2 3 NOV 2004 WO 01/73124 PCT/USO1/10101 -1 RAPI D RESPONSE GLUCCSE SENSOR
DESCRI PTION Field of the Invention This application relates to a di sposable
el ectrochem cal glucose sensor of the type used by diabetics to n? Nh?@ma
bl ood gl ucose | evels. 5 Background of the Invention Di sposable str E

el ectrochem cal glucose sensors have been commercially available for over
10 years, and are described in various patents including US Patents Nos.
4,711, 245, 5,708, 247 and 5, 802,551. These sensors utilize redox nediators
to facilitate wtangeizexchange between enzyne and el ectrode. TKIdSIHENces
of fer 10 significant advantages aver the ol der optical technology, such as
the fact that the blood does not go into thelmeter and the neters

t henmsel ves tend to be nmuch lighter and |ess cunbersone; but they al so
suffer some di sadvantages. The eRAPHYBESBANSHIGLYGRSESEMSOR s are typically
affected by other el ectroactive species present in the sanple and also by
the oxygen content and haematocrit of theESURIPEIONS The reason for the
interference by electro-active species is very straight- forward- Species

which are readily Pxeladoﬁﬁbﬂngenn ggult in an increased current which. [|eads

to an el evated rea eased current may be due to direct
oxidation at the el ectTisgppiditioncelans toed disgsatilacleathohemintlaglywsssenggnbthe
manuf acturers have tried to _address this praoblem by using an auxiliary
el ectrode to make §TB&8Q§W6UﬁG“§G°§Uﬁﬂ@éﬂ?¥bﬂ“c nkWé&this approach is
useful, it adds an extra manufacturing step; adding cost and an extra
neasurenent with its associated errors, thereby degradi ng precision.
Background subt r ac Bagitpremd ofithedndegtich t 0 an overcorrecti on since the

efficiencies of interferant redox cat Si an be dlffer nt. _on WO

el ectrodes dependi ng onDisggsab l&ﬁ%"ﬂ@“@%ﬁéﬁ’? lgé‘lc?s&ﬁeﬂsﬁﬁ heye %e?fatélr?egcgd&
haemat ocrit effect g,af,flelbrtietho %9%1@1 dr§ ddsBbdAdh Vintdus pakae iRtudifedUS Bhtamese
oxi dase, so in the presence of oxygen there will be strong conpetition

bet ween oxygen andNoadd71h@4h, 41768,24 Band 58006551 nTheseleqppes yhbrzespdppediators to
Simlarly, since facilitate charge exchange between enzyme and electrode. These devices offer

10 significant advantages over the older optical technology, such as the fact that the
blood does not go into the meter and the meters themselves tend to be much lighter
and less cumbersome; but they also suffer some disadvantages. The electrochemical
tests results are typically affected by other electroactive species present in the sample
and also by the oxygen content and haematocrit of the sample.

15 The reason for the interference by electro-active species is very straight-
forward. Species which are readily oxidizable result in an increased current which
leads to an elevated reading. The increased current may be due to direct oxidation at
the electrode surface or arise via redox catalysis. Some manufacturers have tried to
address this problem by using an auxiliary electrode to make a background

20 subtraction. While this approach is useful, it adds an extra manufacturing step; adding
cost and an extra measurement with its associated errors, thereby degrading precision.
Background subtraction can also lead to an overcorrection since the efficiencies of
interferant redox catalysis can be different on the two electrodes depending on the
analyte concentration. _

25 The oxygen and haematocrit effects are linked. Oxygen is the natural cofactor
for glucose oxidase, so in the presence of oxygen there will be strong competition
between oxygen and redox mediator resulting in a depressed signal. Similarly, since

hemoglobin is a highly efficient oxygen delivery medium, high sample haematocrits



henmogl obin is a highly efficient oxygen delivery nedium high sanple
haematocrits 2 3 NOV 2004 WD 111 173 1 21 PCT/US01/10101 -2 5 will also
result in depressed signals. Exclusion nenbranes which keep bl ood cells
away fromthe el ectrode surface have been proposed to reduce the
haematocrit effect (US Pat. No. 5,658, 444). This approach adds adeN0Y 34l
manuf acturing steps, and is in any event only effective for a part of the
oxygen- based effect. Thus, there remains a need for a disposable

el ectrocheni cal g¥i B85 Which provide readings for blood anal y¢gydgMeles.
particularly glucose, that are at nost mnimally inpacted by the presence
of interferants. Summary of the Invention 10 .lon accordance with the

i nvention, a disposable electrochem cal sensor for the detection of an

anal yte such as gl Uffﬂ’?ﬁo FeduiRid & ?s&d% k CEL Gudts P¥eRSinesWRicR 885 Viood cells
conprises a working electrode and a reference el ectrode disposed wthin a

sanpl e- receiving eawy frym tae ¢leageaturfay bavediesppopadsedite tedncet the haematocrit effect

| e- | Vi ' d t he. Ki | ectrod ' t |
comor i g At | SastUEbe oy HaTE H19) BaABIHE T I L DL PO BRI |
the presence of the, ﬁﬂﬁévi 1&@1%&%%%_slsa@@fmé@xyg%ﬁ%wdrwfw@:avi ty has a

vol unme of less than 1.5 and whereih the sensor provides a neasurenment
t hat correl atses suffici ent| yThusl thefefremaioxangsd dorRodigpcsadie vlecthochemicalmsyises  of

R e AT W TR e
sensor i s used i GORRIANinOLL M tyinpidBiosd offiferiB@hRCt i On of the analyte in
a liquid sanple. A suitable netér conprises atimng circuit for

controlling the neasurenent of current indicative of analyte in the sanple
fol |l ow ng detectio%uof S%HBL[“Q ‘chation to a test strip inserted in the
neter, wherein the-f¥%¥%§~trrtuﬁﬁ*—causes t he measurenent of current to
occur at a tigre 15 secomilgccordah@Satiahe divedtioa, 2isplastiie leothoditmkahgheor for the
application. Brief Description of the Draw ngs

Fig | jllustrates the
di f f usi onal novemedeteaton e ABERAYe SHEGES GRCPSS 1f ﬁélqv'i%é?ﬁ‘?i’ws B‘P‘“de‘ti' The sensor

comprises a working electrode and a reference electrode disposed within a sample-
receiving cavity, a reagent layer disposed within the sample-recci\'fing cavity and over
the working electrode, said reagent layer comprising at least an enzyme for producing

15 an electrochemical signal in the presence of the analyte, wherein the sample-receiving
cavity has a volume of less than 1.5 pl, and wherein the sensor provides a
measurement that correlates sufficiently well {for example R?>0.95) with the amount
of analyte in a period of 10 seconds or less to allow use the measurement in the
precise and accurate detection and quantitation of the analyte.

20 The sensor is used in combination with a meter for detection of the analyte in a
liquid sample. A suitable meter comprises a timing circuit for controlling the
measurement of current indicative of analyte in the sample following detection of
sample application to a test strip inserted in the meter, wherein the timing circuit
causes the measurement of current to occur at a time 15 seconds or less after the

25 detection of sample application.

Bref Description of the Drawings

Fig. 1 illustrates the diffusional movement of reactant species in the vicinity of

a disposable electrode;

30 Fig. 2 shows a cross sectional view of a biosensor in accordance with a first

embodiment of the invention;



a di sposable electrode; 30 Fig. 2 shows a cross sectional view of a

bi osensor in accordance with a first enbodi nent of the invention; 2 3 NOV
2004 WO 01/73124 PCT/US01/10101 -3 Fig. 3 shows a cross sectional view of a
bi osensor in accordance with a second enbodinent of the invention; 7R ¥V 204
shows an apparatus for web printing of a face-to-face sensor device; Fig.
5 shows a partially constructed face-to-face sensor device; 5 Fig. 6 shows
a cross-section view of a sensor in accordance with the invention; Fig.7
shows a pl ot of wgpsiglati on coefficient vs test tine;, Fig. 8 FuwESoamo101
exterior view of a neter in accordance with the invention; Figs. 9A-C show
the construction of a sensor in accordance wi.tzh the invention; and 10 Fig.
10 shows a conparison of a commercial strip with a rapid response strip in

accordance with the i nv?i%t.ﬁgﬁbwﬁ%@gs!s&%o%%gﬂ Bt d 198seffor & chidw@idtviiena saénd
key to inproving el ectrochemcal strip performance lies in designing the

