wrﬂéa&ﬁ%% %)tp

oxi di zed Q¢ Rdothe 8edoREOXIGRNEAE@SA Beiftf Pudedethm tHi@edrall Roschtérntkuctieny hbe
steps of: providing an electrochem cal cell including a first working

el ect r ode thag2Be¥Rd'™hor ki ng el ectrode, and a counter 35 el ectrode;

sel ecting the g§pagiBLk-PEWESR ot Enoliiitht, WRMirkiNGhrBhe elebRie aAd he @ cE@HHE! er
el ectrode so that reaction products fromthe counter electrode arrive at

the first elagrdds aed/er detseavte wosldhg elediiode eiothe peconfycogugrRdzinede PCciyg0me31289
spacing b seecond. i ectrode and the counter el ectrode so
that a si g%oﬁ\%?@aakgﬁfn%%w% {oﬁ% tltfglrlf products fromthe counter el ectrode
do noBOarrive &tanolier sweand thwsekomdenblodiotento the; {irstippiriving gleamods | apé thei sscond
potential differe he second.. wor ki ng el ectrode and the counter
" el ect rodeW\Rﬂ‘énrgee%eﬁgg%ea?gé%%ﬁ%an\t}@? ?OHESpg?del%Jriggde i s substantially charged and
wher eby 5 surf &cefugtheuppes at thecaendrabsibett.aht elatttoghangpgdicelt @uther indledaswapt i ng
.the circuit bet ween tge s§cond wor ki ng el ectrode and the counter el ectrode
before a STPGRIFFESAT® GFJGRY of the species is reacted at the second working
el ectrode appl ¥ g aothet lagRtt dfheRE@O bmbddidérftf the dot@clpedivie edll hiebefd filow
wor Ki ng el ectrode and_ the counter electrode.; s%#eecti ng the pggnti al_ of
the fPPst clpaFachsigiead|calt FBRglectipehentitpheelt 438 havh 2 Brecyeset Malugkiog 5 BAn df t he
reduced fQ@tsel ectro-reduction of the oxidized formof the 10 species is
di ffusion controlled; detei-determning a current flow ng between the first
wor ki ng el ectrode and the counter el ectrode and obtaining fromthe current
a value indicative of the concentration of the reduced formor the oxidized
formof the species. In a seventh enbodi nent, a nethod for determning the
concentration of a reduced or oxidized formof a redox species is provided,
the nethod including the steps of: providing an 15 el ectrochem cal cell
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20 el ectrode applying an electric potential difference between the second
wor ki ng el ectrode and the counter el ectrode and between the first working
el ectrod%qg the, counter el ectrode, whereby the second W?,%li. d%g ?12§&tr0de

and first vvorf<| ng el ectrode are subs tiall har face
group reacti dpg tBiré cEpeimgit fi“a"’er@'atB%&?bB%tF@BmX? € CIQEWB?Q g \t(me CI e e&lié'té

bet ween fhe e?e%ﬁ@ﬁgm‘{@f King &&ﬁ&wlmu@n% teRerrpeticalr ceﬂllﬁoitng @Cf&stb\edlhmg a
significant anount the species is reacted at_ 25 the second V\% Eg

el ect r odgectagp Iayﬁmtgccantee Fleetradice preerdnvarking flecredeetide BEP RN e T O et

working e 'eCt r 861y Qd&d =Rl eeliifGoli® crRek@Riyabssof the
first vvo? 5”%8;3 11&tei’hrag gr}‘sﬁls}c Dlhggle&-{?e rsaét%e of el ect rlo 8)(1I dz;:tl on of the

~ reducged fhex 500qIm ahefitst Wemcea@muma idpadeh dropxtheleeewl! Gagnias DectipfrYSPREIRE | s

di ffusi on cont roI ermn current fl AT iy hste

wor ki ng &4 e*é‘tlar@dél%ﬁaortqi‘gmi‘ r’Fllle(SE §I’Se%}a?ec§1d§é0m tﬁ)\é\ée&g}d%?{r]u ng fcégﬁr%h tyhe current
" a val ue inadlise@tiny:emedns tfoe ap@ﬂﬁgﬁh reaaetctrmnpdméntlsndtff@e:npe baweadthe dirsh derkitie

oxi di zed form of the species, scriptio S e 1
shows a eledrpde Q@%fhe(fhﬂs@ﬁ@?{aﬁl?ﬁogﬁ’ﬁ a& mMEAng é)%é?ﬁ %na%:]ectrl ﬁ“@%}%gl ?15%1%11'&:

preferr eget%@@ﬁqgé er‘é‘&Hd vs\MlIclh BleSifdde gfhahésé&frﬂa:emttrrhl@np@r all el and opposed
configuration. Figure 2 shows a cr 0ss-section schematic of

el ecfifocheni chl oncabiectsy tigf thizd ﬁ‘?ﬂéﬂldé’f‘qnba‘e%p%%%‘af‘%erﬂ gl’s}ﬁots%lmétflect rodes in a
si de-by-si de nf %{ Qr%nb&jnm San R ERLARZ AL iP H&QZHC&B&@& et avotlae
Descri ption o erre Enbodl ment The fol descri t| on angl
exanpl es elebtlddlsta’ atse caurpmeﬂmtrp@d aigsirh SR$PRAE FYOTIGTE %IPR{IOB‘?’ o ffst WPF\fE’ﬁﬁ 15O
detail. Those of a r RenR sedoBd RISABKOUS
vari ati o;ggm%lﬁﬁc?fb%?‘? R ’i“lStoCr?émtS &% }9%'] ]%ynl\t}%ﬁt? igir(;énb%tg th%dtoqlél?ea encosrrgassed bg[; its
scope. Aokl Beihy spadel ﬁl@ﬁmelfmucmmtemlee&cale py efoer thapbepid@dilent shoul d not
be deened to |limt the scope of L nvent desif abl e
when ldsi ng el & théﬁibeg‘F@Btelal g‘etg%d g St enm a glgs&é)ﬁgegpéﬁofjg@y i hgdudet ection

and quanti fii£aksaNo0f ralalyées it @robﬂe@hheniemodemmmgvme ytepoof: poelrg mmt i ons
of the analyte. One of the limtations of the prior arcﬁ i n dete @twonlg%%ow

concent r atecisrrbemical-asl nrhidinge eV asEng Hertole AERIEerHecERt S NG J1oFe

masking the, cur Eeq&ttmgthel éﬂ;&’ﬁgeﬁétweeg'(?ﬁeﬁl@tf wBﬁRﬁ@%lé&ﬂMn@dh@Wuﬁt&nélSchﬂﬁe asise
fromthe capacitive tharging current of the el ectrode and el ctrl C noi se

pi cked uphdt lr&anmctlm0®mﬁ| fram fhe repuntef lscinde predd the B8 o ORERg glectoge: Brvy ?‘%ﬁ
towargds a_ method 1 \i«ghere% 0 IPAsFé DQad R&Ge g‘f fhb @dBk SHRcied mﬁﬁﬁ? ﬁle&kﬂhf ihetsdhitién t he

overdll <FYRares nproved detection of the analyte. As is known
i n the prabove tad $ecoml \e@kmg(dEstrodq has Geworedicet lar @edlé¢de€t§ﬁ1}eéa@llé}lvéﬂ(ﬂ}g§éﬂ9€ﬂ4€cal

cell can be osi tioned such th L Ki Eodnfcem
t he count®PY geall?t %IS‘EPéC Pgt:léatt‘all er%ﬁ%%im%?%g}%? P%n%h{l%?e&st%g% %{s?({lj??] QOJI{?

product s gdcabdie selettitehe GoRafidl afehd ﬁﬂCtWooltingjlefef:mmte quch tlee theoraiei «rfgele¢t@ct rode
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30 In another aspect of the fifth embodiment, a surface area of the first working electrode and
a surface area of the second working electrode are substantially different.

In a sixth embodiment, a method for determining the concentration of a reduced or
oxidized form of a redox species is provided, the method including the steps of: providing an
electrochemical cell including a first working electrode, a second working electrode, and a counter

35 electrode; selecting the spacing between the first working electrode and the counter electrode so

that reaction products from the counter electrode arrive at the first working electrode; selecting the

-4



counter electrode by at least a millineter. In the non-isol ated
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Figure 2 shows a cross-section schematic of an electrochemical cell 50 of a preferred

35  embodiment with electrodes in a side-by-side configuration.



met hod as described below, then it is preferred to maintain the spacer
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be applied to the layers of electrically resistive material 20, 22, 24, 2G
in any suitable pattern, for exanple, apattern that only partially covers
the electrically resistive layer 20, 22, 24, or 2G 5 Once the electrically
conductive materials are coated on or otherw se adhered to the
corresponding electrically resistive layers 20, 22, 24, or 26, the covered
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15 where sinplification of fabrication is desired. However, in other
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illustrated) maintains the separation of the electrodes 52, 54, 56, 58 from layer 64, thereby
providing a sample reservoir 66 in the electrochemical cell 50. The distance between the closest
edges of electrode 52 and electrode 54 is less than 500 wun, preferably less than about 450, 400,
35 350, 300, or 250 pm, more preferably less than about 200, 150, or 100 pm, and most preferably
less than about 90, 80, 70, 60, 50, 40, 30, 25, 20, 15, 10, 5 or 1 pm. The separation between the
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preferred %émé D &%%%le’eleEig@deé‘gEglgd yﬁeonclg}%i 041 s{égd gﬂa#g%gc%%%%%g%net e

electrode | ayers erre I nent the’overall
shape of bdtk ocﬁdad&todacﬁ.sm:ﬂ@enaydzeaﬂaced msla?ﬁ 6Armd6291steed of }ayulﬁar If drdwenceat

ot her shapes uar rect angul ar ol ygonal a

o 1 psor dbrtoges”52 G RF ar padt B fusro¥ G Y ey BT p L Bb e pced
enbod2ore nmﬁm{m@ SReond telt aetshatiey heeadeh Ag chcﬁé’s@ Edg‘l:Q oﬂé’urﬂ&:slcﬁ elebedlesBAHIEd ON
t he opposite side of the spacer, also extending over the aperture, so as to

forma secdRImHERMANGEHY lessEpaé’cftor‘)dﬁ’é@%f?aléh&s%ﬁ‘a‘éﬁ@uﬁ gof 4491 300530 0P 0D t han

about 500,dra gpRfably 106 efar881:10b 8136, drham pAbA R yefAQ@y 1398an 30 90980,250
pm apart, m)reé&)referabl t¥(h| ess than about 200, 15 100 um apart, and

most pr ef &9 §0:1495 30, 23. £hdd. Abcuer opm. gp anather %}3’081519“ Ap addigonabiyerAgot 15,

