GATED VOLTAMMETRY REFERENCE TO RELATED APPLI CATI ONS
[001] This application clains the benefit of U S.
woenowvigoanal Application No. 60/722,584 entitl edT/USat0ed35129
Vol tamretry” as filed on Sjptenber 30, 2005, which is
i ncorporated herein by reféerence. BACKGROUND [ 002] The
guantitative determ nation of anahytes i n biologica
fluids is useful GCATERV treatment of
physi ol ogi cal abnormalities. For exanple, determ ning
t he gl ucose |evel in biological fluids, such as bl ood,
is inmportant RorEkeaioetrioRENGIRD AkalisaoRs Must
frequ%ptly check their blood glucose [evel to regulate

[007] ¢ hei'r Tdieraplnstion claegi the benelit[ 003} S EPswisiowhehprligation No.
60/7223%3! &lTRIRAM WEaded P LNER | ypl ich i
_ Duri ng fhe gﬁg@;@?g, tﬁ%yaﬁgl§%g %ﬁg%%%%QQQayieZ%%% which s
incorpargad herem by teferamceenzynme or simlar species to generate
an electric current that nay be neasured and
correlated with the concentration of the analyte. A
substanti al benefit ng%§g§§§&@%¢ded to the user by
decreasing the time r | the anal ysis while
[002] suppl yihaguattiatiesdatethivaonrefepabrg iphédogicarfluidOBAleful in the
. e _ex | e of .an el ectrochem cal. sensor systemfor . .
diagnody 2p PRBmERC pf BBy P REHD RBEERT . ol 58 PrTIdedeiamining the
glucosdTeas Wi bitto SN fiaRisaidh ds BRIBAOK idbbitiht td BRLSRNAGN iR s ho must
i ncl udes reagents to react wth and transtfer el ectrons

frequently sheelnideis hidogtaduaeas lemgl to megdatalyesi dietanud/et medicatites t o
e.electorans through, conductors.to the device. .
03] B S DUl BT B St DB Tne

analysig| @€t srafge fh@BASHEE aStebP BRdiohNRitRbId bhXmo oRRRh¥arspecies to
voltage differential between the contact's. The device

generatggy elegligruriepithaimrebe msassechand torsiagtdl witk thesenomiratidn of the

tr t t ] I Nt asur.e of the .
el RS OB L PRV R 1 e TR i o
the analysip vénkl sypplymeshagéstred nequraly addgheiibood (WB), such as

from1-15 mcroljters (mL) in volunme. [005] Exanples _
[004] f peflR-FapPifealet chgiradipmied sehwr sugemhier Bagyrigornalytes in

biologi? Y dLicRYa h %a@uﬁr{gﬁﬁe%vgés?dnd’]? LLHP ?tfnin ;’F%e\zl\ge%tsor strip includes

Lafayette, |ndiana; strumen
reagentgtai teads] withr onh Gehifers tlevtremnt $roin theishalpte dT@xas thd BBalysis and

ress El ectrochem cal] Workstation avajlable from, )
electroc% BP ags %Fs .Clgﬁgonis ntin Oéx\gjn e‘]’?&%‘}d%r{‘ga@? depige h’@ier@&@unng device
includeElc6té0GH 98ISR theNSdduen® Hona Vil Liah! £iafhe %ﬁ‘ﬁ% REEHAY a voltage

. Research | nstrunments in Princeton, New Jerse
differentigh hpiwesn dhe potecih| dheeleyisei mgy devord g eurcdnt gessitpethrough the

[ e nd. Elite(r rs_qf Bayer
sensor rfg%?sg%: ?l’ne. (ﬁé}%&f lfﬁlﬁ%s 0,8 ﬂéag%ﬁe;‘%ltﬁgﬂmﬁx@l (iﬁ%ngené of the sample.
These saagdeisygtemt endy adeyrshesiaglehBognd@iote VR (DS such as from 1-15

microliters (uL) in volume.

[005] Examples of bench-top measuring devices include the BAS 100B Analyzer
available from BAS Instruments in West Lafayette, Indiana; the CH Instrument Analyzer
available from CH Instruments in Austin, Texas; the Cypress Electrochemical Workstation
available from Cypress Systems in Lawrence, Kansas; and the EG&G Electrochemical
Instrument available from Princeton Research Instruments in Princeton, New Jersey.
Examples of portable measuring devices include the Ascensia Breeze® and Elite® meters of

Bayer Corporation.



el ectrochem cal reaction and a counter el ectrode where
t he opposite el ectrochem cal reaction occurs, thus
wabkbowuengscurrent to fl ow between the el ectrodesT/uSkes/35129

i f oxidation occurs at the_ working el ectrode,

reducti on occurs at the co&nter el ectrode. See, for

exanpl e, Fundanentals O Analytical Chem stry, 4th
[006] £ ¢ | die sensar sigkgpry makidpamorkiageleckhils wherehs analyte undergoes

r 0] | i shi (19 , 304-341.. [ 007 .

clctroRUNGxcHBh oFPE oLl RPReofiicts PPadiafdbanudd reacton
occurs,ghecilfovdeg tar@r oy flde brtwanvhs ERbodcel Thed) Lo iRMdcBirs at the

. to ]t&pe%(ggasuri ng device. Wiile multiple reference
working| glecir FRiveliqtal ascuse aknBein cownter elaptiedef s¥deyefor example,

Fundakéds a% %1%11;25)2?(11 Clhoride, (A9 .q*])litzzhiz, ta%% c ’S‘i(oog & ntiC 3.0E West;

_ insolu the mxture in eous” envi ronrerit
Philadeffhis:Haundab ¢'sllsgesthiblishiog (1982),afpe¥0drgt. . el ectrode al so
[007] may bef used as ,th? counter electrode. A sensor strip

usi ng SHSAOKT EERAIIRY oot e B eBin dectiaa o peede a non-
variant | [BfSGRET pREHial o L’tﬁ§mé€1§ﬁﬁn evite.84hAe In l[ig@%]ege-l;gl?ce electrode
~sensor strip may be forned by printing el ectrodes on
materiagare kogwvat & ngxteresitsilate(Agiang sthwrtahfrrlet(@g) igigscal due to the
s 3 R S5 o i B S g e
electrodeylsdal O el AYthe @akitAbIQMDIO! AMRKErQfrif B€ng such a combination
el ectrodes, such as the working and/or counter

referengg-eRinis glastrodpisglsecribspée U S. ot Na. BaR0heé. of t he

el ect e yhe coat ed t sane .reagent |ayer, . .
[008] _ \ch gglgv%élg&t %Iélpm%lﬂﬁ??g?%ﬂﬁgg%rﬂnﬁm%l g Snaf insulating
substrateoadigg] nhyltif1b acdalRies, iR Hst thest ddsBriBaPHNErS asReWbos. 6,531,040;

agent aXers having different conpositions may be

r I
>,798,08 T fden 4043 (oee Aepesireegenbleyer may bovrrkied dyanding one or more
1S t cribed in
o e SRYLES LA AOTERLES) UL FRE A AIRC OB e o
one of OB ctrGdesi ity Mocoabdd/ 151tRe 8drde reblgeist, lagdnesuc e ag@Men HRWeSrking and
¢ ﬁ% t he wor Ki ngt;%{ielBect rode may caqontain the enzyne, the

counter gt ERdsT arefied BY dfesatvh cP@PPHEOR- o dy @RethPmgeeciyAeagket layers
having CRUBER! cOhBSSfQHEmaP Heab s L Sorki

aVmgwhi ch cgulg tl)e t he garreblghgte?hozolltr%e}bgéf g?%cr%ﬂgq 03?01‘6?115 zfr?{lfmg and
counterggiertepdps neing the medipd Tescribedgent UlSayparvisienal paichuaeliamion filed

I NI ZiNga f.ar Llitati t he oxidatiqn or . -
‘Octbel 20 OSSN, AL AL L, DB el bR e ptcoce
may coftate theSeiR§indNER Inédidbr, 368 1 2SbinH WhidNEkaEidRP1RLLEH BN Sounter
bet ween the anal yte and the conductor. The ionizing

electrodgg%qﬂtm%)ﬁ wduble rednx sResiespadichi eowddbenthe ssmehasathe mediator or

differer®! H400SHL Q%I dase or gl ucose dehydrogenase, to catalyze
t he OX|1&ati on of glucose in a WB sanple. The reagent

[009] | ayer Tat sengemtylayarahasdimciudbiandeshizinadzetofod SadietiRN ¥ Mkidation
ator_together. Table I, bel ow, provides

and di
or fedueamg)_ﬁttkw&ﬁl%;ﬁﬁi Yiel i rAnyomediaiajimes il srbeiangssr daf egsist in
transferHfg eWMclBnSPEGEE! The@RahYd Sit 20 Q0ucl@P! B! ionizing agent may be an

analyte specific enzyme, such as glucose oxidase or glucose dehydrogenase, to catalyze the
oxidation of glucose in a WB sample. The reagent layer also may include a binder that holds
the enzyme and mediator together. Table I, below, provides conventional combinations of

enzymes and mediators for use with specific analytes.



[001 1] The binder may include various types and

nol ecul ar wei ghts of polyners, such as CMC (carboxyl
warbdtyuoasl | ul ose) and/ or PEO (pol yet hyl ene oxPde)S2406/035129

addition to binding the reggents t oget her, the binder

may assist in filtering red blood cells, preventing

them fromcoating the el ectrode surface. [0012]

[0010]Exarrpl es of conventional el ectrochem cal sensor
H ol £1 A

——y £ . 1 " . L: 1 L L o
Anaf31¥§’l Es 10T arnary gngﬁ diTar yresS— 1ot {}g[l%iilg 1T tHS

‘ncl ude the Preci '(“F) bi osensors 4 Te from
Glucbipott i n Abbott | Rafdose Dxlid-081 S; Accucﬁ@ﬁg}(amde

bi osensors avai l jabl e from Roche in Indi andpolis,
Glucpsrdi ana; and OneTéutpseiDehzdipfetabos enstrscyanidel abl e

Li fescan in | pitas, |ifornigq..]0013], One
Cho%{téeyg} rocheni cal mr&ﬁ%&ﬁerﬂhqxﬁasﬁas bedrt %’9@’&“1%
Lactgggant i fy anal yt es Lattatei @tiogdecal fl ui dsperiigyapfel ometry.

. For_exanple, Heller et al. describedthe coulonetric
Uric d¢thod for WB gl h&basereasur enents i Korseyapide. No.
120, 676. 1 n coul : anal yt e ntratigon is
Alooflol 20 210 by exhaAgé;B?l?)\{/zgf(i/&age)e(i di zi ng tlﬁ“%ﬂg%%%‘{} TQing
Table thin a small volunme and integrating the current over

the tine of oxidation to produce the electrical charge
[0011]); opr e dBAthIRAFT tA®Y EeHHdpt arown diprsr 2ndi melecTiauaveights of polymers,
&< t f .anal vt .
s £ QTR PR SN LB AR INES, 1y peion o
bindingathperesgents ogethantia yindar mhatassigwarfilteringae®diboaf cdllbepreventing
h fri nt egr.atj,on cur&e of charge vs. time, the rate at
em frgpy GOopting, the Slpefrads sSERSfiges with time becones
0012]SUbSt @RbinBld Yo f B} ARbndIC el i SAYGS i
[ ]co'ndi'ti o'n.9 Thi s st ea%{ﬁslt g%é!ét?%%F %1%?‘1 % X(%rhge?&é?ns for analyzing
analyteg on| tomtegichlc floids vieclfide ise Rracedia@t® \badsgnddratavilablefom Abbott in

oS8 gl 45 2L 00 SoLELTADLL A0 Ok L0, i gy
and OnEBShEEa®NRoLARE SF BB RTVEA $iRkkaRfin I\/fifg)iﬁgltdiarli?or\ﬁﬂll. u ge

of analyte to reach the steady-state condition. As
[0013]r esul Onet Hegtrogherhiodl imsthodnavitdnsestbeen asmd Bogsamidy analytes in

. .provide. the, fast results ich use of. )
biotogi G ) P51 IRt a5 e R n ST o edebediiceulapigic method
for WHDredebioeé Sncad@emifts ANOIdIePat PRRDIGEMOMAh GOWLEIBRICEY, K analyte

that thesnmall volune of the sensor cell nust be

concentEginy is|quarfifiad o erdiaustiyepr exiligengaibe analyte wiskinla spaliiblome and

s ER RS AR ELES R BB SR 00 pcnin

the anatpgarbndeptratial. y tihas,i coubiradtogambres lthe d8all snQIPITAIREMY present

i 'Ilgn anperanetry, current is nmeasvired during a read

WIthin 36 SAEOLETR. const ant potential (vol tage) is applied

0014]2CT 0Snt e, WRhKA i i ic

00161205 AR TS COUN B g i

curve ethehzpal wst gime theeras@mpl @hicAnther ourednt ychargssuréh tihe becomes
.ate at ich the elegtrochem cally active species,.

SUbStanggli‘ﬁ C%’t’%“%etoaﬂg f steapi-sialy ﬁ@n‘fﬂ%{! Zens steaddigteenoriienrof the

coulombfie MeFeKfotfhs @l REkK O eat MW aV Rl AL HRRSIBHidd 8etermination of the
anperonetric method for biosenSors have bee

correspeiieg cwaent. fiowaeraript eoulomelri®. mpthpd rédusres the complete conversion

of the entire volume of analyte to reach the steady-state condition. As a result, this method is

time consuming and does not provide the fast results which users of electrochemical devices,

such as glucose-monitoring products, demand. Another problem with coulometry is that the



5,620, 579; 5,653,863; 6,153,069; and 6,413,411. [0016]
A di sadvant age of conventional anperonetric nethods is
woOheo7raep13t eady- state nature of the current af PeT/U82006/035129
potential is applied. The riate of current change wth
respect totime is very fast initially and becones
ower s the anal ysi s proceeds due to the changi ng

small VHL; ¢ sy BRIt Fgn P B 0BT 50 Bravids acoripld regits, which
. canbe g@ﬁ&ﬂf@hh Qs gl%daéedt&%mfeeduced medi ator at the
el ectrode sur ce equals the diffusion rate, a

[0015]st eadymtiat electrbdflﬁﬁhczﬂ anethdd ichliasibeed use'Hht@ uaﬁ@fy analytes in
vent.i onal ergnet ry met hods, neasuri ng
bldogl%‘ﬁ%é‘ﬁtm a’ﬁﬁp?rﬁﬁl He Ip a@ﬁgqogkﬁryp@me@amww@ éiufmg a read pulse as
tﬁﬁte Ynit®ll aL 81t ' ¥ !
@ consBhepiungh USRI LAAR ErSSSES RN 9 SRR kil or e
-sensor §ttraady The altneasurade cpeentods. updD 1y ]qu'Eh’&fy hiegrehelytd tin the sample.

e R R e eSS el
analytef @Nbahg) okﬂi’zeﬁ' Q0L dRB) nae S wBhGn PERENRe. TN%ngl x%?ﬁﬁoﬁssof the

nDstIy mater but contai ns sone protelns an | ucos
amperopgeiig srethad fos hlmenws lage deen descHBed efor ezample nuBTH. Ram Nos.

| { f the w8 l e and
- 5,620,5781 ELOBALS (DO YPLR Of Lho WB sample and is

[0016]gener & ths(adifaﬁt@g@ efed@ekhtidnab %@%h@&ﬁ'ﬁm&@e@é ﬁghé LS R¥-state
to 60% wth -40% bei ng the average. [0018]
- ‘nature ofothe SHtrERirafler darpsential tSrappbed glbesaie Oﬁayrrtié qhﬂngh with rcﬂpect to
el ectran to
ime is 3000V AL OG0, LSRR TR: WIS SELLON @ e chungin

nature wortkd rmgdefrl}eﬁg rdbffesiovh @kaekd. I[$ntﬁ| ‘ﬁh@tdo@ﬁﬁﬁm&ﬁlrétb' of the reduced
unt of nmedi at or bei ng oxi di zed may be

a
mediatql g rdé feéfao cooee carale HRe HiEysiongaise t weeady-stik el ot be
btaine@NATRRU 0
B AT POk SBRROI A sy o e
transwrél];@@@ddm@onesa dteaéscsﬂaye pomitiort isormthddomiakebed aisbcnatednwuh more

éfl cient of q 'ﬂrhe hemat ocr%%3 ef f ect
ma""“ra"r‘/t P & PEESHPP A ﬁ‘f%} Cglrla‘ééls%ea LERIFSHME REFIMB cel | s

0017]bl ockThhe f i - .

A ]el ect ngeh&gﬁtggzﬂqggeﬁ? I y%ogt?dheg% %p%g%é@tt tt('g? ?(\,ll\ﬂzgtgfynzg]alyzmg the
concenfraffdnyeinglagosehia W;H)mplm dMBrsemplermmtmmde@blctokie(RB) cells and

- phasma Sl R S op BT e et ad B g emtocri i

the vohuag yf heg maﬂEéﬁﬂsﬁﬁﬂeﬁm& r@lfatl&BtcPﬂ?xle lkStalPusavs the WB sample and is
i naccuracies in the neasurenent because the sensor may

- often qygres3Rds 38 nguPLFeREene e WhRla dilRgd @@Pbﬁogemb’edﬁvathmﬁtomt
peceni S04 v OB, TSI AL OREERNITY the RE cel |
§ r{ £F odeg%

usion to the worKi ng For exanpl e,

[0018]when I&Bc&mntluﬁ&d smbastnpm%luagahh@a&e 068 8yl@v@k$me, which
i ﬁé{i g {1% hematocrits of 20, 40, and 60% are
en trapsfeys fhe §leCirpn o2 dpadiaiore nFhig reghised mediatnr iben Wavels tgethe working

electrocfee\QHérjfé gl 1sb¥le&r&ﬁ%%¥lk Qﬂ@&lzect? n ? L ambahEe8 ﬁﬁgor 1&%1 Gxidized

cal i bration constants ope and 1 ntercep
may bej qqstlehltﬂdefp thegamertt Hmorghg bhtsvegh mlm@werm e:x&htm&iter&rh&txaﬂ&; of the
temwill report that the 20%

sensor ﬁté%t gglfappga X S1y 3‘1 & Gt yaeasured at the working electrode is directly

proportional to the diffusion coefficient of the mediator. The hematocrit effect interferes with
. this process because the RB cells block the diffusion of the mediator to the working
electrode. Subsequently, the hematocrit effect influences the amount of current measured at

the working electrode without any connection to the amount of glucose in the sample.



nore glucose than the 60% hematocrit sanple due to-
the RB cells interfering with diffusion of the
woradi7aue3t o the worki ng el ectrode. [0020] ThePaomsei06/035129
hemat ocrit range (RBC concentration) for humans is
from20%to 60% and is centered around 40% Hematocrit
bias refers to the difference between the reference
[0019]y) ycod¥Bc samBles r Beving vHYHIEnansanirationsr ef eR&hceells may cause

1naccul‘g!\§/‘i§% iy aﬁH&J@gﬁsqetc%&’e\{%l %l’g&\%p ggnmggc{‘gs(ﬁnh befween a lower

mediatex pemqermmicai agd Lmth@ef eadiingr ebicntietbd mmea tIROREARERs block
cop r temfor | es containing differing
dlffus1%ﬂ)a%(§ g\; (11}g89]§p1§0 hEoy E¥ it enwhen Mples é:ontammg identical
glucosd BHRIEBGE LA %Hﬁfdcﬁ?snbf‘bgr @@dérﬂlgﬁo%eﬁté Eﬁz‘}%{e(amtﬁllgg different
varyi ng hematocrit |evels betwWeen speti

glucosg o8dirigs | willabidirepatedt by hepnlvemtidnat sértsoekjeat, based on one set of
ment naccu aci es o may arjse_when the

cahbmtr‘r%réscﬁpgt PE S 8 c%?‘é‘?"ig’r & dﬂ%%@s nét'eR ofPBglatthe glucose
concenthtidhstane RNt &e%@%%ﬂﬁfép@ﬂ thdtQhe Q@“%rﬁéhﬁtoc\f‘i{? %‘ﬁn{i‘le contains

sensor system detefmi nes the concentration of
more ghusgsfcidan tedd QY demgiosst sanenle |dne tetsdhs @elilsomlteh&rmg with diffusion

oftherggglgglt{oqg WOI@H%%Q |y}, any reduced mediator not

enera by “ox ion of the analyte will lead to the

[0020]s €NSOoIThs ysta4n heﬁﬁt&e@ﬂt kdHge f(RBC J&E&t@ﬂ@hﬂo@ hin®aRd BSRIM 20% to
in the sanple than is correct due to nedi ator

60% %&@%@Iﬁ@ arpig249%| nHamgtocrib ias grefene t deatliffarerce dretiveen the
e RGBT B SO, B ARR By 230

STAT BLESTY mcahlahiecfad)m%ismﬁ YeHOw® Iﬂpﬁl&gﬁj@lﬁb Nandemt d¥@erimental glucose:
an analyte in a sanple in one aspect,

g (ﬁg 4 ration
reading] USRE) FRELE PARIHE SERSPT BISIRPTotRRIE $ainisg differing hematocrit
levels. PPhS idpferBicet ﬁ@w@&ﬁﬁfy rebrbhd} M@Exﬁeﬁﬂkﬁ{aﬁ]sfe&dqu%sslaemlt Cfrom the
may vary in volune fromstrip to st
varyingiesestoray 1¢)@lshﬁwwwpedﬁm ssples.ci ent sanple is not
rovi de f||| t he vol une of the cap-gap,
1002115 00 i fadfiof B Betisthalog s siteficmearament peacsgies aiss hay arie
when tiRSRe&ufabld RERY akdeRR B IRS nbf‘&frﬁgé%g &G tBE Qndl concentratlon
nmeasur enent by random "noi se” and when the sen
For exayyplee itk gk senspiesystinh | defermineacbe rcan@nyram@t ef ri rﬁceluced mediator

s ETREAHLS, ISR R SRIEL % [ O0201 1080 21 Bl v

oxidati@poiie tahsigel Wﬁle}B&Dt’o thY SEBEB s 1€ irklida8ap 1eM niBk bhALR is present
echn gues, not. only wth regard to the nechanica

in the S%}EE leg no‘fsCPlﬁ%CtsléﬁgbmeéllﬂFoirba@%mWéagent sel ection, but -
[0022]3I \S;chel? g%%ﬁblggo Itlﬂa h%ﬁ t Anla c'hg or% rﬁlu rfl&c?s Fg’cher factors

also md?dbacbt(nm]abcm,racﬁmm&hé lablﬂuaj' of‘@bh@&ﬁtl@ﬁal f'e%dtt@d;m:@n&il%ensor system
ocrit effect for anperonetric sensors i ncl ude the

to dete@ggg © §qneentradion pd 2 aafyds By spmples Inpge aspgsé, these maccuracies
may beﬁntz&ﬁlcgéﬂ bedde ﬁ)@%@@@f he S¥idop 'sﬁ]%h% 1 /Og%%! fh@éaxﬁ{ﬂg lﬁzgy vary

applied current, "as dISC ose
in volume ffitpod strlp Hatstnmxﬁlmcneactdseﬂsorthey h@tntrrod%eﬁlt\a]lm&@ﬁméﬂit&ample is
not provf?ing to tom legelb?’ %Ill tﬁe Vol ume ofsthe I?:g;t) gapl\,b a c05nd16tlzc>8n r86 erred to as under-
fill.  In other aspects, inaccuracies may be introduced into the measurement by random
“noise” and when the sensor system lacks the ability to accurately determine temperature

changes in the sample.



[0024] Multiple nethods of applying the electric
potential to the strip, commonly referred to as pul se
worbitode)13sequences, or cycles, have been usedPCD/US2006/035129
address inaccuracies in the determ ned anal yte
concentration. For exanple,” in U S. Pat. No. 4,897, 162
the pul se nmethod includes a continuous application of
[0023} i si ndn aRcrtieEpf imgvaredmagae pomone Phfisse Hisedemenges, conventional

j d ' g ul ar-shaped wave. :
snsor GRUTNEILGL1 BBy B ADBLSL 5l AT pesanica
design 2068/ @&hI@322p andl r2Q6d/ RELBOS3 Iud a6 reLLIRY tBE nBbAAHSvhich the

hat. i.ncl ude the continuous, application of rising and

t . ap I .
measuring (eyiee ppPistglepdledrit ingtantichie the sbinehdivgesxpoipe: icopyentional
At P > [ . ecific
o 033k GRS LRI SO R, s
as disclosed hall. S Gaf. iINpsr 8708047 bod 5958)3P6;erevédsiBe thapolall: of the applied

5,942,102 .c [ e specific el ectrode . .
current i RO i O O i B o oS 11 sl th it resistance
of the saRpld, BYGS oA 8 €).§ P4 NQL. 4418 ggpact i on products from

the counter electrode arrive at the working el ectrode.
[0024]Thi s Abwitiblsamitinds of applyitgothdr dlerit petendalctd dre stfipj tommonly

change verses tine be s constant,  thus

e_current onme .
reforred an?:srwsge et S OF QP ChREHEPBSHP Aidess inacouracies in
‘the detb@@ihed @halfRViongeREWEE Fdrn&aMBIK i g7 8NfaC Wtéﬁg97,16f2 the pulse
el ectrodes during the potential "step. Wile each' o
methody ghdesnat spstisuensl anpdieationapf vsivgaavaiatingevoltagd potentials that are

i v I r.e ideal ..[0026] ee
comm 81 R0L 3980 DB b SRE P ol R SRR U e
Documbms Iqmll’(?l\ﬂeﬂ%},‘l amdt E@Iﬂﬁ@mw&i @a@%tﬂfbr past ﬁ_ﬁﬁlolds that include the
. _especially those that may provide increasingly .
continugik ppRlicali R ar et ARG olthee M@ltwi%hw@egmm pQarityn
00251 €SS UifiE- Sy Sit devi,ces n t ho of .t he,.

