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[005] Examples of bench-top measuring devices include the BAS 100B Analyzer
avajlable 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.



Bayer Corporation. [006] The sensor strip may include
a working el ectrode where the anal yte under goes
webk@entdehem cal reaction and a counter el ect rpdEUSIVE6/628013
t he opposite el ectrochem cal reaction occurs, thus
allowing current to fl ow between the el ectrodes. Thus,
if oxidation occurs at the working electrode,
Examplesenﬂpottéxbm neesuing dvicehmchalenhe AseneatBroce® GeERlitb®rmeters of
B nP Fundanentals O Analytical Chemstry, 4"
ayer C‘EBPH“BH D.A Skoog and D.M West; Phil adel phi a:
[006] SaundggtensoPbikipIfayH ﬂ@lklﬂéHWKIFIé%%%%rod@whég l?egeﬁila}?rté Q0ddreoes
The sensor strip also may incliude a true refere
electroch@lre@ﬂl resgtion engr ovimter eleatmde wherd tetoppefiterasntechemical reaction

oceurs, (G iR cfont 15 OFY PR B e g b St e qeaugt the

working 8lebit@de, tAMULtiENOCCEES M B CRhRE bRBtréRI Gk, fo8 ek ahp1e At undi@entals
to the |nsol6k1|blllt of the mxture in the aqueous

Of Analglisal (Eemisity, df EdisomnaiAssleog cindtD . Wast; dhélndalplda: Saunders
S e used as the counter electrode. A
College ﬂbﬁﬁhﬁ@gf %a% 1%5%3@uch a conbi nati on
[007] ref eMhBGcensop sMmipeilscemee idchdR d ﬁmﬁﬁ&éhd&&ﬂedtﬂ@d&t&prowde a non-
. %F ent No. 5,820,551. [0Q08]. The sensor strip be
variant Te{5ea MRS A ith TefeeuTIE Hescon WHILP rewliBle fetprince clectrode
e

i SO s AR ALY R AU GYRECHy (R g o e

1nsolub11:im of Bheldixtu20n titn &qwousmﬁmronmgem the ayalysisaylutien.f Aredence
by coating one or nore .of the electrodes, such as the .

cletrodq s PRy ARG B GRUET UrUoEroAcsTo oG iR pERe CopgrEtion

referencd-Bdihter QMR tBfe IshRs@[RE ik OdLe ParmyY NBEs 89y §5€£d by the sane
reagent |ayer, such as when the working and counter

[008] e ecilhedwssar sripomes cbeb§0m1¢é hhrpémﬁngp@@qtltodw on| g insulating

agent 4 n f

substratea&%chl%{l t?p?«? ‘tee%ﬁm)c}[l% ég%{fl é ges n(gjg gj g feélg Rl&)ﬁt %531 040;

5,798, 0311 hﬁld\lﬁ;)ll() 470). aDge 01ClﬁUﬁtrEz!igeﬁ{ ag;&méy:se asrhiRg biyhatid feor more
described in a U S. provisional patent Ppl i cation

of the elggtyadgs, sogh gpdpe yar1<uzg)@13d/omwmfeéa%&¢c@ﬁd% nGeesaspeE] more than

t
one of th;ggﬁfogo%igf él‘??%?{(})‘é/gleﬂ ﬁrthg @2&%\% ?%a:ﬁ?ﬁtglﬁg& 5 |gclh1na§ev£/19 etlhggfyorkmg
and countdyeslecgradesdre Icag)teql bp thet fame compsigione e amdtbﬁelsp«:mtrahg&:ﬁt Ryers
: | ubl e redo whi ch coul d be the sane as th
naving gES} SpRodenRy Pey di PBAD % BitHIGROYBhSTTRE Worling and

counter ¢1€ARRBE ubiAY The MRl HebdRAAR ol ORI BHAGLIANE Bﬁteﬁpﬁpphcatmn filed
facilitating the oxidation or reduction of th

October ghale%, Aprlioaapn Nes Gy13pEdi affons the readear las/axbgn dhe eworking

electrode liﬂg}'? @g?nst e eﬂz Cr ?198; gha{or,.lzh %l egt Ifiézjrlnslé&eggj\éﬁgggﬁtg{;ﬁgg on the

counter Eﬁd&btroda abiytams spehitié ﬁsd@fd Zpdties, SHEdh @sildbe 8RSANRXs ARS Bediator
or gl ucgse dehydrogenase, to catalyze the oxidation

or differegt, 498 @ Iin a whol e blood (WB) sanple. The reagent
0001 |ayerpalk I t lds: AVIE 1
1009] and medi ga%g{?@l%é%%rg?%?g ?H.%h@gbapel G]qﬁ{lﬁe%%&/t, ﬂ’g |rf %éllll%\!e?%g e ation
or reductom\odnthe amalyte, casnivilh asi arysmefliaeng yoresthanshbeediat has assist in
] ' ifi 1391
transfen%%ﬁ}%%%@%‘%%tgff%gﬁg efn!gfyte 21? %teec:%ndlyg)rzo h7e/ 1cc)>n1?£81g5agent may be an

analyte specific enzyme, such as glucose oxidase or glucose dehydrogenase, to catalyze the

oxidation of glucose in a whole blood (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.
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California. [0012] One ochem cal nethod, which
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can be difficult with a mass produced device. WO

substantygly7 copstrnt g0 pagd ussBady-sagoqandition.  This steady-state portion of the

coulometric curve forms a relatively flat plateau region, thus allowing determination of the

such as gl ucose-nonitoring

corresponding current. However, the coulometric method requires 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
small volume of the sensor cell must be controlled in order to provide accurate results, which

can be difficult with a mass produced device.



4 [0014] Another electrochem cal nmethod which has been
used to quantify analytes in biological fluids is
waepenayes ry. | n anperonetry, current i s nmeasuP€rUS2006/028013
during a read pulse as a cbnstant potential (voltage)
I's applied across the working and counter el ectrodes
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anount of glucose in'the sanple. WD 2007/ 013915

The h@ampu82xd0et 028G:1& 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.
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medi at or concentration and & hi gher nedi at or

concentration where the RB cells block diffusion to
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maccuipiigsanathe mepsyregeat pecslshbls SHFr may mepdistingnigy between a lower
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X
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) € neasure Ol se
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not prozféfgyg/t@ f@@fg@t%lﬂ%@o‘@@}l@? 96 ihe cap-gap, a condition referred 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.



6 [0022] In an attenpt to overcone one or nore of
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t he nechani cal design of téhhe sensor strip and reagent
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resma&c%@&ﬂié‘?ﬂ? ﬁeasﬁg cdosed i r$o§ aﬁeHENBd%gzgag% nt | nuous
[0023]appl | CREIRIe Qﬁetﬁd)d%' @iga Wink ahd 1o 6@&%1& Lot 'tr\f/’ééscommonly
hat are “comm ngl ed glve a triangul ar- s ape
referrddlmtah entse masthads), %QOMC@@MZ@CIammaVb Been Wbt eddresniniasracies in

003/ Q178322 and 2003/ 13933 escyi ul
the Aol L roc LR ARt (RO GU B 5pT DAt TANFPbR G o Carfe e
methoﬁ&h&llu&@ ¥ Qbh@fRUP GppRddtiah Soft ikdhg ahs FaliRARBE RO b@fehﬁMs that are
[0024] O her conventional nethods conbine a sSpecif

commgigiesk foogive oo Hianguleashaped Wwavs. aFupphirmeres 8 (e /%Béﬁﬁ eapd U.S.
Pubhc%&céﬁdrgl%% O%mc%lﬁ]‘g?%ie él?(?%g@gble@@?m%ﬁ‘rm p%%sggrggtﬁgas Jtﬁ%t include the

continaousf dpglicaion@i rigin@ind €alliby valtztgalpmdnayle thet @lsb chaide pdlarity.
conti nugus pul se so that the reactign products from _

[0024} he colHtesFoBicatipna dretlhdsicombiie & thscifigiekicHgde reigusdion with a

pulse g%&n@é) @@éﬁﬂéﬁ k® M Scos gﬁ{rahgn drgyeed 1é S 'IQc{EeanItJbl 5 942 102
the current change verSes tinme beco const ant,

combinesaitih |Spg:1ﬁtc tillecteOCEtcwaﬂguxstlan protvmdlbiyl 201ﬂnnf wert dedl w1th a contmuous
nmedi a and cou

pulse G e PG g U PTOA e T BEGREP A T B VA & Bagrrpe clectiode

This coRBSRLRENES to RRIVENEE FeaVidd QME tﬁ@\é@f%rﬁ%ﬁﬁlg@%rses time becomes
di sadvant ages, none are ideal. [0025] As nmay be seen

constapy, g f?@claﬁwetr@feSf@adbpﬁtat@monﬂﬁ@mefor sheamediatsi mgving dgtween the

v t Syst:
worknféé and iC 1{1’(81 & 8@%‘?%% hc[t#%:%ame ppao(‘ge\z/nsfgp %Pe Rer g\i}sﬂl%n%ﬁch of these methods
bdmuacemmak@ddﬁﬁ@;ﬂhﬁaﬂmmhmﬁﬁg&h@oﬂﬂ@kyd@dconcentrat|on in

| ess tinme. The systens, devices, and nethqods of the
10025k, egenfS (THYERE 196H GPBT HismBbHE Jesaattioon &IcsF 13 R ongomng need for

t
1mpro%%%%%@&h@%18%é%§ﬁé&?' ?ﬁ@% ,\(’)‘%stpgcgﬁgf Fﬁl\f(ﬁs?nt'hgtn ay V8T Bincreasingly

accurat@dciemnmadmlmxf tblf: aamlym’\(ajnybr&ratlnnan é@ﬂ‘[ﬁn&ﬁ [ '§he pystarng eldvices, and

that .i ncl udes a |.se sequgnce.tq the sa
methofn 3 (e LG ERGE TREIO ok ony B dsediayoes drpsited wit
convemdrﬁl &5l seconds. The dut y cycl es may each include
an excitation at WO 2007/013915 PCT/ US2006/ 028013

SUMMARY
[0026] A method of determining the concentration of an analyte in a sample is
provided that includes applying a pulse sequence to the sample, the pulse sequence including

at least 3 duty cycles within 180 seconds. The duty cycles may each include an excitation at



7 a fixed potential, during which a current may be
recorded, and a relaxation. The pul se sequence nay
w0 p@7od®1R term nal read pul se and may be appl PE€HUS®0&028013
sensor strip including a diffusion barrier |ayer
(DBL) on a working electrode. The determ ned anal yte
concentration may include |less bias attributable to
a fixedguiteantiol, duaimkgwioiohd turesmt ey Barecoddedanat herelaeiibad The pulse

Iackin%ﬁﬁﬂe pul se sequence including at |east 3 duty )

SCAUCREG RS TR R e galdERbpise aorway §r 2ppléed tggesegpor sirip ncluding a

diffusibh 3B Myef UDBENbn qa%ﬁking@ C%HQ.G'T‘B% atd ﬁﬂln{% ftﬁéﬁ?’ce concentration
te rmay be d V\i’] eagy-sae

“anal y |y be determ ne en a 's
may inebiigi lessobias stinipttalle & nediathariankprbiel gweaithatdnoor another method

. rtions of the duty cycl f th U] se sequence. A
laCkm% atd ‘ﬁsreesfﬂﬁ?r?te 1‘?{3@[{%‘% a%%ﬁﬁ% i%e‘glti’ Sy"ﬁf:?e‘% shi¥esgceniser dipaugh the
ft PardRheCHra ddie the @ ' ]
lme()sanple._#OOZ?f'Athangﬁgﬁgagﬁgﬁgyg;ﬁ%ggari gM%gekggﬁgnghmla
steadyrsiasg P@@b_l@fbts T treachech dwgng He excisatémmpartionsoof the daty cycles of the
putse SATNET 4 Dok AR malg = 8EE bR g pBRf e dgrermine the

concergeatisn bf gieranplytelineéhgaingde anper onmetri ¢ measuring device
includes at_|east two device contacts in electrical
[0027]¢ o rrurit c B dbgldnianslyts ancapiting device uigh pesvidedr iferaldetermining the
Htali6HI " ¥ ARt SSRSOT, i p ANC : ast_first .
conee aﬁadl se.con%l Se so?ﬁ]s&?rsla?c‘)lbfei:orgltl{aéc%1 %’ﬁ&?ﬁ%ﬁﬁeﬁsﬁ %agerﬁ{s perometric
measugtg idovicoridapted it rieceied ecdensaradtrip.onivnistad iaapevdrhétrid measuring
devi morriqg EIeciroQg and the second sensor strip contact .
evice; IOER Ak (§9FT B QC¥ieAmMEasts Bn clrpitiselaceipmpisation with a display
through | e®setri a0 @irkhlfr9 U I CRASHCISS Snciiiel iat $east BARISAY sLAYQ  sehsdr strip
on at |east one of the electrodes and includes an
contactsy dde eldigt tserser atrip apntpetaist inkckivek cesmuhicatioredath a working
[ 0 A handhel d suri deyi ce adapted t.
ctectrog abd b e SN R B L RO Hehi™r ST TERbRi i a counter

electrotib ehroagic esiduadiorO N Aofirse FeagBial My ik Bnaht I3PLE: of BR electrodes and
device_includes contacts, at  |east one display, an

includes| a8 pdprpductase and tirlgasseregiierish Phyradosoriri cal
T e T
determpriog dsscomceniingion oft drearpil yre 68 S0danipe. i Mheldeeict iif@hdes contacts, at

co icatjgn with a conputer_ readable storage nmedium
least ogg, g}ggﬁﬁdﬁ‘%@?%l%@%C“é%%ﬁ%}ﬁléﬁ%af&%l@l SePyEIatien getween the
contacwunﬁrth%%@la%?(efﬂét &ebubyy H&lﬁthE A o cha?%%‘sa‘%ﬁ. 4 gr%get:ssor, where

charg_er_ to I m enment a pu Se sequence co rirsin
the procesger is3n ¢lgciricel edramupicatiimwith 8Cosputmdeadoblewsengd medium. The

. S 29 t hod of redyci.ng,the bia
o R 0 S By DO Lo ST AL LSy pgrocosor
causes ¢l cledrératol igtplaherdn AN ¥qBeddd @niRidRIgeat 18asPBOUIHRYcles within
Eggt i ncl udes applying a pulse sequence including at
180 seqaugs betwegn the coptarss wit hin 180 seconds to the sanpl e.

00291 0030] Rl ng,. t r.at] of .a pul se, .
(002914 2 cuenisa™ et o R 4fe PR s e ela helody iReReagf in
determged enuesntthoon ddreamiyié iiga tdigple dng@nided thad hddided Applying a pulse

is provided that includes

analyte in.a s le i (
sequengle elide 41 4chst LY P IEy Wi EXCssceande 4o [sreamplsn
[0030] cOnst gNhihRt T d&e@ﬁﬂn?f?ﬂ%%ﬁt%%]ag‘ptﬁg Jet[@grgg %c%cﬁ% 3 least 3

duty cycles within 180 seconds, for determining the concentration of an analyte in a sample is

provided that includes determining a plurality of sets of calibration constants determined



8 fromcurrents recorded during the at |east 3 duty
cycles and determ ning the duration of the pulse

wG@ewaemoes i n response to the determ ned concent@HUBING028013
of the analyte in the sanpl®&. [0031] A nethod of
signaling a user to add additional sanple to a sensor
strip is provided that includes determining if the

from @eRaRresdriéddintnguheex 1dakd 3 adtyyyclietags labféhﬁﬂur@g fhRCR¥ation of the
constant fromcurrents recorded duri &]gtha gat e

pulse seapencs i raspens e e deteguBied €onsratration ﬁgnalytﬁen theespmpts.

dd addi | [ .
o0t 2 ARSI ARl e S AL il M5, Rl
prov1dbérlﬂ;rﬁnmiludee chfermirﬁﬂg‘qﬂ the sanbaktipds hyda-fHrdsor det&hﬁhmg a decay

ovi ded t hat BCl udes determ ning a decay constant

r
constap 83%%}1@6% woorded, e & HATBPeTeRIeEla PSeteRptceiad signaling
T nt with
the uslb 384 BRAMGNE SrfC 16 el AR H if B8 R anEtan . T
[0032} he duAatlctbﬂd of datepnlilnsg ﬁleqeramretufeoof gletmple cvintegnedhiey a sensor

concentrati.o analyte in a sanple is provide .
steip i SRR s BlkwAtng b et B @R Gt orBnSiedeiileg guring o
gated @ﬂpé@hﬁ:ﬁﬁ: Bils@ sERRAGY afd EbRelhtiMBedRYy CORIARN®h a temperature

determ ned fromcurrents recorded dur| ng a gated

value. anperometric pul se sequence. [0034] The foll ow ng
def [ A t . QV]
[0033]an;n;%gﬁ%}ﬁocﬁé§%%ts g;gqh 81frg{ O\ébfg eb %@s? e@éF?ceﬁdgﬂgemmmg the

concerﬁfaauorrﬁ)f ah @A %le il h%ampfems pﬁﬁ/@(ﬂe,dttﬁat ihsludefdepehiifify eGe@perature
subst ances present . in a sanple. The analysis
of a Sa‘é’P Reaacd ‘t{w’é( %)F%‘éséﬁéglpaﬁfﬁﬂbfle%n@é‘ﬁﬁaﬁﬁt Jedprnyghed Fem currents
record8d! @ﬁﬁ(ﬁgea Bét@&’ %ﬂ?eﬂofhe{rrbgpul e 0036] The term
i ned a conposition that may contain
[0034]an un kﬁhwvrfollcammg ndefioftidns earaniaciyptied tdTyypocidk |y clear sadptansistent

f or,. el roc i cal lysis is in liquid form and
undersﬁarnélfnegrogfgf‘?Sﬁeﬁg{ygté%?@n‘?ﬂ@}%én aqueous nixture. A sanple
[0035]mRY beTige RiAl‘QEAIGR! i$adMR . asDAE br Rfore Qh&@zﬁweé"f)ﬂe@&t iPh sample.

saliva. A sanple also may be a derivative of
The apalptip glicteaninga ¢ @ressursh aadiorn ponasriratat of shed anameopreseat in the
Sampk%l Itrate, or a reconstit ut ed precipitate. [0037] The
‘erm "measur abl e species" is defined as any

[0036]e| ect r Dieheahcahhyleadd deftred SP@Cdo@obifiah thERYmBecoXdifliag @dknown
reduced under an appropriate potential at the

amourfgf Riefgalyln. ebmicy: dample dpedeqtisehamicelanalysdsin liquid form, and
preferapt IR &80 1srﬁﬁaa§1\il5@.§l HQC%eﬁﬁxﬁg%‘%g%efh@@{oérc%!ﬁsample, such as

ox1 dor educt ases I ators
blood, "vaimperroabya.yA samptedlscedy &s aaieriaamreyd asbiniighvatisaryge, esuch as an

th conc ration of te in a sanple is
eXtraCtdggg}IW%@$%§te ?r@cﬁef%@ﬁg‘ﬁ‘?ﬁ FFPHeasuring t he
[0037]0Xi dat TN 1@ FeRdaatdbd spai®” ot defigedna! M eel@étr&hemlcally active
potential. WO 2007/ 013915 PCT/ US2006/ 028
species that may be oxidized or reduced under an appropriate potentlal at the working
electrode of an electrochemical sensor strip. Examples of measurable species include
analytes, oxidoreductases, and mediators.
[0038] The term “amperometry” is defined as an analysis method where the

concentration of an analyte in a sample is determined by electrochemically measuring the

oxidation or reduction rate of the analyte at a potential.



[0039] The term "systent or "sensor system is defined
as a sensor strip in electrical commnication through

WO e@7oadct ors with a neasuring device, whi chPEl/US486/028013
for the quantification of @an analyte in a sanple.
[0040] The term "sensor strip" is defined as a device
that contains the sanple during the analysis and

[0039br OVI d@he edreCtsysteml’ of GsambeH syaehOns BERANEER al38scr MY B electrical
t he measuring device. The portion of the sensor

Commg’t“rcﬁtbor{ fiougly dESaP%luP‘i‘?éS S pempeasuging edevicst evtriel allowasfor the

quantﬂﬁ@@aond?t%ﬁlaﬂél ei é%,le The term "conductor"” is defined
as an el ectri calnly conducti ve substance that renains

[0040kt at i ofhe Semiujisemsgr amupélledéﬁmdmgm de@lceanal cpgiatns thOOdddle during
device". is defined as one or nore

the ang{}élétarngrﬁregl‘ég% F:]E: @%%mmﬂggatg)&plpe};wgqp thes@mpile and the measuring
devicel OTBObbRIont T thd erxBP It LS Rfaifls R ﬁ lékréf[’englr%gerred to as the

measure the resulting “current. surlng evi ce
“cap-ggpSo may include the processing capability to

eter e the. ence r concentration of on
00411y e ng}? s Coﬁ i%rpdﬁggp ]P%P?Sh%“ nl@ @&CW‘F% Substance that
remainsatdidaryl 03 lan EhRtrb&icMicAGRMEASY" 1S defined as how
close the ampunt of analyte neasured by a sensor

[0042)¢ 1 p g feEBpEHasIIing demicet ivdelinnd anonodr morel e}@(émin'w ddveces that

expressed
may a?@?%lneel?éng g&%n gg ﬁ]? cﬁ%ﬂﬁﬁgfésﬁ]ocfyap ClIsor S s%r aﬁ)ﬁ[ dicgsiye Hbedl esulting
currenas Tho\me:abum% dnyhcta genagdhsitiée fﬁBr’:}ﬁMﬁ@ﬁﬁ@b&pabﬁ[‘tg td @etermine the
@gne sa P one aspect, precision m
preserigg GGt EoTRLFGIHEL B Oh e Bp RelHEDR r@ﬁﬁ?lﬂﬁ@rﬁeéhaﬁm@gded current
valuesrul ti pl e measurenents. [0045] The term "redox
reaction” is defined as a chem cal reaction between
[0043k wo sPexicen ‘eansioy’ ng defredtasdosf eoseothe amduanst amhge measured

on froma, first species t a second spec
by & sEGE S rerbBR Pialpe B6 R U T ARASR A0 SHTRlsa e one aspect,
accurabﬁ‘diaﬁjﬂole(éﬁpreﬂéﬂ1@1@rﬂ1§b!€9ﬁsha|f cell of the reaction
involves the |oss of at | east one electron by the

[0044) ; ¢ st Elseteras pregifion’ isKsfinedachow r¢lq$a|rmult1p]e|dnalym/Uievselsements
are foﬁth@ sﬁgg E&ﬁ;ﬂ@. ?1{ oftd aégﬁa ére ﬂ%%nglllgygl%er %%%‘3@1 te{rgs otn t%e spread or

ci es € ionic
vmum@amﬂmzaﬁuh$kmnd&uﬂmmﬁnmos|tlve by an anount equal to
0045t he n er of electrons _renoved. Likew se, the ionic
[0045] ¢ har gel 5t teams Jedeeseachan” fiss dpfapdorsd ai chemignb rpassien between two

spemeﬁﬁﬁfbiv'u’t/g:-‘th@)fraﬁﬁer @ﬂ@%‘e{st Sﬂé"ﬂgct%&l ﬁ&ﬁner% {pecx%g to a second species.

