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Background

The present invention relates to devices, systems, and methods for
20 measuring analytes from biological samples, such as from a sample of bodily
fluid. More specifically, the present invention relates to biosensors and
methods for testing an analyte using certain electrical response characteristics.
Measuring the concentration of substances, particularly in the presence
of other, confounding substances (“interferents”), is important in many fields,
25  and especially in medical diagnosis and disease management. For example,
the measurement of glucose in bodily fluids, such as blood, is crucial to the
effective treatment of diabetes.
Multiple methods are known for measuring the concentration of
analytes such as glucose in a blood sample. Such methods typically fall into
30  one of two categories: optical methods and electrochemical methods. Optical
methods generally involve absorbance, reflectance or laser spectroscopy to

observe the spectrum shift in the fluid caused by the concentration of the



30 one of two categories: optical nethods and
el ectrochem cal nethods. Optical nethods generally
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20  may be limited by assuring an effectlvely 1nf1n1te sample size. For example,
the electrodes used for meésuring the analyte may be spaced closely enough so
that a drop of blood on the test strip extends substantially beyond the
electrodes in all directions. Regardless of the strategy used to control sample
geometry, typically one or more dose sufficiency electrodes are used to assure
25  that there is a sufficient amount of sample to assure an accurate test result.
Other examples of limitations to the accuracy of blood glucose
measurements include variations in blood chemistry (other than the analyte of
interest being measured). For example, variations in hematocrit

(concentration of red blood cells) or in the concentration of other chemicals,

30  constituents or formed elements in the blood, may affect the measurement.



O her exanples of limtations to the accuracy of bl ood
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nmeasured). For exanple, variations in hematocrit
(concentration of red blood cells) or in the
concentration of other chem cals, 30 constituents or
formed elenents in the blood, nay affect the
nmeasur enent. WO 2004/ 113910 PCI/ US2004/ 019576 3
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20  strip design.

Another general approach involves the use of sophisticated excitation
and signal processing methods coupled with co-optimized algorithms.
Simpler, less complex, test strip architectures and manufacturing processes
may be realized; however, instrumentation costs, memory and processor

25  requirements, associated complex coding, and calibrated manufacturing
techniques are required. Systems employing this technique take the general
approach of overcoming the problem within the scope of the instrumentation.

A more recent approach involves neither the strip nor instrumentation,

per se, but rather exploits the measurement methodology. An example of this



may be realized; however, instrunmentation costs,

menory and processor 25 requirenents, associ ated
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techni ques are required. Systens enploying this
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exanple, a pair of electrodes defines a first
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second neasurenment zone. The pairs are roughly
coplanar, and wthin a pair of el ectrodes each has a
| ength substantially parallel to the length of the
other. At |east one of the electrodes in the first
pair of electrodes 10 conprises at |east two
el ongat ed, rectangul ar conductive el enments, which are
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contact with both pairs after dosing. 15 Several
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one of the at least two pairs of electrodes residing
in a sanple chanmber. Both Suahmargre coated with a
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two pairs is coated with a first reagent and the other pair is coated with a
second reagent. In another embodiment, one of at least two pairs is coated
with a reagent and the other pair lacks a reagent coating, with the downstream
pair preferably having the reagent coating. In a variation of this embodiment,
25  the other of the pairs is covered with a coating that is perm-selective, size-
selective, or otherwise affects the electrode response in the presence of one or
more analytes and/or interferents.
In further aspects, dose detection and dose sufficiency electrodes are
included. For example, a third electrode system may be included that is

30 located further from the edge than the first two electrode pairs, i.e. is
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strip according to one enbodi nent of the present

invention. FIG 2 is an exploded view of selected

| ayers of the test strip of FIG 1. 5 FIG 3 is a

cutaway plan view of the electrode portion of the

strip of FIG 1. FIGS. 4-15 dre expl oded vi ews of

alternative test strips according to the present

i nvention. WD 2004/ 113910 PCT/ US2004/ 019576 8
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an analyte in a bodily or other fluid using nmultiple
el ectrode arrays that performdifferent functions or
have different response functions with the sanple.
One particul ar enbodi nent involves the conbinati on of
macro 15 el ectrodes and m cro-el ectrodes that operate
in respective pairs, but contribute information for a
final determ nation of the analyte concentration, such
as by having the information obtained from one

el ectrode pair being used to



conpensate or correct the results obtained fromthe
ot her el ectrode pair, or by conbining the responses
woRothe3ded ectrode pairs in a predeterm ned fasPCDOS2080019576

These el ectrode arrays nay al so be conbined in a w de
variety of other ways to acconplish nultiple related
functions, including analyze concentration, detection

of hematocrit, determ nation of correction factors, as
wel | as sanple sufficiency and/ dose detection, all on

a single strip and in an extrenely small space.
Alternatively, by using nultiple arrays with different
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var i 8¢ PERCHAE ¥ si on  coefficients of the
el ectrochem cally active species being tested.
Faradaic 5 current in soluble reagents at an el ectrode
surface occurs due to the physical diffusion of these
speci es and the value of the diffusion coefficient
i nfluences the neasured response. Commercial systens
are often calibrated and built such that the nom na
sensor response (faradaic current) to a given anount
of glucose is repeatable if the diffusion
coefficients remain fixed. Unfortunately 10 both the
tenperature and hematocrit (HCT) of each individua
sanple alter the effective diffusion coefficient of
the el ectroactive species being neasured. |If these
factors are not considered, the glucose neasurenent
can be in error for any tenperature or hematocrit
value differing fromthose used in the calibration of
the system 15 In this exenplary technique, the system
determ nes the faradaic



response of an el ectrochem cal sensor due to an

anal yte of interest, and provides an estimte of the
waceaalkioief f ecti ve diffusion coefficient of thRCEHPEWO€619576

under goi ng the redox reaction at the el ectrode

surface. In particular, the system conpensates for

di ffusion coefficient variation by using two el ectrode

20 systens (preferably of different types) exposed to

the sane reagent-sanple mixtude. Sol uble,

el ectroacti ve species, such as the redox nediators

comonly enpl oyed in glucose biosensors, diffuse to a
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to a potentlal step accordlng to the Cottrel
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perform different functions or have different response functions with the
sample. One particular embodiment involves the combination of macro-

15  electrodes and micro-electrodes that operate in respective pairs, but contribute
information for a final determination of the analyte concentration, such as by
having the information obtained from one electrode pair being used to
compensate or correct the results obtained from the other electrode pair, or by
combining the responses of the electrode pairs in a predetermined fashion.

20 These electrode arrays may also be combined in a wide variety of other
ways to accomplish multiple related functions, including analyte
concentration, detection of hematocrit, determination of correction factors, as
well as sample sufficiency and dose detection, all on a single strip and in an
extremely small space. Alternatively, by using multiple arrays with different

25  sensitivities to interferents, one may exploit the two measurements to provide
a more accurate result, as would normally occur to one skilled in the art.

In various embodiments, different electrochemical excitation
techniques (for example, DC, AC phase, AC amplitude, or combined DC/AC)
are applied to these different electrode arrays to achieve the desired goals.

30  Examples of such techniques are well known in the art, and are further



m cro-el ectrode. In equations (lIb) and (2b), t(o00)

nmeans a tine sufficiently Ilong that the condition of
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respectively, can be established at the electrodes in

qguestion. One enbodi ment woul d apply the sane

potential between (a) the 15 planar, macro el ectrode

and a counter/reference el ectrode, and between (b) the

mcro el ectrode(s) and counteP/reference el ectrode.

The tinme-dependent current response would then be
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undergoing the redox reaction at the electrode surface. In particular, the
system compensates for diffusion coefficient variation by using two electrode
20  systems (preferably of different types) exposed to the same reagent-sample
mixture. Soluble, electroactive species, such as the redox mediators
commonly employed in glucose biosensors, diffuse to a planar, macro-
electrode yielding a current response to a potential step according to the

Cottrell equation (1).

25 i, =nFA,C /—?— so that (1a)
Tt

limi =0 (1b)

13t (=9)

where 7 is the number of electrons involved in the electron transfer, F is the

Faraday constant (96,485.3 Clequivalent), A, is the area of the macro-



vi scosity change, etc.)-the correction is provided by

the different functional dependence of the two
we@b@aiitpde pairs on the chemcal properties of P€TESA84/019576

sanple. In each of the strips illustrated herein, an

el ectrode array is used to nmneasure an anal yte, such

as glucose, in a sanple. Wien the sanple reaches the

array, it conbines with reagent that is placed

adj acent to the array to proWde certain properties

of electrical inpedance in the presence of a certain

20 electrical signal, as is understood in the art,

whi Gliectrop@danostattsyvitsbd seltion fC [sSthe co@ktitmatiodndtthesnalyte in

arra ei t her stream or _downstreamfraomthe first |

ar r 4j¢ sample, %%Ség@?fé%ﬂtlye detusioncoelErien ofthesRgpy, and g is the

use ical stinmulus to the

sangwh?mﬂ£§¥%ﬂ§mgﬁgct?%é%%%%géponse at the array is

used as atwﬂbmnmwﬂﬁhbummaﬁbambgdxmaoﬁﬂkﬂmmﬂwwﬂyhhyh@n

interferent, such as hematqcrit 25 tengfrature

Pi k&esPPRICONDRSS JANG SRACIES A0 i A POIFPI{iRleieP 3 WF%E‘F&*&O&
ana Jv&ﬁd FRUELBIFA k ngoﬁé@cHﬁmctIHEedWeq%ﬂiéﬁ/@)C&n be

use same ti anal yze a single Sanple in a

comon vol ume of very ﬂﬁ|hnﬂMW§DSIOnS WO 2004/ 113910
PCT/ US2004/ 0195 F6nFAS '%r're'rm—l—nfsérfhﬂét i on Syst erff@The

present invention rel 5to & systemthat is useful
for assessing an anakaﬁ)ln a sanple fluid. The
systen1|nclude&nﬂev¢ées—and nmet hods for 5 eval uat{by
the sanple fl uPEfor t He target analyte. The

eval uati on, ran fromdetecting t presence of
t he VEIFEF Pt d8 ﬂ?%afa%?]g‘?'ﬁﬁﬁ?ﬁ‘?gd?%@dEo‘h’é@HFP%FP% e-dppgndent
1?2?' aﬁﬁ%gﬁ-ﬁ?g AR 08 8 1806 JBEnSRIFISe hd e Hné'fﬁlélé%%roﬁ@ ¥t the

e test systen1|s appropri ate.
pur poseseleftraiep laoqtations db) ynd €bpriehemesd a tﬁndosufﬁmenﬂly
Is described in which the alyte_is qucogﬁfand t he

sanpPee teiibg corditian of SeR-uH 6F ctsadastace | difigsion
R e B B e 04 SO ooyt em
is an el @mqmbmhmmalwcsﬂl spply thwdamstlmgpnaal between (a) the
15  planar, macro electrode and a counter/reference electrode, and between (b) the
micro electrode(s) and counter/reference electrode. The time-dependent
current response would then be measured at several time-points following

potential application at both macro and microelectrodes. An analysis of

i, = f (?/l_;-j would produce slope, as in equation (3), while the same analysis

20 ofi =f (%j would yield an intercept; as shown in equation (4).
t

slope,, = nFApC\/% 3)
intercept, = nFACD 4)
r,

/]