[002 ]pr es enbttﬁr%ﬁegﬁ%t%ﬁao@gﬁ%sn%\%@% 48 Cg%cne Sgodpggniiguration with a
pulse wijsade aatapydstoasisncioatigdratibi.h FonegmahpRNal.SSRLEN®. 5,942,102
. SU RY [.00 71 A vol tametric nethod of determning
combing, %\G@B REER s P Lo 2HtiaR é’l“ﬂi‘tl‘ée‘ji By athin Apyiee cels with a continuous
pulse s®ERY tdedadidatprddietsUdn tAPR iR gle@fr W 56vE ‘ﬁgfﬂ%%&k{n% electrode.

. the sanple and neasuring the resulting currents, e
This comhiraiogds uesicte drivel thdesaction belsthe towretuthyin gsy ¢éres. tithé becomes
[tion,to the atleast two duty.cycles, the pulse
| COHSta“?:g%{d%e RS Ey" FHE ol See vt FOé_éﬁe RAAECTL G B Rgiween the
working Rintl | @unfel rescteley daint FRYphentddRkdped WiR1 ef8NS§Phese methods
strip including a diffusion barrier |ayer on a working

balanceg vardeysedyantaers anddifedvaniages.monadee ifleds bi as

attriQuyt t i ator packground than a .
wﬂ%lconce%r@? ' %ﬁ S%F thﬁoél? etlﬁ%lay?vee geesf'éptr‘ﬁr’nggerF 8 e RO need for
improveeeleotodienfitad rsefsor GlybRIRE bpetiallptiiow ihat kiaRgploRRIePMbR8singly

S uence_congrisin at least two duty cycles. The .
accuratg E%ﬁn@nﬁw Bethg %ﬂiag'ﬁﬁ goncReiraignry lessiinet. oghe aystemyidgvices, and

hod@ : C . : cycles. .

method8 88 R LRI el KRl PR TDER Y SHE 88 win
conventpriahsystames.or a potential varied linearly with tineg,

such as a linear, cyclic, acyclic, or a conbination

SUMMARY
[0027] A voltammetric method of determining the concentration of an analyte in a
sample is provided that includes applying a pulse sequence to the sample and measuring the

resulting currents, the pulse sequence includes at least two duty cycles. In addition to the at



of these excitation types. A current value may be
recorded during each of the excitations and the pul se
weeoqrmaea3may i nclude a termnal read pul se. TReTAIS20P6/035129

cycl es may i ncl ude acyclic7excitations substantial ly

excluding a reverse oxidati'on peak or a reverse

rggfction peak and may reduce the concentration of a
least twodpty cyrles Ahg pse sarypceribry elisidevainglorend gulsp ang/pran initial
i ' I, ' t : t fy .
e e PR T T s S bl 4 LR Eh Mhier tayer on
working reddctrdée. adre Innath@k oiay dbélodes lese biwk natibnigbkebanediator background

T T e T
method 18MEAS BePhldAbMRA AR RIMEL 101 W&Lﬁ?f fcg&céc’y{ﬁ ér?]?ntpé%may bea

. . excitations substantially wthin a di si on
liquid ipelpdisae bidegionl fbfid and thd eralp@imay hgineiseThe met hod may

inclu t determ nation of at. |.east one contour ] )
100281704 'Ee Sy RIS ey GRriodiod Graiiidh Pesipe Gt vaied with
time ortafpR@&nfBNarie8 WnBardSwif Mntd, BiBHs A lineSC BV IR RAVRE! S coffbination

derivative, to the resulfing currents. The method al so

of thesqygnpitpiient tyies. datcarpitiiaty maypbemegbidey dofing edchbrfabé ewmitations and

e rents and det.ernii t he, nunber of .
e PSS 8T B A BBt B8 A GRS e st
excitatibed arbslanaillyoexopiditide reveadeydedaRnGRAk bR bireVerf@iedu M8k and

veragi ng nmul tiple concentration val ues obtai ned from _
may regiqg tEP GPageRiTglie: of aImskales Bhihsermplq noi3eFPopsivertetthodnalyte in
. . s .St.r
oo RO RIUCRE BN SRR Ty i
may inclidesacgteli eexvitaadrisdernmastingrieiford énidaiqmasi Ngvake b@ast pedke acyclic

.tfcurrqg%pﬁ%%ye to.a pre-s Iegted val ue. . The nethod al so
exclatify Sy aetles e PRyt Hadaevsre oxdation dgd dgéustion peaks, or
acyclic €R¢1ta@Bhs QfbsAnSARSKIthis tl diffusién Hﬁﬁt@? @t :QRoh BAL +JIBY pE
made by determining a ratio from ormaré and rever s8

[0029]scan he metitodvaby gsluderihodeemsinatiin oft dtilsast ahé com@s profile and

. Qrevi ouysl rrel at to kno mounts. of the active .
may inglifF spfgng 4L % oSt P T raf £ hut o STRLITeE &y FYR-dyripive, or
derivatif@to Bige AkLIEHE duirénts. e TROAREIIAUIINBaR iR de%ﬂnﬂiﬂ%a lurality of
. .agent content of the sensor strip.” In another as egt,
calibratiqpesety diopmtthe gprentaeadi datemiinmgrthe i ondfer tdfedwiyt gycles from the
- CY . b ro .10 0. 003 A handhel d .
plurahtg nogél %Shé’%&s g?tlg'ngmg %\gﬁ% ¢e 89% Oé‘r 5% 8%%%? 0?0%8‘9%%%}% My include
averagih@imubtnie esriceatidtion vafuea bt fitogn ihe prurSBRIr@alifBgon sets.
deviceg, includes a gated voltammetric nmeasuringdevice
[0030] ¢ apt ebe meethed: alsg angy dechudsy defermiping Tifer getser sirip containing the
le ARELL! [ ' [ ' . a st _two
slc RLOMRA, MBS, G RO S bl o
one curging plaby toha pregieletel valie alThei methbd rajso hhe is@ndOletsiniihig the

G i ncl udes ?t I?a%ag;irst and ,second sensor strip
active 1o pEenL4RRI 1t @ SERErSIER f fictsmiaion] Gaf muay be made by

determifin@Cd Fai6 atork FHRRRE GAY rQRrM dobn QuMaliklngsels Cc}n%oiqgecﬁntﬁis ratio
t he second sensor strip contact I1s in electrica
was pregignshispe alietedrio Whewin amovuts bEtheelctivd foadzng dgeatighn another aspect, a
. uct ors. first reagent.layer .is. on at | east on
caiorat NS B Ml Barnt e cue S ‘o5t Banicragst ahe sensor
strip. [Rtanbt@@sispearetienieit@fonelaRati@fhe RAIE of HaCIRY BGEIEORES be from

may be on the sane
0.3t00.2.

[0031] A handheld analyte measuring device is provided for determining the

concentration of an analyte in a sample. The device includes a gated voltammetric measuring



or on different substrates. [0032] A handhel d neasuri
ng device adapted to receive a sensor stripis
wonrovicded3f or determ ning the concentrati on of PAWUS2006/035129
analyte in a sanple. The device includes contacts, at
| east one display, and electronic circuitry
. establishing electrical communication between the
device adeptad tostegeidie £ 1sensar gtplﬂ@ayTheméedcmzﬁpmetylcm@lsmdmpe includes
ti.d r t r r .
at Ieasfiﬁlg rﬁfe{éﬁe?taﬁ{agglmgég%%ﬁca? %‘T‘Lﬁl%a’tltoﬁhs{t}? &}?RIQ AT c§h electrical
circuitrye diebiens@t s gecluvizgiat lBastTJhet ampsdetnd @@isuﬂgﬁ o eIThe first
readabl e software code, which when executed g t he

SCSOT ST eAndagt 1s aglectucl %I%W@@Pnt%ﬂ} w%lﬁ&eatele&tr@é% agyl the second
vg} agmRi e pul CE dj t
Sensor g 1{){ S84 esl 5 8%%?1?&%9”9 T di %n? o gﬂg %gcc% ﬁl el%&@ode through
conduchersr i Bufisdh|reagent haai a6 am bairegr ommdf ithe &lﬁdzﬁbédfsl’m}jitbdlcludes an
entration of an analyte.in a s provi ded
oxidorg S hd b8t Zp O of Aetehros THbrelpedynHs B on the same
orond@gg@gqgggpmgludlng at least two duty cycles. [0034] A
met hod of determning the duration of a pul se sequence
[0032] ncl udh hgndheld ma&unﬁg datige edaptaisto rborivelebamsat stipgds proeided for

concentration of ana te in e js. pro
detern i T @Rl T AARG® & B SGP 1 ) deRigb dngirdeS eontacts, a
least of@lisplagt Mf@lﬂelé‘d@fbﬁicﬁéﬁcﬁu ERAUTIsARG dldc@itat UbimBihation between the
recor ded durlﬁg the at least 2 duty cycles and
il

contacigeandsthe disalayt HEhedercaitnomebides be chuiriechuesuonda pmcsssor, where
the pro%ﬁ%??{%‘;iﬁleineg rﬁ'&?ccﬂﬁﬁqﬁﬁﬂh@%dwﬁﬁ% o rél%u I(gga%agl s‘ior%%e lgedlum The

medlurgahﬁddesodotmmtrBadachﬁ"‘@vaﬁe o) 6)\&11(:1{ 4835 ]sxé?suf&t #0the Phrocessor,
al i q fer to add additional sanple to a sensor
causes §]iler 3}?@% prgpicaEat ¢ Rated el IREs FAdPRG InFluding at least two
duty cyR@asor strip is under-filled by conparing at |east one
current value recorded froma pul se sequence i ncl udi ng
[0033ht | eastm@&hdditof eyadias the bdaspatrisahldettedmedibioe ‘t&ﬁkﬂground in a
signaling the user o add ad |t|onal anple to th
deteﬂn&]éfﬁ§8?¢6§?fﬁﬁl‘ﬁl ?? an} 418 Bé? M} sqraple h%l@PVling (g inchydes ,anwlgl@g a gated
Voltam%ﬂ‘fteﬁﬂ% JOBYerlee it 1eah o6k lg%lt Ry 'ryglep ul se sequence.
The sensor strip may include two"electrodes and the
[0034Het er M meltfg)dmfyietmmpeng drendblation dfespltchsequéncedncluding at least 2
ntrl net h of determ.nin

cuty o T Ao R Bl BT AR 1 0 PR digh G 18 provided tht

1ncludd§r&él¢rﬁﬁﬁing haplut e witestsaPPENibRdioR IMb@BtsSERIMBRERL EQm currents
he sanpl e and neasuring theresulting currents, the

record%ifﬂlgél g alklses 2 ey avdes and deé@slmmg &m@ur@tym efthpavise gequence
| |

i rspSXEL 10 QORI 0 TR OB K QB By e

nmybdm§MahaﬂymﬁnﬂatpnnbBﬁﬂwﬁ&on1another met hod where the

excitation/relaxation time ratio of a pulse is greater
[0035k han @ auethasbsl7 pigpaling adispothadd edditipral rs@mpiq)to a sensor strip is

prov1d§!ﬁ.Ih§{ 1%1%1&9(16%}&1&19@5 ‘Hﬁtg& EI ncﬁoﬁggfls AuARALY c&rﬂpgnng at least one

e 1S provi S an 1| nprov
currenti Vrabietrdd:mge(hfnmhlw pudsesseqadred incbldiagrEedsk @ duty cycles to a pre-selected

value and signaling the user to add additional sample to the sensor strip if the strip is under-

dHu

filled. The pulse sequence may be a gated voltammetric pulse sequence. The sensor strip
may include two electrodes and the determining may be performed in less than five seconds.
[0036] A voltammetric method of determining the concentration of an analyte in a

sample is provided that includes applying a pulse sequence to the sample and measuring the



pul se sequence to the sanple including at |east two
duty cycles. [0038] The followi ng definitions are
wonaed7idexd3t o provi de a clear and consi stent PCT/US2006/035129
under st andi ng of the specifjcation and clainms. [0039]
The term "anal yte" is defi fed as one or more
_Substances present in a sanple. The anal ysis )
resultinget @rentre s theh epPsce stequencandpdrdesorid edeasht 2 orubf eYedes having
. I . present.. inth e.~/.004 The ;term
encitaRALKN B GRERos BP0 SRTRS e S Pl e theo »

concen@tioi kNennalfeudtterafinddn@oranabihtemethypivaahd the excBa@ip/elaxation
for electrochem cal analysis is in liquid form and

time rafip of 8 Plse ¢ gRueBABPe i s an aqueous mixture. A sanple
009712, BB o0 B P e

a sampé 3l rovided timaimehries atlGhpas calBniciktiudiis, applyiid dighed voRammetric
filtrate, or a reconstituted precipitate. [0041] The
pulse segeree lpghe samRIe iRpludiag dideash e datygiclshal ysi s met hod
ere e zentr at i . I ' S b S
[0038132° 7 FRCHTERNAG, Wb ls B HAIA Y Brola® o BER' End Tonsisent
understdiahglof dre specifiediontandrlaimte of the anal yte at a
varying potential. [0042] The term "system or "sensor
[0039%y st enthei tsmpetnands” Hsdeaingd A gRe SF PO FUbsinesstiptegt m a sawple.
q o I o .
The e e patp iRy RGN Plipn 46 IhePrBRAS fhidfk in the
sampleanal yte in a sanple. [0043] The term "sensor strip" is

efin as a. device.that contains the sanple durin
[0040f|he aﬁﬂleyt&’i“% mlﬁrM%@§3 8% & CPRPEsiion. Skt RptashAn unknown

amounP 6f e @Ratl 2 1SRG e@é}l%gl@ for TRREHEN AT HBYAISE:s isTiR8iquid form, and
portion of the sensor strip that contains’the sanple

preferabdy hitsemplegs en rgacous nasturh eA"seaplagapy be p0fdldpicTheantpds, such as

oo, sEBRCSRN Sl uE PSR PR S s
extractCh @Rt Qg B €8l oranadatsiitited f204plkatdhe term "measuring
evice" is defined as one or nore el ectroni c devices

d
[0041} hat nEhe 4ppl y'valiereimetyTile geftuedt palant gneliyeis conthodt phsre the

f .2 sensor ri n asure the resulti current. .
concerfies By S0 a4 e ABEAIER MGt HER ARG b gorine e

oxidatioapabdduttion fae sfahesmbine at heptReaneatiand/ or
concentration of one or nore analytes in response to )
[0042} he r ckhsrigag “eistanener \sansgs systerodirgielmpae ag asesor strip in electrical

. oS [ S : nounk.: of
commiRh Wb S OSHIRLo8Z N0 SASEAL SRR oy o i
quantificatien afiew ptal it i@aadgple. i n t he sanple. I n one aspect,

ccuracy may be expressed in terns of bias. [0047] The
[0043fer m " HETa | gpeon drigets drdged as AGRYiEs Gwé coripins Hreesample during

the anYaL ¥h& pFRASL SEBALA communication between the sample and the measuring
device. The portion of the sensor strip that contains the sample is often referred to as the
“cap-gap.”

[0044] The term “conductor” is defined as an electrically conductive substance that
remains stationary during an electrochemical analysis.

[0045] The term “measuring device” is defined as one or more electronic devices that
may apply an electric potential to the conductors of a sensor strip and measure the resulting

current. The measuring device also may include the processing capability to determine the



are for the sane sanple. In one aspect, precision my
be expressed in terns of the spread or variance anong
waoubdziopos3 neasur enents. [ 0048] The term "r edoxXPCT/US2006/035129
reaction” is defined as a chemical reaction between
two speciesinvolving the tPansfer of at |east one
electron froma first species to a second speci es.
presendehaigl/ oracane duixatios andt dnenor moteuaiadyteminosesplatse o ttbcarded current
reducti on. The oxidation half-cell of the reaction

valuesi hyol ves the |oss of at |east one el ectron by the

[0046] i T St BRAEHESacoMicheid finke AbGbivAoddahé Gblnt SVARLNE&Smeasured
the addition of at”least one electron to the second

by a sgpper Bleip. coTivepdndaite tht imgemeinkof pardjtesntthasarngle. In one aspect,
xidized is de _nore.positive by an anmount equal to

mmma&%%gﬁéﬁggve%ggg}ggP§8%@a?gnnved. Li kewi se, the ionic

[0047F har gerieftemn SPRGIs& " tifAbfihed AsCbive 8dst Sndlsle ah@l?fb measurements
positive by an anmpount equal to the nunber of electrons

are fordl¢ prser sqnod@oln quveaspedtpresisioh amayrbe ¢xprasedd inddrmassofahe spread or

wnﬁn%ﬂ%%%%ﬂ&ﬁﬁé%%%gﬂ%%nﬁgmoX'd'zed or reduced and that may

er 0 nmore electrons. A nediator is a
[0048] eagentThé fert “RUEL treREOEMIL dbfiddahy 81 chedidhl irSachieh Hebifeen two
. analé;e of interest, but provides for_the indirect _
speciesrayslingn b trapiles ¢eat dprat grreecleqtipnafian mfisisipeics fosa eqepnd species.
Thus, 5 Ee%o@gzlé:ﬂgﬁ rinéil\%@ ragg)% ok %ﬂ? 4 rE&\ﬁ%tohorTh'e rbxfrcﬁa?leg %ﬁﬁ“—cteﬁ of the
the oxidation or reduction of the analyte. e
reactiooiatilveddholoss etitdedt omddledtmn Hyltee fitm degciewhilé the reduction half-
. Opposjte reactjion at the working el ectrode of the,.
 cell ingfsdhe eddifig sl st pregRlsiroR B ATy %?CP%éSR?ﬂegi Af lonic charge of a
ieOH AR R AUETREHe nl O B0t Ty b bbbt RUEI to thSn@RbME Diect
Spaneas a_naté%ial thgt prgvféesﬁ%hﬁsicgpeguppgrt gﬁﬁBrQ& serrons
removerb nbikiewrsenthe tienic kbarge afje specisstthhtas hedriced) isahedd lesd positive by an

0 ihility w he reagents. [0051] The term
mnmngﬁ%gﬁgngnﬂgﬁﬁﬁﬁggw O0F §14%ti ned as the bias
[0049] Nt T 0dpeagmh Finedikie” RRRSHESS ANMMhE HANREPHE BkidPRd or reduced
attributable to neasurabl e speci es not responsive to

and thatrreay fraeiéer gnerny merel gfectrosendemediator ona r¢QEBRIn Aheettmchemical

"neasurabl.e s ies' . is defined.as.a o
analysig s BRNLGRRRTE §F iR FuaPELRS 68 Wi jrdimseumetysgapnt of the
analyt®r Inf @ QngefititRg@smAheapElifpr uadRgdRtenrtibaleatiol e response to the
wor ki ng el ectrode of an el ectrochem cal sensor stri

oxidatiggmp tigm oﬁﬁw@@q.eTgfp axidizsd o spdyged sediajardlen un({)e'rgoes the
: opposiﬁ@ﬁ’egafo%da}t' W@i{lnézéggcﬁfggg 'oﬂ}%rsénioggéﬁjf ?n-ﬁrigr ﬁﬁé?g}]qglt% its original

under-fil as when 1 ns Icle
oxidatmwaswinber.oduced i nto the sensor strip to obtain an

ccurate analysis. [0024]. The term"redox. . pair" is
[0050fic} nabhe&rm vBingsh) 1%&5 1%465%%@%&1@% that pregifee anysical support and
conai RS ESCN, N SN ST BOE B g,

[005ThunberTlpr mducesedidier bpagrendhadyidafinddes Hewens dxiadiatédinto the
ation of .the species havi.n

nunmber. Alternat.ively, oxjd e g
measuflcanabiie SoBSEAL PP HRHEEE br BRGRBEIE eGPt apbeRaviHg o the
underl&ihg analyte concentration.

[0052] The term “measurable species” is defined as any electrochemically active
species that may be oxidized or reduced under an appropriate potential at the working

electrode of an electrochemical sensor strip. Examples of measurable species include

analytes, oxidoreductases, and mediators.



hi gher oxi dati on nunber. [0055] The term "oxidation
nunber" is defined as the formal ionic charge of a
woheomoged13 speci es, such as an atom A hi gher oRCUAS2@®A/035129
nunber, such as (IIl), is re positive, and a | ower
oxi dation nunber, such as (I1), is I ess positive.
0056].,.The term "reversj bl e redox pair: .is defined a
100531, ° 027 rrogEies Shfencsl s efint 6 Hn BolyEsie sHTBl T firoduced
into thé &b CIMIE ah QYA SE 284181S. Of the semi-integral is
at nost 30 nV at the hal f-height of the siss
[0054} r ansiThieoierm Faedax anipl és defingd] & tyORonhgateospaaies odred chemical

rever se iipteagral scans f t he . . .
substarieg iy i aient ¥ lafion Biifidsr dtrdvefen of i seaeies Paying ghe higher
oxidatibR @usibSs ptddabss the GPedied BRlina kR BRRWdxidAtioh MEmbeNe Alternatively,

~ where the half-height siss transition |line intersects .
oxidatipp o1 flesr spaeigs Aaving dveelosier exilation pamberrodegsa tha snspies having the
. { lines is 29 nV, establishing the
Ingmx?g$%§§?%%ﬁg?y of the ferricyanide/ferrogyanide r edox
[0055pai r athet Remdepiiddtiod SGaberr dt flefih@0%¢]thd Brrh#r #dhic charge of a

_"quasi -reversible redox pair" is defined as a redox .
chemigghispecjfse sBC e aePamat Ao mighst eElition ungiehasughagsg(lll), is more
s r L | g L Skarger than 30
positive G B R R thiher St pBPEdhee PR8I0 o1t he
[0056] edox Tiwi term [“©BB]bld heddxepain™'is defitddEay @gaix ofpedixespecies where
detingd as %15 bstance that is c%pable,qf un %%going
the sepgatiqnPFPen fhe WatiRiBA rafrase wans idhe dimipniseral 19 epst 30 mV at
the hal€REloft 02Re ), Bhnsioh Y8t eﬂ{mﬁ&,_ ih 986t 10A AhOIfATBrdPBH reverse semi-
Litéer. Sol ubl e regox speci es 1 nclude electro-active
integrad sgami for the &rotwsidedeganenidansied pairmetadlitoonpl thxes; transition
. ..and . transjtion netal coqrdination conplexes.. The m
height SR AcNm8 ST 0% HALatute el ST A S BLAIeg s g forvard
and revRaSscARliAds the Bpar2DRetvdehYhd REas DDAV akRblifs BB lr&versibility
or sparingly soluble in water. [0059] The term
of the fegrigraprdedercacgeide relogdarimméthealeprtsd ssAzjate t hat
10057301 | B B8 (AR L AR RN A0 DR8N AOR K Simere the
separaotl Baveeitk d6:6vdrd ehdIfRSrse Q¥dnd @F &, seMihtefraf RQhilskt MBE 30 mV at
oxi dation reacti ons where nol ecul ar oxygen is the
the halgheight ofithaglsdipneiion fordbeEadas @air' which facilitate
[0058 eld UCthon L& a‘&&hﬁ’ﬁsrew‘féq%ﬁ}e?e isaﬁﬂafﬁt&& Gs 'agsuB&Qﬁ‘c%e(ﬂatairs‘ Lapable of
ecul ar “o0xygen 1s no € anal yte; an
undergotiphyddapanaseductiontzing hhdtde kblublatia vaxerd@H De3° €jct hdes:] of at
wher e nol ecul ar ?xygen is not the electron acceptar.
least 1<p grangsope&xlatipi SOTERE SpdpXDrneeicd ARty ot lesratE i Yssyjc adecules,

organd¥BhEEY &letdp! c%krggéﬁcesﬁ%}@ gaslitedl fbQD codtdRatiMcbiipldkds. » The term
New York: Oxford University Press (1997) pp. 181, 476,
“solubkerrgdoasmbcE80 exlOd6 G erféndaltrectnls "aptl doter metat tangeespeqahy those that

. cule".is defined as an organic nol ecule | acking a
aremsﬁglh”gqortsﬂ?ﬂngﬁ%s‘gg B?S’afﬁr' under goi ng an oxi dation or