el ect rons gai ned erm
Thus, @Iéﬁfdomda@@nancéudwtaarmfedatimatandmwe&mmm dihaenkldmoneﬂlfaﬁﬁ of the
e el ectrons

ek DB B S T8 Bk B i rson

cell 1n‘aﬂdesl tBe Bﬁﬁltlérth a&rlédsi/b@e &Ectfdﬂt@rtE@;I;ecoMQpe@feQV'Iﬁ@ $ori@Eharge of a
the indirect neasurenment of the analyte

speciessihapisioxidieedsy sadmmarh @OW@W bl’ o amlndletregwelsto aher eldfulxer of electrons
ok ESEAL L B RERNGB5 0 OSSR LRs 1 ST S, oy
amountieqglet gxxhs ntulmbeﬂ/t@ @&&Bhﬁ)ﬁﬁﬁé& PCT/ US2006/ 028013

[0046] The term “mediator” is defined as a substance that may be oxidized or reduced
and that may transfer one or more electrons. A mediator is a reagent in an electrochemical
analysis and is not the analyte of interest, but provides for the indirect measurement of the
analyte. In a simplistic system, the mediator undergoes a redox reaction in response to the

oxidation or reduction of the analyte. The oxidized or reduced mediator then undergoes the



10 opposite reaction at the working el ectrode of the
sensor strip and is regenerated to its original

wo@ziodatisen nunber. [0047] The term "bi nder" i sPCEUI966€1028013
as a material that provided0physical support and

contai nment to the reagents while having chemn cal
[0048] The term

€0 tibilit Lth the reagents.
opp OSlferrle@g(fqﬂloq’t ﬂi?a‘}éﬂlg‘%?jotmi% ofj ej sgbebr atript 4nd ibrepsnerated to its original
oxidationtnipeeed i nto the neasured anal yte concentration
004 attributable to measurable species not responsive to
[0047) he  Fitseletny {“higdenriais yienaioncembtoain 08t pl9RRIbh: @11 &85 3Brt and
containrbdM&J 'hfeiroﬁ et S dﬁfi ned as when insufficient sanple
Was It r GereeRty Whilghgving o sairabsonapaiipdity withshareagents.
[0048]accur aite @Al “ysddsatod BRRMoutlre ; “redox .pair” is .
dgfi ned as two conj ugat gﬂogbecfstegé 0 edaz%c grﬁq%safmmduced into the
measurgd FoALyi SoRpniAioT aftfilbutebie toxieairadle BHEEIET Sot responsive to the
underlﬁ?@b&?aﬁ%@'ao%fenﬁ&? §peci es having the higher oxidation
[0049]nunber produces The speci es having the | ower oxidation
ni unbdihe téini Enmdtvieliy defiged sothan iRk jes .
into th@YL NG, the | ower oxidation number or ol Lfgzkglé%glﬁ@esvﬁ%sdnggducw
%59?%3 i@ obfaty A Accysatelandlyss. nuber . [ 0051] The term
[0050] " oxi dgthk QB RUEDRL ' HdiS defil as, the f.ormal iaonic _
charge of a chem %a{é %p@%ﬁ%g,ass%%c‘&@u%e SPEHES Af 2 chemical
substangg hreng eidferant ondationtembest)c Redsctioh! df)the IsSedi@Y Baving the higher
OXidati(ﬂPﬁj[lﬁqigélre gnd %I ower oxidation nunber, such as zrﬁ S
I's 1esg P8dises Jhe shesips Javipgethe dovier exdflatismenymelstox Alternatively,
oxidati@pefihe spediés 188fiNGBE 18Fer:d Ak S, §2pable of
hieher URGIEr goi NG OXi dag?{ﬁ on or re u@%lﬁfglﬁ%gﬁgrqdﬁg?s tflﬁg SRYgsiaying the
NERET X4 WP@FT"?@H 7, 25 G at a level of at least 1.0
00511 9r ans Lot ter., Solubl e redox species include
[h _] el ect}rgsatt%ﬁ vg)glg?t ah " ETRB e’éuﬁieésé}ed Sr §anbrmahiini¢ sharge of a
chemicaespaties; oswph exses arnd tA anshdri SRR rdi pat | ,
ositi cor@ale xes. The term "sol %}thal e redoxalglbng%q’egﬁ&leé%m]aeés more
POSIVE,g POF O¥getesnERkEr) gk andlals lesnwsitiespeci al | y t hose
[0052] t hat T®RY &1 NSQLHR! arbn soluble in water.
[0053] The ter m??-%pl??%‘{,?é%heét ésg‘i%ﬁrﬁeg_aaéﬁuh%tan%sthaw capable of
undergogigzgpigaticmatr rediitioh taat! @kattif eoludnsiid QN pPr 7,rﬁ‘>_?_ ¢ ta'tt g‘??ﬁ%ﬁ of at

al yt i.doreductase is a reagent
least 1'%%%%%%% u@{e&é&q‘%ﬁ?}? lﬁﬂ%@‘ SPESIEH alyélgi,e"elwﬁroeh:tfva_ajrg;itrﬁtahﬁ)lecules,
organotransitiet el 'RaHdxR8 SanhiefRie[R! H6u4] %qrg0§¥%§ Ig?li!ni%]gg(gse The term

“solubl el ectron acceptor; "reductases,
SOIUDIC TECRICENCEIES T erdindes ienvinéa] endtile and iuleyth &l i9n§, P&l bse that
d

are insolIB:&$ is_not the analyte; an
M dghygé%gngﬁwoq&qﬁ MWEEh  facilitate oxidation

ases,
[0053] r eactThenemheseddrediRedskars QEigen Ak Saﬂé‘f ten%e o C%Ei?l[c]ates the

... acceptor. See, for exanple, Oxford ctironary o
oxidatiogyor: I’i%cﬁﬁcg?li‘ yf’faﬁ’él Msideul dm BixidooginctaRe vis s@ dreEgirtti OMhe term

el S by Y K LS B
oxygen 1pUIY JSA0D64 02801 3 redliktases,” 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
example, Oxford Dictionary of Biochemistry and Molecular Biology, Revised Edition, A.D.

Smith, Ed., New York: Oxford University Press ( 1997) pp. 161, 476, 477, and 560.



[0054] The term "eectro-active organic nolecule" is
defined as an organic nolecule |lacking a netal that
w0 goocapid e of undergoi ng an oxi dati on or reduRCT/0U82006/028013
reaction. Electro- active organic nol ecul es may serve
as nedi ators. [0055] The term’ organotransition net al
complex, " also referred to as "OIM conplex," is
[0054]d ef i neﬁh%@n& @EﬁﬁP‘@ﬁtl‘W}@”@@uﬁ maleqvdd’t is dafinet & ar or gamc molecule
lackin®ang ts al.om thro
Pandot b & oleRES o BRI, pRlBH 8 Pl Fegdhon. Blectro-
aCtheb’(ﬁﬂn@dnwleaﬂtsemaysmsaﬁmedham al) or a pi bond (fornal
[005 5]c:harg 1of 0 on, the carbon atons pi bonded to the
transi nelr‘fet ar%anofr%ﬂsﬂeaamte ceraplend epleo i wfaredOiMas “OTM

compl&M @findll b atcﬁﬁltp?e)k%ﬁé}@ ALl Ry lmetgl(:?33301‘;:1[(?1 Qilgtp it ?‘?ﬁéﬁ?@r carbon

bonded t hrough i five carbon at
atom thgouglyg q@gma;@na@ (fomaial direges bfjrRohand car%h@hf&[ sRERMRRIed to the

s ferricyapide (Il1l1) and its
transfugfl UC%I?Q}A ng%ri}i;moajéal( afgec%ﬂt@r rqarqugpmsglmonded to the
transmoyam:tal I gandsambR! 1Etoe
e Sotissi i Shese Sy EPEL Yty Uy
Cp) npgge ee e(éltrgﬁggh [t 086 Tarbhre atoarsno a0 dmmdicn&dr | b®Rwo pi bonds and
X having we| | -defi ned
o S e aRE T e ORI B ie i b GLncots reducad

coordi n
ferrocyphidn4H) cainitérjsat, GFiMre @f@é}%ﬁ@fﬁgaﬂﬂ%‘ (@ maRERard §B¥ nlegn Q%ch of the 6

hei r _bondi coordi nati on conpl exes are~de
llgands§ A Srlgnéaeg‘?f@l%a)'}o AR centerghragish s Qﬂrbomcamhex es rray be

[0056] OTM Cqmi@t&ﬁ?‘%o()ﬁﬂﬁﬂloﬁ%o ?exp YLou ﬁ 61% a%%h )Lg}aé/mg well-defined

ferricyanide), or conplexe ere
coordingtipie geqrhetry, @a¢1bmctﬁwdfal as sdjl.&ireplaﬁﬁro MBnlike"OTNOERMplexes, which
are defgl {lrbgrgtﬁen %f ur, en and phosphorous, are
a B i eet 0(08 r l@rwl?’ieé e dedingd chethﬁle rgeorﬁoury Thus,

coord1rmb(ar’frrﬂoﬁ1p1é>d¢§ heay upe Rexmarhi l §s Slﬁlﬂoagltﬂg t}{)ﬁ%\glplgs(ig %ennoned

" having a well- defined octa georretr
erricyaqjgs),| qrm@r(ep O’Yhﬁ;q: n@mra‘m@ adlfm@othﬂr ﬂﬁﬁh:aﬂfon!i Bi&hbas heteroatoms
ludidd @ nddtothe rut heni um center.
inclu 1,§ %gé% os?r% éte S’C%lg ol ela)(fl S@raéealjr%tf‘feé)h§f3’@¢eélnt0n@? dtansition
metal cemam| Boresampdg rrdﬂh@@hhﬂﬁbx‘é@rﬂﬁie%‘ %Soooﬁﬂﬁatfo'n% léypﬂavmg a well-
ndi n be found in Colt

deﬁnedFQrott%gﬁrﬁrggorg 5 AT gatmﬁnggmdscﬁf@am@tchargeldﬂ(bnn NBEIAbS the 6

lieand Sitvely 7 er Tarr, | nor
e sty L1855 o PBoEY R ol - ey Solies dissussion of
organotpasitipe me@ complexts) eoctlamgen icompleRed, bAE ARG SH medi Sing may

I respect to its . independent i nput
be founégﬁrjba E@A%lr ?’5 'Ry qdmiplicatianstsstrsenadransition dfisblafemistry

(1987) mdd\i’jleaﬂef\/&tﬂal’mmb@ Mic fetmlsQYpRlo e term "transient
point" is def | nedgas t he current val ue obtained as a

[0057] ¢ unctThntcem tstendywtrsel” én defivedeas ivhen 1tat eh@fecdint §ldskemical
surface

t d
sl b SR B SRS S8L0,R ML SUTECS L

ran
constantgdgifchus ivathin Bef er-e5%he transi ent point, the current is

r api changing with time. Simlarly, after the
[0058] ang]iL %n{enﬁoﬂﬁﬁtml@phé)oﬂﬁt ds olefiged rerthe cxdleeaty vhiee astREined as a

functionldTltald VALY af %o% @'@% B ?lteh)lfgﬂﬁl{fg%fl(l)rgg% ?;E%% {: g;laeicé%\ég létscopguctor

constant rate
surface ganstiioge dittore rslatifelgeon st 20Q WQLEXIS, Pﬁ@fo%Q@n@%ﬁpﬂtﬁm the

current is rapidly changing with time. Similarly, after the transient point, the rate of current
decay becomes relatively constant, thus reflecting the relatively constant rate of diffusion of a

measurable species to a conductor surface.



12 [0059] The term"relatively constant” is defined as
when the change in a current value or a diffusion

WO 2008/013®15M t hin 20, 10, or 5% [0060] The ter nPCHUS2086@€28013
initial thickness" refers tid the average hei ght of a
| ayer prior to the introduction of a liquid sanple.

The term average is used because the top surface of
[005% he | alfsricms “taksively, conatantigs pefiticd aamden alld dyage f00Akent value
n (RI') is defined as the
[Ogoé;z;ﬁhﬁoﬁ?%glglvggﬂ?%%bﬁl%&digﬁded by the sum of the total
exci t dflieoterhi ‘weape itifiel Tadkakss” ab¥atd }

. tf r.a g Ise equgnce EOOGZ] The ter m%h%}ﬁd q?léﬁfsofalayer
priot %g\?l ipfgodychon af # fgeidsgmpled eliedern Pearagesly ubesl eehakeithe top surface
of the Eyéﬁﬁ‘uﬂé\%ﬁ m&@aﬁgﬁﬁﬁiﬁ An exanpl e of a handheld

device is the asuri ng é Vice acconpanyi ng
[0061]ascenst }@(tm)m Etddbe imksiy” @quﬂeﬁﬁ@n&st 16 ikdt8l SR6REEIN time divided
b theavual I ?b[h rpm Ba er HealthCare, LLC, Tarrytown, New

Y ey © %é%t]a FHataraR ime, fnd  the delpl pelexation "tabovietayarfdr a pulse

sequenc& relative to the orientation being described. For
exanple, if a first elenent is deposited over at | east
[0062] 5 porﬂfh@nteﬁﬂ “hagdebhdeviet’tiedtfnetihe 4 idesice eh@&MRAY beSheld in a

humansl?aﬁlg ;{n‘a 1@ %}ort%glo 0 Slﬁtgte q(él?rg)ll[ee HP G 3 %%gpegg éﬁ%ﬂzggg\%}eh g{eaq;lgggt device

accom@hpmgt Assenoih@AEERCBISdeGRIBR Mdnhrifd
o_be "on" the second. The usl,eé g?&e %%Mblé ?rom Bayer

Heahh@@@ %étTaé'&)@P‘Mﬂé\I?‘ﬁé(%k .esence of subst ances bet ween
00631t he u r dod0 I nd, bel n i bed. For
[ ]exarrplqgl@ Rt rllét Yg@‘?eef%rfgﬁgs may° g lﬁr Bté‘fei Iﬁ’gfhﬁﬁlrenwlgn being
describedp Fou ref(ameI,e ifet fisst &Bahmmd 1@H@ﬂ‘ﬁﬂ!éd BV atabast 83%ktiéh of a second
elemeng%t i-on Ff the fi % el ement and its top coating may
YO Fleput 5ssaigh fp be fdepopitask ons] thgwpeond THnsmother exeaple, if

first elddhent §2F AboRMyi Yo 120, hat

) ennehbﬁlgrse being rél e Par Aol p%?cgfcggfiﬁqg%hp’aecﬁ& dppest is said
to be @Eﬁ@pﬁ@ww@m—m tDRmNrN@‘ﬁ”[dﬁ%ﬂdt ekbide megitdcabe fBMibstances

der st.ood wi ference to the follow ng
beteed Prcoiel O HBCURR SR b Cré‘i‘ﬁﬁlp OFRrPSIIpYE st clement may
have a ﬁqu]Wgeﬁ/eﬁite e burRReCSFa ddc¥nd CleRe Sver o8 E&Q@E‘ k)grtlon of the first

) nst ead being pl aced upon il I ustrating t
© emenbr]md[ ifetop Fpatig Bay brskeemibed as fon” thhdirsti demes, ”ﬂhluk,ethe use of the

term “o?ﬁn%ggﬁou nt%h'gl%%:?ba%te ?%rs]c{wg %f;al ewgs r%%%%?éﬂ:q@%u? P ! ts;SCgt}l gpntact.

perspective representati on of an assenbl ed sensor
strip. [006 FIG 1B is a top-view diagramof a
sensor stri p,wlwgﬁ EDRAWINGB67] FI G 2

0064] depi cT [ sor. stri )
100641 EP! CTR M Blen iy 1l BAE TRt RS Rerbhen Bl fotlowing

dfanngénﬁI@ﬂ@&@rlmmodT losf C@Bpmamtsmm thet figurepr26 eRE Gredddarily to scale,
te in a sanple. WO
emphasgggﬁ%gif%%%ﬁ /‘tﬁgﬂdg%ﬁﬁ%gé fhe pnn01ples of the invention. Moreover, in

the figures, like referenced numerals designate corresponding parts throughout the different

Views.

[0065] FIG. 1A is a perspective representation of an assembled sensor strip.

[0066] FIG. 1B is a top-view diagram of a sensor strip, with the lid removed.

[0067] FIG. 2 depicts an end-view diagram of the sensor strip of FIG. 1B.

[0068] FIG. 3 represents an electrochemical analytic method of determining the

presence and concentration of an analyte in a sample.



13 [0069] FIGS. 4A and 4B depict a working el ectrode
havi ng a surface conductor and a DBL during the
wappiocats on of | ong and short read pul ses. [ 0RZD{S2006/028013
FI GS. 5A-5E represent fivelgxanpl es of pul se sequences
where nultiple duty cycles were applied to the sensor
strip after introduction of the sanple. [0071] FIG 6A
[0069 ]S hows ¥lkes. ﬂ'A&ﬁdl%@%’@UtW@ﬂﬂﬂﬁﬂ’lM@e hhvinpe sptth&econductor and a
9 ted in FIG, 5B for 40% hematocrit WB
DBL &%ﬁ%ﬁ%ﬁ’@ ﬁlg éjlnnol%ﬁ%n%%ld 8 reagiisesioo,  and 600 ng/ dL

[0070]g] ucosEIGs[ 847X reﬁtééen@f%esa@ﬁﬁ)léélﬂffp%ﬁhfe s‘é YvHérgfﬂlﬁlﬁfﬂe duty

prepared by plotting and connecting curren

cycles yugre,aprlied i t%lééﬁm@r stripeafier m@d@ﬁtonmfrth&esalmm«t of iles
ent contour

[007118hown FIQ} BhGnofA éhe% \99113?%11'; ght? E%{%Gﬁ{lﬁ (‘ﬁs the pu ¢ §quence represented

profiles prepared 17 om
in FIGgéRefoati6th hymitheritpWiss eangsled e anerios 160, 260, Bo6 ak 00 mg/dL
| F0074] FIG 6D is a graph illustrating out put signals
EMCOSEn rel ation to |nput signals for an el ectrocheni cal
[0072]SYSt enpTEsS isRIsHIHES, nces

By R R E e I Pl FABIGTE it connecting

the ﬁnalmgrrgn@m@m from eacdm;ﬁihe remdient acE et @@Qﬁlﬂé‘lﬂﬁmﬂl iRBUGI 6A.
| se. [0076] FIGS. 7C and

conbi a short read pu
(0073175 ar epﬁg}r‘ \z;%pé] SShPYVF ULt |“1‘?§toﬁ) e ilgs dIERmed rirere nigansient tcurrent

proﬁlebgaferzttétabyt Yilse@eqlhad AGA-FIRy. gt ed anmperonet ric
se sequéﬁ?e i s combi ned Wltﬁ{le D% [0077] FIG 8

[0074]p| ot s ke Rrigparaph 1Hu$traé1ng$>u‘rp®t sigulgel iratelatiohtto phyeit dighyls for an

e AR DA T e =
[0075]conce rﬂlGat VAnmd 7B0t8]eripie. illQér AR 1Bk Slrﬁapc‘ﬁ‘veh{eﬁf‘ $4 @asurement

rofiles obtained fromthe pul se sequence

ent

accuraqye\ﬁflg)saepgéds cempingg vath agherf readpusggl sanpl e was
0076]i Ntro f St
[0076] oB deg:l%??(% hrelé-gpgéllgl éﬁg 111?%&?%% tlée Idg?téo%#q‘éeﬁocm %as that
may bmht@eecbe@@em gated mnp&renie&d:l ﬁlﬂmﬁelﬂléﬁce %o@ﬁolgedf WREH DHJJ

of ti 0 ots K constants determ ne
100771 ¢ om ﬁ%u Dt iftmﬁ@@lnﬁ aru‘rartaé@f@@ed@éﬁ@@ﬁpkmtml@ﬁwhen the
pulse Muerﬂe@oof gnd. 41 Wy dbpast @ fwRCckh gl Elegf c&n‘?&HH%r agf&lflr{o%s glucose

0081] FIG 11 is a st ematlc repreSentation
concen ring device. DETAILED DESCRI PTI ON [0082] The

0781 ot ey B o ol S e ainbles Sineiion tuptlppeguence

represedil@ﬁyn E _I,G:l Sswhaya RI0QUL ind] RO MR IBESIUD ai@yd1ﬁ&‘ént sensor strips.
pr eci ysis, while reducing t

to an anal
[0079] conpl gkq?oﬁBt HeRictsf thenarogies| 96itke deewsh ratat gf @y@H @ulse sequence
converted GoHARRE;. 0AMEXGhLR &Quﬁéﬂ at may be provided at a

rel atively constant voltage. Each duty cycle also WO
[0080] 2007/ 6K3916 PRET/HIS2AEEAE 28 Bined from a pulse sequence for glucose

concentrations of 50, 100, and 400 mg/dL as a function of temperature.