15 strip such that eqbedinent efttecinvamonj on i s favoured over the interfering

reactions. In the case_of glucose detection, the analyte ecif] ¢ction
is a mediated reaction Fignd&hesrd @R?%Eqrgeagﬂgp%ﬁ&a&fx%?w%gc usggc?grc%é‘gl&at or
fol  owed by oxidation of; WL A Ay BhsthlbRd PAcess R Cerst doare; Ve

t herefore concl uded tha?’gg Egh% est a??uogl d sbe constructed such that these

reacti ons take place i nFig. 6sboyws oorosssegtionividw phmseases it aeauangs vith ths dyeptien;
order to provide the maxi col l ecti.on effici N )t rth considering
Fient oy elei cangn SO REEnt s st it

t he di ffusion processes St. nsi der the

application of a sanpl egid gldfGwi BSxtdiof VRwaT asiedsMin kdtofdageelwitliTthe itvestion,
strip, init's dry state, includes an electrode coated with a r ent
| ayer contai ni ng enzyne FigsEAaf dhove e gpriructian of aensgsin agegrange E"dﬁ?ﬂgﬁ ns

gl ucose, G el ectroche{’n' cal di nterferants, 25 1, and oxygen, 02, which may
be bound to hermogl SBYHOME™ On application of the sanple there is a net

di ffusional {¢gux of E amgMeanawskicomnpirdsen ef ectmrocteiat summdh atrgpad response strip

in accordance with the invention.

Detailed Description of the Invention
The key to improving electrochemical strip performance lies in designing the

15 strip such that the mediated reaction is favoured over the interfering reactions. In the
case of glucose detection, the analyte specific reaction is a mediated reaction
involving enzymatic generation of reduced mediator followed by oxidation of the
mediator at the electrode surface. We therefore concluded that the test should be
constructed such that these reactions take place in close proximity with the electrode

20 surface in order to provide the maximum collection efficiency.

It is worth considering the diffusion processes taking place during a test.
Consider the application of a sample to the test strip as shown in Fig.1. The test strip,
in it’s dry state, includes an electrode coated with a reagent layer containing enzyme,
E, and mediator, M. The test sample contains glucose, G, electrochemical interferants,

25 1, and oxygen, O,, which may be bound to hemoglobin, Hb. On application of the
sample there is a net diffusional flux of E and M away from the electrode towards the
test sample and a net diffusional flux of G and I towards the electrode. Hence at very
short times after sample application most of the enzyme is still close to the electrode
and reaction with glucose has a high probability of resulting in generation of a

30 reduced mediator molecule close enough to the electrode to be captured. At longer

times, much of the enzyme has diffused “deeper” mto the sample and can react with



test sanple and a net diffusional flux of Gand | towards the el ectrode.
Hence at very short tinmes after sanple application nost of the enzyne is
still close to the electrode and reaction with glucose has a high
probability of resulting in generation of a 30 reduced nedi ator nolEFH0e 00
cl ose enough to the electrode to be captured. At longer tinmes, much of the
enzyne has diffused "deeper” into the sanple and can react with 2 3 NOV
200& WO 01/ 73124 PCT/US01/ 10101 -4 glucose here. This has two effects.

Firstly, there igog,M9h probability of the reduced enzyne beippg,Qyi @h#ed

by 02 rather than M since the concentration of Mw Il dimnish further
fromthe electrode and the concentration of 02 will increase further from
the el ectrode (because of this same reaction). Even if the reduced enzyne

does 5 react with t he praqobahilit f the reduced M diffusin ck to the

el eit rode to \ll)me re%h%Om ’i‘%ﬂ%ﬁ% kvﬁ%el%ﬁﬁ ﬂ?‘atﬂ%rcbsr%%ghoc?%&g?}ggp tﬁ%fegg‘f% l e

signal is |ow. Sec%g)h'){ebeiﬁg‘@xiﬁgaﬂg{‘?,}eramﬁr theP0L 5iREESthe USAceA@Ridnl JTe4 wiids t he
i

ef fect of depleting the inwardly using G so that the anmount of G that
actual ly arrives i mimindshviugherifioy th¢ eletirode andibe condentifionei Q, valandsease et ed

wi th sonme efficien IS reduc Gl earl,y both of. 10.these factars
contribute to a re3%’5%g‘esefeﬁﬁg‘fcdq’ﬁcatlﬁedaﬁ%%gf%aj%ﬁ%E‘{/ﬁ‘eﬁﬁ}eﬁe Yrsd sngympe does
Simlarly, cogmon ik NMNhSpdbibiRgSE ih¥ radst«dl M Qekfubigedc Rk the tddtrade to be
ascorbate, acetam nophen and uric acid which upon reaching the el ectrode

surface are oxi di zadoxiflisedywith thia coraguitent prasticéanct! ardstectapipysignal jsrlewetrcondlynce
this effect can only occur en.l is presen | ecirqde. ce,
i1 boat e e PRtes oY BRdiohs 1 SRR has ROt dlSt FpEr R B AR
el ectrode has occurdifitsindS, doSth@RiRfdn@diint $1®that dthiallyachenisihe eicpl emid i on,
one solution to both of the problens of interferants and hematocrit/oxygen
level s is to make teectiedayhereifoar badetecied Withsemerettiqisasy 1s rduegd; elegdy pots of
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el ectrode is very large co e sanple vo
configuration is one th&iméadyceambh aiterfenmtssaenHsdy bajeed magralshaick keastobdee,

o e e 3 oS S e TS BEGRER e
| arge sanpl e vol ume,GNwREtdaN@d niddfRsiusat By bOFreSRIPSiRce @ateftedt & ey bdduf he
measurenent. By maintaining a | ow sanple )
when 1 is present near the electrode surface, it will be at its minimum at short times
15 before diffusion of I to the electrode has occurred.

As is apparent from this mechanistic explanation, one solution to both of the
problems of interferants and hematocrit/oxygen levels is to make the measurement at
very short times. An alternative solution is to restrict the sample volume so that the
surface area of the electrode is very large compared to the sample volume. A good

20 configuration is one that ensures that the sample layer over the electrode is very thin
(e.g. <200 microns). One benefit of limiting the sample volume is that the solution
hydrodynamics settle down more rapidly. With a large sample volume convective
effects in the sample lead to noise in the measurement. By maintaining a low sample
volume in the form of a thin film convective effects are minimized. This means that

25 with a low sample volume it is possible to make measurements earlier.

In practice, these solutions are related and are both implemented in the
biosensors of the present invention. Thus, the present invention provides disposable
electrochemical sensors and associated meters which are adapted for taking
electrochemical measurements of the amount of an analyte in a samp le, for example

30 for quantification of blood glucose levels, in a shorter time than previously known

systems. The sensors of the invention take advantage of the synergistic relationship



volune in the formof a thin filmconvective effects are mnimzed. This
nmeans that 25 with a | ow sanple volune it is possible to nake neasurenents
earlier. In practice, these solutions are related and are both inpl enented
in the biosensors of the present invention. Thus, the present inverftd bV 2
provi des di sposable electrochem cal sensors and associ ated neters which
are adapted for taking electrochem cal neasurenents of the anmount of an
analyte in a sanple, for exanple 30 for quantification of blood glucose

| evels, in a rSthL(I)Fm t{,me than previously known systenms. The pengQiisofl
the invention t ava antage of the synergistic relationship 2 3 NOV 2004

WO 01173124 PCT/ USO1/ 10101 between short meas%rement times and small sanple
vol unes to achi eve superior perfor rrance Low~ sanpl e volune allows earlier

measur enent because of early settlin {%U\;Hg ? effectﬁ VE5’;1reldmtmrus

facilitates nmeasur BHRIEELSIRLT ‘%‘F?BWFH‘FW 53\#8 YPEHE 25P 8y *UP

necessitates short Eﬂ%ﬁa H{eﬁ qév&tﬁﬁ@ﬂﬁ}%s%&%eﬁﬂ@ﬁshc@mﬁt BeRbsetirghmy shes
g ff erefore can

at | onger tines an ot provide a reliable reading. By
choosing this kind saﬂlng@ﬂﬁy@udmnmﬂaetseamgmme fadilitates treaguesinentoat short times.

