18 OCT 2004 WD 01/ 73109 PCT/ US01/ 10097 -1 CONTI NUOUS PROCESS FOR
MANUFACTURE OF DI SPOSABLE ELECTRO CHEM CAL SENSCR DESCRI PTI ON BACKGR?QJ 2004
OF THE I NVENTION This application relates to el ectrochemnm cal sensors u ul
for detecti onWRY7BP? quantification of a target anal yte iBCTASSHHe.

Di sposabl e el ectrochem cal sensors for nonitoring of target analytes in
blood 5 or urine are well known. In partikular, electrochenical

measur enent of the anount of | ucose in _a snmall amunt of bl ood using

di sposabl e el ect rocheni cal CONARYYQUS FROCES]HOR @ ers has become a
mai nstay of many di abeti c&F DIRBYEARBRELECIROySHEMECHL SENSORout i ne
measurenments and provide the diabetic with an increased ability to

sel f-manage his or her condition. 10 DESCRIBEONabl e el ectrochem cal sensors
used in these devices are generally forned as a series of patterned |ayers
supported on a substrate. Mass production of these devices has been
carried out by fA@esROUNDN ONTHENNVENIEONDeposition processes, wth the
mul tiple layers making up the device being deposited seriatimin a batch
process. 15 Manuf act Ghis aplicgtjongelataploglesirechipmisalfersorsalsefybios datectipy andfpss e

t echni ques has T peration in batch node is
fundanental | y iﬁgﬁ@g@gﬁgg%ﬁg@ﬂ@éﬁg%%@i n the process requires the use
of multiple print |iDesppsableeleftorchenich stmypmsifor monitbivgg cdeargaenalides indiddod does
this increase the capital,.expense for the manufaciurin equi.pment it al so
| ntroduces mul ¢ PRFERGEpRFL e TePF o e BeDepin Hrieymet] o e dmwem5Y apl e
del ays and st or gBRose@ 8l bhilPiouREsMRRIA ubink alspSshBIp SlectRithaMaikdl sasoMand ati ons in
the process itself such as registration drift between different. process
stations. Such sPrlbPesdblymeenhpoirsomanmemsiay pf Panytinheticsa Theyedomensof sone
sensor batches tesuldtieRtht iddind L ANEBE ¥ndSirb ARERL 8iab KRN ifAGn WG st e

el ectrodes are used. A potential second drawback arises froma
characteristic rhnlibrtestf-manage hisenher2gndstiomt i ng, nanely the thickness of the
deposi t_edld ayers. St@hned@

xgp%s:ﬁ)?cre?eecgo&%lin?éai fsors used in these devices are generally
formed as a series of patierned layers supported on a substrate. Mass production of
these devices has been carried out by screen printing and other deposition processes,
with the multiple layers making up the device being deposited seriatim in a batch
process.

15 Manufacture of disposable electrochemical sensors by these techniques has
several drawbacks. First, operation in batch mode is fundamentally inefficient.
Multiple steps in the process requires the use of multiple print ines, one for each layer
n the device. Not only does this increase the capital expense for the manufacturing
equipment it also ntroduces multiple opportunities for process vanation such as

20 variable delays and storage conditions between print steps, as well as vanations in the
process itself such as registration drift between different process stations. Such
process variations can result in poor calibration of some sensor batches resulting in
potentially erroneous reading when the electrodes are used.

A potential second drawback arises from a characteristic inherent to screen

25 printing, namely the thickness of the deposited layers. Standard screen printing

processes can be used to deposit layers from 1 to 100 pm in thickness. Heat-cured

resins can be used to obtain thinner layers of less than 1 pm in thickness. For printing



processes can be used to deposit layers froml to 100 min thickness.
Heat-cured resins can be used to obtain thinner |ayers of |ess than 118 WZUUL
in thickness. For printing 18 OCT 2004 WD 01/ 73109 PCT/ US01/ 10097 -2

el ectrodes, tweovzpehi lity of screen printing to produce Ilpayasei/aigtzh t hese
dinmensions is beneficial, since the thicker print has greater

conductivity. For reagent l|layers, for exawle |ayers of enzynmes which are
utilized in many di sposabl e el ectrochenical reactions, however, thick

| ayers are det riclveimddss$, theaapdbdity ef sceebh priming taprodure tiyers dthdeese dxnenkons is

