CONCENTRATI ON DETERM NATI ON I N A DI FFUSI ON BARRI ER
LAYER REFERENCE TO RELATED APPLI CATI ONS [ 001] This
wap@kiocavd on cl ains the benefit of U S. Provi spOnab2005/036806
Application No. 60/61 7,889 entitled "Concentration
Determ nation in A Diffusion Barrier Layer" filed
Cctober 12, 2004 and U.S. Provisional Application No.
60/ 655,1 80 entitled "Concentration Determ nation in A
Diffusion Barrier Layer" filed February 22, 2005,
whi ch @CENOENTRATRON! [PETERAVINATRONIN DRIDI FFUSICNY -
BACKGROUND [ 002] In nmonitoring nedical conditions and
the response of pati entBARBIER d&YERt efforts, it is
desirable to use analytical nethods that are fast,
accurate, and convenient for the patient.
El ectrochem cal nethods have been useful for
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sofefepic® iHtthéir 2@tifetgll sposabl e sensor strip with a
dedi cat ed neasurenent device containing the necessary

circuitry and out put systens. For analysis, the

nmeasur enent device is connected to the

BALISsROWND:ct rocheni cal sensor strip containing the

el ectrodes and reagents to neasure the anal yte )
fMdent r at IDAMAMtosNgRpricat rrdifiong gpd ithe response of patients

% freBtment efforts, it is desirable to use analytical methods that are fast,
accurate, and convenient for the patient. Electrochemical methods have been
useful for quantifying certain analytes in body fluids, particularly in blood
samples. Typically, these biological analytes, such as glucose, undergo redox
reactions when in contact with specific enzymes. The electric current
generated by such redox reactions may be correlated with the concentration

of the biological analyte in the sample.

[003] Tiny electrochemical cells have been developed that provide
patients the freedom to monitor blood analyte concentrations without the
need of a healthcare provider or clinical technician. Typical patient-operated
electrochemical systems utilize a disposable sensor strip with a dedicated
measurement device containing the necessary circuitry and output systems.

For analysis, the measurement device is connected to the disposable



[004] The nost common of these mniature

el ectrochem cal systens are glucose sensors that
w@emsiotsoseasur enent s of bl ood gl ucose | evel s. PATIESI00¥036806

a mniature sensor for glucose should provide accurate

readi ngs of bl ood glucose |evels by analyzing a single

drop of whole blood, typically from1l- 1 5 mcroliters

(mL). [005] In a typical analytical electrocheni ca
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ridaodighucase leves bgranahging ecingdedrod bighold bodiaypieally
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tHMcolipteicrelitest@bie. See, for exanple, Fundanental s
O Analytical Chemstry, 4th Edition, D.A Skoog and
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by their insolubility or other neans, from

lexiclation of saghaetiany selative to the type of reaction at the working
electrode. Thus, if oxidation occurs at the working electrode, reduction
occurs at the counter electrode. See, for example, Fundamentals Of
Analytical Chemistry, 4" Edition, D.A. Skoog and D.M. West; Philadelphia:

Saunders College Publishing (1982), pp 304-341.

[006] Some conventional miniaturized electrochemical systems
include a true reference electrode. In these systems, the true reference
electrode may be a third electrode that provides a non-variant reference
potential to the system, in addition to the working and counter electrodes.
While multiple reference electrode materials are known, a mixture of silver
(Ag) and silver chloride (AgCl) is typical. The materials that provide the non-
variant reference potential, such as a mixture of silver and silver chloride, are
separated, by their insolubility or other means, from the reaction components

of the analysis solution.



of the analysis solution.[007] In other mniature

el ectrochem cal systens, a conbination
waeonnhexsps ef erence el ectrode i s enpl oyed. ThesSBCT/US2005/036806

el ectrochem cal sensor strips are typically two

el ectrode systens having a working el ectrode and a

counter/reference el ectrode. The conbi ned

counter/reference el ectrode is possible when a true

r Q®ence elreethesdeiniters ¢lsctisebraiat hestansint @mbination
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envi ronnent of the analysis solution. Since
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transi ent use, the potential of the electrode is not
s?'&ﬁ?rPS%-antly changed. [009] An el ectrochenical sensor
strip is typically nmade by coating a reagent |ayer
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[0010] The reagent |ayer may inc e an enzyne

febiah extibitgtable electroabemicab propetties Has o @ iriselulifity of the
the analyte, as well as any nediators or other
bt EnelSeraqiieods epkironmenhef theaansflysis srflutibrc Sirmesthe ratio

: ' d th d
ST ABELARCE dBREhYE Teh PESRIY B 20864 ni BROentuss s potential
td’f&he*é%dﬂr%deh?n@ﬂéﬁgﬂﬁiéﬂﬂé%ghg&?r together, thus

allowing themto be coated ontd the el ectrodes. [0011]
Whol e bl ood (WB) sanples contain red blood cells (RBCO
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manufacturing, the reagent layer may be coated as a single layer onto all of

the electrodes.

[0010] The reagent layer may include an enzyme for facilitating the
oxidation or reduction reaction of the analyte, as well as any mediators or
other substances that assist in the transfer of electrons between the analyte
reaction and the conductor surface. The reagent layer also may include a

binder that holds the enzyme and mediator together, thus allowing them to

be coated onto the electrodes.

[0011] Whole blood (WB) samples contain red blood cells (RBC) and
plasma. The plasma is mostly water, but contains some proteins and glucose.
Hematocrit is the volume of the RBC constituent in relation to the total

volume of the WB sample and is often expressed as a percentage. Whole



vol une of the WB sanple and is often expressed as a

per cent age. Wol ebl ood sanpl es general |y have .
wheovahesni t percent ages ranging from 20 to 60%CTMIEI005/036806

-40% bei ng the average. [0012] One of the drawbacks of

conventional el ectrochem cal sensor strips utilized to

nmeasure the glucose concentration in WB is referred

to as the "hematocrit effect.” The hematocrit effect
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for instance). Even though the gl ucose concentrations
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hematocrits of 20, 40, and 60%, are tested, three different glucose readings
will be reported by a conventional system that is based on one set of
calibration constants (slope and intercept, for instance). Even though the
glucose concentrations are the same, the system will report that the 20%
hematocrit sample contains more glucose than the 60% hematocrit sample
due to the RBC interfering with diffusion of the measurable species to the

conductor surface.

[0014] Conventional systems are generally configured to report glucose
concentrations assuming a 40% hematocrit content for the WB sample,
regardless of the actual hematocrit content in the blood sample. For these
systems, any glucose measurement performed on a blood sample containing
less or more than 40% hematocrit will include some inaccuracy attributable

to the hematocrit effect.
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systens, any gl ucose neasurenent perforned on a bl ood

sanple containing less or nore than 40% hematocrit
wonedob/odzaed ude some i naccuracy attri butabl e to REBUS2005/036806

hemat ocrit effect.[0015] Conventional nethods of

reducing the hematocrit effect for anperonetric

sensors include the use of filters, as disclosed in

US. Pat. Nos. 5,708,247 and 5,951 ,836; reversing the

tial @\ BRHERAMBHIGE of 38 (HifE 10S Rath P effect for
SSRGS pr el b a

51 0; an met hods t hat nax he 1 nheren

ARferbMRESC nsbhReinzhAlbY e B2 dfifAEroRdiddlodédSn B8 Pat. Nos.
No. 5, 628,890. Wiile each of these nethods bal ance
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error introduced by the hematocrit and other éffects
iidedlV B sanpl es. SUWMARY [0017] In one aspect, an

el ectrochem cal sensor strip is provided that includes
a base and first and second el ectrodes on tFe base.
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otesteffactsain YV Bigareelesd external to the first |ayer.

[0018] In another aspect, a nethod of increasing the

mm@(of gquantitative analyte determ nation is
% . The met hod i ncl udes

[0017] In one aspect, an electrochemical sensor strip is provided that
includes a base and first and second electrodes on the base. The first
electrode includes at least one first layer on a first conductor, where the first
layer includes an oxidoreductase enzyme and a binder. The thickness of the
first layer is selected so that when a read pulse is applied to the first and
second electrodes during use, measurable species are substantially detected
within the first layer and are not substantially detected external to the first

layer.

[0018] In another aspect, a method of increasing the accuracy of
quantitative analyte determination is provided. The method includes
providing an electrochemical sensor strip having at least one first layer
including an oxidoreductase enzyme, a mediator, and a binder. An analyte
containing sample is then introduced to the electrochemical sensor strip and

an electric potential is applied in the form of a read pulse. The duration of
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providing an el ectrochem cal sensor strip having at

| east one first layer including an oxi doreduct ase
we@ewygnoe3oa nedi ator, and a binder. An anal yt e PCT/US2005/036806

contai ning sanple is then introduced to the

el ectrochem cal sensor strip and an electric potentia

is applied in the formof a read pul se. The duration

ofthe read pul se substantially detects the ionized
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substantially excluding fromdetection the ionize
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el ectrode on the base, where the first el ectrode
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SR M N TR S
species external to the second layer, including the measurable species within
the first layer, where the thickness of the first layer is not selected so that a
read pulse applied to the first and second electrodes during use substantially
detects the measurable species within the first layer. The second layer may
be at least 5 um or from 8 to 25 um thick. In another aspect, the second layer
may be at least 1 #m or from 5 to 25 um thick. The second layer may not
include the oxidoreductase enzyme and/or a mediator, but may include a

polymeric material.

[0021] fn another embodiment, a method of increasing the accuracy of
quantitative analyte determination is provided comprising: providing an
electrochemical sensor strip having a base, a first conductor on the base, a

second conductor on the base, and at least one first layer on at least the first
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i ncl ude the oxi doreductase enzyne and/or a nedi ator,

but may include a polyneric material. [0021] In
waewble3oenbodi ment, a net hod of increasing thBCT/US2005/036806

accuracy of quantitative analyte determ nation is

provi ded conprising: providing an el ectrochem ca

sensor strip having a base, a first conductor on the

base, a second conductor on the base, and at |east one

f ¢arftuckery Whetd tiad af leasitoddrst iagléF M@&’é&t@Feag\@ﬁ?fa?eF Meluding
at | east one first layer includes a reagent |aye
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tor, n | L
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comprising a soluble redox species, the soluble redox species including at
least one of an organotransition metal complex, a transition metal
coordination metal complex, and mixtures thereof, the thickness of the first
layer selected so that a read pulse applied to the first and second electrodes
during use substantially detects a measurable species within the first layer
and substantially does not detect the measurable species external to the first
layer. The second electrode of the electrochemical sensor strip may comprise
a second redox species on a second conductor, where the soluble redox
species is a first redox species of a redox pair including the first species and
the second species, and where the molar ratio of the first redox species to the

second redox species is greater than about 1.2:1.



| ayer selected so that a read pulse applied to the

first and second el ectrodes during use substantially
wa@ledoen13040 neasur abl e species within the firstPtHYS2005/036806

and substantially does not detect the neasurable

species external to the first layer. The second

el ectrode of the el ectrochem cal sensor strip nmay

conprise a second redox species on a second conductor,

w9231t he slol armtber entbodament, an dlectrodhiensitalr KA strip is

SﬁeCi'tﬁezi of a redox Bai r including the first species
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provi ded, conprising: a a lrd contac
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including a first conductor; a second |ayer on the
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ehechemuiesbldypedigs eseraalasitaatiraliiperdet ects a
neasur abl e species within the second | ayer and

substantial |y does not detect the measurabl e species
d902#hal t dntaider o providga clear @od4jonkistent dedetstanding of the
provi.de .a cl ear_and copsjstent, understandi ng of the
SPECICAHp iaBﬁ A s Hi',o"wﬂé NItRAsRIe dseYidied; ons

are provided. [0025] The term"systent is defined as
q0025ECt I OCHHIeRAl ”sgﬁgﬁ@ris dbf; g@d ?5‘ aﬁle‘?&:t{]dcg\%hwical sensor strip

communi cati on throu Its conductors w

éhetéatooalccomemsini et thesydcies cad edol wRMSN Qectrdifc
quantification of an analyte in a sanple. [0026] The

treeapureragaldevient whish atows fordeé¢ gpentitcatom ef @canayiecin a
devi?e that can apply an electric potential to the
cBifiiCt ors of an el ectrochenical sensor strip and
nmeasure the subsequent electrical currents.

[0026] The term “measurement device” is defined as an electronic
device that can apply an electric potential to the conductors of an
electrochemical sensor strip and measure the subsequent electrical currents.
The measurement device also may include the processing capability to
determine the presence and/or concentration of one or more analytes in

response to the measured electric potential.

[0027] The term “sample” is defined as a composition containing an
unknown amount of the analyte of interest. Typically, a sample for
electrochemical analysis is in liquid form, and preferably the sample is an
aqueous mixture. A sample may be a biological sample, such as blood, urine
or saliva. A sample may be a derivative of a biological sample, such as an

extract, a dilution, a filtrate, or a reconstituted precipitate.
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The nmeasurenment device al so may include the processing

capability to determ ne the presence and/or
wa@oneemsnat i on of one or nore anal ytes i n respPCBEES1005/036806

the neasured el ectric potential. [0027] The term

"sanpl e” is defined as a conposition containing an

unknown anount of the analyte of interest. Typically,

a sanple for electrochem cal analysis is in liquid

f H10A8land prbeé ¢erabl andlhe” sadeliged 35 ane W HeSHS B A h BEEpresent

A s | e e a biological sanple, such as bl ood,
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t AR ' : e tances
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danaysis.nes the presence, anount, quantity, or
concentration of the analyte present in the sanple. An
anal yte may_jinteract with an enzynme or other species

t s prebaterauraasyraayé isndefiyed as Ep@&ﬂ@}e ffhaez;meum of

! " is.defined as how cl ose the amount o

B sl B PRS0 LR GsPPROL B Ieoipih amaust hanalyte
tinUf e 3ARINE. of analyte in the sanple. [0030] The term
"precision” is defined as how close nultiple anal yte
measurenents are for the same sanple. [0031] The term
"[06801ct or "Thestetef predisias” dndefiged bt tial/ Mo@@ﬁﬂj—lﬁb!eva%alyte
substance that remains stationary during an

dNeRIUBRIEEEH a8l foni saene sarmRkenpl es of conduct or
materials include solid netals, nmetal pastes,

JB0REL i ve TR PR cORABRES] SaMal R Shalehisalicopductive
rfbstahab "thétsfe%f.ﬁmgn&%rg (cﬁihgfei |eEH§Eh&IﬂFc%4 A8hysis.

ionize during the electr m-cal "analysi's 0Of "a

dnaimytles oExampucter ofateridls Inohidd §6lidRictsls anstdl Pabidge
carbon, gold, platinumand palladi um _

conductive carbon, conductive carbon pastes, and conductive polymers.
[0032] The term “non-ionizing material” is defined as a material that
does not ionize during the electrochemical analysis of an analyte. Examples

of non-ionizing materials include carbon, gold, platinum and palladium.

[0033] The term “measurable species” is defined as any

electrochemically active species that may be oxidized or reduced under an
appropriate potential at the electrode surface of an electrochemical sensor
strip. Examples of measurable species include an analyte, a substrate, or a

mediator.

[0034] The term “steady-state” is defined as when the rate of diffusion

of the measurable species into the DBL is substantially constant.

[0035] The term “oxidoreductase” is defined as any enzyme that
facilitates the oxidation or reduction of a measurable species.
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[0033] The term "neasurabl e species” is defined as any

el ectrochem cally active species that may be oxidi zed
woeoosedseed under an appropriate potential at PEEUS2005/036806

el ectrode surface of an el ectrochem cal sensor strip.