concentration i s kept h so t hat the. rredhat ar _conpet es re ef ectiyely
with oxygen for théof”esaﬂi‘é 0 ONEREA) SROCCRSIA PR e FHT G RINP R i Zes a

small sanpl e ol UMgiehs dihilnls HGBIJeRRiEs and {1870kl pammremmea@ﬁagvsew
The challenge is créating a evice which utilizes a small sanpl e volune to

produce reliabl e nehsasirgtetdndafl cb:b@wmah yfle@nmntbé'rﬁlﬁ sefwipr cogeatratiqngs Kepar t
of this process is_the definiti
cavity. The vol ume hghsephal “&Fdi??‘ﬁ%;‘)‘i gorx@gﬁ:ef W@EF %&c?@ ﬁggxﬁene‘ﬁﬂh\é?&gfrodes

and the thickness ?{ +ide gap between the el ectrodes. There is a | ower
limt to the area o 15 el ectrodes which can be achi eved by an n,
printing process, deteruhchsdmlgyl@wewhtﬁbmlkﬂeﬁiﬂéﬁﬂéﬁfﬂn&# P’Pilﬂmi‘“’dF é’rgg-}iéjéé“ab&e

way to irmro?@I thi kﬁ@%éﬁ%@p@gﬁ%ﬁ“ wnﬁ,ckcﬂgl m%nﬁ'c?&%gq‘ae%é Rl AGrilibdes 1 S

with the pri In'co signed International
Patent Publicati on shial sMERR A4 R0 aﬂadﬁmeuabmnmmeaiénmfoftﬂwnely@cctqncrd@snmS
been m nimzed, the sanple volune is  furt define

t he
the el ectrode surf ddedistpag ob ETRIPSESy A qeg“’ém’f‘ﬂ %smgbﬂ%&“@(?ﬁ%‘%g "¢ 'cctew”%ﬁ)
shoul d be remenber ECQVH)P OYRVRiumd Sahislchvif id SMneABPILR avedldf i dlectrodes and the

thickness of the gap between the electrodes. There is a lower limit to the area of
15 _electrodes which can be achieved by any giyen printing process, determined by edge
. definition and print tolerances. One way to improve this precision when using known
electrode printing irks is with the printing methodology described In commonly

assigned Intemational Patent Publication No. W000/42422.

20 Once the “area” of the electrodes has been minimized, the sample volume is
further defined by the gap between the clectfode surfaces. The primary goal is a thin,
but consistent gap. It should be remembered, however, that if a low sample volume 15
achieved by using a very thin gap (i.e. < 200 pm), the usual conditions of semi-
infinite diffusion are not met. Because of this, the diffusion layer can extend across

25 the entire gap, and sigrliﬁcaetly deplete the sample. Under these circumstances, the
precision of the devices becomes influenced by the additional factor of the precision
of the assembly proeess that determines the gap size. There is a relationship between
the measurement time and the size at which precision in the gap size becomes

impértant, which can be understood from consideration of the formula

30 L=+Dt



achieved by using a very thin gap (i.e. < 200 m, the usual conditions of
sem- infinite diffusion are not net. Because of this, the diffusion |ayer
can extend across 25 the entire gap, and significantly deplete the sanple.
Under these circunstances, the precision of the devices becones in&hi®QCﬁﬁ
by the additional factor of the precision of the assenbly process .
determnes the gap size. 'There is a relationship between the nmeasurenent
time and the size at which precision in the gap size becones inportant,

whi ch can be un from consideration of the fornula 30 Ly~ NOV
D004 Vo 01 331 2ar el T T G ear 6 L s the diTiasron |eﬁ‘é¥’%°'é"ﬁ’§
the diffusion coefficient and t is tine. Wen the test time is reduced
from 15 seconds to 5 seconds, the diffusion lI'ength is reduced by a factor

of 13. What this neans.in practical ter | s,that b hortening.the

measur ement tine,ﬁ’_@Ftﬁﬂﬁ?gﬁﬂ%gefﬁ%E§?§ﬁ %?&gﬂénﬁéﬂgfﬁP&%@P} ogh Sen the
running into the | id¥ ih& % reduced Bbii18ReMNBE © TNeB&HdS] thE diffusion Qe isREAREREY &
substantial factor in the precision of the device. Thus, for exanple,

assunmi ng a dif fusi éetaso€3% i Whattiis meansOr praghigad sons is4ba by shertenng ks meapu¢rgent
require a gap greater than 70 p. CO red 125.m whi ch ul.d.be..
Fequi red for a 1e Sgeorns waitiob B ePRRTRA % M Py Muttine B apfine
configuratior for AosBRFEOkhdrép@&isioh daHRE GaybdcBmbdesuibRiailifdor 8 ShPpredisibh 6f
receiving 10 cavity with a volune of less than 1.5 |. Conbined with

consi derati ons abote demise.gBhus, fr gramplejassuming s diffpgion corfliciertain§’ sméseet ade
Is desirably sized C ' r e ki ng
el ectrode to the gg%c%g?&eéﬂ?éulg%ga{rg%_ﬁ% @gaté%gﬁnﬁj}p{ﬁ?%%pg%%]ﬁ ?gt'lg} ‘gﬁgﬁr ed
configuration, the vaukibeabqird forel IScsktondeest.s dnddeniry thevd fidwars gagnitaisle
100-150 m to define a sanple-receiving conpartnent wth a volune of 0.5 to
0.8 15 41. Fig. 2 SARHGralen &PracerE HeaePerdancs ghididhe ngentipndies g saaple &cfile a

first embodjgrent %Bvihgs%ﬂ DVARGLE OPressEh &EL 5 R Sord n@&‘@jtﬂ%o@é_’i(feﬁitﬁfng%lﬂfhe ap

th
base substrate 13. T ase substrate 13 in conbination wth spacers 14,

15 and top cover 1B8izdghismeans thatdbe wyrking dlevtrald i ldesitablysiizedisndetietithe zdtio of the
[oactions, oceur. 1 ah cetphary enbol aeal, 1200t b, £ GFLIOEFIRAYS B

specific preferred configuration, the area of each electrode is 0.8 mm? and the gap is
100-150 pm, to define a samiple-receiving compartment with a volume of 0.5 to 0.8

15 pl.

Fig. 2 shows an electrochemical sensor 10 in accordance with a first

embodiment of the invention. Electrodes 11 and 12 are formed on a base substrate 13.
The base substrate 13 in combination with spacers 14, 15 and top cover 16 define a
cavity 17 in which the electrochemical reactions occur. In an exemplary embodiment,

20 the electrodes have a surface area of 5 mm? and the volume of the cavity is suitably
less than 1.5 pl, preferably less than 1 pl and most preferably less than 0.5 pl

A device of the type shown in Fig. 2 can be manufactured as follows.

Electrodes 11 and 12 are deposited onto substrate 13. The specific manner of
depositing will be determined by the nature of electrodes, although screen printing isa

25 preferred technique for many materials. The area of the electrode which will be
exposed to sample in the chamber is defined by depositing an insulating mask over
the electrodes. (See commonly assigned International Patent Publication No.
WO00/42422). Next, the reagent layer is deposited. This layer may cover both
electrodes, or it may be confined to the area over the working electrode. Spacers 14

30 and 15 are then formed in a pattern around the electrodes. In a preferred embodiment,

these spacers are formed by printing a layer of adhesive having a dry height of about



|l ess than 1.5 i, preferably less than | | and nost preferably |l ess than 0.5
| . A device of the type shown in Fig. 2 can be manufactured as foll ows.