Given that in this invention both i, and i, are derived from the same

reaction and sample, it is possible to calculate an apparent diffusion coefficient



sanpl e-recei ving chanber for the sanple fluid, and a

reagent for producing an 15 el ectrochem cal signal in
wo b@4prdsence of the test anal yte. The sensor PCT/US2004/019576

preferably conprises a disposable test strip,

particularly one having a | am nar construction

provi di ng an edge opening to a sanpl e-receiving

chanber. The reagent is disposed within the

sanpl e-recei ving chanber in pddition to provide the

el ectrochem cal signal to a working electrode al so

positioned within the 20 chanber. In appropriate

ci r clonsteasiee®chatichll pieattig Yeeisopehe dt@ce, iitdepedddat of the

reagent may contain an enzyme and optignally a

medi GAREFUAGep Of thersRecisearsardingiopguaiom(Se.onlsis Hisiaseps of the

Wi t det i nat

Concm o e tfes iy B WO aPlhe rhdle B BB ERGE AHREc)

25 nmgtare koown.ehot exaalpley aispledricdbmicaodlenrveletyiedds: Wi t h t he

el ectrodes of the sensor d circuitry to evaluate

the eIectrocheﬁﬂ@amﬂngﬁaﬁggorresponding to the 5

concentration ofgdpe anal yte. The neter may al so )

i ncl ude neans for fdeterfithing that the sanple fluid

has bgeDhestinued, Rcah BE 25RRAGH o nafbet HRAifERA WD Hrovide

of sanple fluid is sufficient for testing. The neter

t ypi &edrregtion for the Beastwd oowtrtign. 16 EUR elstohedisbpecies.
13 ' . I f..the anal ysis. or na
e N R e S O
Anal galcalate Chluah aekieshinatidhef SYslessRubioet iy MitofPemiatdder

1ghqual jtative or quantitative indication 5 for the

al YAUBUOR i1 Bi7e IeARaPREAMPIIpractEls SERTS WHPsSHuEgnt response
si - I ' L
| 1 GLERSAETcolich 1,0y b, SR Epcion's
guanind¢pendent ob Heentiscatfi variatidn inle (@gatepiperitare! enasoori) e

fluid. | f ed enbodinent, .it is a feature of
the iioosh gt o REECoT R e iRl tonclional
pr ecdependcpasbfte I%IO eReraarken Qﬁmé}%ﬁﬁﬁtﬂr%rﬂie%l of the

obtai ned. 10 Anal 3te - Type The systemis useful for

She sduipdg-mi nation of a wide variety of analytes. The

fMef’L ZL;I I%’eaf:l?gf s %%ls Sustiated %%rdelilg,%nae e%&%gg arfr:flz)yr is 3ed to
measure an analyte, such as glucose, in a sample. When the sample reaches

the array, it combines with reagent that is placed adjacent to the array to
provide certain properties of electrical impedance in the presence of a certain
20  electrical signal, as is understood in the art, which impedance is used as a first
datum. Another array, either upstream or downstream from the first array, but
preferably not covered by a reagent, is used to provide another electrical
stimulus to the sample, and the electrical response at the array is used as a
second datum affected in a known way by an interferent, such as hematocrit
25  temperature, or the like. This two data are combined to yield a corrected
analyte concentration value. The two arrays can be used at the same time to

analyze a single sample in a common volume of very small dimensions.



suitable chem stry that can be used to assess the

presence of the analyte. Mst preferably, the system
w0 g0donPigur ed and used for the testing of an PCEUS1064/019576

in a 15 biological fluid. Such anal ytes may incl ude,

for exanple, glucose, lactate, wurate, ketones, etc.

Commensurate nodifications to the systemw || be

apparent to those skilled in the art. For purposes of

expl anation, and in a particdBarly preferred

enbodi nent, the systemis described with respect to

the detection of glucose in a biological fluid. 20

I nt eGéreraddtforhesdén met hodol ogi es may be variously

affectgd by the presence of interferents in the

sanple—ﬂi%%ﬂ. For exanple, the testing for glucose in

a bl ood BRM I

bi lirubin, hel:yrr%tn g@%??@oﬂuﬁgﬁg&ttggl g‘%{mgg%%r{)&%hﬁ i £§essmg an

ac et%miytm#nhe&am@aﬂaxdt a3 sysrahtindedesaedicks giddaethddsefor

31 ¥ Rlpfine e ol G ERhE ruses o o TR gpibaion may range
may fadif @eﬂé@tlﬂg B8 %Pésehcﬂ: Itk SANRL & (ﬁété%hgmn-ﬁrlﬁ%s&ngér{tﬁﬁ()ﬁ of

may be addressed by approprlate selectio
mat dh¢ analytandhp analiietand $he smple Buidinyayt teeany<fot whtchmlne Ilaﬁt

che s that are known to.be acted | es

e RS SpiBhod! Bor RtiMel Pt RAS R, o Bl
addrepstidtnént isedseibéDin varfickt e aAlyteaE %Iu%@ser zﬁﬂ@tﬁé‘&aﬁnﬁl@ flhid
have differential sensitivities to the interferent,

1But 18 bleed grinterstitjal finidodayeesghe premtiszogan oleagy & not 40
the ivity to the analyte of interest. As is
knomﬁﬂﬁﬁlﬁﬁgag}t other steps may also be taken to
deal wBeis p033|ble interferent effects, such as the

use of caatin or f|| t hat, prevent the i.nterferent
from ent e(? 1}9@61[1 Qyﬁ’@m isja egﬁggp@heétﬁcal sensor including a

nodighy ﬁ:tﬂeeéi% EQ:hgulﬁﬁe £k’ ngglectﬁﬂ(fl'aﬂﬁ éﬁ%ﬂ?’fo‘? 'i){(hducmg an

I nt err atl on nmet hods can used to m
16f f @bﬂctrgchqrmcdrsignabm the prefénge of ﬂfyspestﬁhaiy&y Sthevensor

usef ul h a wide varie of sa flyids, and i .

or obTgHibl Sruttspt GRpusahl G o B baticuay §oe b ihe b Taminar

bi olcegdiamtioh F#ﬂvﬁ’dmé BnEJfgei) eﬁi%@tt@%i"samﬁlléereée@‘%ﬁg chamber. The
"bi ol ogi cal fluid" incl udes any body f whi ch

t he TqageRhis dispesasaitiia theesampleteceiving @mmlvpt o pos1t10n to provide
I nt e éléétfo%hertmclﬁi ggnrﬁ % zrln\aworkmg eI%ttroche aqso positioned within the

20 chamber. In appropriate circumstances, such as for glucose detection, the

reagent may contain an enzyme and optionally a mediator.
Meter
The sensor is used in combination with a meter for determination of
the presence and/or concentration of the analyte in the sample fluid. The
25  meter conventionally includes a connection with the electrodes of the sensor
and circuitry to evaluate the electrochemical signal corresponding to the
concentration of the analyte. The meter may also include means for
determining that the sample fluid has been received by the sensor, and that the

amount of sample fluid is sufficient for testing. The meter typically will store



tears, urine, amiotic fluid, spinal fluid and bl ood.
The term "blood" in the context of the invention
WO paad®s0 whol e bl ood and its cell-free conponkel/ES2004/019576

nanely plasma and serum In addition, the systemis
useful in connection with reference fluids that are
used in conventional fashion to verify the integrity
of 15 the systemfor testing. In a preferred
enbodi nent, the systemis enpléyed for the testing of
gl ucose. The sanple fluid in this instance may
specifically include, for exanple, fresh capillary
bl ochdalixpéyrtae réstuhsrof the ahalpgs for thay aderappely peshide the data to
alternate S|tes (e.g., forearm palm upper arm calf
and & $5PgRic de¥%€sh venous 20 bl ood, and contro
S°|Utigﬂ§%ﬁﬂpéghﬁgﬁﬂkﬁ¢ or for the system The fluid

may beTacquire ivered to the test strip in any
fashi on. ThHeaysterarmplpeovide bitheod qualitpties orequabiitatik aidivadon

n C entional_fashion b ci sing. the skjn, such as

¢ HODHEAHRISTE Ta,oiE PrERCEne 48 PRl e <ptss gty Ty RpfeRce

f | U' ot thd'@tal AP RERE Sa@plel B SEhds vt ﬁﬁ? alsbiprdvid@ reading of
aspect of t'he presen |nvent|on 25 that the test strip

i s Ubefudntigy etrcopeentration|of thfel amalytesmr'rm sasnplé fluids In a preferred
t her ef.ore a e at ur e of t n tha

ont yRgipG R oo P b yeniign WRLE Blebfydche ana
pr odise@sd leediu@bfliie aahlytd ¢ondedtRfivh iesbthiged.t he test, and
the pain and other concerns with such nethod can be

nim nat ed. WO 2004/ 113910

PCT/ US20 t | e
mvent {ont FoParEgs pit ok BN WA VRt
whi cdhalysesa Tihe tdsc etnpcﬁmfexgnpledls trendilgtadapted foa upas wﬁhmﬁg