Specifically, because. the unt of signal generated_by a device_of this
type depends oﬁelf &} ﬁ’f"éertﬁ?g'éfgfripﬁ'ﬂt%af%f%gégo“p‘é%ﬁ%t °ré??§e’i‘ﬁ@’efsafo@et

anal yte w thin axasgiylapas 6Qzyn@HWhih o utlliBsy ighRe) BRAR8L EkafRhehie Use of
reagent |ayers which extend beyond this region reduces the neasured signal

by depl eting i nfReFANg, howgr it thigk laxera prptdetrimeniat te thereliablapperatienof the device.
nmeasur ene Z0N@yec i) ' e is.a f a new
approach [SE) thegpmamﬂ] gé’%%ar%%g tg‘{mﬁl sf)%g%?igagﬁégc{ ?%%ﬁeé'hﬁeggfhlss'gﬁegg gr.%‘lt i's
an obj ect of thenprdsentactiomuithése oragénts andalie thigetainsiee dvithid a vy Aarfaw t her

object of this invention to proyide a nmejhod for nuf act ur.i n i sposabl e
el ect rocheni cal "ERIHME elffireds s }l?éﬁé]i‘ee‘?ea m%‘*&b‘ﬁ’ﬁ‘%é&”ﬁ?’éé&%‘g‘%ﬂ‘a whi ch
15 provides for repQsdicésQRe Mtastrigll Bghd? 89 8eting iiV¥aSdly higrhtthgdnhiyielefie Rb] ect

of the invention to@grovi de cassettes which rncorporate spooled sensors,
i ncl udi ng spool 831 16¥AdkABeaMPMeHE$r ed usi ng the method of the invention.

It 0s a Ty iher obiential ofhi, hANBRIL Whid @ REQULE.SERDE, Wheh having an

20 integrated sealing layer Ich I's conblnation wth e substrate produce
a seal ed sanpl mangaaire bfid)siobabhdoriectrothemicebsenproties an niedtlvéthepagyemit s unt i |
time'of use, which osensors.can be made using the nethod of the invention.
SUMWARY OF THE 1"[‘\’!?7@!9[71%63?1%‘35%9 and ot her objects of the invention are
nmet by a nethod in aeEerfaae 6bjesMof fistiniidive Pidvate afmdthddeothanifibhiring

el ectrochem cal ,sensor The sensors conprises a substrate, an el ectrode

SQrs. '
Layer and at | e4SRo It FRQPOhtpL PSRy B ROy S AISGRITB R TP seand which

15 provides for deposition of thin reagent layers.

It is a further object of the invention to provide cassettes which incorporate
spooled sensors, including spooled sensors manufactured using the method of the
invention.

It is a further object of the invention to provide sensors which having an

20 integrated sealing layer which is combination with the substrate produce a sealed
sample receiving chamber, thereby protecting the reagents until time of use, which

sensors can be made using the method of the invention.

SUMMARY QF THE INVENTION
25 These and other objects of the invention are met by a method in accordance
with the invention for manufacturing electrochemical sensors. The sensors comprises
a substrate, an electrode layer and at least a first reagent layer. The method comprises
the steps of transporting a continuous web of the substrate past at least two prnt
stations, and printing the electrode layer and the first reagent layer on the substrate.
30 One of the print stations prints the electrode layer on the continuzous web of substrate,

and the other of the print stations prints the first reagent layer on the continuous web



the steps of transporting a continuous web of the substrate past at | east
two print stations, and printing the electrode |ayer and the first reagﬂggt

| ayer on the substrate. 30 One of the print stations prints the el edf 004
| ayer on the womtsnomous web of substrate, and the other ofcTdserpesmt
stations prints the first reagent |ayer on the continuous web w4 01/ 73109
-3 18 OCT 2004 PCT/US01/ 10097 of substrat®-as it is transported past the
print stations. Additional print stations nmay be included for the printing
of insul ation | ajsubstraighsieisprisporecdanast they@int stkidans. TAddibodkdprigfstatipusindyibteg wi | |
depend on the structure desired for.the sensor, alth h,the el ectrode
ayer(s) wi I f FEGTENE PR IRIoD VO s oAy B A qras o 6 BR £
DESCR! PTI ON CF ‘P hfdinfod e bhuchitd didied e sfoR BIiRIRAOURHEROSI L i ON
patterns useful in the method of the invention; 10 Figs.” 2A and 2B show an
exenpl ary el ect layeHBnvil flequeatis by doppsited befars thrreagentla¥es@) ur ed using the

met hod of ¢he invention; Fig. 3 shows a schematic view of an apparatus for
practicing the method of the invention; Fig. 4 shows post-processing of a
web printed with sensors to produce sensor 15 spools; Figs 5A and 5B shows

cassettes usefu%@é@g@mﬁgﬁkggg. 4, Fig. 5C shows a neter in
combi nation wit . mep ,—~tig. 6 shows an alternative
enbodi ment of a senspl Wk EOwhERo ali@haifve 8tpékiaioh Piiens ubdil iltichashaal t he
i nvention; 20 Fi 95] 7A and B shows a further alternative enbodi nent of a

B

sensor which caf &VARNGE act ured using the nethod of the invention; and

Figs. 8 B and C shows AthG 8RR %?:iﬁfgl 1838 hidhQafibk | DoON of
t est stﬁops in accorgeince leth t‘Jﬁe %r?v r?t?)lr%n. WN"%D"B%%& E’TI ON OF
THE | NVENTI ON  manufactured using the method of the invention;