10, 5 or mugtmate%i%e;%@si oRAREEL 64, SnPbnel NYLE ISP eleirddB S am axmﬁgsi Ry bd ?H%ﬁq to
enter the cell 10." Such an ingress can be provided by formng 2 o al ong

one edye of thehddidengl lexer. whi ch ext ends through the el ectrode bearing | ayers
48 and 49F?J1Qatﬁ§%t$j&§mcﬂ_!fg aq:tgﬁ:t rode bearing |ayers 48 and 49 are povi ded
wi th conn ectrodes to be placed in a measuring
circuit. 20 AsThd blhculmehmmczbgeiil plckribipn entbedigients Imedispcmakﬂdmudaaldsx,gnddhtel tdhni ques
descri bed ove for falg‘ e ectro hem, cal illustrated in
i gur e 1 FRGCSPHEHTE R E T ra P RAT e e Goteh TP g b [abied using
i |1 ustrat edthiols dninatrte thbse disclosed in U.S. 5,942,102. In one method of a preferred embodiment
30  for preparing an electrochemical cell 10 as illustrated in Figure 1, the layers of electrically resistive
material 20, 22, 24, or 26 are polyester sheets having a sputter coating of palladium as the
electrically conductive layer 12, 14, 16, or 18, the portion remaining exposed after fabrication
forming the electrodes 32, 34, 36, or 38.
As will be recognized by one skilled in the art, the layers of electrically conductive
35  material 12, 14, 16, 18 and layers of electrically resistive material 20, 22, 24, 26 may be

independently selected as desired, for example, for ease of fabrication, for reducing materials costs,
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Chem cals for- use in the cell, such as redox reagents, |ysing agents,
buffers, inert salts, and other substances, may be supported on the cell
THGHE (v i T o i 2
supporteclo1 to act)ﬁeve %Fl Cf%S]faecetartolges ot e }1 {Hca ﬂe‘?n})ca s 1matys‘:"li)eea psrogd by
use of appddndmatly esnhdbeieh maq:rmelslz\/m I16kr&mry lber’applhé tarHe layeuodf ekstr uc:nly Tpedtive

O avur 6 PRRT A0, Bk 26 e By fos SRR PRBborr e Thay FEP uae.

but are n@dctdidali tefidhideQaye®BRe 24, ¥BWOVeEn sheets, fibrous fillers
macr opor ous nenbranes, and sintered 30 powders. The chem cals for, us

“the cell may b@“%eutbﬁﬁkf‘é‘ﬁa Bnc%‘rd“?fﬁﬁtr%tﬂé‘&? %P PFeA A1 < sy vise phegedsiog Er r ed
enbodi mn&megﬂb‘ﬁdlﬂé @ltaﬁﬁ(faﬁgjl@é‘?stu% 10948 20122 M4 of *Beth@%b‘beréislay@tl. 40,32 nlah@en be
materials fromwhfch the cell is constructed axe in a form amenable to nass
" product i cathergfidh ¢aaleotber! th §omh@mé@|hvé%bear@ e HEnbdthe GlﬁCtEPCh‘FYWQ’%lée]éR%%E‘FlPrent
then di Spﬁs%ger (jla éA‘ zﬁlrl i3 Bgée{fl c%@nl:rLd 1? {}evfﬂhfl\% #)t%dubt[fk%xlgﬁé?%%\é Jaé‘éi'ﬂtgﬁk to
produce t t¢ 1% econom ca e on or a l'e te 55

di sposabl ﬁecﬂl@daﬂly |r<slsovrae1aydnaﬁ onagnccednabenﬂza nEévgred ﬂﬂyyrsme and 6l arfedrke‘alss ﬁd’ng:leé

t est é e‘gﬁ ? .as, - er WO 03/ 032411 1 PCT/ US02/ 31289 washi ng
and/ or rega‘? © ﬁlrﬁ Y need to be taken to process the cell after
a single use tm prefected eﬂnbocﬁmbﬁtabdaaouﬁsoraycas subseqlienty besedhefedomsingi < alifayle
acceptable_in this context nmeans t&at th er cel. veﬂ% gl ue of the rest] ,It of
the test 1deiife duiplejadngstigs dgpde graé*ar e%tﬁa‘ﬁvaf AARELYeS OfreHE SRBHVe
purchase AMEWSe hedi NBre@ehdheRW:C RRSEIcaly PEISE 1 RERG, 36T nRHt Echl@sr(i&SthotOﬂow
suppl ying the cell to the user plus an appropri ate narl : up. For many

appl i cat i shssivesedidgheisei Reespust sempities yahpsives meatPedferaadgorcess i caiigtn aphepiments

| RO ] L ORPrRESRAEN 3 PLALR L AL ERT LEKANDLiE btl]tepgn1§cld%ﬁ£r{t9§1§ HERhELI 2l s of
t he | s may |nex ensive, such as car e present

suf fici enpde;su&rmhdrtwaram\mtvss mubcrwsulhmtfatewpxmswrgmmmtlgrqr al csluctagclxb)QSSprIleﬁlehr ed.
S e B LA PP Ry el i BN SRRy phi g

desi red t e tsa-aeliact ramﬁl&atrairar adabsves Udtichecan pd @i enikmly paivlaadnum: a}gmipdateor
iridium nethods with better material utilization, such as sputtering or
evaporat i U@evapor coating, are preferred as they may yield extrenely thin
filmpo The subsi tadal dRHoamheatss itf By bhgredireRas akd € hoehleR Ab&ivel sQ Wt efeRr abl y
i nexpensi ve. Exanples of such inexpensive materials are polymers such as

pol yvi nyl ¢Hegrs §a solyet-fieathganopastimateds! thhis seliskat é@npﬁﬁl@r@meﬁﬁdlsapéhrddsoar d.
Cel | asseqfliy AREL ROASR:G0 WhRhE! RRLYs FEBRNAOLEL L e e Sul bedW G initing THGE ©
nmet hods i nclude fabricating multiple cells on car and separati ng the card
i nto i ndi @pduelt a@t:wepsreslu%blékqwlewarte@' aflekenpietiies oammewfyteétplg,pomnd Thehot
fabricati Qﬁglt\ﬁ@l%@ﬁe S 1? rlesfofi{ gﬂ ﬁ»&’ov%ﬂn@te{f N OSH A%er WP owX@?'s%ﬂnbxf
subsequent 1y separate into |n dal strip rd processes are nos
sui t afl e wheny 20hec| wEebles gai.al Pcrlwtestrroatmdn adifes1m| iap| & fpeditrtedefori @rtaiesi r ed
for the fabrigcation, andfo if subs at g rrat
preferr edem?/%lt?)memsozheu Cgeéshezséllr’ égn?r‘r’)aﬂ blg i{’lt ‘3‘61“816\/\%%?1 ORI LY \%‘glet@ @f‘? &Fi on
of feat ur Bseai Satm@rcd aslyeter ﬂmtahltmdnb’itﬁrgmqém@ IS frEmyGSB@ uprt&fZE(D"DE‘ﬁrd rénge
conveni ené sin se f qr thﬁgg %@rre cell is desi ra&ng so that users
are not t&RpPte8 plteﬁ KRR ’8”?@ frmarrawa%rlBrdﬁ( Pof medt 3dhesivetr at e
test resulito awliRBk &rdas Bostk, tks zQEU be PRYerRE, %@u&h@tb%ﬂ‘l 61H16H§§&1 ah@v\zfoh'-@}ﬂeons
acconpanying the cell. Mre referabI}b/ in certaln enbodi nents ere

&s1

si ngl¥ useelyamidearieaibise $Hiebiediof mekyadbesieathemistiics dnclide EXharolyssivisge.tand cel |
more than,QpGaenisedi fficult or not possible. This may be acconplished, for
" exanpl e, %y |ncI uding reagents that are washed away or consuned during the
first test andAdenaipvelyndt euUwettbiragmbodingentseit onay besurefem¢d ¢ niag ilangihationt he

. signal of teglg-ﬁ%\.fegﬁe Ry cQ‘?ang ga@g?sn% etltre(?r érpg 1¢ rl'u?lFlt?on Egﬁ.\wﬁu%g qeenhsscll brzedtnqe

cell have rea react e such as an abnornma it ignal ,
and the tetsxentabg)rametdatlom&n hide. (96 AA0 ifikcll Qclatsr pﬁ,omwramg @tlt}ma‘l‘ISan’ﬁﬁhltes of

br eakééq 9 gsyn rtngtlrig ﬂem%%g&gc thg ﬂ?er!s B beqaemlﬁg't!a arf;Jl {)ltaceerd atdjgceent oreségh otﬁesrtané Qea%Jl ISC el

applied, whereby a bond between the layers is formed. Pressure may also be applied to aid in
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has been conpleted. The El ectrodes In a preferred enbodi nent wherein the
el ectrochem cal cell detects the presence and/or 3 5 anount of analyte in

t he sanpl\%,o folm ﬁ]§ubst ance indicative of the presence andj e RPYE of
anal yte Eres_ent3 in the sanple, at |least o e_s‘%f %he el ectrodes.In tﬁle {:ell
i's a wor KiHYPehe QPG ABmINIoR HHRAAS T8Y Des HEF08 PAh TP RIS L S8 lC ©
pot ent i alty@fing NEoniOmkirAGpIRhEMIITER ah&ol eGB! L8R ontibSreferé@lo Rimanshyt e
(such as in a potentionetric sensor) a second el ectrode acting as reference
el ect r odé&ctiwgep freosapeblowplareriganaseriely- provi de a reference potential. In the
case of an anpgy o Se R0 E9brs WO B Lo d Mg MOk AGitSh §5h RIS s @D tand S
i ndicative Sﬂggqegﬁg&ﬁg@% l g?‘galr% anal yt e shch.als&gll uéosé, at | east one
* ot her Sel 8dtfncupelegrodessioemd 3By Thisas &micalbhpeshmplighed bowdherns enecaumere shaped

el ectrode_to conple h I | LCU.t. I e nmay
al so funé?efcghﬁlﬁfgggno& gg“’é?agerqglé&%%@ctﬁ ‘?Jgacgi.méﬁaép%g %l\gg?gl,%o‘gwselﬁa Eac[eggg?g%t rode
- may per f ghapetiiRe af tn@bidnsaableaeteefods @diosd 20 Buvecodie. eiddabéy balisg Syers dBlagd f or

t he working, counter, and reference el ectrodes are ¢ atible. with 10 any
reagent s 48r 1H6BRACHHREE MAY Bsigbe ﬁ’ﬁ“t"ﬁ%“&féwf@ .‘m’@% ﬁ?ﬁgpéna#é?gwitlé? RO not
subst ant i@y sHeBRenotdaeri il tns Winblz @icheirs 28hst ances epmngse At ciicllat bertice! | .
Exanpl es of such suitable materials may include, but are not limted to,

car bdA, _@alfltb?@!d g n&f’fﬂl?JPfghmb@ﬂbPr_rﬁjlé%f‘,"?“mela?Yeﬁtﬁﬁ‘lg e ¢dgq Pﬁ?lh_e SE"&F b OB, SPASSET um
oxi de, tin 0xi.| ea’lsomh&@cg B D WiBrd bRp QKb AEshs PR HadiREAME TeacH Sth&H Wil 2 3fide
m xtures thereof. These materials may be fornmed into el ectrode structures
by any suictvedshghersnaboptovifing ertxapisempletyto s8nrlp taseraeifsg, and 2P dpd g gesergirs

screen prjnti her gl Of-al 1,20, . HAYH &R Je 081 S1.0L SOALIRGer
it hogr antgiede 28 LAY (AR L or RN Gl dr i, e g s
scr een- prregigtad atligesfve may bhgrefelred by tbelepasdrr hicfuoh s emiddimedni, rihet adhepiexianprilied of
materials preferred for. use in reference el ectrodes include tal / met al

sal t Syst'fee @ﬁ@ﬂg%?des?qaf)éf“%‘?‘fiecpﬁ?ff’@?ye\‘/\ﬂ?ﬂ‘ §JI i ec%lll%reré&%?@e?r\l}ggg 5t omi de
or silver402Q 48q¢hidend R thd MRS WeYayeR ai0NboRa ls THBHEL FD Yangii, OF ipekesude, caBfigs Ur ous
sul fate. The netal .ma?/ be deposited by any suitable nethod and t hen brought
into conthgeh ovethes stifeleapBiopri ate metal salt. Suitable methods include, for
exanpl e, el ecty0] yQkefred BmBoditibdtafpk @p2dl fay&Ok WtdhaR oPicthiBallyCaRbist%! HabHAN.
Such netal /nmetal salt systens provide be%,ter potential control in