Exanpl es of measurabl e species include an anal yte, a

substrate or a nediator. [0034] The term

"steady-state"” is defined as when the rate of
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S(L;Q? %?eesldﬁ @%Cﬁga@@xlﬂg@@@a@ﬁyn@m mdlacular oxygen is

f bl
& B0 HlebbA ok Aor B craths P LR Rte Tosifcdan ractions
omihdes efhIShAGR ik ﬁ\écﬂlh’&%sand)m&@éﬂ?r oxyg}a'n fd o?gﬁc% ﬁ’é yFe and

oxi dati on reacti ons where nol ecu

el dghydsagemasent ovhich lf&dhtat@smjaflowhb@d‘tldr@qhhbﬁ@hemolgcuIar
reduction reactjons where the analyte is reduced

nBMé%,eur] ignat e elecironasceptos. Srel forexampde, Oxford Dictionary of
| BRCHPERSRD AR Oyl el bRy | %?f%%?ééﬁﬁé'tﬁf B Smith, €4, New
avcsﬁ@tcworcﬁ%.vér@l @Wi%@%ﬁ Ve, Bzt b2l Sbo

Bi ochem stry and ecul ar ogy; on,
A D. Smth, Ed., New York: Oxford Uni verS|ty Press (

1699361 pp. 1Bhdterm7ﬁneé"é7or”a§1deﬁl6éd af anﬁitaﬂ_&etﬁﬁkﬁh be
"medi ator" |s defined as a substance that can

X 'd1ze8Praiedreediapd tagidcantzansterrone ansioee etatmaroog beoween a
HRE SRR REANES Rehrld § tsgsq%ggggﬁfe%g.gggﬁaa reagent i nar

te o
et QUL Al 'O gk TR B or o

tlhd|rantadnxataﬂ1reh1’enaof5thmém£§/tlec Iﬁ)é%lﬁfﬁhSﬁ@@ B4R HPhediator
undergoes a redox reaction with the oxi dor edlct ase

dergeesa mdauoiesdien agth Hmsomderedmethsee:deoltheadxldbleeﬂuctase
an appropriate anal yte or
td}‘é(s%ﬁ%gt ISE’E gr gg\ddi\r’mez‘feg"elégb gtg &Qgiﬁcﬁrﬁ\dﬂh@@ﬁppmﬁme analyte
t n
STSpeeas. (s ORRAZd &1 FERERY Hefgr e Bhdeidhes tha paposite
reaction at the working electrode and is regenerated to its original oxidation

number.

[0037] The term “electro-active organic molecule” is defined as an
organic molecule that does not contain a metal and that is capable of
undergoing an oxidation or reduction reaction. Electro-active organic
molecules can behave as redox species and as mediators. Examples of
electro-active organic molecules include coenzyme pyrroloquinoline quinone
(PQQ), benzoquinones and naphthoquinones, N-oxides, nitroso compounds,

hydroxylamines, oxines, flavins, phenazines, phenothiazines, indophenols,

and indamines.

[0038] The term “binder” is defined as a material that is chemically

compatible with the reagents utilized in the reagent layer of the working
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nunber. [0037] The term "el ectro-active organic

nol ecul e" is defined as an organi c nol ecul e that does
woedcomvai n a metal and that is capabl e of unPEr/yYS1I00E036806

an oxidation or reduction reaction. Electro-active

organi c nol ecul es can behave as redox species and as

nmedi ators. Exanpl es of electro-active organic

nol ecul es i nclude coenzyne pyrrol oqui noline quinone

(eleQrodbend doati proviztes iy sivaPhigpaitiowreasagdhtoXWHRE containing
nitroso conpounds, hydroxyl am nes, oxines, flavins,
piRer1828418s on$he eladtiosle easisluctardophenol s, and

i ndam nes. [0038] The term "binder" is defined as a

R T U TR T —
VX Kiayaelrers Haﬁﬁﬁt%f}?riéﬁ%tin%%t &EX%@?@QH{?%& tm

t he reagents, [ e contalning e rea

edvecageoessedhagatise the[tOP3Afaddef tr layéamaragen Rhjihgpeaks
thi ckness" refers to the average height of a |layer I'n
i%@‘d@'iﬁ&@tate prior to introduction of a liquid

sanple. The term average i s used because the top

TEprEf< | kG Eedes metfiiom et ahs chemie rion
%t@e@ﬁ@%%%'ecfe@ﬁﬁ%l@ﬂw tevt’%ﬁﬁrérw at Pe%%{ &Re 'e[b}’c?#ow n a first
the transfer of at |east one electron froma first

speciesso beaosdspacespEhugs rebonSea@idre Hfud&@agt bS&dation
i ncl udes an oxidation and a reduction. The oxi dation

3 selustioph el hesaxidation ipeviedn ebtheheatters imfolees thedsss of at
ne.electrqn b he . first .speciges, and the reductio

JE83 PoR DR Gi B 10 rss SRR SP S N sy o siian BRBIE kvohs the
T ' We]all r of speci.es
gk S SRR BB B e fkcont PeBes) i BREHRTee of a
spuaies titattihexitirdLls rohde hesrelpyiRivie ANgh aFidht equal to the
Li kewi se, the ionic charge of a species that is
mekleeroofielectrers ransferpasi tikewisey tamiariowhargemfal sgegies that
t.he dwun‘ger of -
is‘reduced 1s made less positive by an amount equal to the number of

electrons transferred.

[0041] The term “oxidation number” is defined as the formal ionic
charge of a chemical species, such as an atom. A higher oxidation number,
such as (lll), is more positive, and a lower oxidation number, such as (1), is
less positive. A neutral species has an ionic charge of zero (0). The oxidation
of a species results in an increase in the oxidation number of that species, and
reduction of a species results in a decrease in the oxidation number of that

species.

[0042] The term “redox pair” is defined as two conjugate species of a
chemical substance having different oxidation numbers. Reduction of the
species having the higher oxidation number produces the species having the

lower oxidation number. Alternatively, oxidation of the species having the
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el ectrons transferred. [0041] The term "oxidation

nunber” is defined as the formal ionic charge of a
wa@bmaioenbh4 speci es, such as an atom A hi gher ORCTIEE10051036806

nunber, such as (I11), is nore positive, and a | ower

oxi dati on nunber, such as (Il), is less positive. A

neutral species has an ionic charge of zero (0). The

oxidation of a species results in an i_ncreas_e in the

o%‘%%’t‘?’ﬁ atiRmBembsr preducespbeispecieahdvingdbe higheraixidation -

SR§ ib results in a decrease in the oxidation nunmber

oﬁ rt%hgf speci es. [0042] The term "redox pair” is

defined as two conjugate species of a chemi cal

sgoaiance hané pgnfvdyf | davi; i ,

Reducti on of étzhenglp(;e){:'|8{BZ§B ea%r?g_ t ﬁgaﬁﬁgﬁ;?’r@ﬁ scpgtq%s.rpfa

niedlosrpaor lbaking shé fewemnedtesom avinitter! sed WoMes _isoﬂ(}'uﬁ%ta MBle of

nunber. Alternatively, oxidation of the species having

t PRINgwidiaed dntoi tha spaeies hapmdbeésghmﬁm@amreauhmer.ng

t hi.gher oxi dation, nunber. [0043] The term

"QEFWi'S%aﬁTeetoeé’Bech@éﬁ'b &SRES§ndeidglinedhas Hipetesiesrf aredox

r in - - r i dation. nunber, an ,

RO AAR Rl PR BR) GE PDR PNl bl o o

siedaces intathagpédies RatihgrthexbwWat bRidaNBARRImbd kew se,

the term"reduci bl e species” is defined as the species

of a redox pair having the higher oxidation nunber,

dR04¢hi ch ihe ter ‘sapite sedox spsaes” rie defieed 'amacsubkteﬂce that

speci havi ng the | ower. oxi dation nunmber. [0044] The

TR EAPatTs s rening oXjiationsor redugip Agd tha i selubde imwater

t | $c& j [ hQn of reduction .

PEF 71 2R CER [Ruf] P RERRATLO AN PR B0 Soll BIE fedpi3pecies

dfichidel etecto-dcthedd @ani PRIl ddUl &), or Cdgﬁiggitr&ﬂ%tﬁ%mpﬂéxes,

i ncl ude el ectro-active organic nole -
Anglliansitiers metalrcapsd matioomolnepdeses. afide teransiol itsle regbsl

di pat i | exes. The term "sol ubl e redox
SPecieasexdudes aleinanelipnia andienemarel ivenesherially those tha

|08 $nsoPTHIE Hrabh¥ngNSFul 1B water.

[0045] The term “organotransition metal complex,” also referred to as
“OTM complex,” is defined as a complex where a transition metal is bonded
to at least one carbon atom through a sigma bond (formal charge of -1 on the
carbon atom sigma bonded to the transition metal) or a pi bond (formal
charge of 0 on the carbon atoms pi bonded to the transition metal). For
example, ferrocene is an OTM complex with two cyclopentadienyl (Cp) rings,
each bonded through its five carbon atoms to an iron center by two pi bonds
and one sigma bond. Another example of an OTM complex is ferricyanide
(Il) and its reduced ferrocyanide (Il) counterpart, where six cyano ligands
(formal charge of -1 on each of the 6 ligands) are sigma bonded to an iron

center through the carbon atoms of the cyano groups.
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are insoluble or sparingly soluble in water. [0045]

The term "organotransition nmetal conplex," also

wo mfoenssdt t o as "OTM conpl ex, " is defined as apPCDUs0ex036806
where a transition netal is bonded to at |east one

carbon atom through a sigma bond (formal charge of - 1

on the carbon atom signa bonded to the transition

netal) or a pi bond (formal charge of 0 on the carbon

PR E e T Rinbrsd DB ERR bR Botnesl ot SRR
h&PhgW a0 efiREE Eo@ﬁ?ﬁﬁ’eﬁﬂor{ Qé&HGGy,‘ $urchf ésV@ctQI@édJﬁhoﬁwl@e
to an iron center by two pi bonds and one signma bond.

;(&Imta;'lgeomeenypl ¢nlie @TNOEMexdsexvhish faer defiyethbyéheir
I11) and its reduced ferrocyanid count er par,t
hRedngs crotdjnation FoRRiRXes R6e ﬁlﬁfm@i&mge'@ﬁeowtwﬁ Huisn

Fﬂ?&E@ﬂ"%’h‘ég B Tiois M 6 ahe GPh s e BBl

tiohed el Hld@té%rﬁg@@%he‘ré n@ﬁfm&%daﬁ‘)‘in@other than

corrp ex haV| wel’l - def i ned coordi nati on geonetry,
&@Mn@lSu@@bﬁhe@r@dtoms inqlualireg piteogen, geléurebxygeri dnidk e
OTM conpl exes, which are defined by their bonding,
pbosgharaus, mfemwe@m(mdetodéﬁutmltmn meE| rcegtc%n%pry
Thus, , coor di nation co

et b P ATGRRINF hehcoOmRRTLT PN By 8 g el
gﬁ&@’é@%h‘@ﬂﬂl eB%t%ﬁlefé&W—lﬂlgSﬁdst@&‘?n %%Pgb of 0 on

tero ons 1'nc ni trogen,

@ém@ﬂthea@fﬂlgﬁh@ﬁFdﬁ@ﬂ@ﬂﬁelyafcﬁld@dttb\thé yutheniled ctantdrhe‘\ more
transition nmetal center. For exanple, ruthenium

helwlmiet:cerchsawsswnmfmrgammrartsﬁlQmmﬂtc’éﬂqﬁa& iengs, goordination

d hedr al
e ésZanﬂSétn"é‘w%@rrSﬁtaiEen bte/ Ay T Tomgd il pd eea,
2’2 ?’pz%y agﬁa\% CEHOIW %eﬂ?cﬂ éHI]lt Wtal éh&??s‘?ry (1987) and

SSIOﬂ O ano rans I on

m.@@élsmsrarpq%ﬁgaﬁ% caenﬁgmoh@m;» and transition
nmetal bonding may be found in Collman et al.

Princi pl es and Applications of O ganotransi tion Metal
Medir]st ry (The teﬂr‘i{)”oaﬁds defined as “above” and is relative to the

orientation being described. For example, if a first element is deposited over
at least a portion of a second element, the first element is said to be
“deposited on” the second. In another example, if a first element is present
above at least a portion of a second element, the first element is said to be
“on” the second. The use of the term “on” does not exclude the presence of
substances between the upper and lower elements being described. For
example, a first element may have a coating over its top surface, yet a second
element over at least a portion of the first element and its top coating can be
described as “on” the first element. Thus, the use of the term “on” may or
may not mean that the two elements being related are in physical contact

with each other.
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Messler & Tarr, Inorganic Chemstry ( 1 991 ). [0047]
The term"on" is defined as "above" and is relative to
WO bmeosizent ati on bei ng descri bed. For exanpl e, P€T/US2005/036806
first element is deposited over at |east a portion of

a second elenent, the first element is said to be
"deposited on" the second. In another exanple, if a
first element is present above at | east a portion of a
SBRHFIDESEREPEION I@F THESDRAWINGS i S said to be "on”
the second. The use of the term "on" does not exclude

thhe resence of substances between the upper and | ower
e 09ﬁ§ﬂn s bel Mg Inuessionsad. berbettenundsargood With sefernersathe

BTN P N8 o ioF. 18R et IEihediranare not
Ry 20 e, FAPHEE RO et updl -l i

neramcipfestoftthe inventiohe neotsoVee| iNghe ¢lgar@d |iRE fefePences numerals
physical contact with each other. BRI EF DESCRI PTI ON OF

T84 emrthg /SN dte Co8lesord ing \emtsitbroughioub hebaiffeeant views.
understood with reference to the foll owi ng draw ngs

iption.. T ts ip the fi ‘& not
SBHIESCT P B ETREAs, e M 5,
URBFKihg ehstrodfel Ml 4 BSuRE gﬁcajogg_ of the invention.

Mor eover, 1 n the figures, e references nuneral s
general |y designate corresponding parts throughout the

dDO5@} ent \HIGWR. is aB 4R viEWG iagrdns of tieOgensbeWast 8oFI@Mm
of a sensor base containing a working electrode and a

ter electrode. [0050] FIG 2 is an end view
ﬁﬁﬁgi‘hm of Rie3daAadep irwdliagram o a senspobssg amd @leckrodes

Vi . agram of a sensor base and el ectrodes
3@9%? aad|§r¥gﬂjé§%y|%& | ayer. [0052] FIGs. 4-6 are top
views of three electrode sensor strips. [0053] FIG 7

i[6052] end \AIgY flicateasp Aewd'6f HrES BlechBlE sBhsdF Hipd

[0053] FIG. 7 is an end view diagram of the sensor base of FIG. 5
depicting the third electrode.

[0054] FIG. 8 is a perspective representation of a completely assembled

sensor strip.

[0055] FIGs. 9A and 9B depict a working electrode having a conductor

surface and a DBL during the application of long and short read pulses.

[0056] FIGs. 10A and 108 are graphs illustrating the improvement in
measurement accuracy when a DBL is combined with a short read pulse in

accord with the present invention.