Fig. 3 shows a schematic view of an apparatus for practicing the method of the
mvention;
Fig. 4 shows post-processing of a web printed with sensors to produce sensor
15 spools;
Figs 5A and 5B shows cassettes useful with the sensor spool of Fig. 4, Fig. 5C
shows a meter in combination with the cassette of Fig. SA;
Fig. 6 shows an alternative embodiment of a sensor which can be
manufactured using the method of the invention;
20 Figs. 7A and B shows a further altemative embodiment of a sensor which can
be manufactured using the method of the invention; and
Figs. 8 A, B and C shows the application of a sealing layer to a ribbon of test

i strips in accordance with the invention,

25 DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for manufacturing electrochemical
sensors using a continuous web of substrate transported past a plurality of printing
stations for deposition of various layers making up the sensor. The method can be
used for making sensors which are directed to any electrochemically-detectable

30 analyte.



The present invention provides a nethod for manufacturing el ectroche{ﬂ' ﬁ@l
sensors using a continuous web of substrate transported past a plura i
printing stations for deposition of various |ayers making up the sensor.
The met hod calO8%W%sed for maki ng sensors which are di r eiE@ESHBI0y

el ectrochem cal | y-detectable 30 anal yte. 18 OCT 2004 WD 01/ 73109

PCT/ USOL/ 10097 -4 Exenpl ary anal ytes of pdafticular commercial significance

for which sensors can be nmade using the nethod_include; glucose,
fruct osani ne, HoAl C, Exesmpriary analytespf partiswlarspmmsreiad Hapifigange (R pdvfdsensttie

speci fic struct ygppdthadehBing R RANSM R A 1uR 8 $Akotidile, BBRANTQMle,t hE Nature

5 of the analyte. In general, however, each device w [l 1nclude an
el ectrode | ayer chaiebtenel, altdmbanddniengseagent | ayer deposited on a substrate.

As used in the specifjcati.en_an l.ai ms_hereof, the term"|layer" refers to
a coating applied to{“ i P ecolﬁc Sﬁ%’rc'tq"eo e LR PP T ical seqpr ?Hgé?ﬁ'ﬂ)ds?ry‘gf BRI | ayer
i's consi dey ed t of the ansd@ap) ing@ndral, howveverPéacii@ite al] ifchde snekatsde dyer dnb @t

substrate when it is applied direct]l]y to the substrate or the surface of a

layer or 10 | ay®?¥ opf BPBSHEYS dapasitedetr 2 90T Sivstdinthe spanictionaosi ti on of
two layers on tpgimsHihst e t@l‘rﬂﬁ%&f’%féﬁtto b Boafind gﬁ"g%@d {oaNis p%@ﬁm Glface
as Ig. 1A or

(substrate, layer 1, and |ayer _ shown 1n ‘ I n the deposition
of two parall el ofthagwbstrais. &tiavwnis ponsidiegd td 1B, “apydied velor “préntédant theesti fageef

confi gurati ons metst‘bsprg{etv\':h%xlz it(?syﬁh{i%%imtlztpy ttoi% sP sﬁrgt%%r QIfle stupﬁcel &\éeig);elr grn, t he_

el ectrochem cal sensors are prirhtéd I h-a inear array, or as a plurality
of paral | 8] | i niagersarevivpsly apilied & the sibsthitee Thal) depdsition af Bvo 1Agers 6l theussed

bel ow, this web be processed by cutting it into ribbons after the
formation . As f}g’g‘éﬂ? ﬁ‘a{?ﬁeém%ﬁé‘éVF? é&"‘irisi’)’ﬂw fﬁ‘ds‘%ﬂsﬁﬁtﬁg”yﬁfhtaﬁf‘ i"’yﬁrp’élaf cati on,
the term "ri bbgjpwnligFay $Ab91n&h@féﬁ5§il€ﬁ?1 Thwd E&:mﬁs&eﬂk wehnWrighiflas been

formed by cutting the web in e er or both of the |ongitudinal and
tranverse di r ecPFFbASIntegnefistnranfizpations with ppstiakaxeilary of el ect r ocheni cal

sensors printed thergqfe mbh&for ﬂ?epl‘n'@e'ﬁQOlg?)%e%m%éh%icﬁltsre%{'ﬂrgpﬂ{te@iq a

el ectrochemi cal sensors for detection glucose In accordance with in the
i nventi onl5 On t hecas eyt prdse phdaldy of potadicidthea arreynmatec flsxablbwsle sibayate. A6, a

working electr Ogllgcutsgeﬁ%‘élo]\if?this%erbenfla%rb%r;])?oecesest!:({elg:};[ cruglclll% it iﬁt%cnlgbtj)'#s’ after the
formation . As used in the specification and claims of this application, the term
“ribbon” refers to a portion of the printed web which has been formed by cutting the
web in either or both of the longitudinal and tranverse directions, and which has a

20 plurality of electrochemical sensors printed thereon.