El ectrodes 11 and 12 are deposited onto substrate 13. The specific manner
of depositing will be determ ned by the nature of el ectrodes, although
screen printing is a 25 preferred technique for many materials. Thg Jatlda)imf
the el ectrode which will be exposed to sanple in the chanber is defined by
depositing an insulating nask over the electrodes. (See commonly assigned
I nternational Pal HBHblication No. WO00/42422). Next, the reageityA@YE"
I's deposited. This layer may cover both electrodes, or it may be confined
to the area over the working el ectrode. Spacers 14 30 and 15 are then
formed in a pattern around the electrodes. In a preferred enbodi nent,

t hese spacers are f d hy. printi | a of adhesi ve haying.,a dr

el ght 6f about. 2 31N 2088 TPy Shekerl ity a it .o ke  lfprnes
spacer defines the gaRidhdi@ayatRtRuddubitamtiall BRiRSEHHe ProduttidrZ6Y the Bévieo b
solid material and thus substantially facilitates the production of the

devi ces .of the invewtiton. Tht&ndlisienls e epplicstiantad anoptr 1640 complsic the dwwber 16
to conplete the cha r 17. In the preferred.e di the coyer »16. IS
affi xed to the devi ﬁgtgwrﬁzefrﬁg 3138?1%38:95% %beéggﬁﬁﬁ?d@gﬁé fevick Viginga q;hegwe

illustrate a specifigmcggppdisment of a manufacturing technique for the
production of a sensor in accordance with the invention. The figure shows a

singl e sensor, but it wiFigs.fbAZpilusicites seecifisambesineent phhmapfagansgdechpique for
generally be prepared. Fig. ) t tLUG : e ' e

| am nation of the cg\fé’ﬁdﬁi‘%’rﬁ‘ﬁé nggs(r%}é\%racgtﬁd%ﬁ? g’(f ﬁs’%%élg TAS Ht V\ng\gk{e}%ts?%i’ eé 11,
12 deposited on a sgaglkkaiser, bitaf wilbevipprécidtedthat héry thankne eénsbeaill generally be
connections to these el ectrodes are not shown. A reagen

d. 100, f
exanpl e cont ai ni ng BFPERHr Sif: 94t ows MeRtrueigre af fhe %ﬁ‘féﬂe)}i‘ﬁéfgggu%‘ﬁﬂgm‘g(rﬁo‘é‘?fer

both el ectrodgs. Adhgs| had o Atrod 3 121 BagRRASH s iBBtrddrResh
sides of the ﬁfeageﬁ?§%§%¥gﬁggu%%%ggs 104, 505 of a ﬂghrOphil?c %il%1(§§gﬁ

as 3M 9962, a 100 1%ormdatity)nEleninchl coundctionsetnthese elgstedieppreinobshiopme |Aergagent pad
oLyt et N3 RhaSE A B PRl ABERIL % blBsicd v
both electrodes. Adhesive pads 101, 102 and 103 are deposited on three sides of the
reagent pad. Two pieces 104, 105 of a hydrophilic film (such as 3M 9962, a 100
15 micron thick surfactant-treated optically clear polyester film) are then placed in two
Jocations, one spanning the adhesive pads 101 and 102 and covering the electrodes
and reagent pad, and one covering a portion of the adhesive pad 103 to provide 2
support of consistent height for receiving the cover 116. (Fig. 9B) The positions of
these pieces of hydrophobic film creates a capillary chamber over the two electrodes.
20 The hydrophilic coating of the film encourages the movement, by capillary action, of
the test liquid into the sample chamber created. The gap 106, formed in the area
where there is no spacer or film allows air to escape from the back of the chamber as
the test liquid moves into the sample chamber created. A pressure sensitive tape is
applied as a top cover 116 over the hydrophilic films. The top cover 116 is smtably
25 formed of a polyester film and can be ocated with either a heat-activated adhesive or a
pressure sensitive adbesive. The final step is cutting the device to create the
appropriate opening sample chamber, for example by cutting along the dashed line C-
CinFig. 9B. Fig. 9C shows an end view of the device after being cut along this Ime
C-C. As shown, the capillary entrance 110 to the sample chamber is defined by the
30 substrate 13, the adhesive pads 101, 102 and the hydrophilic film 104 and the top
rcover 116. The films 104 and 105 are supported by the adhesive pads 101 and 102.



and reagent pad, and one covering a portion of the adhesive pad 103 to
provide a support of consistent height for receiving the cover 116. (Fig.
9B) The positions of these pieces of hydrophobic filmcreates a capillary
chanmber over the two el ectrodes. 20 The hydrophilic coating of the film
encourages the novement, by capillary action, of the test |iquig3iNgyoypsihe
sanpl e chanber created. The gap 106, forned in the area where there is no
spacer or filmallows air to escape fromthe back of the chanber as the

test |iquid nmovegoimgnzihe sanpl e chanber created. A pressure $e85ishi
tape is applied as a top cover 116 over the hydrophilic fil rrs.%EFﬁ’es l’ié“g“‘

cover 116 is suitably 25 forned of a pol yeste[gf_i | mand can be orated with
either a heat-activated adhesive or a pressure sensitive adhesive. The
final step is cutting t evi et appr.opri aie openi ng sanpl e
chanber, for exanple by%g%gt%ﬁgggﬁgglﬁgd:c’[%ﬁéemﬁ;élgﬁ%sgr P?H%Q‘E?mté“?cn‘g’l%f ﬁ?e%@ﬁ Fig.
9C shows an end vi exwbelindie ofiieiinenadi. Hledd@iaR 1Cdd 2l 2Brhél SsgebRly &1 Sbashs
shown, the capillary entrance 110 to the sanple chanber is defined by the
30 substrate 13, tHub j 3nd ajapisoveD20- Tlorbasmenbstsete BY iy eopthination with spacgrs

and the top cover 51 The f] : rep: .the_gdhesi ve
pads 101 and 102. 35?\51%/&]@885"%6 ﬁ%ﬁ%‘%ﬁﬁpgk’?‘/ %ﬁ%%&%@gﬁﬁé}ca&%ﬁ?ﬁ an
el ectrocheni cal sensorr. AbeisensacBebakaneted with i lew yeluatethnd G 4P BBRWEenQlie bite

i nvention. Electrodes 21 and 22 are forned respectively on

a base
substrate 23 and a PeYoretndzee oprevEA8lontEPieatem28te 20umb tsheyld ke ipted
spacers 24, 25 ath&t_lee SPMEL arePofiRE El@&r&ﬁe&@a\ﬁ'dtoﬁblg%or] tF? %%eé%e&\lﬂ@?ﬁe,gefﬁsve of

el ectrochem cal reactions 5 occur. The sensor 1S cons
vol ume and thi n gaphbfeldedeface-tefadbasamfigsmbet.r ate 23 and the top cover 26,

for exanple from50 to 200 m It should be noted that the. surface area of

the el ectrodes can doublz‘bégffvd‘f‘eWma’é%sﬁ%'cgf%ngﬁma(@%?s%gﬁmg’émﬁ]ﬁte‘&ﬂ%‘c’%f"‘ded,
face-to-faceigonfi gusaibe@ih coinflemy a&igNel StFaient A{:thw ©95a1M sHe ka8 289
web printing technol ogy as 10 described in comonly assigned US Patent

Appl i cation 09/ 537,@9&,%@ sdnogmprpted Bereinbg oeferengs. ¢ Bhis techrlegypsiliaeseah her ei n
by reference. This tid] . tu f the tvpe.s .

schematically in Fi' sﬁ%‘“ QkP%n [ r?gb‘%mg%:hg&a%%ggﬁ%ﬁéﬁ?s g ‘F%t\g?fcfé'gsqx\(l)a@ne 38.1 18
feed roll 32 and i provideisqroa feed radl/35r and ipiranspdriedyover a plofality ftpaiht aaons33, B4,

ﬁﬂgbg’f’ Ofag Pi g{ WNI S8 38 0K 35 Snidh hEits 8 Wtteranl Bye oS the habsates Tha nainber o print
15 stations can be any number and will depend on the number of layers required for the
particular device being manufactured. Between successive print stations, the web is
preferably transported through a dryer 36, 37, and 38, to dry each layer before
proceeding to the deposition of the next. After, the final dryer 38, the printed web is
collected on a take up roll or introduced directly into a post-processing apparatus 39.
20 To make a device with the structure shown in Fig. 3 in this apparatus, parallel
conductive tracks 71 and 72; reagent layer(s) 73 and an insulation layer 74 are deposit
on a substrate 70 as shown in Fig. 5. The substrate is then folded along a fold line
disposed between the two conductive tracks to produce a sensor in which two face-to-
face electrodes are separated by a reagent layer. An electrode geometry with the
25 electrodes disposed on opposing sﬁrfaces within the cavity is beneficial because the
voltage drop due to solution resistance is low as a result of the thin layer of solution
separating the electrodes.
In each of the embodiments of the invention described above, the cavity is
defined by insulative materials. Suitable insulative materials for this purpose include
30 nylon, polyester, polycarbonate and polyvinylchloride. Suitable materials for use as

the substrate inclede polyester films, for example a 300 micron polyester fim, and