[0057] FIGs. 11A and 11B are graphs establishing the improvement in
accuracy arising from a reduction in the duration of the read pulse when a
DBL is utilized.
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depicting the third electrode. [0054] FIG 8 is a
perspective representation of a conpletely assenbl ed
waenso#23st ri p. [0055] FIGs. 9A and 9B depict aP@DUEING036806

el ectrode having a conductor surface and a DBL during

the application of long and short read pul ses. [0056]

FI Gs. 10A and 10B are graphs illustrating the

i pprovenent in nmeasurenent accuracy when a DBL is

Hed wi FHoal2lioatahlegdmparing tha biacesdltsdr 4M€10 second

c
' ron. [005 FI Gs. 11A and 11B are graphs
gigaz(ﬁﬁ{’léhgﬁéﬂi hﬁ’rﬁi' opersenPerfarmaed wyitt pruiipls tyges ofosansor

' [ 3 [ of the read pul se when a
%ﬁ@ﬁf@??@%’bgg?%'@%u is a table conparing
the bias results for 1 and 10 second read pul ses from

59| BIGsas e jsti ' f i

Spnsol st r1 ps having o ci 1 Loy on- DAt Eer I Eyay o FupBs s

Fheging z3IABL iB@capwlagcaprith the pl&tsemtihggnﬁ‘idmft(_ﬁtbthéutrﬁﬁélyofneasure
i p_havi ng. L in accordance w e

HBS? Bl ok BrBRen eAtieLor eamplaneaisting ashort wad pulse,

gl ucose concentration of a sanple utilizing a short

Ot e e LA e didong tusafing e Jreagprptiesdor
condtpiergiticasascortentrgiibh £nash diﬂér%hf‘ﬁﬁlélfé‘ﬁes%s &f %combination

conmbi nati on DBL/reagent |ayer were utilized wt

sgligagent layererenecdilized wib seqofid| 1He@ redd Bulses.
illustrates the decay profiles for nultiple glucose

i [ d DBL/ t
T, 48 8 B SR
' . . 1.00 . .
Sasmentabn 17, £ 00N LR 258, 008 Gty 1

Biecoad g ugsepfoVlowstElsy sdquendial 6.2 204 0h8 rBhd Wikl r ead

pul ses of 1, 5, 10, and 15 seconds were appli ed.
[0062] FIG. 15 compares the precision between sensor strips having a

DBL and gap volumes of 1, 3, 5, and 10 mL when read pulses of 1, 5, 10,

and 15 seconds were applied.
DETAILED DESCRIPTION

[0063] Tiny electrochemical cells provide patients with the benefit of
nearly instantaneous measurement of their glucose levels. One of the main
reasons for errors in these measurements is the hematocrit effect. The
hematocrit effect arises when red blood cells randomly affect the diffusion

rate of measurable species to the conductor surface of the working electrode.

[0064] By measuring a measurable species residing in a diffusion
barrier layer (DBL), to the substantial exclusion of the measurable species
residing exterior to the DBL, measurement errors introduced by the
hematocrit effect and manufacturing variances may be reduced. Substantial
exclusion of the measurable species external to the DBL may be achieved by
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DETAI LED DESCRI PTI ON [ 0063] Tiny el ectrochem cal cells
provide patients with the benefit of nearly

w0 pwbamsaneous nmeasurenent of their gl ucose | eRel/BS20051€36806
of the main reasons for errors in these nmeasurenents
Is the hematocrit effect. The hematocrit effect arises
when red bl ood cells randonmy affect the diffusion
rate of neasurable species to the conductor surface of
t $Rleqigngiheghidkaess otibe PBDGA] thBbasisasfuhé Readipulse duration or
ngasurabl e SLPSCi es res'bdi ng in a diffusion barrier
| Yy &¢lectpg she dyrafie of ibe reast pulse oncthediasis afithe ieickness of the

gsurabl e species residing exterior to the DBL,

neasurenent errors introduced by the hematocrit effect
and manufacturing variances may be reduced.
Joosspnt i al Flexql Y t [ .
exterﬁal to the D?L@Ea\eégemg%ﬁﬁgégé%@%éﬁ%ggi@;h%vr'}%g
teprekieers 13X anch@4 DBt comtaine abasiksng&lectrede @adamih $Bunter
durati on_or by selecting the duration of the read
p‘?LjF‘étéo 3Pnd1Gadiis agendhdewrdiagians of tre seneoDBase TWGLpicting

I ' dj f b
il Bkl 2Dt A% ke AeBRodF e FHiomerivioe
: el oo B '
O By e R ol DTS 2wl I s el

vedeirode 80 ecdy btudda sacbridhmaieohelictel 82t rOpgosfly, Shfface
wor Kj n? el ectrode 20 may include a first main
CMEEiass 2dand B Ineayt resideoemm ther meirecondui@oB22rayd 32,

SRindtefefor cbhove" bardelavsy Clar e e texderen he main
COMMEIR B g@th?ggﬁeg%gg%prg%iz\bel y. A diffusion

barrier |ayer SO may reside on the main
conductor 22 of the working electrode 20. [0066] In

40866k pect ,Intome aspeat, dandiati e66d2dorNER 3Rd BWYmhPGhiidae
metal foil that is contiguous with the surface

doelal taibihat sacanitgusms pwith thensrfage conductors@eanda34 theat
%cl%gg%lﬁ%t(i)rvn%o(r:earat))/gps & C\A(/)dnec{u'ctiw ecaMtg)ornkg)gv%der. The working
electrode 20 may include a first reagent layer 26 residing on the first main
conductor 22, while the counter electrode 30 may include a second reagent
layer 36 residing on the second main conductor 32. In another aspect, the
counter electrode 30 may be a counter/reference electrode or a counter
electrode coated with a soluble redox species having a known oxidation or
reduction potential. The sensor base 10 may have other configurations,
including those with fewer or additional components as is known in the art.
For additional sensor designs, see, for example, U.S. Pat. Nos. 5,120,420 and

5,798,031, both of which are incorporated by reference.

[0067] The sensor base 10 is preferably an electrical insulator that may
isolate the electrochemical system from its surroundings. In use, the working
electrode 20 and the counter electrode 30 are in electrical communication

with a measurement device (not shown) through the conductors 12 and 14,
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el ectrode 20 may include a first reagent |ayer 26

residing on the first main conductor 22, while the
waeounbhe3o£l ect rode 30 nmay i nclude a second reaP@NUS2005/036806

| ayer 36 residing on the second main conductor 32. In

anot her aspect, the counter electrode 30 may be a

counter/reference el ectrode or a counter el ectrode

coated with a sol uble redox species having a known

osasgectivaly o heedeasuramepiodevite alay aidy aandedtribasgotdftial
have, ot her confl urations, including those with

eedrthg yuprkinghalec @%8ﬁeancgt@scqwtﬁrneimtr®dle BAe et .

Eﬁeaﬁﬂ%h{ér@%%bﬁ%etﬁ%ﬁrné%ga' gr%‘g t% flecftrgéﬁl %)ﬁa g\ﬁpmﬁn&r e
| POV RAI tAE &L MYng 8[%@&88&90 [aggffhﬂleér o sf)ﬁ%‘?raﬂf‘ﬁwee %DQ{néer

is preferably an electrical insula at may I'so

t élecebée 800 CHensaomblesysy establishnelctsial o wGHiRgSon bBtween
the worki ng el ectrode 20 and the counter

e‘li‘écft legardes2tr3D.i n el ectrical comunication with a
nmeasur enent devi ce (not shown) through the conductors

00R8Y ol BROFRI F Sl SR Eh?ggﬁsﬁn%lﬁgryface
et SHdURs8 Z%Oarﬂi“%to?%henﬁb@te?rmeirﬁ)cﬁ? %j:fyhggnt ?hry electrically

nmeasur enent devi ce t may quanti

ceomdametive lsabétaged hpeding h@ta/l@rd@rfd@lcﬁk/@@bllﬁﬁérszgnd a
sanp] e (not shown), and the counter electrode 30. The
Uét'NﬁfaE@rabEXamméﬁ ot eldctradal lyoramehictise isobstbetesdanlude a

Al ByRERhSmiGap shedasebld ik Plyfaie o Ea%ﬁﬁ%ggépéér, or
Cﬁjngétsﬁtﬁsowgﬁ 2£Q tﬂﬂﬁjla%/Qr grx%ﬁ%lg&ﬁ)&c ?Qé‘n é{%t | V%eyably,

uctive substance, ‘I'n

ndeters tl&l’td}r@Q’ﬂd@lﬁtfatt/ﬂxltﬁath@@ﬁmp@(aﬁﬂhgfthéﬁse of the sensor
el ectrically conductive substances include a

|29 enadsf ofainestmpterialse hueh;tfgibrthie cendwetor dpésahonumiergo a net

ch{;g%dl UQEB%%EEQC{% ungs{b fan\gflgﬁloéggbgcyﬁallqolly, electrodes
SRR R i @g;gér&pqato%tng%husteh? 56 Bhsr AR iblde of

non-ionizing materials, such as carbon, gold, platinum, and palladium.

[0069] Metals may be deposited on the base 10 by deposition of a
metal foil, by chemical vapor deposition, or by deposition of a slurry of the
metal. Conductive carbon may be deposited on the base 10, for example, by
pyrolysis of a carbon-containing material or by deposition of a slurry of
carbon powder. The slurry may contain more than one type of electrically
conductive substance. For example, the slurry may contain both palladium
and carbon powder. In the case of slurry deposition, the fluid mixture may
be applied as an ink to the base material, as described in U.S. Pat. No.
5,798,031.

[0070] When the surface conductors 24 and 34 are deposited on the

main conductors 22 and 32, it is preferred that the substance from which the
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are made of inert materials, such that the conductor

does not undergo a net oxidation or a net reduction
walzbng3vhe anal ysis. More preferably, el ectroplesusinni/n3cso6

are in contact with the sanple during the use of the

sensor are made of non-ionizing materials, such as

carbon, gold, platinum and palladium [0069] Mtals

may be deposited on the base 10 by deposition of a

rtfgée %&Hu%&% OGP gf@cﬁ%forﬁfifﬁgséotdggl'agvé’rrnﬁf\frial. hen

ep03| 1on a slurry uctive carbon

ﬂ?é’nﬁﬁ'a @Sﬁéﬁétb%dZPEnH'@ frasgilired WrRhoexaeRrligindd¥urface
pyrolysis of a carbon-containing naterial or by

depdectbrsnm ahda4s liis pyefefredethbioth eprowdeictiva Inmterllairfrqm which
contaln nore than one type of electric %
hihmaen corducipes %Fﬁd@ad*Fdfr”@cbﬂPﬁZ'é‘g tM@r%PL@?W lyayhe portion

G et s Bon? o M Rt B R PP e B R

?}g’ttf?é?l{%@ lf115e%|%c%t‘\@ut%’t"i‘tﬁ":"»2”@4tﬁ(a's%'rfacé‘%oF’Qt?t@tb'r Qﬂ@'ls' dnbh-fonizing

031 . 0] When the surface
eeutdiiglt ors 24 and 34 are deposited on the main
conductors 22 and 32, it is preferred that t he
subst ance from whi ch thesurface conductors_are nade

00FH- i oni A BBLopAYbetintegralde &he seagenh et B8 Grd may b’

SE IRl Al etlicBd TR s, THES, de PR fe Rihed e

%gg%ﬁ&lefﬁ rfEReRIY ﬁ#usfdrpﬁémlr metr *a)% tﬁ@'d@)n@%@ﬁ#%%ée s

I'S non-1onizing. Mre preferably, the portion of
idhgtineo layiee bnethe Conddetod Quiface; s taadistimétt Iay ¢rhen tecoomuctor
reagent |layer 36 (either the main conductor 32 or the

surfiee en ovinigh dhe reagent jayes rerides Oning arjstingtdayeson the
%007 A DBL may be integral to the reagent |ayer 26
Fag e a distinct layer 28 as depicted in FIG
2 Thus the DBL nay be formed as a conbi nation

O9PETL B o Bt 0 RIS e
&Sh@redj Slebsnrableagpeciesrmay eesidn dliee pores of the DBL are selected
so that the measurable species may diffuse into the DBL, while physically
larger sample constituents, such as RBC, are substantially excluded.
Although conventional sensor strips have used various materials to filter RBC
from the working electrode, the DBL of the present invention additionally
provides an internal porous space to contain and isolate a portion of the

measurable species from the sample volume.

[0073] By controlling the length of the measurement reaction at the
conductor surface, the sensor strip may measure the measurable species
internal to the DBL, while substantially excluding from measurement the
measurable species external to the DBL. In relation to the conductor surface,
the internal volume of the DBL alters the physical parameter of the diffusion
rate of the measurable species it contains in relation to the diffusion rate of

the measurable species outside of the DBL.
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surface on which the reagent |ayer resides, or as a

di stinct layer on the reagent |ayer. [0072] The DBL
w@emeioesss a porous space having an internal voPCIES2005/036806

where a neasurabl e species may reside. The pores of

the DBL are sel ected so that the neasurabl e species

may diffuse into the DBL, while physically |arger

sanpl e constituents, such as RBC, are substantially

" o0rdiled. ABéduogithe pvastiabingdes@Nis@srnal (d the DBV Giffuses at a
used various materials to filter RBC fromthe working

eflidetenddate totibe PBNduttor Kerfacesthantthi mveasuralle species external to
S5R60 BedboBhiolubS IrumaTurgrachen Abkevatiios 2:e_ctrode

i . .vol 0 B t I N .
S8 €5 9B EATEA LA LRI BT O Bico

cfedvAUC iRl e GUIET @gSdpdiRe tﬁ@@ﬁ%reﬁwiifﬂ@swraﬁ%ﬁ%@ mdRurable
nmeasur abl e species internal to the DBL, ile

siplesteannteanalyarekettadiahp threobBiredlow engnsulistential differentiation.
nmeasur abl e species external to the DBL. In relation to
vol ume of the DBL

d f , the int | |
ABPZEL" e ERrAEe H1C faganideusr 26 of e workipeiclectradetbmay
: es id 0t ai ip relati t.0 the
dFWERIEHIRRY SrRBGER b B Bal dodehg eyl ft6 the
tsaengMBlprid? @ e BESIRcEIRN b ARAIIZOLSH ARRGICPSas AbSH B!
to the DBL diffuses at a different rate to the
Aihendhereagentsaare ddmabineHevitie dsaibatee nsatedale® ol Rientsdth
to the DBh’@rt he | ength of the nmeasurenent reaction at

tSHEPRERItAE redgents Yt prvide thenbeh, Fhﬁabi@dlﬁb][@t@,rﬂﬁ@ es

[ [ ) . - Vi | i dent,i .
B RS R0 s MRS B e sGahe Sy Pl g this
trRgn a8 Wb & of BREbBRlel MREMNA! caANDI Gl i%é,”@'hnfeggggfmamder

DBL allow their substantial differentiatlion.

Bé che binddrenateagkemaylrayain 36 thé nidie copdicrg 22 Rouhedsn as
20 may inctude a binder, any portion of the binder
thaBlees not sol ubilize into the sanple prior to the
application of a read pul se can function as the DBL.

[0076] Suitable partially water soluble polymeric materials include, but
are not limited to, poly(ethylene oxide) (PEO), carboxy methyl cellulose
(CMCQ), polyvinyl alcohol (PVA), hydroxyethylene cellulose (HEC),
hydroxypropyl cellulose (HPC), methyl cellulose, ethyl cellulose, ethyl
hydroxyethyl cellulose, carboxymethyl ethyl cellulose, polyvinyl pyrrolidone
(PVP), polyamino acids such as polylysine, polystyrene sulfonate, gelatin,
acrylic acid, methacrylic acid, starch, and maleic anhydride salts thereof,
derivatives thereof, and combinations thereof. Among the above, PEO, PVA,
CMC, and HEC are preferred at present, with CMC and PEQ being especially

preferred at present.

[0077] Materials that were conventionally used to form filters for the
exclusion of RBC from the working electrode also may be used in the DBL.