Figs. 2A and 2B show the structure of an electrochemical sensors for detection
of glucose in accordance with in the invention. On the substrate 10 are placed a
) conductive base layer lé, a working electrode track 15, a reference electrode track 14,
and conductive contacts 11, 12, and 13. An insulating mask 18 is then formed,

25 leaving a portion of the conductive base layer 16, and the contacts 11, 12 and 13
exposed. A reagent layer of a working coating 17, for example a mixture of glucose
oxidase and a redox mediator, is then applied over the insulating mask 18 to make
contact with conductive base layer 16. Additional reagent layers can be applied over
working coating 18 if desired. For example, the enzyme and the redox mediator can

30 be applied in separate layers.



and conductive contacts 11, 12, and 13. An insulating nmask 18 is then
formed, 25 leaving a portion of the conductive base |ayer 16, and the
contacts 11, 12 and 13 exposed. A reagent |ayer of a working coatiygQ{l72004
for exanpl e avoowtaese of glucose oxidase and a redox nedipatrasserdo®7t hen
applied over the insulating mask 18 to make contact with conductive base

| ayer 16. Additional reagent |ayers can be&-applied over working coating 18
i f desired. For exanple, the enzyne and the redox nedi ator can 30 be
applied in separate Itayebsappté€lafed indBthe Speciic tBudicd sivin FFA@"UAJ&M@OQ? | t

wi || be appreciated that the specific structure shown in Figs, 2A and 2B is

merely exenpl ar PEEhF*eRARN e thabthssuthed of e YRTHORAH Re tseh 1%!@%@9@8@ 0

manufacture el getdRENEEISasors B3 Wide FaRbry Dt Wid %ﬁesvaﬁah%%a%mh%?s and
using a wide variety of electrode/reagent configurati Exenpl ary

sensors whi ch coedtbdbecagent odrdigtatiod. Exasplary strisers mbidhaduldibe trizgufeeturedit | on

I ncl ude those di scl sed I n rope 27.958, Pat ent s
oo, 5. 147 B6a. SR b obth BRER R tneluioled e ipeen P e

i ncor por at ed heoe2n 958, an@USIPaRER Nokisgi41 368 586,362, 502886861 a6id $j48V09H, an
apparatus for pract|C| ng the invention. A running web of substrate 31 is
provided on a fwbighprsiincogmpragdcherain b i8HEW6% t ed over a 10 plurality of print

stations 33, 34, anGg;g% 6aChAEmiUGR Biadhh rﬁusdfo; hﬁ%g %\Exnxtilgf'.t get he

substrate. The nunber~of print stations can e any pend
on the nunber m&uuhgyuebsf suquterﬁdspmmdbmel pheed rotHLBIZandmhamnwnbdebwga

Ot e B RHERERR K0 Al R0 sl SR BESHGR Y,,

or infra-red drssyate. tn]edmmb&eufbnhta)aabnsbﬁﬁBwlylrﬁnm&oﬁﬁaadnmgpetnmﬁhﬁ
deposition of the next. After, the final dryer the printed web is
col lected on a RURRRST phjayest Teqyifediforthepmficalar ﬁ"?"l"'&?ﬁ“ﬁ mW@“‘Hreﬂo&mﬁF’bcesm ng

appar at us 39. éﬁbeésgvémt eieﬁcsnse&é el ﬁ@}efﬁmpfmsa%ea t&fou%mdr{va\e%m o Wil

generally use a plurality of print.stations as illustrated in Fig. 3 for
the printing of38ﬁf¢r‘feéareﬁﬁ afereasirtiopisor infra-redidnien)bte dap packddvat edorehat  many of

LS, adansR0eS Shodiife WEMAONOEBMORR AUE L rpd Gk 58 0B RGRRB1 1 VT O
a si ngI e print %P et ﬁ severa F {‘rl'l erent
collected on a take up rol] or introduced dxrecﬂy into a post-processing apparatus 39.
‘While the most efficient embodiments of the invention will generally use a
plurality of print stations as illustrated in Fig. 3 for the printing of different matenais,
it will be appreciated that many of the advantages of the invention can be achieved
20 with a process in which a single print station is used several times with different print
reagents. In particular, benefits of increased throughput and improved print
registration are obtained when using the same print station multiple times. Thus, as
i used in the specification and claims of this application, the phrase “at least two print
stations” refers both to embodiments in which two or more distinct print stations are
25 employed and to embodiments in which a common print station is used in several
passes to print the required materials onto the substrate.