pot ent i ormereedbyrrecirsuipapetire sk adbersd Bharpdbisvsithige ele¢roda beatipapomedd 2ad4t ens.
I n aprefgrr i o] - - re
P et A el e B e e O SV 8 e
Lysi ng AdentheledgecereairmicShiadideame mtadectrpde I8y Theee o dlwrabg defieedianell d@davinga or

nore lysin ent.s | he. el ectraochem cal . cel | ., Sui.t abl e | ysin nt
i ncl ude cfé’%i 5& nst@e, Wzglocﬁc?"?ecll %nn?ngb r?? Cﬁ@ﬁ%ﬁ%hﬁggﬁy%ﬁ%&j&‘g‘bﬁ Oy%%?:ldeeﬁ%gjgnc:ﬂsngand

| i pases. Uediihglale 400MheCasshatbiyr ig @aoicisedito plovide forfsafipie waigpbmitied oslthd velt ey |
sul fate and, cetyl trinethylagmoni um brom de. Non-lim_ting exanples o
pr ot eol yt ecdr%"ﬁ%E}/‘ Svipling ﬁ&@’lﬂ%ﬂ%}l aBh {pAdioP AP ﬁs,calﬁeﬂi‘ie ﬁ,%°$‘ﬁlﬁg$’ﬁfs 3gtn%4-’
Pronase B¢, 38 ¥RIc¥nieled Vah QREYRRIDRICAINGREARE oS ReRithhe vhdteby\RRnBAEL tiay be
surfactants suitable for use include, for exanple, ethoxylated

oct yl pherfgbkicd andepietsiseased Tri ton X Series avail abl e from Rohm & Haas of
Egirrla?del plhi a, RSNV YA R crmbBdithert, Pe BIa8ESE fo%%?ﬂ?ﬁg ngétte?ﬁ‘gp hESve to

y, plant glycosides that foamin water, are preferr as the
one or both of the electrode bearing layers 48, 49. This method may be preferred where ease of
fabrication and reduction in material costs are desired.

30 Suitable electrically resistive materials which may be preferred as spacer layers, as
supports for electrode layers, or in other layers in the cell, include, for example, materials such as
polyesters, polystyrenes, polycarbonates, polyolefins, polyethylene terephthalate, glasses,
ceramics, mixtures and/or combinations thereof, and the like. Examples of electrically resistive
adhesives suitable for use as spacer layers include, but are not limited to, polyacrylates,

35  polymethacrylates, polyurethanes, and sulfonated polyesters.

-10-



| ysing agent. -13 WD 03/032411 11 PCT/ US02/ 31289 The Redox Reagent Redox
reagents nmay al so be included in the electrochem cal cell in preferred
enbodi rren;v%(,:,ﬂsﬁf]rprred redox reagents for use in el ectrocg%rﬁ ;—H gyls for
measuring gl uc 1emei 9 l ncl 1ude t hase %/n 0232 g{)abl | | 2l ng the
reduced form o A Wéeé”t?léfire‘%?ée BARALF & BF <) Eeticy! VSlét’fo’inﬁﬁel‘i?lnﬁl“ a

gl ucose. }Exmﬂeﬁﬁvcﬁf to Sokint @B knpidEYdrRGrsi 28Gh i de, onb Blectidde beRing|1dye} 4€6r 49Dis

gl ucose oxi dase dehydrogenase, PQQ dependent gl ucose dehydrogenase, and NAD

dependent™g1io¥k ORfeifuPole take. CX@Q%%@ tht apestytsxend dagame 0 S wabl dlheor
use in anatybidBeadihk 9848 G UAG be RbtlertE 1RAbadel Hloliefr edatn éﬁ@lﬁ Sn Qbhesive.
ferricyani de, dichromate, vanadi um oxi des, permanganat e, el ectroactive
" or gancnmet Mpliple waiepskersgnayegdkfired oeddxothe g @nteosn@lspeest that conforms to the
di chl orop h al,s erred
erbodi mont PPrhe ooy FerBatk FrMelBnngs ot B SuS RIS B el Boter
Buf f er qmw%nad dsythe spabarf theadhamye ctmefq@mmgemthe abmmgs i ﬂahelephro@ldboarmg&gem%i n
dried form he e ect resent, if |
present i ndétg grm]&letenguc b({é mc[ng%he Y ’@g §hapr H@“’Bﬂ’“i‘%“ﬁdé% F%Sergﬂfst%éoﬂ“g%?’ or
adj ust i ngistireulax deZ\AcﬂgthEIOSIh@pSHsI ﬁf eRdmpld) 8quiaed] Qxctdn@aAS PblyfdhaR okay ellipsoitat, abl e
for oxidizin for exarrglﬂ g se but not other species that it is not
desi rdd tFeBEHetotherh @ag bt prgferp %F%E‘é’rﬁmqoﬁ‘“&%uf ficient anobunt so as to

substantial l'y TR baHdneldch6dedaily bire 48Rk & @bn LRGIES] 8Q ;Lc@e«f@gldsiuf th@g the
test. Exanples of suitable buffers include phosphates, car Bonat es, kal i
metal  sal PacebraliveKiending OveE Ihg APCANER. 80 %odp formetsagond and wallofElespgds 32 and a4 ar¢he
choi ce ofy bufif.e i N¥out 2 t ofipt [ pH.
The. but f 6fPr e EpBaeq e Bou 300 AERIR, pellBl, LBThA Bqu B0, 1B, SFEDELL

Sal ts | netd0 v biast, pnoefmfcrebiy feay thausdaoun(x@akioomsloemmn@amnﬂansméihablygedst s

t h t t to b t d t t
th Sy B Bk 58 4007 G0 30y R arT 8 o aan ot SPre S et b T
t he cel | themp:doumlechg)r \Wikybibh tdt chﬂaer ctel dellal eStldf}milxeﬁgwsE)cam‘ﬁﬁ @sviadd Bufofraink @ dote@r t
| t | ud dt | ch] d trat
PR G T e

addi tion dpertiiredORher @agend Seadfif ldgeisfaBr sid Ot fehHritRe aMCRanEMYnsad IR iklthe
present within the el ectrochem cal cell. Such substances include, for

exanpl e, N7ECEE! e RIATFAALELINEsSINE 96WE ol ecul ar 30 wei ght pol ymers.

Hydr gphi |'i ¢ suRS AN GRS MRYiz& §§’ RE KBS % Ql?edax\f“ fh@'t%hﬁ H@e C&llrined Lﬁ%@vﬁ

pol yet hyl ene glycol, polyacrylic acid, dextran, factants Suc

t hose narfReia@gnhyn R&hﬁ?@elmdscettmwam}'ra@ﬂ 1Pfﬁlgua¢jéllpdy| e, mpeifind yd Vebnicats aunder
t he trade,; Dagselidd oMMk dl@ Lnericas Inc. of Wlnmngton Del anare,
under the trade nane Tween subst ances may enhance the fill rate of
the cell, provflienicalnior ese gt hibbadl, ﬁ@hsureéopewagenanlglsmgﬂyeins tbuéfdxa,pﬁdsrakah@mndn

smal | voI 1 Electrical Crc
PCT/ US02/ %ﬂégézgé@ n?.i{o i iséé?llte)? %]ondﬁ%? Fl\‘7e OFE Bl & P é?oéi% e gict ed
t o el28ct rsupadrisconteined sntmmpab bemey bagifl syppogtingo et bl&llmﬁcallbeatr&\ﬁedé suported on

el ectrode urin resul in urrents, for exa neters. Any
suitabl e ﬁ%&%gelg‘g‘r"%ﬁoﬂn 1t°”| *ﬁ%"l}fﬁ“l %HS%QP igd B HepREapRiiSa n]o%fy@@hrweawell
el ectri cadnowh i€ et arh s0@Yashifk Rk Fiffidpe Sbredneinksk r]QhogHHﬁy nl‘ﬂ{'asé)rh nﬁr?ﬂné Q ota

tongue plug, a set of connection pi ns that are brought down on top o

strip or SOpTe ZRTYrP Wsheayanh Bedikep Suiishle independdut supPeres wamn imelotlé, drut areera:s ar e
not i |1 ustiakied, ifksfle QWb Syoken Shiehabl one. or ,more
power source, Circui tsgrgy for applyi Eigﬁ)élg'rﬁlrggsf %gyoﬁgrtggén#% SjoEg a@ﬂr?lgﬁleg a
m cr 8fr oceders. Ehmeheniicaliduiverin tared uas be supportialt ostmaaxg:é veltbiti mppcat di spl ay
_device, an audihl as_are 10
nown | the ar't et RIRHAC e e G5 B PR ICE e o8 o
conmput er Ty gdich the @Plég%cculletwcw arg @i ae”manmhlenaba: foyrpass rodietiodl afYheb&lla

. hand- hel d b 0 | | ed by an on-board
m croproc}éés;llg%lrvggarteg %qnégjlg(r%\g% %Eje(}:‘ayrfmeﬁpﬁ glé%oﬁfxﬁ?tn %F@&%&l%?%lﬁ@’éf’t hat 1s

pot ent | allsexocnswrmmg}s tobgbuvee rthatf ioris eeoamﬁ{ceuy sédeptibi€logigt fQQQeS“(;%q@ nRaetion

pi ns Gl 0%%[(3 ﬁ .such as an anal o [gh (? digital converter

enbod rren POFRE GHAY B T G ICOREBIF D% Re Pseddyr aringloistieranesly. sBps Slch as
digital si gnal t hat can be anal yzed and/or stored by a m croprocessor. The
nmeter may al so
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contain a display such as a Liquid Crystal Display and suitable associated
circuitry to display the result of the test to the user. In an alternative
enbodi menfyq RS> qpter nay i ncorporate speci alized circuit rx Y5

tenti al t d
potent |2l J80L Leok! S0 S0P AR BB el ?tsi% fréced
wth a gea&tlétﬁstﬁmmlfbﬂarhgbsd@éhmge 20 such as a hand-hel d corrputer or ot her

type of conputer. such an enbodi nent, the generic device perfor m t he
control, anal J%cpgonnaaltyaC%ﬂptatﬂagféﬂnsa:ﬁa%frma%%Pfa@ze pegeEter yplge 0@4}6 wsalhoft e

enbodi marl&st &) thower fsafc Amk 6SFRANBATHY QsIBURY cell ® REcHRECHH R iRecaYSentshe
generi c conputing device nay be preferred for many functions and as such is
" not céns m@é@ Beingset batlte cet of Syaplyins ther!l thibe viepplup sedperabtalke Mo riZmramny
system %l?da &%r 09 S ahﬁﬁq elqgf 2)'; ) mér%n 03ts. J‘ng Sin %brf&tétlcglepl%'éésgeszaie
~conputing device nay conmuni cation w external devices such
as | ocal pedogpedt dior eeinpter the elﬁﬁlddhmatenhblbﬁﬂﬂ'e c¢lls nﬁeacbie Iuietqadnewt lsechcisstubbig Lot i on

of test results and.t Vi Si an of des he user i ni ng
Bl ect r ocHEM KM RRALAEHENTY At arSur PAHE Mt BBar, n b B W P erat e 1

or Fi gur escZefiByinhiey 56l drQilpdrant dhea pxrtspts@\gacthOroaﬂﬂhmgata&ebcﬁﬁtwtmnrelaldowver
for ér poses of illustration, the nmethods of preferred esgbodl nents are

di scufsed"TREPEGAPYRES t HEVEICECH Fothismehlo we|qlechefegpalpigy, surhas e

el ect r odgafidnidnd gQe6t Lamen, 3Re@b® #8h REcVRhkHNJuRLAU QEesS 1aRphtREgE g 0de
3G and el'ectrode 32 as counter electrodes. The anal yte in this context can
be the acleRiratypIePE<PIEE FAPETREY 95 fhehas Xrl Erenely Ao fbmpr Jhesubstrae
chemi cal ltaafag ﬁpﬁlevﬂtstpgsatﬂ@%el p&@t@ét @aamm@tﬁﬁtw %%&br&qpacﬁ%ﬂapas% are
spaced cl osely 35 enough suc ltte products of el ectrocheni ca

react i onsnatrizd aetpobaeer3ichiaf foakeinyghlaride, melanidat poblesiet pwderadd pipersragdt he
time § t he tea This spacing is typically | ess than about 500 um -15