15 stations can be any nunber and will depend on the nunber of |ayers
required for the particular device being nanufactured. Between successive
print stations, the web is preferably transported through a dryer 36, 37,
and 38, to dry each | ayer before proceeding to the deposition of the next.
After, the final dryer 38, the printed web is collected on a take dp Nidi2004
or introduced directly into a post-processing apparatus 39. 20 To nake a
device with the structure shown in Fig. 3 in this apparatus, parallel
conductive trackwobl/rsmg 72; reagent layer(s) 73 and an insul apcomshiayern 74
are deposit on a substrate 70 as shown in Fig. S. The substrate is then
folded along a fold line disposed between thegtwo conductive tracks to
produce a sensor in which two face-to- face el ectrodes are separated by a
reagent |ayer. An . 608 L | ed on
opposi ng surfaces \;eéﬂ? ?r%ggﬁggcaw%%/*}as E‘Eﬁ%@?ﬁgﬁgﬂﬁﬁgﬁé‘{ﬁgﬁﬁﬁg@\% tage drop
due to sol ution resicfcanorate.SAlspavispadyases-bhsed pfintttrie dielschiclreatetal dfonswhighi on
separating the el ectrodes,
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insul ative materialg,f0r, &J?MEFQM PRI R Clerdsie a?@foﬂﬂédljﬁbm RRbY&REGL material.
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pol ycar bonate and pol yvinylchlforide. Suitable naterials for use as the
substrate incbude liyblstcendutiivamatefids inghueerpdnductive@arbmi,@obi plabhymsalemirfunner
and 2 3 NOV 2004 WO 01/73124 PCT/US01/.10101 -9 oéh r 'gngeul ati ng. f%ubstﬁ;ate
materials such as pARGYFFRIFONINPIST PRETALBEERS) a3 R PPe 6’?)90 FHOTEERICHKEDEEP ¢
pol yest er - based prifnh@RhieadiBEREN ERE1MERCONERET S AMMeER Cdrbtd BIBSHdak 4ng
mask ca be formed is ERCON 8488-B(HV)-B2 Blue. Wthin the cavity, a

wor ki ng and a ref erGuben wite ttesogpecifcaion dy amatlabiy iom Ereonbigc(Wakhamt erial . 5

Sui t abl e conductiv terial s, Lpnclude conduct.ive .carbon, gold at i num
al umi num or dopede@g?ﬁa%ﬁ%{icpgéﬁﬁﬁgémw ° TJ@%&SECCH- Oﬁﬁeﬁ%wh’%r%%ne% red
conductive capbon g@hiesddatisr ae@rodR ¥ der ERairactkRGHbERCAIsa fiekyAahvBson Car bon
El ectrodag 423. Carbon with these specification is available from Ercon

Inc. (Valtham Masshepinsalized o pemyt thesuriaeseisghmens Pl gramey otk semperaats of
D ymouth, Engl and) . e tles B EPMFHCLAYIAE BELERARSSQLERD Al iflld AR APLIN

because they can be ufictional1zed to permt the surface attachnent o
enzynmes or ot her coppmiitedirsct electron transfer between the reagent and the electrode.

The electrodes may be made from different materials or may be of the same
- 15 material. Embodiments in which the electrodes are of the same composition, for
example a carbon-electrode, can offer advantages. Specifically, the use of a single
electrode material allows the working and the reference electrodes to be deposiied in a
single step, thus eliminating an electrode print from the production process. The two
electrodes can be printed very close together since the separation between is
20 determined solely by the artwork on one screen (tolerance about 200 pm) and not on
the alignment which can be achieved between separate print runs (tolerance over 0.5
mm) This allows the reaction area to be more compact and thus leads to a reduction in
the volume of blood required to cover the electrodes.
The working electrode has one or more reagent layers disposed over the
25 electrode which contain the enzyme and mediator used in the detection of the target
analyte. Thus, for example, in a glucose sensor, the reagent layer(s) would include an
enzyme such as glucose oxidase and a mediator such as ferricyamde, metallocene
compounds, quinones, phenazinium salts, redox indicator DCPIP, and imidazole-
substituted osmium compounds. The reagent layer may be 2 single layer including
30 both enzyme and mediator, or may be constituted from a plurality of sub layers, some

containing enzyme or enzyme and mediator and some containing only mediator.



the reagent layer. This provides the benefits associated with

I mobi |1 zation, and also permts direct electron transfer between the
reagent and the el ectrode. The el ectrodes may be made from di fferent
materials or nmay be of the sane 15 material. Enbodinents in WM(iz H@%ZWﬂ
el ectrodes are of the sanme conposition, for exanple a carbon-ele

can of fer advantages- Specifically, the use of a single electrode nateri al
allows the working and the reference electrodes to be deposited in a single
step, thus el i m watmigzan el ectrode print fromthe producti on praeesssindhe
two electrodes can be printed very close together since the separation
between is 20 determ ned solely by the artworkjgan one screen (tol erance
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some contai ni ng onIy medi ator. 2 3 NOV 2004 WO 01/73124 PCT/US01/ 10101 -10
Because the devi cesiurs efibe lacieades ofha pansorn pbiha iy entpmiis ope Bichthydrns r2pidipygo
intervals, an inpor t.

rapi dly hydrate. I-(?gﬂ |§?\ﬁ1?§%e§¥a§% g%?rgé%wr}géﬁ ébeeig&{]ggrg%g‘cgrﬁ‘{‘&]%%}%rrjeéé%ts iR
conposi tion. 1An el et voiitysy steaiactrotis. difithetredgemdsyea dspdrictaagidlyefdliseiagent

| ayer of the type described in US Pa é ent No, 5 5,708,247, which_ is

i ncor porat ed her ei IS§AteRtBE BABEES GRY I RArti fhesazymexcagsnt) arprapiqix lost Bpmptpe
W00/ 42422 permits yigRitfofBe bleBfo@Nrie it By 80 chdst benDECiSH BF e dswlsrﬂpén@of
for use in the sensors of the invention. The optimal material for

reagent |ayers of a$ignabreflectingchmalytsf conprmiradosin@samplet he i nventi on |s one

whi ch hydrates rapidly tﬁlc reagent layer must also comprise a mediator in a form available for

15 immediate participation in the generation of signal reflecting analyte concentration.
In the case of an analyte such as glucose which is oxidized by the enzyme, this means
that mediator must be rapidly soluble and present in the oxidized form. Ina
commercial glucose strip sold by Medisense under the tradenames QID™ and
EXACTECH™, the mediator is actually present in the reduced form and must be

‘- 20 oxidized in situ before is can be can participate in a glucose monitoring reaction. This
limits the response time of the strip, and precludes its use at short test times.
In the case of the reference electrode, the electrode needs to be rapidly
hydrating, and also able to stabilize quickly encugh to source the current demanded
by the working electrode instantaneously, i.e, within 200 msec of hydration. A

25 conventional silver/silver chloride reference electrode does not stabilize quickly
enough. A ferri-ferrocyanide reference on the other hand can be made to equilibrate
very rapidly. In this design, a mediator-containing layer is used that solubilizes or
disperses rapidly. In a specific embodiment of the invention, carbon ink electrodes
are used with a reagent layer containing potassium ferricyanide as the mediator.

30 Glucose oxidase is used as the enzyme in a hydroxy ethylcellulose-silica base with



forma gel which remains in contact with the el ectrode surface and retains
reagents in 10 the vicinity of the electrode. If the reagent |ayer

di sperses rapidly following hydration, the reagents (and in particular the
enzyne reagent) are rapidly lost fromthe vicinity of the el ectrode
surface where they are nost beneficial for the devel opment of a Z3dH#I )00,
reflecting anal yte concentration in a sanple. The reagent |ayer nust al so
conprise a nediator in a formavailable for 15 i medi ate participation in
t he generation @fg&iamal reflecting anal yte concentration. | npdbhesqaaseof
an anal yte such as glucose which is oxidized by the enzyme, this neans
that mediator nust be rapidly soluble and pregent in the oxidized form In
a commercial- glucose strip sold by Medi sense under the tradenanes
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layer is used that ,3QlRlad WeASnPhiectdusperses rapidly. In a specific
enbodi ment of the invention, carbon ink electrodes are used with a reagent
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area and wets very rapidly. In addition to, the working el ech}rgode and t he
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: Rf'eﬁgg & E)hic(r)d el ec%f)trafﬁﬁ%'la)@;',eﬂ%tdggcﬁggﬂaﬂgr,r LB (B Hici it QRn & ey IR Bh B SvPse,
npensat e r ackground reactions, or a counter el ectrode of
a conventional thr eémnethectenctise Bythe elavtrofih evhersiit id meisdenefadal. f yiefulgpafiguption
that combines both aspects, therefore, is shown in Fig 6. In this embodiment of the
15 invention, the sensor 60 has a cavity 67 formed from‘ a bottom substrate 63, spacers
64, 65 and a top cover 66. Two carbon electrodes 61, 62 are disposed on the bottom
substrate 63 within the cavity 67. Electrode 62 is coated with arelatively thin (e.g. 5
pm) viscous gel layer 68 containing enzyme and mediator. Both electrodes 61, 62 are
then covered with a relatively thick (e.g. 25 pm) dispersion layer 69 containing
20 mediator, but no enzyme.