. As noted above, one of the most important parameters to control when printing
the various layers of a bionsesor is the thickness of the deposited layer, particularly
with respect to the reagent layer. The thickness of the printed layer is influenced by

30 various factors, including the angle at which the substrate and the screen are

separated. In a conventional card printing process, where the substrate is presented as



reagents. In particular, benefits of increased throughput and inproved
print registration are obtained when using the sane print station nultiple
times. Thus, as wused in the specification and clains of this applicat§ 607, 2004
the phrase "avopP¥as® two print stations” refers both to eabusiirensts in
which two or nore distinct print stations are 25 enployed and to

enbodi nents in which a conmon print statiof-is used in several passes to
print the required materials onto the substrate. As noted above, one of the
nmost i mportant pagizideal eprds eroa Bymables thisynels vpngsres thegqueekee maeyes aessthgyers of a
bi onsesor is the thicknes f. 1he. | , ] | i th
Feapoct to the rEgbitaREipiabll if B 8 d¥le o Bfdbhtindid sosol’

i nfluenced by 3@spéadeiatrdss thacdrdir Bo minireizeithissguichef vangtie, g prifil stdiohnped
substrate and the screen are separated. In a conventionpal card printing

process, where tihdheduatadodihe preser invediondeeierablyynalesmsgeipylingsr §8es8CT 2004

PCT/ US01/ 19097 i{;}g,it-}{' g.ll.ﬁl GAESnhea flat table, this angle varies as the
squeegee noves crols% t gg scrrggn, g| eading to variations in thickness and

therefore to vari ati dnsylindertstreersmsiog, 2 fiexibjsonlstratads wewniet to thapeiersife of

mnimze this source of .variation, the .print. stations used in.th t hod
of the present iHVEfT e&H"%ﬁ‘&?&?’ﬁ%Wagﬁﬁf&g%aEP@’@E%?A'('? M aﬁﬁgovgscs %W@“%?i nting
or rot.ogravure pyithhé fficeged TilikeREBVenS@hERMtiNE, wWheteBe sciech hidvesdvay folst r at e
is presented to the underside of . a screen hearing the desired irrﬁﬁ%e usi ng
a cylindrical rdyaSionananbstaiedn SiaRipresibuaPYne Hb: Heultweydem T i ke
conventiongl priPLLNOrniMiRhe abhRtRE{paNiJTONES PN aihtadRY, 58 1l fhdifeRAT Y

substrate, in this process the noving substrate is pulled away fromthe 10
screen. This al Ithiwsness of drpsisi it acBigpealr Afhabis money the covtagsanglei and usdhe priso t hat a
uni form thickness, of deposit .is .achieved. Wat .| nre,. the ntact angl e,
and thus the pri‘f* e ﬁg}%tgméezilnbybceo%sbqgit?ﬁ‘Tgﬁ’pﬁz)'}ggﬁlg{(’)%licﬁ%i Lh%gappropri ate
poi nt of cont actapfypriapeitviltdtiahahOpbiesd &abe epindeled sPACHS inkdapuuidse out

engi neered so that the ink is puuled out of the scrfeen an nsferred to

tr
the substrate mffPeseree @divapsierdty the fppstrate myrh pore pfficiontly) s shaper, 45 ¢ o
nuch i nprqyed prggd oﬁﬁ&u&s&%uc@idgﬂweagﬁﬁ dobigy, ARWHid a ek Bétail priier ef ore

smal | er el ectrodes can be printed and smaller overall sensors can be
Therefore smaller electrodes can be printed and smaller overall sensors can be
achieved.
The post-processing apparatus 39 may perform any of a variety of treatments,
or combinations of treatments on the printed web. For example, the post processing

20 apparatus may apply a cover over the electrochemical devices by laminating a second
continuous web to the printed substrate. The post-processing apparatus may also cut
the printed web into smaller segments. To produce individual electrochemical
devices of the type generally employed in known hand-held glucose meters, this
cutting process would generally involve cutting the web in two directions,

25 longitudinally and laterally. The use of continuous web technology offers the-
opportunity to make electrochemical sensors with different configurations which offer
advantages for packaging and use.

As shown in Fig. 4, the printed web can be cut into a plurality of longitudinal
ribbons, each one sensor wide. These ribbons can in turn be cut into shorter ribbons

30 of convenient lengths, for example, 10, 25, 50 or even 100 sensors. These ribbons

may be rolled into spools and packaged into a cassette which is inserted into a meter



achi eved. The post-processing apparatus 39 may performany of a variety of
treatnents, or conbinations of treatnents on the printed web. For exitgrhlt?,mm
t he post processing 20 apparatus nay apply a cover over the

el ectrochem c@P W@@Ptes by | am nating a second conti nuous MANSYT1W0$TE

printed substrate. The post-processing apparatus may also cut the printed
web into smaller segnents. To produce indi%idual electrochenical devices

of the type generally enployed in known hand-held glucose neters, this
cutting process (suid) gdimeptvely asharoiikbon efgey iS sips bea breppepiareditgprodide ect i ons,