WO 11 loﬁfﬂ CT/ US02/ 31289 preferably | ess than about 450, 400, 350, 300,
or 250 um nnreelpnsérﬁlﬂabxheyhoheaﬁ: pileferab®b amitnaBlROp rdsO praductidd) Whase anedhsdd St

pr ef er abl t han abaut , 80, 70, 60,.50, 40, 30, 1 10, 5 or
1 um Bé ‘t“é‘?eots uLatpe gﬁaﬁggeﬁgwamg?ﬁ sgpazating Hoergrarintp ‘%83‘&%“&}3%&“?5%% t hat
t he produstig Bfin ERaEEI oBpsPdndel DT RELNIGheeOhH Bdl1s bR PEdAuSddamtar REEL3Es del,i NY
the test. This space is typically, reater than about 5 500 um preferably
greater tHHf asb%lgie%@éy segatptedaBt, mg pualzatips. derad Prosessesorip mogt sugskle heand
nost pr ef 4@l yia0fBakflon o 3MdROBhtules i€ desied for tlﬁa fa@racaﬁ@n fhd/od wikf stiffe11 OF 50
111111. In any case, the gap between el ectrode 36 and el ectrode 38 is

t ypi cal | wumtl@@tlnatwéﬁ qre/pre gﬂerW@bﬂancqswe a@atp)sbmteté@wh@n the dovadeet3egisiration

el ectrode [ te fills the spaces 29 and
28, a pot éﬁﬁuﬁmggc@%& Chlcfgigggéﬁoﬁb%g becl‘tr ‘?i'edy32 and el ectrode 34 by a
first externalA comnubrtt siapld ukpefovvhe dispbsable cetle d8Grabindo thhieks ackenoB &nipyedao
second ext e{onal c S ﬁotentl als are of a pol ar|t ucg t hat the
anal yte I8 884 cﬁe rﬁ“SQPTS?P)t% AP &Y HCCETE (T R “%ﬁd‘s HEe%&eand
of sufsfi oitaedit inSkaténshu@iond ah:adimlbdfl@mg #ieccedf VRIEFEREABH LI ceRdin éﬁa&‘duin@ﬂs Bere
limted téay I]e rate. of [naﬁ [ans ort of analyte to el ectrode 34 or

el ect r odd® FB8'® A& {Shissigbicdht Pelt Ta¢ bftfrhitated 6“°Sethﬁ|d\§'lnlgéEF FHoBaES: Gamh prgenis

el ect r ochgfficGi@br h&3fREMISTIAY mp bebRShHRgRd, 38 SlafnbidsSey ﬁt@lu@ﬁt@%aﬁ&gﬁlﬁﬁa@nd
are react ed however, there is no tinme for any significant anount of
product s "6hechawsve gt constacda furdige e rigdle tesipandoser argotet dimséipral Gule s@oncByest
subtracti t. t B.from
That 11 o e e TBrLe: Foua s s aREl B ARG AR H SEET K 1o

si gna0 cavreddy totrted, sesh aoi etmomsallyhagtoimitial signa, haed tieaedt iabortedt Amoget methed 34 of
the prod tlon In_order to
obtarn ¢ Hiaas b RAL B ORI EAF bR o B0 LB P i wlulil
have t o Besbéentchepsmie area, or the separ ate currents normal i zed by their

. respecti r Ki el ectrode areas prior to the current subtraction. The
advant ag\el%%lﬁvﬂ:?%%m ng the current only due to the reaction of counter

el ectrode product grefatred bisbodondo ngeinebt kReteochenitd akll dewds HRUlitLAS fdam

ot her,extr aI’IEOL{AS ClUI’ repts aY e
357" amount of analyte in the sample, or a substance indicative of the presence and/or amount of analyte

present in the sample, at least one of the electrodes in the cell is a2 working electrode. When the
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el i m nated. These extraneous currents include currents due to reaction of
el ectrode surface groups, 25 currents due to the oxidation or reducti on of
adsor bed §REGIBSand the el ectrode charging current, that, i $ycobBHs gurrent

that flows to p de/ sol.yti,on nti al
(et 1 ong i, 1035% uifie Peb iR RTr pal B SR R
currents dehety SdecSld@ickirdde ARE1gAR Ebidr hﬁaemetthﬁtesmrstma&tscmtts td proviat a wdftredte
current related to the analyte can be obtained with any certainty. By using
this met heentidl- el i m nate the extraneous current contributions, the current
30 signal at sHApl 8fse bf FBSn AR §é§§)g wthger‘ﬁQBca‘Jv&lu'n?feQEﬁ@E'cﬁﬂerﬁ-mﬂﬂlcith@
anal yte with increased certalntf/ is desirab be able to use the
“current séighaleveltof ghanatyés: suohrpe g U&%Sel 2t legist apgeother dectrpdriis poferably PEsEE hishe 34
to be pla e I ng
electro deﬁ.\gglo% 0u§1 %J?t%g 4t kli% tthl@cecﬁyé glﬁ(}él?S Tp{sggn&%tﬁgfe?%% tn?alg%%gt
el ect rodefuaalmtetaa htefeabte*ctlrectctelesmtélastt\ery amu)auan ehictgddle max podior th fingtigndreases
the curren ?nl %nd shortens the time period over which the 35 currents
are noni t Ol eé‘alc 88 i n the desired analyte information --16- WO
03/ (032411 ( PURtIDO24iBEREB: 18 wokliise, Wik ardfretarepread @i aesrtindiatiela twith
el ectrodes 32 and 34 formone circuit with a %ﬁwer sggﬁlg to a&p.llt( a i
sui t atl e POtIERESPIEIOT BRERRASH PEFRE I BRI deVicgy CHRpaae MACERR S BOLTUPEHUAYY K8%ar at e
fromthe fhchglaily vt aﬁémggsba%tetq%eal 18Ghd Qe SERGEHROG! 3&hanalle PRWENLs SHPP! Y
such that the current flow ng between el ectrodes 32 and 34 and_.the current
f1 owi ng betct»éerbutemee@trlea% tg Gather cabaBandm weanivPidern aldtiaEpdptidam, carbon,
Al ternatiyaly okl h@r omttart ﬁturuhmn ttt@eygr)rdeatva SERRRARE] YoixthiBE theAR,
currents can tract ed ect ronically “and thé resulting subtracted
current néhse mel@bnalsmwa bsé«mmd inte tleottbde fstrectpesefyeany e tadleouhore fr cxdMmElp.dyt r ode
? ; {)ﬁ}n eg‘é?}%uétﬁrm Vg%olflscganlg% Os[cge]felft l%ﬁ%ﬂ{l Veltﬁ{en el\ !(qioyatlf)p%% er ﬁrggltnlg zélﬁgge% tugg; 6r2 ing
count er eligepmapite frolﬁretbtﬁ)édtetﬁﬂ>celﬂﬁdntnj61163mata1mtd iekptttred de s@Benejurimtadgo dbrnh d@st a
10 portion of the test. A reagent is dried or otherw se deposited within
t he space"']lﬁ‘etf‘tﬂ@é‘h“c&l“egctrode 32 and 34, the reagent including a mediator

that is el ectrochemiga b¥mbRYFShibeapifapeler all y afsamce adetrsdes hasmdal |y
with the analyte of interest to produce a reacted nedjator, wherein the.

react ed mByialP6i! Fadt YaisabrEEhor Srﬂé%tcttll qoptaet with FilyEndneridss filyen promidecer YHE 34

and beg ngtcﬁtcﬁcgﬂ@ﬁﬁﬁcﬂhpﬁl cl,o}ﬁtagteﬂr@trc@ttoﬁg cRbri® SChEREBuS Akt MTREdicAl Qlay Thie

r eagent dep05| ted with space 28 play contain a 15 nedi ator or, en the
anal yte i §erma1p@tityeawfsur?éhfcmthgd didr then bspueltt ntthé01é40éevt1thdbheapmrlat?etyetﬁotalt
contain aS th)'lea %Ehod lu'ag fort &8 lep%feﬁtp(; n%r grs%ltﬁﬁg Is dl'?@oﬁt'ﬂ&h of %Emfo

anal yte an i'at or tha Ras chemcally reacted wth the analyte

el ectroc hemdwta:lnl ySue:amttalametell et pysthens3pronidel b8& pﬁteetidomntlelr ire petentropugicus ed
to conplete th el trod

et hod of "eerg GEEpk P SRELORReTSuRE: S SR Rleh B iR

t he ap@l ytuetinetabaal edeciedt ayMdmsataree lpetdricddss 38sch@adSrefderan @epttafie anodnnt of
react ed medi at or bei nal g produced at 32. This reacted nediator can then
travel to?@PEEPFHAE™SH and react to be returned to mediator. In this way

t he currerrthegggug Agkn from the anal yte or reacted nedi ator in the volunme of
solution in space 28 is used to produce a correspondi ng anount of reacted
nedi ator in t hé getaemkadingssts it Bd Phdespat & poludg pngsorapere dysingessgntpgn the
concent r atjepgocleSRACER. ' SLad 1§s%gt QEen?s”ﬁJcMB@ dt:trel%@ﬁ@ p@&tﬁ ibfic! SHOnsHRRES, 29
produci ng an enhanced current signal fromthe anal Due to the diffusion
di st aP¢es praeditig egzymepeang éla%ﬂ@edsth@hlﬁawm d4tergenfsaaady gfq: cxpminis ssd;mtdadncylal |y
in space t

“preferr edglta(f)aq g%/de]&n?t hﬁﬁngtﬁ%lﬁm-g@mgln%glé% QHI@&(%1 “@'P‘%% han{pt 5 O(E?&fm tc eéf%%‘%“ ween
el ectrode n&ﬁldamdpem e:tmm@drem&awPSm }tahals, amag?a),naser’ﬁ b hverytache entzytttakaemg‘ arpad

Traction o=t mapeplerfie Bl dEbuly bR GU8E (et oty Nk an
exanpl e OflnCﬂLhillIfg theThed X Sertdsavalab]a fadm RbleG & gae o3&hiladelpiia, Pérﬁi%ﬂvetnthatlnoaf

el ect Egde ai g é}h@ t hi ckness of .space 28 is ﬁ} tines the thlckness of
space’29, PIHEHFCHEOUBRTHPIELT BHOY R4TE Sl eotdes ottt 4t wptcy Aredpedereedrs thes up
to 101 ti rm&gtalgatt present than if just elects ode 32 and el ectrode 34 are
used. In this exanple, therefore, the detection limt of the 35 analyte is
| owered by up to 101 tines. For exanpleysif the concentration of analyte or
reacted nmediator in the solution filling spaces 29 and 28 was originally X
then after substantially all of the -17 WO 03/032411 PCT/ US02/ 31289

anal yte. or reacted nmediator in the solution above el ectrode 38 has been
eI ectrochem caIIy react ed at eI ectrode 38 that nunber of rml es of anal yte