[0059] eductiin (& -RAGLL AR BGh T RAGIANLE £ 93N & {ME aGMl BRilitates the
may serve as nediators. [0061] The term

oxidativor garreductingi of om awalyle. cofwpl exidorediciaser &f er resgento akhe term

k]

oxidoreélj;lc-:l’égse includes “oxidases,” which facilitate oxidation reactions where molecular
oxygen is the electron acceptor; “reductases,” which facilitate reduction reactions where the
analyte is reduced and molecular oxygen is not the analyte; and “dehydrogenases,” which

facilitate oxidation reactions where molecular oxygen is not the electron acceptor. See, for



conplex,"” is defined as a conplex where a transition

nmetal is bonded to at | east one carbon atomthrough a
woeizgmw4pand (formal charge of - 1 on the car boRCatUsS2006/035129

sigma bonded to the transii{jon netal) or a pi bond

(formal charge of 0 on the carbon atons pi bonded to

h i t] 1). F le, fer i .
cxanp LR RRA by B g R it BLS5 M Blen, A
Smith, Bandes, vBike oslford il LRt 9%?t 861 Q78N417, QR SEt er

by two pi bonds and oné signa nd. Anot her exanpl e of
[0060]an OTWihe derpl éxledts-dativeiocgeaus welechlel Js daftheiltas anedgmédmolecule

tacking § BIFHRG G Egbenld of IR BRGH wroThe § FriRasyeciE Hreotro-
active @R NRURY nt@ fvel dsQedeRtrser through the carbon
atons. [0062] The term "coordination conplex" is
[006T]def i nddcatera Eongphassankizion nepetak| donthddn, hedsc oefededabi on “OTM
eonet such as., oct.ahedral .or s rre, ptanar. Unlike
°°mple%rﬁfw§‘8ﬁ%‘?de%‘<se% CoRpleE iV e H@P?ﬁ%‘a n%?ﬁi‘m?r}d%ﬁaa at #ﬁ?t one carbon
atom t1@00g0h RBIn D B0k (BHeMeshatdeeofdal b e Qybdhom 88RHBIohYed to the

..Thus, coordi nation conpl exes may be OTM conpl exes
transitipn gegiel h o1 rHRE pandh (fomaal eharsst eloh@d the roarthopazipme)pi bonded to the
fransit; e OR: . al Ops. et her -t h rbon .
i TR B R IEE RO EL AL ok 0P IS8l 555 By

(Cp) rimgsy gavh,boadel] fhosghhity Hius carboreatdaisity ahﬁdnmﬁ&d bl @wb b€ bonds and
rutheni u

. one sit,t LAt @qt@%@%@%%f& @gﬁ[r %qggéggiseﬁgwmgidg (II?)1 and its reduced
. . ¥
4 ferrocy%\fﬁhé @ﬁ{b&%@erﬁﬁﬁbﬁ&é dx %ﬁﬁﬁg%ﬂdts\r’ggﬁ%ﬁll §ﬁeﬁ“ﬁé\l -1 b9BAYSof the 6

_ ormal charge of O on €ac I gands) are
ligandsgj aitei sigmha/bdyolied éalant ot hententhivagh the @entetomd nor e

conpl et e di scussj.on. of organotransition nmetal, .
[00621¢ ot FhE iy GoPRIiRAAicR sty heskadied and CoRRNES havigg well-defined

coordindBbloe RAEY, RACHTRY 0 EhddLH Y sithrERtah SR NSk A7 i
coord Pri ngi3 EI eg}L an%l Ap%l i catli ongIl ofr @%raggﬁgtj ?lg%egdl)tTMoﬁonl\l}élf )éﬁs’ which

are defigige fysihely bpndiag,) coandinai caseingrlex®s Fae refinaddngtnirgeometry. Thus,

- 1 Str 1991)..[0 The,term "steady-state" is )
‘ Coordmggglﬁnn%)&l %{les}geﬁhglﬁl 't €£e @ﬁgﬂn §8W}FX§T g]élt“i%o@ﬁe _c%liev@iu@lﬁafnenuoned
ferricydnéds) ) @ndompletd’d wiesp@eh-nidali 4:6mé BERPENGERLIN)RIEh as heteroatoms
variable (voltage or tinme) is substantially constant,

including, 8Hrogen WL noXXEeBr aBbphqspbeaps, Taie detively ‘boafled foy Bieytransition
t n H 1 A t . i
metal c\%gqéﬁ N exdnggl)lg,?if&g{égﬁm?g?%gaﬁlgnewﬁfahg%?@ggtﬁfg?oq’no@g% g}?&hg a well-

ue or a
defined @O@EHral peotmetrin Wheew aixsNHlg -ljpahdd (foirsaldetat geesk @ont daeh of the 6

QST ST S e SO 58, T LHOE S o
organotritsttioAt;8étal QAGHEEN& ot @hMonl éoﬁﬁﬁfﬁxe@,xﬁlidttﬁhgiﬂﬂﬁ rdefal _bmading may

defined as an ‘excitation where the voltage is varie
be foundrin & odlinygl e al § Bringiplds and Aprlidatinnay/ QrdanrednsigarelMesl hemistry

.om-Q.5 Vito +0.5 V t.o j{de a 1.0 V excitation
(1987) ?@dn%%?s%ﬁgcgﬁ%iél%’ﬁagﬁ q]beﬁﬁsef’fypnggg over the reduced and
[0063]0xi di 786 (EinAl'@Rad-statel 6 QefiRdd Tas SPhdnNBe ShahiARS didc@Bchemical
fromone state to the other occurs. A linear

signal (gyEsnt hwith eSSt thés aplspendentinpet vayiableSeoliags opfime) is substantially
constant %ﬁgﬁg&;}hﬁlﬂn icll?)%r}%%sﬁl n potential. If the increments.
gccur very

[0064] The term “relatively constant” is defined as when the change in a current value
© or a diffusion rate is within £20, £10, or £5%.
[0065] The term “reversing-point” is defined as the point in a cyclic or acyclic scan

when the forward scan is stopped and the reverse scan is initiated.



cl ose together in time, they correspond to a
continuous |inear excitation. Thus, applying a change
wofRo@auensi al approximting a linear change mayCbas2006/035129
conS|dered a linear ex0|ta{ on. [0067] The term
"cyclic excitation" is deflned as a conbination of a
i near formarg?ex0|tatjon i near reverse

100661y c; ¢ B Mo GRS e e dal B dragrigecicifglieniBdierenfhe voltage is

varied Bvd Qﬁ’%lb ORrRB T BLESd 8% fB&‘e@l?&e Ouch af BERX 0PR 1o +5(3r¥ to provide
exa varying the potential in a cycliC ranner frofi

al0 V—QXCBatmrltr@ngeo Bhe\exaiigtidrankgd way over the rsdened exd opidézedfstates of a

eX|t t|o for t anlde/f rrocyani de
redon: il i FortsRlord g Sres il bk oTEEREGHs. Brure! BBt pmmey be
approxRXdt€RbYy @rseABH of BidHeldnel) cRERES iR D6tehAf! URRKE IndrdnRits occur very

excitation range. [0068] Th e tefm’ acyclic excitation'
close togethfafin hiae, Thﬁymeasfp@cﬁo asordimuewc lineur |e@mtatml Lthun,gapplymg a

erse current
change%?ﬁgtregéz&r grnotX%Be E%erax gl}(aél%% 2y Og ﬁ:mé%zgs%?(g{l Ihgﬁar excnt’glon
[0067]i ncl udiheGerfoFygilid eﬁﬂﬁatfo@i" ¢ a8fidddNBad cENBInb@dd 8PS 1MBST Brward
the forward excitation is started at a different
excitatipg| ang e lipggs Aeverer excitpiéor whetesthe exeitatiani r@ngssmbldes thecoxidation
N
and re(ﬁéu&{ ?ggks Qf g‘n]‘%%{’;’? 8?190%8y X tlg oﬁarﬁkg élrl]eo ?Z]Leliltldé)%%%pqyghc manner
from —@ﬁ ‘ﬁctyd—@ 8 Vexad tbatlt ad -0BYVsisadnt exdnthierd @Atyclic excitation for the
forti s%giéantiah#% t he same voltage when the excitation is
Crrcyay BgCnqfpefon pair 135, usgd 1 arﬁhl%ﬁﬁﬁelfslobrﬁv}@ﬁé bogt Hhgl oxidation
and redﬂ@ﬁﬁ{‘fiéaﬁ& ateQnclfled iRgnd S ?§t1 e.! N another ‘aspect, an
acyclic excitation is de “an excitation
[0068]i ncl udhagtefor Vaydiardcitaivar Se clafme@rmexﬁé tagpdcons ahadkcitation
ubstant%ally excl ude the oxidation _and reduction

1nclud1% Jpure o1 one ef%ggaréiaoi: reyedse é&gﬁ% gealst fthang $he Ether o‘ﬂmi?ﬁS/ peak.

For exd§fé Nan re%\éﬁ&tfcﬁl i 80 oM drdd i dhdl R&/ ekl fitksik 0B t'IBntsegrhere the
region of a redox pair, thus excluding the oxidation

forward mecitagidn ds s@rteqb@-alasdlﬁﬁrenheolpage rthar] 006S] th&'l’.revdrm ﬂ}B:lta‘uon stops,

such as fgogrﬁt-() § )éf]%’ %# %Sf?ang aaﬁfa?%?@ég gﬁ Zstaldqug(lar aﬁle %fsanaaﬁychc excitation. In

anothereQinipdd, | DNacbRE exditieiod GhdBgert iafd €RARgeebsdntiAlly dh&sfhie voltage
at least 176 nV/sec. Preferable fast excitation rates

when thg gxcitafiqisis gtagige @F moplar2 02600, wg0, mY a9eg frase the, fogoal potential B’
T
of the r%é!)é@gﬁ II%%Q(?‘%%% as!ﬂ@qtg?{ :ﬁﬁjchcc‘ Ja)&\{\{ag&égis, fg%{]%scaglneiécﬂ%\%qn including
forwardpmel chetishdtheasex@italbosi thatstubﬂamh&llyeext:lmﬂe\mﬂ b:ad&tidnSand reduction
ik a %ed at rate oLesahaﬁi’ nost .175 nV/sec. Preferable
peaxs thex d?la’crat BrF*FEP @‘Ci“éftl%mélly&ﬁéina frigives s endwithin the
d1ffu310'§101a1mﬁéd ﬂé%lWéﬁ@FedBQ Q)Z&Lthﬁg' Exd16dily tl?e ' a'?ldtrb@\ CthI’l peaks of
hi ckness” refers to the average e|g a laye
thepaﬂfplrl or to the int roductl on of a liquid sarrpl e. The term

avera S _us, cayse ,the .top. surfac t he
[0069]; unggSﬁ \E;d i ﬁ@agwg a t\%&ltaévg ratego%_it . taéﬁ?nfa“ scan
rate” ard’ @&fedi 43t ﬁﬂ%kéltétloﬁ RiDerd $h@@5l&dé%QS%ﬁ%@eﬁp£ El‘!lte of at least 176

excitation tine divided by the sum of
mV/secex cPickraldn fabimsxeitptionheatesoted rated agredteromhani ﬂﬁO,déIOﬁyﬂ 000, or

2,000 mPfse® PUl s€

[0070] The terms “slow excitation,” “slow excitation rate,” “slow scan,” and “slow

Q=0

scan rate” are defined as an excitation where the voltage is changed at a rate of at most 175

mV/sec. Preferable slow excitation rates are rates slower than 150, 100, 50, or 10 mV/sec.



sequence. [0073] The term "handhel d device" is defined
as a device that may be held in a human hand and is
woani7apoa3 An exanpl e of a handhel d device is PO®US2006/035129

measuring device acconmpanyjg Ascensia(r) Elite Blood

G ucose Monitoring System avail able from Bayer

Heal t re, LLLC, Elkhart,.|N [0074] The term"on" is
[0071 ke | ngfggég@ aBtRiase H’ﬁt&F‘litQICl"éﬁfsé_t roferstls haaverseheight gh 2 layer
prior tdX@k MerddREEd @Fdj}ictuﬁ@ a8 terhf avRrd. riﬂlseﬁlb%gﬁﬂ% tletop surface

deposited over at least a portion of" a second e enen?,
of the lpyps if inreyen, dlagimgrpealisandaiaieyso be "deposited on" the

econd, hi, angt her . exanpl i, f first elenent.is . .
[O‘mlgr eserci'the %éeg?x }DE%&?W a%rli fl%ﬁleéfas b toda) iprcitationgiape divided
by theldifh bf 118 tRhICERMatibS tRA Bnd P otalOR]axkion IRELQHays RS a pulse

use of the term"on" does not exclude the presente of
sequenegibst ances between the upper and | ower el enments being

_ described. For exanpl.e, a fi | ement .may, have .
100731 0at | ;\g‘eg\%ﬁl h%‘ii’teggd%‘ﬂ?? a@e‘?esfl%g 2 L EEYfT t}éqtéﬁ%_ e held in a
human t8d aall ik @REhbIS. PAK tdx@MpRS of AGahildd d8leEBhaRfadtRg device
top. coating ma]g]tibe descri bed as "on" the first

accompangiggndscerHa®, ElitseBlosed @lucesseMonitoninig §ystemy availaytey finot Bayer

‘ o el enents being related are in
Healthdg%?/’;tl ]:“:(g’laéné%% ’act. BRI EF DESCRI PTION O F THE DRAW NGS

[0074][ 0075]ThEhemi Naentsi dfins@ys Febdet tan s Relefet ROofle Wriehtation being
reference to the follow ng draw ngs and description.
describgthe Fop FpunRiat i 4 Arst Islemiang ify deposited aver atdeast sarortign eHa second
i s i d L , ndllustrating. .
clemn 38 St SIBARELS 0 B8 R0 LR LU0 b GHBRL BB, i
first eldniqpiisescesdnt Weoweedt deah e edrtivuneradesoteslegeat, €e first element is said
.COrrespondi arts_throughqut the different views,
A e N A A SR R S—
betweeAIRE IR Dnd 9% &Y elStnbhi®-behRO0TEL ikl G ' tORrSY |
° Weedi ag?fsaﬂm of a sengor str iepl,%Ovvi trﬁﬁt heF+If3€g1 arﬁléﬁ%vaegr.sy efethent may
have a cQGT®] ovEr @s top denficet yetanseenald vleswntbegraaneast a tpheion of the first
_sensor.strip of FLG,IB. [[0079], FEl Gs.. 3A and _3B depi ct
elemenganv\dglr %Oﬁ) ORI RS S ‘1%‘5‘%%‘%%5 %3 8']&r E’ﬁ?gs%%ﬁr&% oﬁ‘“éﬂtg‘gélse of the
-+ term “oBlnag b infte o enedR Bt GRttiverel @hedt OB ARGt SN AEtn pBRStal contact.
pul ses. [0080] FIGs. 4A and 4B are graphs illustrating
the i nprovenent in neasurenent accuracy when a DBL is

conbi ned wit exci W] IG 5

represents arh ﬂ%SERﬁ%& ﬁ%t hod of
[0075]det er Mhaiingertidoa MaeSENbert@NthdeACRN it k&Brefée 3 the following

. analyte in a sanple. [0082] FIGs. 6A-6F represent six
drawings, g dgscripfiopy| $Be SRHREREES ivike digwtast a1p| Rotdurcyssexjly tes scale,
. b i it i -

ot APRLLES) 16105, A605GRLE LRRBLLCCIOLEAANR Shver. i
the figwred, likmmrofgreaned nomealssdasgmntesystespanding parts throughout the different

views.

[0076] FIG. 1A is a perspective representation of an assembled sensor strip.

[0077] FIG. 1B is a top-view diagram of a sensor strip, with the lid removed.

[0078] FIG. 2 depicts an end-view diagram of the sensor strip of FIG. 1B.

[0079] FIGs. 3A and 3B depict a working electrode having a surface conductor and a

DBL during the application of long and short read pulses.

[0080] FIGs. 4A and 4B are graphs illustrating the improvement in measurement

accuracy when a DBL is combined with a short excitation.



[0084] FIG 7B conpares a cyclic scan to an acyclic

scan, where the forward excitation of the acyclic scan
woaso7auensed near the formal potential E for poeusewen3sizo

pair. [0085] FIG 7C shows,an acyclic scan, where the

reverse scan is termnated the reverse current peak.

[ 0086 IG 7D shows a cyclic scan with an acyclic
[0081]5can i‘ ePi IpESERsian elkerohemicaliaalytip opgtipd rfcdetermining the
presenc%%hgl@oﬁ&ﬁﬁ’%iérh?f AUnAtte G HERHS plotted as :

vol t ammograns fromthe pul se sequence represented in
[0082]FI G GT3$.dfA-4B%eresmit onr éxamipBessanpll@sseqosiicas miheg MOltiple duty

100, and 400 ng/dL gl 088] FlGs. 9A-9C sh

cycles \‘,‘BrﬁtaBgﬂedprdg‘? FBEOTYITR Efie%\s}gqfﬁ%(gﬁ‘r%l]ai? ihe Skl Gs. 8A- 8C
008911 isL B

0003 09615 100y SRRl BT S 9L,

[0034][ 0090FIF! GB t&Bpmeeenydict kansemani atiyelys atampfwhdre the forward
i C g%t a correspondi ng to. the acycljc voltanmpgram

_ I

excitatigi Of g e yhe LYy strited neppibefprrlmoten{igl® for the redoX pair.
00851S€Mm - ipRt e f yvc ' L tat]
008SISET ERSICARRaln! BRGEKCRR ANE L Yol B Rt o
reversegndentgeak.ded current val ues for the acyclic excitation

of FI 7 0093] FJ.G 11 shows contour profiles. .
[0086],, epa?ga' ﬁ? SL%W? 2 GYPRG PR WER 9B 1eexihfoPasEPaogased in the DLC
region.S€ven excitation pul se sequence for VB sanpl es

contai ni ng varyi ng anounts of glucose. [0094] FIG 12A
[0087]depi cFEGS. HA-8Ipcitiosvsvib toatpub graents patied i aatvefaminogeamek from the

- . . : : o
pulse siRIceepraseiied @ﬁﬁ;g& g%”&f@gg L0 Sng & cantaining 50, 100,
anam&a%my_ggﬁmg of the sem -derivative curve of FIG 12A
[0096] FI Gs. 13A-13C depict the derivatives of cyclic
[0088]vol t a 9ABC shoQ eFijtoR 1Bofiled ofthetwelthencgemis ¢ iR IEyr @A-3C.
curre recor.ded as.a fupnction .of tine for the i
1008910t o SpIER fied sfonbr el 5. jgmoBjess GovrspudiE s fpecycli
voltam@¥&lahCo UGt aATOgr ans obt ai ned from an under-filled
sensor_strip. [0099] FIGs. 16A depicts sem -integral
[0090]p| ot sFYE. R Ipiasents thammuigntogs] efttes pedlit rdam ddresponding to the

. sensor stri i 1 V/sec scan rates for a sanple
acydlc?’ﬁéi“ﬂ%‘loﬁl@nigéq\%%a gl ucose and 40% hematocrit in VB.

[0091] FIG. 10C presents the semi-integrals of the cyclic and acyclic excitations of
FIG. 7B.
[0092] FIG. 10D shows the semi-integral and recorded current values for the acyclic

excitation of FIG. 7D.
[0093] FIG. 11 shows contour profiles prepared by semi-integrating voltammograms

from a seven excitation pulse sequence for WB samples containing varying amounts of

glucose.
[0094] FIG. 12A depicts the cyclic voltammogram, semi-integral, and semi-derivative
of 16 mM ferrocyanide in a 20% hematocrit WB sample.
- [0095] FIG. 12B is an enlargement of the semi-derivative curve of FIG. 12A.
[0096] FIGs: 13A-13C depict the derivatives of cyclic voltammograms.
[0097] FIG. 14 plots the semi-integral currents recorded as a function of time for the

contour profiles of FIG. 11.



[00100] FIG 16B plots the ratio of the forward and
reverse scan current values taken at the 0.15

weoabeEnuiEaB as a function of enzyne concentrati 8aT/US2006/035129
[00101] FIG 16C depicts a;éypical response of the
sl ope of the linear response calibration of the sensor

trip functign of .the GO content (% dry. weight).
[0098][Soo 1&2{3 B depipts fhe syichSokamBogtaps chipiped ifim o gder-filled
sensorgfﬁ@suri ng devi ce. DETAI LED DESCRI PTI ON [ 00103] -An
el ectrochem cal analytic system determ nes the
[0099]c onc e Gat ic@ndepicta pahiyinggral iphots of eyt epltsmaio gasnst dbeained from
| ucose concentrati on of. whol e bl ood., The system .
five sofoE FRE B | V558 FoBriaiea s i noing L) g&ebcglucose and 40%

hematoéft inawpet ri ¢ pul se sequences including nultiple duty
cycles to the sanple. Each duty cycle includes a

[00100]i neaFIGcy@B iptots the ratiy of e fexwarlamidoavass soag cuhbwthvalues taken

cuwrents, (anperage).are nmeasured.froma sensor stri
at the O\'/\#lr ?Ogergmbést%ﬁ Cg‘%‘ %@szﬁéYnchHFﬁl% to the strip isp
[0010Mar i egdi near hpivk th tiiom -reﬁ%lé‘%cgﬁ the CH eego 8O linear response

. includes a relaxation that rmay be provi y an open
calibraiign efifhe serpprestsy s¢ e funetign obip 45@ cottentr(d&dtyt weighur r ent

ata determ pe the concentratjon of .the analyte in
10010812 FRa B & R Pandis e SER i i SrBeghas fopree.

variations in non-analyte responsive factors. The
system al so nay apply one or nore data treatnents,
i ncl udi ng those bagﬁﬂéﬂﬂﬂkﬁﬂﬂéﬂﬂﬂégﬁation,
erivati ve nd. sem -~derivatives to anal yze the.
f00103§0T X ¥Efio RSP Rt e YGRS dtetftion of analytes
in a sapples suchequed gﬁSosféBc}bnﬂérﬁx}éﬁQﬁ of thﬁ:VtﬁroﬂP‘FHé §%s‘t’erﬁ'i‘rg:1udes at least
recision to the analysis, while reducing the

R ! .
one devigqmisrbinndiss grtad veRammetrigrallspsiequenseciseidinganylgipts duty cycles to
QL r tOGLI ffec nreci.sion, . )
e sl SESHPY SO RTEL POEL ST AR SE Y prin ic
currents €k roghsuréte fromnb saisbr Sfipoihite 8lipbfetBalqRolate) iapplied to
h A Z%er.e\ﬁii th q&he .Tgat ed pul se sequences. Errors_ otherw se
© SHIp LSRG SFT b HBA- iudiyy S le @15 RdBdesomieigh thal may be
provided/ S opR B0 TRAGKEMOHRY 8 Qrgqﬁé’rc%{ﬁtiﬁg qgﬁ&ﬂ'dafghg determine
tine required for dnalysis m e reduce y
the congprtritioatdfribe emmdytadndhd eamplddivhilo natrectiek dlys reantls furl \weiations in .
h as "in ation' delays.to provide reagent
non-an kel 4G ol PR ot vBY BB e Bicee drigdesgiments,
includi@g) thod® Bb&ddosn EQgieMeeAdtioaN dBriN5i98s, ld RREWetiPRives to analyze the
oxi dation state of the nediator. The gated pul se
voltamgglii¢eddties al so may al | ow the determination of dynanic

0 urre r.orofiles that provide .
o004y Tt P ahedafe PR ARl RL Ak Skl bRl doprosso ey and
- precisidonte thdbadalysys, tvbilapgluginganpesaplefien GRRPE ReAnaBRist Adchfcy errors
. anagﬁé‘js. Because the gated pul se sequences may
introdugieh By e hFEfqerit eitest pBgpirasajsion rerorpmyTasred by niesyisg cap-gap
volumeCRRY 88 iRRAN nGOMPHR ARG oh NG 4 BRGEHL %ﬁ%’ie?flayer with the gated
non- st eady- st at € nmeasurenents 1 n conventi onal
pulse segwpasesmdirrors néngrvnise asoltolgdionh AGkDSdteddly Gsatd derds& eteydittdn and/or
..a.sensor strip 100, whi may be used _in the present
medlat%réo%g Fotndalso r%ay %e I‘Gducle(i:. hl“he t)llme Jreqlill?reéi fér analysis F1)11aySbe reduced by
eliminating the need for additional delays and pulses, such as “incubation” delays to provide
reagent rehydration, “purn-off” pulses to renew the electrodes, and mediator regeneration
pulses to renew the oxidation state of the mediator. The gated pulse sequences also may

allow the determination of dynamic current and contour profiles that provide multiple



system FIG |Ais a perspective representation of an

assenbl ed sensor strip 100 including a sensor base
wa207/0ae91Beast partially covered by a lid 120 POoats2006/035129

i ncludes a vent 130, a confﬁve area 140, and an i nput

end opening 150. A partially-enclosed volune 160 (the

. cap-gap) is f d betwe the. base 110 and the lid i
calibratfSHpoiglsh pader L diiecepy e Ly G0 Rl eBeraucameensation to
e g Bl a0 gD SRS g e v
wait tilpgmqmnvmtiqnqhq:mﬂ@am.r and e im;q:atuyt’s,}" of nmy-sﬂaax’ly—stat’e measurements
. d into the cap-rgap 160 by introducing the
m Con"ltefuatgﬂgjhusagg‘%‘é&t"ﬁl&ﬂéﬁﬁ‘é%%gwﬁi@&g The liquid fills the