25 | ongi tudi nal | I I f ntinuous web .t echnol ogy

offers the oppgr?'%ﬁ? n&%g&%ﬂiém&lg%ylrézg tgn | ggﬁ tthlssgcr? gﬁ’%c%ﬁs?telfﬁﬁp aé’?)gnt

confi gurations whinzbesedry,althougtl wantld@e provided PdekRa@i MYeiRecdds the DRsos@N i N
Fig. 4, the printed web, can be_cut into a plurality of | ongitudi nal

ri bbons, each oferdoap angha W‘,‘aé‘f‘d PREHN AR HOPEAeIPgsHIon 3 the BEC QLSS nt o
shorter rijbons Pre?&al?% 1RO RO ERLs ab&RGHiBRA b%g'ine?e’ﬁ efre Jc%anié-ﬁ;wiﬁgj or even

100 sensors. These ribbons nmay be roll'ed into spools and packaged into a
cassette which plsopreents wsad stipofrem heingdrawn BacR@Tsid2aI4me®. 01/ 73109

PCT/ US01/ 10097 -7 ( FhQ. atively,.a short ribbon.of .say 5 strips
can be prepared to p?'g"v"lsg?5”8n8‘§1§%"r}’é‘éh"§§ﬁs{‘“ gcrse%sﬁg q%%?“%ﬁﬁan%gﬁd%afl%ggsti ng.

For this | engthpva thedsseh kpstens using Bimble\tlectihemiesieatarsy Beodubdnhe ghvoled coul d
be provided irf desired. In either case, the sensors are used gne and a

tinme, and noved IREBGIEME SppFEATS RaplRpFids ipsseitethry A loes pcepuRletos
Preferabl yg thi gafimpeemBiler,ishcdepodl bARSRedY 2 BoliBbGls shpSind §Mot fRGRANT sm

which also prevents used strips from being drawn back'inside the neter.
The use of spookakf FemeNsdAromyihe passalE PP te utrethstsrislessdikeBhntpditat risesoradillant ages

over the known ’B%g&%&@fﬂgéé@?ngéaﬁkglaﬁoﬂ&% I g%@ﬂ%@%@é&@%afb%%t{og%@gs;e t he

spool ed el ectroc ces are packaged 1 nside a casse y are
| ess suscepti bl earthe furlidr chanwed éf thé-casidite and the meter intreacspqodvidd caliemiices i s a
continuous stri '

ip.and is not intend d.&o e removed from the cassette prior
Co use. there i PIRady Fs FBtot BoRHAREE BEERre virrToeiBE TBHREER e w ong
cal i bratimn codeécribtd fortiAditided s@ksQiReResSn GdrhdtioadliPaRniBAIbliefion®aN be further
reduced if the cassette and. the neter interact to provide calibration
W097/29847 and US Patent Application No. 08/600,449 which are used herein by
reference.
A further advantage of continuous spools of electrochemical sensors is the
ability to make each individual smaller. Much of the size of known individual sensors
20 is driven by a.requirement that the user be able to manipulate the sensor for insertion
in the meter. Use of a continuous spool of sensors eliminates these constraints on the
size of the device since the user will be manipulating the cassette or ribbon of
j electrochemical sensors which will be significantly easier to handle than individual
strips. Thus, the present invention permits the fabrication of smaller and therefore
25 more economical devices..
If it is desired to separate used devices from the spool, a cutter may be
incorporated into the meter or into the cassette. A cutter of this type is disclosed in
US Patent No. 5,525,297, which is incorporated herein by reference, although other
configurations could be employed. -

30 Fig. 5B shows vanation of the meter of Fig. 5A. In this case, the cassette

includes a take up mechanism such that the sensor spool is transferred from a feed



val ues for the sensors contained within the cassette. Interactions of this
type are 15 described for individual sensor devices in International mhﬂnmm
Publ i cati on No. W97/29847 and US Patent Application No. 08/600, 449 I'ch
are used her elwo olbysio9 ef erence. A further advantage of contpdiuesiesgrool s of

el ectrochem cal sensors is the ability to nake each individual snmaller.

Much of the size of known individual sensogs 20 is driven by a.

requi renent that the user be able to nmanipul ate the sensor for insertion in

the meter. Use Qpodl 5¢ @Y iakdiispoSiBRQk it @ uss® NBAY Bal@b thi¥lenfile@asséth@§Qem self-
constraints on the size of the device since the user wll be manipul ating

the cassette or cPhtpisehangrelimanagss thegepretaidisnpse obndiyidialgsnsors whirh haye
significantly eq:&iqg ntl&?e%%ﬁaﬁin%@ﬁ@fi&@fgo i dual strips. Thus, the present
the fa

i nvention permts rication of smaller and therefore 25 nore

econom cal devi ces. . Thé method sf tHesvemidn tan dsopanstdeo poducedensocgmols hammg he
spool, a cutter nay be ié}corgrgr?&ﬁfd I nto the metgr orzg‘d;ntég the cassette. A
cutter of this Poplelamayy dseseagl fifferepidynss s, NEhown wIHE Do SEfsER | s

i ncor por at ed hercgiig bB YrepSEETHENEES seRdotNPUHRt BB ardQokGiiGHokiansensayl d be
enpl oyed. 30 Fig. 5B shows variation of the meter of Fig. 5A. In this case,

the cassette i mfpaeend ape, SR e By pravisiesapbasss eupdstsand analysis cirewyp for§pdol i s
transferred fro d 2004 WO O ~ - spool
T ST A TR A0 e