and/ or tgtea]&éjre the concentration of an 5 an y¥
way SHfta TRISEK Rt €3 DHRIed AR PISRSSHRRPeasIFe © g)ﬁanal e. Most

rea LRABI ﬂﬁéﬂg el cofiized amﬁ&%ﬁ?ﬁ r ¥R *ﬂgaﬁéﬂa [Tyée in a

ment | ayer s I on se
lrSe adudoglsaleﬂmdt Sadsmwd:ﬁds ey fngluek oo example,sg’lgwmb Iadtait,

b | at t trat f
Che Wlsy Fanes e “Cobi SRy Bediatien b PRartmnstufe
el eclpbRdf: tdXRIsBRLARARY tRidHd Bk phfRsds it ¢ ‘ﬁﬁl@\ﬁétﬂﬁl and in a

el ectrode 10 and a counter el ectrode wWithin the sanple
r ec diagtiontpriyraefsaed empedisrempltee system is described with respect to the

detection of glucose in a biological fluid.
20 Interferents
Test methodologies may be variously affected by the presence of
interferents in the sample fluid. For example, the testing for glucose in a
blood sample may be impacted by such factors as bilirubin, hematocrit, uric
acid, ascorbate, acetaminophen, galactose, maltose, and lipids. The present
25  system is adaptable to minimize or eliminate the adverse effects of interferents
that may also be present in the sample fluid. These effects may be addressed
by appropriate selection of test materials and parameters, such as by the
selection of chemistries that are known to be impacted less, or not at all, by
possible interferents. They may also be addressed by selection of two or more

30 reagents that have differential sensitivities to the interferent, but substantially



recei ving chanber is configured such that sanple fluid
entering the chanber is placed in electrolytic
w@e@oomacoiw t h both the working el ectrode and tP€T/US2004/019576
counter electrode. This allows electrical current to
fl ow between the el ectrodes to effect the
el ectrooxi dation or el ectroreduction of the analyte or
its products. 15 In the context of the present
invention, a "working electrod4” is an electrode at
whi ch analyte or product is electrooxidized or
el ectroreduced with or w thout the agency of a redox
medi thé edme SBnsitiviay to the anﬂwofehteﬁast osleis knb@hen shehef, ether
to an el ectrode that aired with the working

el ec¥Shs deay4P ettﬁ]F‘?SUQHi Witk p@ﬁs@@@t@fﬂ@rté&ﬁeﬂéﬂv@hﬁ%me
cur rgRhy Se%ﬂgs bt gl?sgtﬁbtgﬂfgﬁen@ﬂ% &Qrf&%ﬂ?ﬁb E&ntdlin éﬂ@tr,%lgzone.

the current Passe I'ng electro
t er nin addviony modlﬁbamweie alecméan&nﬂgmrammls odmtarongatien

| ectr s that also function e ence el ectrodes
% 19‘ g CBRRESSIY OrBIngRLs e fg%fkf’{i @tect r ode) .

El ect rgﬁgd@éberl al The working and counter el ectrodes,
and the remal ning portions of the 25 electrode

system riEhe sysiefngs nmiulfwiﬂnraavid@varmtyobﬁalm Hnids) and ins
known

o7 s Bnly Vosa Rt e AP Re S SbRETS 2 8 Morfei B i

el ecdonfsh &g ©ah Fioldpedal flawe ﬁnctm&s%ﬂse bady AgidiaRdsciohe
the test strip. Suitable conductors for the worKki

161 ecmabirem PelTiateugel r cpampladninitiabfleid: il SedbBReal
Ui 3BT ULARBILAL A G il BTN, B0 ALY e

oxXi as others, such as the conductors

di sconggdof the ihvendtrainglvdeSenskertioddandG34eN F8 dmponents,
PCT/ US2004/ 019576 16 appli.cation, which was
i nc dRFSTLPIasMa B ETHY- F%F‘%‘P%% dhe sysienisaselsf in connection with

el e%fe? %e s Pt RS eBin LiiRe n‘g 1 Bfshidhftd @ﬁﬁfg/ the Jﬁltegnty of

materi a I'n a preferred odi ment, bot
16l edhassxyteesnﬁneesgngd el ectrodes. El ectrode Application

5 The el ctro utilized by. the
nvent | ot IBEEL BPPaEeTh i HeeBs e RUer 1ok e itiangt
f ashjigudsé Mefe 4 léjﬁuﬂ' 18 Ghik %ﬁ%c@ﬁna?@ﬁéﬂfﬁéa@ly include, for

conductivity and integrity. Exenplary procésses are
wel lexkmpleonfresh capdlagy blood ahthineddtam éhe finger tp anpppeoved

SPUtf@hlRkitel e & folim®heim, bPpd RHCLAF LRAnEIR AT ous
20  blood, and control solutions supplied with or for the system.
The fluid may be acquired and delivered to the test strip in any fashion.
For example, a blood sample may be obtained in conventional fashion by
incising the skin, such as with a lancet, and then contacting the test strip with
fluid that appears at the skin surface. It is an aspect of the present invention
25  that the test strip is useful with very small fluid samples. It is therefore a
desirable feature of the invention that only a slight incising of the skin is
necessary to produce the volume of fluid required for the test, and the pain and

other concerns with such method can be minimized or eliminated.



the el ectrodes and ot her conductive conponents are
provi ded by coating a 10 base substrate and then
WO 2091390 sel ected portions of the coating to RPCPUS200HE19576
conmponents. A preferred renoval nethod is |aser
ablation, and nore preferably broad-field |aser
abl ation, as disclosed in the "Method of Mking a
Bi osensor” application, which was incorporated above
by reference, and further rel&vant discussion is
found in U S. Patent Application Nos. 15 09/ 866, 030
(entitled "Biosensors with Laser Ablation El ectrodes
Wi t lElectrddeft i nuous Coverl ay Channel ," filed My 25,
2001) and 09/411,940 (entitled "Laser Defined
Feat ur Blectrade Bypet er ned Lani nates and El ectrode,” filed
Qct ober 4pyk9hion Yé}{ltlsé)fd)sa 0%&%&0%'3%8%6@@’{ idrFRtl RVice
and application are rown rn the art
pr oconfiggred hedetoe dterpreahce:mdbmmeﬁsare the dorwanﬂratmml drahy

0O the el ectrod ne, descr|bed here Reage
éomslaghm hvanet %é ochgrpical pxidatipgeandde iR gt ‘t&‘@ﬂ? the

Wi T RERLE h&dﬁﬁ”@i@{r&oﬁxﬁ&ﬁ bymemeﬁadmﬁar o [ay&ﬁwmﬂ ghewi t h
the test analyte to produce the el ectrochem cal

Si gmalutmhafrhcmwem areﬂtaascb:ce@ tmareeloftric signakthgt canibg
the sampl e, f1 ui The t est2 str.y.is.selected in
| o SORFRIE bl Miouf O £oRE g OE Bl BhiVug, TR Re:E RS
KnowRerbfbré RIAES an 1B&FRIe 3K QeMWIBIRIH gl Bkt Wokéng electrode
avai l able for use with each of wvarious anal ytes,

10nclapdiarsgupter elaesrode;withie dietsgmkeremlémérch@@b@h e semgle

st 7 gt o/ P gBap Al kA edpil; B RRAAEMhe chamberis

740%&3@6)11;1 elebirifti¢ Sorloait n@thfbdtlemeo;mrMngmla&&bée het theicoimter
The sel ection 30 of an appropriate chem stry

t heredcsriodewdis alipw i plactrinal cokieny toifpv Retwgen the &#&trws to
200%&%&%&%@&3&#@%93/ QAR %dué‘t?onfdfrtﬁ AFESER ﬁroaaas

herein IS not required in or to enabl e ‘one to neke
14nd use Ihhie mmenf thie pvesant ioventidoy a Peorkossdedde] 1s,an

th g\éve%q%qog@ ép ywhic Ep gtggrrtﬁg?d g@gt&#cﬁpgﬁ &%%o%%ectrore ceg with

undeys-SHigRe: Haked %f %‘%&Rﬁ rﬁédlat%r t B {cRY eBblR elRRAdOf
the clains, 1sno limted, unless specifically

i ndireferelkrein|to an hlectc@beh@tﬁs galmdo‘@éh thetweorkimgjelestrode and

€O "Rﬁr%%@ﬁ %Nh?gh 1%agseestag efec&oc%emlcal%urrentl equal in magnitude and

20  opposite in sign to the current passed through the working electrode. The term
“counter electrode” is meant to include counter electrodes that also function as
reference electrodes (i.e., a counter/reference or auxiliary electrode).

Electrode Material

The working and counter electrodes, and the remaining portions of the
25  electrode system, may be formed from a variety of materials, as known in the
art. The electrodes should have a relatively low electrical resistance and
should be electrochemically inert over the operating range of the test strip.
Suitable conductors for the working electrode include gold, palladium,
platinum, carbon, titanium, ruthenium dioxide, iridium, and indium tin oxide,

30 as well as others, such as the conductors disclosed in the Analyte Sensors



typically include an enzynme for glucose and a redox
nmedi ator. The enzyne oxidizes glucose in the sanpl e,
w@pa4tiioredi ator in turn reacts with the redeCPUS2004/019576
enzyne. The nediator thereafter shuttles the redox
equi val ent of 10 anal yte product to the el ectrode
surface by diffusion. There the nediator is oxidized
gquantitatively at a defined anodic potential and the
resulting current is relatedl®o the apparent gl ucose
concentration. There are a nunber of reagent systens
suitable for the detection of glucose, and exanpl es of
t hessgppliasteons omich wadntorpdiaedAGotXey fedérende. Pheabyher
Sensors and Bi osensor. 15 applications, U S. Patent

Nos . electrosls meayebesmadesofghe sagaeror difierens lgate{lpiéi &g gyeferred
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provides a fir measurenent that is conmbined with a
sec oR@SFRSGE Lﬂpg ton, WE{CEW?éénWE%atﬁdéB‘&W fgbgrencgs and
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t est Strlp | oys at east two pairs ectrodes
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20  the electrode systems, described herein.