[00103Jap- 9#RG4. 68 - MhiRciavdReddr isﬁ% 10wt @vhAHEd b(seﬁ‘?mlﬁir{)'?gsgnt sensor
air through the vent 130. The cap-gap 160 may contain
system g FE@nd s & perapqciive rephesaniptiomaf amssembldisansoes@ipriidigncluding a

indui Le 1N the,.caps. ampl es of suc
seusor bil€ 100 Ba8 Ay, A bR PR L P BB Re g ety 2 gomcae
area 140a0ixdxy tigdudyhd opbditg 956, a0parfely.ehdydeanahy 166 (thaRdp-gap) is
or ous golyner matri ces, such as dextran and

formed 8F‘Y/§€rt ¢ g@ﬁe&éﬂ ap@ @folyc} 11'.(] @thegs@@@ti 1B desigmspconipaiiblsfwith the
presentiGersiBASH n%%yf b@u%ﬁg%w %3h$sjé%elsérg>eera%lg Uég . %i][q?sr 3,120,420 and

Conduct ors 170 an run un e

5,798,0Bayer 190 fromthe opening 150 to a working el ectrode

[OOHMé75 aggra counter electrode 185, respectively. In one
spect® lAHKE sasrnle dar apalyes drvepe drassterigd dstol s, capsgip 160 by

introdu?i%g tRe1ilidSH IR Qﬁgﬂilﬁée!l%.t Phe $i mtahiglllsthe Ccta?%agg}%? %@:ﬁgl%%elling

he figure. In another aspect,
the provegpslye contginad), ais dlobugs tokesent H86. | The). Gp-Pat 16003May contain 2

2004/ 0054267... [.00108] Wi.l.e the . war ki ng and counter
Composé‘i‘oé’cﬁnf’ggéos?” r§ f‘é%‘ ai%gs 1Pa§?tab’ém8 Rsliguid sgmpls dn fheaprgaph Examples
f suchebgpbsifeesindifde whed-siRWahE ns
O 00 or 250 S AT PRBRRES A Wil Pafliose and

polyethyleae ghystl and perous B yrmay misrices, oeel as dextrenendpplgatrylamide.

t l.ect b at ed om.an. uppe
10010738258 ER3ES HRE R0 TN R PR SR AT R BRET0 emoved
Conducagpad0, andNESONBEK irthg uadeh £ awMcBic 88t vOIRM h?ée%eh?%gzlso to a

. may have surface areas of aggroxinately 1m®2 an
Workmsqﬁ%m%wém%wmwrwéecap@fr A rppeptinedy. Iogemsyect, the working
d td r 2t r . S5 and m e. .
o colfl el Y8 S LGt PUERET it R g e
- figure. jInswbtie agpepo tlynelectrdde® 105)] 18Fh@ay buMhidfis, aLeE b 86Rrib&bin U.S.

b potential at the working electrode 175 of
Pm'ApPﬁgﬁQ@ﬁééégitrip 100. In one aspect, this potentia
00108F2Y beyiie’ ek eRGE RoF el | b fondm i
[ he counf%r elecgg%de 185.3#?%%?§E§§'Sxxg%ﬁﬁPpéﬁkﬂg%énlone

aspect thgelkgbdest IFSpi 8% ity e sepadiedey grefiter #an@00aw56mm. Similarly,
ect rode. otential may be

. | t , t
white oF)E5H 4B P R QeAELI 72 B ok s BPiingn oo ebiierlcast one
electrod@| B&} bOGalB&l frbMBrAihpeP BokiodRIrehd B 126 WGt &35t 100 pm. In one

aspect, the working and counter electrodes 175, 185 may have surface areas of approximately
1 mm? and 1.2 mm?, respectively. The dielectric layer 190 may partially cover the electrodes
175, 185 and may be made from any suitable dielectric material, such as an insulating
polymer.

[00109] The counter electrode 185 balances the potential at the working electrode 175

of the sensor strip 100. In one aspect, this potential may be a reference potential achieved by



carbon, and including a soluble redox species, such as
ferricyanide, within the cap-gap 160. [001 10]
waéhoeEroaesidvel y, the sensor strip 100 may be pr 8¢rasen06/035129
with a third conductor and1§I ectrode (not shown) to
provide a reference potential to the sensor system
P . This third ?Iectrglg% be %onfigured as a true .
Orming gfig rOHeEt & RS o frods A5Hs Phetdth: mltfleras af gtehtl, to provide a
combirfe@! referRB-cBude} HBktFodee dRXarDRRE 2§ Fect, AnPHBLAS ﬁl?‘gbe provided to
reference potential. The third el ectrode also may
the sengbt systerhebyméersung e dewitgeeledraliet BTifom thdndrhsentériadnsuch as
of a sensor Stri nd/or.if the cap-gap 160 has filled
carbon fnn@HEE Shld e B sEeichruth fo b ks W AhE b Gipessd 160.
00116 SO MaverRivRIOWedBAkP R NR)0ShAY Be ARV Y1
[ (Z]nd ot heer fluncy?i gns. [Ooftiﬁ)l] FX(??E’% %jecagl‘@t&{s) gﬁl%éogﬁﬁﬁor and
electrode dnati hawa) dgrranyidé at redersecespotestialitp @e pientoe tystemE| Ghis third
B show ng.the, | ayer structure of. the workin : .
clectrod TRy PEGEMHHEEL R Fie Kbt Eetfiderer Gu " ps Tapgia thatreies on
a solublORAVE bstcies 1 Proaiid tASEEfEreNcd perfial. €Thd thifdridchBdDFRE may allow
110. Surface conductor layers 270 and 280 optionally
-the megsyying deviep sqatememthe frsetismonfetsonsor s7P anddpr iBide cap-gap 160 has
‘ : [ V - r layers,270, .280 .
fled v o ool e SRS G L FSR b RivafEynutne srp
100 to pi@0iklc1Rdse Bhé othet BmicAbnsor materials used to formthe
onductors 170, 180 and the surface conductor |ayers

[00"13170, 289 AedFrichciuged-siey diagert péde ewatugtiprdepicied in FIG. 1B
showinB"id E{yﬁﬂtﬁmﬁlr@ 6F fﬂe%rfcﬁg@éjc‘ﬁroﬁg 378%&d Hl%rk'olu%% €1e09de 185. The
Such that the material &oes notf "undergo a ne
conductes da@ roh 180 naynetdireedyohitimbakertilog Sunfaty sogiuefor thers 270 and
. 170, 1 f ly incl
280 opfiﬁl?nﬁfyﬁg?,g Fg g.%g%?t%{og{tﬁ% 8@?@0@?8 Qr glpc? Egﬁg%sﬂggtci:@i}qg:l‘%e surface
duckr¥REs 270, 886 Riafbe Rl dealiny ' ials] N€
on uosér?‘égcse conduct (Ennr eI ayers 2@5,@%%?%?é‘?‘glff§§ﬁgﬁ%nc a%Jsde
[0011Yar bodhegadtetjal of atatematy uspditd foainithe carduciondl T0at 8@ msd the surface

concuei 58, 1L B YA SRR NSl Sheb S5 pRLESERL et

conducéorf 8R-odibAiziig, Fhahhthe nfd@Qh 43ds J&%nﬁé&{%g 3Gfet oxidation or a net
conductor materi al mai;[ be deposited on the conductors

reductiqy during andlysisapf the sampls: | Brmtonduatess tHL380 ipbiferablytinciutie a thin
' t I L ncl udi foil
oy 6B b0 B F, AEPSOL 1 81 AR DIBI B ronpes, or gt
- The sudeposintiiao; lagetat7Dj 280 preferatan dhdili@ dark, gbld, bREnEASLalladium,
%f sl urr}v? dgpositi on, the m xture may be applied as an
or compielips {iigEeodontifc BiBfase repductenlayas seaicPressal onna gpigluctor, the

conductorbs ra e a b fon i | 275
d ?ﬁg %r’é!% bty file @3 L&Pg? %Z;}IL%%%% rpagent |ayers

85 may be deposite conductors 170 and
[00113]80, Thspadtdievaindyctanthaienial tdg heekgedited cante opiduetas 170, 180
rial is preferably a

by any SGRAREPY s AP RPet Har s ool 5dr peabpystip, including foil
deposititil herSiRhlper dshtisttRRl @uﬁ@r&eggéi%i%n, i&tﬁ%fz%ry bhég the lﬂéee. In the

pofyrrerlc__rmterlalsfor use e er may inclu
case of ghirny dephsitiemghoriixile(iRECs apmicdos yn ikt foythe cedduntonsE70, 180, as
. < Bol ywvi ohol (PVA), hydroxyethyl ene
desmbéﬁ%]“q’og%t‘ %%E%ﬁbgﬁé roxypropyl cellul ose (HPC), nethyl
[00114¢€l | UTas geagthiMlers @5 Wh@285 184yWe deposited on the conductors 170 and

180, respectively, and include reagents and optionally a binder. The binder material is
- preferably a polymeric material that is at least partially water-soluble. Suitable partially

water-soluble polymeric materials for use as the binder may include poly(ethylene oxide)



hydr oxyet hyl cel |l ul ose, carboxymnet hyl ethyl cellul ose,
pol yvi nyl pyrrolidone (PVP), polyam no acids such as
weoaboylogedime, pol ystyrene sul fonate, gelatin, aecyiiseo06/035129
acid, nethacrylic acid, stafch, maleic anhydride,
salts thereof, derivatives thereof and conbinations
ials, PEO

ORI e It Ry (BB oo yehylene
11 1, I

o901 g ACD i DA A SIS

hydroxyethel cﬂellnlllomepahoxmmi@}dnteﬁlyll nelblh@easmué}mmylt pgrrolidone (PVP),

polyanEPREH 5 PP SRR B B Seibab v soidumetigoryi

acid, sﬂaﬂﬂi h@@cﬁ@%hﬁyd?fd@sﬁiltts theebNRAeaCRRRE tha¥&! a&?%oﬁ‘i@iﬁaﬁ@ns thereof.
selected for use with the counter electfode 18

Amongdha gby e, bindas npateripdn PEQ, R VilnCYiGy and PEA myra‘fmdl wutat@/lc and
he fre I | ectrons between the sanple and the
PEO bt Cige gg P |

arly, the reagents in the |ayer
[00113]75 miy addtioh td @k BirldeE theResdn®Mayefs IenaNBEYAHs include the same
[00116] The reagent Iayer 275 may inchide an
or diffegsnt srsgaetic e Bpecd the ecagents Reeserfian fedirsiayerd§ may be selected
f n Ie enhan in
for use V@lgﬁ iﬂpete ?%)%1%41 gleEt??ﬁt 'fé% ggl];l]lg (;tfrfce gyggrlltﬁ]p?eselg SF%ppé’layga 285
may beesm@d:@chfdrwse nmdo thel @xnter elogbdall 85.armpk %Szamﬁpégﬂﬂ’&l Ragdits in the

tayer 2858y PEERleafe Fe oWl GigchRoTagingen the spapleciniBgondctor 150,
Slmllmﬂf %ﬁ%@hgen@sslﬁﬁﬁé ﬁ%rhﬁrﬁe{ﬁaﬁﬁ%’c@ﬁie‘}% g@ﬂ SF ?mcéeﬁ)a%ft)

(g ucose anal YSI' S i ncl ude g ucose OXl dase,
[00116]ehyd ﬂ“&lg eeagset lager Z’XEamlay éscltdresre ofu,domﬂuﬂ@mlj&altﬂcaﬂ She analyte

th 001 17] T t.| 275 al
that maly e %@&?%4%?9 i Aigh e while craemp §6 mRemeaE ef fieesensor
system k@S draly@E, & lgaihy:‘bﬁ} I&a6blogkal Qb @s SE'}Eetnﬁggfs of sope specific

conductor 2 [or t e conduct or
oxidoregpefpses gRd colm@spgd@nmlmme@tm beboo ndfa’rﬁ@ IIon

GCL 0= abl Hve—o6f Lalll% IIUI UuUn €S-

Oxndoré?flé%ﬁa?e @%ﬁ&ﬁ%ﬁy&) i ncl ude ferrocerd®®¥pounds,

Glucosé esHyaeyahgde, ferricyanide, coenzypg.Qk substituted |
or_unsubstituted pyrrol oquinoline quinones (PQQ.,

Glucosg ppgaset ut ed or unsubst i te ut ed B- glucose

azi A~ DEPDTY

ChOIEStg df'éﬁ |aﬁ? ; ﬂ?‘@g @5%2:'%;"(;;:;()) %&%&e{@t uted or

Llpoprdlﬂﬁ u bl$13a|s§ ;ut @90&81” ZRiAbYeN OBFerci B0 S TN LRI
unsubstituted naphthqu|nones Njoxides, nitroso

m“mphﬁéﬁﬁﬁﬁﬁﬁs hydroxylan1nes oxi neg, flavins,

Factate e a e o e et or <

Pyruvatehaidasgy be included in the reagenfl\awer nmay be found
inU-S Pat. Nos. 5 653 863: 5 520°786: 4, 746, 607;

Alcohoboxidaseggg; and in EP Pat. Nos. 0 3900bpd1 and 0 330

Bllll’uﬂ]%l J0TI8—At present —especial ef-er+ed
iators for glucose anaIyS|s |ng?7511}err|cyan|de

Uricaser ut heni um hexaam ne, PIPT, PI PO |aqicmbi natons

thereof A review of useful

Glutathione reductase NAD(P)H
Carbon monoxide oxidoreductase Carbon monoxide
Table I1

At present, especially preferred oxidoreductases for glucose analysis include glucose oxidase,

glucose dehydrogenase, derivatives thereof, or combinations thereof.



el ectrochem cal nediators for biological redox systens

may be found in Analytica Cinica Acta. 140 (1982),
woaged4@138. . [001 19] The reagent |ayers 275, PeBAISEMY/035129

be deposited by any convenyent neans, such as

printing, l'iquid deposition, or ink-jet deposition. In

ne ect, the la re deposjted by printing. Wth
[0011 & her f§creggent b]@ytﬂy S@% @%o MageIngHide e dpec{) 1Har 49 | TRe%engifectively
commuPliRete tHEabéshl'fB/ 8f 318l ¥nAftE el‘é&ctltoﬂetot ﬁlllecﬁl?ﬁgf c dﬁd&c’&ﬁ 270 and/or the

r ea%ent ayers. For exanpl e, e 1S nov

conductar B9 aEmropdsmf glegiagas almjﬂlcb O&‘ M kemphses, tbOrdidtien complexes,
have a .t hi.ckn X|na 10 mm

and. oo TRorBRHE R dte il SRERT Bl il pody eampounds,

ferrocybfide, b&"@xﬁcﬂl&lﬂdd Scdengfnes? off Nibkefute?0 Rl BY 1ty @RY ﬁ?ola%uinoﬁne

produced. Thus, |ower bl ade angl es may prOV|de
quinongss GRfQ). quhygp@d qrungwlestitutedh 3tpjlebyladmoaﬁ@-lpb¢n®h1hﬂnes (PIPT), 3-

phenyhfnﬂﬁ{’ i edphe%g&l ’?es agﬂ?ﬁ) I :glr1 & ME‘? t he %{t’gﬁ%n q’enzgqumones

substltmaimn matbaiutedayplaiid@itontd) v b:8ged, Tnitﬂﬁo chinpkReEShRfrot)8mines,
| ayers 275, 285. [00120] The worKki ng el ectrode

t
* oxines,) ViR PHeSFIRGIc ireane; STUSIEH. DeRSrpEy e infpgiepols, and
indamih @t Thée) 5“(?8‘&1@} 8{681 afbrk m%ﬂgg/epl 1 d;?eﬁ gfl&trg aa/gr may be

di stinct layer 2 uch as
found inH¢.SDBEL. Mg bS53.863vET520;786; cloTHE, G0At BY91988gent i’nIBP_ Pan Nos. 0

‘ he as a distinct [ayer on the conductor,
'354442 ggggg?étlnct | ayer on the reagent |ayer. Wen the

[00118)or Ki ng ﬁfe@éﬁtr Q:gﬁec;aﬁg Rt rdesndifoR! $84 1y cog?’l';lnéggﬁBtnclude

the reagent |ayer y or nay not resi e on
ferricyapiie, rythetieadiesdantins P RGPIBO), bheoDBhaRaB, therhef. rieageant of useful

[ 27 e on a |on of nsor tr|
clectroyBRiay 2fE25 % oF BiodSiiE] B Dty e vy Hselica Ciinica
Acta. 18@(10I8L), pkeds lexanpl e, the reagent layer 175 may reside

n the gase 110 or on the lid 120. [00121] The DBL

0
- [00119; ovi TS reespol louars 3PSty beydeposied oy mal cordkaios means, such

as pnntp‘%g El@g@ &ﬁﬁ@ﬁ@&a %r lmk 2F éep&sjltkoﬁ athg sﬁ%gs‘%g%{[-r&ﬂ&%{eés grﬁé{@ln%séted by

pnntmg’mWMhi (ftﬁ&tSfactbﬁth:lﬁg‘@luBBlthe aid ef b hﬁﬁ‘é b¥dtk a{-88hversely affect
ConStltuentS such as RB ce S are
the thl%lﬁ’&é% e g Fepeentclayered. Eart W@W,cwh% rth¢ driade dermsered at an

StHhdIPS20aY, I B cells
approxi ra(rt) m?t%% o % }‘bzl@lg b\étfer 1]?2 "l@%(eq h ]?aéf%?lrtgige €53 ogé}aproxxmately 10
pm. Slpnlavlb’d‘eheramb]ade emgiabf aqmrmrmataby 6ohtoathe basad 1090 haddea ehicker 30

ortion of th abI speC| s fromthe sanple.
pm lay rOHJf%%e W%lhceghe [5) @qynmogaigsthgker reagent layers.
In additi@ ©rbisi il ofiep B8R fors, %ﬂé’h E’soﬂhte 'v%oé?fy $e Hia%Lb&HQEpphed as
does not sol ubilize into the sanple prior to
well as dhp poreen-sigh and eanlsionceanaltinagsivnpmyyfaffect therreastiag thickness of the
paL. The average initial thickness of a
“mgmﬂl ngggg%?on DBL/ reagent |ayer is preferably |ess than

[0012030 Or TB8 workih8 ¥Riceb8e § M1hls8Hay R RidB raecﬁl%%hyoah?éﬁayer (DBL)
than 1 nm At present, an. especially preferred

that is Hat@é‘iab@%a feAget dyer BT Rinbetsis @fdlféln@b]ﬁmrr?é’m sm:hnu/epxeagem FIG. 2.
Thus, t@?r rlag‘y Bé ?cﬁqn]ed a9 a?&g II% 103& agggt%%%g é)nzthe conduc?or as a distinct

average initra
layer on the conductor, or as a distinct layer on the reagent layer. When the working

electrode 175 includes the distinct DBL 290, the reagent layer 275 may or may not reside on
the DBL 290. Instead of residing on the DBL 290, the reagent layer 275 may reside on any



conbi nati on DBL/reagent |ayer may be selected for a
specific excitation |length on the basis of when the
wdi2bd7ugoas rate of the neasurabl e speci es fronPCnaSBBLE/035129
to a conductor surface, sugg as the surface of the
conductor 170 or the surfa of the surface conductor
. 270 fromFI G, 2, becones relatively constant. [00123]
pomoanr‘?fh‘?e?‘%?re?“H st ¥y theh gﬁ?‘ﬁ? dhe gracsntmigL salplizes i e pample.  For
exampRXk koA ab&NYS hdTBYsi 8Eb A MASN1 {6 hgp rate of
pthe rreasurg%l e spea{??resé} frorﬁet he %L&t%ft%ggaggﬁductor

[0012Hur f adhebBBAmpsoviddsat i parbys cpatst Amting Fer i@ @APelunW &Fhere a
[ sequent j 1 _second excitations

dlglty cycles i ncl.&ld al
measurg 6a§p§¥1§8 1B 058 S echifd PPES aXlaticoiBlareaapsl sdwtadosa that the
measur}ﬁ‘&é kbBdehRidiOEe WY BY @BEO%PQ?MI%E%%%@F%%Bfemﬁongtituents,

ayer having an average ini tia
such agpRBfcgHs,ee pmtutially exdptedi esltidiugh eeiremtivadl scfisopSirlps dave used

. DBL t h f t D hed unti |
o el 10 G 0T B o L SRR ot P FEERE AL o
an inteECANESE to SAMME LEE WlatdDEobASE %@!}Eeagwle%eéiééﬁ%%e sample.

applied to a working el ectrode using a conbination

[00122)g) / r délparthe reagent lagey i2f innhudes ervege-sohitilé bindeh bwkpasisn of the

: l.at.i ve constant diffusion.rate may.be V
binder ot b 0 PRI sGRER o dhe 9o EeEoieyeitiion may
functiofl hiw s ihtbgr DBL.aAIMTHERRRagkiiffitbl @¢knkfieoPs @bAIRHon DBL/reagent

. ave a%e initial thickness of the DBL for a given duty
layer 15&%‘1{6@. Iinleppthan B of 8 mHcrometarsim) otd mpke proferablatesothan 16 pm.
' S Lat | I h, and t.i
S e s TR R

layer iff fromd! it 3OQuROGEHEA 2364 12 fuid. e ThOctesiRel avkPageZ@RR thickness of a
termnation in a D ffusion

.enti "Concentration . a .
combinigliny DL caGat InpoRI treted (B b bt BBEXBHoRIEPER on the basis
f wheh Mi6d @SR YrafEBS Bthi ' t i
ow es ace, vsvhi I g bei ng%%)eg%%l?‘%lf:%g%%sdgﬁ%lmﬁ 5%@?6 ?gcolﬁgﬁﬁ%resurface’
such ass tfacq pf 51@60081@156@ 170 hetlgi sirfane bf BRLs12@0e mayductor 270 from
FIG. Z,qag(ggr%g%grgﬁﬁggg%%@@gl nder material |acking reagents.

| 0 may have an average initi al

[00123]hi ckpgaBerfloratusi@aflo thiddbf RISBENAR Y sHofO ﬁl 2
mm and_nore pr ef%?abl ylf rom8 to 15 rmsl ° oofg[% &l‘:?%gh may
delay vagnathg BHusiepirate of therkpasyrableestecisd @00t ABIndo dhe conductor

330 d dj sti.nct L 305.durj. .
ot UL REE BTN Oy 0 A0 0 A i
1 second \MBcE@itps @epaatapplyites s¢cnt Relaxdioss Ag: ghRel todewSRhe Eirode

. cells 320 ﬁ)ggver the DBL 305. Analyte present in the
- using agcopiBatiQl B Idieass dryerehayinea ph @veigee iiigal3 ttickaesepAd0 nm, 2

prefenéd%&ﬁﬁra@@-g)%gi@F AFRRAS fa@é"frg{glxe%g ?D@( t& Eﬂ%&fﬂgﬁéy r%?a'cg Jmay not

speci es 31 fuses Iintot stinc o]
be reachast wrtil al laveta dutalslyeles pedd Ben3pplied G0126kcodls)s hOvmverdaly, when

Fl 3A,, when a.continuous 1Q second.read pulse is
the same, Sty ZaIeh SEMRGH R AV BT u: F BB 805 eEPbHE o DBL/rcagent

layer hakiged@lerRAnitiaf Bidkabsstra3 YRt R1SRES o%ﬁst%xglt%é@gﬂ%ﬁ %?ge may be

are excited at the surface conductor "330
reached; gftgxhelse¢ad eciteiéon Did-§ sgeande). | Bhys, rtkerd is an upper limit for the

preferred average initial thickness of the DBL for a given duty cycle. A more in-depth
treatment of the correlation between DBL thickness, excitation length, and time to reach a
relatively constant diffusion rate may be found in WO 2006/042304, filed October 12, 2005,

entitled “Concentration Determination in a Diffusion Barrier Layer.



pul se, the external neasurable species 310 diffuses
t hrough the sanple region where the RB cells 320
woesi7taodnd t hrough the DBL 305 to the surfacePCT/US2006/035129
conductor 330. Diffusion gé t he external neasurable
speci es 310 through the R :%ells 320 during the read
ul se _jntroduces the hematocrit effect to the

[00124] yliv disgaehBe 2904nwsmshide any puiariabthab provittss the desired pore
space, ‘ggg§ BEig !pgrtlsclﬂg %k SRWIY SOILE iﬁltt%ete ﬂ%ﬁ)ﬁy r ngignee z%ogcg;t%tp ggsainct DBL