In another embodiment of the invention, two separate layers are confi gured to
further reduce the effects of interferants. One way to capitalize on the chemical
consumption of interferants is to provide a reagent layer with an excess of oxidized
mediator on the outside.. In a particularly attractive configuration an electrode is

25 coated with a thin reagent layer containing enzyme and mediator and then a thick
layer containing only mediator. Both layers are deposited in 2 matrix which limits
diffusion but which is rapidly hydrated so that it can carry a current. By confining the
enzyme to a thin layer the enzyme is largely held in close proximity with the electrode
so that the parasitic reactions described above are unimportant. The thick outer

30 mediator layer provides a barrier to inward diffusing interferants and remains in the

desired position because of the diffusion-limiting matrix. An optional third layer may



an identical working electrode. In the enbodi nents of the invention

di scussed above, all of the layers are rapidly solubilized or hydrated.
While rapid solubilization or at |east hydration of the 10 oxidized

medi ator is not a problemfor interferant consunption, and possibly @ﬁUQ@L
achieve this requirenment, it is not entirely a good characteristic %
enzyne- containing |ayer, as described earlier, since this facilitates the
enzyne diffusing away fromthe area close to the el ectrode where it is
nost beneficial. | configuration that conbines both asgget
therefore, is shgz\%n(H?ﬁlfzgi g 6. In this enbodinent of the 15 invent |I<§)Sr(1'3m%lﬁ]e
sensor 60 has a cavity 67 forned froma botto ubstrate 63, spacers 64,
65 and a top cover 66. Two carbon el ectrodes 61, 62 are disposed on the

bottom substrate 63 w.thi h ayi 7. Electrode.62 is,coated with a
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interferant in the safdnents Sudk@Pivhit® céllsiind eftiideydd3dihémst short times the fluid arriving
at the electrode will contain significantly fewer of these components than at long
15 times. _

Fig.7 shows a plot of correlation coefficient versus test time. At extremely
short test times correlation is poor because the system has not yet stabilized. At very
long test times the correlation also starts to degrade. Given the objective of limiting
interferences by shortening the test time, the test will suitably be conducted in the

20 regime indicated by the dashed lines, which for the sensors described below will be
less than 10 seconds and preferably around S seconds. The disposable sensors of the
invention werk in combination with a test meter to provide accurate measurements of
glucose within this time regime. Thus, the sensor is configured to provide signals
which provide accurate and reliable information at short times, and the meter into

25 which the sensor is inserted is adapted to collect information durning this time.

| Fig. 8 shows an exterior view of an exemplary hand-held meter in
accordance with the invention. Like conventicnal meters, the meter of the invention
has a housing 81 with a display 82 for displaying the results, and a slot 83 for
insertion of the disposable sensor. Buttons 85 and/or switches may be included for

30 operation of the meter, including recall of stored results, calibration checks and the

like. Where the meter of the invention differs from the conventional meter is the in



concentration of oxidized nediator on re-constitution is high so that the
nmedi ator 5 effectively renoves interferant. Cobviously, at |longer tinmes the

| ocal concentration of nediator will fall as it diffuses out into the
sanple and interference will beconme nore significant. In our experience a
sanpl e volume of less than | |, preferably 0.5 |, is ideal. Sens@risNi¥aiid

I n accordance with the invention allow the taking of test 10 neasurenents
in much shorter tines than achi eved using known sensors. By shortening the
test tine, haemyfpsiisiyeffects can be reduced. If the sensor cempusses oan
el ectrode covered with a reagent |ayer which has a retarding effect on
certain blood conponents such as white cellsgnd erythrocytes, then at
short tinmes the fluid arriving at the electrode will contain significantly
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initiates a timing sequence. Timing is controlied by the microprocessor. There are
two crystals: a 4 MHz clock for operational function (i.¢., performing measurements)

15 and a 32 mHz clock which keeps time in the Off mode. On initiation of the timing
process, the applied potential may either (1) be maintained at a constant level or (2) be
varied following a predetermined profile. In cither case, the current is measured after
a predetermined time to assess the amount of analyte in the sample. By way of
example, the data shown in Fig. 7 was collected in a system in which the sample

20 application was detected at t=0, the applied potential was removed for 2 sec, during
which time the strip is an open circuit, and then the same potential reapplied. The
current was measured at numerous time points and the correlation of current with
analyte concentration determined at each time point.

In commercially available meters known in the art, the measurement cycle is

25 established to make the current measurement at 20 to 60 seconds after the detection of
sample. In the meters of the invention, which are particularly adapted for use with
rapid-response strps of the invention, the measurement cycle is established to make
current measurements at a time 15 seconds or less after the detection of sample, and
preferably at a time from 5 to 10 seconds after the detection of sample.

30 The invention will now be further described with reference to the following

non-limiting examples.



el ectronics within the housing. In the conventional neter, the addition of
a liquid sanple, such as a drop of blood, to a disposable sensor in the
housi ng starts a neasurenment cycle during which reagents are dissolved and
a reading taken. The start of the cycle may also be triggered by 23q¢ 04
depression of a button by the user, although 5 this is not preferr .[wh@
m croprocessor in a neter is typically in a "sleep"” node and "wakes up"
periodically (for exanple every % second) to check interrupts. If the
program detects twabuam4 nterrupt flag is set, indicating that prTetSohfefas
been inserted in the meter or the start button has been pressed, the
programenters RUN node. In this node, typicadJy a potential is applied to
the strip and the m croprocessor nonitors the 10 output (duty cycle) of a
pul se-wi dt h nmonitor which indicates the | evel of any current drawn by the
strip. As soon as the sanple is applied to the strip, a current flows since
the strip is already subject ed to a pol ari Esdm@elipotential. Detection of

this start current initjates a tinmng sequence. Timng.is controlled by
the m croprocessor. Ther B E-sPoh SlPSHe SEPEs mechorgarect ke FEPRUARY S onal
function (i.e., per{)ﬁf}ﬁ&@ﬁs'_ A3 Y RERMsDhtithed Bz 89 8L HdanLloN6Kinkth lr_-lglg.elos

time in the Of node. initiation of the timng process, the applie
pot enti al may Sei t hesubGtytebpolyestartiinned at a constant |evel or (2) be

varied followng a predetermned profile. In either case, the current is
nmeasured after a pﬁﬂggi r@qﬂéﬁ%ﬁﬁﬁt?ﬂx§@§@¥§“¥‘glannunt of analyte in the
sanple. By way of exapgi Gayet ingdsititn 25 a¥Rrihed teicdy 7. was collected in a

systemin which the sanple 20 application was detected at t=0, the applied
potential was renoveadhebiye: wWateremseddgrylingopolmias ladidsive (Apaioshdtiepive®) an open

2t mumo ous. 11 o pol FEE AR E PN b BIETONRR e PR GRE Wi th anal v

concentrat i onodet er wpn@derapreeaed sehditite daRdsile codtbd FELHEFRE etnigl(TapeBirtiaiiit s
nmeters known in the art, the neasurenent Cégle is 25 established to nake
the current neasurement hee Zagenblape was dymyletedios &llovse 100 mbet 1 Q0 mbt 2queany| e.