51 to a take up 'sp I's used. ITe cassette
system sel f - contaplaeSuiabi aahiy@ipaiad iadude gucosed ighycekybpademoflobingdmdi dual

sensors whjch h frequently been contam nated w bl ood. he. net hod of
the inventfon c%%a?"é‘(fﬁ%e ‘§‘éé‘fgﬁniﬁeﬁ‘“@ﬁé@eaé‘g}?ﬁg‘?"egﬁ%gﬁ_es?arﬁéma}?gemE?[“TEar al | el
arrays of Sensoffo®t edlplol&s 18 BlovidéRESintehtbl shecld Br B1AWEask thefdyfamib range sf£NSOr

strip could be prepared in which sensors of a first type, 61 are di sposed

al ongsi de sensoiestaf. a second type, 62. By providing separate contacts and

anal ysis ¢l rCUILry 1 ohe 8868 offlR0mioh %0 MEHINER ofFRard Bt HsBBR Ravin
sinmultaneously in the sane neter wt R"he ‘sane sanple. Suitable ana% yte
pai rs include glsueowes windh ginpetds phaterienthempiyicabisimg camentional batch
15 processing. For example, as shown in Figs. 7A and 7B, a device can be manufactured
by depositing parallel conductive tracks 71 and 72; reagent layer(s) 73 and an
insulation layer 74 on a substrate 70. The substrate is then folded along a fold line
disposed between the two conductive tracks to produce a sensor in which two co-
facial electrodes are separated by a reagent layer. An-electrode geometry of this type
20 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 contrast, in a conventional
* device with coplanar electrodes, the use of a thin layer of solution results in a
! substantial voltage drop along the length of the cell and concomitant uneven current
distribution. Furthermore the device of Figs. 7A and 7B can be cut across the
25 deposited reagent to produce a very low volume chamber for sample analysis which
further improves the performance of the device.

As is apparent from the foregoing discussion, the method of the present
invention provides a very versatile approach for manufacture of electrochemical
sensors. The following discussion of suitable materials which can be used in the

30 method of the invention is intended to further exemplify this versatility and not to

limit the scope of the invention which is defined by the claims.



10 LDL and HDL. Two different sensors neasuring |evels of the sane anal yte
m ght al so be enployed to provide and internal check, or to increaﬁeB ﬁ@;emm
dynam c range of the strip. The method of the invention also facili't’a

t he manuf act weopfsimensors havi ng structures which cannotechasa@oweni ently
produced using conventional batch 15 processing. For exanple, as shown in
Figs. 7A and 7B, a device can be nmanufactuy.ed by depositing parall el
conductive tracks 71 and 72; reagent layer(s) 73 and an insulation |ayer
74 on a substrate 70Thehbstraihsidiatie nahddud thefibleitah miyosgna dintdnsiohdllye

di sposed between the two conductive tracks to produce a sensor in ich two
co- facial el ecftﬁ'e}aéf@teaﬁléﬁfgegeeatﬂé&bﬂw%zpﬁe%@ﬁfmmféhwu awae&%‘a“@

geonetry of thi ﬁaet@ﬁaesh&% geicxeﬁ,nefplglzalxn E&%ﬁ%@s&ﬂ@@at(\!%ﬁ%eﬁ&%aﬂue to
solution resistance is | ow as a resul hin |l ayer of solution

separating the mseletor,@uleslghtmslemttnp@ssary 1f nlaezelcfdwemwrondbposmm th

copl anar el ectrgdes. .the e of ults
substanti gsl vol 55%"“ 5 a" gﬁlﬁc t{cﬁe :)Ile}lﬁ s’tﬂﬁxetF S}fqﬁlldsagsoﬁe cge Ca neot tﬂbg%t

uneven current wﬁhﬁdxhhﬁlals%mlﬁbﬁlllbh@ﬁdﬁﬁﬁﬂletphﬁnrikajflaﬁseg@én sEhgﬁ THidnaats 7B can
be cut across the 25 degﬁm ted reagent to produce a_very | ow vol une_ chanber

for sanpl e anal {8} e sbsiEaie shopld mpsiEmfiggpidy rsact Wil op ks degradethBwthste mienafevi ce.
As is apparent %Fe@q%ﬁ Qﬁcago%b%gﬁéﬂ?gﬁarq{t %éﬁ%’o%efﬁ Q%c%&@%p@nﬂ Benpigsgnt

i nvention provi very versatile approach acture of

el ect rocheni cal SUI@EIHM®315Tm@dﬁmlkqugtedmtmlmteon of suitable materials
whi ch ca be used i th rodesmetdh dfoofe& t}eml nve nthlvgr[}]akenaf nm? L0 further
exenplif thls versalll yanrchl%oEt' 1857 T O hE scope o f iSventi on
which is defi nedepoyitedhiepaiemt ia cohfiniotd praiiing pmmm BMQIdFPﬂEMdd&E@ﬂabﬂOOQ? 9