30 originate romoutsidet 3 ato
290 mayuheledap plaigent Hinden nseeriad lackingirpadeatsi MhealidBkt DBY, 290 may have

erformsimlarly with regards to the hematocrit
an_ avefip itAl S kadis,4F Roledsiiide BEBrHNn. 8 sstr 2§ 1m, and more

m3ﬁn$@ﬂ%ﬁﬂgt@l@ﬁhl [00127] Conversely, FIG 3B represents
the situation where a short excitation is applied to

[00125]he DEE(Eein ppé d]slsdﬁpimra wonking a@ﬂ%delwﬂdiagﬁlgtmﬁlrfeicle conductor
i nt.er.n rabl e _specj.es. 31 il e substantia
330 end R SFHRRRE T PO BERS HERPEHCnE ohlonSndphert spd etlses.3Won a WB

sample@X bEFIRA tottBe WaekiPBle1e305de BWT, I8 cLines AN QS er ﬂi&%hﬁﬁd&?  Analyte

the measurabl e spécies 310 either renains externa
presenttigdhpspmplgsfopns guiemahoeasrbide apedied 340 eitbfab® therDRHIB05. A

:onl r e . surf nduct or,, 330.. I n_thi _
porion g el “ERETbSChrR s BER SR 0 LrvmpmbdBoso eive
internalreelisatabiespeticd BE5.1 nf | uence of the hematocrit effect on

he anal ysi s., Ex reduci ng the hematocrit effect,
[00126] 4] y sissherpdr 1GhBAs phienaresativetsty) sshendseeapipalse is applied to

the: s ' | l.ls,. may be.reduce
e o R P e M T S TR e S P s are
excited g disaipalice copéwit@s3Iibeandbngeoint HadHBl htth Burshoit long read
xcitatjion is reduction_ of neasurenent inprecision

pulse, "g? BHFEBNEIEAS ST Brecailfiglitfases tiguetaihe gappicolegipasyhere the RB
cells 32?&&'5@@%?8 thibukh Qh@f)@lgg@%\f@ ltl%r?&ée %}?cﬂ 530" ﬁ%fﬁ{sposn of the

y lead to inprecision because ef ectroni cs
externak misesmatilo spdcieseHduthroghdby Rie selbpiR0yditrhestaneesl getd ireroduces

tentjal, .and performthe sa cal cul ations for each )
the hen{icrlyffect ' he alysty Ricabe cnbraial ppeion ol fiee mieawrgiepoecies

excited St bRt APt akdndudlot 399 of BRI BhkRc IREDBESIY, %ﬁ%réaa pulse
t he capgap has been anal yzed, the anal ysis no | ongér

applied t@ grsgason s§ipt Iyingon D&At way porfond simshslyrveith egspmedo de hamatocrit

' . repr.ese t he amount of
ot 4 AR Dby S SOt BREEIERRS Do amount of
[00127feas uCenwesiécly, TRIG, 3B &pRE6ts Shé ishufidd RtheR hASRSI excitation is
. .cap- ag volunme will show a higher anal yte '
applied {Q, ﬁ‘&?gﬁ LaRGuEp et 1$apog sEipnd M tostxeitp theantomepl ansasuiablerspecies 315,
hil i | : analyd
while sGAR A L TFe o ERENME e e e BRI S p e o g DL

305. Dariag yisi shottoexchtetiore dbeinebdieatsp egdcas J10es@st rdnmibdextEBb) to the
i se_i ntyoduced by manufacturing

DBL 3 a% (Ié{)% |rr}e |}§lel z{‘q}i}gége[ e Jhroyg itlﬁﬁD%tob@aglbwc%@face conductor
330. In[tBRIR8Ief; |t@sho%x%ﬁ§ticﬁ18}n§¥ Sr&/ﬁ«%oﬁ&bk%g%tré&%gﬁg \}\% Eh% influence

I nmpr OV.erTent I n measuremen accuracy
of the hegwsichie ¢ffasttdn thesmalysisexBy ratubing. thEhGnatbAris bifvs, aalysis errors

o adear I.naccuracy represented as the difference between
(oas) i UAGAIATE RGN P vk Ml et tareduced
[00128hemat Agsthbr RivafitasPBRkelE@RMI A8 IOk 3 S8NSOE SLALP;
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the DBL with a short excitation is a reduction of measurement imprecision from sensor strips
having varying cap-gap volumes. Variances in the cap-gap volume between sensor strips

may lead to imprecision because the electronics in conventional measuring devices apply the
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may reddte bias from mediator background while providing a shorter analysis time with or
without a DBL. In a preferred aspect, the analysis 500 may be completed in less than 3 or
less than 1 minute. In a more preferred aspect, the analysis 500 may be completed in from 2

to 50 or from 4 to 32 seconds.



reduced). For exanple, when the sanple 512 is whole
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[001379r ef erraBkY, the currents resulting from the scanning excitation 540 may be
monitored and recorded as a function of the applied potential (voltage). This contrasts with
conventional amperometry and coulometry where a constant voltage is applied while the

current is measured as a function of time. In one aspect, the current is monitored and



the relaxation 360 is fromO0.2 to 1.5 seconds in
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directly vahtress witly chweventieshl thetedsewiitiRevdifage RS 580EBusly applied to and
current is continuously drawn from a sensor strip for from 5 to 10 seconds during the duration
of the read pulse. For these conventional methods, the applied voltage may have a fixed

potential or may have a potential that is swept from a positive to a negative potential or from
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FIG. 6F depicts multiple triangular-wave excitations resulting in acyclic data that



that the analysis systemis operating properly.
Specific formulations for control solutions may be
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[00149] The higher the RI for a pulse sequence, the less background inaccuracy
introduced into the analysis by the mediator. The pulse sequences represented in FIGs. 6A-
OF are oxidative pulses, designed to excite (e.g. oxidize) a reduced mediator, which is the

measurable species. Thus, the greater the oxidative current applied to the sensor strip in a



+0.5 V, may cover the reduced and oxidi zed states of a
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wor ki ng el ectrode may be thpught of as having three
conmponents: the equilibri current, the diffusion
current,, agd the surface current. The surface current,

given 5 ReIofa e dessichangertbeh msfateniedness btiashwes ashertthan oxidation of

the anflyRCEEAHButet Sto98RE S equg,l d.bgum an i
e. an‘ 8 Ikr];%f ot onutgt ftroeﬁit’és ;%lr()ke&étdhgﬁjﬁnlt W\Ja-dr]]geséo% ocrc])gqm%atmn, ghe multiple

excitatipap p dengatetl voltanheetrie qulltei sequanok trayneignime Qb5 Forn initial

e AT P 5004 TS LS b
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value§1bf 4t3kas€ 010N 0B, 0.6EACHES éﬁefeﬁé‘(!l(, v%%ﬂ(' %E%luiasz%qr&g Q)?lyt%gd. 8 from

a lower diffusion-1imted currént urin
0.2 to Ot her &rwi 9-4t9 0.6 beMganomipréfatrecatrresent. i s subst antial |y

sy e BT e B o o,
the cur@st & thé alogdbg ERBIr&dE is sl LATIEREE ﬁ@@entgag Q&ﬁ%]v(/)gljl}ﬁlg%&trode

region represents a state where the oxidation
changes Bagskyi With dimet #fen pavatant ceite- e Thpertitgiontrandee sednabusmar-0.5 V to

f Xk rate substantially limted
03 VS R R PR L o
first staget tovh seond Rentareasiy. althe copet ibsstleavieise vbAMd BRctrode may be

S e to the conductor surface. Alternatively, when
thoughttc}% g‘E i%YlRS Hycerurpensals: e eandibsismsarrest, thediffuslon deserd, and the

. surface [@Blrentt MeRdif i i he rate at ich

o acet heerrlreasur aglfféggscglgrg??sm?%a{\#g?s&eﬁ 9% %O §"HEL Y S zfdﬁ@f%e& on the

electrodso el genemlty Lt e. THe0 6 Rbrilbh CGindaldifesiore coneRs 8¢ tRe primary

com C)lreeg ativel ge conlst ant .diffusion rate after rehydration

POrgHts preseated AR 9 tESHin g ¥OlAMmPSHPe | naccur aci es t hat
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[ \r]\ghydr ation and di fdfglrlj%cﬁlogyrIglgtes,é/fof(ﬁ'1 ﬁ@g r‘%g%én?%ﬁa%%u@?y be

characiesiyee by armddtahatvadris at @nsnitink cuichf, usiches 4 atak dusrengandaebays to a
.he .recor.ded DL y, more accurately correspond

tover S GERRERE e, YBLCERe R boradod Sk spee TBe mgRdcument is

substantidllisddpRedend dnythe -apﬁl%(l)&ﬂéntﬁi,tﬁﬁﬂec@ﬁnbﬁ@i? BoPf 1€ scan is slow
forward excitation 610, for ‘a cyclic or acyclic

enough.dhe PLat manbe seretts aplatprysiegign pi 8 vellarmoEta@s. 6B and 6C,

esp [ vel a reversed potentjal |inearexcitation
[001525520 ?gﬁéapp (’?lée .mr‘rl'ﬁeé)r?sggt rég%tatep‘g{“%rﬁttll%lIOXF‘{aHB%PI dedistigp of the
‘measurdbleespexies biothe eonGRE YA ErcasRk a8 Haatn ui g ﬁﬁ%ﬂaﬁﬁe{lw fiBfed by
e

. . Sa rate.as the forward scan 610. Thus, t
diffusiofe Ahe ah e By e lEmidechiinthg rrfervehieh thet mpaswrablevpkecies travels

from thé SarRplBPRRY corRl MG aRFhR2 te#n?atl@eﬁfe Gong tllle%rrkg\}/ga%}g%f%lgtof the

where the first and second [ower “Vvalles
sensor shep mhkidsaarDBlothecdiffusion araydeyithiteal SChB Sate heFRREIhy/BkYsurable

. cli d.Lh s i nstances acyclic, excitations nay
species %‘gﬁlﬁ lﬁ%mtqﬁ%D{Biatﬁgﬁ? UGPT $prtagBox speci es from a
[00153] eduCBACS/afe§ rdRr R 2% dhFRl, S iof] [ Sfdar
relation to the appli eé pot ent(}rgfa%})?ﬁﬁlglO?rflerﬁgta;{%%reggﬁdraﬁon of
- the reagane laydrf msiyominiatiee ofiacttmmcieedbat spedd eshdr@isehBe introduced by
o condcht o} (f,ur.f ace, ... . )
variations-in- the rehydration” and diffusion rates of the reagents. Thus, once a relatively
constant diffusion rate is reached, the recorded DLC values may more accurately correspond
to the concentration of the measurable species, and thus the analyte.
[00154] After completion of the forward excitation 610, for a cyclic or acyclic

excitation, such as those depicted in FIGs. 6B and 6C, respectively, a reversed potential linear



[00155] In relation to a linear excitation, cyclic and
acyclic excitations may provide a better

woepragens ati on of the DLC regi on of the excit aCTmIS2006/035129
The advantage of cyclic a acyclic excitations may be
especi al |y advantageous for quantifying the DLC from

r.eversi.bl e . redox pairs at_ fast scan rates.
excitatigy 33?? it AR TIedn ¢ Fﬁﬁ?&’%?&d% ] tipS scamat tpcyicitationap0 may be
appliedVA lshiBdaRially theWanRerakONde 'f@rw@ ‘é‘@atnr@l@" emt aj hegé?(t:ﬁﬁﬂﬁl range is
Fundanment al s and Applications” . Bar
scannedFgnka élnrst la9g0valjo®15Bighe @11167A1¢Jb8’.ﬂ§sﬁntesset:hmd thetea vhluenwhere
ycl.ic excitat

the s g o R T AT o Bl B Pl pome for eplivie aovelic seans,
respectiv@]yl aUFENg) @il in b@e itk IR B MYE RNk SitA388 Al kAR tl*i’é’trﬁsmon of
forward current peak during the forward portion of
a redoxsgpgries figm agednoed staterty, & wxidizgd statd ﬁ@dfve(rer vm;eénn déatlon to the
vars rent n
wpplicd PR 9 A7 ool 8 I Fafioh Sale, SERE G Bl the contucto
surfacei ndi cat i ng ferrlcyanlde reduction. The forward and
everse current eaks center around the formnal

[0015$ot ent? Elatpy togk lingee e¥@¥ﬁil@@=y¢é'ﬁh@| end aeydlieyeapitations edosprovide a
beit ﬂ% 5 n e R

e Bl om0 SEDRRCAG 0oF B, SEURNER, oLEEREH el vl e
acyclic saxbsatmms imdy pe daspcmlaﬁw aadizah‘gagédms foe dpnaiiifyihgptieeDL Cafrolf quasi-

yani de,. the na ﬁdox sp C|es present on the

roversitig GHog o RgF ab isbiian TGt SAFIOARR BLoratioio et 1 8P SR yelic soan
voltaminB@y fn?eny‘@er ﬁnﬁﬂan‘@f&ﬁﬁ@leﬁﬁ@ﬂsmglgﬂé‘ Kdnd8mEXS ta%i d&ﬂshcatlons

raqg be selected to inclu the re uce
by A.J. Bar wﬁbbRsfawésmbi9$he redox pair, the ex0|tat|on

100154151378 P& BRI InG Pl ph of byt wef GBSl of a

ferricydaide/feRgt @RideOfedbR aﬁregQ)é i - vétRmBsaam! e rnat cﬁtcﬁ'gl?dgr
rate of 25 nVYsecq)the coﬁ%ént¥at|on&%§ t he ré%ugé am. is

Charactfwé]bymﬂ@%ﬁ@i@é@t Heek fuspreibie dgrvaird porgion of the scan from —0.3 V to

f ric i de_reversible redox a
106 VL EIABYTbIRL A YA 31 L SR Eh ) B
voltage I‘de:limﬁbmeﬁmal\ﬁ kmkas ff) GN’ liScatifg ferﬁc%ﬂc‘l@@ﬂhct(&ﬁ The forward and
[ Red [OO In the Nernst equation, Ris the g

reverse é:&}ﬁg %f:ergerga{gru%@p / @%arl é)»opq)ntm v of tﬂp@fep@pmm@e/femcyamde
redox p%ﬁn%t@ﬁtreféfren%gd 29 Q{P g&&ﬂt%/ Gt e ﬂqt s ta{‘b%%tn Lﬂﬂ@?!’)te&ge\l of the
e tenpera

equi val ents per no is th are
counterdﬁgxt@ég lfKelIlhBtam.tlaM% detetthimep dlyeht iraductivn pheniiar i fgicyanide, the
trode is refﬁ{enced to own redox potenti al

major r‘%?% PEFHETCHE 8R feoups el\ﬁthIF‘%dsebecorre substantial |y
[001578er 0 W%ﬂ@p?@#@a{l&h gzg]el%?h% (ﬁ%%lf)ﬁl’% %&1 lgregerlrr]s% %&g??%% %%/IBXCI‘[E.UOD
range) m%rbet $pdeotesk tooinsfudehtbe oxdutied edd nedidiatdstates dfhibe rredtixcpair, the
excitatiOF 92111%5 may rEaarréguced to shorten the analysis time. However, the excitation range
preferably includes the DLC region for the redox pair. For example, at a scan rate of 25
mV/sec, the concentration of the reduced [Red] and oxidized [Ox] species of the
ferrocyanide/ferricyanide reversible redox pair and the resulting electrode potential are
described by the Nernst equation as follows.

[Ox] 0.059 [Ox]

——-T=25°C E° + log
nF [ed]: n [Red]

E=E" +

Ox]}
n=1 E¥ +0.0591 L 1
Og[R (D



by 10, the potential at the working el ectrode changes
by about 60 nV. The reverse is also true. Thus, for
wobeni7ioagEani de [ Ox] to ferrocyani de [ Red] conceRCTAS2@®A/035129
ratios of 10:1, 100: 1, 100?'1 and 10, 000: 1, the
potential at the working efectrode will be
pproxi mately 60, 120, 180, and 240 nV away fromthe
[00158Jgy E%#W PIRPL equatipib R isviBE gas coBEBOD! FR14 JoviEnld ks, F is the

Farada¥ @b @b rogsp | to ferrocyani de is. ~1000: 1, .
aradad BNl o1 QB PLE LRBL Ao S AR R B abpgerer mcfe, ane T is
the tempatagtrant dedrées Ieinipl 6VRerot patenanl @fhd ﬁ@rldi%él@&%de is referenced
to its oS eci.es a% éh]: vvorkin% el ectrqode. At 180 , the
0 its oxdhy tedp¥ BRtenkiple thes farnat peigntyy Fnow it bepomp subsiantiely zEwr nd the
equatioffcoflfjRedRdi at or can diffuse to the conductor surface,
and fromthis potential forward, there exists a DLC
regi diox]Thus, if [rie ersing point is set -400 nV
Ezo-%ﬁ&%{g@gi@@@% 'M4Y~ -200 nV of DLC region may @
provided. [00160] Féversible systens, it may be
F LR8P v dhAnP EAY ek Ll Cefced HQMLAO0
o T he PR g B RS A0 358 Fe g nofor ehanes
by 10, thedwtanfiat hietht ovarkingpedotrotie ahars@s bofabbites0r ROAOX TRAkdverse is also
. . ~For guasi.-reversihl e stens, it _may be preferable to
te: TS, BEBSEVEIE Rl 6 B GR5 RFLRreoB A0 1068 ORA0-L, 100:1
1000:1 ha9 0@00i1t imdpdteeiml 30 Ghet WoRd t LA v
f or mal potent?al EO’ of p%e g%ggiﬁgﬁﬁfﬁl %JToi%k*%g$60’12Q
180, anfl 2AQ&rV away fram tha zeramgtentialy rdspeqpivelyer r ed f or

- uasi ver.si hl e syst . because .t he DLC regi on may be
0015 b R b r0 B Riea0a° paf oy HAe b 6000 oo range
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. ca s
species @i they werking glggteader A3 bmdt the exidetawi rateisclimittd by how fast the
ducedPBhaVvd 1S, | referable ta provjde a_. .
s AR O8Iy L, TP, BESLFO0IAT s ] B 80 ot
forwardy theer sdidik e DIl eegiquai Thuatif ﬂ@&{ev&&ﬁ%g@fﬂt Wt AGEPmV fr%r8 6he Zero

.0 2]. Preferably, at |east 25, 100, 150, or
potent1a|[1rv%bg ngéef f)ééf E8lgnamay ‘Qﬁ,}pr@@@le@y t he sel ect ed
00160§XCi t BL i t, the.reversin
00160 AL Q0 08 ki, ORLDSE RS0S54 EXELR Mgyonsc o
from 408gotoNAMY 1 s REciting 406 100, tof300M Bt @B thd fRMuAAential
B> of #2 380 nv, QE from 175 t? 225 nV of DLC region is
%‘For\? Y BT Fof O BVASHETBISPIS puttens, itiagy bewrseisrable poprvide an
excitatidrOfange 65 EbinC60d toAWG g, EBACLLAL] L 8¢1 Osi
o hgtng?r_omowo to 260 MV %?%%%@#%%@3% Ry Og%&gh side of
the formap gotgntialdd ppitiak tslox PBuT quasi - reversi bl e systens, the
ever.s| int.for a cyclic,or agyclic¢ excitation may
00161} Y L PACH %%Qsegclttﬁ%ﬁn 78 @@O_bteopr&g%reﬁv?oér%a?b‘fﬁvmlq gystems
because2BODIN 1@bioblrhay BYMldrS PhMiGER relQOLER] thNGE 11{}{%5&11&3_/ uasi-
.reversing point is selected to provide the desire d
revermb{eed"’i‘% ean pecliglipamayncayte & hedoxepair tat ST aaversible e slow excitation
. clic . can _be se in FIl(
st 1 B80S 00 A0 AN O ML S BERTp C e ¢ rr

quasi-rev@viblesaxciation ahgafop kedvaible hydoxGhad2n A ok &aMbh 8ded N an
cyclic_scan that included nore of the forward current
[00162E eak HREHRNE! f@§lets 80, 100, 150, or 300 mV of DLC region is provided by

the selected excitation range. In another aspect, the reversing point for a cyclic or acyclic

excitation is selected so that from 25 to 400 mV, from 50 to 350 mV, from 100 to 300 mV, or
from 175 to 225 mV of DLC region is provided. For reversible systems, the reversing point

for a cyclic or acyclic excitation may be selected so that from 180 to 260 mV or from 200 to



current peak. Fromthe FIG 7B conparison, while the
peak currents obtained for the cyclic (a) and acyclic
wohyo7maens differ, the DLC regi on of the scansPGEUS2006/035129
nearly the sanme, especi all)s( with regard to the reverse
scan. [00164] In another a bect, the reverse
XCi ion may be term nated before the reverse .
240 m\g Lﬂ‘féﬁé Tepiof 1 léfo?”élﬁg-h &8r quasi-HisrEle gysteme) te reversivghpoint for a
cyclic bP @i VBkHaifarC hadtdeOfki e t YRy
e QU %Elfci ently nega?i Ve, suc Sc&ag{agtq%%@ar}?/ Z%O(r:‘? r’ﬁ_‘*/cgr Hom 200 to
260 mY of DA€ megddliepafvidede potential range of the redox
[0016%[? r,guchhas -0.05 V. in FIG 7C the forward )
ci t at1°6rins ADICLeR PPRE 1§ fal¢ctedatpgrroyidet the deaigrsixDLC region, the
duratioR A &Y dedbrs@bcannBay BV R i eR [ . they
_ rever see er>s<cictaat [ %}f] at % po{oéﬁ%—?gfchfc%%{S%%%?&%g&W FIG. 7B ’
starting thenforgerd ecansad tarmiimating 30O reverdd ScamVatn egabiivientdly 001025 mV
he reversin ol nt .for exa , fhe reverse current
resulted, 1o RS0 0 B, RS R B i e o iy theoverse
currentpRaloX FRsh the FIP FoblonShMsbar\ile ttrllig DehiE¥itctfEs SB(tQi'nE(?'fdggg?( cyclic

al so, maK be term nated before the'reverse curren
(2) andjagyglics(bh arnp i ffesy the MG ragiarhef thx s¢anatwepmneunyrthe bame, especially

withre%ﬁi:%i{%r ¢idation current deviates in value fromthe
: change 1n the reverse excitation current of at

[00164]east I2¥otBEHaspety) the frev2BRd XBMathB MELHe tQiittLELEret A reverse
%énm ng of the reverse excitation current peak.

b
Current[pg BePached asTerictdgakes. %1 Whesdhe bywridexethtianwegstatad at a
¥ - : jdat ks, of :
T e Y i

range of Heetredxcpaigesch he-0f0srwarid FIGA7C e¥e F5@v a8 ﬁ}d}é\ﬁaﬁ@ﬁ]irﬂﬁﬂ%§ the full
a redox pair,. The acyclic¢c excitation had starting
range Oghl‘f fS‘?ﬂﬁ wéerﬁ@h At thegpdoxgrim ascbaterraipatiag H rpvsiryeexofiation at a
otentid A0 B Rfoah oD lReneXSh tRUEQ N FBrARCHY L &Gati
P excitations within the DLC (?)’g)gri irg(ﬂ{;!gj;‘%ottgem’a ﬁl&/l Illegatwe from the
reversifge ripoiligly afor dexdneple.odanicderse edorenpapeak Wiy lbeexgtiudel for the
. orwar d, and reverse oxidation and reduction peaks,
femcyaglp%/f%?grﬁaﬁfﬁlet%&ﬁ(o@lw, more preferably from50 to 100
[00165TV. WBirhi@artyhehs Y&k ¥QUth@sHmagh Iy BE | bdlinged Rerore the reverse
conpl ete scan range significantly decayeof after
current (salg i Rpcherk by Uemainetinge te, excifetiere ydieh dhe obteasenegitation current
: oV ntjally fl current region over_the
cevueDIOAERsf SHSHETL bl e S W OBy A1 2,

5%, 10tgror 1584 ethyvibd hsddhe iadiahitttBe GoSiGaMG! X theRe®rsd BRitation current
sanpl e.[00167] As seen in FIG 7D, the current val ues

peak. ecorded for the acyclic excitation are nunerically

001663 MRI | £fG tsR fyl li¢c excitation, .while the.

ooteet ckgrou n’gﬁc%]?lpgﬁtg aﬁsv%sgﬁgfdﬁovr&t? RO rpluding the forward and

reverse excletion pauls of Hiesrebbenpdit withla I Brkec bé@iic ivIthaIar-oY It excludes
curregt was unexpect edl y obtai ned wi thout having to

the foryfl AR rrersse ddaion Reales & Edpsairn Hhsacydifueritaippbaskstarting
o o A 50058 L 08y T TSRS o s
for acyelisgescitgtions within therebSerepioe afctharfaricyafidefidtoclsnide redox pair,
which e(;(gfugg %en %riw%pd gﬁ"c? rgV%rs% orx?(galfli%ya% rieguctti%g p%glgslf garreo uﬁggl 10 to 200
mV, more preferably from 50 to 100 mV. While the cyclic voltammogram including the
complete scan range significantly decayed after reaching the current peak, the acyclic
voltammogram provided a substantially flat current region over the scan range. This current

region may be directly correlated with the analyte concentration of the sample.