This may be achieved by increasing the thickness of the material or by
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When the reagents are conbined with the binder
material to provide both support to the reagents and

wo eoopoeside the DBL, the binder material is predBUSIINY036806
a polyneric material that is at |least partially water
soluble. In this manner, a portion of the binder
materi al can solubilize, while the remai nder of the
bi nder material may renmain on the main conductor 22 to

fréﬂﬁélhgﬁh@% r@? oPBle rr{egg)t?r@}ne%‘t”réz?ck?i'o% fank v don g‘@%&rrode in

sol ubl e polymeric materials include, but are n

Irelatibadotwherptieyhatdnidl eves used de)filfePE® alse ardydxy acainylished
cel | ul ose (CMO), polyvinyl al cohol (PVA),

Wofpmm Het materiab I alreeEner D) mogifs dteppsasity, such as

Fianipnibats oot ectoli iR Slagie

cel | ul ose, poI yvinyl pyrrolidone (PVP), polyam no

3607§) such Iﬁ‘%nBﬂJeY'al(éé&%he@BYﬁW BQ?héH‘sftl%ﬁb%L 28, The

gelatin, acrylic acid, ret hacr I'c acid, starch

rhdtarict |Byen2drinde haae e dvieergeahitiad el ickaedsvstat | ast squ
and conbi nati ons thereof. Anong the above, PEQ, PVA

oveferainy, lelEf@ &t@Zém/earrcbmoae poefesabily from BrodNuamd
UReeprirgsbrg i e iau 6 mabinA G ae esegoMi el thickness
f(%f lat fast § U bpﬁr@féﬂyl‘f‘ \‘rBﬂw 9.fto Bt%ﬁnw (Whteﬁlqh@’%lﬁ ﬁga distinct

ectrode’al so in

agydremenaple intedechsimng ptah@lw%&mgmlmehbmmtu@w k@¢h as the
or byreducing the length of the neasurenment reaction

aamehpateciak utihzed es e bonideri in thelreageni layer Aoebut keeking the
mat eri al _was.used as filter, It als

Tt TR HISper sy er AB rebrany maerianthat Rewides headesired
Rl L% 18 YIRSl B YRR RYA 4B during use of the

ntro ion 0 m or pota
g@hggﬂ de. [0078] In another aspect, the DBL may be the
di stinct DBL 28. The distinct |ayer 28 may have an
average initial thickness of at |least 5 nm
;ﬁOQZ’%]r abl yAIfhmtgh&cttcshQB/mmmtharftgtmﬁr aviperether @BL s fhreodkistinct

E?ayer 28 the reagent layer 26 may not reside on the distinct layer 28. Instead,
the reagent layer 26 may reside on any portion of the sensor strip that allows
the reagent to solubilize in the sample. For example, the reagent layer 26
may reside on the sensor base 10 or on a lid 50, as discussed below with

regard to FIG. 8.

[0080] In one aspect, the first and second reagent layers may include
the same constituents and may reside on both the first and second main
conductors 22, 32. When the reagent layers 26 and 36 for the working and
counter electrodes, 20 and 30 respectively, have different compositions, the
reagent layer for each electrode may be separately optimized. Thus, the first
reagent layer 26 may contain ingredients that facilitate the reaction of the
analyte and the communication of the results of this reaction to the first main

conductor 22.
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In anot her aspect, the distinct |ayer 28 may have an

average initial thickness of at |east 1mm or o
wee@bosably from5 to 25 nm Wen the DBL i s aPdi/BEs1008036806

layer, it may be made froma partially soluble

pol yneric material, such as the sanme material utilized

as a binder in the reagent layer 26, but lacking the

reagents. The distinct layer 28 may be any material

tI0881pr ovi dBisnildrly, dessecetdpeagerstlage:, 3@ wiayt d@itainSingredients

[ y or slo soluble in water during use of 'the

g@‘rﬁf&, 'fﬁ%l.i'litﬁtﬁ)th@]freﬂmfﬂ%wﬁwlTrétormmWZs teEnn ﬂnqneamptbml:oemg awggned
' i Sti ea ayer )

rt Rt sdBoldBal} Eridlelarofd nEor Puraplend 30T le sddeox swgeies
ipRERAMrated)iflo A SRBNHGEAE P @ D6 ML RO 2 RS posite
IPovvs 0 SO A i%PROP 111

sensor strip that a e reagent

tiedosaspdtion feotheearaifab e Fvehehds @goet reld_éX%Eegi@s i@Weing

reside on the sensor base 10 or on a lid 50, as

A BUEHEH( 1ge convertachinte giacaunterparGspecie§)aD8ig lige, dnaay be
nd second reagent |ayers ma

t,. the fi { y
R Gdn 2 ieb o ueBiort eenran ih gOnHSF Ty atssdp o
t ' ] j . rs, 22 Wien t
e e 315 SR R Cpr s B Gl et e T Coipist
edwtﬁma@hdsthe%(ﬂnahlf@CSQcérﬂEa@@htbeﬂﬁé’tinﬂléaétﬁléjbftﬂw%ra‘?i(?ysis. Thus,
conpositions, the reagent |ayer for each el ectrode nay
beseped pegbymance may ob’tlaing:d b*‘nee;je}rpteiy opaglézihglthweéagent
6 in ingredients that facilitate the
r é&%?&&fﬁfg % E%ICQ agisan A geRIs sEEmuIHi2ag ﬁfm]segﬂetrment

[ ction to the first main conductor

25@{'”0%35??{*5%%‘1?’3?% the second reagent |ayer 36 nay
contain ingredients that facilitate the free fl ow of

q0e82y ons bﬁetamg@mdlbﬁra‘@i@rﬂiﬂtﬁe@@id&e»@é@é%?&%iﬁ}ﬂa&é@ n the

second mai n conductor 32. For exanple, a sol e redox
speiotersleefeededd avadincnease tthe skt tifedof thagentor saisipr A3émall

O R RN R
counterpart species can occur during the time between the manufacture of
the strip and its use with a sample. Since the relative concentration will
remain high due to the excess soluble redox species, the sensor may produce

accurate results after storage.

[0083] The first reagent layer 26 residing on the first main conductor 22
may include an oxidoreductase. The oxidoreductase may be specific for the
analyte of interest. The oxidoreductase may be specific for a substrate such
that the reaction of the oxidoreductase and its substrate is affected by the
presence or amount of the analyte of interest. While in a formal sense a
substrate is affected by the amount of the analyte, unless stated otherwise, the
term analyte is intended to include an actual analyte present in the sample or

its substrate in this description and the appended claims.
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consuned (i.e. converted into its counterpart species)

during use, it may be present in a high enough
wa@oeneesmsnat i on i n the second reagent |ayer 36 POI/US2005/036806

provide a relatively constant linear relationship

bet ween the neasured current and the anal yte

concentration for the tinme scale of the anal ysis.

Thus, inproved perfornmance nay be obtai ned by

I S . .

ERRAT conEREMBBREOIRLERRA Ind MU Fdtliafoldls fs

gﬁlé%rbélg{}vi Ofath@'l.eCt rodes. [0082] A large nolar ratio
t the sol ubl e redox species placed on the counter

el ectrode 30 may increase the shelf life of the sensor

Oxidpreductase! (reajiemt deyerf spont aneous ¢Substrateohamlytehe
sol ubl e redox species into its countenpart species can

eraEbseddéhyHrog&faskl Me bet ween: t he manyfRagludose of the
strip and its use with a sanple. Since¢ the relative

gpggﬁégggw WTT remain high due to ?rj%u%g@ss

OX species, the sensor may duce accurate

O-A-0-5-3

SRRl syretmet R PRPL Gl conduct o SIHED i nel ude

an d + A

an—oxi-doreductase—The—oxtdoreduciasemy be—spectfiet
ﬁ-B?ORrHE?"&;ﬁ'é’laﬁ?eg:'ﬁ‘?erph?‘é‘@é%tg?ryqeﬁét%'xi dorlSEEINGes ‘may be
phesphate oxgdase substrate such that the reaction of the
oxi doreductase and its substrate is afiffected by the

fhaetmenoridase;davtate detiydrbgersasa) yt e of ijiaetatst. Wil e
idlapphdr@éemal sense a substrate is affeg¢ted by the
anmount of the analyte, unless stated ot herw se, the

FINARdRe' S 1 htended To 1nclude an mehyak anal yte
present in tﬁe sanple or its substrate i'n this

lescr i ptigqn_andthe appended—ciar s, [ 0084} . Exanpli €s of
ggf%‘?)?le% t¥ses and their specific anal'ﬁgérs]agre gi ven
bel-ow—+n—Fabte—+—Fable—+—{0085]—For—axg l"r“l e —an
Rikigihin oxidadsse can be used in a reage%'ﬁé@gr
Uricase Uric acid
Glutathione reductase NAD(P)H
Carbon monoxide oxidoreductase Carbon monoxide
Table |
[0085] For example, an alcohol oxidase can be used in a reagent layer

to provide a sensor that is sensitive to the presence of alcohol in a sample.
Such a system could be useful in measuring blood alcohol concentrations.

In another example, glucose dehydrogenase or glucose oxidase can be used
in the reagent layer to provide a sensor that is sensitive to the presence of
glucose in a sample. This system could be useful in measuring blood glucose
concentrations, for example in patients known or suspected to have diabetes.
If the concentrations of two different substances are linked through a known

relationship, then the measurement of one of the substances through its
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to provide a sensor that is sensitive to the presence
of alcohol in a sanple. Such a system coul d be usef ul
WO eoreeesut | ng bl ood al cohol concentrations. | nP@NU$1083/036806
exanpl e, glucose dehydrogenase or gl ucose oxi dase can
be used in the reagent |ayer to provide a sensor that
is sensitive to the presence of glucose in a sanple.
This system coul d be useful in measuring blood glucose

FRBERBORAN R e o&ﬂ&rgﬁgﬁgie?cairfpl‘?ﬁﬁ&@mr%hg'?:Qm.lzﬁfon %ffthe

suspected to have the concentrati ons

coRcehttdtRirest theuhhbpgaRtantee For Rikathpl &ratghiderddiRidde may
rel ati onship, then the neasurenent of one of the

pubdtlarcensohihat ifrseinsiivatte rgeartionlansulbsttate, and the measured
oxi dor educt ase .ca rovide for, the calcylation of the
CORERMTAUAN Bhines Sulstrain Fadk thepth usRekio @3?3@%% @ncgptration
Ldo t provi de a sensor that is sensitive
BVPAETR PR ,

I cul a ubstrate, and the nmeasured
concentration of this substrate can then be used to

¢e088] at e tThe froneagéntahj@Remayhachiiel trdedtor. Without
interest. [0086] The first reagent |ayer 26 nay

iwishingeo dentealirat by anythéaytofintenpretatian, bieis helieded yhainy
theory of interpretation, it is believed. that ] .
RS 3R §aygart SRhorRAT hEPIQICOfaFongx tee thikia i zymatisgreaction

i ni_ti n r

ek PRELTRHEP S0Pk UlorB o P eERERE d e
%ﬂqm% K othbP§FeciResta shatéRtiohhRith 286 hh@yterhadoddiRred.
anal yte has occurred. In the situation of a redox

doflze siouationhef areatioat aofadter, libé ineadidtar ds believesl wpee thesspecies
t hat bal ances the redox reaction of the analyte. Thus
ithatthpdangesithe sedex raagtier @f thenanansie atlos if heanalyieds.

In,the situatj.on of a,redo Il ector not her ecl es
rBgdetR, 3he BRA0r & oBd B a3k sB6Hfn pBR PGl cRBRI0gs
taﬂ%tﬁe%gécire%w Hév@ﬁeé¢§xiaﬂzaéovéﬁredﬁ@ba IIREAY &5 bARYicBehe
the oxi doreduct’ase 1tself, or it may be another

speck Amactivalbfale analgenxThisfspeties mdyOb8 e dkidioatchrcsaseritself,
enzymatic el ectrochem cal cells are described in U S.
Raitit Mg besargBReBGRCigsaHuch asmpled oxwigfadion.s i ncor por at ed
herei n by

[0087] Mediators in enzymatic electrochemical cells are described in
U.S. Pat. No. 5,653,863, for example, which is incorporated herein by
reference. In some cases, the mediator may function to regenerate the
oxidoreductase. In one aspect, if the enzyme oxidizes an analyte, the
enzyme itself is reduced. Interaction of this enzyme with a mediator can
result in reduction of the mediator, together with oxidation of the enzyme to
its original, unreacted state. Interaction of the mediator with the working
electrode 20 at an appropriate electrical potential can result in a release of
one or more electrons to the electrode together with oxidation of the

mediator to its original, unreacted state.

[0088] Examples of mediators include OTM and coordination

complexes, including ferrocene compounds, such as 1,1’-dimethyl ferrocene;
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reference. In sone cases, the nediator may function to

regenerate the oxidoreductase. In one aspect, if the
weawyne3eki di zes an anal yte, the enzyne it sel fPQCBUS2005/036806

reduced. Interaction of this enzynme with a nedi ator

can result in reduction of the nediator, together wth

oxi dation of the enzyne to its original, unreacted

state. Interaction of the nediator with the working

| f . !
R T SR E A TR A A B
@Fi%c?bﬁfbte.ré?ﬂ)efetn‘?&%ﬁ@é. PhdfipRsigiahediataé aksbanardieat @dtro-

to its original, ‘unreacted state. [0088] Exanples of
a@ﬁ1e&gﬂg@ﬁid mol ectlbe sTRM Lattinlg coemzimed $wah aomEreyew

i ncluding ferrocene conpounds, such as 1, 1 '-dimethyl
pgire espieolirriquinengdP h&am#teb@@éutédi@nizeaalﬂ%eaaed d

P e R hab 50 SF IS e gmcorporated

SRR LR AN oy o oo fquaguis an

sxek ispetifidalhed selnsed on €S (AABA4 danhidduinioesporated herein
disclosed in U S. Pat. No. 4,746,607, which is

bycefeperce; the flavies rolignazitesy pherothiazénes, indarhgenols,
SR T ot A B e 0,0 517
| or ral v ; [ ns;

RS RO ALABIAIe b SRS i bhaum and

hénb 247 Qilith BARLGi sélbded NoaNs.res. Mios g 56988 nwhRhis330
17, which is incorporated herein by reference; and
i rpbated haieimbyrefepérece xAzeviewnokelecisochensical aediators of
U, S. Pai. No

. 3,791 ,988, which,isi. i
biooaral o YA~ o BTbA ABRHERS Gl ALt A0 (P52)

bi ol ogi.cal..r X ' [

Bpr Bl Sad oo el 27 0e sl M ELuEIALHAGE afso
ShAGHE il deseriBEdILLS "RAeRUNS. BETHIRY 86 Swhlchoisiinedrpdeated
those described in U S. Patent No. 5,520,786, which is
iheesin hor eferdnbgriaciudingg Bethenghiveno-3htpbenethiazine (PIPT), and
3- phenyl i m no- 3H phenot hi azi ne (PI PT), and

3-phenylimino-3H-phenoxazine (PIPO).

[0089] | The second reagent layer 36 may include a soluble redox
species. The soluble redox species undergoes the opposite redox reaction
relative to the reaction of the analyte of the oxidoreductase, and in so doing is
converted into its counterpart species of the redox pair. For example, if the
analyte is reduced, the soluble redox species is oxidized; and if the analyte is
oxidized, the soluble redox species is reduced. The counterpart species of
the redox pair may also be present in the layer, but it is preferably present in
a concentration lower than the concentration of the primary redox species.
More preferably, the redox species in the reagent layer on the counter
electrode is exclusively the soluble redox species that undergoes the opposite

reaction relative to the reaction of the substrate of the oxidoreductase.