T 1 -, o Y - o



di sconnected can, for exanple, be determ ned by setting a threshold current
bet ween el ectrode 32 20 and el ectrode 38 bel ow whi ch the di sconnecti on

occurs. I\Qé)e"s;"g%“i n this nethod of neasuring current, th$c§ﬁ%99%2§&unter
el ectrod .S Nnot necessary and so can be omtted. A further optional
met hod f or® %l ectrical noise due to el ectrode charging and ot her
extraneous CUrg«aBt feagefitsiny UBE belnemtisdid eheIecaschtmealwellnt weicwtdanyodoecntsor

el ectrode 38 during the el ectrode charqgi hase i medi at el fter

pot ent i alPrHESChEEN HpPIsder ‘ﬁét‘%lé‘ffméﬁ"é‘gfﬁga@ %Bf“?‘guré%glél?oé% nr@ %“eé’ﬁ&%f ter
el ectrodg, 38 vig.Ret @prlﬂ@gf &x@diiih@th@ QEduBSd foRRLEBIZ@Es thithee cpLE f sedcecdly ode

for electrode 38 can be swtched to be el ectrode 32. The tinme at which the

" count 6r eb@bitinpdeciss Exantisdiod soable chames e Ut e neigfmisyd g, §liceeqyoifate at
which it j nown t t t c ol and, gunf A6 € d&-Qutat I glasdsk ons
are substdéaﬁﬁbcézf l?/S'ebve Qbﬁ%eﬁ%ﬁgr%&ggesug@ ar(i igl .’ arrrlour)t of ?ﬁe ana yteS or
‘react ed nmetj@bgmadhaSmactddedak r@kets sudde 88 usd i apdlwdng geosamekidel b8t ¥t r ode
38 are of substantial ly. 30 equiyal ent Ay . [ duenliivdoes
R e A
formed dugghiRnieh@icc baiixeg POREESTedok feapdnivesuchpisi dinkdbropinhiguioplsnok exddci ng

noi se due to el ectrode chargi ng_and of her extraneous currents.is se

el ectlodeTBmngsare 3o sBapiEe M 2Pk &1‘?@8@{’?@?6 | ‘@%FE‘B‘cféigeﬁﬁf"hﬁn E%Ego%é“fa?%‘%t he

el ectrodegghargkng phase i mediately after the potential has been applied
to electrodeS 34 and 35 38. After electrodes 34 and 38 are polarized to the
correct pbheduffesl and after the el ectrochenmical reaction of sone or all of

the surface an r bed A QURSLObretRRaloRg IR AU rdE&S eitdried fady il tHeed
-18 WO 03/ 03%3%%%%6% %g%%% 2§96rr6eagentgl ayers adjracent to electr Ogﬁ 34,
t

the count eectekchoticadel.f Br haffectsmodes, B4 RAYNTRE 28 4MoWE such Deibe rer/tias 8Et r ode
36. abpve,. the {i f.the sw.tech - &SEtd PR Canathe @t a
fi xeﬁlssti ."g'l*ﬁisglg‘B{reo?:rea e ﬁ‘leé)\ﬁ\k\q)sd&?%r}p%q ntgglg?fﬁgéét%g reg%(t raneous react ed

nedi at or exid@inBefor elaaler gladveerbatabl gtherespatidsviat gpewit desited tddetdcs s Beatafenis

L eoent PSSR EEREERO T ROA et RGBS Pt BirR P B o Rl A e tisitad
ﬁ! eﬁt r OEEI%%IE(%MEE tlile{‘t@é't.t E;‘(@t}ﬂ;lbé 6f Gahle baffers iztude @hdsplaitdso parlsumbiss, atitaliahétyl
I gher an e analyze, al SO

1al yze _be present in the solytion filling the cell,
ei ther depilged meltn oife aahialkple metad splfs ofr CiFie Yy eﬁﬁeﬁ’f’?e d’éﬁ’BbJFrt @gy idﬁlf%lg’t he
cel I .o hi §bRRE bin&ahdiorS B VRSadsPedGA. I Yhelh @t [sls618tedCddras @B tolréuct kvth Sl redldxon
bet ween space 29 and space 28 when el ectrode 32 10 is used as the counter

el ectr oderdagentel ectrode 38, mnim zing the | oss of reacted nediator from
space 29 due el ectrom gration. The above description provi des several
met hods ag%ﬂnéagﬁ‘seri als of the present invention. This invention is
suscepti bl e t o lmwiafts prafeired forivse inherivet drdehdinants incuderseliy Bat dissogiele to Agm

alterations in the fabrication methods and egui Ok aRUGRTPdLbd LAt baps
will becol®dpsat é’ﬂ’i’p?etg? ﬁ%%%a Zg‘gieqult ?8 P r?aﬁtef w&ggft foma ceogsfll derati on of
thi s ¢f sck@stahe:san tiRrsanple o€ irfhe tckil ihdintkng woln thercelV eldetbdae r Bxampldari seibént | y
it is not i ntend,eg hat this. invention be limted to the specjfic
embodi menf&TiSAENElRdE: P prEingt Hipitd t?aﬁlliani“ie%é 8@)8‘:‘&%11!“5‘%6@%“??%32?? OSBrAgs-
al t er nat i YRger SORYtANGes\Whdsbtt Withethe Cie scope and spirit of the invention as
enbodied in the attached clains. -19 s
In addition to redox reagents and buffers, other substances may also be present within the
electrochemical cell. Such substances include, for example, viscosity enhancers and low molecular
30  weight polymers. Hydrophilic substances may also be contained within the cell, such as
polyethylene glycol, polyacrylic acid, dextran, and surfactants such as those marketed by Rohm &
Haas Company of Philadelphia, Pennsylvania, under the trade name Triton™ or by ICI Americas
Inc. of Wilmington, Delaware, under the trade name Tween™. Such substances may enhance the

fill rate of the cell, provide a more stable measurement, and inhibit evaporation in small volume

35  samples.
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WO 03/ 032411 1 PCT/ US02/ 31289 WHAT IS CLAIMED IS: 1. A nethod for

determ ning a concentration of a reduced or oxidized formof a redox
speci es, %%3 ”}pd conprising the steps of: a) providing P%'?“/U 0 /3]289

el ectroc Qath@a conprising a first working el ectrode, § %

counter e a second wor ki ng el ectrode and a second counter

el ectrode; b) "Stel eda@trncuigf andpted hagerbet\p@émahlheomcqt@tto wloetkical girelie capablderf and
the first cpunter trode su reaction rodu ts fromt [

count er 621 8 1}go]&oéen§1|a$ % I.réegi t}{eh ec1t1| 5 and 1ipf(asu1mge l% (1: su C}% cun?tmsefh lg C)Eain rt)gé’a
spaci ng batweennl Reitable mSdanWor kinAertiak eﬁtetreadeauartdndubte/esmemobnl@eomumimuit

el ectrode such that a significant ampunt of reaction products fromthe
" second cotimt Bt PefeERradeiigo PHRO! ARG &0 &t IOPSHE PrYgy %tgetvﬁ% FRPHFGUS) BBt H%‘H%‘ﬂ d)
sel ecti ng, &, &RaGNeh Q?Bt"t’ﬁ@ﬂuﬁ BeupSEsR Dokt g ardl (RCMHO dBe abtthedtidn afcas a8d
counter electrode suclh that a significant anmount of reaction products from
" the secomptélbnsmeted ngfiguse Fodeitabls mesers Ay iinedndgrong EMETB O6AROWST PTG EICEEY r ode;
15 e) app}oﬂt@ﬁ ﬁ% (?‘lh%ﬁédrﬂogenggg %P&L'ﬁaelntsdé 11&5]&&%§sop§£1%le&v¥cgecotﬂp[xé? ofREKI NG
el ect rode “afdf 1 rst ‘counter el ect rod applying an electric

pot ent i al stotafd eaveuace dth;ﬂtw\@ewet imeaugé)dﬁ)ﬂdm/\dnvmeng oflicedevnesd @r aenipeneRs Agl are

count Iectro sel ectln nt| fir rode
such ]ted:ta Wt e&ft 586 WFiE, IPF}O i eenorg)fmg mtélghg%detja f(%lr1 ﬁ\@t,{f&;ag tragcf)?%e

Sp9C| es Odevicel ator eRfmpdd, Qo pical I‘n&ﬂﬁﬂ@ﬁd}dﬁb Dharalrhetixdedlicz dcht fisopawendd oy a balitery,
species is diffusion C%[ot rol | ed; sel 1ecti ng %)ot e?tl al . of tggete_mme d
wor ki ng ef®EPHBLBY Spcw f‘fﬂtm’éf“tﬁétc sgf 28 SOPIPIGS &Y B nePRE e BPLATEES f or m
of a redo),:SRARKI R Surkhts Betvddre (R fex M€ it PR btlcbRctdh paR aﬁd(blﬁhuﬂ@dmﬂo:ﬁsmnof a
redox species is diffusion controlled; 25 i) subtracting a current fl %V\n ng

bet ween t #elogeewiialgIpyeing 1o futtmbadancah dhe aalog sighh Fomdbintar may B f9SEEdf r om
a curyentf %Aﬁgttﬁ%@glt HREH, b %nefl)'/z'é(? bndQY d6drB8 bﬁb%ﬁ@lgﬂg&s@ﬁd ThB eneler Wiy gRUNt er
el ectrode, reby a corrected current is obtaine obtalnlngfrom
the corr ecingmn etdrsplemtsuca ay aLinwid GuystobPispley ed sukeble epeséaied catvp@w teflisplgi the
reduced formo dox_ s r

speci es. WE tf t.]ﬁ,llp St to e uaeratli:)cor %%m%'ttvé Q%o%ﬁ&i%l?eﬁ\}%gta ﬂﬂr}ro }Etﬁ?tgg%ggl’%eg of
the first civatk, @@heals eccjexttmd@panmoa asdikifeed accalltsﬁam efreuite Sle:bcspeblal\md(mmgmy

el ectrode are substanti al | t hod. accord

wher ei n a”’é‘%ﬁ? HEPYRES Mot Seg"rt%tef’?"ﬁ@g%\%t“ﬂ Ry meftné%‘ztg MOt SEAg o coglﬁt“fl%c CVICF ea of
t he Smonﬂm‘ﬁfh@ ki REdatiecbnpde @ @hdithicesresdmputshentduth af embbdimeaeigaqic 35
determning a current flow ng between the first rkjn eé)ectrode and the
first couffiéie BREJEHEdE the. gptrol, \Rf’f"@?‘ﬂ%/@@&tﬂag@@r;g% 0%%%12 8ePBE e r HRi My a
current fLowidddeRelivee forldhRssS 8GRt e WK RObEHBEIEP IR0 REncsie CORPGuGRUNL er
el ectrode; normalizing the current flowi ng between the first workin b%

el ect r odedesiet maEbefreferredderumnyriunstions 308 @& Sugh b 1oh eonsidPTEd it Pary A Wierfgstsd tikeen

t he Secongle chérglgal%egﬁtwn%qg 8@%91 tIK'%ltl?ﬂ %?ﬁ‘l@%q 1&8%&%§Jlmmltt§ctﬁcr 191% &Ckeﬁe RAME
el ectrode surtface area to a normal1zed current owi ng between t he
first2or kemgptiek deticeonkey larwdpafotne)ffcomsmmcmwntveﬂl egtemet ¢e@t¢es skl asalopad mmapmtzred

t fl bet th t
ol ot 1 odel XRISATRS RETEh) PRECROFHArr RO O PRt B3 5 Pocogen bhgn -

second V\Dnﬂxgrﬂ@seiteetlsreﬂde 10 and the second counter el ectrode fromthe

normal i zed curre t het ween, the first working electrode and the
et L FRedScorrected current is obtained. 4. The

met hod accor di ng et&usahahmubemlaemw if hgulé 1108 Figwe Rkhaybe @bRiah hRR Rl aliproldie

first_counter electrode are (s;e(ﬁeparat ed ?/ | ess than_about 500 um_ 5. The
met hodd ac BHHYF HEettin oAyl {RhEV@Psss ohalupratiop. inPRIAG ¥ Refretienbadimeiie