[0081] FIG. 11 is a schematic representation of a measuring device.
DETAILED DESCRIPTION
[0082] The present invention makes use of the discovery that gated amperometric

pulse sequences including multiple duty cycles may provide improved accuracy and precision
to an analysis, while reducing the completion time of the analysis. Each duty cycle includes

an excitation that may be provided at a relatively constant voltage. Each duty cycle also



14 includes a relaxation that may be provi ded by an
open circuit. The pul se sequences of the present
WO pwentiooh nmay reduce the time required for anBdEFR06§28013
elimnating the need for additional delays and
pul ses, such as "incubation" delays to provide reagent
i rehydration, "bumoff' pulses to renew the
includey » &elpitien thainuaynbel patvadedrisganepat ciesnitp UTlsepulb® sé@BeWSs of the
: |dation state.of the nediator, thus, reducin
pres_engﬁgﬁe‘y@?% q’%%ynﬁe. “ff'og%“ajlméxféﬂuw ?Prs%iﬁ@r by, cimjagiyg the need for
additicnaimgelayd Bl gakes] sabPek oMRlubhifor? U&&@ysst%qg%vﬁsregéent 8 dration
w present invention may inprove accuracy ‘and/ or ’
burn-pife pulses fo renepe thet ¢leeiradss,candvmadiaton abgeneetiondsilsek o amgew the
idat rors intragduced by the hematocrit
oxica Igf‘ ? %gg{ "fatﬁ%ﬁ%?%g‘?fst?‘%%fedg?lffl%Pgﬁi‘/ﬂf ﬁ’&]ﬁuced by varying
[0083]cap- gafvenolitimehoriy aiglysie diueedthe Ha QOIS HEmMERRHIR  deBfknces of
H of a_diffusion barrier layer with the pul se sequences
the present; ISR BIRY IMpYRYR ResHTach Rndfrat Irepisias pactelatioarto cromventional
metho® NBY YAS£pb&S bk ' 3 dvpstate. seasor =
condi tion Pan bl_% or %gdglrg%qg?ﬁr%glg?(daég%%Bﬂﬁéogét e(‘}g&]écb precision
errors mfbr@dwdw winiymg csﬁ{gag IvoRsn®Mmay fve rsm]gs@ lirol S €1et dobination of a
oo o.may a t he determ nation of transient current
diffusify BtShtase Wik s Pulse FIESSS b resens feveayjost &t enother aspect,
errors CAMdHyideOResulthie tHodSi eﬁHn—s%Hd{y%t PERbd %8m]tf[ﬁ¥n b& #5:€ thediator
to provide a plurality of sefs o? cali bration
backgrewitsmanbs redpsadr Thel gatadepdst segnencan df titeepratyint ifventien also may
I ne.. erature of, the sanple, instead of
o 8Bl R R 2t a5t <o BB Mgt ieady-sate
conditipfO8Bfe Erhk3ent| drend piddilee Riast b us&N &P Hrailidd B @ity of
i _which may be used in the prgsent. invgﬁtﬁon.lélG}siﬁ sets of
calibrafign %PI%Pép grdervidl detertione prdathi ghilidy tadetassisaihectdmpensoe of the

1eStnkt b ' se 110, at. | east
S 00 ALV B RS A Bl o
[0084] 130, &1Csnicawsd 1Brdzpicl 4Gensantrpnl (0N Hictemdy BR&BENG: the present

. .150 artially-enclosed volunme 160 (the cap-gap) is _
ventiplye ﬁ%ﬁ T EF PR SRS 108 ap ReseedEOsoraitinF00 including

a senso$ ®ASOT 105 b IeRst FRsl BN oTORR %ty' Pl [11% il LRFudRLERED L?éod a,concave

i nvention al so may be used; such as those descri
area 140, end p it endopergng 260.4 20 parsinlly-5nd6&Ad0&lume 068 Fihe Aap-gap) is

li.aui I or ,anal ysi be transferred into the
formedyggyééag 6&%@%6 gl)}f) ap% ?l?eglb% i#q: 98%5 sqniseﬁﬁtlap @BSIWO@H@HPWQVH}I the
presentlibGentibh eldoi @y Be fustd, Suthas GaRe GagLeo ilw.g.ePﬁéﬁqgé)é. ffﬁgl 20,420
d %g reviously contained air through the vent 130. The”
and 5,7 §SEap 160 may contain a conposition (not shown)
0085] t hat  ass$iSitiSqdl ai.ni Lqui d.sanple j.n the
F ]Qap-gap.aégaﬁ% ééQ$%€H§g%%H%§h%%g{ P%Hggﬁﬂgﬁhﬁe“ﬁ*gm’16o by
introdugiag ¢he Eqwet! ltalbhecoppelingests, Thetiuidstiltathbsysep N¥b while expelling
and porous pol ymer

cel l ul ose .and .pal yet hy] ene gl ycol;
the Pf%‘%”?&c%%‘ﬁa@?fg it g 1, VR 1é%| y &8P yid@raage 164 oog6Eontain 2
3 (nbBsideR 16 i e B 1OD:
commorFiE oL PO 8 ROl e Gl o 2 05 A8, Fyame
of suchcoppositiens iacldileetarsivellitdy polyi@es, Sudrstdaebaperiiyycdhlose and

rKi el ectrode 175 and a counter el ectrode.
polyeth&%g? glly\églp %%c[] ﬁvgyilpolmelbwétrlggzb éldqh’ as; cﬁaétr% Apq W@lygcgh]gmlde.
[0086] count BIG.elBaégiad@Sod-thw dBMeBYsoP §triph HRIHARE 13! 12% removed.
the sane plane, as depicted in the
Conductors 170 and 180 may run under a dielectric layer 190 from the opening 150 to a
working electrode 175 and a counter electrode 185, respectively. In one aspect, the working

and counter electrodes 175, 185 may be in substantially the same plane, as depicted in the



WD 2007/ 013915 PCT/ US2006/ 028013 15 figure. In a
rel ated aspect, the working and counter el ectrodes
wa7Z®;7/01¥5 may be separated by greater than 20BCDUS25€028013
gm and nmay be separated fradm an upper portion of the
lid 120 by at least 100 m The dielectric layer 190
may partially cover the el ectrodes 175, 185 and nay
figurey, dn gpefated @mﬁcbrﬁ&e ‘s’gﬂm&)arei ehiveice etecirodayet7sy 186 mag te belﬁﬁated by
e counter e ect

sreatcf hh B <0250 R i TR ke o b FRE bRk goRioacat B 120 by at

least 1005um.OfThé hﬁelmﬂsm@eﬁtgo Rajt BRktiall) cONG tBS BRELodek ghg 185 and may
ma a reference potential achi eve

tial
beﬂmgﬁh%gﬁé§§H%a %@ﬁk@?wénﬁé@ﬂoﬂﬁ ﬁsgnﬂmuhmagpeUUwrpalr
h co
[0087]? :C for Z‘?}l&éé&%@ﬂeﬁel&c&%l@ i ?é’ B%gncef the ng?rﬁ@? a%glﬁ Yqrking glectrode 175

of the ;senselnsttnpll Obrain e gepeot) théschdiential ARy HERATFerd)t8 hBINPM achieved by
he count er electrode 185 from an i nert

formmIgaEhgr th,]nt[ersﬂeﬁrogg 1854 8h 2 ERleXi AL usjqchgasaAg&gﬁEil, dgo provide a
comblﬁ@ﬂ@fermcdo%ﬁter %lé%ﬂo@es L?Fﬁdtﬁé?a:ﬂbgc? thi! poIP ntlaf [y &erpégwded to

cap-gap 160. Alternative he® sensor s
the sepgor W@f@mdb)d foinihg gh¢ onaterc 6]&dﬂﬂ®deﬂﬂ8ﬁlﬁbn€|aﬁcﬁléﬂ dfatedll such as
Qv a.reference potential to the sensor
carbon Qﬁ) ch (flboggé?luglle eaedex theicet Lichgs z?mcwné%, oY it Hhe eep-gap 160.
Alternﬁth&lﬁ ellit-Sﬁéhsé‘rt dtiP 10@RIa§ e dréNdadd ith laBhird RO ﬂ)r tagf e]ﬁ:ctrode (not
| ayer structure of the working el ectrode 17
ShOWﬂHﬂmmélfie refereneripotegil torthe sersonsstamor s 170 and 180 rray
oogsyl 1 e di 10. Sur.face conduct
100881520 a %I%cfs%ep?&? %‘%ﬁegﬁlq’éewné AefrEn d’éﬁ@% PEREr Wptcf?alct%y in FIG. 1B

ShOWlnng]hd llayuao ptsuchr® oélth’.ia \3181@(;mg EeqRMati178 layd tHh@usttk tRERode 185. The
yers. 270, 280 naé be made fromthe same or

condu (Prs SnL}é fléﬁgﬁqaynlhq @Fqcéhyé)n tPg 89| 1 IPh Surtce epductar layers 270 and
280 o;ﬁﬁ@hﬁ[}} Rh$ b'é%ﬁgostlﬁdfo?lrtﬁé EGE{B’%E&QEZ% he 1%5 9 er]églgvejgd Tthe surface

surface conduct or ayers
conducgprdayars 2H), 280 muydteanadeHr@h dreahalre o2 |fﬁ)<hi diffé@én‘t matenals
non- i such that the materi

100891 oo B er gb Tisiil® e dfcoiing Forsiugiors 1 Fbd G encive surtice
condudit’ (a9grsanad, y3a0s ndy H&?uc@aﬁﬁ%l %lec’ﬂé@% %BH&{H%ror %réfnglelglgctncal

preferably includé a th | ayer o
conducipss gf¢ NORTERIZE, g‘éﬂh(:itha‘fsﬁllb \V@’fel‘l?fbldats mnlmndp@blaatht umdatmn or a net

e su ce c
s 8RR L OO gl B S s o
layer opaletdipaste or atetat osbh ﬁﬁgd)l@nﬁlﬁeh LR um, lpﬁllﬁh@rﬁréc@)?gr or tungsten.
Thesulafonductor Igyer IS not present on a conduct or

derRdBetor layers 78y 234 Qreﬁf‘ﬁ%héy fiiRcdideacantomn, igoldi Elangum palladium,
0 (rat er
or comggiggghﬁggr%og ?J%]ea %—gﬁa g{cgglg&%lg%ggll'l %Ol%tbglreseﬁl on a coﬁ/duc%r the

conductayny prefardriaimade s a:nmpaﬂmzhh@mmehbl t he operation of
deposi tion, chem ca

t he sensor i.ncl uding foi
[0090] vapor %glg 681;:?5 %Dﬁldugtphp}aiprl&gglag ibeidsRosited @nythe condustorg 470, 180
by anytcbﬁveﬁmﬁﬁal%eaﬂs WommpatiBieRAR THeQperatiBg OTA}P&; HJ_;ng%I“BMg 1%cludmg foil

plied as an ink to the conductors
depos1tubéus ghgpisd vapor dersitioat slntry Nepostici) 8n03he 11[(@09ﬂ.]hera©e of slurry

VA 285 e deposit
depos1tco hg‘l %(lrttg‘g(fﬁf% a)p?lig 85 ay gga %éﬁ? G Ectoa% g%}, r}@pu%féiescnbed in
U.S. Pateadfens 598081.0pti onal Iy a blnder The bi nder materi al

IS
[0091] The reagent layers 275 and 285 may be 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



preferably a polynmeric material that is at |east

partially water-soluble. Suitable partially WO
wWQe®700p3D15 PCT/ US2006/ 028013 16 wat er - sol ubP@T/US2006/028013

pol ynmeric materials for usd6as the binder may include

pol y(et hyl ene oxide) (PEO, carboxy nethyl cellul ose

i al cohol (PVA), hyd t hyl
e ARl 8 B T o i
PEO
(PEO)c @lafh@k?smeﬂgfg?%éél)t(lgﬁné lt ﬁ')M ﬁgw}ﬂgl gho XYIF\}O.&%/ 1¥|§;pxyethylene

| ].ul ose
celluloEﬁ/ Khﬁ O)@gmpgyl ceiﬂgloyalﬁ-lﬁﬁl) ametifyl SeJldHI{iﬂoé?eS ethyl (iellulose ethyl
gel atin, acry

hydrox@@tlhyri yc%ﬂlﬂ se p%]liﬁ%g;(%g%tﬂgl Sﬂ%}g?g ulosel epq;ly‘gﬁhly dwimgEdone (PVP),

d, nethacCry

polyanged aids behenfpolyleginy Aol pegeids nat|
acid, %W%r eof, .. @“? ﬂ?ﬁe ?go}:/égﬁ& nd{lf)ggtet gé'i r}:oa@R)&;éém Wthacryhc
sodte ftaerpefy dexivativeCtigreotyl andPk&nbRiafiGns thereof,

Am ddition to the
onge ﬁb&re%ﬁdé‘r ethidal ﬁa‘b;g&ﬁq L9922).d By a,;;'gpiquqduwhmc and

bi nder, the reagen

PEOb%%rmorwre&nfeﬂetmkenlteagents In one aspect, the
| ayer 275 may be

reage ent in the first
[0092] sel e C?réadcﬁ)é%t} 0} gbwdﬂq theysagayi kaves 28 et 28AenadyAbclude the same

or diffevdni teagtihe Inecﬂﬁeh@%&t Hﬁ@ﬁeﬁg}‘gnt#}ﬂreﬁéﬁ% l%glﬁ?ﬁgt 1 %??]’5 62;}}8?2( be selected

f é be sel ect ed use
or use FgH the Worgmn?iﬁ@mdb hé& 5y wage MiieSrelaPeritd Bresbi@ig rth@%oﬂ@%yer 285
el ectrons between th

£ t fee flo
may be S%QC}ég %%g % he Cgﬁoc Q EP%}?IVG{%S@Ode 5% Far pyamplh,ethﬁ ea@ntssm the
layer 285rma§h facllayte theff&e QY of @Iébﬂrbﬁsa&e?wéelﬁed}é g%ﬁalglle %Irl]% ﬁt?ocgnglhctor 180.

Simil @'&ﬁ%te %0093] The reagent | ayer
iarkys {08 S7a2aus da e 18yse 27§ imaytfecititate tha adagtien of thabnATo.
0093] faci | [ of . the anal whi | e enhanci ng
o003 e ittt Ry 75 i Beuigh n S fuctise seciely (s, aalye

t he speC|f cit
that mayp dprélétiatel thy reavtionnyfltex alh)ellﬁle Gﬂhlfeaénléﬁﬁﬁ ?ﬁe p@égf@g ot tﬁe sensor
In

eci fic . oxidoreductases and cofres
system Y a?égéétea?sé’eﬂﬁ B BRATRIRK Piolagiedl sainples OFxdmpld WELASE specific

oxidoreduceRgesid dogs c)ndﬁ%aa{nﬁgﬁe AL e&%%? g?lg\?{gﬁ glag%ﬁgﬁzgt er ol

(Q alucose UCOSG 0]

‘)X“kWQQHFéﬁaﬁ@ﬂg@hdhﬁaberoI oxi dase ChioAgskg¢ o  Li poprotern
nase;—glycerol -3- "Triglycerides

Gl CCT Ul r\| TS
uuwepegg%ﬁg?%ﬁ%X|dase Lactate OX|dasd}Bh®Daie
r\v r‘lﬁce

Glucosedeliely ogenase; di aphorase Lactate S hhirate—oxida
Pynivate Al cohol oxidase Al cohal gE%P%?ubln oxi dase

Cholestegpl|estsraspirpholasicodoeiddse ¢ aci d G |CRIBIEGHE T eductase
xi-de—oxi-doraduct ase Car bon

L)( . DO HOROXH-6e—0> C
Llpoproth\ytl;}n of)i(ilflagg, k'dlycerol kinase;  glycerol-3- Triglycerides
phosphate oxidase

Lactate oxidase;lactate dehydrogenase; diaphorase Lactate

Pyruvate oxidase Pyruvate

Alcohol oxidase Alcohol

Bilirubin oxidase Bilirubin

Uricase Uric acid
Glutathione reductase NAD(P)H
Carbon monoxide oxidoreductase Carbon monoxide

Table IT



Table Il WO 2007/013915 PCT/ US2006/ 028013 17 At
present, especially preferred oxidoreductases for
w@bkmcos®ianal ysi s i nclude gl ucose oxi dase, gl BCDES2006/028013
dehydr ogenase, derivatives1fhereof, or conbinations
t hereof. [00941 The reagent |ayer 275 al so may include
a nmediator to nore effectively communicate the
At prepet, aspeciady nfsrigd akidoesduetasssifonglicose malysis fratede glucose oxidase,

7Q and/or..the. conductor 170. anpl es of
etucosSA0NED ol A B SRt Bl irisal | on
[0094)conpl eXes reageitd 18Jef 7502186 thME iRIIGRN 'acnﬁﬁfa?cgu!oeﬁlore effectively
Speci fjc exanpl es include ferrocene conpounds,
commprate dhanryds afeheiaghrn tectiooéeniamesfor eudstibt av@dnd/or the
condugcg g?ﬂj %tg bgé%%ﬁnrg%cgét?%s?iﬁkﬁggg ARG o LT goo(rgi%%)ldn complexes,

and eBefphrectjiei aiganic3idopalent hipseiMesx4hIBY incldde ferrocene compounds,
(PIPO, substituted or

phenyl | m no- 3H phenoxazi ne | J
forro Yty PR gD SREBY TR oo bstisgpb o1 wnetbstiuted pyrrologuinoline
uinorBYHOBY) kiHsBRitdeph ] > 08 S . ML @89
1 1mc_:o?rp%?r)1dsl, hydr oxyﬁ%&ﬁg%@ggﬂe%%%ggﬁl?? %Ii pﬁlse ,not?nazmes (PIPT), 3-
phenylshimesdi-nbenoxphienazPRO Y erdubstititeds, ophenaibsii@zddn €Benzoquinones,
i ndophenol nd ., I ndam nes. These, and ot her _
substiy B3R GNE Gie Moy BU e oo aeden hmest s, dydonylamines,
oxines/efjavigs, pedhadinkd) Yh&azat @Btivee QPdes, i
5,520 782; 4,746, 807, 3,791, 688. Rttty indovfonols, and
indamipgs; 4 Ahgseq gad Odzozucdiatppobdimay bpriesleded iretpeaehgnt Yayer may be
refee [ oS- f ; lysis.ihcl yde
found 817D A B RIS P S QLS TR 20 Tl B o o ige patent os.
035444loasl (3805 0hs t hereof. A review of useful
00 el ectrochem cal nediators_for biological redox systens
100951 my bl GEGTERE nesperrllt irseferrpd nnediatonetfar dluese 1882)sis include
ferricyPA8& Sutherdifim 1Q986he T & 2g5 may. be
e A e R T, BR W chBoff BB A Y S wserul
electrophapicd Wediatsist foorbiologichlnkedpetysdano siayi nfouhd i@ Walytica Clinica

t he ers are deposited by printing. Wth
Acta. %ﬁﬁ?ﬁ%,g@gaﬁ%ei ng equal, the angle of the printing
[0096] bl ade TR YeddMela56k 78] 3 8Chay Bgﬁe%&'itgéfgg%ﬁ Qbudelfnt means, such
when the bl ate i's noved >

. reagent | ayers. For exanpl €,
as pringpg, aMuidesppgiipaenranlyjed depositica. tlo onbesirat ehellhPers bkeadeposited by

wola .t hick s_of approximately 10 un.
printin T3 SRY: REMKE: Bubo AL TR R BF Blaghicbiidspoeiipeely affct
the thickugesbasfe thkl GedgBntu %B@rs. @ Kt Eke@iplS0 whidh | B¥EH1HBYis BSoved at an
| oner bl ade angl es may provide thicker

ro u::ég. Thus :
apprOXffﬁé%{gla Pagiere the bage hHyithg Biermabhaiter diriness cfthproximately 10
of r ‘ ' S ot h terial being.
. SHRGHDE SRS 0 NORE0RLAN S LR TLCIA 151 e
nm layeo iy it profdycedayTlafsf &oter thigler @sldst hag ptdviddkmeser efagbikiSayers.

A ME N e W R T T
el ke 0k BN LI g1 i o
reagentilperB{S, #8Y- be formed as a conbi nation reagent/DBL on

[0097] the C%g lé&otlrfgirng e"ilesctr%dg il% iapsgtmay include a diffusion barrier layer (DBL)
that is integral to a reagent layer 275 or that is a distinct layer 290, such as depicted in FIG. 2.
Thus, the DBL may be formed as a combination reagent/DBL on the conductor, as a distinct

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



| ayer on the conductor, or as a distinct |layer on the
reagent |ayer. Wien the working electrode 175
w0 p7otess t he di stinct DBL 290, the reagent | aper/ug2086/028013
may or may not reside on WIB2007/013915
PCT/ US2006/ 028013 18 the DBL 290. Instead of residing
Bjﬂ the DBL 290, the reagent |ayer 275 may reside on
the DR $90.p Bysiqad f gesiding os éhs BBLs290, ghemagmnaayeawfom&ytrmde on any
For .. exanp th
portior, $ARE kafs 301 500 WES Bk I SEARHE 808 B rtbg peinnle.  Por
exampld, thelr2fzenf &B]75They fé&lde PR AN BHRE 120 BPERUS 1RPA%E havi ng
[0098 an internal_vol une where a neasurabl e species nay
I esi delherhiBlgrewdes 2t peropmispaesy hbtélngearean‘rema!sozoﬂlhm where a
measutal u I ec f nto the
BI% gﬁ%ﬁ%s{n?g ]{%Sﬁ ar gg‘? ﬂssgér%‘p?f t%oﬁgﬂ‘ tHERRe s %‘iﬁ% sggthat the
measuiRBlecspletiss H&Hyedlﬁhk)shmltheaDB)lL idle S ticalty 1REHHAmple constituents,

tional, sensqr strips have used various
such ag RBYGeMl 28 Sipgamially crgindds | Afhousthconsendiont ssascotsritsdhave used
variou\pateting 1€ et RBALH s ﬁ*oﬁﬁhf R A he \9&1{ % ?rchrt]rg)lde RPHBES provides

space to contain and 1solate a portl
an 1nteﬁ@é§91fogg Ispacgge sorirf aghisolae a p@nnrph ef tl[l@ﬁx%@dura\ﬂl@ Epdef®€ from the
samplel €2g€nt | ayer 275 includes a water-soluble binder, any
portion of the binder that does not solubilize i nt 0
[0099]t he Saﬁbérﬁthﬁﬁédg%nﬁlﬁyérWS %ﬁlﬂ\hd&%%t\bﬁé‘r-ﬁlulﬂ@bﬁf&gﬂ Eu?l}? t)(?l% n of the
bind n%)( function as an integral DBL. The average’l P
m erlt ARFeA sefubilizedntsi atspopleDBior rtea@@alpphchagieof 18 excitation may

refer I t-han r. r onet
R R L SR
layer 1squ@mbé§|' leys {haeB6ror 28 navenages (1t} hdl mbh }ﬁgﬁ%geﬁ:sﬁhaﬁ‘ 16 pm.
At pre trr‘m ngtel ail ?# gent | ayer is from1 to gm or
P Sf’“‘?oﬁ?ﬁ REG121'Y BYREPLT éV%&q ingipl ghielngeres jof atcogibirtabip EYRIs/'ssagent
layer 150froﬁl1 169101 @t drOofoB-{d ?Qgﬁ‘g nTﬁlﬁy ElrﬁXvegeggseS@t%g]&m%ﬂgﬁs of a

for a specific excitation
combingtien BB igegam layat erayfbet slahscmddbu b aptcfis pesiia€isn 1dn@m & &ie basis

th f f
of whefrlhe 400808 GLBE wAiENIE speciciin W DRiug Adondustor surface,
such ascibeduaha o2 doh@mto1 %8 oiheREEAIR S R &&{a}%g éndufctor 270 from