-24 -



3- phenyl i m no- 3H phenoxazi ne (PIPO . [0089] The second

reagent |layer 36 may include a sol uble redox species.
wabmesaldabl e redox speci es undergoes the opposSPCBEUSBATING6806

reaction relative to the reaction of the anal yte of

t he oxi doreductase, and in so doing is converted into

its counterpart species of the redox pair. For

exanple, if the analyte is reduced, the soluble redox

ﬁ)ﬁ)?%! gls u IbISA s?LLgﬁlé 80,205k dids rtngz 5)%2334 dXIte%rbsacﬂ\?é Gr

OX Species Isr counte part

SRREN RS, éﬁ oF%ﬁ%oEr@ﬁﬂﬁoﬁ&hétaﬁ@dm@“@@ abgarRitsientetalrncdodination
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tomptex, knarm d¢dmebinatior herabf.obuitdble ledeqbra- active @rgamc molecules

species. More preferahly, the redox s s ihn_the
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an’el ectr’o-acti've organi c nol ecul e,

fdaamiokes gptsdniaiz (rmiumedatts, a:mdrphewoxalemlmamsalts on net al
coordi nati on conplex, or a conbi nati on ther eof .
Sui t abl e el ect ro acti ve rgani ¢ nol ec | ncl

9y e pHritanl Qé@l%ﬁr hiﬁfﬁdﬁﬁem@)b |C1°u"i? axes or

B R B e b AR dpBrAEe gﬁanmm.ﬁsamms SR8
Eﬁ”é‘ﬁy H€8om @%%HGE NigZh o geh NSARIRAN G Sur, 'o'ﬁ%‘i@rrtﬁa%smon

enazi ni um and henoxa2| mumsalfs. [0091]
ﬁ#ﬁtél@bhr@d gdsu htamsitietiox etpeaieegenesal yadbseerbed @rvhe or more

ﬁsm%ﬁgaswgg | bor b IR TAEN dnaBng CA0ak GB BRIy found
t

b oRiaYion e el SR T B o il S T, LBRTRLpHEon
SPeSRM!%ﬁeé.Bs 8png ré’(ﬁ Ea%rgﬁél'e%rﬁél%gt%s &Oﬁwe%aﬁiﬁﬂ Sre

re typically found in
%'Iﬁ%drﬂﬁl?%@m% ﬁfaque%l(slerﬁqrohh)erm ¥hB lack ef sallbjlity limits

iron (Il) and iron (IIl) are two species of a
Itha@loxxtlbty as rellemspetiesimbalangitgathe redoxgeaqtionsis agr e
electrochemical analysis system. The solubility of the otherwise sparingly
soluble metals or metal ions may be improved through bonding or

coordination with ligands.

[0092] Typically, the metal in an organotransition metal complex or a
transition metal coordination complex is the moiety in the complex that is
actually reduced or oxidized during use of the sensor strip. For example, the
iron center in ferrocene [Fe(l)(CsHe)2] and in the ferrocyanide ion
[Fe()(CN)e}* is in the +2 formal oxidation state, while the ferricyanide ion
[Fe(IIN(CN)e]* contains iron in its + 3 formal oxidation state. Together,
ferrocyanide and ferricyanide together form a redox pair. Depending on the
type of oxidoreductase present in the reagent layer of the working electrode,

either metal complex can function as the soluble redox species in the reagent
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only sparingly soluble in aqueous environnments. This
lack of solubility Iimts their utility as redox
WGep@eiesod n bal anci ng the redox reactions in aPCT/US2005/036806
el ectrochem cal analysis system The solubility of the
ot herwi se sparingly soluble nmetals or netal ions may
be inmproved through bonding or coordination with
ligands. [0092] Typically, the netal in an
rganotransition netal conplex or tr i tion I
Byet andaeannegmiraiots R amedt of prtdiR eltorihfis..
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sensor strip. For exanple, the iron center in
fr@the e & elx BEN nECIRIU]INNEINEHs)el? * tdnel [Ren(idiAan]’de i on
&Eefll)gCNDe]4 isin the + 2 fornmal oxidation state,
ile the ferricyanide ion [Fe(lll)(CN)6]3 contains
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RSt et iy bRPdlsSho BRSFLEE: idsl F'paRtizdHlfion
(@bhd, ;g{iortJaeth%!Jsﬁtof%ﬁ@%r%%rtsmﬁ [ieas 8RORGiIsspeci es is at
l'east” 2:1 . Still nore preferably, the nolar ratio of

the first species to the second species is at | east
10094pr at Rrefesablypthelsoluble radonspedes issypbabidizeg in the

sample and mixes with the analyte and other sample constituents. The
soluble redox species will, over time, mix with the enzyme and the mediator,
although this may not occur to any measurable degree over the course of the
analysis. The soluble redox species is not separated from the liquid sample
by a mechanical barrier, nor is it separate from the liquid sample by virtue of

its existence in a separate phase that is distinct from the liquid sample.

[0095] In a preferred embodiment, a soluble redox species is chosen
having a standard reduction potential of +0.24 volts or greater, versus the
standard hydrogen electrode (SHE). In another preferred embodiment, a
soluble redox species is chosen having a standard reduction potential of

+0.35 volts or greater, versus SHE. In yet another preferred embodiment, a
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preferred at present, the second species of the redox
pair is present in an anount of at nobst 1 part per

WO bmaseasos (ppt) or at nost 1 part per million $EPD$2005/036806
prior to the use of the sensor strip in an anal ysis.
[0094] Preferably, the soluble redox species is
solubilized in the sanple and m xes with the anal yte
and ot her sanple constituents. The sol ubl e redox

spdok epediet havidgel rédiudBon MoterMal bf bB8UERDY B vBle vERAs SHE
nmedi ator, al though this may not occur to any

g W aM EBGleigrobesever the course of the analysis. The
sol ubl e redox species is not separated fromthe liquid

ABBRE ne Tlias sHrgre By o arilaaions fif t@fe?dix‘?é‘%@%%qs, a
, IeriBY o erlBratione of exicer
IR BUDST P eoR sPEFTEL AR el AR rebah,p o

reddEenoceesicasan dly ik semsdravihedse GHsBNAE Fed SLY5ddi&having
potential of +0.24 volts or greater, versus the

tigineraerd omyedt roxgdatiosl mabedere(dBivE)to their @pahtezpart species in the
preferred enbodi nent, a soluble redox species is _
TRBE RIS CHgated vty e pEEASHPBo b eiarmechit theovarking
v greater, versus SHE. In yet another preferred
gﬁ%%tgqoﬂerém’ aredox species having a reduction

potential of about +0.48 volts versus SHE (in 0.01 M

{6097) s chageme HQARYE, fﬁ@%aly&e‘@n@'l@ag@sicﬁ&c‘!atﬂfn by interaction
I at and

conbi nati ons of oxidoreductases, ne ors,
swithi s h e xidate>orspdehyelogensbe lnsleid case, the paore @mcentrated
[ sensor. The use_of sol uble

| ect hem cal | yt I . :
Tedox SREREs 88 the6oaeh pleipd8has she hisher aidasioWDEES
i | £..C t ies in, the redox
ke g B PRI R BER o B BRp LM R tcone
i I
o e T e o LR
iumider gasi red uwdidh baintexddi@sewih aaredeabtade oge s easd, the more

this case, the nore concentrated redox species on the
conReRtrater sed oy areceson e BPgMer etectredeihas the hmwer oxidation

number. In either of these examples, the mediator may be the same
substance as the more concentrated redox species on the counter electrode or

the redox species of another redox pair.

[0098] FIG. 3 is a top view diagram of the sensor base 10, including
the conductors 12 and 14 under a dielectric layer 40, and the electrodes 20
and 30. The dielectric layer 40 may partially cover the electrodes 20 and 30
and may be made from any suitable dielectric layer, such as an insulating
polymer. The dielectric layer 40 may isolate the portions of the electrodes
that are in contact with the first and second reagent layers 26 and 36 from the
portions of the electrodes that are in contact with the conductors 12 and 14.
The dielectric layer 40, if present, may be deposited on the sensor base 10
before, during, or after the coating of the electrodes 20 and 30 with the

reagent layers 26 and 36, respectively.
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A specific exanple of this situation is the analysis

of gl ucose using glucose oxidase or glucose
walzhydisgenase. | n anot her exanpl e, the anal ytBCT/US2005/036806
under goes reduction by interaction with a reductase.

In this case, the nore concentrated redox species on

the counter el ectrode has the | ower oxidation nunber.

In either of these exanples, the nediator may be the

b !
e e
38 Byh&ly eSslRnidRi meadHQ8&) abbentidg) ﬁq@dtdﬁbr?éltﬁbﬁ or ink-jet

di agram of the sensor base 1 i ncluding t
depdsitibor $n bﬁeasdedmthmmagem Idyeﬂ lecteplosnechpertha@]ecawdes

the el ectrodes 20 . di el ect |
fl aﬁaew"@fﬁr&megirvwég&eé&qt o egkal, 907 andleryhe @ ing

Ef?gfﬂ ’fgé}cf),rl,n@\?eg%@ ,?éft ﬁetﬁiﬁ(!g\?%s § ti%g rﬁé’%éér}t I%gecrﬁ,gﬁau?gnon the
bRRkRU.s Qbe orFto'r‘éQ§ ?ﬂe LiSeRRCHIRAEES midiRH @ | n

cont act Wlf the Irst and second reagent |ayers 26
apgradémbtetynsieangte td thessenfot baseel 5 che oekdtingataganelayer or
cont act W|th the conductors 12 and 14. The dielectric
||a3§eé$‘ mag, have pihégeess ﬁﬁ@pf@é”ﬁéfﬁbsﬂ@é(ﬂnoﬁ'mﬂér &e\ﬁb%m a blade

anek mbeosmrly ot 1 seheoFatsoh S )R, Seich 30 4m
%g’at éﬁ vv|8€ h’ﬂif hoedl A89RIs ;T-EEECP | %F BPA%% a%%les%amoﬁﬁe

e reagent yers

ek @Nicapéntmagas. I8 adbitam @ blate Iagglel low&rdadermsﬁ‘éotm
or ink-jet deposition. In one aspect, the reagent
regudting thidepssiof e tragentlaypesdle, &fegndodlmhwhmkness of the

prlntln Wth other fa tors being equal, the angle of
fhaterigl '%ta“ g’@ereﬁ&?"tl AV&rsely affect the thickness
of the reagent | ayer residing on the el ectrodes 20,

i&%r(ﬁgr exg??g % -6"¥'?§Fbéd DRW SR rdeSelRBi6de @éns’i‘)‘? strlps each

I mat e to the sensor base 10

g Hlig theGehsadsik 1(HYI$<E warrkingyetestrady 20 athe ca)m“nlneloédeets(sde
of approximately 10 mm Simlarly, when a bl ade angle

30, dppcoxdundosl 12 aad t14, arsondentosri 3pasd amlrdselat:ﬁwdezéa The
a thicker 30 mm

third e?ectrode 70 may be in electrical communication with the measurement

device (not shown) through the conductor 13.

[00101] The measurement device may measure an electric potential
flowing between the working electrode 20, the third electrode 70, and a
sample (not shown) that establishes electrical communication between the
electrodes. In another aspect, the measurement device may apply and
measure an electrical potential provided to the working electrode 20, the
third electrode 70, and the sample. The sensor base 10 may have other
configurations including those with fewer or additional components as is

known in the art.

[00102] FIG. 7 is an end view diagram of the sensor base 10 of FIG. 5
depicting the optional third electrode 70. In one aspect, the optional third
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| ayer may be produced. In this aspect, |ower bl ade

angl es may provide thicker reagent |layers. In addition
wo eoobhexde+ angl e, other factors affect the resubdT/mgR005/036806

t hi ckness of the reagent |ayers 26, 36, including the

t hi ckness of the material making up the reagent |ayer.

[00100] FIGs. 4-6 are top views of three el ectrode

sensor strips, each having the sensor base 10, the

BRI ﬁoﬁgoﬁs%%%rb%dftrﬁg’rettetr]&\c‘e {:t%d ﬁ?gr‘i %r §ﬁ)ectt KRe third

con and a con

@|e%@r‘b6@% iy bEN&dtéd Wteh esitd %ngﬁmd‘}"&]v’ 76&ntlrﬂrd|ng a soluble

el ectri cal comTunl cation wth the neasurenent device

tevtuix sfeaves) Arlnoptrghaltthedo&iadmd&)suria;e Jaehelgr 7dhenay reside
nmeasur enent device nay neasure an tric nti al
Pnawihig matreerdydiar ¢ér ki Rge@seesty glfet%féi ma C?rrfﬁtrfdror 72

el AR P e
ﬁg&% 5P ve%%m oRRRECThelthRd ft GAYRI

apply nmeasur e an el ectrical po enti al pr ovi ded
E@cdrfdereagekl kagereBémayodﬁzhﬂie thiersantehconktidleds o tiave djfferent
and the sanple. The sensor base 10 may have o her
constrtgantétdecm@drrrgcwawmgrtemré@euw t In preraspest, the third reagent

onal nts as js _kno
ar 762 rTtERa NG se s fasror oy reseaRuBi ksRdidi pn

B &Smam QSHHG&%@BQ RRgeRtional third el ectrode 70. In
one aspect e optional thirdelectrode 70 may be a
true reference eIectrode. I n anot her aspect, the third
¢o@ro3jode YWhemyhdsurtarat @hduictdr 24 tshiepbsited garthel ragier
76 including a soluble redox species opti onal
conddcor g rtoa@re‘arredébatdbﬁdubrténcerﬁrorfhy/wgtﬂtfe%fﬁ%

hi rd d
CORHHIEIEE 1 Paor e A sipnsioRizing PBRARRT Fatqrldl” WPl faf M
%BHQHE&)W 274 dtln%h ﬁn&ﬁ%@ﬁrs’i‘ﬂ"c? ur@é’c%re%lﬂfuc%’rnlgyért 748t is

car r eagent ayer 76 and
%éf@ﬂ@dfthatgtﬁ@tcdnalmefrvéﬁwmwallfrmhudlerchhbesm‘ma conductor is

constituents or have different

made is non-ionizing. More preferably, the portion of the third electrode 70
in contact with the third reagent layer 76 (either the main conductor 72 or the
surface conductor 74) is a non-ionizing material. The third reagent layer 76
may include the same constituents as the first and second reagent layers 26
(not shown) and 36. In another aspect, the third reagent layer 76 may
include the same constituents as the second reagent layer 36. In yet another
aspect, the third reagent layer 76 may include ingredients that are specifically

tailored to improve the free flow of electrons between the sample being

analyzed and the third main conductor 72.

[00104] The reagent layer 76 may contain a soluble redox species as
described above with regard to FIG. 2. Preferably the reagent layer 76 of the
third electrode 70 is identical in composition to the reagent layer 36 of the

counter electrode 30. If the reagent layers on the third and counter
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constituents depending on the intended use. In one

aspect, the third reagent layer 76 is a portion of the
waeewend3neagent | ayer 36, which is deposited oPCT/182005/036806

mai n conductors 32 and 72. [00103] Wen the surface

conductor 74 is deposited on the main conductor 72, it

is preferred that the substance from which the surface

conductor is made is a non-ionizing conductive

TR AP 0L 00 GBI 18 1 Sl e s i
BISAE pORkidiNa! Hidveagendigéi cmpBiigbhal from which the

mai N conductor is de i S non-1onizing. Mre

preferably, the portion of the third electrode 70 in
faonasdt w Thetuse of the thirdeelgetiode FPenay be(dssirable foneome
mai p conductor 72, or the surface condyctor 74) is
aenLcasians; BCrieased requrag i e arpliedaRiiage cayp romiE?FQp better

i.ncl ude.t he [ t fir

PEGYARY i1 . FRIGERRTY oL AT Ry Wb, osihe B EBChroce
29PRGhay hRE b Libie a9 eEdudednarsiZbong ddipheiddettrgde 30 or
samre constituents as the second reagent |ayer 36. In
yetpplydt brenllas@aeotnt dhbhetredod specigetd tHeagmmt@Geleatrode.

i nclude ingredients that are specifi gal ly tail olgaed to

ifrthe dbisd relrctrades’Q jsRpsiiorgt PN BEthErHntaeelesipre 30, as

P E  30 g B AR Mo Sion
gsmgk ﬁﬁ’seﬁ%ﬁa?;ﬁli&f&PfHeb&HP,aﬁ’Qi‘t’ﬁatV&ﬁ RofERERES ad gurlfdériﬁll.”

refera e reagent layer 76 of the thir

&) retdrifiolgetétion majentdus alhémthesamosiiffitient sampleeto complete
reagent |layer 36 of the counter electrode 30. If

h

thergisatit bapweeen the whekingietesrtrode 2band drethi elﬁsﬁgég%@, but

i dentical,. then it b irabl e t t both ..