] first are discussed in regard to the electrochemical cell 10 of Figure 1 wherein electrode 34 and

electrode 38 are set as working electrodes and electrode 36 and electrode 32 as counter electrodes.
The analyte in this context can be the actual specie(s) of interest in the sample or can be products
of chemical reactions with the specie(s) of interest. Electrodes 32 and 34 are spaced closely
35  enough such that the products of electrochemical reactions at electrode 32 diffuse to and react at

electrode 34 during the time of the test. This spacing is typically less than about 500 um,
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15 counter electrode are separated by | ess than about 200 Vim 6. The

nmet hod according to Caim1 wherein the second working el ectrode and t he

second cowy g4s8l§ctrode are separated by nore than about Q0 é The
ut&m

met hod acﬁr%fe%b”}g e Qndd & gbm&o Wher8h, %06 gﬁ-‘ %§d wﬁtmé{}@ KPS, 1'e§Q1E

Be
second count er e ectrode aré séparated by nore t an about tlO;
The n Met bnowoamcandhmgpte(ﬁermlyalemtnawdbemté’ﬂrﬂotVI@GQéOMOwMIS,kﬂOngS éDefcdnrlo;da and

ot hod aCEiSE ARy S0 8GR s, BT R PSP ) 0 B0 bl ot M

second coule&tafdeebelatnboﬁ@haaxs@trsmcaﬁ@g iI:YteslfDrIﬁlstsb@B lﬁ@pﬂdinylglml thdh abbhie
nmet hod_according to O a a nedi ator and the

25 con5cen§90altuwolﬁe%fab{yr€éeaiteé8%é‘apubfﬁ%ﬁ%ﬁ%(é&o@ 0. 35n004, B heOhedtOa) b and mos

i ndi cati V&e@éﬁalﬁ; %Re%ﬁﬂu%ﬁ §1Sdu9“, 9,f3 an S?GaJr We @@d’SV\&ef(ﬂnﬁh axmﬁ@w’s@ o &b
di ffusi on coefficCient of a reduced or oxidi zed form of nedi ator 1 s

" det er mi nebetgseracigeteadar3éomnd tegectrpde Hedepivicaldt sWtapally Hélgélo%léﬁ]ﬂ@r & BYIwem t he

anal yte. ) y ording to Claim1l wherein the redox species is a
medi at or . él%%t.lo %qurr%%]%qa&g%cor ding to daim1l wherein the el ectrochem cal

cel I addi ti onaMWhen30lugompmisess ﬁicwplamaﬁlé thefspacemneam] 8% tor pdentiall 8. apphe
met hOgO acgqg«vgeltr}ngleclﬁde 3? an g‘lectr 3& I n ust gxqgngitcuc 160‘% 3\9636% el%cﬂode’a% and

el ect rochéhi ca I'rst” counter
el ect r odecglearsie Gmgl a\Aa:l’okd cﬁ@:rﬁll eﬁ(hﬁtodéxe@l’pdteatlzﬂea‘ralfh odarity erch dhae die podete i€ he

first workjng Iect ode rom fir ounter el ect de by

| ess t hanc'§p5 ’C‘B’(‘J‘@l NERfie taﬁgg‘ftfogggf\’i%‘l ?QFWQE%%% Ea‘éf%%%mt?&erfa%%até Y45 om
t he secondr gRetFcBEm B BEALRTE 1M icdBY €hd RAMN AR traRBt bMARE tohBectBeO or
wor ki ng el ectrode being spaced fromthe second counter el ectrode by nore

t han aboutleso@iedth Asthe pogpsigiseaptipuete bpenyliodprduivaghe gectrpphemical Far MR &hi cal

cel | accordiighet30 {rak M déberodd$ Slahrd REcild SR rﬂ%wg Bt foP e, andridabe
first counter electrode are facing one another. 16. The el ectrodchem cal

cel | accorupwy of theQireduats Dhthe wppstens it elaerofde BE to werhidlasgodd et By sibtragieithee
first counter, ﬁ%c rbgtq'%enaéie%trhge %&%Fect%’d‘ﬁb‘?% nctﬁﬂfﬂogzﬂ{%aoteh%@n elgcn]o%e %7 B

el ectrochém ca accor e secon
el ect r ode ernttodel8at, 3 eonen vesusntiee sigh® chn belebained fvach mgdmmmlﬁlrmtﬂeeeactxm at The
el ectroche

ol cct ode SEHEHEE ° 6 LU AT PR b uPE T AghogF g By P goobuan 1

confi goir atin@dht adkQrately)@letoE B4 @eh@dead 388k RCERMAiIoNGhe lsindArad, By dd sepah@d ei n
the first working 10 el ectrode, the first counter el ectrode, the second

wor ki ng ep@&qr\twlalgﬁ@byt ther geéla’eﬁwd: wsking glectrode areas prior to the current subtraction.

The advantage of obtaining the current only due to the reaction of counter electrode
products at the working electrode is that contributions from other extraneous currents are
eliminated. These extraneous currents include currents due to reaction of electrode surface groups,

25 curents due to the oxidation or reduction of adsorbed species, and the electrode charging current,
that is, the current that flows to polarize the electrode/solution double layer to the potential that is
being applied across the interface by the external circuit. These currents flow at short times and
limit the shortness of time at which current related to the analyte can be obtained with any
certainty. By using this method to eliminate the extraneous current contributions, the current

30  signal at shorter times can be used to obtain information about the analyte with increased certainty.
It is desirable to be able to use the current signal at shorter times as it allows electrode 32 and
electrode 34 to be placed closer together than may otherwise be practical. By placing electrode 32
and electrode 34 closer, the products from the reaction at electrode 32 reach electrode 34 faster and
in higher amount. This increases the curent signal and shortens the time period over which the

35  currents are monitored to obtain the desired analyte information.
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el ectrode are in a side-by-side configuration. 20. The el ectrochem cal cel
according to Claim 14, wherein the first working el ectrode and the second
wor ki ng ebﬁf&fﬁgﬁ jare of substantially corresponding area.p
el ectrochem ca i 4 d S @g”@ § rate
15 reference e neg]gr%atﬁ&&%{fd}gr atd n&:@#lg%%%eerlﬁcgg(ﬁts% P&gw(gf'aélm i4m er ein
the el ect p@md’:em)pialto ceply a sutablhcplolemwl dletraen athesdee 32 apél 34, zzsseCﬁideCIrcult

el ectrochen ¢ cel.l ccordln u effec vol unme
of T ese. FARAE &t BT Pernd sb%sq Al R pB gl pf iy Sycidbet o
concent r aturtyit Abwageslexn SaaciaB2iand 3a afd eclcnan €iwiglbetrkl cleargded 36 gt  an
el ectr chenlcal cell having a first working electrode, a first counter

ol eot r'odesd SN R BHRIA PRSI ALETPRHED aHICR 6B SHAUTES ift WRELT SRR Gl the

char act er h@oegnfeﬂtsthe stﬂk’f%ctfe&l ER Lo dfREI V\} 0 & ﬁﬁﬁtﬁx%ng&aétﬁ Qlﬁ%ﬁgméd’sﬁx%t he first
counter electrode by | ess than 500 m the first 25 working electrode is

" spaced from t hén seerondimetberhefer prefesed pwbldithsntrasredectrpderarsogenigi eandoetdsed econd
wor ki ng elggl; %lg anap? RACG e Sl qﬁf,l %f%d GO & e Flé{eodﬁl BYs R4t han
t apabl € of applyi

500 Vim an el I‘IC circuit ng an electric potential
di f f er encelelyeddad@ris tdaeadd ¢ostntew\dcdtxiochgfoe betbteteoti@ieddnd blectfdde §8 derngrat dast a

el ect E(S) debc&?ifnfm OI?’ t%e %st 9\ egvé@l;tllg @ﬁedcoll I’ xw [se aa E(kst}ec? Wl?l?l 1{8 @% gg\vgé}xteﬁécﬁgﬁer jZC

pot entT al &r ehce" bet e second
count er eheCB4,0Berea@mt Thiediap pandaliais tEaIQS)EldcttﬂJghetnﬁcaﬂbl aemschﬁ; amhgeferahlyt i
apparatus is a glucose neter. 26, An electrochemc 0 i.Sing.a
first worK2Ag 088518%1 yoﬁ‘gﬁﬁa?aiwtgf)f (s eorp‘(@@‘l%@ﬂE‘)"lﬂéi eﬁl&f‘t% %’%eg% &E i %ﬁ?dng
el ect r odemeliReorfit egfabletkiREne bREIIRERICART NOI&RB&EM biidBrihh QlebtrdchémidBily
counter electrode by |ess than about 500 Vim and the second working

el ect r ode epnsiaigf afparemeder Rofne medfeior.s {The stagré derosisdt Yigde skige A PBY RN out
500 \fH‘n n'%alatormc thgg"{hg% is'c %ﬂb%é%ﬁ% ﬁq?gS(gregt?y at’%hcr@éclﬂ‘a&le f&o fnag ﬁB@oH@am 419

e i
t he concentration of reduced or oxidized formof a redox species, the
met hod comdlamrng the steps of: a} providing an el ectrochem cal ceII

conprising a f '[%11151g trgslf,i pognf al?%}e apg?ed 9ucHQHaQttﬁet an%lev?e %Ld?(gethe ﬁlnt@&ilaf%r ﬁnea??xgsd

wor ki ng el ectr spaci n
el ectrode c}aamicztllye emmadntq&]rthehﬂd;tte eldﬁx oehmﬂncatlhat-:act etarﬂdictrodb Bt adiast sTHngoOﬂI&Jl t he

count er electr A at. t he rst rKi ctro r ovi

Codox specieatodiiel Bierri Mstbuis o B Tec ik ud Spirern as FlmB s s
initiadl ylsmaﬁeaﬁ 32. Eléns@ gdihkRD fRRQ¥atibieyifHE o RAlyd: Kedaede{eei@fof Q&@ecﬂ@&e been
reduced 10 or oxidized at the second working el ectrode; in

el ectric poIeAt oA cgral pepwr ekrepdedmediatoiesing nreduesdot B2nd he |1eetf:ﬁ1 eméla ﬁaanc he

counter ekRqt.Qles fbr&Rl33Ghl ?&clatonﬁtrgﬂpdea-lto Qiedlgﬂale ful ﬁlﬁtwwhé(bﬁl‘ganﬂi%g ode
such that the rate of el ectro-oxidation of the reduced foam or

el ect r o- r &gucthe gralye o Fractedcngdipteriinf tbf: yplgme (of golutiongp epsice 38 iisusdd i poidens 2
control | egon r@ Emlo'agt & 1Sl %Qetdl @cﬁut&olﬂqn fstarc§t2 Wﬁskéff%gtlve% a

b 129
el ectrode an %ﬁ e counter electro g g g a ni ng he curren
val ue2j ndcowentvatingfe speceonieed tto mmaoaiytefﬁom spechJZienitof prar 2 prodeing ed exhapati es

o 2oS oS o BRI B Rli Dee SRSy R BB g
el ect r ode siad 28 rauaihamdstanieldy of sputec2Bacimngdnaveitki Togenshre ahat Gdeisan€ case, it 1s
US| B8 B3 234 TG FEROH, 2ECRLOL 0, Lo Sl 2T, Mgl
second Woektti@ie8Bett hidd@e ah ehesumirSit @Kdsifad thatiAeftd 8iFREH from electrode 36 to electrode

30 38, only a small fraction of the material in space 29 diffuses into space 28.