Reagent Composition

The test strip includes a chemical reagent within the sample receiving
chamber for reacting with the test analyte to produce the electrochemical
signal that represents the presence of the analyte in the sample fluid. The test

25  chemistry is selected in respect to the analyte to be assessed. As is well
known in the art, there are numerous chemistries available for use with each of
various analytes, including but not limited to the preferred chemistry described
in patent application titled “Reagent Stripe for Test Strip” (attorney docket
number 7404-566), which is being filed on even date herewith. The selection

30  of an appropriate chemistry is therefore well within the skill in the art, and



5 conpensate that neasurenent for other factors, such

as hematocrit, tenperature, the presence of other
wep@ailte®io n the sanple fluid, and the |ike. |nPCDNOB2004/019576

enbodi nent of the present invention, there is provided

a bi osensor and nethod which enploys two pairs of

el ectrodes, one to nmake the basic neasurenent of the

anal yte and the other to provide such correction or 10

conmpensation for the basic nedurement, in some

instances to yield a final neasurenent figure. The

use of two pairs of electrodes may involve the use of
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20  well suited for direct electrochemical reaction on an electrode. The mediator
functions as an electron transfer agent that shuttles electrons between the
analyte and the electrode. A great number of redox species are known and can
be used as the redox mediator. In general, the preferred redox mediators are
rapidly reducible and oxidizable molecules. Examples include ferricyanide,
25  nitrosoaniline and derivatives thereof , and ferrocene and its derivatives.

Measurement Scheme

In one aspect of the present invention, a first pair of electrodes
provides a first measurement that is combined with a second measurement
obtained with a second pair of electrodes. As previously described, a

30  conventional test strip employs at least two pairs of electrodes (each, e.g., a



exanpl e, estimated or projected the result based on
readi ngs taken before a quasi-steady state is
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and other characteristics of the basic biosensor
linear diffusion characteristics. The term micro-electrode refers to electrodes
exhibiting convergent, steady-state, or quasi-steady-state diffusion on the
20  characteristic time scale of the measurement. A micro-electrode is an
electrode to which radial diffusion provides a significant alteration in the
response function. Micro-electrodes, for example, can be dimensioned and
positioned such that their primary impedance characteristics are characteristic
of edge-to-edge kinetics, e.g., between the nearest edges of the fingers. More
25  ofthis functionality will be discussed with respect to the example
embodiments shown in the drawings.
One advantage of using the micro-electrodes is that these devices can
be configured and operated to very rapidly reach a quasi-steady state of

current flux at the electrodes, for example in as little as 0.50 to 3.25 seconds,

30  oreven in less than one-half second. This rapid acquisition of quasi-steady



conmponents are not critical and are therefore not
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electrochemical structures present in each sensor design. It is noted that
neither an analytic description of the response functions, nor attainment of a
steady-state current are necessary for improved system performance.

General Description — Structure

25 The present invention provides electrode structures and systems that
are useful in a wide variety of biosensor devices. Described herein are
exemplary test strip configurations that demonstrate the utility of the present
invention. It will be appreciated, however, that the principles of the present

invention are equally applicable in various other biosensor designs. The
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20  an upper containment for the fluid path defined in part by notch 248. These

structures will be discussed in more detail below.
Turning now to FIG. 2, with continuing reference to certain structures
shown in FIG. 1, strip 210 includes substrate layer 212, reagent stripe 264,
fluid guide 214, and cover layer 218. When assembled, passageway 248 is
25  defined horizontally by inner notch surfaces 249, above by bottom surface 258
of cover layer 218, and below by reagent stripe 264 (which lies over electrode
pair 284, but not over electrode pair 280) and electrode reg:ion 266 on upper
substrate surface 232. During a testing operation, the fluid being tested enters
passageway 248 through end 240 of fluid guide 214, past edges 254 and 224
30  of cover layer 218 and substrate 212, respectively. The fluid is drawn by



30 which will be discussed in further detail below In
vari ous enbodi nents, each WO 2004/ 113910
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261 gnal] oter preferred embodiments, electrodes 280 are about 250 pm wide, with
a 250 pm gap. Other configurations and dimensions will occur to those skilled
in the art, and may be used in the present invention as required or desired
given the design considerations for a particular strip and system.

Contacts 282 are connected via traces 277 to electrode pair 284.

25  Electrodes 284 each comprise multiple, parallel, elongated rectangles
(“fingers”), each extending approximately parallel to edge 224 and
perpendicular to the center line of notch 248, reaching at both ends beyond the
width of notch 248. The rectangles connect at one end or the other to trace
274 or 276 in an alternating pattern to form an interdigitated series of fingers,

30  which will be discussed in further detail below. In various embodiments, each



applied to contacts 382, and the electrical response
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30 response of the sanple between the fingers of

el ectrode pair 280 is sensitive to WO 2004/113910
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gconductorg.’y77 to% contact 382 at strip end 368. Each finger in electrode pair

284 is a rectangle about 20 pm in width, and each adjacent finger is separated
from the next by a gap of about 20 pm. Reagent stripe 364 covers electrode
pair 280, but not electrode pair 284.

25 During a test, when the sample covers electrode pair 280, an AC signal
is applied for a period of time to contacts 378. Similarly, for an overlapping
period of time after the sample covers electrode pair 284, a DC signal is
applied to contacts 382, and the electrical response between the electrodes in
pair 284 is used to estimate the glucose concentration in the sample. The

30  response of the sample between the fingers of electrode pair 280 is sensitive to



In this enbodi nent, reagent stripe 464 covers
el ectrode pair 468, but not electrode pair 466. \Wen
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an AC signal through that pair to determ ne correction
factors for the analyte nmeasurenment. When the sanple
has covered el ectrode pair 468, an 30 estinmate of the
anal yte concentration i s obtained using DC excitation
met hods WO 2004/ 113910 PCT/ US2®04/ 019576 24 known in
the art, such as U S. Patent Applications Nunber
09/ 530, 171 and 10/ 264,891, PCT Application Nunber
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20  and macro-electrodes 480 are reversed relative to the embodiment shown in
FIG. 4. The macro-electrodes 480 are again, for example, about 250 pm in
width with a gap of about 250 pm between them. Also, each electrode in
micro-electrode pair 466 is made of five fingers that are interdigitated with the
fingers in the other electrode of the pair. Each finger is again about 20 pm in
25  width with a gap of about 20 pm between neighboring fingers.
In this embodiment, reagent stripe 464 covers electrode pair 468, but
not electrode pair 466. When the sample covers electrode pair 466, the system
uses an AC signal through that pair to determine correction factors for the

analyte measurement. When the sample has covered electrode pair 468, an

30  estimate of the analyte concentration is obtained using DC excitation methods



nL. 25 Another alternative enbodinent is shown in FlIG
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218. As in FIG 6, the first electrode pair 572
conprises counter and working macro-el ectrodes 580
and 581, respectively, each about 250 m wide with a
gap of about 250 m between them In this enbodi nent,
30 however, electrode pair 6624conprises two
el ectrodes of three fingers each. WO 2004/ 113910
PCT/ US2004/ 019576 25 Each finger is about 50 gmin
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el edterkiag elpsirpder 8. conpri ses two i cro- el ect r odes,

each m crQ: hayjng five fingers.in.an
i nt erdi gisgg?@dﬁq %étl{o? g ?%1;] 3% ggrwlﬁsgeé o ie% C{rﬂﬁie,é? of six and seven
18 didigem rebclg iespadiively, He fiiperd g WtdrfligRatgdmh &f alehQitng
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sec FAlCTBabRcy finger ihagaibhonh 20 upidar yith ¢ 28D 96 pb 20 o

e LRSS ot D5eC! oI, O LB PRI e
810 bothngledtds psinb430 atde28la e n2it?y-electrode pair 480 provides
Cottrell-like response, where current is proportional to the square root of the

20  diffusion coefficient, while the micro-electrode pair 284 provides current that
is directly proportional to the diffusion coefficient. The two responses, taken
together, correct for environmental factors to yield an improved response. The
volume of sample required for measurement in this embodiment is about 200
nlL.

25 Another alternative embodiment is shown in FIG. 7. Strip 610
comprises substrate layer 212, reagent stripe 664, notched fluid guide 214, and
cover layer 218. As in FIG. 6, the first electrode pair 572 comprises counter
and working macro-electrodes 580 and 581, respectively, each about 250 pm

wide with a gap of about 250 pm between them. In this embodiment,

30  however, electrode pair 661 comprises two electrodes of three fingers each.



reagent stripe 364, notched fluid guide 214, and cover
| ayer 218. A single pair of contacts 878 is connected
WO e@4g00uct ors 877 to both first el ectrode paPCT/BSH04/019576
and second el ectrode pair 868. First el ectrode pair
866 conprises two single 25 finger macro-el ectrodes
884, while second el ectrode pair 868 conprises two
m cro- el ectrodes 880, each m cro-el ectrode having five
fingers in an interdigitated2pattern. Each el ectrode
in first electrode pair 866 is again about 250 gm
wide, with a gap of about 250 gm between them First
el edacRfiaghas tboBB0 pn inksRieh, WAHOPER oF Dol 505|ﬁm between
nmeasur enent based on the hematocrit of the 30 sanple
EacHdfcedngems. t he second pair 868 is about 50 gm wi de
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364 covers second electrode pair 868
1P eqo a éarmpdd based of theaglpitrede sorfggirationatragent 5y@em| andi@her
0..shows not her al ve enbodi ment, strip

nggac% %Wou% ONsH 19eo E@gﬁﬂ%}?%yer 212, reagent

| ayer 1064G. ipicvitRd ybi dhothed éhhﬂ@dl%kﬁt of A8 Qré’é@M%vénﬁMﬁ r
218. In_this enbodinent, the first electrode pair 1081

enc YR eHbepmrgriseh e@smteﬂ@er AE2, amnv\ﬁmm Aort, abtshed Huid
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108 ncl udes toun