BOLR FORRENGORlET TR, 5 ¢ B Te pheerRicabRimeat gy the
Ut o . _

SO RO R Bl SRR LR

LRSI haditibeabgphpledovhb salpe can provide for better
accuracy in the neasurenent of the anal yte. Wen using

the third el ectrode

[00106] FIG. 8 is a perspective representation of an assembled sensor
strip 800 including the sensor base 10, at least partially covered by a lid 50
that includes a vent 54, a concave area 52, and an input end opening 60.
Preferably, the lid 50 covers, but does not contact, the reagent layers 26 and
36 (not shown), thus providing a gap 56 between the lid 50 and the

electrodes.

[00107] A biological sample may be transferred to the electrodes by
introducing the liquid sample to the opening 60 of the sensor strip 800.

The liquid fills the gap 56 while expelling the air previously contained by the
gap 56 through the vent 54. In this manner, the sample provides electrical
communication between the electrodes. The gap 56 may contain a substance
(not shown) that assists in retaining the liquid sample in the gap by

immobilizing the sample and its contents in the area above the electrodes.
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70, it may al so be possible to reduce the size of the
counter electrode 30 or to apply a snaller anmount of

WO bmenesok species to the counter el ectrode. [|PCT/H182005/036806
third electrode 70 is positioned upstream of the
counter electrode 30, as illustrated in FIG 6, then
it may be possible to detect when insufficient sanple
has been applied to the strip, a situation referred to

? Tbgecff' :41 subst gsr i'nc'dde QSE?%Weﬂ?bf@%ol?ﬁ%‘r‘g SRS

ARy |C|en to co circult

Es#ws@méthg é’@h}f(bsfégarﬁi QIS/éﬂﬂﬁﬁer?@%@ﬂdl tahe gdrous polymer
el ectrode 70, but not to cover the count er el ectrode
Btatridée shelclasdbxehreahdlpmyamyiarrede in the cell can be

converted eleﬁtronically into a signal to the user,

t t
GBI, oo e oS Bk LT e BTAE chal
%gg@?ﬁ@ﬁ%ﬁ%x‘?@o U@tg e %f]% r@d(%p%acg{'}h%%'t&?eﬁ %5@%}2@ and

eas par y covere

C bHARR e &al u56ncé‘th@féé uht laves and th@%ﬁ e laf@IH contact.
end og)gﬁl ng gj(’)gg Pr ef er abl y,g theyl id 50 covg?g but

dbeslecttorsomiodated bheonsamed fronayies respBanhiedss reagiton can
shown), thus prOV|d|ng a gap, 56 betyeen the lid 50 and
tieeq teanélénedcme%pp y o1y eles rtﬁab P@Ej%né'ar?searvﬁﬂég%gﬁt%e” the

LR oh9 b1 E LA AR uRe! B4 FAUEL Al e curen:
§R%s curént rhaffétﬁieMeht falyse &%Pel%@d"%ith&h@&@ﬂkém?&drh@f the
air previously contained by the gap 56 through the

\wealytdh tHensdrmple, peovided thasystanmplas beeo\dablbrted with similar
el ectrical communication between the el ectrodes. The
GappPis eritaitong KNAwWA ANRLREEEhg ARlYEhown) t hat

assists in retaining the liquid sanple in the gap by

T R S O O 8t
| RGh¥Geh Wm@‘é@lfaﬁ@blﬁ%mm’ﬂ?fﬁe intelsded@value of the electrical

car boxyne ose and pol yet hyl ene gl ycol; and
[potential pohy providateddbask te thehciasuittgthraughahe third electrode, so

pol yacryl am de.

that the voltage can be adjusted appropriately. A measurement device
preferably contains the necessary circuitry and microprocessors to provide
useful information, such as the concentration of the analyte in the sample, the
concentration of the analyte in the body of the patient, or the relevant

concentration of another substance that is related to the measured analyte.

[00110] Once the sample is introduced through the opening 60, the
sample begins to solubilize and react with the reagent layers 26, 36, and
optionally 76. It may be beneficial to provide an “incubation period” during
which the reagents convert a portion of the analyte into a measurable species
prior to the application of an electrical potential. While a longer incubation
period may be utilized, preferably, a voltage is initially applied to the sensor

strip 800 at the same time as, or immediately after, the introduction of the
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[00108] If a sanple introduced through the opening 60

contains an anal yte for the oxidoreductase, the redox
w0 sm6ninm bet ween the anal yte and the enzynme ceOI/b&ynFi036806

once the reagent |layers and the sanple are in contact.
The el ectrons produced or consuned fromthe resultant
redox reaction can be quantified by applying an

el ectrical potential (i.e. voltage) between the
Y4 Iéqﬂ\rgb?rﬁmeogﬁerﬁﬂ 6bheAWtiﬁ-rde‘f)ltl¢%Ie59ﬂ§nt &qﬂcubat'g)n
measuri ng e current. This current neasuréenent nay be
F@ﬁbéé A thavdunmd ikeU S0 PaeMeAts, 620 877 9tdel 863BY863.1 n

he sanpl e, provided the system has been cali brated
wth simlar sanples containing known anounts of the
HMyle. [ Obedoitialy applied volhge mayebe niaintaieschor adet fme

o Shas iy T35 SESEL R A A1) SPELL S8 1o ther
SR, EHer S P ol Pt B such

¥BbLBYE sé@hdiSopdicententi Gl IseRsaratieh Y Afrr figis Sl SRk, a
devi ce preferably contains the necessary circuitry and

wroostapt potessal ar 3 treadquilskd sy belapiphiedranaeisdhe veergingaand
t he confent r at I@?ql of the analyte in the sangl e, . the
caHBteRelegtiasies of theeensAr S0 Meate thgopgentration of the

pat . ent s i.Of,: .
Rl Yoo CY APk A EEh s Ty Slp M Ls appied
WHELPE et iOmorioRéEidrs featintRHE ©f ol 5aBaID édtends.
openi ng 60, the sanple begins to solubilize and react
\Gonsidenimgrtbagamplé agkmse 26ntadted by theogap 56ak Irgad’pulse tof
may be beneficial to provide an "incubation period”

dom agovi) sasonks is eyl lvert a portion of the

anal yte into a neasurabl e species prior to the

i Hatioon rj t.i al i I e
MRLLAT onEprfl SR Eo TSRS 5Mg s5ppjed b When
Y% LRARIngSeletkddead YFIaRR) Ii@éorsﬁgdre@ WIEN 8RS DBILIAfRh8 PPesent
at the sane tine as, or immediately after, the
iimieridun shoneofeat! s esglegorefermag hF lOse 94 d 9B depicta working
nore in-depth treatment of incubation periods nma

hsoder I E2viRaR CaUShICtE, 5006 99040 BIHS9BB S ing he
application of long and short read pulses. A sample (not shown) is applied to
the working electrode 900 and includes RBC 920 residing on the DBL 905,
external measurable species 910 residing in the sample, and internal

measurable species 915 residing within the DBL 905.

[00113] As shown in FIG. 9A, when a long, 10 second read pulse is
applied to the working electrode 900, both the external and internal
measurable species 910 and 915 are measured at the surface of the conductor
surface 930 by a change in oxidation state. During this measurement
process, the external measurable species 910 diffuses through the sample
region where the RBC 920 reside and through the DBL 905 to be measured at

the surface 930. As previously discussed, this diffusion of the external
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[0011 1] The initially applied voltage may be
mai ntai ned for a set tinme period, such as about 10
w@ewendsod or a conventional sensor strip, and PEENS2005/036806

stopped. Then no voltage nmay be applied for a set

delay tine period, such as about 10 seconds for a
conventional sensor strip. After this delay tine, a
constant potential or a "read pul se" may be applied
BT SpUeLd RO R00eh AHEREC SHEEATAUSReRL b iEN:

sen 0 neasur e concentrat

PN Rs thOherRRY@Rtdfferpl anperometric sensors, this
read pulse is applied while the current is nonitored

for aread time of from5 to 10 seconds. Considering
{001 BHnpl e Fudhemeorepatlangeerdpulsh@pghipd 56 a sirip bading a DBL,

L2 Lol PR B RO S
SRR A VISR 08 SRR e s

%epiugﬁrthé REE bLRS balry Mesdned @l thdtdrduddr anthcBRiuring the

t a working el ectrode 900 havi ng a conduct or
sedud poke 930 eithar msBlce985ubstantia) pdrdon o ke speaies mieasured
l ong and short read pul ses. A sanple (not shown) is
gopingdhe read pelsaeriginaed v she tsdbsayopleand i ncl udes RBC
920 residing on the DBL 905, external neasurable

ies 910, r,esid] [ h i.n
TOBEAIS 1 o B 6"t M Ba AR For e sl Ao 2 shor
(O pdBE i&8psietiMh tHe dehSor §Ap I¥TERaving @€ DBLO9E3 P aECord
read pulse Is applied to the working el ectrode 900,
leitth tHehpresan teinnahti@md Heme ethedhtemes sueahirabls species 9950
and 915 are neasured at the surface of, the condugtor
suiesent s SEODBY. W' HARGEOPNa SRATER nAXialiPR State af fy surface

h0c Bl BBE Ryl Rt RR e TBAg S BlfimaL to the
8L Bﬁgﬁtﬁt@r Eﬁﬁbﬁ\% e?f@négtg)gt‘H@EBb%r BBks ABPsiIst&Rially diffuse

measure ~the surface . previ ously discussed,
tthicughi the USBI0B0B fto trbgctetticeroral utearssurfalok @ 39choi g tr@li@ad
t hrough the RBC 920 during neasurenent

pulse. Thus, the present invention substantially excludes the external
measurable species 910 from measurement, instead measuring the

measurable species 915 that is internal to the DBL 905.

[00116] FIGs. 10A and 10B are graphs illustrating the improvement in
measurement accuracy when a DBL is combined with a short read pulse in
accord with the present invention. Whole blood samples were combined
with ferrocyanide in a 5:1 dilution ratio to represent an underlying glucose
concentration and measured with a 1 second read pulse. Thus, the initial
20%, 40% and 60% hematocrit WB samples were diluted to 16%, 32% and
48% hematocrit (a 20% reduction of all three hematocrit values). The 20%,
40%, and 60% lines represent the current measured for the blood samples

containing 16%, 32%, and 48% hematocrit, respectively.
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i ntroduces the hematocrit effect. [001 14]

Furthernore, a long read pul se applied to a strip
whanengp3ed DBL, as depicted in FIG 9a, perfor nBCT/US2005/036806

simlarly to a short read pulse applied to a strip

| acking a DBL. The simlarity arises because

nmeasur abl e species diffuse through the RBC before

bei ng nmeasured at the conductor surface during the

ul se n, ei [l : ' (AN :

PR peki e GASBEMs 48 RS Bracies HEHACk By tREHehRfocrit

hd Y

9A

l:@*&%citsﬂfrbﬂwea b&fd cSRITM G sehQ8stiiBlladlhg keDBLG.

t
, FIG 9B represents the situation where a short
Teadnpedusacy & repmseedias thbeiff@race between 9@020%vant60 %
the DBL 905 in accord with the present invention. _
hematogritdinest(erral hemaipami ias pan) andoreprerestsdhe maximum

s dtirmetdngdirady SR aHePR RnehRgoRtL ety A bias
SRRRS Ep2ieht' £ §10qé ﬁ@cﬁ?%l‘ée@l_ Q’(;'r tsomtIBe R%@%e‘?\%f‘ §|b|se rved

remal ns extern to t does not substantially

Henus ©Blhwasigbed héthDBlorRh réad peabe has idisussettalsd e with
surface 930 during the read pul se. Thus, the present
iregeselto 6HGsBPBst anti al |y excl udes the external

nmeasur abl e speci es 910 from neasurenent, instead

TOOTHY' Do CoBuerbnT o] OBRRE W BoRaIy el Myfance
i/t\)'ﬁk\}déér'i gﬁ@@%t e n,'ge.mr EMRfTERON iR IRARI £ DL infd o diite with
en a Is conbined wth a short read pulse in

dloe predent invehtion i eseibinddwithtd dBecHiitbreadopulee. Padistiest
were conmbined with ferrocyanide in a 5:1 dilution

rféffjli of PEOrRg)y ewes andad % rkddr(wjihagt srageots WasiiEHed &N dn

d with d pyl se, .Th .
CRNENGD! SevgccaemAsRt o ononadbRve; ViR Ry e (sl pias
F s ot ity FEPEARERRIRISE ok il e s

4R840taneiab9fan Wit ut ey BBNt TR thupregait imvaatior dightficantly
t he bl ood sanpl es
increased measurement accuracy in comparison to the conventional, bare

conductor electrode.

[00119] While not wishing to be bound by any particular theory, it is
presently believed that by limiting the length of the read time with respect to
the thickness of the DBL, the present invention may exploit the phenomenon
that the rate of diffusion of the measurable species into the pores of the DBL
is varying, while the diffusion rate of the measurable spécies from the internal
volume of the DBL to the surface of the conductor surface is constant.

The varying degree of diffusion into the DBL caused by the WB matrix is
believed to give rise to the hematocrit effect. Thus, measurement errors (bias)
introduced by the sample constituents, including RBC, may be reduced by

substantially limiting measurement to the measurable species present in the
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contai ning 16% 32% and 48% hematocrit,
respectively.[001 17] FIG 10A shows the inaccuracies
WO pdos0ehzeed by the hematocrit and ot her effect BCT/USIM0H036806
bare conductor sensor strip |acking a DBL. The
I naccuracy is represented as the difference between
the 20% and 60% hematocrit lines (the total hematocrit
bi as span) and represents the maxi mum neasur ement

linternalnaslvinad f theUDBD! which dradeienad @s hiave 8frEREVely constant
Smal | er bias values represent a nore accurate result.

sliffusign rpter f or mance was observed when a DBL was used
with a longer read pul se as di scussed above with

A o T St o
SRUERY ARG ROl R othr g o FRF BR8N Phan -

DBEés uNighdst FIEt1 DBhow s RO itk ouTey DBIAthkOBtaKWith read
(w thout reagents) was printed on a conductor surface

duilseseaf G.9r 5F1 @ anhPS apowels Bamenailyiidehtycal t Regaatieds of the
ias henptocrit span with the DBL/short read pul se was

ﬁ%'agﬁhyofﬁﬁsf? puBE; thedlofal fias NG e Heqs 49ghand higher
£Hbo the. t _lnvention

B0 v ke itecr e AU FRR e i ER b R he surtace o

qhaRBhHGeM0 [ Dafféteed BYYRALAAPA comAGertONALRIMg RBC.

el ectrode. 5001 19] Wiile not wishing to be bound by

dthgwpuer, ias ill estratdrbor KIG.i 1118, sviperea @B is ditdizeely etk biaatfor the

by limting the length of the read tine with respect

(b9 SREOR [Qaeheilse & Sanesalbpless itan baleste biay ehseryad deythe 5

gt t hen nqn. t hat the e of, diffusjion.of
FREORLLeA EuRESBETENIR dPychif 15 MBSttt ianpR i
g, [ M fousd r t r
S o o o O URa% SPMseh e ETA T Rt
dambaganidé coheertentidimct or surface is constant. The
varyi ng degree of diffusion into the DBL caused by the
WB matrix is believed to give rise to the hematocrit

d90221]  Th\Whereombinad witea RBls read gujses of less than 5 seconds

are preferred and read pulses of less than 3 seconds are more preferred.

In another aspect, read pulses from 0.1 to 2.8 or from 0.5 to 2.4 seconds are
preferred. In yet another aspect, read pulses from 0.05 to 2.8 or from 0.1 to
2.0 seconds are preferred. At present, read pulses from 0.8 to 2.2 or from 0.8
to 1.2 seconds are more preferred, while read pulses from 0.1 to 1.5 or from
0.125 to 0.8 seconds are especially preferred. The thickness of the DBL
present during application of the read pulse may be selected so that during
the pulse, the measurable species external to the DBL is substantially

prevented from diffusing to the surface of the conductor.