current, which may provide an increase in the

si gnal -t o- background ratio. [00168] Cyclic and acyclic
wexaeitiaedisns may provide nultiple benefits in PeraS2®E/035129

to linear excitations. In gne aspect, the portion of

the reverse scan fromthe reversing point to the point

ere the rev e_current peak begin be a hetter .
10016101 & Astegt o Gt 7Iohoe EPR DR ARRRe REATE o exciation ar
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orward excitation at algm}ent al above that at which

cxcitaiof AL G CUBRTRES? ABEYH OFCTRITRIIGR Apreiigy-reversible
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responsive to the analyte. Both acyclic excitations

distincyiy:Caegiow for a shorter anal ysis time, a significant
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includin@tegidral ekeRMohNempWhae: seaURRee 48k edst Gn tﬁé: a‘r&?duﬂg of mediator
triangul ar waveform excitations for WB sanpl e

electroghysmigdth POVAD 96 ﬁ@ﬁh@ @anmralagd;tame Sthus,130he an@ﬁlartgom reduced in
responggyod[he glflalg\‘!e%%(& ctroc exi a?lpy {»%tg]%eé{@%n% B:}eg%urggglﬂr felr%glatmg the

conv tlona Ion ura

reversel excitstiendbfoge el @baﬂize@ n@ddidthreisneasvchdhRalbpesiuesd de@sdkes the
triangul ar excitation was followed by a relaxation to

mounb%xﬂia%edammlé@vz I e HEPLRRTSREPOBFIYP it e MelyieuSiatirly, starting
the forlyb@I:&GHor HEE SRRINUE BIGL k1O WG BroRth Okt Ahefics is roduced
i ne, Ing rep rough rep-

ferent "rep’ thus provi
also mhprdeemete. Hiegameunt| @f()ﬂe?iﬁ@edT hedmtmrmnmevsmhqﬁes nbt ogspemive to the

vty B o P B 00k S b signiicant b
. for the 8kdpgl € data point and connected to givethe contour

rofiles of FIGs. 9A-9C. For FIGs. 9A and 9B the
[0017@onv erf8Gan 88D abowntiici ettpat Bynasei eatrienty plotted rasna function of

pore RS S BAOR RELTEL ok 05 950 28800 v

sample§ dbit@iingvaloy Q&mﬁfo@fﬁ Md3s .50SMe@ Rnaane nfﬁ/dﬂ? 61 bMcteOtth@dean rate
as a function of time fromtheé endi ng of the pul se

was 1 S@gfigendesteadnof-p gonggtionals towigi iralgemmireadapulse resattingnin extensive
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to provide a break in the current profile. The currents from each successive excitation were
plotted as a different “rep” line, thus providing rep1 through rep7 for each Figure.
[00171] The current values from each of the multiple excitations (each rep) in the

voltammograms of FIGs. 8A-8D were converted to a single data point and connected to give



mul tiple excitations were converted to single data

poi nts by selecting the peak current val ue of each rep
wanw7ugiang a sem -derivative data treatnent. | RCTHIS3006/035129

manner, the X-axis of the &pntour profiles are
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constant eWﬁlTb e RBoR¥E v'bffzu{n% gI ncrmgrﬁezn[ @fr@ay%ﬁqggaﬁ% l a}tﬁﬁtlp}ﬁways to

bet ween the curren

extract deefuldafemanén, eamitiegrol, tsbkﬁl BERLIOE dnld REVESSe dath¥Satments are
racy of an analysis using nultlple short

c
' presentlgfé?f? f’crons may be increased in conparison to an

A[00172qma| y?hé d&%‘a acdn%ﬂgg{ oﬁl%?dol?cg 2 e%(a\” , theo uragmc pulse

of terrutlpeexc:|t I ons |n

sequencgp plte| fgaqlarmntaify diffesat ftatahé E:E@érmpﬁifﬁei @ot@l'nbl@ 8%¢h a conventional
bel ow. However, a nore in-depth

| S (esc b
analysis usg%gg nghe 15 ggisg t LS ¥egerded Sioat arsHaghyread pulse derive
from a @in@tel FeStAE Bh /AU, re%ﬁ %nf%ngmhp ﬁxB'E}Fel é‘éniéilrdﬁrgh éf the dynamic

i mpl enent ati ons may be foun her’,
currents| 0111’81“2““38 feqze rasc heetiatiah alket I’amdmdefmﬂﬂatrma’]ﬁﬁltﬁn/ﬂﬁﬁlswn process.

Further @Bl 1R G a6 8h oot Pomary Hecsarrelason dameon iy current and

the analihke andeﬁffamorﬂlinayla@creé@@t 8fteMdue %dﬁ@nhenll(at&nt effect. Thus, the
te ral El ectroanal ysi s: Shapes of

accuracﬁ\@gﬁ%la’é% éﬁ?}? ARB g myfipleCrhom eXPQ?@OﬂSABay PO4Breased in comparlson to
r
an anal éa Lbeés 2 @h%&g?efafle?uls ]9 Mélg tcrgu Tﬁ%ﬂ )9§ ﬁge rth’llgfe excitations

comblne@hem 1977 49, 1390; Gdham K.B., "Convolution: A

ner ctrochem cal Procedure Irrpl enented by a
[00173 ni ve appyi}cag?ql thntheseadatp treaapits 1toggucasg, aPGB; is described

below. P&de@éi@r 2 More M ddpih c}\ﬂc-ﬁs BUJ)IIZ ot tfqa%%: ai%tm&r?%;fonmng

plication of the Cy egra
eleCtrOC]mmC@)fewentS%mthQEﬂﬂai érgttahllmwﬂhér&mﬂimis fyyast B found in Bard, A.J.,

Func B2 PR 00. U0, Bty o NN S o001
K.B.; “Al@@gnaKl[ﬂd’ébalde& EieeﬂeﬁfaakicgpMeEhoée%nB gfh@;ﬁsg&}z&gg 196; Goto,

Vol tarrmet ry," J Electroanal. Chem 199
M., Oldhag #¢.k5}. “Seii-intagrebFleciromabysisa Shayies afiegpamoreams,” dnal. Chem.

1973, 4ieﬂ%3?t§ahtyli]rﬁ)lgzﬁ:foré,oﬁl t@o%o, M., Oldham, K.B., “Peak Shapes in Semi-
differential Electroanalysis,” 4Anal. Chem. 1977, 49, 1390; Oldham, K.B., “Convolution: A
General Electrochemical Procedure Implemented by a Universal Algorithm,” Anal. Chem.
1986, 568, 2296; Pedrosa, J.M., Martin, M.T., Ruiz, J.J., Camacho, L., “Application of the
Cyclic Semi-Integral Voltammetry and Cyclic Semi-Differential Voltammetry to the



hematocrit affected equilibriumcurrent (initial peak)
because separate signals may be observed for the
woaenetoaenst - af fected equilibrium si current an#Crhs2006/035129
hematocrit. This is especi AI y true at slow scan
rates. The sem -integral of the experinentally
obt ai n anmmetric current | has the foll ow ng
Detemﬂ%‘ﬁ@r?ﬁ?‘?echéerBPW%hmaSm of @@lolgqrsl}yrw;’ép’ eEfre@t Jariat Clreer. 2002,
523, 160; maicksnet+oonk &0
dur i né t he chﬁJ ioh ﬁswht}jﬁ;ir%g{r@%@y ﬁd‘g{eﬁt@"“’ml Chem.
1998, 496mM53. nt egral  of | (t) uis a transforrratl on
[0017 aranster and . d~J/2/df 1/2 is the sem -integration
per atGPL B Rtior 0 AR Holiymmegrmnmay ﬁﬁgﬁat@xihdaﬂléh from the
hematop@t @fteéiad » eqdu®riiead % ral_current |
gi ven by: THUN NPAD %7"3‘ IE%EI%I&QC ‘?a%)ge (Sﬁgar%e'?‘lgn%ls jmay be
observed fog Hhhehema@qudléﬁectbdheaqumbdmm ein cfrerdt hedSthef @@@atocrit.  This is
|on of t di zahl e specres bei ng zero.

espemaﬁg % ﬁgt S1QVA oSSR rlapesf 85 sqnﬁflg@,ggﬂ Huthee gXperignentally obtained

Voltammethillc/cﬁﬁﬁntyz(t,zhaé/‘tﬂé edliovAng RlatHe Btk l%irhﬁ.! onal unit for
expressing el ectrical current, ich'is coul/sec.

[qg176] For si nplrcrty, 7,-mis referred to as the

jynt atilon! DL@)(SI% with a unit of coul/secl 2.
Zﬁh’l”s %I c rrezntZE 1% V/s 7 2) is only a half-step
i ntegration from current (coul /sec). The hal f-step
integration is fundanentally different from coul onetry

whexed(zpisfthid limk TuREbA o f 1R vARRIhRHd (911'}6%? Etaﬁeg Y0 Se # scan;
qQvide the total charge passing th ?1
g é%f'—Fraa%”@,m[t@@@w]thwemomggraqup,l on (3) gives a
£%eé31rr£fsk&ﬂ4ang§ bﬂaneteﬁn %f the sem -integral, for
a

di gi t processi ng -t data may be d| vided into N

ééft/arn Pyis &ma;emdlﬁtegfmcbmé@fataﬂ s between t = 0 and t =
0017 gne such di gl tal processing algorithmis given by
[ 5 uat 5?13‘( fyiepH e Prghtoxidation patetialj e steadytstatd ssmi-integral current
is erm ned at the m dpoint of each interval. A
glven‘%%/t
preferred algorithmfor digital processing is given
byw%féﬂe ’C(Qc))xrll/sc’t’ e gamma function of x, wheisg T(1/2)
é) _ %%-I/éﬁpllz and T(5/2) 3/2*I/2 p'/2,
{156 indi th8) PEFornduke | rditon pf ﬂm;sultf@cese@memmmon of the
oxidizaB18 €pedles BdlnoeAato | act or 12
coﬁﬁ\)/entl onal Ieonplg%?r%%t?rfecﬁﬂrrﬁ&gﬁ%t%%%& ls§ou?/sec » Which
is not thg Jﬁd@ﬁpalrt@stﬁgh@@rmmgWCmscﬂmne,dvlacls B;rdo&Hsle pl at eau
he conti nuously changi

001768 & PEhSPP R e o reBEt & Rottorpom destven PRA(SD with a uni
of coul/amﬁ/ér OWEIE r 9L cﬁ@&ﬁ%@tﬂ%@@’é} @@onlwtaelg?ﬁfagtéﬁ) Nnid aﬂ)’)\ﬁ' ifr%m current

é}uantlflcatlon of the a faster scan ra
(coul/se S@&q%t%@@%@m 18 (ﬁtmd@mregtaay diffpremttfidon edulofﬁlat@ where a full

integral is' a?ﬁﬁésde tr%ct¥g k guryg % ¥%|e 'ofe 16 al cﬁaqgg %)&rls)émgr%hr%%rgrl? Ithreaetlec?rr(])des

[00177] Although equation (3) gives a theoretical definition of the semi-integral, for

digital processing the 7-# data may be divided into N equally spaced time intervals between
t=0and ¢ = NAt. One such digital processing algorithm is given by equation (5) where ¢ =

kAt and u = jAt, and i is determined at the midpoint of each interval.
1 Si(jAt—1/2A0) A"
I(kAr) = -
ﬂ"z,};{ k—j+1/2 )

A preferred algorithm for digital processing is given by:




may rapidly generate a DLC in response to gl ucose
concentrations. In this manner, the di sadvantages of
woheo7loaerg3wai t times o-f coul onetry and the PCT/US2006/035129
non- st eady- state nature of §he current in conventiona
anperonetry may be reduced [00179] Equation (4) also
shows t hat Lever si bl e or quasi-reversible redox pairs
g payref br xel(k o d@) i Affasemi - integration. Thiss
becausenvh ; selk~i Ht egral ?ron1a reversi bl e or
qua3|-rever3|ble redox pair can exhibit a sharp
where T'¢grnistitd @mufia dimctibe of edutett B(lar)e- wd? tie/ 20X dbz¥d and T(5/2) =
e (and vice versa) and a w de DLC regi on, t hus
3/2*1/2@%% the transition easier to determ ne.

erri anlde/ferro ani.de an e 13 and, +
0017810t RV RS eR YD e Ge et 68 S St dochs Hedime. adpendence
factor @£ FBANENLiIGHAINGM érﬁﬁﬁfrf&%e‘f@d@r sithhe he! PWeHaR) re@bonse may be
quasi -reversi bl e (fast sca@i behavi or s. 00180] Poorly

consideed ppgesdolepletery: @a@rgntpsalyastﬁ oﬁﬂmc@@naws dangmgl anpir@netric
current§ 8511‘1 nteH %n?\égﬁl\ﬁe%lglqal a?ﬁ/ %¥ anet ryaC e‘{;“g‘fe -Sr&%\ég%[g%fﬂ Qo allows for
quantlfsandm aﬁ thé @HeC d@ﬁ‘@s‘tdzrbﬁdnlrﬁteun@y HeatisedNBan wHEA%pehRSeurrents are
fng T@ sed to achieve the preferred el ectrode
quantifiedy Ty, 31116{“@61@@} of #pYGHeIV P iteRmetsy BesAmbingtiograitls semi-integration
RN pEedrhidal iDI]S 10 a €
may ra%ug] 2 ; Ko agly§%@8§§g ntegang%géHt @Jsrﬁpat ?{’? ttﬁﬁ aaﬁn%r the
disadvasitages qé ithwhmgwealt Tilves ¢ woderietyt amlethefnohh&ady—state nature of the
obt |ned vol tanmmetric current i(t) has

{
current G S WP R DA PO 1 (1) (7t Uoner &
[001 79_}(” Bguitld e5Misd Qﬁ&?@&r lat efvefiBret 61‘"& {sf'fé‘%ﬂsﬁﬁe Lbdok pairs are

he equations used for the semint
preferresiefior ustewitly semivietegzatipnt ITénsdls beseaté the sdmt-mtdagrelaﬂrasm ntreversible or
bel ow, ted w

auasi-r R0 B Pe o UERAY o BarToe BaRgaedverstis o te
oxidized.sthle (dn@WHisLUerdPrdnd 2Ride2008; repioh, Cﬂhu@ﬁ?aﬁ[ﬁ%atﬁb @ﬁn&ﬂ@n Chbier to

| nstrunents El ectrochem cal Wrkstation, nod
determigg Aerrjeypnigofermegamdoang thesthesd A estatesndt mﬁteegma he‘mannne are
cxamplf o REERIEA SN AIRUIORL DL (e Sl LEC roversio
. (fast scm)wehémomol tammogram from FIG 1C, where the reverse

(ﬁXCI t n termnpated before initiation of the reverse
00186y, o Bporbe akvattdae eprestosman Hob e dhar LG condition

Be g abie f S ¢
cven EF TS bl IR CRANE FELE L BIEL BLAN Y B
such asv@sser derditbgd esUad| Pathbd, S5dep Td s t inag barusad ¢umeliieve the preferred
electrod®y C&ent reading in as little as 50 nV fromthe

PA78YEY'ng point. Furthernore, the peak portion of the

[001819eM - 4RIk toREfPﬁ 1M@§fafses%?rﬁ Rl &V of RS oREMRLESGK diso may be

content of the sanple
used to quantify the analyte by measuring the peak of the semi-derivative. The semi-

derivative of the experimentally obtained voltammetric current i(z) has the following

mathematical forms:

1/2

Wi@ (7)
a"z o diy d| 1 ¢ i 302
7 i(?) = d(r) :E[n“z J‘(f i(Z))UZ du:],(coul/sec ) 8)



and the magni tude of the peak may be quantitatively
related to the hematocrit level. [00183] FIG 10D
wehom4tie sem -integrals for the cyclic and 200TS200035129
nV acyclic excitations of _FIG 7D. The shape of the si
vol t ammogram from t he shor acyclic excitation differs
fromthe vol tanmogram of the cyclic excitation because
where Ifthis the geairiegak poge ne derrsiondf)-t Ffélﬁsquﬂtmnsn@e%f@rsﬂmseml—
fr clj ci S
itegral S EHIATROUT ' T AR, By ShELbeRY rRGIERYSEL, were

1mplemﬁ€ﬂﬂd’d @ith theEleasaitndtal aN'fJﬂLStaﬁbn rsaftﬁqﬂerpqela&g@awezsm 4.07, revised
hat observed for, the cyclic vol tanmmogram
April 26 ABPbUTHER {*%n?ﬂwwhet%ty[%%%ﬁl%@e%%h@m%‘% Wcrﬁ”bstaﬁon model
CHI 66R€Yclic excitation. Furthernore, the reverse si
current fromthe acyclic excitation shows a pl ateau
[00182]mr e Fce uroax pleyerde sier sdmingtehe piotadfythe ayolie eoitaratmiogram from
t he sa le than the forward si _current. [

I n..thi
FIG. 7Ama$n‘ﬁ@]faﬂyt kR Presends H1 rippEssl elat ofitnagyche iva‘éﬂn@ﬁ%m
from FIGNSECRR& ¢ hk ARGEME @ﬁéﬂta@le tdrhEn e)fﬁlleqnfﬁiaﬁﬁ% 6PIR3EREsd Qurrent

the cyclic excitation. 00184 FIG 1 Ws cont our
. peak. F;]')Gol(DGZ estajplishpathet whyn ﬁememmmegnabbf thg oyoli¢ alirdwmgacamxcitations

orr1c, SO BTR(Sf BIE! 0 RSS90 VOSB! S8

an accufid &l rQlaasTR LI1HEORES50 EW fi9af theQbvdrfig ?bﬂl@ﬁ)?@rthermore, the
concentrations, equilibriumwth reggrds o DBL

peak portisiyafithe bemi-integral odu treas rasponsize b tledsmatagtit eqriten Af tee sample

and the Ixfﬁgéﬂlede g]ixeﬂ%e{ak%a%f Iel(cﬁx f 1tat1§3qy relgtl #E%%x% (hgl%n{:o%gl{ fe%li on.
[00183§st abyics h oDhgoweaHE kérai- hwégrm&”oma@ya@b 50200 tgAMBY acyclic
rehydrati on at about four seconds for the 455 ng/dL

exmtatnmsux,fcfg@ éBnclstsharg ointhe povalgmpmegrameim g shost scyeldy epecdtation
differs ﬁgmatheexLoef{ah %%mﬁ%%s@rxggctyoﬁte%ﬁ&ﬁﬂ lge%gl?ser oéugggh rgfzc?xldatmn-

I'naccur aci es F'W se be I nt

reductionafdnaitiofns nissiid@omeahy deyatic @rciaatidn didf ustiag tlﬁeaﬁ@sh@éxmtatlon
the reagents. Thus, once a _relatively constant
in the DY Faggite Hiér Ckeund SoHEEH! AEHEASEL 8 B IeE (ALF heoTRizes o that

observellR: HPLel c\g&f{aﬁﬁﬁg}@ﬁ %ﬁ@&g;%dl gqhé aneqqa %gazg&atdd%tlg%or the

he neasurabl e speci es t he anal yt
acyclic Iéumtaituen nituethefgore FhG.reddtse sih@meomplont memadzlysc)s:lua‘agn blaows a

conpl e n, as.f.ew.as seven seconds ause .0
 platean {25 ARG THRTIVEH 1 SEHRG: BT EREH OO0 SBTRTE: g Torvard
si currekNOVIA, thist Bavddh UtheNRYchRE sélin B€ iy DEQ Fedlici BEbvidedt &€ increase in
anal ﬁt e concentration. Additional data p0| nts may be

accuracy I§QT perplyss wbm@@nm&@rtba pEclisrexextationt r i but abl e to
[001 84 nggi 3161 shﬂﬁzg R o%¥ B?O#ﬁ o%/ prgget‘tc’rcﬁl %? a}flﬁentggrfttﬁ atatn? agrams

from ald;&ﬁéil bRCiGEBR AR Sqaiteofsl WBObdmsled Sontaining 0, 56, 111 221 75,
em -derivatization. One inplenentation of a

455.25,5u% Tder| MafdLy of iplasing elal&@sea figr 1226k ©F therglyeass @npgntrations,
equlhblﬁlﬂﬁ Wﬁﬁlnile érﬁg ?%P@Llfn iﬁ? r’ﬂﬁ ?éa)éhgcﬁ SChb ngleﬁtrhu%h@&dlﬁ’é}m the

0 equat ateau reg
contourr @pfites &t ¢ang dh@sy @bh@amtmm.c Hoan rearimge 110 r(h@esa} and 1120

pl o sem -derivative plqQts convert h?r ol t
(lower) ST T 0L e CBFTER SaERt e By SSTieTO bebout four
secondd 3 1He@B8%ng/dL glucose concentration.
[00185] Current values recorded at a relatively constant diffusion rate may minimize
inaccuracies that would otherwise be introduced by variations in the rehydration and

diffusion rates of the reagents. Thus, once a relatively constant diffusion rate is reached, the '



pair. [00187] FIG 12A depicts the cyclic voltamobgram

(a), sem-integral (b), and sem derivative (c) of 16
wai2dd7iogeaiecyani de in a 20% hematocrit VB sanpl CTIUS2006/035129

this instance, the working,el ectrode of the sensor

strip lacked enzyne and ox?fi zed nediator. FIG 12Bis

re d*‘%z enl ar ement of the sem -derivative curve of FIG
cor f\u@ﬂgvm Yo% e &xe hféicglﬁfelif crarepontiotondhel cooeentrafitie of the

measurdBleUBeQEs, 118 1 f I
be cusg rrelat edﬁl\j’\e'n‘rmﬁ aﬂﬁg{ an ?@g%l%ggn?%rnfﬁgﬁ 10%’ %?Ol?ﬁg% analysis
may besepmpileted Buas feer asoeesn &teb@nc&&ﬁbatdse lohyethe Weo st @urrent value 1110 of

h t de h t t
the corldyE TR IV 5 G el HRclisr i PRIt DR copentlatd opnatraton.
AdditicsaMab@spéints! Bl ng bﬁﬁ&eﬁ?ﬁeregigg %gg?é‘&%{cf %rror alfBbdtable to the

detai |l ed description of
mediateyeps Rreviovsly idiseussed withregerdenRLt 0 gl ucose anal ysis may

e fo i n VWO /114164, filed May 16, 2005,
10018¢]7, | AR5, Ghfdts e mp8t rbmalsbe AbHH ssgomio ogitosiprofil
is semﬁdila’iiv)ﬁt egion. [ Ohb8Rpié | |
em - ollerllo\l/lat ive da% alﬁ??gg%ﬁngﬁ{bsg&n?gervla\k}g% §%egdt e a full step
denvatlﬁzp @gf%ml—amtggfahaypmélqmsb'cdesml@dne rmtmraoceqnﬁtmmr@) Unlike the
I h th trat ft
plateaupxre {oh %P{eﬁgﬁﬁlg H2 Vcﬁ er mtlgé" scalrg R’cl: %g%ﬁgg%ﬁar@{ S]E)ﬁsg semi- ?ienvatlve

plots ccdwerc\thé Wl%nmétmys@hﬂ @aMthfoad'ﬁ@ﬂd aBeréPht S2NRN [
20, 40, and 60 % hematocrit. These derivative OH%\ftﬂgredOX

PA show an |n|t| al increase in current as vol tage

[001 87'r] gglr ggﬁ? eérat;éetc X ?chacf }/03 ! erﬁ%%brg (A g es%ﬁlrlt%ﬁtegrﬁg (b?L and semi-

derivativie f@tdfué mhbferﬂomﬁﬁn&t 2@R Memalberil WO lshisiplen IE'tﬁ@ instance, the
gher RB cell concentrati ons refl ect eél

Workm%éA?fB?‘é (ffmb%ﬁ?%f peBracksf gaeymg eotegflizehintediatire KIGL 2B is an
large@Entt BE RO t ef3 A ahbvePeak :

b be oSk o A0y LR 1SN VG PRESu S B o

forwardesgpm e e apiugrof dﬂmaénmfemﬂt or feherse adaneak hefvdt ARG VbBelated with

N TR AT L

inherenitie peR{RMHemaBRERBSBpdRkFod Bt bRichid dRER)
concentration i nde%endent a%dlchemat ocrrlldtn%g Sge(aalnxffor samples

lncludlnlgﬂgssrtg@q t0%erdwmatacas Pheopsedaaiad d@ea!rqitmrdftthd: E]plili'a‘,etlon of semi-
e derjyv

derlvatlv%agﬁll%r athAB 1 %ﬁcgsergnta og?}fg?\té Flf?urgio a&% 29(5)56},]14164 %[ led May

be use to det &rmne a-h

16, 200€eq:uaﬂ¢cb‘ﬁwﬂmmmaab)%ys:eﬁetf@fmsaﬁhg%lo@cﬂomalﬁéé ai | ed
escrj ption of the application of derivative data

100188f'7 o TrEi oy 91 sgExdeiognk pyd bamindgyrivetivo datd tientiiWat2 Q08 ative
data treé’ctﬁi'e@f" alioogll.@ O(Je h&dag)d ggﬁeg&et P cont?)gaglrclffjp%ﬁ?q tugedqumﬁge the

pu Se sequences to reduce 1 naccu
concentigiom 06 threi anaté e theanehplls. oFIGH d e @ldGFIORS mhwtms olf cyclic

nal ,. the inatjon of the dynam c current profi
"Oltammofgga X ﬁoress?g’rp?eétrﬁ)agﬁlga @nﬂe@%fyy nergate et omheq@r@hmm plots

show anfBitiabihckadid QurihPYd H8taaul f 4! bration
constants to the sensorarégygdtr%r%% ucéwi%ncfeas(f TRyt fl fnalty a

DLC regipr: uﬂ“é)@)}legfatqchlé effnetl ypay be stach tetneghtivapdaRriatidt@at about 0.1
volts in FRESY ?ﬂt 156? 131 fﬁ%ger% ggcee%tr%gorfsor[etr]gc!tg& Ss more negative peak
values.