In the meters of thﬁisio@mkﬁw@w%@wa FHBY tm&mmﬂy@fq%qﬂg@f@&r TYSRs Wigt h

rapi d-response strips of the 1nvention, asurenent cyc
est abl i shed t o makeof bykrmenthylrelbidosedHER),d egtolavittyil aleoliB, spEWRMA G603 (e y(vinyl

Seconds af ter the dBVEUTRER-BY! €5 B 48 re b o ot Com e B BE PR her
described wi tfs ref ep@ieaand thitdddyh@ogHiABon. M thixHiré WaGR¥AR S8nd overnight to
allow air bubbles to disperse and then used as a stock solution for the formulation of
the coating composition. 7.5 g of Cab-0-Sil TS610 were gradually added by hand to
the HEC solution until about 4/5 of the total amount was added. The remainder was
added with mixing by homogenization. The mixture was then rolled for 12 hours. 11
20 g of potassium ferricyamide was then added and mixed by homogenization until
completely dissolved. Finally, 2.8 g of glucose oxidase enzyme prepartion (250
Units/mg) was added and then thoroughly mixed into the solution. The resulting
formulation was ready for printing, or could be stored with refrigeration.
The sensors were used to test standard glucose solutions and the current
25 measured at different times following addition of the glucose to the sensor. The
correlation coefficient between the actual glucose concentration and the measured
glucose concentration was determined for each time interval. Fig. 7 shows a plot of
the results. As shown, the correlation coefficient has achieved a maximum and high
value by 5 seconds after the addition of glucose to the sensor.
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gl ucose sensors in accordance with the invention were prepared using the
procedures outlined in Figs 9A-C and the following naterials: 5 substrate:
pol yester film carbon ink fornulation: Ercon conductive carbon rfz%ﬁvt

| ayer conposition: as described bel ow adhesive: water-based acryl 2004
copol yner adhesive (Apoll o Adhesives) hydrophilic film 3M 100 m cron
hydrophilic film 9962 10 top cover: pressure sensitive adhesive coated

pol yester strip b‘l{',agg]éJSpeci alities) The reagent |ayer was forgadlgdoedsiad
follows. 100 mi WO mM aqueous trisodiumcitrate was adjusted to pH 5
by the addition of 1 Mcitric acid. To this 3 g of hydroxyethylcellul ose
(HEC), 1 g polyvinyl alcohol, | g PVP-VA S-6 5 pol y(vinyl pyrrolidone
vinyl acetate), and 0.5 nml of DC 1500 Dow Corni.ng anti-foramwere 15 added
and m xed by honogeni zation. The m xture wed to stand overnight to
al I ow air bubbles to diR%P{%r é%oﬂ@glﬁ%@séﬁ&ﬁli@&c&d&tcﬁ@ﬁﬂﬁmk ivientiorf weret he
formul ation of the coating conposition. 7.5 g of Cab-0-Sil TS610 were
gradual | y added byprgunell 4sdn ExdreplbEC Theseiserisors ware hilizgp s detammng theamoupldfy)

amount was added. The renmi nder s added, w. i Xi i ion.
The mixture was t h@HeRGH fiXg sqegpdsabter grppaire E’\i&}%@mgc)&g?&ﬁ%%{%s%%ﬁ%é%&

ferricyanide wmas t e XSt $¥coROLERES W aE Adstedrundert the sanenuinditiehy.
di ssol ved. -Fisnal I y&%i}?aggﬁl’ gﬁéggﬁégose o%z‘iydase enzynme prepartion 1(1250 :

Uni ts/ng) was addeBigand siidvestht fesulcugithiy expiexmdny amiuqaﬁé- Ssishevphe ppanity of
resulting fornulation was ready .for printin : ]
refrigeration. Thell$&FeeHe o&g'FéXHigé‘Hp‘f) cf'eélg?rqislta (gchg%?% g %%@%@?ﬁﬁ J(;)e%,s and
the current 25 ne (@d:@égggi_i then eatityt df iesQiloienanianfveastdondsorrsaiot ashgood
glucose to the senSor. The correlation coefficient between the actual

gl ucose concentr at (RFF0863-t he neasured gl ucose concentration was

determ ned for each time interval. Fig. 7 shows a plot of the results. As
shown, the correlation coefficient has achi eved a maxi rum and hi gh val ue
by 5 seconds after the addition of glucose to the sensor.
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gl ucose sensors in accordance with the invention were prepared as in
Exanple 1. These sensors were utilized to determ ne the anount of current
at five seconds after exposure to different concentrations of glucosgoy b
conparison, a Medisense QD glucose sensor was tested under the sane
conditions. Fig. 10 shows the results of this experinent graphically. As
shown, the linearity of the response of the rapid response sensor in
accordance with thged3ygntion is very good (R2=0.999). The | i ngaF i/ 1601
the QD sensor at five seconds was not as good (R2=0.853). 2 3 Nov 2004 WO
01173124 PCT/USO /10101 -16 CLAIM5 1 1. A dispgpsable el ectrochem cal
sensor for the detection of an analyte in a liquid 2 sanple conprising a
wor ki ng el ectrode and a reference el ectrode & ed 3 within a

sanpl e-receiving cavity, a reagent |ayer disposed within the sanple- 4
receiving cavity and over the working el ectrode, said reagent |ayer

conprising 5 an enzyme for producing an el ectrochem cal signal in the .
presence of tHe 6 ahal yt disppablsielrcipeheausabraserderthy drgetonat oy apaide i 3 Avide
of less than 1.5 Al 7 10 - [ NBAS : t
correlates with the 8 a%%gﬁﬁnﬁbﬁb%ghgﬁ%ﬁﬁﬁgg%m§%§¥§?2§?ﬁea pé%%%ggg%p%%@
seconds or less. 1 2. Theitlgeasanplefreciviihgality \sresgenniapdneispesegenthin theaample-
further conprises an electron 2 transfer nediator., 1 3. The senior of claim
2, wherein thé anal yt e /691108 68aY A8 O HhENIRIRS slestroge. §1if E8ent d3er SURPLTRE
the nmediator iss ferricyapi de. The: . CEGhD BreSdRL BY th
wherein the resagent - aygr[rheco)#%%f?és}&o@ﬁn?gg?%&n%%eﬁ}%l Sgéﬁlsgﬁhogmany ©
precedi ng cl aiém wher ei naralye:, wakehcthe saraplectceivihe dasitiphdservolume of less than 1.5 pl

7 and wherein the sensor provides a measurement that correlates with the

8 amount of the amount of analyte in a peniod of 10 seconds or less.

i 2. The sensor of claim 1, wherein the reagent layer further comprises an electron
2 transfer mediator.

1 3. The sensor of claim 2, wherein the analyte is glucose and the enzyme 1s

2 glucose oxidase and the mediator is ferricyanide.

1 4 The sensor of any preceding claim, wherein the reagent-layer comprises silica.

1 5. The sensor of any preceding claim, wherein the reference electrode is a ferri-

2 ferrocyanide electrode.

1 6. The sensor of any preceding claim, wherein the working electrode 1s formed

2 from a doped semiconductor material.

1 7. The sensor according to any preceding claim, further comprising three

2 adhesive pads formed on the substrate, a first adhesive pad being disposed at a

3 first side of the reagent layer, a second adhesive pad being disposed at 2

4 second side of the reagent layer opposite from the first adhesive pad, whereby

5 the reagent layer and the underlying electrodes are disposed between the first



2 ferrocyanide electrode. 1 6. The sensor of any preceding claim wherein
the working electrode is formed 2 froma doped sem conductor nmaterial. 1
7. The sensor according to any preceding claim further conprising three 2
adhesive pads fornmed on the substrate, a first adhesive pad being ?5%?52301
at a 3 first side of the reagent |ayer, a second adhesive pad being

di sposed at a 4 second side of the reagent |ayer opposite fromthe first
adhesi ve pad, whereby 5 the reagent |ayer and the underlying el ectrodes
are di sposed betwgamsthie first 2 3 NOV 2004 WO 01173124 PCT/ USedr/usmQoaios 17
b and second adhesi ve pads, and a third adhesive pad being di sposed on a
third 7 side of the reagent |ayer different-fyomthe first and second
sides and separated 8 fromthe reagent |ayer, said adhesive pads defining
the thicknesg of the 9 §anpldd8E@ivipads, G h third dih&iveliad bemasitsposdl oanythird
preceding claim wherein the worKki n? el ectrode and the 2 reference

el ectrode aré& di sposed side of thewsagans lavardiffersnt froyn tha fsiang iecopp sicengpd sgparated
surfaces withjn the sanple receivi cavh by . :