I onstant. [00100] Furthernore, using too
G. 2, begomygsrlagvalnepnstantci t at i on | ength may del ay when the

ff f t he DBL
oot 1 i B 1, AREHE S50 S s Folt SAS, BB,

delay Vﬁ’@n thx a:hﬁhaeon wite rofaitie )tn&}é@ﬂasﬁ dpR6ieY Q‘rdﬂﬁl BE BN e cdnductor
cond ex ci t?tl ons separated by 0.5 second rel axations

surface Sol,eg rB%sFﬁ aéaze copsiags. leﬁ@ cgpapler gdhen dyky ng;l@ including sequential
1 secon@ @RbikAIRdhE 96haPBEd b6 W%oh%}‘aéxatf%ﬁé Elgeér %2) % S%?l%]ﬁlg electrode

initial thickness” of

using archl@mﬁwnnBBLb@ag@adm haminigl arahvd:re%ﬁmﬁaldthﬁdlxn@s\écbie§O um, a
Conversely, when

preferreﬁa&{ﬁuggﬁ rl]%tu ?r@ayc 9%‘[' léeS reélp eda‘ﬂﬁﬁl aéc]eéfsb 6yt ,cp(q:lﬁ@ have been applied
>~10 sectceldt)r odenveuely) Gvin GRETRIMAELION DRE . F£ %Q)Tl%& £ %X&orrkmg electrode

ving an average initial thlckness
using ar(’éﬂnﬁ%lﬁw&’é’lnyDEéﬁﬁ%ﬁt lapiet fhasmgnan atr@agmynitia trhmmdof 11 pm, a

relativel fcto‘ﬁgt t xcifat ( secon

tvelf) doRbtal MR EER M8 B Feplieclair DS REPPE atipapRgel.S seconds).
Thus, thiersi i emuppdrilinkin g shepretdteedBBbrab@iniBalGh¥RRkss of the DBL for & 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 U.S. Provisional



duty cycle. A nore in-depth treatnment of the

correlation between DBL thickness, excitation |ength,
w@ea70idves t o reach a rel atively constant diffuBtDOS2086/€28013

may be found in U S. ProvidpPonal WO 2007/013915

PCT/ US2006/ 028013 19 App No 60/ 655, 180, filed
entitled "Concentration

eb 2005
App. ]Egt é(?/ﬁg %ég(? oiled february £2.2008n emithad roricayteation D&SHUidAtion in a
leﬁls'ththgltLgy‘e}“ DBL 290 may i nclude any material that

rovi des t'he desired pore space, while being
[001 Oﬁar ti aTlneydleinncs IR 996 ﬁiayblhc&uderhﬁyr}ﬁa@ﬁﬂﬁh% r!)‘ﬂd%e de51red pore

space % t he stinct 290 may i ncl ude a reage
bi N or Shewl éea’é’ethﬁ sampige Idioge ambt lﬂﬁi_dlﬂﬂﬁ:t DBL
290 mmsamchﬂ\é% avee t i.cknes
pr ef er rei%n f ?%%aﬂgﬂ%l&b%%ﬁag&ts ﬁiﬁé’ tn?ﬁt buﬁl‘ g%@ fpay have

gm
an aqu@gﬁﬁrgtmlothl@qgm of 01@]1%]: SHu pBefe@Plye SRIM 8 @8 25 nm, and more

ferd® cal analysis 300 for determ ning the
preter }ggzé%lé%gagln@dl%ptl onal ly the concentration of an

0010 ini
[ 2:]m al ytlIG322 eprederfa g %le@%&hehﬁc%l ?al§s{i}s‘§ ﬁoggﬂ)hgete%l%mng the

iﬁ%fgt roduced to a sensor stri

presengee prisgraily the sprceattation ¢f &Eanallyte 3B amng s@nplEMB2. In 310, the
and/ or 285 f FIG 2,

samplel F1296 Mird dAY u%l g SUEh s%rl%gzéf > [SAC %%Féel'g;fg gt%g}q?glcted in FIGs. 1A-

begin to so Ize
1B andg?.| dhe mgage&lakaym@ﬁsucﬂtas 005 sn@ef D85 Ifdnt Pﬁl} néﬁl' 3 so I}blhze into
a

icial to prow de an initi
the samn?é( .3:?% CtB Tlcmzlmg é?chan Af $his ppiat mgﬁ)g@mab/sm,olt ltmc’tte an"efimal to
providd ilﬁmgtgdlrf?ﬂ&r% nclle%lytz gr ?ﬁ@i@a@gﬁ hé/rlo(fb\h Bor tgl %elﬁlgelétgij[onreact Wﬁl the sample
312. Rr@ééq%nﬂw chitiahitinicaticlay meaydied &y megy e séRuag i n%r§ in-depth
treatmeﬁ?&f 1 M?ﬁ t1m% c%ﬁap@ 51}7513{ b8 gltu}%etgiﬁgs gzgceN[gg %1%%1955?@&1 2?65%]'823
[001 03]5 arrpl @u&h@ the rea@ﬁ@{naﬁﬂr@léﬁl of th@'aﬂﬁlgge'r-@fdﬁyegen %ﬁé@ﬁ%p?e 312 is

uced in 320, such'as by an oxi

d
chemlc%li ﬁgqlpcawlrmal}yeca@@zﬁbw redioed tmt &2@ sogHt asomadd yxiBB¥dRSase. Upon

oxidatidd éﬂ?{l}tﬁ% ggdelF(gE?%ix?)u anal gqﬁeg egwgeélggg '@1251& 222 and a

medlatqmaamm be the char ged anal yte 322 from 320 or the
[00104]char ggjd3 diator 332 from 330, is electrochemcally
exci t {63%1’&?3%‘& ]Srspecrl@?diﬂ@e@}/}lwhlfmay be(&wpihergemaﬁﬂytefﬁiz from

320 or &ﬁ%kﬁré%@ztdealamoﬁﬁ kﬁlo%)d}%oné ?;32 S%égt;]l’pe ! (g}\gc%zed or

oxi di zed é | ucose oxidase’in
n

reducedy. &igs Farmplen whiee ¢he samyle 312 dyieehod Bbbﬂl&ﬁéﬂhﬁ’§ fggltq)%)el fhat was

¢ f 1) 330, th
C)delzedTE;i §%8 e 0 oﬁiazgg glrl 19 gef a‘gleg}gm(ea érap;sﬁ%s qrbelecft@;rtg é;({h);q:ﬁ dderricyanide
(1) me(iiatdr)to errbdyaniver (ki mo 36b agt Lode: loh R 3*41{;) SR %%?%Y@B@S (I to

£ ron i s selectivel y trans erre
emcya%llﬂ‘al @tlk at ghe hworkérsk ictegtredee c t Inatis ofantdie a8esis@ifors id |s@1€ct1vely

d
transfen‘é’ﬁ ?fo@n ihte 0se Ql"?algt%ttg gtg u\mr?ﬁ')& dts %JFQIEHJ%)@@S%IEEWWMQ it may

curre

bedetect@)byb?emﬁmtmgdévldurl ng the excitation 340 as a
[00105]funct on of tinme in 350. In 360, the sanpl e undergoes
r el axalti GfTent peedigsmboy thenexcitatior 30 imanot re@ed¢dddring the

excitatiodU84(Nds th B 8bAXAT .90 3680, In 360, the sample undergoes relaxation.

Preferably, the current is not recorded during the relaxation 360.
[00106] In 370, the excitation 340, the recordation 350, and the relaxation 360 are

repeated at least twice for a total of at least three duty cycles within a 180 second or less



In 370, the excitation 340, the recordation
[ng,log]nd the relaxation 360 are repeated at |east
wo oce1oeF a total of at |east three duty cyclPGT/WE1006/628013
a 180 second or |ess WO 2007/ 013915 PCT/ US2006/ 028013
20 tinmefranme. The recorded current and tlg?oyalues may
resence an
timeﬁ%geh 22% gg gdgh%gfdrg{lt%gléne ‘;%rf‘éeeesg?%’ beanahred sorpéternsing thienpresence
and/or38ficenfr@@dDdf thATRARTBY i &e%%ﬁ%ﬁﬁ)ﬁ??@@s apply at he
otential (voltage) to the sensor's to excite
[OOIO as urdBperossEid ggsutHybtents hpplyur saaitial W@g@QS)thé %nsor strip to
et B D e O e B T eona
may mal ntarn te%S nt'f rip ABOI u

ampercﬁmetna semntsysﬂeiﬁslﬁl Fﬁﬁ&inﬁﬁﬂ ife ﬂo%}ﬁfah whlite! rﬁ@a%r?l}%ﬂjgl current for a
e

fOI‘ exanp In contrast to ‘convenh

COIltlan)éIF hr@a pu( e ledp,gﬂy of yffqungsS usetl i secortis, dbeekiraplaenig adonuast to
uration read

converﬁi@ﬁiﬂyﬁﬂeﬁmg}% Ot e(?ltgl clg§ g;:qt gﬁg e‘lielﬁgrggléqrrggat 9RsisoBO0 replace

ulses wt
contlmgmar tongdimrzatolnorbad[@st@&htﬂhﬁulﬁﬁ@' ¥§d1t%t1§1950 aﬁ@%llaﬂﬁfo%g‘ ot short
t he accuracy and/or precision of the ana
du1"a't1°8etermnat|on when the neasurabl e speC|es erflted at
00108t he Vﬂ'h@'dﬁgl IsER0" { 11'1 é d Rce Suchtl aLl ar ¥1011 of the analyte
[ %rom the i ntygrl or ?§ %%% Q}és Or%%éle%%{% R'AE vt
determipaties, ﬁﬂmnethgpm@aselsabﬂﬂ eparids etditeting G@PweARhLk1d:hEde 616 540 is
ict a working el ectrode 4

substanﬁltdﬂ#r Hra i UIP ftg% gl%eq% ﬁ? aj}efg} B Porased ta thfi meisncblOBleciéd present
in the cdlm-rgam gf ﬂi&%tr&kp PFicEaLL QR 2B & c@@gm{r ﬁg bl ro% %(:}pj paying,a surface

excitation. Wen a s app
ConduCWB éﬁg Agd éldégélﬂlﬁ‘fdaBLzﬂ@é JdurBg thel ap@hda'mmc(q\aemng tdag Pl and a short

exc1tat161@5Wh%ﬂaai ! spe gzy épfélegice g'l,e %ltfgoglgqai&lg%)ég,i]égaclem 420 cover

measur ab
the DBhdp5i dmabfte plhbeerﬁxﬂi eHenahplEREME @Pﬂeﬁwﬂﬁ%ﬁéﬁﬁ)le g}?emes 41p external

di st nct to give Intern
to the ]%‘;éﬁg a%? é%‘éa@?i@e %i@?lﬂal[ I@@EE@@]blebsoesie;swmo idiffiskGintd Mue distinct
read pulse is applied to
DL 4%2%\1/\%#%%%&1“ g}ég%??%geﬁg%gqq%ot h the external and
[00109]; ¢ erAalshmstuFH&I A sphal £8odkiRioando4i&ndrad Eiﬁgé 'ise%or?hed to

the worﬁ%g%l@%tr ﬂg%{)ﬁjetﬂg ggttﬁg};éégiomgmlg @ge%&ggbisgeq?g@l 0 and 415 are
excited a’eﬂﬁwuﬂﬁbee cSiReior 341 'gblfwfn%%gﬁ o&Ma?Hﬁ’ } bhe ilgin‘g 10§ frmg read

where the RB reside an
pulse, tlﬁﬁ't%g I”fl‘%eﬁs’fuﬁlélesapﬁﬂatél(bdlrﬁﬁilseﬂ throwdBGhe Ehrﬁ;ﬁl@&é oo Shefd\@e RB

he R |1
cells 120 48 B SO PRI RARCSS T bircomier Ao ZbBhsion of the

external eﬁ¢?emtable(lspbh1es dnakiysngh (HBERBUSEs 326 ldQﬁB@'a{é 1%151?1 gﬂfs%iigt?oduces
nmeasur abl e species excited at e sur
the hem ety KEFGF bt Spplas nBewsed ¢ ohsatis! watiohor DB 201 specis

excited dtQRY sirRE BHERSor 2! ri;?x?atésofrc? m olu t&éﬂ%ﬁﬁ?@ a long read pulse

L may performsim

applied fQemgneqrsttip hafiige DRI n&y%i&ﬁbfm rsﬁﬁﬂar%ﬁﬁ rﬁ%ﬁ’(ﬁé ®4nt Beatocrit
0110] Conversely,

t
etfect torﬁgﬁéxggeeaﬁtp ! ste%Bg]é‘?[‘)ﬁ?ei‘tsi o lagkesa RBLhor t eleotoa: |002XICISt .
[00110] appl I(Rﬂv&r@el?rh FIEBUBe ALY RREL §8 nﬁ%géﬁ where a” short excitation is
the internal measurabl'e species
applied to the DBL equipped sensor strip 400 to excite the internal measurable species 415,
while substantially excluding from excitation the measurable species 410 external to the DBL
405. During the short excitation, the measurable species 410 either remains external to the

DBL 405 or does not substantially diffuse through the DBL to reach the surface conductor



whi | e substantially excluding fromexcitation the

nmeasur abl e species 410 external to the DBL 405.
woeorngdthe short excitation, the neasurabl e sSPEDUS®06/028013

410 either remains external2lto the DBL 405 or does

not substantially diffuse through the DBL to reach the

430. Iaglgg ce Coﬂgeuﬁ%ltﬁor WD 2007/ 013915 PCT/ US2006/ 028013 21

R0 Hif&fFitation dnaghpgeyideaciubstentin redaygtion avihe énfluence

of the kensaibsitaffet@dn hedpaldion in the influence of the
hematocrit effect on the analysis. [00111] By
[00111d ot r d3Y i GogtroHimgl érgtlngtli ek ektiadtionn aating h@oﬁk‘?ﬂ%(iéﬂ&tr de. the
ecies internal tothe DBL

c . e S le s
measugbR eeglgg a{?t;ezleaé ’tg&ﬁ? :ffef?ﬁ) HeRBa KirBPe white ites measurable species

may
externad ¢ éren@BLiay be skiRbanfBly BecIS4SH: tairlgf}{s:%.n%g{ilg&&gg{)&ggurface

cond ?n%ms. In relation to the surtace
onaucty &[S Khsnyorkingeleestale, mhelgclrﬁesk mgsmtm?j \/iohtr@ét’] 8fdhe DBL 405 is
elieve alter the

. . . 405 i s. t
beheve&_% ATEEr e &rlgftﬁsel o#rat{aﬁ) t#l%{rlé?rﬁgll mﬁ@sgga@?eame@i@ Fjlééii@gekm@l to the

. diffusion
diffusignrateifahe orerhal hbsuraBid puskom g at e of the external
[00112 asugabl e species 410. [00112] Because the neasurable

peci €S°THE Eiarasiblneepse intepaldiofthe DBTamag diffifst et g @tfferent

rate to &t €rdctol @£ RNAYAL equorking el ectrode than
t he neasurabl e spec?‘%gggg{{)er Hap the, mpspgiralpley spegiggoexternal to the

DBL, thedeekh of thehexasativt at ithn watkihh elaveoli ﬁhgaf}ﬁée@é& fvs»lleh R¥surable
species%seé{{%? o hch rﬁeascgrﬁgllie, species is preferentially

anal yzed.  WAPF&“id e ile dfenfirdrrem sunelewilarstadanipahe tifferent
diffusionhextedi &f e Measidhilb Upk@Bs 1 t asur.ab
diff l%geci es internal an(bjh%extserlﬁgﬁ% %E?h%?%n% f?a)t}leah%&wmay allow
Herenipliqlar ent j ati on. [00113] While not wishing to be bound

by an rii.cul t heor it js presentl bel i eved
[00113]t% WHBR' fide bér@{nc% P‘%S’ iy'?)‘ﬂméf ﬂ’3f ﬁgyn@ég%ﬁlébﬂ@%peiéiiesoresenﬂy

at the rate o

believed thatrihounts dediffasioDBI the i@adung] id AN Lhe .
DBL iSthe.difth@i ﬁn rate of the neas%%ﬁgs%%ggﬁlésg&?tﬁé\ﬁ#}%ﬁémo the
I A S 3G SR A Tusion retgeofibe measuritde Gmmhfsdgcmfifﬂhéintemalfvolume

of the DBL.abi el ¥ngan - arying.rate of diffusjion o
the measurabi %I %B’t&a.“ggﬁ O%C{né%ag tTrI]ﬁlg VBBINGERfC 96 diHusien of the

measuragle spreieRButsElel the AR aidyehe caBSL B% élﬂ%{{%cﬁpl% %éﬂgé}é%r Q:oh?cﬁuents

nd i.ve rise to the
Present @ﬂtgg gﬁna@g lai}g’?r%%yggly%pée tobtihgéljzmaﬁomi‘f oltkst. e dhivy anklgsis anpisgbias)
mtroduced bgtthd 18 ,cohaﬁﬁ{léiﬁs!, @ﬂclﬁﬁng g §el%sg%¥aﬁ o %rf'%gg%?ig& é%stantially

limiti substantially limting anafysis
imitng 2palysisdo Higvinprsurebleespeties dhying anstanntlydiohsi @PFuEiBh Satk % the

conductd:he conductor. [00114] Another advantage of
sel ectively analyzing the neasurabl e species internal

(00114] t o tAmetiDBiadi@tezer UL Ry QhalDBAS B DL RELS
\'

.gn
sor strips having varying cap- gap VO eg_n%fn]znal fo

from sen _ al
the DBLals raergau%{ﬂns%f TEATHICHIAES Ipprseistoneiamm rrensehetips having varying cap-
gap volufbstantehal | . asurabl e . specj es_present
) int he Cap%)g aepé({')‘llglsn(i)l Se%%?gn afnf/eig ,en P%tagﬂélilxlglll §f% measurable
species prgsrgerin rthproes-gnp shat Heen conlesd, @t | MRSk 1P A Sfesents the
concentraRE 884 ML e, sanpl e, but has instead determ ne five
AUt S UARESPEFishnethe sEBpPlssbtrhas festendpletramined theayount of

measuratdé tpeiRnh tABABYEGTBNeryAB LG %égsiu}eantlein?.n Asetl?lgte?(citation length
becomes long relative to the volume of the cap-gap, the current measurement will depend on
the volume of the cap-gap, not the underlying analyte concentration. Thus, long read pulses
may result in measurements that are highly inaccurate with regard to analyte concentration

when the pulse length “overshoots” the measurable species present in the cap-gap.



becomes long relative to the volune of the cap-gap
the current neasurenent will depend on the vol une of
w0 b@7os8919ap, not the underlying anal yte concePCT/H$10061028013
Thus, long read pulses may2result in neasurenents
that are highly inaccurate with regard to analyte
concentration when the pulse length "overshoots" the
[00115feasur Abdescsipetindd. SpPBB/mdmaﬂ App o o6 1Fa889, WRd October 12, 2004,

QP7/ 0139 CT/ US2 0610 013. 00115] | As descrl bed
entltleg eejnc§n rﬂ}%ﬁ Brﬂla‘ﬂap Tusgqsy 23 @yer,f i3 siglephastead pulse

or exciltitaon'zﬂl%1 be seRtiel t& @ubs@ﬁﬁ‘éﬁ*}“hﬁﬁf in%quPcﬁﬂ@ Eﬁgcf@?xeﬂ?tio% t3 a DBL.

D ffusion Barrier Layer," a single short rea
When g siggle exeitation isrtgedp éeslehgibtodhe oxGtatisn and itted 1hyc1dnem df the DBL

IS SoRBBR 5 TARHH O, B Bl 31 S

spemed; Heont the KDBE Stoofhet dbadbiibr siEcebR RES{Ar aline B8 @Qélﬁqon If a
o that a relatively constant diffusion rate of

relativy copstan) dlfusipp eftes 1o srcheeduis the exdietionrtte colmentratlon of the
u Xeid ation
measu?a‘ﬂ[ef 9;93%15'[5 Swlglgﬁgﬂg %)t]ﬁd Iﬁl#asrg%oftgaﬁmﬁg ely regresg?t t#hg copgsptration of the

measumlbta sipcich en elie samplepthus tadeerseln cgRbtigd tNaiyside Furthermore, the
rabl e sge ies wwthin the DBL may not_ accurately

single FEGRUGE Y eRES Kesi ek aiior Sie BeKemend higadl fram e mpiebes

[00116]n t her Sr@ARG0 FIQUS, tﬁg¥§d'1tsaﬁl)ﬂ 380 ftﬁé:féc&%aﬁ&f 3%‘%&1& %l Srelaxation
Furthernmore, the single excifat’ion

360 cogptitatetd singly dutstiasts, wiechomek ge eppictdsd grsahsofr istip dtheast three times

0 Ref.erri excitation
during JEEPieRbaq bk fhne HEHEA 0 Mtk b otrablrepblct bk, S 14 18, or 22
duty c}&ﬂdSBSztrb tapipleedadiging Ginen@dpleid S¥I§ 1 sBlecttli10b, W%ObﬁO "’IBPIIO e(g 5 second
a sensor strip at least three tines urlng a

time P%r&do ndl e asped, thp ﬁ@%@fcﬂqscare nenliedpluging raabtoy60 aQCOhé am@ period.
t cles are

D L TR TN T T —.

or less.1My ammthd aspeeqitbm 8 Itclﬂ@ dpsroyolds may béﬂt@pﬁ&p@ﬁhm Fae 6t onds.

ycles are ied.during a 5 to 60 second tine
[00117;er i O(SJITh Ii"?jfmﬁ%&)taﬁlé?eda@ﬁ“é%& theferxﬁ’f?"fl@nt 0 gorsionfaiohe lutyocycle is
pleferaiagl APedCHCd SghstRYalRE ¢ lt%%lt cg pg’lgf 3? @?@oup its duration.

| ess. I'n anot her aspect rom
This dJ@@ct]é(pcpmtr@@ts ¥ CoTivienBortad rdad ps:é:m@rvd&re tHeOkd1thg¢ 1sTdS}&nged or “swept”

througl? EJU%EP g%f{o }lécgt?rgla ?r@%rﬁggﬁyﬁggfﬁtpﬁé éig‘rgltr%goordgt?c{nt ! I%non%f aspect,
the dutﬁu@sbﬂfhbIeﬁhkaﬁoﬁ@ﬂ@ﬁ@ﬁﬂm&é@ lut RgescantisPAH Bk fYatiPTQUERA l3t 2, 1.5,
its duration. This directl contrasts to conventlona
or 1 sepiy Wianother apree theadurgidon Qé%ﬂelesc?l@sﬁ@ng?é@ ip IfIOTrBO\/@ﬂ)ttd 3 seconds,
from otd1r il I e ptentials and/or, polarities
rom d&rt?lr“]tg@ J%Hgg rog gg)rn)égtdlgt% 1. 5 Coorrlléls a %\goerg tp’refgfaﬁgy @ gleraB?]n of the
mmﬂﬁmmSﬂbasﬁmmulhkjbﬁsaﬁﬂd$s at nnst 4 or 5 seconds, and
referably |less than 3, 2, or 1 second. In

(00118 ¢ héArai?eéstB%t?f‘CItat“ﬁé 40 i ﬁé@a ﬂéﬁ MeRBITEE fave maAy Ynen ithe circuit
thr Ff 0RMeBs R st 384 S8 f

oug tr ome s tlg The ggglgcﬁiv ng t%@s@en@ 1'? ée?% | ﬁ%ﬁggqﬁe réPixation 360,

the curgent EPWS@ITC d'flrlltg161€ exciitiat Béh lﬁéﬂ)sta&tlﬁlﬂyo mdﬁcéd b9 al.l@ast one-half,
in 360 the

nd er the exc i on 340
preters R g e o il RS RSleDBLRLZEEe P rgRP I 7ero currnt
state is PERSAEA 1! drl $ped bhrcuit BHSthe! eMoA EnbPE tSHREET §didaf &M ; 1n the art

During the relaxation 360, the current present “duri
to providfea gibstaniiailvAer8 AuTest Boms tAinteash 3| iplaxeumsadapye @tov1ded during

the du‘rgf @ﬁ%s ke B'L?lgé gequence.