By way of an example of this method, if the area of electrode 38 is ten times that of
electrode 34 and the thickness of space 28 is ten times the thickness of space 29, then the
concentration of the reacted mediator in space 29 is up to 101 times that present than if just
electrode 32 and electrode 34 are used. In this example, therefore, the detection limit of the

35  analyte is lowered by up to 101 times. For example, if the concentration of analyte or reacted

mediator in the solution filling spaces 29 and 28 was originally X, then after substantially all of the
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25 30. A nethod for determ ning a concentration of a reduced or oxidized
formof a redox species, the .nethod conprising the steps of: a) providing
an el ect rW®m3?jﬂll cell conprising a first working el echo%w@so%ﬁggd
wor ki ng el ectrode, and a counter el ectrode; b) selecting a spacing between
t he firsenahoe ki regeted mediptoda thanelutine 2baye steeroz(B8diae beer shetracherhictliyarasieshct i on
product s f10m- L0 GOUDLEE. S S6LI 89801 ¥8e Bl mbRSi! b ol icBespbity 0de:
c} sel ecf ng a spdci ng &t ween & second wor ki ng el eCctrode and the counter
el ect r odeusbehf troids ofireaitghintdiaarit thanpasn £9.08incecia dhis onmplediohusiund of geitidre

counter e]ectrode n rrive at the.secon rking el ;= 2 WO

03/ 03241f{39ﬂé1€/5€8§6‘??§1"2‘3é0 e %%Y??WH% oLk éﬁaé%?? i oY e‘gﬁ‘i"gﬁ% ’E??‘g%ede‘?‘é‘ﬁ%gr

" betwegn thens5€20n6 nvRIk+ 10038 iRCiicadE aancht il €heCpudit 2¥ plad 0l timetetheheigelay t he
second working el ectrode is substantially charged and wher eESP/ suraﬁyzce group

react i ongmar dug s Tepttions #heleemorsI 38t dXpte Bt if 1ok RERSESPT O 50a8G 4ICF FRAbAE fken

the secongd warking-eh aRisbRHS ARk o SPRALES metheCiorReeutRyf. of fon cases,

significant anmount of the redox species is reacted at the second working

el ect r oddor ifijtarmp pihgierigis desiable torseirificp serantignsl amplfcaiarien? HetHdesh Hke Y r st

wor ki ng el Y iatGt | ' v L 56 BeabRd, @B fdn@las OF

the fi rs"t% fﬁ%&% %gh%g%ﬁé%gggtngﬁattg 12’? ﬁe!isgglgg %g%;)f é%%&glhéect ro-oxi dati gn of

t he riéduciexdirfenipn Bipetitrrerctafoxussipbioitless itay sufficicat to apfained wsefut BenebyRicaiPiof t he

oxi di zed form of . t redaox species.is diffusi l.l.ed; ;, Ni ng

a current flo Wﬁmgg‘/t’\}\%%rnerttﬁeu 5354 ucv?oe?elgfnr?gl n@?%b%ggg%gﬁﬁgtfﬁgaoggﬁlﬁ?gw

el ect r odeussishtiblly @by aif nhargndiytonT tréveted unedndr Baveabase deatidcheanicelly ofectad at

concentration of the 15 reduced for f the redpx species he oxi.dj zed
fore of tHETPLS PPV g%“ﬁ%ﬁ%ﬂldf%?magetg%c H%erifésc%mg%tﬁ(}dé%t\ l(r?’gtjﬁ%n of
a reducedQfro@xislizedidobdn of wah egentspeaives, thehe et hotnc foping dietwpet he

steps of: a) providing an el ectrochem cal cell conprising a fi rsgégaxggegi ng

n
el ect¥odeslecrodedbinr WPikIdag4EpREER daEMonEpgd &0 defET e ICRTERTERIED ©

sel ecti ”Qn@diéﬁxai%'sg&e%}wﬁ_@&{'iswﬁe& infaStnoWR Kl RG18 loBskhIaH Ay B REndeRExtiGRUMhier

el ectrode such that reaction products fromthe counter electrode arrive at
the firstpromditenedustedtatindbnoiss)dutng e eonsentetien deierainapet wawise epradekBom
wor ki ng el.ect rogde. and.th u .6C : y gy did @ount
of 1 eact | DR SPOMLIS Y (e BotnT e f 885k OBl 3t A LG50 SPRT
second wodikdoAgeceldeat, rfodkexamglk, ixpleleythingd Bynsegtingct thieshobdbtvenant tetwedh fleetrasin3é

between th econd rking.electrode and the nt.er. el ect r.ode .a ween

the 74 sta‘\?&fi%“ﬁef é%‘éw &atﬁ?jélf’cf‘?@n??g%?%cf"rseﬁg#? &8{15’ tLl\?\hI%efl]e yOftn?legSngl ond

mr ki Bg eé\ﬁ]géhzr, Qﬁ%e@ﬂﬁicédnfe‘itel_em&(iﬂgneﬂrﬁedséa@ﬂfﬁqdfhlbearsubﬁrtliw ij al |3 36 char ged and
ereby surface group reactions are substantially conpleted; 30 e

i nterrupting a’dFiRePpidet wekad f?rﬁé‘?%é’éﬁﬁaﬁ\ﬁﬂrnl?isﬁSf‘eetPgEf‘F%laéhaéﬁag f”%fjeo%%unt er

el ect r ode.RGhOE cBr&itIN b1 1GABERIPBHas e EdiBRicP RREKAI thiSelbdded 88l dating bR

second working electrode; - f) applying an electric potential difference

bet ween tHectfole shargipg iharg immedittely @erathel Petsatiat danbesn aaplise tegen elegtrpde 3pp

03/0 11 1 Leeti ng: il : £d 1 L Rg

el ec?zr%gdearggﬁu? %%%é)?a@%teg%% éﬁgscy%or%gl-zgq tggfleggbﬂegw O%%u%l’ﬂge rdeuétﬁlclzeeé@{&gr m of

t he redoxeclepede 88 @n ba swaitiedab beledotrods- 22dlibe kiow avfwhidhetho xowhter etbcfrodarisof

t he redox_species I.s diffusion controlled; h et.er m ni a,current flow ng

botween « FERT G (8 RIS < e SOk S g™ €508 Mal BeiSHic g

obt ai ni ngarfdrsorfedeheoputedctinhs s snadtandalinchiec Biktibeforeod substerpacamniunadiitiranalytd dre
reduced for f the redox species or,the oxidized formof_ the.redox.

speci es. 3% e‘%ﬁ'ﬁéﬁ?tﬁf f}‘? rF"’S@d&‘%?ﬁﬂ?%#%qﬁ ﬁleﬁtbcﬁj8§ﬁtall%lflf‘iﬁ?d%%s ﬁreroéﬁ‘g’ﬁtagtbaélé’i es
in an3el eejuivathedics AhenCRd bhae@iPoinEh@es 26 RN & AFtLBEhHaM £Rluncel dddhrviing a

_first working electrode, a first counter electrode, a second working
el ect r odereasied Bedaenbrinaiommaddpe o thectbrigHE Preck%r act eri zed in that the first

wor ki ng el ect r adeiig: SPAGRH nlcliBtrol R&iubihg Soist OYRL BT c1&kB8S rcﬁggingyanheétﬁert han
,500 pm the first working electrode is spaced fromthe second counter

el ect r odecHsipneays eurdndais 5OGe elektrnde 3 ds thhsowre clediredsr i alegiredes 38 rodi38 dwringpaced
fromthe s¢ 0 r el [ e than 0...L . ns [

appl yi g Se SRRl B SO kB n LS i dep b RS 8

el ect 3ode3&indfttrivdediodst34cod A8 er pekertirto de;coaed poeatins afdoftenipp el tnghamical
electric ROLENdrAlmdLl elaNGE e PRI 3 GR A Rati2d KLARPHEE 245 80 the
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20 33. The apparatus according to Caim 32, wherein the apparatus is a
glucose neter. -25 .A3Y. A A2. AF. . AYUY. A3Y. AFUY. Al . AF. | . AU2. AFAE. AFUE. AF. E. A
E. A LA . AR A A2. A E. AFsY. AYl . Al . A3J# Fd02z~| ?a PCT/U 213 289

| ot st aated sebeplonl e kel ghe A ealsals Al Ko oo

$n$$* Y=IBRBIRES! B clectblly 38- B Ebd22thd Bk W FARCAYEEhE @leCalifa] a@hﬁ@é e weadt @] calj
ca] ca] caU].ca] ca] ca]rca] cal ca] cal] caj cal cal cal ca] calca]ca]c Clca] ca] ca] ca] ca! 45
5568j 999 lxed tinte his "~ procedure allows “for the &ffect of "extraneous reéacted mediator or” othér

9<<Y==>> RGN AMWATRECY Gl unkha i sadisahaal calisat 68 shahsaleatsal cal o
a] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj cal] ca] ca] cal 1DDEFvF>
" GGXHH | | uBEKRBRtTod NESSENPP

cal ca) cal cal cal cA] EaE ML o] CaT LA hi Ca Ca B 1ONSU0- IRy O YOVES T o

TITI$] & i @dddﬂtleﬁwssubei]m(mhb]wg]ue]r]tmwp@aid]yccea]atsa]bea:]rasattl]m:&id]scla@maflmagmﬁ:a] cal

lcglL:J]eﬁﬁgJ] ch%i }d eg%??ﬁjo%ﬁé%fs@! 255 tf %' P Ca% bf‘?f%%%} Ca]r}ﬁ J‘e%] A5t a) ca
] ca] ca] Ca];e(i:\as]s cma}ar@] dahta] asjesah ﬁa]smah@nal}et\adeﬁaﬂma]zgaﬂl&@]ae@:}&:\aﬂeﬁa]aaa&,déaﬂ"ca] ca

o R T ap Rt A ie QZFnd s sy ol PL P ANt st b U b RE R PR ab]

ca] Ca' < space 29 due to electromigration.
b#dv~* V8v6D| wr mhc”™Y] | ]é% fT ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
ca] cal]ca]calc a]l“ E%P]?,%’F fcglﬁ]x@ayr@g]i@ﬁgegqldath]s @4 miaggrials of the present invention.