precedi'ng cl &l m wher einﬁc'l’fl “re%gfé‘&é[%?erl’%;‘heé%ggé%gasdsggﬁﬁﬁgﬁg%fﬁm%g |tﬁa and
the reference el ectrodesarr;blé.ﬁceiﬁntg&haty,for use in conbination with a

di sposabl e el ectrochem cal sensor for 2 detection and/or quantification of
an anal'yte in a liquid sanple conprising a 3 timng circuit for
controlling the neasuregen f r Fndicat | i

sanpl e foll 0\/\{I ng dgt ect i&lgenéecr)1 orsog#%)f ﬁ'%%%fb{ﬁd‘l‘ég‘tﬁ‘r gﬁﬁeg{%@@g%ﬁgilgégd?ﬁiﬂﬁ ed
5 in the neter, wherei nrdffiendeictdctrgdcire dispdsed aus Bse-tdriacereerdiguestion pn opposing
current to 6 occur at a tine 15 seconds or .l.ess after the detection of
sanpl e applichtion. 1 1furfappewithipdhe BmPLE EPHY R 2 Merein the timing circuit
causes the neasurenent of 2 current to occur at a tinme 10 seconds or |ess
after the detection of sanple 3 application. 1 12. The nmeter of claim 10,
wherein the tiningScircOht sonusdany peceriag clrighwhereyt the peagent ABST cQUsTSAOELIE at

atime S SeCOEIds or les%.rorkmf't ggmcfttﬁgre e}er?c%télc%ﬁo&)g. sanpl e

1 10. A meter for use in combination with a disposable electrochemical sensor for
2 detection and/or quantification of an analyte in a liquid sample comprising a
3 timing circuit for controlling the measurement of current indicative of analyte
4 in the sample following detection of sample application to a test strip mserted
5 in the meter, wherein the timing circuit causes the measurement of current to
6 occur at a time 15 seconds or less after the detection of sample application.

1 11.  The meter of claim 10, wherein the timing circuit causes the measurement of
2 current to occur ata tiine 10 seconds or less after the detection of sample

3 application.

1 12.  The rﬁeter of claim 10, wherein the timing circuit causes the measurement of
2 cutrent to occur at a time 5 seconds or less after the detection of sample

3 application.

I 13.  The meter of claim any of claims 10 to 12, wherein the meter comprises a

2 hand-held housing in which the timing circuit is disposed, said housing having

3 an opening therein for receiving a sensor.



3 application. 1 13. The neter of claimany of clains 10 to 12, wherein the
neter conprises a 2 hand-held housing in which the timng circuit is

di sposed, said housing having 3 an opening therein for receiving a sensor.
2 3 NOV 2004 WO 01/73124 PCT/USO1/10101 -18 1 14. A systemfor 73 NOV 7004
el ectrochem cal detection of an analyte in a liquid sanple, 2 conprising:
3 (a) a disposable electrochem cal sensor conprising a working electrode 4
and a reference el ectrode disposed within a sanple-receiving cavity, a
reagent | ayer 5ng§992§d within the sanple-receiving cavity apgrQNEfdhide
wor ki ng el ectrode, said 6 reagent |ayer conprising an enzyne for producing
an el ectrochem cal signal in the 7 presence Qﬁﬁ[he anal yte, wherein

sanpl e-receiving cavity has a volune of |ess than 1.5 8 | and wherein the

sensor provides a neasurenent that correl at with the anmount. of. 9 analyte
in a period of 10 ggcon&%“ﬁ%"]%é%?“ﬁﬁ@“ﬂ g(@%“ﬁ“?%?megﬁgpl?g?mP§%EP@1ng
the disposabl¢ el ectrochggpgahg:sensor, said 11 meter conprising a timng

circuit for controlling the neasurenent of current 12 indicative of analyte
in the sanpl e3fol | owi ng (det eatdisppsable elrgwpibsmigahienecpopriting awoddng elegrogler i p

i nserted in the neter, er ei he timn jrcuit causes the.neasure of
14 current t o? occu AR A réhertcf‘ﬁebeqi%“’g% @8?105 %cggﬁhlpéss gmg@fmecrcwt'?fecac‘%q’eacrte? 5h F%P b
sanpl e appl i cqti on.gishodd withifeichadpleQéceild OFicRatt SRpBa MBS ertrrRhaRd cal
sensor for the detection of 2 an analyte, conprising the steps of. Btgg)
form ng a wor&i ng asagent lnedr spmpoeng reenzy e E01 prdiciag B. eleerashemical signaf BY e ng

an insul ating,l ayer_over the working and_referer t '
i nsul ating haling é’ﬁeSSBcé’anlri:‘be q‘ngw'?é&’q?rﬁlen?s&n Icfrﬁ?cbn&ug%aﬁ g% %foqﬁlgggf%gsdm%n 1.5
portion of thg workiingd aherefrethe kaREDrei@StarmaesenE® tex pasdes With de ahmuai o

a reagent |ayer over at |east the exposed portion of the 8 working
el ectrode, saPd reagalyte ipapsrodehtfrseeqndgoniess aidst an enzyme for produci ng

an 9 el ectroghem cal signal i q - in: i Ol
vdrati ng et g0 (O oy il ifer RECAERAR & albliRaRl AbttoBnirhed LR Sl

first adhesive meter comprising a timing circuit for controlling the measurement of current
12 indicative of analyte in the sample following detection of sample application to a test
13 strip inserted in the meter, wherein the timing circuit causes the measurement of
14 current to occur at a time 15 seconds or less after the detection of sample application.
1 15. A method for making a disposable electrochemical sensor for the detection of
2 an analyte, comprising the steps of:
3 (a) forming a working and a reference electrode on a substrate;
4 ) forming an insulating layer over the working and reference
5 electrodes, said insulating having an opening formed therein through which at least a
6 portion of the working and reference electrodes are exposed;
7 (c) forming a reagent layer over at least the exposed portion of the
8 working electrode, said reagent layer comprising at least an enzyme for producing an
Y electrochemical signal in the presence of the analyte in a rapidly hydrating matrix;
10 ()] forming three adhesive pads on the substrate, a first adhesive
11 pad being disposed at a first side of the reagent layer, 2 second adhesive pad being
12 disposed at a second side of the reagent layer opposite from the first adhesive pad,
13 whereby the reagent layer and the underlying electrodes are disposed between the first
14 and second adhesive pads, and a third adhesive pad being disposed on a third side of
15 the reagent layer different from the first and second sides and separated from the
16 reagent layer;



| I pad being disposed at a first side of the reagent |ayer, a second
adhesi ve pad being 12 disposed at a second side of the reagent |ayer
opposite fromthe first adhesive pad, 13 whereby the reagent |ayer and the
underlying el ectrodes are di sposed between the first 14 and second

adhesi ve pads, and a third adhesive pad bei ng di sposed on a thi rd 2s] M&Y &
15 the reagent |ayer different fromthe first and second sides and
separated fromthe 16 reagent |ayer; 2 3 NOV 2004 WO 01/73124

PCT/ USO1/ 10101 1&? }5,(e) lamnating a first hydrophilic fil ReeygiiAdier
first and seconai Q adhesi ve pads, said first hydrophilic film spanning
the space between the first and 19 second adhgsive pads, and a second
hydrophilic filmover the third adhesive pad;”"and 20 (f) adhering a top

cover over the hydrophilic filns, whereb 2 i d
whi ch i defliqnedyby the substhat &“1‘{‘%‘831“?%?%1}"’%8@%55?%%§O&Egeegﬁkg‘§“{S%‘q%ads
and the firstg hydr o@Biild gadk] daftd firdt bl BropHilie filfe bfadingfthepadeBebbeenftii¢ filkeind

conprising the step of cutting the device 2 along a [ine extending through
the first an@ secoseomiHdbesivepadayad & sesendhiiropbdis floypvarihg dairt adhgsiye past pad

|S ;3 g ; of the 2roeag ent layer o p(P)OS | taghetrigg b ?0% cton‘i:rrOQ.rers fhg ﬁydrép}giic tﬁﬂ'ﬁs r\\%@%?ra

21 sample chamber is formed which is defined by the substrate, the first and second
22 . adhesive pads and the first hydrophilic film.
1 16.  The method of claim 15, further comprising the step of cutting the device
2 along 2 line extending through the first and second adhesive layers at a
3 location adjacent to a fourth side of the reagent layer opposite to the third side
4 of the reagent layer.