preferably by an order of magnitude, and nore
preferably to zero. Preferably, a zero current state
w0 soopoomoitied by an open circuit or other met hoPICKROS4N6/028013
to those of ordinary skill 25n the art to provide a
substantially zero current flow. At |east 3
rel axations nmay be provided during the duty cycles of
[00119]he pUlnSkicSeKeE EErel MR 30060 (313 %kst RCF/ B{SlﬂQOﬁ/lQ313@$3;econds in
.23 [00119] In one aspect, the relaxation 360 is
duratiqnig 5 ag}gthez5 aspgcet, ghe Ielgxatli)n 0 B, o bigs3 iseconds, from 0.1 to 2
u
seconag SPﬁ%ﬂab % Ecp ;Eg%{)hﬁi 11‘??1 ﬁBn OMlb%% E@ﬁ%@i&t@l@ §199at 3r6(g) rr118 from
0.2 to D.5ketamdd irbdwetianasl prnwdent hy e nperMirogitpr ef er abI y, t he
el axation 360 is from 0.2 to 1.5 seconds in dyratio
(001204 prigie theptplaxation @RO.cHe domping  asgaLBpy Beadt mgth e analyte to
generafeea{ﬁl‘t?dﬂapﬂleéaﬁgablé HYRcie® Wlﬁlbﬁtgh@gﬁg&s Siaeis {)lﬁé%ﬁ Yehtfiat Aus; for a
analyte to generate additional neasura s ecl es
glucosqisehevntsysthm mbmdmgsglotoammdiasctamdca fﬁﬁﬂ@ﬂll@l medihigs ,as reagents
..for . a | u e se or s en1|nclu lgose OXId
aactiicgdl GroeGpitie TEaR Red Pt b Fnbmiiis o i Shetig FopFeiGRoe of the
sampld ﬁiﬁfr Be Yastiuded (itBeucae PRALA M) ad 88RANPbIR 4IRS the relaxation
anal yte concentration of the sanple may be produced
60. without interference froman electric potential during
he r ' p t .
[001212nal %ﬁﬁ%@%@gﬁ&%@n Plﬂgg‘}us 1&4@%{1@&2}%@& atpgggll alalrtzli%egdurmg the
duratidrhef tlxéu'ead poise.ofTht hgpliehdolpige sy Hive AfREd poteliddlt@YRay have a
gﬁﬁ?'ave a fixed potential or may have a potentia
potent t {SSWERE FO1Y 3 BRIV S0 B580RVE Botantﬁaé §E{PYe? PotidYR §Tog negative
potentR t§ LYRRpHRR: I U8 L tPa %%Ehlv eFVé?logtee[‘Eél‘alrefaﬂVQ pfehflal, these
pot ent 1 al relatlve to a potentia Even at a zerg
methodsetatinveushodmmt duatent frhnasthe semsothaiidis doding the memﬂspLysed wawh permits

the equﬁrp{%q%%gqf,lrﬁg{%forﬁ%ﬂ Zc%gis e TI‘ShB ll,ggﬁ}[qtg‘élp r}gaéi;@ﬁ?%ﬁq‘gléy l%le réaction that
produde AldaBiable Rp QUENRMonkRE 6 BRMarRWS Bonctitestiont @ the @H‘ﬁ{s% of the
that produces neasurabl e speci'es responsive to the

measugale W@él%dﬁctbmwcykm@rﬁlmﬁ@d@ tree dofhf affeciel by cutrent durmg the zero
potentﬁf?grltlmggafg cé&%%h%& lr%a pu seW?rhgl ggr gl ectrode are both

cur rent potential portion

[00122f a C@Oﬁlx&ﬂtwl@ﬂl aheth@c&dtlﬁu b&ﬁmubﬁﬁi 23p1yCoslueBttb Oeﬁtﬁ| draw current
nmet hods that continuously apply voltage to and
from 10 SERSRE Sy GHFR Rled Zeivsepteniial iy, Yela\Rmicat paicaERle afe Randamentally

dlffereﬁpfrgﬂlt ‘ﬂh@lrelaﬁatfo%g %ﬂﬂ‘fénpxregen HR}%Bﬁﬁﬁe ' "1‘11 nfifithle dutyo(*fyc%ers] eapphed by

fundanental |y erent fromt ¥ axatl ons
the prgseigsmydntion \atsntalr@marICEtlb/ drﬂhtenpfremohwhyerrtl}bnhleﬁethpq]ﬁ metjude)a single

t he. present nt'on al so are rke er 0
tong dufiioBr it e bl Re el s AS fhobe FhRE b SOk No.
5,243,914, SdileV\i!ot ﬂhemﬁ{lﬁt g[& %laﬁ{%ﬁ§ﬁ‘§ gmery §res§dﬂ QHV&ﬁohhoﬁﬁcontrast to these
"di scl osed in U. Pat . . 5,243,516, due to the

convenifngl preshads) skt d@ﬁyscxﬁle hehe rmlésénsequmﬁtqf othe firpsent invention

provid%? ﬁf {nﬁgéen:d td’l ﬁﬁssl%n érgcg %n%?i% gerég{gor%nﬁ %url € rglﬁ{g%c
[00123]r ovi dEK}samA-mE&&pfweme ehabfplss on gand aamrloth&rie qﬁsrdel wquences
me during the rel axation. [00123 FI Gs. 5A-5E depi ct

Where@R}tépléﬂmpmécéewersaﬂpeaedawp@? GRSOF SlEippAfics enteasiggiéere elsthe sample.

In these examples, square-wave pulses were used; however, other wave types compatible
with the sensor system and the test sample also may be used. FIGs. 5C-5D depict pulse
sequences including multiple duty cycles having the same excitation and open circuit delay

times.



where nultiple duty cycles were applied to the sensor
strip after introduction of the sanple. In these
We@2@molmwsy square-wave pul ses were used; howevECT/US10h€028013

wave types conpatible w th4the sensor system and the

test sanple al so may be used. FIGs. 5C-5D depict pulse

eque including multiple duty cycles having the
00124202, SRV ot Bplen eaee0r tabhamjudet § et e having the
same 2000l b3 bBePSHd lrﬁ%@agf%{ 04 14 09124 F%gs. SA- 2B
; ,degi ct pul ge sequenc srgjﬁsggjaﬁ%%ﬂé%a n@ﬁda}l,r éﬂ“@élgdlomgﬂ
urationhatrigeressss insvoltagex dht atdremsedneltap e 6k fktidal Q@Agﬁxﬂse provides

' ' ddition to.a termnal read pul se 510 of
the abflgggéré&%%raatsp%%est h%\‘flng e Egksl 9Xidation | nojgysial. Thé more complete
discussidic reRsddg ethiage @l S ' read pul se pr.ovi des
60/ tj;g abi | i%y to det ect_Ihzt:%éeép%l%'(re%ser1 &Wn% zgf')%'i gﬁog?smna'l App. No.
0/669 d&{5doAPrEbBe PP entifledOxidinatid Speriesdis 6t THictA] Reference in
Cont - di i nal,,read pul ses may be found in U S
[OZ’;;Z?%\Q/.{I%?SQ%BF%&%%B?%. 60/ 669, 729, filed April 8, 2005,

ntit Fed. 50depiczabloedBpestieHuas @ & C&itati
. in d%n{ rol gol ut i pns@?o? B?Jcl)ls_ensg%ég% ewr[h%gélg'g] eg@ne%ﬂamns
e SePgafRicds ! seagnd gpgn syevibdgarsie Hegaeetva intvasiey RIS oS ©@ENA5/14)
Thus, @X€Iid. 84A 0 arated by 1 second open c¢ircuit _

u_s 1deI ays t oﬁ%i v _g&gi ?gtgoé%lieng %Snéli1 teﬁfm?agilo? 1e 35%9 419/ 4 4glaxation
portion s, FIf5n 5Bl depictha Stduey spaepdlse YetieRYSWRRAS s@Bnd exci tions are
ortiaon 520 and a relaxation portion )éég

ot
separat B b3 el Goce! eyt aletays 69 Give il S60SB(UBIACS) WHED e5CL depics
an 7 dispeodle paxeisbdldn®N $hafee] s P@%?Elgaqlggy 6’%05%?%%%%”&:?%@3% open

. . circuit_delays to give a
circuit sde give ofdut3) (10| &\ puhiel medpeRe S400EHR shmS G and
1 j | re.separated by 1 second open circuit
e e A B R B 5l Vg amed. A ICEoR davicts edutiuty cycle
pulse squuérse vadDe 05 debendSa@Rattis afd L.hose
. gge? déri ng the 7 dut; c;cl e%&%@a@é?%@gggﬁﬁ% CIEGIt delays to
Ve 2 Kepi & 041 S4L-3- cppelid Flguls€e the tammied rediepelsd 580 of the same
duratiort S50 P& itati e.separated b econd _open.
O O et e PP B s RS s Bopbe 16761 28 spitsna 7 dury
cycle pulse ReGuerBE, whhe ff&é[tiﬁel’}wshdh@a@h?Lﬂe§ﬁ1d5@9c:i%frioh§1ear? as'égarated by
relativelg(égr?t neandd T\é?(fl tage as the prior duty cycle pulse
g %E | o6 P gatas. jEhg ElG 5E pulsriseguenpgdieginpubisie an initial 1

second SEISHISTE EndBRIsBw e Rt 1 Y D172, S6GoN -
excitations are separ af?éé/ O@g%l{r’né Egtrlee\‘/dzl?‘ic}sef gﬁ%t%?r@“de a RI of
025 (4/Kdcond rel axations. The FIG 5E pul se sequence begins
001261WM th | L ial second pul se 550 and ends with the
[ 17 25 %%c%gﬁqﬁrtt%er%ﬁ%la B, d‘eg‘%ﬂn%% teorlgss bpckepund svilh bRintufduced
into theCan2Bys{s4byl @e m{-@BI26] TANSuRE IRERerkbe e
oxidaiSeguence, the |ess backgr.ound&b\ﬁnll B%L?Sn@%% ﬁ?éig’%' PR are
1dative plses, 4psjgied th gxelirdi reakidizora redimed padizors SQikene €% measurable
species. I ERIL FIGN ol . DA:- 5E are .. gxi dative pul ses, .
~ desi gnedét 0 ee)@%er‘%)gﬁ%t}végung%ﬁaﬁp}’gaﬁgqﬁ%Eﬁ’i“é%‘d“ﬁ’@dpa?t given time
period, thhleshcliznce tiet medinturabdieed 5paihdays JheSihah BIdUERLFlhe analyte
is contritgul?F gxi dativ %(furrent applied to the sensor stripina
IR O{frerﬁSCOfg FBEFIL YHECY ess chance that nedi at or
(00127} 7 @ RIeONI, RRIORMIBSViBMEE <IN irfebeHR dndTald of Wiercept-to-siope
for the contour profiles of the last four duty cycles of pulse sequences (a) and (b). Pulse

sequence (a) was:



Is contributing to the recorded current val ues.
[00127] Table 111, below, provides the slope,
w0 niogoecdps , and ratio of intercept-to-slope fRPCT/UR®06/028013
contour profiles of the lagf four duty cycles of pulse
sequences (a) and (b). Pulse sequence (a) was: WO
2007/ 013915 PCT/ US2006/ 028013 25 9 x (0.5 sec on +
9X(0ﬁsecsed: 100 $ec off)0: &5 sew=14 ke, Rde 5/RE =9.5714 = 0. 357.

% uence (b) was: 9 x (1.0 sec on + 0.375 sec
Pulse%erqfli’mf P¥i%ec = 13 375 sec, R = 10/13.375 = 0.748

9 x (1.84k& 6n SBBBNEGE of @) 1.Rec= 3,377 sRUREE }@ﬁ@%’@“—eo ¢, R
=0 748 Pulse # Slope Intercept Int/Sl ope Sl ope

| nt er d@pisel&eqﬂﬁiaeme), Rl 20.357 258Pufse 52quéite {B), R 7 64.7489

52.69 | 8 19.99 2239.4 112.03 13 47 649. 93 48 25 9

2 80.9
S855 [52 IBCR A0TT S PO, 1

T P -t 3

e el T |JIUVI UL ot TT1e
4<Z;1rmunt 6’? )Zaﬁllyourg’z %’%n F?iOZutaBFjezgo thvtqe2 69
IIIIIII oF—witth higher ratio \ml ues indicating 4
{r eate|19,98r()%?é*l9t41 on |bf2-@he recolddd silghap3 — 148.25
attrilutable to nedilat or backgrjound. Thus, whille the
Pul se |19.62quENTBY (nuhiled4 of exclizari onssd.o4 ot all4pssay
tinme ijn seconds) of [sequences (jJa) and |(b) are [sim|ar
B8 abquy.10. imes 1|ofhe Tncredseskn Rk, Psevi defh iy
pulse sequence (b) provi des | egs than | half as|nmuch

packgroumd—sTgrat— 11 Tto ”1_3,%1 o —te—tt+-pt
excitations of the pul se guence may elimnate the

[00128]eed fDiie afterdbpt-tadlops!l BBod o%lbeid@Waﬁ hgdextigat bONHSt ﬁfh&mt of
of the nediator. Wile the ground current may be

backgqupgﬂ g@ﬁ@]e@:trgvtqbﬂﬁetq]@ggmcb@tor fvoifh fugher wiianialies indgicdtiog a greater
propm%%ﬂ 'We ﬂfeet%ccg}a e Iatt}[];@lxﬁg%l t8 111%&(;&8) ;xgrfour%' Eplis ’W&nle(%he pulse

are pre rom
frequeﬂc38(nufrrrbanb0 eﬁmtaﬂoﬁ)s Ttotaras§aycime irfl sdcondb) @ f Bequrglcdt@Pand (b) are

simila ﬂé‘fbt%&htrorgﬁ?CL 0&? 4{555?;55233é&%%%@d%ﬁﬁgeg@%@{é)nmﬁ@des less than
half a$ @& bﬂ('gfdﬁnalﬁgria@r ﬁ%ﬁHé‘ch CXﬁé ?nﬁ{lplg h&cﬁ%cﬁﬁ ?f the pulse

sequence may be Fecorded as a function
SeqUengA IQ%O@Bmmwée thet peed fomranemut&l muhstet mdreaswahé uuxnialtlorn stfte of the

medlat%)o.r /otP]e E%tk lil):ufsl C%@l uenctg gﬁ%ﬂecgg ﬁyﬁlge %gdlgt&)gofo? %@Cyamde
pulse s@@@enc&@ﬂa\ﬁ@@m&dés &f qese0.01noBead, &f 1 AeGRONERY | WRARIT values
duration read pulse resuitlng In extensive

of ﬂo%ﬁ%ﬁdatoi B itogt OL2He Oﬁe asfipad) ¢ tasp e bewsg mesaotefexed. t at i on

s fol &
[001 29[] 00130 I]k Qéqéc ﬁ_a:q@ A Irl%p ? %@ ﬁloeuctﬁgjé }%%?lﬁ% ﬁﬁtrgugj} tge conductors of
the serpbosttip® lésfmaeefch rzdmty orelodf the palse@aqlence may be recorded as a function

of time. FIG. 6A shows the output currents plotted as a function of time for the pulse
sequence represented in FIG. 5B for 40% hematocrit WB samples containing 50, 100, 200,
400, and 600 mg/dL glucose. Instead of a conventional long duration read pulse resulting in
extensive oxidation of the measurable species, each excitation is followed by a break in the
current profile.

[00130] In FIG. 6A, when the output currents are plotted as a function of time, each
excitation results in a transient current profile having an initial high current value that decays
over time. Preferably, the duty cycles include short, independent excitations and relaxations

that inhibit the system from reaching a steady-state or a slow current decay condition during



excitation results in a transient current profile
having an initial high current value that decays over
wao povwe/01P1ef erabl y, the duty cycles include shoP€T/US2006/028013

i ndependent excitations an@6rel axations that inhibit

the systemfromreaching a steady-state or a slow

current decay condition during WO 2007/013915
each gretigy poereapigol Juring theicerdepeise afi amveramna]eqyﬂtmﬂ Instead of

of convent onal s ste nst.e

comva e e TN B PR PR PR G B e coren

valuesc uwe enbtainedl r & efie (g‘a@@ll Cﬁlﬂpéﬂ&ﬁéﬂkn%ﬂs‘éu rséﬁiﬁlcesv%éé%e the
lect ée obt ai ned fromthe gated anperonetric
clectrogaicAtieacinacef fhe mepwrabie spaciesch i welkingeddotiogh ifastehéhan the
t t%ﬁ%g B i n ectrode.i.s
e o e e R LR B RE BB Gady s,
[00131§upp| Jétél} 168 dhiowys\eorokitang pedftie plod gespayeddiyf ddasb@hg the final current
value 00131 % ?B shows a contqur profile plot prepared
R 8 Mo TERRe | ETenE REEet (i & dhedinet grericvele from each

excitatidh® shéva 1 BItt. 6aUI TRt i

VJ}‘?ue from each exc:|0tn§{l? kéfﬁé ﬁ{aj\%nb% “SE@F%&I fn@%te dra? obtained
from @ oepeRtiqnebfsystemmay dedyside,t wheiemiiatearrtdte chatga Wlth time is

substar&%ﬁl?zicgﬁﬂamf roma conventional systemat steady-state,
e current change with tinme is substantially

[00132¢onst aftte. t[aB83B2Fudhe broNsd SBlaifddr ﬁ%ﬁi PERA 12 rometr c pulse

obt ai hed from gated anperonetric pul se Ssequence nd
sequencesangddhe dedyod shniour cwtant splues atk dexlamentaly Iti[f&remttfahh yhe current
profile§ 'oi){a%{e%nfroﬁré) %ﬁ\%ﬁtl&%ﬁ a%g sis pt{s?rfgn%les%lg? gg%ldne fr %?q gurrents

conventi onal anal YSI'S USI

record@ﬂﬁ@lermtmglc ead pdkd dén@eﬂfrade $iggle ré’l@}ﬁfﬂloﬁ/‘dﬁﬁ%uﬁ? ehdtBrime point in
each time point in

the c01t %Wtsﬁ g% e rel axation/diffusion,
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increastdén a©ApArA0YH t0fanaRaBFBhYRIS: WaEATrAY bhisP Ih?fvmg het Huratlon of the
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mumplﬁﬁé@%l%s t&RRiged | onger read pul se having the dur ation
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1naccur19c1e Ohat wou erwise be introduced by variations in the rehydration and
diffusion rates of the reagents. Thus, once a relatively constant diffusion rate is reached, the

recorded current values more accurately correspond to the concentration of the measurable



[00134] Current values recorded at a relatively
constant diffusion rate mnimze inaccuracies that
woewrdidther wi se be i ntroduced by vari ations iPCT/082006/028013
rehydration and diffusion2fates of the reagents.
Thus, once a relatively constant diffusion rate is
reached, the recorded current values nore accurately
speciegoande fponite tanalytee  Forthaniorat fooFIG dB)ahsreasipladdlagalWs may be
2087./ 013915 PCT/ US2006/ 028013 27 species, and thus
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[00135t t r i bpE@bbE HdwisheurrdRdbatk@lr pRFiIR" BMbAea! Fom transient current
di scussed. [00135] FIG 6C shows current contour
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iosn i 35, LSBAAL) g 45 B BBERSy 08! SLOL G v o
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100138]; 017 d¥ER fhe BURRE REPBUTHRA SSSBHRI0 PoSTEME P atpodinireshold.
the biABRP ApSIRARAE &8 input signal to the electrodes from about 0 seconds through

about 7 seconds. The polling threshold valve may be about 250 nA. The comparator may
compare the polling output signal to the polling threshold value. When the polling output



[00138] When the polling output signal is equal to or
greater than a polling threshold, the biosensor
w@pprioe®1i he assay i nput signal to the el ectr oPEBU$20061028013
about O seconds through aB®ut 7 seconds. The polling
t hreshol d val ve may be about 250 nA. The conparat or
may conpare the polling output signal to the polling
signal tREeR8N MeolBhd! BresHORINVAIRE tHObliph sighalift th¥\@omparator may trigger
2007/ 013915 PCT/ US2006/ 028013 28 Si gnal exceeds the
ﬂw1m@@1ﬂﬂhgaﬁﬁyé@h©5@m@alue the output signal of the
onpar f Vo .
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applying aulgeefiorritic sttsswewmtrswaﬂrﬁnﬁreyweuécmg:md Thetdsi ebesendes until the

ntinues n u assay Ut s
end o oo G R okt Tt Bickd UMD R e bR may e
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polhng p%?sterl{fé%laﬁ Ye th%rSLﬁrp 6f la';%?llng pulse and a polling relaxation. Each polling
pulse has an amplitude and a polling pulse width. The amplitude indicates the intensity of the
potential, the current, or the like of the electrical signal. The amplitude may vary or be a

constant during the polling pulse. The polling pulse width is the time duration of a polling



[00142] A polling input signal may have one or nore
polling pulse intervals. A polling pulse interval is
wo b@7ewoms of a polling pul se and a polling rel BREUSN6/028013

Each polling pulse has an2anplitude and a polling
pul se width. The anplitude indicates the intensity of
the potential, the current, or the |like of the
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ns. . The pol Ling input sjgnal have ot her

polling\peiads Hﬁropo&em&%enq@tréwé@ ess f@efhaﬁt Pﬁhrénweéséﬂ%laweﬁe?ymﬂm‘fes
or 1 Iﬂ&% t’["h% %é %}ﬁb@ QH% Sk aBALert & é)teﬂ@mé qgﬂ%hehcg)l’" rd Qeerduses the

i ng pe e polling perio 'ess t han
bioselmdilo liﬁhelﬁllmgrpﬂled ,meEy b 1nm1n&31$ng@0flab®ut @é secamd (decprithrowgh about 15

[ er d' .
mmutqis :’F %@ng R rlocL g%yl& t%e %‘Eg%gcgf zﬁae ﬁg g F§I8$ ?lgggﬁg)ggcgl\év Sa Jﬁnnutes
The pdififg éﬁkﬂﬁm@ff b@ﬁpt%ta rkhg? o¥eBeRd 0(se€ ehrotigh zﬂidﬂhZ @ﬁﬁtﬂﬁss 1$he polling

m nu The pol ling perlod may be in the ran

periodanaube B e preméshidle iEownius 0 somelers dlfwggperiod may be
in the ‘r)abn(r%b: oo?élggl}c[ Egt?.%bgf’i‘tnéﬁf s:e%lc ﬁ%ga%ﬁhréope%%ﬁ rhé&{ ﬁé{gzﬂgss than about

m nut es

200, 10@@@ oph5 phgeint@d@alseThe @bﬂimgl'peﬂb@ lm‘.ayﬁrﬁvs @om dbvat 2 through about
['1ing gFrlod may be . in th

30
150 piks RISH 210 GRS apeﬂgxécperrﬂﬁiemﬁﬁaa% rog%ar% o ?@wn&@é‘b%s@ pulse
mterv%glaﬁ“lhﬁgeﬂﬁlg p%ggd n']agfqlavé (ﬁ%onﬁ) Ebgg sPHE R h 1L G T’@fnﬁse fﬁlﬂﬁvals The
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polhng %elsh%gd %’Iatypbuet grsegt%p %an dbout 15% of the expected assay input signal at the

beginning of the first pulse. The polling threshold may be in the range of about 5 percent (%)
through about 50% of the expected assay input signal at the beginning of the first pulse.



equal to or greater than a polling threshold. The
polling threshold nay be greater than about 5 percent
W@ 290701391he expected assay input signal at thePCT/US2006/028013
begi nning of the first pul s&. The polling threshold
may be greater than about 15% of the expected assay
i nput signal at the beginning of the first pulse. The
Other polling nigretividshay de IiIB@d bEhd biokdnor magéndidatatieyiollmg output signal
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range of about 0.1 sec through about 2 sec and an
assay pulse interval in the range of about 0.2 sec
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The assaﬁ)Eﬁ{eH od na %ave assay pulse intervals in

accuragy &VhegrigBRf isaprsabingd tihou ghorbeas peise. Tboladyegd samples were

combnﬁ)%o 'Sft?ﬂil Zf%}ﬁ)\égm?\gee 122&3 teiy51 gﬁi n rgtgog gg ar:o rrelsez,r;n tepne uglgeﬁgmég glucose

concerdiation aﬂcﬂ)mssmgd pwith ad dendreirread pulsdX ﬁlﬁts e S Al aPB%,.0H85, and 60%
7A and 7B are graphs

) d 001
nematqR JEB15 5P ing "eHE TG B B2 v it PERBIRETT Rl pcton of
all thré/éhl‘fé'i‘nﬁoc@ﬁl-valﬁs)coﬁpé DeA, Wodohadd §6‘%r1§neﬁ§ Qi gg? cu\ﬁréﬁjf fheasured

bl ood sanples were conbined with ferr yan| I'n
for tllei)lcs)dcﬁaHWﬂQS@ﬁn’rragumg)l ©%, 3%;@@6@% bemainciet tegpergivelyuc os e

once on an neasur ed nd rea
[00152‘.?.huS rﬁIﬁgslAnsthwgl s CUIRGS uétﬁc&lugﬁ%/by ﬁ)@ matoary &%ot%er effects
from asbz[felc@ﬁdm@esdﬁlsd)ﬂlétﬁﬁ 1hékidS Y DBR Y Tl thad 8 hie ItBfdsblted as the
20% reduction of all three hematocrit values). The

differ CQ?F%’CWG% thene0°%6 ol G0%e hemaioret bngs (e tosalr esrtoars déasr pen) and
o] %N, 32 0/ d 48%

repres%lg rréﬂ% 21}%881?‘6 é%g@ trc?@gl yﬂxta%lgélcg/g f&% B?l ev\geqlﬁtgcnt effect.