15 vvocﬁﬂnpgms t@b edcr@electradet eaci ﬁa\ﬁh%l g eingreCiahf\Qhr fHrigde
vv%:;kl ng electrode . 1071. Each finger in first
eI e lsa%cogs‘é.e}eC&reéanvs7%.(beﬁy@p@setmqmwraelec@rﬁdes@ezy}apmcro-

o SR SRR IR S A
el eetnbodiesn( are abeutvﬁ@nkm mades wetht gjmf]a%ﬂt 30N@in bessh iem,
elect ode 1072 first electrode pair 1081 is
el o8P }re@ger}t)etrg%ﬁrqg P secong pair 990 %he volume necessary to cover
20  the electrodes in the relevant portion of the capillary path is about 170 nL.
Turning now to FIG. 9, strip 810 comprises substrate layer 212,
reagent stripe 364, notched fluid guide 214, and cover layer 218. A single pair
of contacts 878 is connected via conductors 877 to both first electrode pair 866
and second electrode pair 868. First electrode pair 866 comprises two single-
25  finger macro-electrodes 884, while second electrode pair 868 comprises two
micro-electrodes 880, each micro-electrode having five fingers in an
interdigitated pattern. Each electrode in first electrode pair 866 is again about
250 pm wide, with a gap of about 250 um between them. First electrode pair
866 is used to obtain a first measurement based on the hematocrit of the

30  sample. Each finger of the second pair 868 is about 50 pm wide with a gap of



20 via a conductive trace 216 to a contact 1067. The
systemdriver connects to contacts 1067 to use the
w0 eogtiiwhi@ct rode pair to obtain an estimted PCT/US2004/019576

concentration of analyte in the sanple. The second

el ectrode pair 1082 conprises two el ectrodes of five
fingers each. These fingers are each about 50 m w de

with a separation of 25 about 30 m between them Each

el ectrode in the second pair 2@®nnects to a conductive
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20  via a conductive trace 216 to a contact 1067. The system driver connects to

contacts 1067 to use the first electrode pair to obtain an estimated
concentration of analyte in the sample.

The second electrode pair 1082 comprises two electrodes of five
fingers each. These fingers are each about 50 pm wide with a separation of

25  about 30 pm between them. Each electrode in the second pair connects to a

conductive trace 216 to be electrically connected to a contact 1068, which
contacts are used to drive and measure for correction factors such as
hematocrit based on the analyte interaction with the second pair of electrodes.

The third electrode pair 1083 is also a micro-electrode configuration,

30  with each of the two electrodes in the third pair 1083 having five fingers



was i ncorporated above by reference. The second

el ectrode pair 1171 from sanple end 1166 of strip 1110
wQQo0gomne ses two el ectrodes of three fingers PEDNS2004/019576

Each finger is about 20 gm w de, and a gap of about

20 gm separating adjacent fingers. This system

derives a tenperature-conpensated esti mate of gl ucose

concentration by applying AC or DC excitation

techniques to this second el etrode pair 1171. The

sanple volunme required to fill the capillary channe

and cover the 25 electrodes in this enbodinent is
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20  comprises two electrodes of three fingers each. Each finger is about 20 um
wide, and a gap of about 20 um separating adjacent fingers. This system
derives a temperature-compensated estimate of glucose concentration by
applying AC or DC excitation techniques to this second electrode pair 1171.
The sample volume required to fill the capillary channel and cover the
25  electrodes in this embodiment is about 69 nL.

Turning now to FIG. 12, strip 1210 comprises substrate 212, reagent
stripe 1264, notched fluid guide 1114, and cover layer 1118. The first
electrode pair 1266 from the sample end 1260 of strip 1210 includes two
electrodes of five fingers each. This system uses the first pair of electrodes

30 1266 in strip 1210 to obtain one measurement based in substantial part on



electrode in a circuit with second el ectrode pair

1168, for application of various detection and
wore@sat®nent techni ques known in the art. FlI G PABUSIO%819576

strip 1410, which conprises substrate 212, reagent

stripe 1464, fluid guide 1414 with notch 1448, and

cover layer 1418. The first 20 set of electrodes 1170
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20  set of electrodes 1170 from the sample end 1166 of strip 1410 includes two

electrodes, each having five fingers. The fingers in electrodes 1170 are each
about 20 pm wide, with a gap of about 10 pm separating adjacent
interdigitated fingers.

Second set of electrodes 1171 comprises two electrodes having three

25  fingers each. The fingers of electrodes 1171 are each about 20 um wide, with

a gap of about 10 um between adjacent, interdigitated fingers. While the first
electrode pair 1170 is used by the system to determine the hematocrit of the
sample and calculate a correction factor, an estimate of the glucose
concentration is derived from the response of the second set of electrodes 1171

30  inthe presence of the sample and reagent. The third pair of electrodes 1471 is



the systemto correct the estinmated concentration of
gl ucose in the sanple as 15 determ ned by using the
wgae@mandpai r of el ectrodes 1468. The second paP€T/082004/019576

el ectrodes 1468 defines second sensing zone 1478, and

i ncludes two electrodes having three fingers each.

The finger sizes and gaps for second electrode pair
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20  estimate obtained by the first electrode pair 1166, and uses AC/impedance

measurement techniques.

Fig. 15 shows strip 1510, a variation of the strip in Fig. 11, where
electrode pairs 1570 and 1571 and the layers covering them would be slightly
modified. In particular, electrode pair 1570 comprises a working electrode

25  having four fingers, each 50 pm wide with a gap width of 20 um. The
corresponding counter electrode in electrode pair 1570 has three fingers, also
50 um wide. The second electrode pair 1571 comprises a working electrode
having two fingers, each 100 pm wide, and a counter electrode having a single
finger that is also 100 pm wide, with a gap width of 20 um. In this

30 embodiment, reagent 1564 would cover only electrode pair 1571, while



Vari ous aspects of the described enbodi nents can be

conbi ned as desired or necessary, according to the
waoelemiugmpar amet ers and preferences for a gi vePCHYS1084019576

For exanple, there may be a one-to-one correspondence

15 between el ectrodes and contacts on a strip, as

shown, for exanple, in FIG 4. Alternatively, al

el ectrodes whose fingers are conbi ned on the sane side

of a strip may be electrical3d connected to the sane

contact, as shown for exanple, in FIG 5, providing a

many-to-one rel ati onship. Furthernore, any design
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20  more “dose sufficiency” electrodes downstream from those used to analyze the

sample, as shown in FIGS. 11 and 14. Such dose sufficiency electrodes might
comprise two or more electrodes, and the associated circuitry could determine
whether the sample has reached those electrodes based on the impedance
presented between them. Alternative embodiments include a single dose

25  sufficiency electrode, and the meter and driver circuitry use the impedance
between it and a measuring electrode (working or counter-electrode,
estimating or correcting pair) to detect the presence of the sample fluid in the
space between those electrodes.

As previously described, the biosensor may similarly include a dose

30  detection electrode system that is comparable to the dose sufficiency electrode



10 upstream position relative to the neasurenent
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weyEamIle used to determine the tenperature, P@TUSIV0O4/819576
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20  and to a contact for communication with the meter/driver electronics.

Yet further variations use other combinations of measurements to
achieve desired results. Generally, these variations apply electrical signals to
two or more electrodes to obtain a corresponding number of response signals.
Because of the difference in the signal (AC versus DC, spectrum, amplitude,

25 and the like), electrode shape or dimensions, reagent applied to the sample (or
possibly the lack of reagent at one or more electrodes), and/or other
differences, the response signals are sensitive to different combinations of
analyte concentration and interferents. In one such example, a first response is
correlated with the hematocrit of the sample, while a second response is

30 correlated with a combination of hematocrit and concentration of glucose in



herei n have been described in terns of conbining

nmeasurenents, or taking a neasurenent and determ ning
w@:2@etmed i on factor, systens according to thePdDUS2004/019576

present invention can use any suitable geonetry and

any appropriate technique to obtain and conbine the

plurality of neasurenents to achieve the fina

detection or neasurenent result. That is, those

practicing this invention may32use nore or fewer

el ectrodes, and any fornula to conbi ne readi ngs that

is suitable in light of the geonetries, reagents, and
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P NRHR e d GOSVRHySkfAence, accurate detection of analytes can be
achieved in a smaller-volume strip-based system according to the present
invention, without detrimental impact to the connector, than in prior art

20  systems. This allows a smaller sample to suffice for measurement, saving
time and hassle for users of the system.

All publications, prior applications, and other documents cited herein
are hereby incorporated by reference in their entirety as if each had been
individually incorporated by reference and fully set forth.

25 While the invention has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative
and not restrictive in character, it being understood that only the preferred
embodiments have been shown and described and that all changes and
modifications that would occur to one skilled in the relevant art are desired to

30  be protected.



a first set of electrodes in electrical conmunication
Wi th the passageway for obtaining a first measurenent
waeormal®ied with the concentration of an anal RCEUBIV04/019576
the sanple; and a second set of electrodes in
el ectrical communication with the 10 passageway for
obt ai ning a second neasurenent correlated with the
anal yte and one or nore properties of the sanple. 2.
The test strip of claim1, whi&rein the second set of
el ectrodes conprises a pair of electrodes with
substantially parallel, interdigitated fingers, each
el ect r odevhavd f1gindld is:east two fingers, and each of the
fingers 15 being | ess than about 50 mfromthe nearest

Cest strip of "er iR SREARS Mg BFERSaEFRy de T

el ephdsasifay KeiPdilasiofeddias t@ ndateaiovesiest offatshmple of
substantially parallel, interdigitated fingers, each
el ebpdibyBuidalongs predetermyned nash thipgel the pastasihihsr t he
in e s than about 50 mfromthe nearest
%t hgrr%%vﬁlglgﬁt (%o%nhlgl irst set of electrodes. 4. The
test strfirpt sef oftdl@itiodSs inwheettdahc@annwhtidohwithithegeassageway
at least about 1 mfromthe nea es% ther finger _.in
¢ he 5 ghginiggea et IpsLEeSAbeoTalatoq aihy e fonce Rty ogior an

cl aia%%giﬁ]@ﬁmlﬁgﬁ@ of the fingers is at least 25

about om't nearest other finger in the first
set of askemidrsetiefcledtroddtia cesticad commupicadomivith the

erein the second.set of el ectrode C rises.a '
1 ahistedeEr apem e and G gpREfRa AP md aRA e
i nt gndiogé bakek MEHRROMILSUEPIPCT/ US2004/ 019576 34
fingers, each electrode having at |east two fingers,

and each of t f.i ngers ei ng._less than aho [

w72 e Tede St oBfid? i kIR o S flogt
set c@fpBk&Cd pRAselcctORY WL SutRtpdnly PiraRélemitdraigasted t h
substantially parallel, interdigitated 5 fingers, each

el edingosecdshlastjods havingsat leasbtrq Fingars and gerheidhe Bredrhe
1%' n%%lrnsg lesk%ethgrgablo%’? 50 hl%afpmﬁl H%%ea?egt Eﬁllaxnfif{ﬁeg fifhe second set of

electrodes.