9 I U
]Qéja ] { ;?Cgﬁ r]vgnLTtJan fégﬁ?\k(e ) ﬂq& ngéalc gehfabalataahaaloalcehbealnal gl ca
| 9i | } xs nhbl}%fakgiy]awn]ql@hqctsamé@}mabl] o?al]:lmal]odlél]:n@]w:a]lbm]cmﬁa}lmr]ect"ta]ﬂmi gallel] c”a

%1 “Boan i ORI g EREHERME bl ety dpemondregeniasoa) ca

]cnralcalc a]msaq;u:eallga,aﬂ i€ a@toat]:-mh}l aai tﬁﬁ]lrﬁlaﬂtﬁ)a]be ahcagd e:ahus;peéxﬁd emBddirRdnhd provided

ABX } xr | C a cal cal calU] cal.cal] c
AU o0 ca BB A1 4 Q4T e CA] AP L PES o R S 0 ScEpe and SpThe ™
%r0Z} xsni of tk3 ],ﬂ‘z}m@h@a];lﬁaim]lga,}@@@]cg;@]&@ﬂlgza] cal ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Z#X bwsQY-0@ {vql gb] X]]] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] cal]
calca]ca]ca]cal R z] #"'OHdI nl 6g(>}xsnid_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]cal>t 6

*1 51 6! #WHWB\ $zt ni d_ZU] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal
ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3K#{Y7! " 3$10%° P & () -

I X3$10980&' ()- !'3%$10% ()- !'|3$10UW PIP& ()- ! MB$10%XE ()- 0) YALO%&' ()-#
Fdw4 \ 90$10% ) & ()-9'a)$10% . & ()-!kY$109B8& () - !'fY$109B3& ()- ! SY$10%

& ()-2Z'DY$10%&' () - ZdPzodY7 !9n'10%&' ()- 10 10 10y &?10%&' ()-!<m

10%8S& () -! ~90$10UKK& () -g! f90$10983& () - g0} [ <dY7

M1 "10%<& ()-F!' X 10%.<L<& ()- !'' 109 ()

| $10%&' ()-3!l:$10%<<& ()-39mM 109%& ()-0}[9dY7

HF, $109%<& ()- ! ~F, $10% <r<& ()- '\ F, $10%<P<& ()- "10%& ()-F'1

{MOWKY<& ()- 0% ()-2Z[\{Y:/7 10<< 109%& ()-!t4$10%<h<& ()

(4310%<<& ()- \43109%°P& ()- '3mM'10%<& ()- F, $10%& ()- \]~*?aXgF7 10<

1 $10% & () -9$! 9%$10%ld& ()-y! 9%10%& ()-yG' 10%&' ()-G 109& ()- 10< 10<X
et~ @7 10< 109 ()-109& ()-10%& ()-F"10%& ()- $10%&' ()-!$109& () - #OH#
$n$$* YdEF7 10<) $10% () - F( G 109 () - &G'109%&' () - %5 109%& () - #109& () -

"109%&' () - * =B REKIEFT7

-10<310%& ()-1$10%& ()-010%& ()-1.Z"10%& ()-,10%& ()-1+10%& ()-& 2''"'"' (((dE
/ 10

10<10%&' ()-: 109 ()-&9%$10%&' ()-710%& ()-&610%&' ()-410%& ()-((z()h++, $- oM+/!
C(I$109%R ()-m @ $10%&' ()- F
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$10%-& ()- !'.F $10% ()- !&$10%s& ()-!c&PLIOWR () -
10$-/011: 22z[ <+/ ! (1 $10/ 109& ()-F. 109& () - }
, 109& () -y U ()-111$10%& ()-m 11 $109%&' () - mR2. 334555} 5,24/ 1« ;
10<10fyéz)( W%;igﬁ e 7$109& () - y! 4nt 109 () - y3F10%&! ()-Pﬁé”fgﬁkéﬁz?ﬁ i
55568j 99 F-MLO%&' ()-!;
YSSL00&! () - ! A BL0% h&heiloaSr SAedWoninka ChiroSntlelion OOReiticdF 6@ idrrnldY 2 redox
%' 109&' ()-!6l"$109%& ()-gy nm'10%& ()-nt'109%& ()-
| @BL0%& (Irezest Bmgnqtod pomss @umah @aiers/of ( _
103100 () |1 LL0%: () - F+AQMR Gl hSHAORME (un S6EARSSE e GR1AQ ek G A4
" 10y<109& () - &9fiGY@ualkr Feage.(@)se@nd BORIng pledtiBAN] ) SRATBROVECKBYY P,
10L109& () - : . . - . .
100 () & 109 () - Lo T REALSTS SEGTR G T sl i e Bt

10! I $109&’ () - 10%dRtef pledtidi@hdh) thdt SeBlddmrodicts )froyn it TY®OnYer\electrode arrive at the

Z"10%& ()-> (HHI | dEYNC( | 10! y#Z7" 10%&' () -! $10%&' () - f
Z" 109%& () - 1098 Ve <W%$r9 P 109%&' () -11JcIJIKKAEYNC(
10! 3+Z" 10%& () - y3+ZgYL0%&sdigctiniy S 19%Ene(DetwdeT tAO Ut (Worl&ld Ubctlote and the second
%@L 0%& () - KBLL* MMMVENaBYNC( 10! : Y"10%& ()-9%$10%& ()-710%& ()-!3610%& () -
2Y" 109 () - z Y1900 clop il My Rt Retepbice mobph ozreaging: Rrpduct fiqga ghe second
MB10%&' () - M 10¢nte) eledibad Qo 21U ho ﬁl’SMgImq
10! F"109&' () - " 109& g -Y@L09%&' () -Z"10%& () - YS$109%& (l) - I NYs$10%&' () - VbVV' WAV
NXdEbC( ; selecting a spacing between the second working electrode and the second

counter electrode such that a significant amount of reaction products from the second
counter electrode do not arrive at the second working electrode;

15 e) applying an electric potential difference between the first working
electrode and the first counter electrode;

H applying an electric potential difference between the second working
electrode and second counter electrode;

g) selecting a potential of the first working electrode such that a rate of

20 electro-oxidation of a reduced form of a redox species or a rate of electro-reduction of an
oxidized form of a redox species is ditfusion controlled;

h) selecting a potential of the second working electrode such that a rate of
electro-oxidation of the reduced form of a redox species or a rate of electro-reduction of an
oxidized form of a redox species is diffusion controlled;

25 i) subtracting a current flowing between the second working electrode and
the second counter electrode from a current flowing between the first working electrode
and the first counter electrode, whereby a corrected cun'eﬁt is obtained; and ’

) obtaining from the corrected current a value indicative of the concentration
of the reduced form of the redox species or the oxidized form of the redox species.

30 2. The method according to Claim 1, wherein a surface area of the first working

electrode and a surface area of the second working electrode are substantially the same.

3. The method according to Claim 1, wherein a surface area of the first working
electrode and a surface area of the second working electrode are different, wherein step i)
comprises:

35 determining a current flowing between the first working electrode and the first

counter electrode;
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4, The method according to Claim 1 wherein the first working electrode and the first
counter electrode are separated by less than about 500 pm.

5. The method according to Claim 1 wherein the first working electrode and the first

15  counter electrode are separated by less than about 200 pm.

6. The method according to Claim 1 wherein the second working electrode and the
second counter electrode are separated by more than about 500 um.

7. The method according to Claim 1 wherein the first working electrode and the
second counter electrode are separated by more than about 500 pm.

20 8. The method according to Claim 1 wherein the second working electrode and the
second counter electrode are separated by more than about 1 mm.

9. The method according to Claim 1 wherein the first working electrode and the
second counter electrode are separated by more than about 1 mm.

10. The method according to Claim 1 wherein the redox species is a mediator and the

25  concentration of the reduced or oxidized form of the mediator is indicative of a concentration of an
analyte and wherein a measure of a diffusion coefficient of a reduced or oxidized form of the
mediator is determined as a precursor to the determination of the concentration of the analyte.

11. The method according to Claim 1 wherein the redox species is a mediator.

12. The method according to Claim 1 wherein the electrochemical cell additionally

30  comprises a separate reference electrode.

13. The method according to Claim 10 wherein the analyte is glucose.

14. An electrochemical cell comprising a first working electrode, a first counter
electrode, a second working electrode and a second counter electrode, the first working electrode
being spaced from the first counter electrode by less than about 500 wm, the first working electrode

35 being spaced from the second counter electrode by more than about 500 pm, and the second

working electrode being spaced from the second counter electrode by more than about 500 pm.
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The electrochemical cell according to Claim 14, wherein the first working
10  electrode, the first counter electrode, the seqond working electrode, and the second counter
electrode are in a side-by-side configuration.
20. The electrochemical cell according to Claim 14, wherein the first working
electrode and the second working electrode are of substantially corresponding area.
21. The electrochemical cell according to Claim 14, further comprising a separate
15  reference electrode.
22. The electrochemical cell of Claim 14, wherein the electrochemical cell is a hollow
electrochemical cell.
23. The electrochemical cell according to Claim 22, having an effective cell volume of
less than 1.5 microliters.
20 24. Apparatus for determining the concentration of a redox species in an
electrochemical cell comprising:
an electrochemical cell having a first working electrode, a first counter electrode, a
second working electrode and a second counter electrode, characterized in that the first
working electrode is spaced from the first counter electrode by less than 500 pm, the first
25 working electrode is spaced from the second counter electrode by more than 500 pm, and
the second working electrode is spaced from the second counter electrode by more than
500 um;
an electrical circuit capable of applying an electric potential difference between the
first working electrode and the first counter electrode; and
30 an electrical circuit capable of applying an electric potential difference between the
second working electrode and the second counter electrode.
25. The apparatus according to Claim 28, wherein the apparatus is a glucose meter.
26. An electrochemical cell comprising a first working electrode, a first counter
electrode, and a second working electrode, the first working electrode being spaced from the first
35  counter electrode by less than about 500 pm, and the second working electrode being spaced from

the first counter electrode by more than about 500 pm.
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15 species is diffusion controlled;

) ar| electro-1e uction of the OXIdIZC form of
D determining a current flowing between the first working electrode and the
counter electrode; and
g) obtaining from the current a value indicative of a concentration of a
reduced form of the redox species or a concentration of an oxidized form of the redox
20 species.
28. The method according to Claim 27, wherein a surface area of the first wor]&ing
electrode and a surface area of the second working electrode are substantially the same.
29. The method according to Claim 27, wherein a surface area of the first working
electrode and a surface area of the second working electrode are substantially different.
25 30, A method for determining a concentration of a reduced or oxidized form of a redox
species, the method comprising the steps of’
a) providing an electrochemical cell comprising a first working electrode, a

second working electrode, and a counter electrode;

b) selecting a spacing between the first working electrode and the counter

30 electrode such that reaction products from the counter electrode arrive at the first working
electrode;

c) selecting a spacing between the second working electrode and the counter

electrode such that a significant amount of reaction products from the counter electrode do

not arrive at the second working electrode;
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species, the method comprising the steps of:

a) providing an electrochemical cell comprising a first working electrode, a
second working electrode, and a counter electrode;

20 b) selecting a spacing between the first working electrode and the counter
electrode such that reaction products from the counter electrode amrive at the first working
electrode;

c) selecting a spacing between the second working electrode and the counter
electrode such that a significant amount of reaction products from the counter electrode do

25 not arrive at the second working electrode;

d) applying an electric potential difference between the second working
electrode and the counter electrode and between the first working electrode and the counter
electrode, whereby the second working electrode and first working electrode are
substantially charged and whereby surface group reactions are substantially completed;

30 e) interrupting a circuit between the second working electrode and the
counter electrode before a significant amount of the species is reacted at the second

working electrode;

) applying an electric potential difference between the first working

electrode and the counter electrode;
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10 an electrochemical cell having a first working electrode, a first counter electrode, a
second working electrode and a second counter electrode, characterized in that the first
working electrode is spaced from the first counter electrode by less than 500 pum, the first
working electrode is spaced from the second counter electrode by more than 500 pm, and
the second working electrode is spaced from the second counter electrode by more than
15 500 pm;
means for applying an electric potential difference between the first working
electrode and the first counter electrode; and -
means for applying an electric potential difference between the second working

electrode and the second counter electrode.

20 33. The apparatus according to Claim 32, wherein the apparatus is a glucose meter.
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