[00189] While the values of the positive and negative derivative peaks, such as those
depicted in the derivative plot of FIG. 13B, are concentration dependent, the ratio of the

negative peak to the positive peak cancels out the concentration dependence, thus being



a specific current reading to a specific concentration
of measurabl e species in the sanple. Thus, in one
wapE@uedlan i ncrease in accuracy may be obt ai nedThg2006/035129
averagi ng the gl ucose valugg obt ai ned using multiple
sets of calibration constants. [00191] Conventi ona
h el.ectrochem cal sensor sE(sterrB general ly use one set
ematogrit dgpelert | oRecaBs thimtiglio SGHIDER) g opecamdtipntiedeepdent and
hematdcAt QOSGAEL: G tdieadl Rgs. dnto.a correspandi n .
" conc n_tlr aliii gdr‘:J I(r% 8t1 égg[%%p%t%ér?%?tlﬁ agoﬁﬁgﬂlg.%% &Ver Thys, this
ratio ofsthegleaivatite jfake alalytiyeaisedno derahiRtaShdtodrR hipehdhtion equation
& a#naﬁgur acies in thedﬁ:?al yte concentration determ ned
or an _%t%_ tleﬂ’émf‘?é%r fegoeutetalsd ‘iﬁé@f%@nbﬁdb@@,@mah@opf deiiegive data
treatmen®td gl6tdsd el Hs kR b@f?&ﬁiafiﬁ%@tzogkﬂ%?&ﬂ_ By taking the
current value or the transforned current value after

[0019Q]at a {n edditrentto dhe abilityefitid gredvptildé ReQREHestdt Bd&Cin8ccuracy

of, a gated_valt tric pul se sequence, nultiple sets

from thdheharttull 5P G and e S woshalpr backsews) isbdhe Fobingion of the
dynamiplc@trenit R8RS eabNEEAtRb I i baifes?

10. 65, 1?%19, and S alRon 3H8 NSl AEREHEH: Blonfesthay be used to

providey pspttiple ssetsf ofcgibration Batarod to hbs esehwursysahi, ihad i@feasing the

i I N ndent of the other anpd may be used in
ecouracotife Bavg dﬁﬁ@&ff’%ﬁ%’éﬁtwﬁi%itémﬁ Abaisef fiopt e et 4o Gprrelate
a specifialcufrei@tt fe@ding 00 9t PBEiSic RN cHRralsE & firfedGLBld

.nunmber of duty cy%l es t ha? sﬁoul d be aappﬂeergggﬁﬁgr F]rgéhe sample.
Thus, in pRpe phrdeas Bigirarcia acelredy miak belobtatesiyeyemgogrtae gluaogt values
btaineB5HERb S0 1c & i f the current val ues obtai ned
obtainel ﬁ%ﬁgtﬁﬁgﬁ‘}?le SAk o?ﬁa?{elgpitﬁm coPsétfnPt

rom I'rst e excl ons indicate a hi gh

[00197§] ucoSencanionst kRbirothented hsaSor kyheRE 20R B/ Gk &€ set of
b sensor s¥stem may term nate the analysiS early, suc
calibratipn gesipity, haicht #F sloppt and owereph cdpeeorivartFE@rent lreadings into a
bihiis . ' ired f the al ysi s may . be
comespb s TRRRShS DS ShubB BRGR) Bl St of

calibratms@mthlets hegausdt innpaeaisicsnin @e dHalfe §dreedSRion determined from
ically less than at | ower glucose

fl eoc(ge:ﬁllcentlrtion s typi [ ]
e recc i P BV GRS VIR 37154 1 chsled it Repeapalomsat.
[()0192?’2t al B?dtaﬁfn%mhteh&lrfén'i Salded ro?ethgxtgdsng%%:égg zcrulrr%gt)%a /ee d%ﬁer data

4 w g| ucose Concentratl on, sucC
treatmepthais figed tisyes wehinneachekitte recle e apaky S/ioﬁalhﬁlegicﬁ?ﬁl@é sequence,
or

multiplép Qqu] .o%.cgfl:i]brgqfioeli( ?:‘clértxs %ﬁoggysb%é%}éﬂg%ggg(g;iégséggg ghe semi-integral

recisio

currentsi iecdrded BO7.9, 00.6510139, kY1 7CHCeRSnds| @Pﬁ%4<]on§ﬁlgg>9&i1e§ Q,f‘FIG. 1.
multiple sets of calibration constants nay used to

Bach ofj thesedguiecalibeativadineaese mdepenregraddhs dibar afd tiag banabd &i & least

twowa}%}’ averaging. For exanple, if the target glucose
measurenent tinme is 17.15 seconds, the currents at

[00193]0. 65First3th mdtiple 5éts 1 EBRANES 6ANRNE i el &M t Qetermine the
l.cul at gl ucose concentrations using the slopes

C t he C {
number 8? &uﬁyr&yé]%é él?ﬁt sheyld ﬁp @p@ll@ﬁmﬁbﬁ diksg sespilendsr tatdbtmn the desired
acc?ra?% gﬁ@ ﬁ?@eég)ﬁ_gﬁ.sf}gfr Sex_a.ﬁlp%% iig tléé) 'f%lregng exi'alsul_egfdbgaﬁlaefi {or%liggiﬁr\'/s\{ three
excitatia@sfindlisate d high. §16josSlcopatnriabion, TheRretigal dry20d A, the sensor

s ] S SERRE MBlues shoul 4 o cquyalent, o fTerlnd
In this manner, the time required for the analysis may be substantially shortened. Such a
shortening may be possible because imprecision at high glucose concentrations is typically
less than at lower glucose concentrations. Conversely, if the current values obtained from the

first three excitations indicate a low glucose concentration, such as <150 or 100 mg/dL, the



10.65, G13.9, and Gy . may be averaged and the fina
gl ucose value of (Go.65 + QP + GJZIS ) / may be
woabwuwuestizd. Averagi ng the val ues fromthe cal POTAS2®A/035129
lines may provide a reducti®n in noise at the rate of
1/V3). [00195] An unexpected benefit of gated
vol tametri c pul se .sequences jncl.udi relativel
sensor SYR{SH MAR LS B ATV Pagtan by B 51 SgeHrigts | S, the accuracy
and/or BreltiRSoftthin0\AR 165 eBe indrdabdd bybikelullfhgt 6 Ableldutyoycs.
sinplify calibration. Wile the nultiple sets of
[00194)al | brSetowh tleomsttpht sett pbcalieatiopeootitats mexy Her wed tthéncrease the

dynayi c_and. co ur profiles may provide an agdyant age
ccourad)y B B ) B et R P eethel T Bl JE B plucose
measuidfhefCRinetied 7i13 JebdadsSthe diénRr AVIONSS, 3B/, laAd 18C6USeB86MMs can be
to that obtained using nultiple sets of calibration

utilized gmselgntate theoghuaossi srycentepsiondfusipg| thp rsdaries randoimgtreaptss from the

S _eff.ect. . rved in the conto rofiles of ..
cones s R R-LBARRFL 8 B L2 SHPL RIS, o -
Int;s.9)/bopel;Q0add 6],  Th &, Lnexpest $8ldpes) £ agtedrbti@lgU tREY tHIBY glucose

be attributable to the relatively long relaxation

values shoild be gqpiyalsaR id&EHNECRIN &Y JReFAM Vatiafieasi dkgs, the sBisese values
XCl [ 130 ot 4 [ ro
Giogs, SRR Fhnd G5, bl B pIEEAO e LAl ehdhd il SGL3" Sias +
Gy7.15)/0.12%y becuigulaele Awrcedgug dd. vaFioss feomaitl eglibaatpat lébs may provide a
vol tammetrj c pul equence having an ERT ratio of
reductign FEnqige % tg%@%‘béﬁéi 2 seconds), such as depicted in
|G 6 p r V| T .
100195 5 % MIBAREAP PRI (b Sy MAREAE L Buelks including
relativedp guehecitavisegdacl sy fate rolaritidhs phich As thas @guctdd id BRI 6C, is
.seconds) .. Wi le not intending to be bound by any
the ablﬁaﬂoi pHEY tibEpD- OWBLF Giepiiels s CHroatobiants hat may
be obtdihddBSorBle BfaUlidenPecthi@brDrifies fal gﬁw@&e antage to the accuracy
consunption rate of neasurabl e species during the
of the apatystsatipodsei ssquraca seddashieptdiesl muIQl. $Cr atayr pobvide similar accuracy
surabl.e speci.es diffusing into the.DBL. .(In thi o
to that FEATHAR e FRRRF Spit og st Engor Bl oM % ongait & flfpration
constar®! TaRSEfdchiydeSIbagved $€theaddatduld §refBY f BI®N 104nd e resulting
. recorded data into an anal yte concentrati on may be
calibrapringsfip &4GplA-car ryi ng out the averagi ng process on
he r e n a bef ore det er.m ni t he X
001981, L AR S a St Fla P05 0T e B A R 9 U etatively tong

relaxatiphatiméei @neparided tdthetdhertulakitidng. dbitoyie GYEdce SexBRMiddRclaxation
used to deternine if the sensor stri has been

time (Efhbleraties [ogy Ovi ©on0-3afis relerisds With T Agfiashieomsk?7 §00.22 being
more pR&Eraddieh Q%‘Eilﬁllc}aléaﬁ%lt@d b téntf'ﬁeél‘gggt ecs%hﬁénge .hla{)ingdaﬂ' BrPPatio of

i
t o working counter electro oniventi onal sensor
0.25 (Y seemds/ARysadends),niuek aandepivtker if FIG. @ndhy berpreferredidgh a pulse

. th e .of third electrode or ectrode pair; )
having g8 £t pEERPY B 0CeeHoHE BF FLP et PG Spaitsdns an ERT
ratio o£0BBI(E4i de¥orRRY2 8A8E0rid9). t MR eHHE HiciHSS &Ibe DOBLIB] any particular

Conventional two el ectrode systenms may be able to
theory,r o gelptiecly hlang arelaxatioy stiged gnaybadovidbia strdy where the average
determne. if the, reasan for the failed analysij S
consuméogllj)gerg%eb(% ra%a&&a_%}el jpecies during %he excithtioreis bafanbed gy\ﬁ@e supply rate

of measurable species diffusing into the DBL. (In this manner, the multiple sets of calibration
constants may collapse into a single set and the conversion of the recorded data into an
analyte concentration may be simplified by carrying out the averaging process on the

recorded current data before determining the analyte concentration.



or a defective sensor strip. The ability to determ ne
if under-filt caused the failure of the analysis is
woenwikedial because it may be corrected by addpagus2006/035129
addi tional sanple to the sane sensor strip ,and
repeating the anal ysis, t Atls preventing a good strip
from bei ng di scarded. [00199] FIG 15 depicts the
[00197tyc| i They demmioguamst piofitbsnedvided iyathe umaéiplef duty edcles may be

nsor _stri whil.e FI.G 8A depicts.a series of seve
used to 8o e instr e P ABATRS S sERRIeVBRT SN E e user
to add 4Ad]tRRa SRR ELtHE 8RR s, "R additidred SEMERY arit SduBter lefectrodes,
both instances, the scan rate was 1 V/sec. Even t hou%h )
conventional Enepr gRewa mplyelstapiesdenaidegiilicosdition dhiokigh ek of a third

f ' [ dL, of gl ug he, .
* ctorodf AP LSl bR SRR sl PR vy and

cost to thavdndgr dyeend00 ng/ dL gl ucose concentration were nuch
| ower than those fromthe normal -filled strip having _
[00198}o gl Gewsatiomh e electrpdg systentanay he plld thyecobrize drabar analysis
PP ¢ t. he. e Ce: h rren
i “bad, U ¥y B Cadll R BRI ERY BRI Bl Eu LA GRY By vcer-tn
or a def@otivd beikort $teip S EFtR0dbilityr tb et miied By urddiel-FiBbaufedr the failure of the
.exanple, for the systemof FIG 15, initial current

analy&s\ﬂém;@%f?ql@s@cmgﬁt piay; bgrorseetef iy addangs adlgonad sppplejte the same

gla bpddiag thd ki & st i :
Sesor S\%kﬁ t arm%t rllﬁg puﬁgégg]églbg R%:eggé% t e psrﬁser?gla{%eﬁ%e%lts (fag%ed
[001993] | ovEKS. 161 depicte rthé i dyblid etoliemirmgranm abtavedefrent aodeder-filled

sensor sS I%gi"{' rl&s]@rc# %A g%ﬂfﬂ%g %Es}ag%sd%ﬂy %&%}2%{[&@9& A i_ong aI?lS togtialrn%d with a
gated V(ﬁ%ﬁtﬂ&ﬁﬂ‘f)ﬁ%e s%(ﬁl%né'é"ﬁ@ﬁri hbimAefiRh RENAE 595, ntﬁyhg% i8S es, the

in less than seconds, providing tinme for
scan ratepens dthgc.dEvfi:m@lougl thedrl&l. Sthempdetackegliaty glacdg and the sample

[ ignal _toradight ittin evi or
used fork llgsr’ﬁ}(uiedaég@ rﬁgﬁ% og Oge, %fge]: c(‘%engf/gl!uﬁs_ gﬁ@aﬁ%%}om&he under-
filled st6p WHEAg MTl0aAL/HD g1iddCe asiehdfionOlers fuch 16R&EHan those from the
anal ysis nethods is that the reagents, especially the

normal-8H9q Faip hfsgeareglyoese. tihwe, it ame hefdetermingdilacthe segond duty cycle
3 ; ; . . calibration

o o ERENTRAEBIEHL O L, SoRDBRSE: W0 BB IBLA PP v

and thatitiad yeissr striPOi2 ORfderFhiBedy o cxamiple €oit ther ofsidne®f FIG. 15, initial
rovi ded, by the multiple duty cycles t he present

current ﬂ%ﬂﬁ%ﬁ%&%}éﬁ&é&*eﬁsﬂ%ﬁm Hﬁg?rffg{eéct i ve ioni zing
genty,C e n L0S, r | Q@i 2]

o0200f80 504 Rl JUESETTAIBLELES: E Eqlleed B Bl s

inventidnomiozied goagetet-fihdzidctibh én & owo-etectrodd senstrtmriprafuptigomipically

AL A G R g—

determifRHRORLY BE fide VRlddS tHa0 PERYHAEE ptd8diAE Sindefdr AECHERSYing device

and precision to the analysis. ID this manner, the

to signah ghausgs yuglnay by sgndénd s isighalop a hght amaitipgi devisistaaiandigplay, to add
r strips having varying anounts of active

%Tmzoistﬁg&gia'ent due to manufacturing variability or

[0020 1 eageAt cogasR@abian fohehRc@htRbnedip 1L62a3d1yHt Getdddd is that

depicts sem -integral plots of cyclic voltammograns
the reagsmisgiaspefigipyothe enzyme, degrade over time. One of the effects of enzyme

more sa:;nr

degradation is a change in the calibration values, and thus the precision and/or accuracy of
the analysis.
[00202] The dynamic current profiles provided by the multiple duty cycles of the

present invention may be used to determine the active ionizing agent content of aged sensor



five sensor strips with 1 V/sec scan rates for a
sanpl e including 100 ng/dL gl ucose and 40% hematocrit
wOonodB409Mi | e FI G 16A presents acyclic vol t anrOga®E/035129
the nethod al so may be apphied to cyclic scans. The
I oni zing agent used in the reagent |ayer for the
. sensor strips was the glucose oxidase (G0 enzyne. |
stris, Bhgf ?‘%ee'ﬁglffngs%pP?lss TRE P gaderly Knergng thﬁé‘ﬂ@élﬁ%/ efgeniging agent
available 1 redetSwitlP thd anflyt@na ANBS! 6F e i0¥RIRALAYE BEON i
rel aliei %n_ 1t 0 thaé1 tycgt alr&dry wel gﬁtl %&?iftg%ééﬂ\rrg%p ggfl%tlng%ehgbr Strips
and forf the womertioneofitbg armiyte ayerentrisorsedue tonprohilefthg desired tab@iracy and
. t | ues for.the forward scans increase. in ,
precisigit 1, % ALY JR eSO AR [, A58y gorepRign of the analysis
obtaindd€ e ls8fkdr OftripL 'hia%iinggvﬁfgﬁl@t D&t A BetivEN WhizihB@agent due to
di fference between the forward and reverse scan
manufastprngritarigbilitheer raegenbéegnadation magydreabiiingl. t he percent of

ctive. jonizing agent .present in.the reagent | ayer of
0020 L G0 AGRLED SR G SRRt o
five seido@ stk Warhdl ¥kdc k@MahRs fHCAdnle RlUdal 100AhURS. %ﬁo&%g and 40%
at the 0.15 ﬁgéentlal as a function of percent )

hematogyit i Wik dGhiiedilht iL6n Metntserryelie voliammp gramsdthe enehabalso may
v s 32 900 RBELSOR BRI o fr e snor s

was the glagea tox]daye(GOpsnzhmed Ehaet sins@ktilip Giehidae aQiﬂ% W%]{ght perc%ntage of
e 1orwar

es neasured for, a strip. The ratio of t [
17,3 %ar?der P& r@epe%‘éeé‘ﬁ §VHghY Weisha 1 &Y i rdlatigetothe tetal dur waight of the
i al S i e
i RS AUEI A SRINYS A PR OO P R TS e forvar
scans lgataetinvelatipD 02 0ope Tirethactweale watd yetheqrr@intige agdodizing agent

. cont.ent .of ..the strip may then be used to alter the

inoreasf T Rl BBt ReTLtR STeR g0 SREFePoRRENTHY TahowATay be

used td Betbin$ne lﬁ&?@l%bl@- oflREvEaBhicts fechl Pletdlt ih 88PORRnOayer of the
the sl ope of the linear response calibration of the

Sensor §fAsor strip as a function of the GO content (%dry

i gh This, plot sho that as the GO content
10020417 Drkr TOH FioP B recie PE et devecmscet siient yalues taken
at the 0t Tep&eiitialas GRenSITpetient BO. r ©OAGEME chA¥RIioh Setween the forward
calculated fromFI G 16B, the affected sl ope of the

and reveyseisyEenf Bhpsyid he peprenpdstive Glscditeuned temament 2hdctive GO
e i - Sj t content a .
present e e R AT BndC e BTl TR EeRr  sip
The ratooof thet fotward gind aesescanaoe ntaydiel duteritahddebdforer @SRRMSEhe @nalyte
differi anmounts of active_ionizing agent present in
analysis ﬁgrt]'oéla%g‘il?{? Dulss seayncenibus éngplgsthiuSﬁr t9abg pplafied if the strip is
defectiv@@nner , i naccuracy and/ or inprecision that would
otherwi se result fromenzyne degradati on may be
[00205]educdtic af0aR@BGve FdrGzing Agérs cantenheftht istrip @py dsardeaised o alter

e g TR G A e A 60 B 2070 B
typical 1bpEnsRRd tige dbsabfaMe B3P reshOnRNELHARES gf tHeREndIB Qt%g[]aig lﬁg‘unction

device 1700 i's portable and is adapted to be han
of the Gfyicandent déeilvewsigbBnsbis plot ishows toih aashe K soutent ibORases, the

calibratﬁornomﬁ:el %créa’é\es. Iﬂlu%p 81 tﬂee Ectggl%ﬁtcbntte%e of t gsfgargieglglayer is calculated
from FIG. 16B, the affected slope of the GO-based sensor strip may be calculated from the
2™ order polynomial of FIG. 16C using the GO content as the input. The output slope then
may be used to correct the glucose concentration value in response to differing amounts of

active lonizing agent present in the reagent layer of the sensor strip. In this manner,



device 1700 is a handhel d nmeasuring device adapted to
receive a sensor strip and inplenent gated
woabi7aavasri ¢ pul se sequences. [00207] The conPa@tis2006/035129
1720 are adapted to providg,electrical comunication
with the electrical circuitfy 1710 and the contacts of
. a sensor. stri.p, such as_the contacts 170 and 180 of
inacculpfs ay ﬂ”sﬁlﬂprg‘ilg% thay oV ik PRIERYSS Festt Gom enzymgedegradation may be
reduce@! ectrical circuitry 1710 may include an electric
charger 1750, a processor 1740, and a conputer
[00206]eadalfile. $7 o5 agehsreaticurepicieBatiohef £ heaburimadevidtal TN including
1 may, be. ot ent.i ostat, sjignal generator, or the
contactf 220 Fr¥ige o dBmbmaigion Myl SleaoalpIey e YOIk angen figblay 1730.
In one bfecE ARE afchurhb2@vivel 17078 GBFE1E Ink RE a4 S34H Eo'
) cﬁ??ent to fungtion as alc%érger-Peco? r. O%%Bgrm%ﬁémdto
TECEIVEerf SRIBKSHIP,1SP4lD asrthe hap i1A0 dtoat FIG.clal. Goamtingr aapdotrthavintehsuring

. char 750, the.conputer .readabl e storage nedju
devics 1960 SERATpd o SRl e YRR AR Hriblemen
gated vallapinedid puldeaeqlichcedir rent, the processor 1740 may be

adapted to record the current at the contacts 1720.

[00207Flo0208he Thetagisiidd e pdaded iepwy steadestried comnibdGtionywith the
tccicQEc R} AP s % RS B RS 170 ana 150 o

the senseastaipl B0stigriage TEUGUMBL 7 4enaycthn] ifch 80 1ML include an
vi ce_or a renovable nmenory device, such as a

.d
electric, GhAEAFR BT AaHieysE 470, aple Wmppteyeatnbls strgeacding BHS. The
lectricl & 185e nf - ‘?"8 a Lea @
clewief 8 980 | UL BERRS SurERLERBLEYr QRN e harger
1750 npoynepdy @ vfltagestenthorcomtactspl 12N hvailairagprdingaip| resiafi® cfirrent to
i cal %iggynication with the contacts 1720, the

. el ect
ﬁnmuoﬂ?%%@%@%?“f may direct the charger 1750 to apply a
[00208)at ed Tv0l 38888 1740PHJ&§ &S GAYRBER AT 901'%?&18&%{81]1 %&’{itht %Hés charger
starting ‘the anal ysis. The processor nay star
1750, th¢eomnuley siadalile stoeageonsdiutmol Mg and gerdismay 0730 §eths eharger is

St i the application of sa e to a previausly
not adaplet P peconE . B bicgssdy 1 240" PRE b A S Rivetirdi iRy Hhgaant at the
contact§ oy2¢exanpl e. [00211] Instructions regarding

i npl enmentation of the gated voltanmmetric pul se
[0020Yequerdte computss rprdabledsdraby newiiputlgHs mead Ablagy sodrby@ medium,

or {jn.the c ut er readabl or medi um
s 908001 SRR EEr 8RB0 e S 595 TR st
storage @esidurh B748 nay Gent fi:aldl théory R vicH B¢ b @A Al me @S 6f dRV8E, such as
in this application. The data that results fromthe

a remoYabl & PegrY safetlie dlispiayser 38 eepiebreanaeg omd sialbjreerteeaspeat 2 LCD
dispiay Q0801 1o RERaARL Bk EALIRONS | el Udi NG the

eterm nati on ecay rates, K constants, slopes,

[00210]nt er ¥@pmsthearuatants sAMPSRsoreSROr @ntHiLing M ShApRr 46 68SAbctrical
740 and %Ee results, such as a corrected anal yte

1
commuBiGARYIh P the Goniaeis d_J?O»t e hecegses Ji74) mapadirechdhirhaigerg0 to
apply o £itd Y6EARRSHEAREAL P eAddCioPHE SEmPRIYGRCKartih D End ahysis. The

processor 1740 may start the analysis in response to the insertion of a sensor strip, the

application of a sample to a previously inserted sensor strip, or in response to a user input, for
example.