[72)

3. The test strip of claim 2, wherein the first set of electrodes
comprises a pair of electrodes with substantially parallel, interdigitated
fingers, each electrode having at least two fingers, and each of the fingers

20  being less than about 50 pm from the nearest other finger in the first set of

electrodes.

4. The test strip of claim 3, wherein each of the fingers is at least

about 1 pm from the nearest other finger in the first set of electrodes.

5. The test strip of claim 3, wherein each of the fingers is at least

25  about 10 um from the nearest other finger in the first set of electrodes.

6. The test strip of claim 1, wherein the second set of electrodes

comprises a pair of electrodes with substantially parallel, interdigitated



8. The test strip of claim®6, wherein each of the
fingers is at least about 1 mfromthe nearest other
wo tovgar3oim the first set of el ectrodes. 9. ThePCEEE2004/019576
strip of claim8, wherein each of the fingers is at
| east 10 about 10 mfromthe nearest other finger in
the first set of electrodes. 10. The test strip of
claim1, further conprising a third set of electrodes
in electrical conmunication wd4h the path for
determ ning when a sanple has entered a predeterm ned
di stance into the passage. 11. The test strip of claim

10, filgerseéaehteleidolé haviseht 10dst BV eBhgRE @8 dledich dfBthe fingers
selected fromthe group consi sting of the first se% of

el edergdess thayaonbSQ sBURdididet of el ectrodes. 12. The
test strip of claim 10, wherein the third set of

el ectrodes is The tedtRgprorel£ate; aderdimade first et 66@EcHRes
the entrance of the passageway than both the first

set COMPEREH Pateicleqtrpdenwith sehstatisby purlle nardigiteted 20
33. fHagt | el ai i i ngl.e

31 e ATREL S oRole Rifi 1Bl g REEF o b O 8 Fers

f i ngeing,lesaldn dboogs0 pimaviwidgtha wi dt h between about 5 m
and about 50 m 14. The test strip of claim 10,
wherei n tghe t Ry . L ect | S £
dose. dot et el erte s Guindyt SEARE, WAL o APRINERTech i’ Rhs
el eabowtdeym Ftonh ttemeafestdtharfingeeinchofiest s¢t@fehetreddst ance
of the passage than both the first set of electrodes
and the secondy}sels ofin&lre d : .

POt/ Usa004! o1 g atst Srinfi SRS t%ggliew%ar%?%%ﬁe kit s fyleast
10herbout 10hen dosethd abarest oter Kinpey in ¢hesfitst sad of aledirddes.

dose detect counter el ectrode each have a plurality of
electricaply ogpr&sted JicRgRMSH bl '
substantially rect an‘ggl arCBllgﬁ ’s%r%%gg%lﬁ%xqﬁg%?%}%&w%t h
bet weeioddsdn elebtrivabeghnrattcdtiobGvith the path. fofl Aetetnsiningstitenm
of claim1, further pr.ising a third set of

el ediPRigdas F?fe’?fiélcﬂr?‘?egeg]’m zlrd;l%?ﬂcgé’?‘iodge R#%#8% he path
for determi ning when a sanple has filled the passage
to cover lihe fliheddst steip obflagh 401 whetes tha thitdset sdencbdes is

15¢t s&gctgch Fr%}nrt?lg eg?dup consisting of the first set of electrodes and the second

set of electrodes.

12.  The test strip of claim 10, wherein the third set of electrodes is
a single electrode that is closer to the entrance of the passageway than both the

first set of electrodes and the second set of electrodes.

20 13. The test strip of claim 12, wherein the single electrode has one
or more electrically connected fingers, each finger having a width between

about 5 pm and about 50 pm.

14.  The test strip of claim 10, wherein the third set of electrodes
comprises a first dose-detect electrode and a second dose-detect electrode,
25  both of which are closer to the entrance of the passage than both the first set of

electrodes and the second set of electrodes.



17. The test strip of claim 16, wherein the third set

of electrodes is 10 the selected fromthe group
wa@omgiisdimg of the first set of el ectrodes andP€TES2004/019576

second set of electrodes. 18. The test strip of claim

16, wherein the third set of electrodes is a single

el ectrode that is farther fromthe entrance of the

passageway than both the first set of electrodes and

t he second set of el ectrodes.3515 19. The test strip of

claim 18, wherein the single electrode has one or

nore electrically connected fingers, each finger being

subst ant i1gl | y Thé et g6k alairh 14 shigpeinahglddse\detedt &orditi h
| ess than about 50 m 20. The test strip of claim 16,

whe elsriroderpndithg depegistechgouates glerierescach bays ¢ BWEalHY of
ticl e _
s PeBirEH S BRE EMBGes i BB HeRRR B0 el in

f ar sipe ahd havihfe vadthrieacenaboutteppasdabeut SOhan. bot h
the first set of electrodes and the second set of

$1 oot r 0ds: 2o FREiFRF ol 1 PrBhe AR, o NRRHEL ot

he sanpl e sufficienc ectro
sanpleetrsdik fin eleetnicyl commiirgcatioh exthr the pathdohddtenn@inmg when a
plurality of electrically connegted fingers, each
fi na@pplsil?héﬂefl@etpaﬁ@g%m qpverthe Sast sefl Ielctrpressng fhe sgrgnd
havi ' bet ween about 5 m and about 50 m 22.
The ot etede. ot e e, wherei n: WD 2004/ 113910
compr i sedTa 1 1R fesBBR Gih 4o BEiB b ecieb ot o i
16 he qRecRREIIRIm Be £OEFLSRARRS 6OMB &8t & dldbilobles and the
el ectrode and a fourth elec%rode; 5 the first

el estaondectarfélectreddshi rd el ectrode are electrically
connected to each other:; and the second el ectrode and

the foury el ggk 'tégel&r@o% clalin 4bSHhdrbinahe tHERISHBE S8dtidaes is
with each other. 23. The test strip of claiml,

f ur ahigledegirads ity is fasherfrommhesntrance afthe passageeayfthansoth
set 01 el SLF U8R MIE e DB 28YE UediBhE! T @I combi nes
15 19.  The test strip of claim 18, wherein the single electrode has one

or more electrically connected fingers, each finger being substantially

rectangular in shape and having a width less than about 50 um.

20.  The test strip of claim 16, wherein the third set of electrodes
comprises a sample sufficiency working electrode and a sample sufficiency
20  counter electrode, both of which are farther from the entrance of the passage

than both the first set of electrodes and the second set of electrodes.

21.  The test strip of claim 20, wherein the sample sufficiency
working electrode and the sample sufficiency counter electrode each have a
plurality of electrically connected fingers, each finger being substantially

25  rectangular in shape and having a width between about 5 um and about 50 pm.

22. The test strip of claim 1, wherein:



bodily fluid to produce a redox reaction. 24. The test

strip of claim1, further conprising reagent materi al
wo@r@r/1139¢0 second set of el ectrodes, where the PEHUSWD4/019576

mat eri al conbines with the bodily fluid to produce a

redox reaction. 15 25. A diagnostic strip, conprising:

a first electrode pair, conprising a first el ectrode

and a second el ectrode, operating in a first

substantial |y planar physical3&one; and a second

el ectrode pair, conprising a third el ectrode and a

fourth electrode, operating in a second substantially

pl anar g st $abf detitodel 8dmbdses 3Firsiehxtddé bad & yecond

co-planar wth the first planar physical zone; wherein

t he elecirede; el ect rode and the second el ectrode each

i ncl ude_a ' ' - S, j t

and  ndgsePid el Lt Rigeb AR a i bt e R4

fingRictro@nd 25 the fingers of the first el ectrode and

the second el ectrode being inteégi%i{ated and being h

§epar atiksifimt Jpstradsiand theshird elesapdpaR elecitrghy soppeigf toeac

nost ﬂ?elg.o 50 mat their nearest points. 26. The

di agnostic strip of claim25, wherein the first

el ect r aktesepand eledtsodeland ¢hie foorth klectrodpeare imele¢thiealsecond

el ectrode pair. \Qg 004/ 113910 PCT/ US2004/ 019576 37

27. COHEHNGYRB IR PINST-of ¢l ai m 26, furt her

conprising a fifth electrode situated farther from

t he edge 28han THedest stript of eladwt I, fuithep admprside rargentgpaional

| ectrode pair. .. The di a stic strip.of clai ,
fneraenie iRt eriotrsragt san o troeen i cofhEiifare
| e_adoodﬁ?ﬂui-m% HoR@BATEAdk Bhdtiop. of clai m 28, wherein
said fifth eléctrode has a wdth of at nbst about 50

Pt el dhk rodd e iy Grodie?rhbisnbifetygnighd

over the second set of electrodes, where the reagent material combines with

(@]

the bodily fluid to produce a redox reaction.

15 25. A diagnostic strip, comprising:
a first electrode pair, comprising a first electrode and a second electrode,
operating in a first substantially planar physical zone; and
a second electrode pair, comprising a third electrode and a fourth
electrode, operating in a second substantially planar physical zone that is
20  substantially co-planar with the first planar physical zone;
wherein the first electrode and the second electrode each include a
plurality of fingers;
the third electrode and the fourth electrode each include at least one
finger; and
25 the fingers of the first electrode and the second electrode being
interdigitated, and being separated from their nearest adjacent fingers by at

most about 50 um at their nearest points.