Smallerr reaascvalaesi eprdsadtr 0 ioze dchiratt hesiie N8t perﬁﬁﬂlaﬁ&eh%s observed

when PE Ve B0k i BOGP F Bl o GiteBTOREb e TRTEREr BRI, 4.
[001 532 etwe @bﬂv@%el%p Yr@n ‘?‘B%aé‘iﬁ/g &RLAGH &ec}éagee $n Qﬁeh gls{a%éahetween the

emat ocrit bIaS span
20% and 60% calibration lines when a DBL is combined with a 1 second read pulse. A
distinct DBL of PEO polymer and 10% KCI (without reagents) was printed on a conductor as

used for FIG. 7A above. The total bias hematocrit span with the DBL/short read pulse was



represents the maxi num neasur enent i naccuracy
attributable to the hematocrit effect. Smaller bias

wo 200008391 pr esent a nore accurate result. Sim PEF/US2006/028013
performance was observed when a DBL was used with a
| onger read pul se as di scussed above with regard to
FIG 4A. [00153] Conversely, FIG 7B shows a marked

nearlyd@@r-@age 1¢3 thie thl sdtainsias kpdnveemotinthe BBY amtufQPblse sequences
calibration Iines when a L is conbined with a 1

includinige giéfinle Aty fvsies 1n cnlipptis Wil 2 oPBhEmayosighificanilyq increase
t t or
s R L L

[00154]pan WFIGs. (e aDBL7I3 Htlndtratee dek  padusigonnvas Héﬁa&&ﬁ?/lﬂa‘s?:ﬂmﬁ may be
/ US2006/ 028013 32 nearly two-third Iess n_the

Obtamf:&fr vdient gates FARPERTRFEAP Feseongnce g (Fem Eﬂds\éﬂt Q@ﬁm §1G. 7C

demoﬂs&ﬁﬂek‘ diaf gaerﬂ’ﬂsésh{%'n?e 1]@’ Yla¥ afMGESle 18 h@lﬂ%bﬁ%ﬂf&@ls‘%ftﬁlnéﬂ% when

L may significantly increase measurenent accuracy
a DBTanidaSpccnnbldei avithe flier piobe@ sednet pOFIGN SEeaidatier current values were

recordd3H 9 828 ScohdeRnthar secupid Fofinte (R pule Hoh Eamhaipon, FIG. 7D

establh@Nha 1 BereasiReb UTBYS WherPsilrFft LS 8NEEsdcdndOMINREonds from
with a DBL. FIG 7C denonstrates that the neasurenent

the laghpylse)nts upedoiot debdrminepthp gspescednceitation of ithe saniohe. nTHYs the longer
' ) . _ ;
the dufE of rldRkiodtRR, SRMBLRG A UhElab G M GReREGENCE ©

[001 55.]4 875hs&id¢t[tdﬁt00he ﬂ)lﬁ@&)f&lﬁmﬁﬂfﬁm foventidie re@sk ifdecs@cy from the
ari son, 7D establishes that bias

hematpmtr%gf‘gggmi @eﬂmr\/@?@hgl@u}aﬁi &fenaly 4inq eombinglgons g Bigdfgansient current
proﬁle( ot ga%h%‘i&%ﬂ)ﬁ H9mR réshﬁn%%%htogflkx%?ﬂes %"ﬁ@ dsddro prov1de multiple

termne t ucose coficentration o e sanple
sets ofTt @Mbratlph eoﬂl&b:ngsato the Ismsdus}atenm mhmffmd:lhmsn@(ﬁnetaad:uraxry oﬂth@analysm
re r the hemat oc i as pbserved.
Bach 3 87ttty (REBAE APlAgdgray Rerds SHEC IR er T qgrent reading

to a shEIHE RohMRAGEIGIAGY n{eraQLffhlSIQ Qpedl&TB 8fer damRE.f atlus aﬁdone aspect, an
medi at or background signal, the conbination of the

increage A FCEWRCK WRFyehe ofjringd by feragies tex clucass onlugndbtavesd using
our_.profiles may be used to provide
]nuhqﬂeg#35ﬁ°£mME% 308?“Bﬁ?|brat|on constants to the sensor

[00156])y st err(:oh%monmc kRAGOEIGNINE ascor a9itedt bhiRrARAlYSI Gne set of
Each set of calibration constants obtained may be used

calibratipnc GPRIHE e SFhs JECFIPPE BWr MRAiCePlealdi KE0VEO Hlspledpadings into
corres?_ﬁ&ﬁﬁ@tcroﬁ&én%tl&fl Jregry Eﬁeﬁ%@ PR @ac‘mbl@ L AR wRep! & sbngle set of

in one aspect, an 1increase in accuracy ray
cahbrmbmalonetdnﬂsynmsdglmgactdumcgals uc dseanabltel emo@hmrmqmedzbtermmed from
usi, n nmu sets of, cali.brati tants. [00156]
the 1o BT e R G R L B gy P GERaT
[0015%p€ ongy&g&m%)the GRdehPyALL BN ﬁ%aﬁﬁxﬁawhlﬁe&h RSy 8y PSS the pulse
and intércept, to convert current readings into
sequeRash péﬁmmmng lrbfsm@ntmlétlplg retgfof chlebratmer Wfétal'ﬂh; mpebe established.
cal,i,br
FIG. £518 }glnps the fsrlféf)%n§ C}u‘erg Iis tre Iﬁnggtg U?@c]ll o 15 f4o g F]eaclowis (duty cycles

nstan €S I h

6-9 ar@lofyeEepdrtia bﬂmed&hﬁﬁiﬂr%{ﬂplﬂid) Ritheh hige pﬁ@@idélaén&tﬂepfatﬁd in FIG. 5B
val ues because random noise is included in the

was appligdytoefBhsamplonestpnmyg takrngluchee euncerifationg| dackhof shese five
calibritiofSithek 'a{éqnéi\éﬂeﬂhéht %@ﬁ@: o%%n& ilrfaly%eq{se& Hl trl)éjalstst%vo ways.

[00158] First, the multiple sets of calibration constants may be used to determine the
number of duty cycles that should be applied during the pulse sequence to obtain the desired

accuracy, precision, and assay time. For example, if the current values obtained from the first



sequences of the present invention, nultiple sets of
calibration constants nay be established. FIG 8
wW@k@r®19he endpoi nt currents recorded at 8.5, ROI/USDN&E)28013

13, and 14.5 seconds (duty3gycles 6-9 and first
portion of the term nal read pul se) when the pul se
sequence depicted in FIG 5B was applied to WB

three eiaimlo% i6@BABI NP8 MBEdseUonBdriease, SRACANETH) bPNs0 mg/dL, the

of these five ~calibration |ines are independent
sensor gj@t@rh anagt ﬂqgnmaﬁdhqayalms g(ts@@ut P Saeconsigsthus Gen aply shortening

00158 t he t o
the tinp SRt iR ol S OlFeRing) b Bbsel e mprgcision
high glﬁ&‘lsescéﬂbaﬁtrﬁiww 1 bﬂalé@ﬂ@l Il@ diahi Ay loher pglus®e concentrations.
sequence to obtain the desired accuracy, precisiop,
Converipl, 4k Sheycurrent Valmep oblaingdl Fom the st fupy exertaignydacicate a low

sl SRS 1P O ROBLSR Sty s

to gredieigthagl Yosmske asogresat thahi Doy 19ushomds, td Sikcrease 20€ amgnatty and/or
the_  _sensor, systemmay term nate the anal ysis at about

precisign 8f Qg @BAYES- t hus consi derably shortening the tine

[00159] €U rﬁ@oﬁd) lthd RfEAa ks bs cal@r'&{bnacoﬁbﬁﬁtts §RAy e M tB8ncrease the
possi bl e bécause inprecision at high glucose

accuracy aodot precispmsofi @etaylphyslalﬂyw%@gslgt hBer exanmmdanef thy ‘mﬁﬁé@lucose

I T A T T
calculdt®We SLEEE0ONENNGEHLS @ihDthe ﬁdp’éﬁl 288 irtéRepte ffroh@%d’@frfﬂspondmg

t he sensor system may extend the anal ysis reater
calibratign dings; thayeferea$isgre@tser Infdsdilopens Gr1o=dbeo r]ilékt,O) Qpeio, and Giys =

| n f.t t
(ins a%g[fl ); §ﬁ)pgi[1 & Oi/glgﬁ‘gr%gc%g fﬂe tthé %t%‘}c%%é; @g@eg sig?uld be equivalent,
dlfferlﬁgbhb’”@t tapndomonsiatiohs Tfhlys h)lm pisiecket vmlmasc@gegaiho,tdlﬂ Gi1.5 may be

d/ f th
wverog S G ol 8 0l e nSlYBhs et Avraging
i T s ey
[0016@| ucosan canepadiedibent® ofighgdt dmpesbopes: am]delanlmncmoumludmg

f
relath@E’ongétgg?lé%égse gr? ?{egaltlgfg]/yécal I rx%%lén%n Btll(ihna(%ls”[hﬁt(gplcted n %IG 5E, is

the ab H?% kDX F?h%a ehiSbra@itd mleﬁhe'muﬁtiplé- s&s of 'cEJl'iﬂratlon constants that may

5. Theoretically, these three glucose
be obtmabcm &smsﬁho tranisibg apd wowtalueprofiles dmafyfmovndg appilyangerta tporecuracy

varlatlon Thus, luco e
or the S5, e so i SbE S RRRRS FIOAETE DB Ol ageurecy o
that obt@hed usifd BuktifR Le)dfcaNBiatibe oabtamtk A@d.a é‘MgIea@t rw calibration
the values fromthe caljibration |lines may provid
constapisdudlillsgt intrefise tarba henndape apy peytiegiar th‘f‘%»l@(lﬁj reaplt may be
attrlbulf%%({%etﬁg ?gatp\%ﬁ?%!n% rtglfclng 'h%gne%qﬁ %51% idohGo Ft)ljﬂal short relaxatams. The
quences 1 nc atlvel rt  excitations an
long rleab(alﬁon/ames|rﬁzt}gpfcﬁz|1®(atstams>vhesmml’(e aserbgratratel @fimtasurable species
FIG 5E is the ab I|f¥ calibration.

convexgpyn GringehEarEiFAHs 1 Lbetestl Dyt Brte o} Bisacishidt SPREsdision into

the Dé@yP f?@s Rbkf-ngd II{Lﬂ%IE khe of E A4 R coBBtEn(S Aty QUllapse into a single
profiles may provide an a dvantage to the accuracy of

set andl Hlee amarlelgsmrsof the pedosdedsdrgu e1ic en suelyteasndepiatioa dnaynbe simplified

by coli T NP B b M RSk, e BpPEhBthoe e
analyts cBeBirs®in. of calibration constants. Wile not

I ntendi ng to be bound by any particular theory, this
[0016tesul t Theygomdination of the transient current profile of each excitation and the

resulting contour profiles also may be used to determine if the sensor strip has been under-



attributable to the relatively long relaxation tines
in conparison to the short relaxations. The |ong
WO 2doansoidn ti nes nay provi de a state where thRPCHUS2086@28013
rate of measurabl e speci es34conversion during the
excitation is balanced by the rate of neasurable
species diffusion into the DBL. In this manner, the
filled With tshigb®, 8fislRivigattebiset tdAdE adE e Safiile ©oht apsdr strip. In
into a single set and the conversion of the recorded
addltloaatpawrhtng 2 eavaleyelechadise Aervaniiongl weRsop 8V My detprmine an
r r
under-ﬁﬁ C(rg)g% 1&& 21%88%{ th?%e \ft% é[?l?}‘]‘ll E%ﬁff&?%(grsagﬁghdgbglr, ﬁ&\%\%ﬁd{he third
electrod@ ot elbttraiei pair. adﬁﬁ) edrbglexiThendcabiortad samsoodystehe
transi ent curr profile of each excitation and the
[0016Z s ul t PRy cBERM u‘f’o ﬁleaﬁfwiee%/sf&n@dn%\;ﬁ e (R Egogyze tha an analysis
cep o 1€
e B s S BA ORORE LSRG Wl py et
or a deﬂautsvead;dnswm smgpt Higheuahelitytto detiomankdiftindmafill samﬂdetht daifure of the

LI NTRC T T A
sensor%fhp dland d}% atihl e £ARAISL 1HAH pfehéﬁﬁ@h s s‘tﬁ’@ﬁ@fn lfélﬂéﬂlﬁdirded

el ectro or el ectrode pair; however, the th
[00163| ect rH@b 9drde@ncétthp@@es19@n m&@moﬁbﬁpbf@meﬂ;ﬁoamale@@éqe sequence

represerﬁe& e Sy rspf)sén%g%se% %Qghoﬁ;m%og r&i\{t%&%ﬁtos%géor S]\@% Where 2.0 pL of

0 recogni ze't

sampl@fiab Mﬁtoﬁuc&cﬁto ‘thadirip. DEpemaing oot the éﬂl@l{g’ﬂ;p’e:ed lahd tlhaecap -gap volume
reason for the failed analysis was cau é
of a SpGRIEESeRSOT iripos- Oatld%ff%wie\f@ass eHEAY nekhe eglouslh B2l thejstrjp-

[001 6420 det ﬁrm 9 tfle tfchlrlantjﬁbjﬁl‘ég of PR3, f@l ereco‘ﬂ(/elrt&ieto contour

ysis'is ene cial because 1t may be corrected by
profileachd |da<gayardtd:| asiaofoatticsaoipine. t n drieeaspanehe decryonteshay pe wpobsented

repeating the naI Si s reventing a good strip
asa KFPE?WB@F EHH’IGQ ft?@%ﬁngﬁ‘ﬁa UK depi cts the

transient current profluﬁ obtgjned fromthe pul se
sequence represente&}Fq—§¥ér—?%—%or 10 anal yses, each
using a different sensor Wﬁﬁpflﬁmkre 2.0 L of sanple

was i ntroduced to the strlp Dependlng on the filling

speed and the cap-gap vol unme , of ? speci fic sensor
strip, 2.0 L of saﬁpk'znaiggl_ﬁﬁy—not be enough to
fill the strip. [00164]]Mﬁ09I¢m%9B t he transient

rrent profiles of FIG . 9A were converted tQ contour
Whereﬁh%wﬂésg of anfe LByratuge @l secpiffict B, Bng fifels copsighept a decay

proceﬁstﬁ)i@ ChrredtEo RS BY FI@LSA H%ecohfél{eﬁslﬁﬂ)t @6 de@y @nbtant profiles of

constant determ ned by either of the follow ng
FIG. %quations: K, In(io.125) - In(ij.o ) In(to.125) -
n(t|
00165 - BG ariBiiniesghas, svbtatiah s, 2 Sk deyeen fpe decay
profil GFIRISndef MiISd stiisbROaridnBe KomHIRA seord e§REAWNY in the time range
process, the current profiles of FIG 9A may be

of 3 teonhveseensl. | Finderr il ecky Eterstzad Tppothd decayfconsfag profiles by

comparler’fg the difference between the actual decay constant and a previously selected value.
For example, if -0.1 is selected as the upper limit for a normal-filled sensor with regard to
FIG. 9B, any K, constant having a value lower than -0.1 determined from excitations during
the 3 to 5 second time period may be considered normal-filled. Similarly, any sensor having
a K, value higher than -0.1 may be considered under-filled. In this manner, the under-fill

may be determined in response to a decay rate obtained from a transient current profile.



[00165] FIG 9B establishes that a substantia
di fference exists between the decay profiles of the
woaenrPis | ed sensors and the nornmal -fill ed sePEDUS2006/028013
especially in the time rang®@ of 3 to 7 seconds.
Under-fill may be deternined fromthe decay constant
profiles by conparing the difference between the
[0016Gct ual Tiescdy EéhsRBnthe asedsa giripy iroprstentesie bgcdegids \dalané.8 were

.F ampl.e, if -0,1 is selected as.the vupper |imt
suftciply BHELRHe bt ¢iebh i SRpTIeprror B Pl St FpchTomid 9-10 were
under-@ill¥d. Kin QaNa&aHRE thaYitBdaBpM8hideid i seﬁﬁ@ﬁes‘ & the present invention

deternmined fromexcitations during the 3 to 5 gecon

allowed; fep upgdearifiddetesyiondn edwerdentrode norspmbtipj 4 Figdtion typically requiring

- Sl ar | ensaQr_havin val ue_hi gher an . .
w thind YOkl b oA IERT BnsFlins Trlogtont o SO dRfermination
was mbdeeinuagehar feh lsecomdy, paevidiateintd foe the MedsBEROASEC @ sfenal the user,
decay rate obtained froma transient current profile.
such a%«%‘/ SeisHa sgnsl pErightronking devies or 38ispbyl BBjddThors, sample to the
strip. FI G- 9B the sensor strips represented by series 3 and
8 were sufficiently filled, while the eight sensor
[00163t r i psBecapscewaier-didl iyy derdersmihed frofn The @it 2R MRofiles, the
undeé-filled. Ig_this nner, the@gated anperonetric
same et valies e & deferping the Brestice iaAd/eR crrsntralianogiclie ppplyte may
be useli t ARferfidd ifd@l@fiH-AN doRdRioh Wi, e&‘“hﬁso gﬁdﬁi‘?ﬁﬁ Qﬁ%ﬁﬁe{ b&ermined
~a function typically requiring a third electrode fofr
duringdbewetinle daly cyeles of theysiserqueaane thitbonolengthtrtieg the duration of the

-fil] detern nation s made in less than ten
eleCtrogggg{r(falsgfnal PO |e&?lilﬂgt%?{ ]i*?ﬁulf%ir\/\%f ﬁ%ncﬁl_é%i%tlﬂni _éer’éi]é‘wl@@' to
[00168)i gnal THheortbi@ktion 80¢ke Aendddht LAREHINBrofilS bYRAh E&iBtion and the
i ght en1tt|n? device or_a display, to add nore sanple
resultipg, Coriur pyptilerpls way By Psweioalsiemingiéa-ohange imethe aperature of the
(c0 S} rnent profiles,.the .
s 8 5L, L D30 S 0l PR BB s
in the anciboing devdendr ahithe sofp tohproaidel Hit @empatatube oBgRAdévace or strip,

deeger i.ne if .an under-fill conditjon exists. Thus,
respeciiRhlr - PYIRIC HHly P eiangs i e PRIGKIRAGIOphE! R SRPPE tmpprature,
typical®y Gh€8eRe Blhiﬁrhlg Ui §€a %ﬁ?éf@rﬂqgm ar%%ﬁ?@ﬁa%?ﬁ%&%ﬁe@%ﬂ g"h{e Egl%lperature

. uration of the electrochem ana
differepespeditvvesh the devioncesitip and the sedepirmanatiodnce §iB0ih6BThe hhdysis.