[00211] Instructions regarding implementation of the gated voltammetric pulse
sequence may be provided by computer readable software code stored in the computer

readable storage medium 1745. The code may be object code or any other code describing or



treatnment may be inplenented by the processor 1740

fromconputer readable software code stored in the
woanpuuen3r eadabl e storage nmedi um 1745. EXAVPLEST/US2006/035129

[00212] Exanple 1: Collection of Voltamretric Data

[00213] The cyclic vol tarm‘b?gr amof FIG 7A was

gbtai ned froma CH El ectrochem cal Wrk Station by

controling (g fmcHonpdite descaibed an weie reppheatinor KTing damdthetoresiles from the

st GYESHATE Rl AFERS LA ubke B 450 o DS L W

includigee tier détedniaitidrhef vedayi mgsekeedisReR, dibhbdAnte pts, and/or, sample
lication of the potential was recorded and pfotted

temperaggx.%d.nft% Eltoic%sﬁozbﬂéqu@xdatﬁp p@sgljs, potlens p abrrecAf:d emalytheoncentration,
output itconhﬂhE i l%{i Pr3ecRd i BXmL tir?!@ﬁlgﬁo%st rlggzggﬁltgﬁgé Ig?lfsts %%:qt%ﬁ&e? ethe data

e circuit to provide a Secon
treatmentigiiay be maplementetidtyi the provesser a0 6@ doghphubt® rSddabR BRI code
storedithl%(fwl sg seajﬁﬁ%ce of FIG 6C. In this manner, seven
1 MR FOmP W T FFUA%e mediug 17d8se concentrations of 0,
P AMPPrNd 400 ng/dL, as shown in FIGs. 8A-8D,
respectively, were obtained. [002 14] Exanple 2:
[00212¢st abEkahpled : Caiteotion & VolsarfetribDad pl e Dat a

reatpents [0021 FIGs. 9A, 9B, and 9C are contour
[002‘% ot s ¥ of# Wpr"(?i%@é‘&gf%l OhnHEEr i €A cies embigined from a CH

Electro&Rficdl WeK tatiofNel, 365\ indey | e eatment s
res gect i vel y..allon Icﬁﬁgi’f\g %ﬁg%%gglsgég%%&trﬂﬁeer‘?{mgggL?? counter
electrodgs oba gengongitip thatkaned tinearbdghl Moseoar d ssaantd 6 QODVVERc. The

at.a.points. The resuting, contour plot presents
ourrent tsg% égljétr?gr %tc te}EGS FGHIDF redsri 05%” ({‘f&‘g abe Applipatianoat ghe ppteatial was
recorded iand epledah addt Hineysl 6f | 81,5 Cih ab
orde & addt ey 6f kchpirg RO, %%@éﬁf&tﬁgg fecond

., .followed by a 3.2 second relaxation. |
excitatig, ¢l§ig ritderiiogightopemedphst cisfuitt ke psewide woB Lasavend irclagiatian.  Six

" . i i - | .d i ' :
o o CapP it (s Ry BEt R P EteR L HE) Sandp i
manner,( §yven Hogclicpélemené @oms €6t gludbRgsHceAtBdtRNPIPALSH NG VARI 400

JdL th%to\%&t.e%gét In ]t)he CH El ectrochem cal Work Stafion
mg/dL, g, 18 Fh 42 184Y8D; (rspastigalyawere obtanddsed April 26,

004, gy ' l
o0214E00¢ MR SR EE b AP AL e

[00215k eni -Flitsegral OBy oe I BE:, coltws Blks e FnpocEEd 8 Smmetric
re taken fromthe reverse portion of each

t 0.3V
currentsy éﬁ‘?i““&ﬁ&gf\é\f ot e STRE IV F ot freaiments.atespeativibus| in FIG. 9A,
unprocehe8 ClirB@daWel B 6 80 GAd tgkéfﬂ g?]m%'gﬂ{ el dt7 Jgﬁ% G}?rlogﬁg Spyen data

, presents a contour plot of the sane vo
pomnts. dégvesuliens edridursgot prdsmis i uneradadsad puaeRSEIRG as a function of
The seni -derivative data

. .accordi to equati.on (8),.

time Slr%(réoeg"ggmug\é nglgdu\ﬁti‘ e‘?ﬁa?')g'p§e€§’é‘hteXFlFP“toﬁefoéﬂwed by a 3.2 second

relaxatidal. ect rochem cal Work Station software package, version
4.07,_revised April 26, 2004, which acconpanies the CH

[00216] nst AledBoresents a contour plot of the same voltammetric data converted with

semi-integral data processing according to equation (3) and implemented with equations (5)
and (6). The implemented semi-integral data processing was that present in the CH
Electrochemical Work Station software package, version 4.07, revised April 26, 2004, which
accompanies the CH Instruments Electrochemical Workstation, model CHI 660A. After
semi-integral processing, the semi-integral currents at 0.3 V were taken from the reverse

portion of each scan and plotted as function of time, as previously described with regard to
FIG. 9A.



El ectrochem cal Workstation, nodel CH 660A. After
sem -derivative processing, the peak current val ue was
woab®En46em each scan and plotted as functi on BETHISRMWE/035129
as previously described w Q regard to FIGs. 9A and
9B. Thus, the Y-axis of FI 9C has the unit of
ul/sec 3 2 for the sem -derjvative currents. .
[0021 [91?8218@1 SrRIPSENT: & ORI IRt e B et pdaie comyrated with
i-dBVARE BhBIpAARAMoC ALRRGRRT 1,2kh Aflioch ORBLOITIRS sShPWallve dat
som FIG 14, a %al?%%%tfon pl tofoﬁaﬁﬁé §§n1:¥ntg§?awga§tgf -
procesping aegbwagthaepleecht wa thef G et tiwgherakchin@ otlh Station software package,
. seni-integral currents om the four different ucose
Vemm&og}@gnt Y e@n A‘ﬂmeﬂzg: %@AS wichy accRmPapiesy g@c oﬂ%’lé_s ‘struments
Electrdchemidal WorRBatand nRidel CHGebAe ARET @Al YefFatfvel H#BEEAR, the peak
of YSI plasma glucose concentration. G ucose ‘sanple '
current yalsie nvasatakon srore reach etcar mhd qrottedons thmestioal dfbtinej on previously

s 990! B A5 1 59 SERESE o e i of

uCoulksed’d féhBe sdnfip®eridagvd alremeept of the calibration Iine.

00220] Calibration plots for the unprocessed and
[0021g]am' - m&ie rosiseia daldratione PZ@ﬁem déetermining  Analyte
memgﬁgh%ayly. The calibration plots were then used to

eterm ne gl ucose sanple concentrations from

- [00219]pr ocas siesviaBOFRR M4, dedalivatibl §1d IO BB SRehi iRBsHl 88ta processing
current values taken at a specific tine. 00221%iﬁ
erent glucose

methoggafpfosmad brieteking tengmiraiegeb cuspie fianatthe oy
conce kibh Et §.8C§i.8 bfﬁ,g@ﬁ 2@%{ s%c&%?fgorﬂ F F(I_‘rcéB én@?@'tt%ﬁgggunents asa

east fout ‘cali Ion 11 nes I ES™ up
functice©dndS] framaanghanad ohsertiatien.of GlcoS8e seampid ontdntrations were

cal j bratjon points at 8.8 and.12.8 seconds, were used
deternjipe ‘Prpﬁil%?aé%(%’“dﬂ%@é@u%%&é%%‘“ﬁﬁ?@%‘ﬁ@%@l 5110&%@2 current from

a sampl@hieesir &AL Yl aLRdidd QL 16 1] Fopeldd @nt@f&gpt]@f-tﬁ% %{B%ﬂm line.

&
calibration points were the result of 1 ndependen
[00226%i dat Cditsatsepapatfedibeyunpheessed axdsdroinddrivatvdpfooesed haa were

.8,.12.8 a 16,. eco excitation. ile .
senersfilo SBUGHY: ot AUGATES Gafts eI (b Sk dhclfermiai ghicose sample
concerthfiof9 RN tuhBidcedted nd esendldeti9hti RY plodBsseX REEAIRAL @rent values
noi se. Thus, by averaging, G= (Gs.s + Gl2.s +
taken gpepeyifigtinithese val ues, the signal -to-noise ratio of

[0022{188223%@ %%@' : Ue O SRNGEN! ;{}f‘?ﬁ}hg mo\é%%#%tti\évgsff%ggbhﬁﬁ%ﬁed Calibration

Sets have been .described, it wll be apparent to those of
ordinary skill in the art that other enbodi ments and
100222} endelt &t depinds afrleash deyioplieratipn Hnes fohémss gpdo 8f.8tsgeonds. For

0 sl YE0E G018 AR B GBI PR B wer s 1
calibrasa@thel ghucos@nmpinesi Tigs three glucose values calculated from the 8.8, 12.8 and 16.8
second calibration points were the result of independent oxidations separated by the
relaxation time before the 8.8, 12.8 and 16.8 second excitation. While representing the same
sample glucose concentration, the concentration values differ by the experimental noise.
Thus, by averaging, G = (Ggs + Gizs + Gies)/3, these values, the signal-to-noise ratio of the
final glucose concentration value was increased.

[00223] While various embodiments of the invention have been described, it will be
apparent to those of ordinary skill in the art that other embodiments and implementations are

possible within the scope of the invention.
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appl yi ng a pul se sequence to the sanple, the pul se
sequence conprising at |east tw duty cycles;

worewimoag resulting currents; and determ ni ngPCIAIS2006/035129

concentration of the analyte in the sanple. 2. The

nmet hod of claim 1, wherein e&th of the duty cycles

conprises an excitation fromO0.1 to 1.5 seconds. 3.

ChaiMst hod of claim 1, wherein each of the duty cycles

conpri ses rel axatjon of at .least 1 second. 4. The ,

mot holt of 1 4PTARERClfapEred 8 AEaming, dun cancentraion of an

SOINRE S Sandle | @asrisiier ee duty cycles within 90 seconds

or“ﬁess._é@ifheﬁﬁgtﬁ%d of claim1l, wherein the pulse

sequetidyisg rppylse scqendeetosthet sampte, dbg pulsy skquenes chinprigng at
r less. 6. The nmethod of claim1, wherein the

%§§§§9§8§U3ﬁ%’ conprises a termnal read pulse. 7. The

met hoghegduriab aésiilthg cohef®] 4hdt he pul se sequence is

applied to a sensor strip including a diffusion

bar r i e¥tenyBg thihcencopration gt lecwalybia thgsammle et hod of

claim1, ' C | ey,an e .

et ergi ned 15 Seo ot SARCENARHR oPbe LRI BrotbTomprises an

atdmiidufradnl (21 tool .frelioatiar background than a

conceptratjon of the analyte determ ned from another |

met hodt | actﬁ%ﬁleﬁ?éi %ﬁglgl e B@ﬁ%e%rﬁfﬁp% ARty %?qsé-@&p”ses a

Fo a6 Y1 SUELEP se@Bnd. The nethod of claim 1, wherein the

concentration of the analyte determned fromthe

met ho# i ncThelestiodsy dhims], avhar¢ib dhabilec sayumpai atgprises at least

ackground than concentration of the anal yte
@]é?ee ﬁ%’ﬁ%cgesf‘?lg]ﬂflgo\%ﬁngﬁ%%ﬁ‘c nmet hod | acki ng the
pul sesseqUERE teBRANIT c3iMdl, abvhdr&iadhe HiBe SBHu¥ndeY@ndtises at least
10. The nmethod of claim1l, wherein the sanple is a

fhrepududy exienr Widhing secesidsiobdfiseal fluid. 11. The net hod

f claim i, ip he.anal vie is g . The
et holt of AP e? aeahh Kifath, B JAAC ek Wimpgises »

exeidabtdadpulsenpri sing a potential varied with tine.13.

The net hod_of cl ai ,. Wherein each of the duty cycles
conprises &R éeeéli*-qc{:?#l SRR opY Ressinghe Pybeesfivace vappriged to a

LA i P B

8. The method of claim 1, wherein the concentration of the analyte
determined from the method includes less bias attributable to mediator background
than a concentration of the analyte determined from another method lacking the pulse
sequence comprising at least two duty cycles.

9. The method of claim 1, wherein the concentration of the analyte
determined from the method includes less bias attributable to mediator background
than a concentration of the analyte determined from a voltammetric method lacking

the pulse sequence comprising at least two duty cycles.

10.  The method of claim 1, wherein the sample is a liquid comprising a

biological fluid.
11. The method of claim 1, wherein the analyte is glucose.
12.  The method of claim 1, wherein the duty cycles comprise an excitation

comprising a potential varied with time.
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and an excitation selected fromthe group consisting
of linear, cyclic, acyclic, and conbinations thereof.

wa3007he1set hod of claim 13, wherein a current PQAlUSE006035129

recorded during each of the citations. 16. The

met hod of claim1l1, wherein t duty cycles conprise
acyclic excitations substantially excluding a reverse,

oxi dat3-on Pearethodpfcdaiar bevheaseinceslbal pieguty gyclesygpamprises an

%?c‘i%&?rne g Inégcxj(i)s‘;ﬂil% %gtent\m Qfﬁﬁédqhﬁéglﬁy?ﬂm&e concentration

responsive to e analyte is reduced
i n rel4ti oThé mettod ofetdad 3Whvaeeidt the ddiyt gycteg cbmprise a relaxation

conprise cyclic excjitations. 18. The thod of c¢laim,

?J}d Wﬁé?‘@?%ﬁloflhséleéﬁ?ﬁy%‘@yéi‘%g@qub%ﬂ% dimegr, cyclic, acyclic, and

g&ﬁgihgﬁgngqgi{g%_m nating before initiation of a reverse
eak.

current p he nmethod of claim 1, wherein the duty

cycl es5.confhe sectlamlyof ClaineX8j whtieoms csubst walté & tegorded during
e%glliégdieg%( forward and reverse oxidation and reduction

B hecitgiNSet hod of claim 1, wherein the duty

cycl €36 CONMPRL SEetBEY O | GaifiX G ktlel @ $hS WRBT BM1ERLbMprise acyclic
within a diffusion limted current region of a redox _
paditations] substntalipe ehedddiog acteaerse bxidedinpriesk rig a reverse reduction
determ ning at | east one contour profile. 22. The

hod of claim 1, conprising applying to the
resul t7ng QUEraehsd asf tlast 1@neheainatier eahptendoncentration of a
sel ected fromthe group consisti %g of sem -integra

|,
sediagrarmoy sespoesiveateothe @pglyieis yeduceBin refpbionde Mesgmgthod where the
ﬁllﬁgngl%?cgﬁiﬁﬁ&e@cﬁgg)?&{ bRg determning a plurality of
cal'l ora e

I on" set Fom currents. 24. The nethod of _
cl ai m23, Whermethod ke ¢lsimbdr vdferduttize alpet egcles comprise acyclic

determned fromjthe plurality of calibration sets. 25.
TrelaephisEBAtRS BetRTeIBItalifR PER FPVERE CH’ér?Iétlpﬁ%ﬁi ng of the

anal ytjg congenht@bh UF QPN SAsrad ahadiudg chuks icBlrise acyclic
concentration val ues obtained fromthe plurality of

catiidions subnptagbtlyy ex@Bidifhraedihod referss aidation and reduetion peaks.

conpri,si ng. det erm ni i f sensor strjp containin .
t he s&ﬁ‘pl e i€ _IBﬁtgé? -???Tlﬁlgbquf r?lﬂetﬁgadﬁlg’_f ec.ygl_ > C?ﬁlggse acyclic
Rtibedn Sfurslagli M2 Rithivhedighsioh lgide teritrtdign bf a fedox pair.
sensor strip containing the sanmple '"is under-filled

conpri2des ddaparthed o claiaakcopmpaisiigr febeminiag 7k least one contour
profile.

22.  The method of claim 1, comprising applying to the resulting currents at
least one data treatment selected from the group consisting of semi-integral, semi-
derivative, and derivative.

23.  The method of claim 1, further comprising determining a plurality of
calibration sets from the currents.

24.  The method of claim 23, wherein the number of duty cycles is
determined from the plurality of calibration sets.

25.  The method of claim 23, wherein the determining of the analyte
concentration comprises averaging multiple concentration values obtained from the
plurality of calibration sets.

26. The method of claim 1, further comprising determining if a sensor strip

containing the sample is under-filled with the sample.
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to a pre-selected value. 28. The nethod of claim1,
further conprising determning the active ionizing
wagenro4ennt ent of a sensor strip. 29. The net hedTwl2006/035129
claim 28, wherein the determi_ning of the active
I oni zi ng agent content of t & sensor stri p includes
determning a ratio fromforward and reverse scan
curr @t valheemetl®a. of THeinmm@bhothersin ¢heidate@gininghdr @isensor strip
the.rati.o was evi.ou correlated to kn amount s
SRBEHEE U ey i R ED e e e ng A e SR iy vetue
8% prbgegbdvaugal i bration slope is altered in response
to'the active ionizing agent content of the sensor .
st ri P8. 32. Thehmethodhefd cloim cl.afunthes compriaing depgmining the active
excitation/rel axation ti ratio of the duty cycles is
PH6HHed s an%.ngc.)fa%fgso S#ﬁﬁdhel d anal yte mea)s/uriyng
devi c®. f orhgdat@bdrbnilagn Léevieoaa et dasmonngfof 8 active ionizing
analyte in a sanple, conprising a gated voltapmmetric
3Rk Genierf e thec Bensem ripdinchides dsiapaimng @ntgp e fprward and
%O%@sc%ﬁ%tﬁ%ﬁt%lﬁé | tamretric neasuring device
conprises at least two device contacts in electrical
conmuai. cat Tlgmethbt o cldins gD ayhdrbindhg tetiel eastpredatbsly correlated to
circuitry, and the sensor strip conprises at |east
1F4°P"§’tané?%ltss%@gﬁac%"éﬁ%?l%@g?rﬁ' contacts, the first
sensofy St i GMARCHr kRl BStWh&aln & VMbRALEATIGR Wi Alfkred in
a working el ectrode and the 'second sensor strip
eeprnae to tha aetiedonizinglagegmenishtel the senadt $irip. count er

el ect . pde rough .conduct.or where a.fl.rst.r ent :

I ayerg f S oﬁﬁ%\fmﬁ]@gs Cgar%l ofwslieﬁ%n gli’ee%ﬁcll%é %ns/felatxﬁgg’f ﬁ?lsetratlo of

theAeeNycledYLfhio@ @I ®8S an oxi doreduct ase and at | east

one \?\%ci es of a redox pair. 34. The device of claim

33, rei v thradbeldciang gcaswiet hievisgne fyupdateratiaing  the
. . gewi ce cl al 3 k .

GReaRaSi SuBles LBl S0 L PA-BLEELERLER Esure

- dendcRlapteato thetior misansogstiibewbascent rati on of an

analyte in a sanple, where the device is.adapted to

recei P& 8ated FOSAIEISHG MREUTe dFEGP cROTUBHET |4 elgast gvo device
L&Rsks T B 8GhRmflcati &9 th AMGsptlySBlRYh eRRBical circuitry, and

the sensor strip comprises at least first and second sensor strip contacts, the

first sensor strip contact in electrical communication with a working electrode and the
second sensor strip contact in electrical communication with a counter electrode
through conductors, where

a first reagent layer is on at least one of the electrodes, the first reagent layer

comprises an oxidoreductase and at least one species of a redox pair.

34. The device of claim 33, wherein the electrodes are on the same
substrate.

35. The device of claim 33, wherein the electrodes are on different
substrates.

36. A handheld measuring device, for determining the concentration of an

analyte in a sample, where
the device is adapted to receive a sensor strip and the device comprises:

at least two contacts;



10

20

25

30

electrical circuitry establishing electrical
conmmuni cati on between the at | east two contacts and

woOher7aodigast one di spl ay, where the el ectri calPCT/US2006/035129

circuitry includes a processgr in electrical

communi cation with an el ect rft charger and a conputer

readabl e storage nmedi um wherein the processor is

oper adflleast ond digitleyiend a pul se sequence fromthe

el ectric .charger to .at | east,two contact wher,e

the_ pUPeECA TR ARG cleoBRY LABrSREARGL ByE Bt reas

whetgiticté Bed PideeRagr odeSdiopay,avherct e BRRAGWAE cRéuilrgdféludes a

one current profile at the at_ |east tw contacts, and

PUREISEIT It elechiast corvnuticatigpeVib| & rlpcHit 6harEple ather computer
' .sanple in response to the at | east one

%E?Arb\é% OltJa %H%?g&%37. The device of claim 36, wherein

each whérgincthel grocssqr issqerabie ax dmpRineanagmtbeasequence from the
rel axation. 38. The device of claim36, wherein the .
ﬂFﬁE%ﬁﬁge’i o st aeask tve C%ﬁ?t& where dhe pulsp seqiighee comprises at

[hE ¥ HROEy 1e§ct ed fromthe group consisting of
sem -integral,” sem derivative, and derivative to the

cur r ewherpinathe peocessot &t @rerdbiretot theasareadty¢ast ome ¢umeent profile at the

S . 39. A nethod of reducing the bias attributable
?@%Sﬁ'oa?od?a%sa@ﬂ round in a determ ned concentration

of anwa&Rinythe drbcsctalRIpBrab RN dsiémifne ARPANAINAE i@ tiAtBhle in
vol tammetric pul se sequence to the sanple, the pul se

wepren tethe ehisestonaguaentipeefde- t wo duty cycles. 40. A

et h097 of ?Eé edemc@i Fﬁ ciah ggr %‘} ieperi]n of Cg (Pll%l SCe Clsee ulenIQISeCS ann
includi'ng at I'east two duty cycles, Tor determni né‘p ‘
thitai@neend feddxdation.of an anal yte in a sanple

conprising: determning a plurality of calibratiaon

set s det er Mh8eVies shelatm sentBereBcihie PEQPear iihaparpie 4g apply at

1e88Sdnel AR BN RY GhiBSeq Foth GRS E{Ogbt loggaﬁr{éeofj Egnq%l'n%ra‘if semi-

the pul se sequence I n response eterm ne
danciene, rat idonvaivetit theanakyt ofile tb ketegampltie ardlyte iihde sample.
met hog. of ¢l aim 40 erein the | se . sequence js.a i
gat 60 Yol ¢ ifEiPd B ERGRE ST BinEIS R TekgbSkeround in a
§tainahé N mRetttfion P aAdea1 3 Gh hisQNale SaIFRLRgt 0 a sensor
strip, conprising:deternmning if the Sensor stripis

under afgplyingde (gptaso mplammgtrist pllsaseqesnee car thensample, the pulse
sequence comprising at least two duty cycles.

40. A method of determining the duration of a pulse sequence including at
least two duty cycles, for determining the concentration of an analyte in a sample
comprising:

determining a plurality of calibration sets determined from currents recorded
during the at least two duty cycles; and

determining the duration of the pulse sequence in response to the determined
concentration of the analyte in the sample.

' 41.  The method of claim 40, wherein the pulse sequence is a gated
voltammetric pulse sequence.

42. A method of signaling a user to add additional sample to a sensor strip,

comprising:
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val ue recorded froma pul se sequence including at
| east two duty cycles to a pre selected val ue; and

weiigmaking t he user to add additional sanple t®eCcThs2006/035129

sensor strip if the strip is, under-filled. 43. The

nmet hod of claim42, wherein the pul se sequence is a

gated voltametric pul se sequence. 44. The met hod of

cl ai ndetgminingiftha sedser gupsoumdsr-{illod bywpmpardng atuenst one current

I des. . f.clal wh '
SAFERGRIER o 05 TEAAE, BBl I AIFE S o 0 b

Hscted wdld; anaet ri ¢ nethod for determning the
concentration of an analyte in a sanple, conprisin

appl ysERpIRE e Seorde i dditiogat amlapItes ST Hiip g tie strip is

| conprising at |east tw duty cycles having
%)ﬁ(%? 1zillltg‘?'on/rel axation tine ratios from0.3 to 0. 2;

measu43.ng Tks whdthaty of wlaientl; varteindetherpnlse sgpehe is a gated
concentration of the analyte in the sanple. 47. The
Yl taspetE PRISE SeAUEBCE: wher ei n the concentration of the

anal yhe deqgL maesh foﬁg?a%@,z,ﬁwaﬁ% itge RSy A6 (BhBrises two

than a concentration e ana etermned fro
eladtdides. net hod where the excitation/relaxation tine

ratio,of a_pulse is eat than 0.3, 48. .In.an .

el ect fiche %%eﬁ’r?éltcﬁg’ g2, SRCET IR rierpiiing is performed in less
goReRBLE@dhien of an analyte in a sanple, the

I mprovenent conprising applying a gated voltametric

pul se4&equényeltarpmetiis mﬂ‘}ﬂdg ferodptersingeg dhe |copemiratipn of an

grlflatl%e W& lsaen%')le, comprising:

applying a pulse sequence to the sample, the pulse sequence comprising at
least two duty cycles having excitation/relaxation time ratios from 0.3 to 0.2;

measuring resulting currents; and

determining the concentration of the analyte in the sample.

47.  The method of claim 46, wherein the concentration of the analyte
determined from the method is more accurate than a concentration of the analyte
determined from another method where the excitation/relaxation time ratio of a pulse
is greater than 0.3.

48. In an electrochemical method for determining the concentration of an
analyte in a sample, the improvement comprising applying a gated voltammetric pulse

sequence to the sample comprising at least two duty cycles.