26.  The diagnostic strip of claim 25, wherein the first electrode pair

is closer to the edge than the second electrode pair.



10 31. The diagnostic strip of claim27, wherein the
fifth electrode is a plurality of conductive | eads.

W@ 2004/ThB91@i agnostic strip of claim 31, wherei nPCTES2004/019576
plurality of conductive |eads: each have a wi dth of
at nost about 50 gm and 15 are not all electrically
connected to each other on the strip. 33. The
di agnostic strip of claim25, wherein the second
electrode pair is closer to t3le edge than the first
el ectrode pair. 34. The diagnostic strip of claim 33,
wherein the second el ectrode pair conprises at |east

two finged’s, eBehdiagndseastipafoliim36, mmréld@mﬁﬁi%a fifthe
di agnosti.c st rcirdo of claim33, wherein the second
el ecivowde siated fagher framdheedge dhay the fiest elegedepaivanshihe

at r@g@n@@%dggairpw de. 36. The diagnostic strip of
claim 33, further conprising a fifth electrode

si tuat ed arthﬁ_{rﬁﬁrom the edge than the first .
el ect r odeéSpai r agnQstic %‘886’%813@8&‘5’6@@%3*1: fifthzkecgpde is a
Bhe ghagoagibigvestsd P of claim 36, wherein the fifth

el ectrode is a single conductive | ead. WO 2004/ 113910

PCT/ USZOC%/ 019576, 38 38. The di agnosti c strip of
cl ai m 37,2%wher’diefliagnogti¢ strippf glaip 28 owleerein s8idf1fih eleetraste

at  rmsh a8 Wr aPR oS Mbords ;Hﬁ? di agnostic strip of claim
37, wherein said fifth electrode has a width of at

| east abqut 5 . 5 40. The _di agnostic strip_ of claim
36, wher g‘.ldn tﬁ’é‘%ﬁl?&lﬁﬁé‘r SHp Phelaim &8.qvheseigsaidi fifth electrode

condide b wi@hlogatRasthbout JoFuA! agnostic strip of claim
40, wherein the plurality of conductive |eads: extend

I
arallel ,to t e; 10 have a width of at nost about
1@0 gm anq’g' ar E[%ﬁg]?agg@f’%tbcﬁt?Bﬁ W%ﬂﬁ@m}a thesfifth glgctrode is a
ot hejllurgliitytof @orfduictiPe leads.

32.  The diagnostic strip of claim 31, wherein the plurality of
conductive leads:
each have a width of at most about 50 um; and

15 are not all electrically connected to each other on the strip.

33. The diagnostic strip of claim 25, wherein the second electrode

pair is closer to the edge than the first electrode pair.

34.  The diagnostic strip of claim 33, wherein the second electrode

pair comprises at least two fingers, each at least about 50 pm wide.

20 35.  The diagnostic strip of claim 33, wherein the second electrode

pair comprises at least two fingers, each at most about 50 um wide.

36.  The diagnostic strip of claim 33, further comprising a fifth
electrode situated farther from the edge than the first electrode pair and the

second electrode pair.

25 37.  The diagnostic strip of claim 36, wherein the fifth electrode is a

single conductive lead.



42. The diagnostic strip of claim25, wherein: the
third electrode and the fourth el ectrode each conpri se
woee@4ar39more fingers; and 15 the fingers of tPer/UBtond019576

el ectrode and the fingers of the fourth el ectrode

each have a wdth of at |east about 50 gm 43. The

di agnostic strip of claim?25, wherein: the third

el ectrode and the fourth el ectrode each conprise one
or nore fingers; and 20 the 38 ngers of the third

el ectrode and fingers of the fourth el ectrode each
have a wi dth of at nobst about 50 gm 44. The

di agnost i3g. st rihp defgn6dtR iR 6f cIMREBBivherdif shid TFaY Sed@fode
the first el ectroﬁ:l and the second el ectrode are each
sepdipat sddthof gt mpdiapowe Wy W8t  nei ghboring fingers by
at nost about 30 gmat their nearest points. 25 45.
The di agnost i qheldidgnogic higbntidmm 3NN sait FEH dle@eKds
of the first electrode and the second el ectrode are
subdeaamidh(of at lead ebe d0aimi n shape and at nost about
20 gm wi de; and WO 2004/113910 PCT/ US2004/ 019576 39
she fingens ofThelieaghbithd step 6£EkiRE86,aMbréih ehesRRIPBCirode is a
el ectrode are each separated fromtheir nearest

nei ghpality dbgorduciipleadhbout 20 m at their nearest

poi nts. 46. The diagnostic strip of claim25: 5
further aanprithemagrostio siip 6f €aini 46,abhetein tachluaiicy 6f
second_el ectrical contact on the strip spaced apart

f r ofPRGHCtiVE Jedfls:and second el ectrode pairs; wherein the
first third el ectrode are

el ect r%%%ﬁ??%gglﬁﬁg%%ée%et othe first electrical

16ont acthavaadidthef semostchbehteh pragendand t he fourth

el ectrode are elegtrically connected tp the second

el ect riaEealPOté’%ﬁfr’aF y congetedd to aah Qﬁé%gﬂ’i‘&g? $EPstrip of
claim 25: further conprising a first electrical

cont act, 44. sediwdisgnesia itdpbf clamt a8twherein: t hi r d

te lh : ¢ tstr :tﬁegtlhgg%@t@ggtg%ﬁ tgle ?ogﬂ%uélécho%le %gc réocr:r?};lﬁ sg %ﬂg %rc ﬁloroen
fingers; and
15 the fingers of the third electrode and the fingers of the fourth electrode

each have a width of at least about 50 pm.

43. The diagnostic strip of claim 25, wherein:
the third electrode and the fourth electrode each comprise one or more
fingers; and
20 the fingers of the third electrode and fingers of the fourth electrode each

have a width of at most about 50 pm.

44.  The diagnostic strip of claim 25, wherein the fingers of the first
electrode and the second electrode are each separated from their nearest

neighboring fingers by at most about 30 pm at their nearest points.

25 45.  The diagnostic strip of claim 25, wherein:
the fingers of the first electrode and the second electrode are substantially

rectangular in shape and at most about 20 pm wide; and



fromthe first and second el ectrode pairs; wherein the
first electrode is electrically connected to the first
web@atitise@l 15 contact, the second el ectrode PGI/US2004/019576
el ectrically connected to the second el ectrica
contact, the third electrode is electrically connected
to the third electrical contact, and the fourth
el ectrode is electrically connected to the fourth
el ectrical contact. 48. The t¥st strip of claim 25,
further conprising reagent material 20 over the first
el ectrode pair, where the reagent material conbines
W th the e dnthd fikkk Blet@oder@dWEesaRoni®dexrddzacs eaeh.
49. The test strip of claim?25, further conprising
fi r stparasedjiom theinnearesineighlors plat g@@&b@ﬂb@%k@@b&@lr nearest
palrb ﬁyereln the first reagent material conbines
t R7He bodily fluid to produce a redox reaction. 25
50 The test strip of claim49, further conprising a
second réégenﬂheﬁﬁ@@@ﬂ@wﬂmw@ﬂﬂmﬁb ¥irst electrode
air. 51.. The tes
Tre PUusEAomhEThe A G Bnfhtn #UECORI Rkl contact
mat hitiad stﬂf]ﬁ ioe@a atfonahe fitsabnd WooRA Bkt tidRITlYs;
PCT/ US2004 019576 40 52. The E?&t str of ClaHT
wher ei wherrn Sedisielecdiade and thethird glectr ?ﬁlggn\ﬁf % the
bOd 'ch?(nefc{eld' tg tﬁeofng{ 8@&’({19 l%oﬁl%?to ¥nd BRGEIAD cle2fodaridihi
rip, éctrode neans for
rre a$wrtln@eclmﬁleam ela;ttnozﬂl}ocfonaﬂ:tah@l the sgcond glecical epataghd
el ectrode neans for detern1n|ng a correction factor by
jgEasuringran ehechid sa c §if5BPA bBAl reaches a st eady
state or quasi-ste e condition in |less than
4.00 s émmunonmsmgtaeﬁrsmetcnsctaﬂ cpntadt, Tseziond Blectriglcopiagt, a

h d el d h
e R AL RIS AR 1 e
55 I8 tHeSibt Adrseforfdl el&du@didphias; wherein the second

el ectrode response reaches a steady state or .
quasi - stheaely tist fitseeleeirddedseleetsinally @mneeedindhe firstglectrical

1t5eStcorslttaE:ti, Ialeosfeccg:nda electro%é 1Mectﬁéﬁlyté?)%n§c?&f)t%qh@ LR65d OEirical

contact, the third electrode is electrically connected to the third electrical

contact, and the fourth electrode is electrically connected to the fourth

electrical contact.

48.  The test strip of claim 25, further comprising reagent material
20  over the first electrode pair, where the reagent material combines with the

bodily fluid to produce a redox reaction.

49.  The test strip of claim 25, further comprising a first reagent
material over the second electrode pair, wherein the first reagent material

combines with the bodily fluid to produce a redox reaction.

25 50.  The test strip of claim 49, further comprising a second reagent

material over the first electrode pair.

51.  The test strip of claim 50, wherein the first reagent material and

the second reagent material are the same material.



response reaches a steady state or quasi-steady state
in less than 1.00 seconds. 57. The test strip of claim
WG o4iiei n t he second el ectrode 15 response PERURMS4/619576

steady state or quasi-steady state in less than 0.50
seconds. 58. Atest strip, conprising: a first sensor
adapted to test a sanple of a bodily fluid in a first
nmeasur enent region of a sanple cavity; and a second
sensor adapted to test the saMke sanple within a second

20 nmeasurenent region of the sanple cavity;, wherein

the first nmeasurenent regi on and second neasurenent

region 59t al TAk td¥PsitipdPeldim 38 0whdreinafe sebdfd k@SEntShdtéral
of claim58, wherein the total nmeasurenent volune is

at AeEbinahwih tixobodily flpd tesprodugee nedet regetiony of cl ai m
58, wherein the total neasurement volume is at nost

about 90s58L. WQe2Q04p tbePh6inpCT/ US2004/ 019576 41 61.
The test strip of claimb58, wherein the total

measur & hsseleciofe meanssionmeppising gpagpntradomef amsgnalytei@nd

est s{ri f ' ' : ment
Sor ume® pepf el BuE kR LR Blpig3 SR REREBETN
cl anasfingwhel&ittical kdsporse tisdt re@heal steaalyLats esqunsi-steady
wor ki ng el ectrode and a counter electrode; and the
sec8idts copAdion ip fispaadd0seeonddsi e | ead. 64. The test
strip of claimb58, wherein: 10 the first sensor

conpri ses4a f iThsteswstrilpiofiglath 681 wheteinahel secohd ekttrode

counter electrode; and the second sensor c rises a
secmaowmcﬁas aFigidy Bile ORALASkSSHIHEIS b 5 iHah 3.00 seconds

el ectrode. 65. The test strip of claim64, wherein the
18econd wefki nGhe test strip of claim 53, wherein the second electrode

response reaches a steady state or quasi-steady state in less than 2.00 seconds.