A Sl R A A NG SN

discusfed, tisadmperafiet 8F Mdgankle TSN @Rernindd1 FIG@MREAATME & Rbnstants
sanpl e may adversely affect the anal ysis.

t he , A
plottedcgsng Spction oF teaprratirasihst wisse phieinaddiom threfiffh sxdtationrof a pulse
[ b [P9No) [ ovi de the.
ot DROWESIE LR SIAGS 50N0 5 32 DA 80 o
decay #lté Inerchbridsintabspleteatalitcewitls irtheasiiRrtempemtur€ N Wafiletdde wishing to be

anpl e tenperature, . typically, the device or stripis
bount 39 B R o ke o S iSie Bkt
slowink QIFRAI BE WiBusidH fhebengey Rl@’%gﬂstﬁltﬂ&téjg%%%ﬁ i rthfis %én:- gap. In this

and the sanple may I ntroduce bias 1Int e ana
mannef, 015l B9jpeRyurd of @rspplenganbel detaymined & respade &s a \deddy ratekobtained
from 2 $RSLant astrpgrfvi ously discussed, the tenperature of

PRESCE FSENROSe det ernined. FIG 10 depicts K

[00170¢0NSt agcﬁgsepéaﬁ{fpﬂ@@exﬂierﬁtufélﬁﬁgliB%nd&fernﬁiﬁg@?foﬁji WL frﬁllﬂ@ént current
were obtained fromthe fifth excitation of a pulse

profiles, the same current values used to determine the presence and/or concentration of the

analyte may be used to determine the temperature of the sample. Thus, the temperature of the

sample may be determined during the multiple duty cycles of the pulse sequence without



sequence for glucose concentrations of 50, 100, and
400 ng/dL. The plots establish that the decay rate
w0 pwres®es] i n absol ute value with increasing PCT/US2006/028013
tenperature. Wiile not w shbng to be bound by any
particular theory, this phenomenon nay be attributed
to |ower tenperatures slow ng down the diffusion rate
lengthgyping pibey dpragigs ebntei elesiochepried emaljsis tbryondpthgapreqhined for

I 8hiioh e tenperature of a sanple may be
mnmmgg#%?g?%@%ﬁégoéesponse to a decay rate obtained from

[0017H t r anisi eetaspact,thatenepitite®f tHlAhpN mBPeaUSErSRERbE solving for
epperature may be determined fromthe transient

K by tﬁ%gﬁ)l@ﬁ’tmg WU8HPRes, the same current val ues used to

determ ne the presence Hd/oglcpncentratlon of the

anal yte may be use J@Hﬂﬁ%MWhptemmrMUreof

the sanple. Thus, the InéhiZ® alw(®@876] the sanple my
t he | e duty cycles of the

where gﬁ?f’gagﬁdg ég%gaﬁg élrgql;:{:tllrgeg&tﬁ awng%%l%(f@fgé ]._sgcond)s/ frqm the excitation most
sensiti R 1dinpeRere 28602, s &% Asecﬁgtejaﬁfé'éiﬁtﬂ %ﬁ&ﬁ%&%ﬁl@ &Ttg%ns‘itn% current

el ectrochem cal anal ysis beyon Ire

decay vt 835pGit icothedemperaturat shange. [ dBQU71IRE) IamdolméO.Sl’Ejge%‘e, the natural
: . f | my be determ ne y

s LRIPBE Bl 18 ST LB St e o

these K comstinlls 3&Ses ferfplratidh) as-depitfdd BTG, WOENR thPpddRirdBfthe sample
1 0.379 are the currents at 0.125 and 0.375 seconds

may bg g%mlﬁ By ercarelHondatcton efdietniete The commbtipatumceion may be a

polynofNANHSF tIRUGHVAST ﬂ@@g@éﬁbﬁ@h?t D&Y ?r[)%t 185 I%tg%aynges Jiifferent from

sensitive current cay w respec
the temperapere af thealevrarmge maymiére heGratalydefled theXempeanfe bh@lg sample.

ithmc t. of the tines at 0.125 an
o0 oy GBI i o e Ly L 0,128 and EL
deviceClaNBAAMSNE St AIPOLIS ity %ﬁjgségg&%ﬁw &fﬁ!éightbél%b for the

the tenperature of thé sanple etermn _
rehydratioa of grlPBLAe irenshfegnidibiiom, &fus tiheregsing the Bh@rayrofehabnysis. For

' e olynam al . fiit. of the curve. The
cxamp 1941 B By BORITAT bl 0 SN IE
or 10° 1 belowt sisbieapeipatanie, G pulle @evdnes ndYdod Y ofRh&. such as with
... accurately reflect the tenperature of "the sanple.
ad&“OP%GT??ﬁmkﬁ-advantage of determning the tenperature of
he s I : . . device, is that t . .
[00173’ engt %‘iﬂgf ?% ﬁ%ﬁ asg%fhg%ﬁgleh%)s/& agtmél d(JDf\lj a e’&s%rglga(;l] VIR {]1900 including

contacts 4 20 o1 elattritiln@nfrownitdtien wighyldegichlosircafryal ﬁ?'—aﬂrc]loa BBFGeY 1130.
y of the

i]idbri t hus inc sing the accurac
i one G0 LR R LTSRS, P e Sectract oL TN
recelvefagsléﬁg%cﬁ;@&%r%ﬁ% E@Cﬂlgg&:f%%v mgonbh?%nm' Zi%\p e?lgétd{‘ao?lge? a%}?ieé:g 61&? measuring
device & H\isadenghsid meeasenmg droteschdapted o axeinetarsensud dirip aBimplement

g 1731 FIG 11 is a schematic
gm£da?§%¥g§é%% F%%%g?xg&neasuring devi ce 1100 i ncl uding

[00174cont aGhs cddidbrsiln2elaes hdd toglﬁﬂm_@ie@&'%ﬂi&‘i‘ cWnhfimication with the
.electrical circuitry 1110 and a display 1130.
electrical circuitry 1110 and the corntacts of a sensor strip, such as the contacts 170 and 180 of

the sensor strip 100 depicted in FIG. 1B. The electrical circuitry 1110 may include an
electric charger 1150, a processor 1140, and a computer readable storage medium 1145. The
electrical charger 1150 may be a potentiostat, signal generator, or the like. Thus, the charger
1150 may apply a voltage to the contacts 1120 while recording the resulting current to

function as a charger-recorder.



In one aspect, the nmeasuring device 1100 is portable
and is adapted to be handheld and to receive a sensor

W@ R0070139¢0ich as the strip 100 from FIG | A | nPERUS1ve6/028013
aspect, the neasuring devid¢e 1100 is a handheld
measuri ng devi ce adapted to receive a sensor strip and
i npl ement gated anperonetric pul se sequences. [001741

[00175]he coTaptctedsd2( 120 emaxd dptidelbdiripdl Ooontausib&inr withl the charger
ommuni cation with the electrical circuit

111 d .
1150, %h?ec%@weacrﬁgdab%e Howagn sendiuge 1ilhd, apddhe éssplqygly 138n tlg @?Qchafger is
0 ; . A
o oy RS, W BE0SE 040, JPRRR SR BfhRont e

contactd E@0ri ¢ charger 1150, a processor 1140, and a
onput er readabl e storage mediym 1145, The electrical .
100172 ge?ehéﬁ%pwﬁx/r sife Sivedh Mot 145 i) D ahes are. medium,
such & mhARtik! Eftical NénicddMRcOh FAGREry, AP Bke PR cdnputer readable
voltage to the contacts 1120 while recording the
storage ewdium httScmey bet fixed nfeaumey devicasr aranhevelemenaeryrdgeice, such as

o g EAOSRPIIGAS ity BB 10F B e et b B piche 1O

displa¥ B@aptdtato GRdplayldddnuh BEcat RoABIHger 1 eadabl e storage
nediun1114£, and the display 1130. If the charger is

[0017Hot ad¥preadhe contastsr of & sepet strip HONHHRS $is sHMAIY Aue A electrical

. : t
comnRHAPLA P HFERE 41308 HStlr 8144y 8901 98! Syreor 1150
apply hldibedmayipdrematric piley sg@emediouthr saspth tlas st@Egngthe analysis. The

optiﬁfl, senicogductor menory, and the |ike. The o
processeing it Mayesifra iPe alysi dpdetoarui MussRriPngRf 3 seRsesFirip, the
TSP ASHACE 0 PEATRERLS TRl 948 A8y PR 8 v,
examme. digital, in one aspect a LCD display adapted to

i spl ayi a nunerical .reading..[0017 en the .
001788, o8 s o et PR Riisohg s SARG & Brampric puise
sequeleemhl  HeabrovERAMBNIceRPLRA ¥Adablet BtwwRBtREE Stdkd®Gn th®&omputer
rocessor 1140 may direct the charger 1150 to apply a

P . . L
readabjastetroampeiundl 43 cThurads machreehiect cods peanyanipareods fepsribing or
con‘cro%lﬁ\I [ {Henﬁngg&aﬁﬁﬁhgs%hﬁed -irxp Shis %ﬁ@‘fﬁﬁgﬁr %49atgqﬁats1%§{l{s from the

t anal'ysis 1M response to t i nsertion of a sensor
gated Sinfgepométtie pudgEpkéquahdeo magf ba sabjepike thoore pr eNdreuddty treatments,
. inserted sensor strip, or in response to a user ing¥t,
includgng; theecj@éc;fﬁ]l%qtlopc)@fle}%ﬂay|rﬁ'@§,r Igcqqnéﬁgtsr é]@a?sdilﬂtgrcepts, and/or sample
tempekﬂﬂqu%ﬁg %’éfb&gopf 140NqaRL ?&uﬁ!ﬂéﬁ&l‘? L ChGedttd afhlyte concentration,

sequence y be provided by conputer readable software
outputdibe stispiaydl i30. t Ae withnpe tisstructi@mdapdrdingttbe agkse seglicues, the data

1145. The code be obj ect e.or any other. code
neam§BCRpY BF REBPenBa e riar PGt h o Ler ST J e es fugre code
storedifl tRd Yot RRRIrb&Rble@fbradd@edlaal ysat results fromthe

ated anperonetric pul se sequence may be subjected to
[00173he or Wihoat dattng Heatcapntapplicationl odimpjempetation, the methods and

systen?sﬁérgﬁigiel%? éi'eéjc%rl% %} {)n%? g)g)é%f) %‘I'n%%tedlﬁsﬁi%qgié ?orllltoév'inf glggr?f%m:

[00180] Step 1: Turn on biosensor power
[00181] Step 2: Perform biosensor self-test
[00182] Step 3: Setup to poll for application of sample to sensor

Set ASIC polling potential to vyen
Set ASIC threshold level to iyigger

Set polling periodic timer to expire at intpey



tenperature in the processor 1140 and the results,
such as a corrected anal yte concentration, output to
wo b@7d1pt ay 1130. As with the instructions rep@r/tib1ug6/028013
the pul se sequence, the daB& treatnent may be
i mpl emented by the processor 1140 from conputer
readabl e software code stored in the conputer
[00183]eadabbtepdt or age nedi Slasmliioﬂr&ssa[yﬁ{g]iﬁg]serwlthmhtl imting

the scope, applicatio ér rﬁ) t| on, the. nethods
and systens previ ousﬁ{iﬂt g5k% 1’6%8“ B’é‘eﬂ?pﬁxéﬁént ed
using the follow ng akgad ARME CLQ‘%Q‘?‘% Step 1. Turn on

bi osensor power [00181] Step b| osensor
sel f-test [00182] St eEnéble 8&@ phreshoprbddtedt@r(irigger)
appl i cation of sanpl e Set .ASI poI ling
potential to vpoll Sef" qﬁﬂ%@%fﬁawd VreWel to

itrigger Set polling P&kdtQehser LhdmBEl WRicE% %:blfe@ @£e11t1a1 to sensor
i nt po” WO 2007/ 013915 PCI/ US2006/ 028013

Step 4: Setup for ass‘%ﬂiltrfgrﬁehfélngélmﬁdboncurrent V\alt

oot pokbR peredi TSl P ISRl She

[OOlSﬂnabI eStrapI6t| ng pot ent Dalay @u@d b Jenbe] wedentsgaor channel
%\lm ch applies potential to sensor.__ Wit for settling
[0018¢)i e tDWR7: [ 00184] St Bpomdetyeiton qffSapmle ABPIKEHOR Ur r ent

exceeds the threshold ﬁwqﬁﬁé%%ﬁp 6: Delay and test
6 186

sensor current again | ep 7: Upon detection of
Sanpl e Application stlamichpoisetsequgnté me | aunch pul se
equen 00187] Step - Measure sensor

wﬁm@urren%@ [8 ,1 and i1, %SIS?DEFQ‘?%%&}S&P?% CUFTERtS Ha A §1sget
Pul se 1 dur ation to dpﬁ;seS@gtaﬁggﬁ@mgﬁensor pot ent i al
to vpl Select sensor channel to apply potential to

sensor At tinme t1,1, heldbilsed dunsortoshgnal , save val ue

as ADSI1 At time t1, ure sen naI save
val ue as ADs18 [00183?“%? FBHOR !{liﬁo%

Re- st andar di ze el ectr Sﬂbcﬁt%ensm channel to apply potential to sensor

At time t;,;, measure sensor signal, save value as ADsg;
At time t; g, measure sensor signal, save value as ADgg

[00188] Step 9: Delay 1 — Re-standardize electronics
Delay 1 starts at end of AD; reading, disconnect sensor
channel
Delay 1 ends at beginning of Pulse 2
Set potential t0 Vgandardize
At time t.,, select reference resistor channel then
measure signal, save value as ADg;
At time t, select offset channel then measure signal,
save value as ADg;
Note: sensor currents starting at Pulse 1 are calculated
from the ADg; and ADg; measurements

[00189] Step 10: Pulse 2 - Measure sensor currents iy ; and i, g
Pulse 2 starts at time t,,

Set Pulse 2 duration to dp;



Delay 1 starts at end of AD2 reading, disconnect
sensor channel Delay 1 ends at begi nning of Pulse 2
w@edo7padenti al to Vstandardize At time t,1, sePEDUS2006/028013

reference resistor channel 3hen neasure signal, save
value as ADRI At tine tc2, select offset channel then
nmeasure signal, save value as ADOL Note: sensor

currents starting at $utlPsisel snsorgatentiblabeg, fromthe
ADR1 and ADO, neasure nts 00189] Step 10: Pulse 2 -
Measure sensor curr en®SSqt SeuEoLpRpnnel tg aPlFlé{IP@éc*'nEa]stPei?@S@

at tinme tp2 Set Pul sepgiigduiat LRk \(%H 3)
PCT/ US2006/ 028013 36 et kil e ﬁ{rgse%%rr a?%%%”’@?%mm

vp2 Sel ect sensor chafhihetx, aepiuye poberdgmal, shee wdnsarADs,s
t ti ure sensor signal, save value as
[0019 i 3y s 3

DS21 neasure sensor signal, save val ue

as ADs28 [00190] Stepeldt? sk@lsay edd omb@regdﬁ Hid®nAdct
end of ADS3 reading, di s%onnect sensor chanln% ' Pﬁéc Sensot

2 ends at beginni ng othapiglse 3 Sel ect of f set channel

to di sconnect sensor Ll%%?l sz%tb ngngq%t#uzsg?)s -

Measur e sensor curren]P starts

at time tp3 Set Pul S&l&tdﬁﬁatch@mleﬂm&i@dﬁnﬁ@dtlsﬁﬁbﬁe 3I
ensor_potential_to vp3 Sel ect sensor channel to apply
[0019]aot ent ! 51? 1?0 sendyse Ar Measpse seser cusgeatsbe 28 hisor

signal, save value asp ,ﬁg@g&aﬂ%y@g{s t3,8, neasure
sensor signal, save va A f 00192] Step 13:
Delay 3 - T1 and i wetSdD@ubsy 33lusitamtts dgt end of ADS38
reading, disconnect Set Pufie 3%21?8%?%012611’[1&1 to Vp3
Select sensor channel to apply potential to sensor
At time t3 ;, measure sensor signal, save value as ADsg3;
At time t3 g, measure sensor signal, save value as ADgss
[00192] Step 13: Delay 3 — T and iy
Delay 3 starts at end of ADgsg reading, disconnect
sensor channel
Delay 3 ends at beginning of Pulse 4
Set potential t0 Vgindardize
At time t.3, select thermistor channel then measure
signal, save value as ADy
At time tyer, select offset channel then measure signal,
save value as AD et
[00193] Step 14: Pulse 4 - Measure sensor currents: is 1,144, and 118
Pulse 4 starts at time ty4
Set Pulse 4 duration to dys
Set Pulse 4 sensor potential to v,
Select sensor channel to apply potential to sensor
At time t4,;, measure sensor signal, save value as ADga;
At time t, 4, measure sensor signal, save value as ADga4

At time t4 3, measure sensor signal, save value as ADgus



Del ay 3 ends at beginning of Pulse 4 Set potential to
Vst andardi ze At tine tc3, select therm stor channel
wo b@nomasure signal, save value as ADTI At tPEEUS2006/028013
t,,,et, select offset chandel then neasure signal,
save value as AD,,,et [00193] Step 14: Pulse 4 -
Measure sensor currents: 14,1, 44, and i4,8 Pulse 4
[00194): ar t sStep 16i me t Palagdt— Pul se 4 duration to dp4 Set

Pul se 4 sensor potent a 4 Sele sor channe],
to apply potenti al tob é‘ﬁs%rs\{%f a ﬁﬁgtﬁsg‘%sﬁeé‘?gw@ isconnect
sensor signal, save vanht&e @R&nfPS41 At tine t4,4,

nmeasure sensor signal, save value as ADS44 At tine
t4,8, measure sensor QP]@Mélend%at\l@gV@lmgeOfdﬁllsQMS WO
2007/ 013915 PCT/ US200. 94] Ste 15_
Delay 4 Delay 4 st arfélgég%é% ’?ﬂek%gﬂﬁgt%ng E@S
[0019%]i sconSteptl6: sensPulsehaMeaburDebiyr durfhes igt 159%66& ng
of Pulse 5 Select offset channel to disconnect Sensor
[00195] Step 16: Pul sEl&e 3 stggaaijimee bensor currentg
151, 15,4, and i5,8 &YpSRe3 H1-1 %t time tps et
Pul se 5 duration to d§5 Sete Pclﬁ}‘ltrseotngL s&nsor pot enti al
to vp5 Sel ect sensor Sﬁt:i’mtselS Sanwppteyitlﬂctbleggtl al to I
sensor At tinme t5,1, ure sensor. signal, save val ue
as ADs51 At time t5, Qgﬁié%‘% chagpeldp a 1§irﬁ>ateﬂt1%149éensor

val ue as ADS54 At tlﬂ?tnh@tﬁ;m%?é%e%s@t%‘f?ﬁf sSvele as ADgs,
save value as ADs58 Disable ASIC anal og rict i ons

[00196] Step 17: LookAtiime ks@geeaam sesoe sigegt sdvevaluetas ADgsy
cal i bration nunber S val ue for curr
calibration nunmber | njtx tﬂl{%) ey eEptc VAFg S §8 S%Yﬁ"fali“}ﬁas ADsss
| ot calibration nunbdblsawlgmmaﬁﬁbgﬁulﬂeﬁonﬁdl ust sl ope
[ f t enperature effect
[00196? nd i rgtg;g ?,?:pt Qﬂook urir)'p slope and intercept for lot calibration number
S = Slope value for current lot calibration number

Int = Intercept value for current lot calibration number

[00197] Step 18: Adjust slope and intercept for temperature effect

[00198] Step 19: Calculate glucose concentration at 25°C

[00199] Step 20: Convert to target reference (plasma vs. WB reference)

[00200] Step 21: Check underfill

[00201] Step 22: Check for “Abnormal Behavior”

[00202] Step 23: If low glucose, check again for “Abnormal Behavior”

[00203] Step 25: Check for extreme glucose levels

[00204] Step 26: Display result

[00205] The algorithm may have other subroutines including those to check for errors

such as sample temperature and underfill conditions. The constants that may be used in the

algorithm are given in Table III below. Other constants may be used.

[00206]
Constant | Description Value | Units
Vpoll polling voltage 400 mV

intyon polling interval 125 ms




[00198] Step 19: Calcul ate glucose concentration at
25C [00199] Step 20: Convert to target reference
w@ ploasnmmys. VB reference) [00200] Step 21: OPerkKS2006/028013
underfill [00201] Step 22: 4Check for "Abnornal _
Behavi or™ [00202] Step 23: If |ow glucose, check again

f-or—Abnort ] Step 25: Check for

malBehavior™ [00203
Copstank gpﬁﬁ,“é&élqnevel s [00204] Stsp 26: h[)l\éﬂhay Uaitsl t
UUAUbJ IB@Hﬁlé&(ﬁfahbﬁllll may have—other—Sti \.igl. ”bnlﬁlﬁrgltes

PHcl udi n € t0 check for errors such ‘ds sa

t.gpper at theeshold detedetiig laﬂmﬁrfyﬁdltl ons. TheggnsTt S
E%P mayl-be used in rk?g lgarithm are gijven |na]%1bl e

TTIeT

b1l bel oWpuley hatartdistest ants may be used. [©0206]]s

nstant mVatve—unai-ts—Vpoetipet-hy
l\%l t age 4%%§en{/dﬁ,rah§ Holl polling interval 125 rrB S\?@’l}d
12007/ 013938sePCT41t4p208R] 028013 4T Constanyopescription

falue-Unjts 4011 polling duration 10 m nutes

\ A% LIS~ 2~

Bgri gger| WHE O proSer Qiﬂeﬂteebneadlnggger cur r ent 0289 niAset pl

Ui S5t r'flnn 4 second

Fa il
T—otH—at+-0hR—1—Sseconag

l?/f)l pul ssﬁr%é %etns%recqrrg{}teﬁea(ﬁaéﬁ Utl | ti h00f |sRsor
gurrent regktReadindriseS sec T1, 8 Time of [§§AF0T|

current reading 2 1 00 sec tcl Offset reading tine
t 125 seldRefewacRending tice reading ti meol 25. 2f§ec st1ep2

urse 2 O S€C upL pti—Se—= =+
tgzecond vﬁpgéepzu%té%ﬁglevol tage | evel 200 nV _1t52, 1 [t%¢fe of
densor cuiule dure@stl ng 3 1. 625 sec tZ, 8 (ine or_s§g or
current rnndlnn 4 2 50 sec tD3 Dulse 3 start tjine
Ygec dpi pﬂ}ﬂ@ez@@g?kt\fpbn 1 second vp3 plkee 3 |waVtage

t'z, Ievei 2 UmHé’ of sensor current reading 3 1.625 sec
28 time of sensor current reading 4 2.50 sec
Ly3 pulse 3 start time 3 sec
dy3 pulse 3 duration 1 second
Vp3 pulse 3 voltage level 200 mV
131 time of sensor current reading 5 3.125 | sec
138 time of sensor current reading 6 4.00 sec
I3 Thermistor reading time 4,125 sec
Lyt Time of wet sensor current reading 4,25 sec
lpy pulse 4 start time 4.5 second
dyy pulse 4 duration 1 second
Vo4 pulse 4 voltage level 200 mV
75 time of sensor current reading 7 4.625 sec
44 time of sensor current reading 8 5.00 sec
t4s time of sensor current reading 9 5.50 sec
Ips pulse 5 start time 6 sec
dys pulse 5 duration 1 second
Vps pulse 5 voltage level 200 mV

Is,1 time of sensor current reading 10 6.125 sec




t3,1 tinme of sensor current reading 5 3.125 sec t3,8

time of sensor current reading 6 4.00 sec tc3
wab@rmimtdr reading time 4.125 sec tivet Ti nePOf/USED6/028013
sensor current reading 4.2392sec tp4 pulse 4 start tine
4.5 second dp4 pulse 4 duration 1 second vp4 pulse 4
pttage—tevel 200 M/ 6.1 tinme of sensor current
ﬁé’&ﬁ‘iaﬁb 7Dgs@infiogec t 4, 4 time of sensor qWaleat | Units

f.gading By Senser—gurrent

rgadl ng @ éXS&EBrCLH%I?rCa élé start ti m=.6' secSdp5
pel se 5 jtlnﬁtolf©d§hs&\r@.&%ﬁﬂﬁbadﬂ1@52pm s€ 5 valTgge &\I‘ei
200—m/—+t5-1-time of sensor current readilng 10 B

sec WD 2007/ 013915 PCT/ wsma%mzsols 42 Const ant

002 scri I t5,.4 time.of se urren
[ Oﬁa di nvgﬁﬂll% Q,(%I\@ku %%%%Hnﬁ‘%mé C)t%tﬁ% myention, haye n@???r‘%ﬁ?“bed it will be
epperenciadhisg af2rainag SSALiATABKE otk OHBIA! £4BEHI M aions r

nts of . the invention have been describ
posmb@n"flﬁmﬁ esﬁﬂi}f’a?féh? nvgntitfese of ordinary skill in the

art that other enbodinents and inplenentations are
possible within the scope of the invention. WO

2007/ 013915 PCT/ US2006/ 028013 43 CLAIMS: 1. A nethod
of determ ning the concentration of an analyte in a
sanple, conprising: applying a pul se sequence to the
sanpl e, the pul se sequence conprising at |east 3 duty
cycles within 180 seconds; and 5 determ ning the
concentration of the analyte in the sanple. 2. The

met hod of claim 1, wherein the concentration of the
anal yte deternmined fromthe nethod includes | ess bias
attributable to nedi ator background than a
concentration of the analyte determ ned from anot her
nmet hod | acki ng the pul se




sequence conprising at least 3 duty cycles within 180
seconds. 10 3. The nethod of claim 11, wherein the

weoncemorati on of the anal yte determ ned fronP@©S2006/028013
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met hod includes | ess bias da8tributable to nediator
background than a concentration of the analyte
determ ned fromthe sane nethod | acking the pulse
sepaersce conprising at least 3 duty cycles within 180

seconds. 4. The d of. clajm 1, wherein. the
P H oyt 4P B & Sferrining thy BiisgnEaont pAnpnak "%h@sample

W% ; clalml wherein the analyte is glucose.
T od of claiml, wherein each of the duty cycl es
conpri ap@i,yiag] a Imlsei seqterme tattha shingked thipopelst seduener camprising at

rel |on 7. thod,of claim®6, wherein a
Ot G il LB S ane g 20’ each of the
exci t aldt@fsning theldd@cdRiafod onhe%@l‘y’f@ iAthoheqaé.n the
pul se sequence conprises a termnal read pul se. 9.