[00122] FIG. 12 is a table comparing the bias results for 1 and 10 second
read pulses from multiple analyses performed with multiple types of sensor
strips having a DBL. The table shows the total bias span values for WB
samples containing 50, 100, 200, and 400 mg/dL glucose. Absolute bias
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i ntroduced by the sanple constituents, including RBC
may be reduced by substantially limting nmeasurenent

w0 2oobhe3measur abl e speci es present in thei nt erpel/UuS2005/036806
vol ume of the DBL, which are believed to have a
relatively constant diffusion rate. [00120] FIGs. 11A
and 11B are graphs establishing the inprovenent in
accuracy arising froma reduction in the duration of

t L d

}/Qﬁ{&g %%’ ¥5r tgg% ﬁw%ﬁbsdggpl\%'t hflga/ Gi“s s%&&ﬁ%‘?@ﬁe 100,
5@0 1hd Emd nl%’dﬁ%ﬁﬁﬁﬁés arige erdayudscf@mné:@émr@egatddeess

of the length of the read pulse, the total bias span

e ceTsratings Widhaanrhget o e bo(h50% Khsensadaayes) theb‘eemm@ read
the ability of the mediator to reach the surf
PHsesoRbBchorer & saeandhread B}Y)se REOVAeRHRSUBEALTR r@QHt:%Oﬂ in

REAAVIR S PR Pl S A bR e
W‘rﬁdreﬂkigﬁﬁné ﬁoﬁﬁﬁ%&'iWJtS%%oDF‘@OWJ”aF(Br ok S@ﬁla% pérformed,

observed for t 5 second read pul se and can be as

thechveasl| 2verdgerisias teelstibhamast dieo hisdsh ofdesvibe doonbiaation of

conventional 10 second read pul se, depending on the

ad)Blowjting deort seackpvisatin @ﬁCOfPO\G!EbITe WHRSENE BIMSNHEA wi t h
than 5 seconds are

b’ﬁg&&af‘g)ﬂ |gﬁ%a§eé1§@eawr§&en&ac1:lé@gyt han 3 seconds are

nore preferred. In another aspect, read pul ses from

an yesﬁ 2. BFREs. frmy Qc%ré gra?ph@ iREGRIIE tﬂ@%bﬁlr@fcﬂ‘rarﬁ@\sor strip

anot er aspect ad pulses fromO0.05'to
haeimg DB&QO%C@U@@IQW%@W@MH eﬁelghﬁcd)sekbnpemamn of a
read pulses fromO0.8 to 2.2 or fromO0.8 to 1.2 seconds

aarB?Pmufeh@l;Efae&hOéUreadmu'%e r Bagidpia wderbyingihe figyres was
25 8

SOUFGRILY, hofr s BRGNPy BN Shltane copramne
geqpééﬁféﬂ%eogs ﬂ’]fe rrngga{g s@%%@ R¥ab& FeleiRg s§r‘?1p1é’s%ck

surable speci es external

RIBE, fﬂ&l} Pn@n@b@bmwdwla@kwﬁmmuég amaﬂjdcﬁedsdwt@et o
t he surtace of the conductor.
hematocrit effect. Conversely, measurements taken in the WB samples

included inaccuracies introduced by the hematocrit effect.

[00124] FIG. 13A correlates plasma and WB measurements collected
with a 1 second read pulse for a bare conductor sensor strip. The slope of the
resulting correlation plot is only 0.43, indicating that on average only 43% of
the measurable species present in the WB samples was measured.

In comparison, FIG. 13B correlates plasma and WB measurements collected
with a 1 second read pulse for a sensor strip having a DBL. The slope of the
resulting correlation plot is a substantially higher 0.86, indicating that about
86% of the measurable species present in the WB samples was measured.
Thus, when compared with a bare conductor, a short read pulse combined

with a DBL in accordance with the present invention may provide a 100%
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[00122] FIG 12 is a table conparing the bias results

for 1 and 10 second read pulses frommnultiple anal yses
w@anbossed with nmultiple types of sensor stri pECTEYI0DE036806

a DBL. The table shows the total bias span val ues for

W B sanpl es contai ning 50, 100, 200, and 400 ng/dL

gl ucose. Absol ute biasvalues are listed for the 50

ng/ dL sanples, while % bias is shown for the 100, 200,

an \ : '
e B PIBS R VIRPA SRR SRR
s§ApRd. and the 1 second read pulses The shorter 1

second read pul se provided a substantial reduction in

the bias val ues when conpared with the conventional 10
0I5 r eaBiGuul 3@ I lwsittatesr tbdudedreaseds d watiab sead auhs% eohance
about 90% For t he 32 trials perforned, hﬁ 0
m)@ﬁﬂ@é“%té!@r B\3BEE S0r SARSORHHRE egypPehyy! ﬁgL ih'accord

nat i on . of S
XSt dhvdh et et RS BSRA .S,
Eﬁéq‘(‘fs%'&%ﬂﬂ r@&&?ﬁ%ﬁneﬁ&ﬂ%@htsﬁh@n intér WB&ndpfasma
graphs illustrating the ability of a sensor strip
bavipleg meﬂBhslyuiacnbedtveﬂyrespaetheclﬂsmBAumomwo%e 1, 5,
concentrat| on of a sanple utiljzipg a short rea

pod Jé). serpad dut %esmadferqqrrq%@thmalomsmeé§f®a%6 4 ﬁ@@@e(b”

ne the current in
SRR Vi ng el Ses/readn 46nd Rl eRup FaR Hbatdment
Becausfithe plasma sanples lack RBC, the plasnma
neasurenents | ack i naccuracies introduced by the
hemat ocrit effect. Conversely, neasurenents taken in
{6®1288 sanhVieen aroinmidiedtion DRlUreageeslayat isadedetheblengtieof

hemat ocrit effect 00124] FIG 13A correl at I
i m@,aa@ma[glamfieléemhwws%oﬁt@eﬁ BalUPsane later

B8 5 S-SR SIS SR TR DI er
r@lg Gifh Willed J?ﬂﬁbl%rblﬁﬁgf @;%Eerm 'tB(at4§%hRfal Q| RS EE ﬁ#ﬁbethe

cies present In sanpl es was measur ed.
GaImPA pEONto ApSlicatidn sfaheetad palspl ddwereagehtWdntaining binder

nn??tzﬁgleg?atlﬁln%o(ljlljr?r?gt teh% read pulse serves as the DBL.

[00127] Because solubilization of the binder material begins as soon as

the sample is introduced through the opening 60 (FIG.8), the time that passes
during the initial pulse and delay periods affects how much of the combined
layer remains on the conductor surface during the read pulse. Thus, shorter

initial pulses and delay times may be preferred to ensure that sufficient binder

material remains on the conductor to serve as an effective DBL.

[00128] However, depending on the duration of the read pulse, a
preferable upper limit exists for the DBL thickness because an increased DBL
thickness may result in a failure of the sensor system to reach “steady-state”
before application of the read pulse. Before the sensor system reaches steady-

state, the concentration of the measurable species in the DBL does not
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with a 1 second read pulse for a sensor strip having a

DBL. The slope of the resulting correlation plot is a
waevse3vd al | y hi gher 0.86, indicating that abeu/ugn85/036806

of the neasurabl e species present in the WB sanpl es

was neasured. Thus, when conpared with a bare

conductor, a short read pulse conbined with a DBL in

accordance with the present invention nay provide a

SE0LAIY ST b8 BRES TR ST e o A
SHBRL T B 8% hRict AR G3RBaRLY BEivAR BRLdEABStIONS of the

nce neasurenent perfornance for sensor strips

etpisprdde whédieainDble DBLandahd samipte tiay pr atsebated to the
i nvention. The graph shows the correlation plots for

thasgingnighudratiee stade obthe PBlse measurenents taken in
the WB and pl asma sanpl es previously described with

IOTEEE' v dhisrt fall bERe g A e, egRiK Bo3E R Geady-
gta@con&iﬁ%ﬂgﬂé oY, thEeeh ceh@@ti8AA the B‘néa@@%%%%«fties

uration reauced neasurenent | naccuraci es.

Wiesuped ol matdoore | BWitle dge it theasamples Thethcktdfecorrelation
| ength of the initial pulse and the delay affect the
et rerethe BleasurableBIDagifS GRICERBation & t%élBiLe@dr wggample

B s A PSSR T i By e e
i_al- ; : S y
LT hin SRS o Tecsaamle

gpatial Bkfegndlitodee DBIL fbhameasuraimentg during the read
pul se serves as the DBL. [00127] Because

sol ubilization of the binder material begins as soon .
480134 sanpies.i KA throssbddd resenighe rerelismbiaingd dor multiple

ICER XY, SV T TR TR
e T L e R
Ry distaiverll @flfA6g heuleipRuz@) hhatresliplilises, @ath lof ndsicond
duration, separated by 0.5 second waits. Table Il below lists the approximate
average DBL/reagent layer thickness and the approximate time to reach
steady state for each figure. The approximate beginning of the steady-state
condition may be observed when the last in time data point obtained for an
individual read pulse represents the greatest current value of the last in time

data points acquired for any individual read pulse.

[00131] Thus, for FIG. 14F, the last in time (rightmost) ~ 1750 nA data
point for the read pulse initiated at ~ 1.5 seconds establishes that steady-state

was reached at about 2.5 seconds at the 674.8 mg/dL glucose concentration.
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mat eri al remains on the conductor to serve as an

effective DBL. [00128] However, depending on the
waleoabiosm of the read pul se, a preferabl e uppepPCT/U81005/036806

exists for the DBL thickness because an increased DBL

thickness may result in a failure of the sensor system

to reach "steady-state" before application of the read

pul se.
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stegdy state for |each figure. The gpproxi mate

begi nni ng of the steady-state condition may be
observed when the last in tfhgk gata poi nt obtai ned for
an individual read pul se represents the greatest
current value of the last in tine

[00132] The data in Table Il establish that for a 1 second read pulse

preceded by a 0.5 second delay, the average initial thickness of a
combination DBL/reagent layer is preferably less than 30 or 23 micrometers
(um) and more preferably less than 16 pm. Preferred average initial
thicknesses of a combination DBL/reagent layer for use with a 0.5 to 5 second
delay and a 0.5 to 1.2 second read pulse are from 5 to 15 um or from 11 to
14 ym. More preferred average initial thicknesses of a combination
DBL/reagent layer for use with a 0.5 to 5 second delay and a 0.05 to 2.8
second read pulse are from 1 to 15 um or from 2 to 5 um. Thus, fora 0.8 to
1.2 second read pulse, these thicknesses substantially exclude measurable
species from the conductor surface during the read pulse, while allowing the

sensor system to reach a steady-state.
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data points acquired for any individual read pul se.
[00131] Thus, for FIG 14F, the last in tine

w@ 2aoghisest ) ~ 1750 nA data point for the readP@uiS®05/036806
initiated at 1.5 seconds establishes that steady-state
was reached at about 2.5 seconds at the 674.8 ng/dL
gl ucose concentration. Table Il [00132] The data in
Table Il establish that for a 1 second read pul se

RIS 5 SRR AR B YR ok o aplied
RS e oetd)reﬁ%elﬁo@ﬁaeﬁ’noo&fh@%imlqmg@wg& (tA@Hepf)time, and

nmore preferably fess than 16 mm Preferred average

thd diakiohhifake essbpulsé, far ceatbpubeidumatidBily ofdasethian feneer
for use with a 0.5 to 5 second delay and a 0.5 to 1.2
seewwly, reagenplaysethickneassespffran L of friom 11 tp@0m

T e Lo R 385 b B L PRRSF e gation
TGB! e B fort P 1R ARCR YA 8 Suk it
The deeiceddverad ipitiab thickiss of bhiceknieates BBsdageht kykymay

excl ude neasurabl e species fromthe conductor surface
barsetegtachtorraespecifia read paise kength, such gs ferethechsesond read

syste reach teady-state. [ p0133]. While th
pheaaplq fif o1 afe PasiE ehadichofeadietatthsdrachoy or
applied to the conductor is dependent on the initial

RO £ on9ilpnkienda Aidi gThse 30 okl HHEALE RA: Bart b

| se, or rea urati on ess than five

seesttiisare f{ﬂéﬁ@ﬂ’@ﬂ. llakted plitecknessefori 1 to drsebonds 36 drlay
or from1l to 20 mm are preferred. Furthernore, for

tiezsas gfffared.bfto 5. ®condpatsmere peaferred. duagrpieired aspect, the
reagent |ayer thicknesses of from1l to 10 or, from2
{0181 Piise 2B stelals fies arerAleqied soatrabgleag ol hid taf dverage
thi. . orrhi .

R BLREE0S) of EEEBBRIALORPRELE A9 RS SR Epnguctr

thfade $ARANHe TR pRItbSEappliddiblreahdthePBsdte fagrai6d @ 85% or
when steady-state is reached. [00134] In one aspect,
ifrint i781 topB % eof anel aderlagy initiabthidkndse of theheembined layer remains

on the conductor surface when the read pulse is applied. -

[00135] The preferred thickness of the DBL for a specific read pulse
length also may depend on the nature of the DBL. The slower the
measurable species moves through the DBL during measurement, the thinner
the DBL required. However, if diffusion of the measurable species through
the DBL is too slow, it may be difficult to obtain the desired steady-state
condition. The rate at which a measurable species diffuses through the DBL
also may be altered with additives that affect the ionic strength of the test
sample and/or of the pore interiors of the DBL. In one aspect, the additive
may be a salt, such as sodium or potassium chloride, which is present in the

deposition solution/paste at a 1 to 2 Molar concentration. Other salts and
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seconds are preferred. Initial pulse tinmes of froml

to 4 seconds and delay tinmes of fromO0.5 to 5 seconds
waemonemset preferred. In a preferred aspect, theECT/HE100E036806

pul se and delay tines are selected so that at | east

50% of the average initial thickness of the conbined

DBL/ reagent | ayer renmains on the conductor surface

when the read pulse is applied. In another aspect,

hRPRaRohR i et e PRl Ao kBT Sleet S d0Bwn o

dutiRlinaly flanen Wheartdieherastnphllss ey barikd ed.
00135] The preferred thickness of the DBL for a

specific read pulse length also may depend on the
[0036¢ of AhetiEBladvahiagslofnerastiting ke maasbrable peediesin the

nmoves . through the DBL during nmeasurenent, the thinner
DR with & leguthasd segans @ad Rseiisrthe Seduetion Qhmeasurement

measur abl e speci ¢ hr h S '
FEBGISP Frof® £50 53k hathBI s Pt iRk Erg B drndBnsor
300 F1G. Ble|fTAled bl dTRAS IR Re SAIREH SSbstantiall
gt?%(ss%gn?h:égugh thg%gé%@g(?@é) may be al tlefed Wi th santiaty
alldif the eseas hablaffeniés plresentanitbe gap&tghds lndert measwed, the
sanpl e and/ or of the pore interiors of the DBL. In one
maasutemeniacalamger VRPrasgntpthecangentrabigr 1of sreasyerllgspecies in

o el BEDankES O Ghok ToP SRR ot o AFr R SGhh e
3b 5%, ANEPARRSLAH BT rBAfen! hedhe HIRI H@BE Hetbieads

thé test sanple as known to those of ordinary skill

irdlatihe tir volafnecbftiesdapy5 @l the cierenbmeasedmdrittidisdepend on
Anot her advant age of neasuri ngI t he measur abl e speci ea
itme voleinDBof thietgapa56 et thamderlygoatslyleg@nsanyation. (RHES,

reducti on of neasurenent | i Si . i .
LoD 0 hene s eI BBl Qe A UL nBfpurate wit
i f a I ot t he
To4a 1 e Sonfinrdtiop e R RE SR oBLeRHBIPERE )