56.  The test strip of claim 53, wherein the second electrode

response reaches a steady state or quasi-steady state in less than 1.00 seconds.

57.  The test strip of claim 53, wherein the second electrode

15 response reaches a steady state or quasi-steady state in less than 0.50 seconds.

58. A test strip, comprising:
a first sensor adapted to test a sample of a bodily fluid in a first
measurement region of a sample cavity; and
a second sensor adapted to test the same sample within a second
20  measurement region of the sample cavity;
wherein the first measurement region and second measurement region

total at most about 240 nl..

59. The test strip of claim 58, wherein the total measurement

volume is at most about 200 nL.

25 60.  The test strip of claim 58, wherein the total measurement

volume is at most about 90 nL.



15 el ectrode and the second counter el ectrode are
interdigitated arrays of conductive fingers, each

wo 2ovgar3dbei ng substantially rectangul ar in shaper/asmo4/019576
having a wi dth between about 5m and about 50 m 66. A
met hod of measuring concentration of an analyte in a
sanple of bodily fluid, conprising: 20 obtaining a
first response to an application of a first electrica
signal to the sanple; obtaimMlhg a second response to
an application of a second electrical signal to the
sanple; and using the first response and the second
responsegl o denht vt &rigRaslire 38 Wwherdin thé tdtdlencasurement
concentration of the analyte in the sanple. 67. The
met Nelgmsfis el mpshabeut §hdr.ei n t he obtai ning steps are
perfornmed in overlapping periods of tinme. WO
2004/ 113830 PGhé k2 00ip/0d tREE 68, Wherbh thd ealmaddsotneht
claim66, wherein: the first electrical signal is
appvPlgnetip pogst aRowG ¢5tl-el ectrode pair in el ectrical
contact with the sanple; the second el ectrical signa
5s appl i @d. t gt aripefonineBewherete pair in 5
el ectrical contact with the sample; and . the volune of
the saths fast senpercommises apethingelectide 86 a cpHeheleHEfe:
of im68, wherein the volune of the sanple is I|ess
t han about 200 nL. 70. The net hod of claim 68, wherein
t he voliwnecaid dehsorsmmyrises ssindle ldadss t han about 90 nL.
71. The nethod of claim68, wherein the volune of the
sanpl e | l e rﬁﬁﬂ : n 2. The net hod of
clain168§4Mhe?ZFﬁa?E% vo%&#gqgfk?ﬁégganple is less
10han ableufirsb6&ensér. cobipriads a fitse woetihg dleotrods] anidra st counter
further onErising:

electrode; and

the second sensor comprises a second working electrode and a second

counter electrode.

65. The test strip of claim 64, wherein the second working
15 electrode and the second counter electrode are interdigitated arrays of
conductive fingers, each finger being substantially rectangular in shape and

having a width between about 5 pm and about 50 pm.

66. A method of measuring concentration of an analyte in a sample
of bodily fluid, comprising:
20 obtaining a first response to an application of a first electrical signal to the
sample;
obtaining a second response to an application of a second electrical signal

to the sample; and

using the first response and the second response to derive a measurement

25  of the concentration of the analyte in the sample.

67.  The method of claim 66, wherein the obtaining steps are

performed in overlapping periods of time.



before the obtaining steps, detecting the sufficiency
of the volune of the sanple. 74. The nethod of claim
wQ 3o4mivi@i n the detecting is performed usi ngPEr/UB®as019576
athird electrode. 20 75. The nethod of claim 74,
wherein the detecting is performed wusing a third
el ectrode pair. 76. A sensor for neasuring
concentration of an analyte in a sanple of bodily
fluid, conprising: a first el4trode pair configured
to apply a first signal to the sanple to 25 elicit a
first response that indicates the approxinate
concent r @i on ThE nidiitod LML 65, whetdg sanpl e; and WO
2004/ 113910 PCT/ US2004/019576 43 a second el ectrode
pai r c&hff figielexiriea) signpl iy applinsldbrateh iadinetl electrodh pais ampl e

to %iécfﬂctal n?a%‘f%ﬂtﬁefe%?&ﬂ?@e that indicates a second

property o e sanp Where the second property

af f ect shd deeorld ¢ledtric Sipaalsie appivartbionghb sk@RBte]l ASdOpair in
he L%rst response and the second response reaches 5
stsHirakqontast gl dhe 9l a8 seconds after the

correswgﬂgeaf&e@@bgtiéfbgé {n8H abouft P40 [ipe sensor  of

claim 76, erein t ast one of the first

response _and the second, response reaches_ a steady i
state in 6?933%‘?\ giethpdg claiwGsn wrherenpthe yelimceefthe sapple is

cl ades 4om Bt he at |east one of the first 10
response and the second response reaches a steady

state in_Jess _than 2.00 _seconds. 79. The sensor of _
claim 76/ V\:helTbF Frethnd ofclaim b8y wWhgrenpthe vplimg pighe sample is

10 €S RQRLERnaB&utidpg 1Second response reaches a steady
state in less than 1.00 seconds. 15 80. The sensor of

claim 76, wherein the at. .l east one of the firs .
response 'ind {Fﬁgn«se clalm H5n ¥, erre@a@ﬁé@ﬁ]én%‘?féé%lﬁmplels

st al&s iinlaB&s gohan 0. 50 seconds.

72.  The method of claim 68, wherein the volume of the sample is

less than about 65 nL.

15 73.  The method of claim 66, further comprising:
before the obtaining steps, detecting the sufficiency of the volume of the

sample.

74.  The method of claim 73, wherein the detecting is performed

using at least a third electrode.

20 75.  The method of claim 74, wherein the detecting is performed

using a third electrode pair.

76. A sensor for measuring concentration of an analyte in a sample
of bodily fluid, comprising:
a first electrode pair configured to apply a first signal to the sample to
25  elicit a first response that indicates the approximate concentration of the

analyte in the sample; and



81. A nethod of neasuring concentration of an anal yte

in a sanple of bodily fluid, conprising: 20 a first
we@b@atitde pair configured to apply a first siPOEUS1004/019576

the sanmple to elicit a first response that indicates

t he approxi mate concentration of the analyte in the

sanpl e; a second electrode pair configured to apply a

second signal to the sanple to elicit a second
response that has a different43ensitivity to one or

nore 25 properties of the sanple; and using the first
response and the second response to derive a corrected
nMeasur ensobndéledtivde paincornfiguaéd Rapply 4 BoAd siliilfo ke daliple

sanmpl e;. WD 2004/ 113910 PCT/ US2004/ 019576 44 wherein

at |t845k¢it 8 serope respanseithalindieaipsonsssontharoppsy ebbenample,

I es RPINS t asi-steady state
in Iessg%e%%&ﬁﬁg%OQ%Qgﬁ§g¥t@%ﬁ&ﬁﬁgﬁggﬁéor of claim 81

wher ei nwhédreinat lehgiaat obthe foft rtdpentd sl the s@oRAR&PoRRdeaches
he secand response reaches a_ steady state or, ] )

ﬁuasﬁ S???iééa*ﬁ lgban 4,80 Strands ahmshisicamespondies fignal igapplied.

The sensor of claim81, wherein the at | east one of

the first77.r esfherssasoanficluine 76 ecltarcinitis gdeseoneafthe sird

steaq§ stat%tgaggua i-steaczl%iIC tate (in | ess than 2.00

secdRPEIS QRHEESPOTSE TeacaPs# Heacy, e B lgss than 300

| easbconag of the first 10 response and the second
response reaches a steady state or quasi-steady state

inless t 00 . 85. Th f clajm81,
uher oi n URo. aiFoSRY BHESEH /S MEFRPdRe o Terspnece i

10he r&pARNdaBO ISR FBRGRE SeaRh&d ae%éasag%ta%é & 1g£s than 2.00

quasi -steady state in |less than seconds.

seconds.
79. The sensor of claim 76, wherein the at least one of the first
response and the second response reaches a steady state in less than 1.00

seconds.

15 80. The sensor of claim 76, wherein the at least one of the first

response and the second response reaches a steady state in less than 0.50

seconds.

81. A method of measuring concentration of an analyte in a sample
of bodily fluid, comprising:

20 a first electrode pair configured to apply a first signal to the sample to
elicit a first response that indicates the approximate concentration of the
analyte in the sample;

a second electrode pair configured to apply a second signal to the sample
to elicit a second response that has a different sensitivity to one or more

25  properties of the sample; and

using the first response and the second response to derive a corrected

measurement of the concentration of the analyte in the sample;
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wherein at least one of the first response and the second response reaches

a steady state or quasi-steady state in less than 4.00 seconds.

82.  The sensor of claim 81, wherein the at least one of the first
response and the second response reaches a steady state or quasi-steady state

5 inless than 3.00 seconds.

83. The sensor of claim 81, wherein the at least one of the first
response and the second response reaches a steady state or quasi-steady state

in less than 2.00 seconds.

&4. The sensor of claim 81, wherein the at least one of the first
10 response and the second response reaches a steady state or quasi-steady state

in less than 1.00 seconds.

85. The sensor of claim 81, wherein the at least one of the first
response and the second response reaches a steady state or quasi-steady state

in less than 0.50 seconds.