The med-hod Bife meéhqd\ of oldimr éi whetein gl senceaiiabiore @fithe analyte

errpléli;edl[ ]g'ylélr th% G n }%ﬁLhd%s ir:]sglcbtil dl a[t}%lbué%'lel& ﬁlﬁﬁ&tor background

nfﬁtaﬂi’l 3] @oﬁkfenﬁbt@cbrﬂd)ﬂthe Ehmyﬂéefeteﬁl(ﬂﬁﬁﬂl fEdoh gndtB@SHEhOE lacking the pulse
resulting currents and determni n% a pl ural ity of
cHHPHICCPBRIIPBE At ast Sk Alearithind 80 sepndsthe et hod

of claj m 10y, WherRi of N ﬁ‘lurlat\&;h%fkl find b:%n@éﬁlt flon of the analyte
¥

sequence is determned fromthe pluralit
cédtérhriadd Grompthie nhethod Zoclikdee leBstH‘nm:iatu{butd‘tﬂR m h@diator background

erein the deter n|n of .the an 30 .
V@ﬁl& LSPGO B e fgaying éﬁ% MgSame Pfdiqglacking the
s@ie\e{ﬁ@ﬂc’e%mﬁﬁsﬁg Li REABI Ry BRI&Sithin 180 sdddgasret hod
claim1, further conprising determining if a sensor

st rip 4. cont"a"hmm@gmﬁrﬁ dainpll ewhereimthersamipld sda Watdd qomeprising a
€. %%) 2007/ 013915 PCT/ US2006/ 028013 44 14. The
1) ]élraiml?;, wherein the determining if a

sensor5stri Phe GebaioN R I NehsRIhe ahdytdngehicddel | ed
i ncl udes determning a decay rate. 15. The net hod of

c| aim@, f uTh%élet}@élﬁﬁrql%mn]g Hesraip geeh altherflity cycles comprises an

gg{f@ r ﬁ}g& ned by a sensor strip.
5 .g{l ytaeﬂ %ﬁld}é)l{@?la al aere%%,gﬁ(\?dier ein the determ ning
of the7t err‘p@h@tnﬁtlﬁadoéf clatie 6 anipiréin contragnt edlusyisarecorded during

senfior strip includes determ ning a decay rate. 17. A
REFRF KSHMAYS: neasuring device, for deternini ng the

concengrati 9Re Qﬁetﬁ&l A he 1) Rvifer&a MRAkE Epul SO BB deRbd oRprises a
gat ed anperonetric nmeasuri ng

terminal read pulse.

9. The method of claim 1, wherein the pulse sequence is applied to a
sensor strip including a diffusion barrier layer on a working electrode.

10.  The method of claim 1, further comprising measuring resulting
currents and determining a plurality of calibration points from the currents.

11.  The method of claim 10, wherein the duration of the pulse sequence is
determined from the plurality of calibration points.

12. The method of claim 10, wherein the determining of the analyte
concentration includes a signal averaging including the plurality of calibration points.

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

containing the sample is under-filled with the sample.



device adapted to receive a sensor strip, wherein 10
the gated anperonetric neasuring device conprises at

wo easn1Prd device contacts in electrical comegi/Ust0eoRs013

10

15
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with a display through eled#rical circuitry, and the
sensor strip conprises at least first and second
sensor, strip contacts, the first sensor strip contact .
in el ettricat® B n?%gltﬂ}l%rﬁwvmﬁreanv%? Kietetmistieg: iff I@dsensor strip
tailhigg t i 1R hAus il electrica
gdg)ﬁwulni %;ﬁﬁmﬁ 1t§ Eﬁg&c%ﬁér?tler ! ee%gfc:e ?e (rhtén elHg %g %Zﬂlr%tﬁ_g h
conduckder s, Tighenethothepbi eladm f iy sﬁﬁme%ﬁgan?pﬂi@ygr détiﬁnﬁﬂing the
the el ectrodes, the firs reagen
ﬁgr)r/l %ﬁ%ﬁgﬁg gém%lﬁ C8%a’d]8é ééﬂ GEPROESER at | east one
speci el$. of Ehereetbyd pedlbim 18 -wiltrdR O, 'ﬁ&%&"me%ﬁgerature of
p e

the concentration of an analyte in a sanp
ég‘ﬁfﬁn’ﬂg? RePteiRed By # sensppsteip projidey detepuiniey 5 éepag :ﬂﬂi.st o3
h et e uence conprising a e 3
f}lu;e yS?yW& ot vvlt?lt(?1 ﬂ@%ﬁS&ﬁ'ﬁggg 0 r{Bga}Sl‘ﬁggs GFYis t’%?é determining  the
IceBeAntretion oflam amntyss intpfinple) GompHaha o paad qﬁ@;g}?ﬁl?eg?? glneasuri ng

ts; and determning the co
SRR A SHGl GUE™HF a fesersirm. hepgn 15, A handhel ¢

| vV} ad 3. 1 .t he concentration of .
Al o e el e O SR Saap o device
cerigrty & glegEnd somsmiqation nethcedissiey tHeQUHRN d1&dtfeh] circuitry, and
contagfs,. at least ane o{i sgl ay, and 30 el ectronic acts.
circui lﬁer §/en(§_‘srt agp i“SHPHE et JEtst | ’6_%“ and sieRen &ESPIoRIrip contacts, the
tfiedt \wexesor ki coaftEigtefectdag c&rﬁﬁuﬁifcﬁ‘tgéﬂithtanﬁorﬁlnrlgcelllécttr%ge and the
conprising an el ectric charger and a processor in

é‘?cg?gfl rSCRST fEPnReAtachin GRectridab cpmonmEmton i witle|ae 6umit@ablectrode

g{q@m I | a conputer readable storage nedium
ggrrpri soﬁlﬁgétg% Whu%%r readabl e software code, which when

VO 200168188 16rsPERB2R06 R289 13 1eAP oﬁé(%?%hg%l&}/ro&&? the first
rocessor, causes the charger to inplenent a pulse
ge@ ‘Efgﬁ%yéf CUBABIE SR Rgidareduetass arngl af leayt enecipesienw f diedod Br,

be q 0. A nethod of reducing
the by 55 attTrnot SpreepaPElSne e Ry BLmd epfivg 1 o Smple,
ervEisig b actoncent rati on of an analyte in a sanpl e,

the mpthod comprising the acts 5 of: applying a pul se
sequer#é%ﬁ t'e A MBS SHPFRCe tonidie sampée, dbeyplie seqwmpe iceinpgsing at
labist BIMty&Sthnqg@g@cgngg;t hin 180 seconds.

measuring the resulting currents;

applying a data treatment to the measured currents; and

determining the concentration of the analyte in the sample.

19. A handheld measuring device, for determining the concentration of an
analyte in a sample, the device being adapted to receive a sensor strip, the device
comprising:

contacts;

at least one display; and

electronic circuitry establishing electrical communication between the contacts
and the display, the circuitry comprising an electric charger and a processor in
electrical communication, the processor in electrical communication with a computer

readable storage medium comprising computer readable software code, which when



21. A nethod of determ ning the duration of a pulse
sequence including at |east 3 duty cycles within 180

waemoent®1s f or determ ning the concentration of PERUSZ06/028013
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analyte in a sanple, the ndfhod conprising the acts

of: determining a plurality of calibration points
determned fromcurrents recorded during the at | east
Sexgatitypd clyyc Itles ;pravedsade tcewset rnhogehiatger dor ahplemewf at pdse sequence

| se. se nce i.n response.to the determ ned
TGRS Be R Gint R0 o pris Lelves heyepmsasts. o
met hoth®f  SAGR&hNEE @d&’eﬁﬁé tHe®iAAdfuBHAbld 8MaddifeMcReloBnd in a

a sensor strip, the nethod conprising the acts of:
déatenminedd eapcetitration of emsanalyge i p simplgntherméthpd edmpyising the acts
determi ning a decay constant fromcurrents recorded
during at |east two excitations of a pul se sequence

i ncl udagpyiag a hi8asteqletls t B aRpleNithd billsd 86 RAE6OBESPrising at
and 20 signaling the user to add additional sanple to

t lgast Seigpeycdeswighin 189 peeosds- i p is  under-filled. 23. A

nmet hod, pf dgt 1 N ] Il e I . .
cont ai 25d b oL bRk TRENBut o £ e SRk fncluding at
t kesta® tdutyoeyclde twathin Mis0gseaomtBe dyr demshiaine fheotbncentration of an
currents recqrded during at, | east two, 25 excitations
o‘i‘nai\wfﬂ}} %%a@gﬁrl}g‘?ﬂ&“@ﬁﬁoﬁd: marisgedhe 3¢k 3 duty cycles

wi t hi ngk&6higiRe0RdSiuralRP dof Uafifilafibi n]%)iﬁ@edgt@ Hhed from  currents
constant wth a tenperature value. 24. A nethod o

decendpil dinng thhet besiCeditty aydlemand an anal yte, the

e aoenss PR Aal: 3L Bl ARuFRRIY P RiigRg aceminea
t édiRentRfioh @ tRCHkalytd @ tBE sdn@sis. t han 180 seconds, the

pul se sequence having at |east three duty cycles, the
duty c¥el e Advsthed ahsigvadingatusentosdd additipsalsample toye sensor strip,

c e ty cycle having a rel axation;
V%@%%}S}}d&%%@g%@% ?@5% 6/ 028013 46 measuring at

| east dterntitingenthependor lseip @nddeefiisdbndagniib@g a decay constant
concentration of the analyte in the sanple in response |

t BomrarTghts reoEesd GBSl IsREvosKeatjogs 0D 5 pulsp seqrigp¢rygcluding at
0 lxaq 1=y Lhation is less than 5
s%gﬁgggﬁ}éﬁ%%. Tlglﬁg%ﬁgga%%hglain124, wherein the

r el axasigaalinigsthe eisgrotosiddeadddiconl sopan teithe sdnsor strip if the strip is

under-filled.

23. A method of determining the temperature of a sample contained by a
sensor strip, the method comprising the acts of:

determining a decay constant from currents recorded during at least two
excitations of a pulse sequence including at least 3 duty cycles within 180 seconds;
and

correlating the decay constant with a temperature value.

24. A method of determining the concentration of an analyte, the method
comprising the acts of:

applying a pulse sequence to a sample of a biological fluid during a time
period equal to or less than 180 seconds, the pulse sequence having at least three duty
cycles, the duty cycle having an excitation at a substantially constant voltage, the duty

cycle having a relaxation,;



27. The nmethod of claim?24, wherein the relaxation is
at | east 0.5 seconds. 28. The nethod of cl ai m 24,

wob@r®eiiri he current profile is a transient CRCT/ES006/028013
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profile. 10 29. The nethod4ef claim 24, wherein the
current during a relaxation is zero. 30. The nethod
of claim24, wherein the pul se sequence conprises

squar grea¥aiR R WaStesne cdkrentifiefikpidind of cl ai m 24,

wherei n the pul se sequence has a redox 15 jntensit

of at dfemsining thg comzntratien ofdhherple i thgisample In £ERPPRREr 0 the at
rising determning the concentration of the

eas eculnnntrpergg%nse to a current profile when a

r eI at |288| y TGie msdtiadtt of othiifnf 245 mdereirathe eqéitdtioa mksassiﬂnamblseconds

species is reached, 33. The nethod of claim
f urt h@ﬁ corpeimethed o chaim Zhi Weerei the 6131@7(%%)(11315 Isgpogfive to an

?ﬁﬂ on constants in response to the at |east one
rren profile. 34. The nmethod of claim33, further
conpr 291 ng Tehe tneatho o frdaitrh2sd, mibetmdn tlmfrelaxiattoyl 139‘8:“6% OiSrseconds.

cal i b3t ol PecOReodrlsEIagE ST REClR o OOt P ey @ tansien

CH&&Qgﬁoﬁ@npr|S|ng 25 determ ning the concentration
analyte in the sanple in response to each set

of calZobr at’ﬁlmnmetbnétoef rlaim 3hdwheremalie ryrienk during a relaxation is
concentrations of the analyte fromthe sets of the
“%Ybration constants. 36. The nethod of claim 24,

furt hey. comeirséthed sedigintiwigreth ek ffulseangoimce 30mptiges pquare-
is under-filled in response to the current profile.
3vavepbsesret hod of claim 36, further determining when a

Sensory str el FretrdQAGH clainklﬁd WHELn nd gﬁlv §e@ﬁ1§nc‘%f hatshg redox

current pro I e°T's | ess an a selecte al ue.

netehsit) effat tdasi MOB7, V\her ein the sel ected val ue |s

-0.1. WO 200Q7/01391 / US2006/ 013 47.39. e . .

met hod2of cligi Heho o f O tqhem c?o‘%«pgf °h g CYBRTIE n;?qamanmg the

tc%ﬁP&ﬁﬁhHﬁ &f th@fanﬁltﬂf?e 1§%H§Hoﬁsé 3 o @SRANSO il OwherfL EAMiVeRf @nstant
of the current profil 40. A method of determ ning an

ahffhsiverdtmofthp nrcﬂaslga@aISpffCIlQSll@Ireatﬂkﬁéi met hod conpri sing
]E |h$| 30 3 gfggen@gﬁiggg)?%wﬂ ﬁ, %‘{’HH%% %or%%rigiplg e?tiagllis%%gcl%hltiple sets
of calibration constants in response to the at least one current profile.

34.  The method of claim 33, further comprising determining the number of
duty cycles in the pulse sequence in response to the multiple sets of calibration
constants.

35.  The method of claim 33, further comprising:

determining the concentration of the analyte in the sample in response to each
set of calibration constants; and

averaging the concentrations of the analyte from the sets of the calibration
constants.

36.  The method of claim 24, further comprising determining when a sensor
strip is under-filled in response to the current profile.

37.  The method of claim 36, further determining when a sensor strip is

under-filled when a decay rate of the current profile is less than a selected value.

38. The method of claim 37, wherein the selected value is -0.1.



transferring at |east one electron froman analyte in
the sanple to a nediator in the sensor strip;
W@pPrY139gs a pul se sequence to the sanpl e duri NBCHUS100€028013
period equal to or less tHan 180 seconds, the pul se
sequence having at |east three duty cycles, the duty
cycle 10 having an excitation at a substantially
const &9t vaiHeag@hod becleliut 34, dyiche doaprisggaletermimx@th i@merature
anal yzing a current responsive to the excitation of
tofh Eherramply MIPWosERle; acdecaiide olfBe EVIS P &n anal yte in
the sapple 4 i  a $iolodif ATRE,NAE method
of ci i ad- TSRS byl En b ATl o Bologttl fTE e metho
exaipiising thel&ctaofireasur abl e speci es. 42. The nethod of
claim4l, further conprising.oxidizing the analyte in
5 the sdhfspdicings Saple R BepIgscn (3 oAsentqy shfor
conpr g rﬁr%déi%arég A\ B ARA! N ah BndIHS in BRRhPle BA fédiator in
The neﬁ?g% of” cl ai n$41, eWher el nat he pntgallgur ablnz) speci es
itbe sdmeoraatiap;yt e.  45. The nethod of claim 41, wherein
t he neasuyrabl e ecies i mediator. 46. The th
of ol ZPRYNE * PURE ReP BB TS PP Eebbpaiigne RETelFRaRo or tess
dHfid 08D §oBn®X BictlldeRq@dhcd hhviAg bt RAstQhret B cytles, thB@luty cycle
met hod of claim40, further conprising determining the
10 pdreggnae exgifatioh afna shbstsatially rroppiants YpkAgs. theg dutpheycle having a
net hod of claim40, further conprising determ ning the
crgfr%%thcfnrati on of the analyte in the sanple. 49. The
met hothn@fyziigad durds rebpurisherto dergeitaiongif tleameasurdld fpecies; and
nmeasur abl e . speci es _i nt er nal tgecia di ffusi o% barrier
| ayer ; deiriEring SbBRAIKIITR H19 SHmBiCP ERPABS P ORT @XE-at i on
the megsur aﬁlleemﬁ%'ég 0 Be1a8% UB! Adthel QniftRingddiEdizhORically exciting
barrier layer. 50. A sensor strip, conprising: WO
15 20040130 fpePEeT/ US2006/ 028013 48 a sensor base having

at least t conduct .under dielectric |aver. .the .
at | east t E’Sﬂ’@gcc%{)@@“bgf’nﬁﬁé%ﬁoé]&?ré%ng 8X§¥21 & Higy ahalyte in
tye sghpet rodes, at |east one electrode having a

difftision barrier layer; and a lid at |east parti aI]IéﬁY i
coveri4y t hEhswathed ofakim 4 hwrthpicomnrisingyredusiag the anplyte in the

Iai gaplés. havi ng a concave area and an input end opening,
20 44.  The method of claim 41, wherein the measurable species is the analyte.
45.  The method of claim 41, wherein the measurable species is a mediator.
46.  The method of claim 40, further comprising recording the current

during the excitation as a function of time.
47. The method of claim 40, further comprising determining the presence
25 of an analyte in the sample.
48.  The method of claim 40, further comprising determining the
concentration of the analyte in the sample.
49.  The method of claim 40, further comprising:
exciting the measurable species internal to a diffusion barrier layer; and
30 substantially excluding from excitation the measurable species external to the
diffusion barrier layer.

50. A sensor strip, comprising:



wherein the sensor base and the Iid forma cap-gap.
51. The sensor strip of claimb50, wherein the sensor

whame/oconpri ses a working el ectrode and a couPtBDS2006/028013
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el ectrode, and wherein the4%orking el ectrode has the
diffusion barrier layer. 10 52. The sensor strip of
claim51, wherein the working and counter el ectrodes

are i n substwee hatiny dt heass ane cotdierd dndébhe dsioaiar layer, the at
stri of claimb51l, wherein the worKki n%éan co nt er

deast Proerasiugioes @@&P%ﬁé@tew trleast o e a%&ne electrode
T'Qﬁl til f}ﬁ%gﬁ‘;érgepfa Gl aiqn 51, wherein the vvor ki ng and

coun ectrodes are separated from an upper ’
porti mnhdaﬁt lehset phitthilg\coatringeths tserls00 base, 8. lidTfoemsens went, the lid

strip of claimb51, wherein_the counéer el ectrode is
é@ﬁ?@@ﬁ%&%&%%%ﬂ@@@@@?% Pt ential . 56. The

Sensor\?flﬁfrélh@hefgengdr@aﬁgﬁi‘dth%@rfﬁ‘n{‘at:ﬁﬁ gifj.el ectric |ayer
artia covers the working and counter el ectrodes.

20 57. 51The H@nmsorsﬂnpmfoﬂamh A0nmaierei lliln@t esor base comprises a

kg eny end 5o dRce g g SR ERAHRES Hoce s the

WhghgbMbirtier Bed €ast one reagent layer includes a
reagent. 59. The sensor strip of claimb57, wherein the

at | eadt onkher sengentstimyadr claps lacwheres ate Meskingoppsd counter
qlec%rog%gg V&%@taﬁh%’lﬁgfhgits?rpe gﬁg The sensor strip of

Ion barrier layer is
integral tole seagentrip afeclaindls1, TWhersanslor vadrking a@fd counter
claim60, wherein a conbined diffusion barrier and

rdesgedes ‘i‘%ﬁ@?arfﬁ%ébﬁﬂreé(?éi‘%@ OPWikness | ess than 30 m
30 62.54The ﬁf‘é@&fsoftsrtﬂl[? A Bl 51 S@nerthe gl vdkByg and counter

di ffu3| on barrier |aye distinct froma reageéent
| dgtrode6Be sTrreated fronr arsunpiepp@flon bhihmlgdy autense] G the

ace @i |1 VB 009150 FECT T USIDbUR 08805 o rode i

THRS8RAMS pifvideth Rfer&lRipdtAdal. Wher ei n the diffusion
barrier layer has an average thickness of at |east

m 65.56A neBkusimgr dbin of ckon detwherpini thg dinlcaiial Gye pertially
AN NN Ogcllrcl:g? hnd Lol 15081 ST ng:

57. The sensor strip of claim 51, further comprising at least one reagent
layer deposited on the conductors.

58.  The sensor strip of claim 57, wherein the at least one reagent layer
includes a reagent.

59.  The sensor strip of claim 57, wherein the at least one reagent layer
includes at least one of a binder and a mediator.

60.  The sensor strip of claim 50, wherein the diffusion barrier layer is
integral to a reagent layer.

61.  The sensor strip of claim 60, wherein a combined diffusion barrier and
reagent layer has an average thickness less than 30 pm.

62.  The sensor strip of claim 50, wherein the diffusion barrier layer is
distinct from a reagent layer.

63.  The sensor strip of claim 62, wherein the reagent layer resides on at

least one of the sensor base and lid.



5 at least two contacts; a display; and electrica
circuitry establishing electrical comunication

whedreer1s he at | east two contacts and the diBEi/E$2006/028013
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the electrical circuitry i#dg2luding a processor in
el ectrical communication with an electric charger and
a conputer readable storage nedium 10 wherein the

procesaor iTheQBRRABIR dfaldinpd2s MeRtein tHelifRsise gueiet Byer has an
fromthe electric charger to the at |east two
everege thickagssi af @t easti mper i od equal to or |ess than

180 segonds, .t I .Se ' eas ;
duty Gycl ed g SRGERL LRI 28 BuvdBE sl fuic
subgptigngi al |y constant voltage, the duty cycle having

a relaxation, is wherein the processor is operable to
nmeasurdéleast tvegentaglie current profile at the |east two

cont act §en12Pdherein the processor is operable to
deternlng)gﬂenanalyte in the biological fluidin

r espongetial theuity dshkthinmnelecucalemvimmputation. between the at least
two contacts and the display, the electrical circuitry including a processor in electrical

communication with an electric charger and a computer readable storage medium,
wherein the processor is operable to implement a pulse sequence from the
electric charger to the at least two contacts during a time period equal to or less than
180 seconds, the pulse sequence having at least three duty cycles, the duty cycle
having an excitation at a substantially constant voltage, the duty cycle having a

relaxation,
wherein the processor is operable to measure at least one current profile at the
least two contacts, and

wherein the processor is operable to determine the analyte in the biological

fluid in response to the at least one current profile.