PRESARbIE Bpédies Fiﬁ%eﬁﬁim@}% dapege.neasured, the
nmeasur enent no | onger represents the concentration of

measur abl e species in the sanple, but is instead .
feat3iFli ng Hencepeonvaganesisiheasiiememidhegapp peesent in the

electrochemical sensor strip may lead to measurement imprecision because
the electronics in the measurement device apply the same potential and
perform the same calculations for each test. Thus, for the same sample, a
conventional sensor strip having a larger gap volume will show a higher
analyte concentration than a sensor strip having a smaller gap volume if the
read pulse overshoots the gap volume. By substantially limiting measurement
to the measurable species present in the DBL, the present invention may
reduce the imprecision introduced by sensor strips having different gap
volumes. In this manner, the effect that manufacturing variability in the
sensor strips would otherwise have on the measurement results may be

reduced.
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gap 56; a very different neasurenent. As the read
pul se becones long relative the volune of the gap 56,

WO bmeowsnent neasurenent will depend on the voPCmESIDS/036806
the gap 56, not the underlying anal yte concentration.
Thus, |onger read pul ses can result in measurenents
that are highly inaccurate with regard to anal yte
concentration if the pulse |l ength "overshoots" the
g@ﬁ%}ib' € [Eeqi5DrRp&HeEMe procidién BeRveth se[r%%ilgtﬁps having a

nce, any variance in the volune of the gap 5

ppBbant gap vdiemesedtl; Gcbeand al raveloen sdadi pulseyof £a8) 10,
to asurenent inprecision because the electronics in
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h | cul at i f h t. Thus,
RRGOBA el DRIsB R £ 580 Rl S SR BF rechaviagofT. 5.
| 85, 9. BRBecHddMEraid B éﬁ@%ﬂt@tﬂ@ &nﬁ rcoﬂ@@lje}ﬂt\ﬁherlm pa segchd

concentration than a sensor stri p having a sna

vrkysd dnd B gezaddpldieway ¢6lsbwed Hytrogd @akey @funs, 18yand
substantially limting neasurenent to the neasurable

sifetg@adpr dasiancenbetweeDBllopeshancindereaptsi ofitbatchbbratien lines

RURRE EORPLTRIAR ol R imssind FeacohdSsaniasion dieiexpressed as

&, ieg! m@g’foﬂ%ﬂ%‘%ﬁw&m Qé’olgéféinﬁﬁgishévd fhat BE tff‘ee&lzl%ﬁppsof the

strips wo erwi se have asurefent” Test
rayd pelsedtueaded A& thel ifprédisopnipahemédierdhertsd @to the

bet ween sensor strips having a DBL and gap vol unes of
Marigtign iathle gap voluthen Foehdthpplilse seqdierices, thetdeviatidrb
econds were apEJI i ed. Table A presents the data

fyveen &ie grRNORIMesIsded fofrtbeptllsecand readipylseoprd largest
r P Sq of 1 and 15.

9510, 5% B e PR o eBobh ey o
RNRME RIOB PWligea sk ?u%eﬂ@ﬁg’(ﬂqn%@bﬁ wah theldrevgd iVention.
read pul ses of 1, 5, 10, and 15 seconds. Vari ances
bet ween sl opes and intercepts of the calibration |ines
18013%Ych cdnbidditidroto the hpsmateotiveffecirddnesidnped segap
duration are expresseg as . ) )
volumes, when the measurable species present in the gap 56 (FIG. 8) is
measured, positive errors in the analyte reading may be introduced if the
liquid sample moves during the measurement. This movement of the sample
can introduce fresh analyte to the region around the working electrode where
a constant diffusion pattern was already in place, thus skewing the
measurement. By measuring the measurable species internal to the DBL,
which has a relatively constant diffusion rate, with a short read pulse, while
substantially excluding from measurement the varying diffusion rate
measurable species external to the DBL, the present invention may further

reduce measurement errors introduced by movement of the sample.

[00140] While various embodiments of the invention have been
described, it will be apparent to those of ordinary skill in the art that other

embodiments and implementations are possible within the scope of the
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% CV. The % CV values fromtables A and B show that as
the duration of the read pul se increases so does the
WO 2@6®0¢a384 on i n the neasurenents due to the vaPCHUSIING/036806
in the gap volunme. For both pul se sequences, the
devi ati on between the gap volunes is least for the ~ 1
second read pul se, and | argest for the 15 second read
pul se. These results further establish the benefit of
utvengipRg AcdoBlingly, ttheirskentiondsinsetd bagédtrittedaseepdin light of
'thi%gﬁ Br sent i &éntion. [00139] In addition to the
hgﬁﬁ? CH RSN IRRGYIHIEBE. i n gap vol unes, when
t he neasurabl e species present in the gap 56 (FIG 8)
i's measured, positive errors in the analyte readi ng
may be introduced if the liquid sanple noves during
t he nmeasurenent. This novenent of the sanple can
i ntroduce fresh analyte to the region around the
wor ki ng el ectrode where a constant diffusion pattern
was already in place, thus skewi ng the neasurenent. By
nmeasuring the neasurabl e species internal to the DBL
which has a relatively constant diffusion rate, with a
short read pul se, while substantially excluding from
measur enent the varying diffusion rate neasurable
species external to the DBL, the present invention may
further reduce neasurenent errors introduced by
novenent of the sanple. [00140] While various
enbodi nents of the invention have been described, it
w Il be apparent to those of ordinary skill in the art
t hat ot her enbodi nents and i npl enentations are
possi ble within the scope of theinvention.
Accordingly, the invention is not to be restricted
except in light of the attached clains and their
equi val ents. CLAIMS: 1. An el ectrochem cal sensor
strip, conprising: a base; a first electrode on the
base, where the first electrode conprises at |east one
first layer on a first conductor, the first |ayer
i ncluding a
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reagent |ayer; and a second el ectrode on the base, the
thi ckness of the first |ayer selected so that a read
weiose4appl ied to the first and second el ect r cRIEBUS2005/036806

during an anal yte analysis substantially detects a
measur abl e species within the first |ayer and
substantially does not detect the neasurabl e species
external to the first layer. 2. The el ectrochem ca
éﬁﬂﬁﬂg'Strip of claim1, where the reagent [|ayer

es an oxi doreductase enzyne and a binder. 3. The
el ectrochem cal sensor strip of any one of the
precedi ng cl ai ns, where the second el ectrode conprises
the fAnsdlettaydrenoicakbsesgoostdpe oonhpeisorg: 4. The
el ectrochem cal sensor strip of any one of the
precedbﬁ@%clains where the duration of the read pul se

|
St paSrtEE e O 105 brsts WHeTR Fod vt STet e g e
durationagh Jag; rEte|§9erp(5'rl1 a4 r!;tscdn%ﬁl% SheHe frsb ﬁdé/%F‘?’r?clu@lng a

The el ectrochem cal “sensor strip o any one cl ai ns

1 throughagentWnasreahdie duration of the read pulse is
fromO.05 second to 2.8 seconds. 7. The

el ect acebend ekectrodasur thethase, of any one of clainms 1
throuh where, the.duration of th Se IS .

{1 om Bherthickssnof therist saebiected sothat a1t b s anplif o
sensor [ :Iaﬂ]bé W ere

t he aveﬁéééﬁ?tgarn Oﬁ ﬁ Jrg{a&sds%go ?'?eg? %aéaye)(s'éll\g at
least 1 s”E\stthtlalT @ieﬁic@scé rrﬂéi'ﬁlﬂhl@l@sgéel@swnmhﬁh@f|®sft |@yat and
one of clainms 1 through 7, where the average initial

t hi cknesssibsfantinky fdoesnot dgtect the measurablerspoiesexianal to the
The el ectrochem cal sensor strip of any one of clains

1 throung5t73Y9\here the average initial thickness of
the first layer is froml to 30 nm 11. The

?Ihect Irﬁgt%?égt%%heﬁﬁ&?losren%rr itRp Y bh Pr&hafe HedeBenk layer

includes an oxidoreductase enzyme and a binder.

3. The electrochemical sensor strip of any one of the preceding claims,
where the second electrode comprises the first layer on a second conductor.
4, The electrochemical sensor strip of any one of the preceding claims,
where the duration of the read pulse is less than 5 seconds.

5. The electrochemical sensor strip of any one of claims 1 through 3,
where the duration of the read pulse is less than 3 seconds.

6. The electrochemical sensor strip of any one of claims 1 through 3,
where the duration of the read pulse is from 0.05 second to 2.8 seconds.
7. The electrochemical sensor strip of any one of claims 1 through 3,
where the duration of the read pulse is from 0.1 second to 1.5 seconds.

8. The electrochemical sensor strip of any one of the preceding claims,
where the average initial thickness of the first layer is at least 1 ym.

9. The electrochemical sensor strip of any one of claims 1 through 7,

where the average initial thickness of the first layer is less than 30 um.
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where the average initial thickness of the first |ayer
is from5 to 25 nm 12. The el ectrochem cal sensor

WG 20bp42304 any one of the preceding clains, WhePEI/US®05/036806
average initial thickness of the first |ayer on the
first conductor is further selected so that at | east
50% of the thickness remains on the conductor when the
read pul se is applied. 13. The el ectrochem cal sensor

i@r i DE@Q F%’&%’ﬁogﬁg?ﬁéal%gﬁéﬁsstl}}p E)Eéﬁ#’lgﬂejo]f ’clé’mﬁr?tﬁrpﬁéh 7,

era i'cKness o rst” layer on

{Vhesd (HeONIEE Ot S thitknsy osBkartadysoistiivah 1fto030 4fh.t 0
80% of the thickness remains on the conductor when the

i¢ad Poé ekedtechpplicadendot.stym obbey bnecaidiosl 1 fensgh 7,
strip, conprising: a, base; first electrode on_the
pheee thehavesaganitial thickaesg ol ibedirsidayes isdwmd 1P ¢Mne

Lrst f.irst t t fi > .
Dhoi ulinh e PERB I Ry R SiE O e 5BR 1S bre Bt i
Wherd tHehvdrasd il rthmeE?Sf %!erfﬁgt lag¥en tRHrs cORGLESr is
el ectrode on”the base, the thickness of the second

faier seRiceal adtiso at st B0 esfdthp thisknaeppkeadng on tihe
first and second el ectrodes during an anal yte anal ysis

sanductat wWalenythadead pylsa isreaBliedbl e species within the
aoul b FleiseBPatCa Rt GRE QOB I, binrOggh 11,

m%rgltl?é:g\fé?ﬁgk%wﬁgl: th? | CE§ ofsfhre'ofﬁ'stol‘%lgéll 8h @P\éﬁrst%ﬁﬂﬁctor is

the aver age ness t second | ayer 1s

alrtHe@aslecled®d thil frofh@0abests of hieathieknsse nemairstan theof
claim 14, where the average initial thickness of the

secdudtol when the read pubetip appliegn 17. The

el ectrochem cal sensor strip of any.one of clains 14
tHAr ough etl]ggtrwj‘@rrglqaﬁge@gggtﬁ@, FQW&H&ES not include a

subst grﬂ)taisgl amount of at | east one

a first electrode on the base, where the first electrode comprises at
least one first layer on a first conductor, the first layer including a
reagent layer and a second layer between the first conductor and
the first layer; and

a second electrode on the base, the thickness of the second layer
selected so that a read pulse applied to the first and second
electrodes during an analyte analysis substantially detects a
measurable species within the second layer and substantially does

not detect the measurable species external to the second layer.

15.  The electrochemical sensor strip of claim 14, where the average initial

thickness of the second layer is at least 1 um.
16. The electrochemical sensor strip of claim 14, where the average initial

thickness of the second layer is from 5 to 25 ym.
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of the oxidoreductase enzyne and a nediator. 18. The
el ectrochem cal sensor strip of any one of clains 14

w0 bengdsod 7, where the second | ayer includes aPCT/US2005/036806
pol yneric material. 19. The el ectrochem cal sensor
strip of claim 18, where the polyneric materi al
i ncl udes at | east one of poly(ethylene oxide), carboxy
nmet hyl cel |l ul ose, hydroxyet hyl ene cel |l ul ose,

dro r I |1 ul PO Y Vi I : '
L AN LB 8oy Ko ) sRE038lmeZel LM 16
Wrerefie sctPnd 1B d SEIHAGRETHE A subBRROR] &inbuBt Bf aCleditBne
18, where the polyneric material is partially water
ebthebdddodlictade mezhow: afd a neediat®irng t he accuracy of
quantitative anal yte determnation conprising:
il Bt r odibe ietrFtrschariea) sens@ritap & Y SR HAA Hythyough 17,

e the SRad ke Pe s Faly PerRThaRelor on the
?9.3& The %?ét%%h%ﬂﬂgéi%ﬂgoros@riém PAsE18 %He@th\lﬁﬁﬁ?m@ﬂ@
e ere the

I'rst ayer on at ast the first conduct or,

alatbealShcludes ht bt dey of polytdthdienedxidelgeatokayeethyl
i ncluding a binder and the sanple provides el ectrical

cottmiose,datdroxydtbyiweercellnbose; hudroxmaranyt satlutosadeelysiny!

g pé%h”r%&%ﬁu@l Byieol o Rt aebpfiver el S o b petifey @ thereor.
Lea . i . i .

B e TR e e P R T PR A i

AdeaMbspantdig! Witedgeibi@t det ect the measurabl e
species external to the first |ayer; neasuring the

2dad puiethddopinavasngthernatiracytof\qpantitaliyesnalyie
anal yte concentration in the sanple wth increased
SetlimiestiomCPBPEEINGA t o

introducing an analyte containing sample having a liquid component
to an electrochemical sensor strip, the strip having a base, a first
conductor on the base, a second conductor on the base, and at
least one first layer on at least the first conductor, where the at least
one first layer includes a reagent layer including a binder and the
sample provides electrical communication between the first and
second conductors;

applying an electric potential between the first and second conductors
in the form of a read pulse, the read pulse applied for a duration
that substantially detects a measurable species within the first layer
and substantially does not detect the measurable species external to
the first layer;

measuring the read pulse to provide a quantitative value of the analyte
concentration in the sample with increased accuracy in relation to

an electrochemical sensor strip that substantially detects the
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an el ectrochem cal sensor strip that substantially
detects theneasurabl e species external to the first

wo 2a006042322. The nethod of claim2 1, where therPCT/US2005/036806
i ncreased accuracy results at least in part froma
reduction in the inaccuracy introduced to anal yte
concentration determ nation by the |iquid novenent
effect. 23. The nethod of any one of clains 2 1
t hr ough r .Sl ' j t he precision
of the dngaeiiErpEeEE RIS hETER O,
concentration between a plurality of electrochem ca
sensor strips, where the sanple resides in a gap
far nedhbehewed dffkaibadé, whereathlei idcrefasedebcgang oesults at least
strip, the gap having a volune that varjes between the .
imaatifima redection dhif Parcwany stredygegstoanalyie concentration

Biltslindabn B the NG S Bhy Bl o S Mt ral
pyl se Jﬁggngﬁhbbrm 9! e HEkIgiss QF%{&?H M'fﬁﬁheﬁ&)mﬁh?ng

nmet ho aim 24, where the initial pulse is from
impfo\iag ongprec?hon O ehergtinetitative chlaiesolthe adedyte t he

time delay 1s from2 to 4 seconds. i .
concentration between a plurality of electrochemical sensor strips, where the
sample resides in a gap formed between the base and a lid of each sensor
strip, the gap having a volume that varies between the individual
electrochemical sensor strips of the plurality.

24. The method of any one of claims 21 through 23, further comprising
applying an initial pulse and a time delay before the read pulse.

25.  The method of claim 24, where the initial pulse is from 1 to 4 seconds.

26. The method of claim 24, where the time delay is from 2 to 4 seconds.
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