The substrate used in the nethod of fhe jnventi be any dinensi.onally
stabl e mat eri al SBFrodeFanf eleelFRdes IOERSISTIm P&?“‘E (o1 m"t@ﬁ §‘F‘F &ﬁ‘%ﬁ'ﬂ)’f"t‘reﬁ ough

an appar at us ofgvkhadtsing cebeaw generally in Fig. 3. In general the
substrate will be an electrical insulator, although this is not necessary

if a layer of insul dosudsion ayers pissiepastiedystanerepriae tolefing fhe sampleanahigist he
el ectrodas.  TEAURLLIAL Syl 2oft Rbsifind St FORHLCE Ak GRIRALIR! Whictthh. ! he

mat eri al s "'whi ch e used Int e printing o any gl-ven sensor. This
means be printed are suitable, including for example polyester-based inks.

The selection of the constituents of the reagent layer(s) will depend on the
target analyte. For detection of glucose, the reagent layer(s) will suitably include an
enzyme capable of oxidizing glucose, and a mediator compound which transfers

20 electrons from the enzyme to the electrode resulting in a measurable current when
ghucose is present. Representative mediator compounds include ferricyamde,
metallocene compounds such as ferrocene, quinones, phenazinium salts, redox
indicator DCPIP, and imidazole-substituted osmium compounds. The reagents
appropriate to other types of sensors will be apparent to persons skilled in the art.

25 One of the limitations of any device in which multiple test elements are stored
within a test device is that the elements must be made stable for the expected lifetime
of the test elements within the test device. In general, for electrochemical sensor
strips, this means providing a moisture-proof and air-tight environment for unused
sensor strips. This can be accomplished through the design of the cassette and

30 associated meter, or it may be accomplished by adding a sealing Jayer to the test



that the substrate should not significantly react with or be degraded by
these materials, although a reasonably stable print imge does neeg Htﬂjf %m
formed. Specific exanples of suitable materials include polycarbonat ;
pol yester. 10WPR&78Pctrodes nmay be forned of any conduct inggruseymesral whi ch
can be deposited in patterns in a continuous printing process. This would
i ncl ude carbon el ectrodes and el ectrodesifberned from pl atini zed carbon,
gold, silver, and m xtures of silver and silver chloride. Insulation
layers are deposibbedsoabat apipridt festtseipt aredafividelly balesanppreteardlipsi s 15

vol unme and to avm? a short circuiting of the sensor. Insulating materials
whi ch can be pr W& are suitable, includi ng for exanple pol yester-based
inks. The sel ection Pigs.tshecoamels Hibas 6f 1©d stbewitieaganig lap#EF(eS3AWhdws depend
on the target analyte. For detectjon of glucose, the reagent |ayer(s) wll
suitably incl udécarﬁposetﬁzwrwaw@gaﬁow YPAiOhen off tost stsies Shand a2 URRAAi at or
conpound ich 2 e de
osulting n a rengggke” ELREl 0% il kAR P L PERIR S e
nmedi at or conpounadirstnest ele@erfteThd @pmamponmmtaphd@memwmnmslwmh as

ferrocene, quinones azinjumsalts, redox di cat

i mi dazol e- subst F?’ﬁ?céﬁ'%g?fﬁ“ﬂﬂﬁr BWﬂ‘EfuﬁHB Car*l*?‘i’én‘?déaggerﬁegh E’fjﬁﬁf tHf“@‘“Y o ot her
types of sensor suithitd ol BERABEHN ﬁ]éholi’ﬁfeﬁ%Pﬁeﬁkx‘elsl‘:&ﬂlde@dﬁéaﬁeanae mee One of
the limtations of any device in multiple test elenments are stored

within a test dewpercd with the pealed deskitrmubhos Oﬁﬁlsst 84y woplg drclugde agneshanigm. ¢ he
expected {g fetiggy aQL kﬁlﬂ%ﬁcﬁSkor%L%EGL&d% stemrrsg hest %Setx &L%Yﬁectﬁget'a';lea%?ner al,

for el ectrochemcal sensor strips hi's nmeans provi t ur e- proof
and air-tight emvmpd)lmtrsrabommbmate@ftersxeqqﬁmmssittpatp)tsxp afrmthspefdm Ymek

acconpl i shed thro e _desi casse ciated neter, or
o be e cons Rk B B8 bRl bR R SRR R B ST ho04 v
01/ 73109 PCT/ USaxing HO9ér blacﬂeﬁntégxbhﬁlﬂ]e&ﬁssbﬂfh’:lﬂ‘hbIﬁﬁﬁd\sirﬁ)ﬂaﬂld PR of bealifts are

i ndi vidual l'y seial ed and protected from noisture. Figs. 8 AA-Crelate to

ri bbons of test a¥¢rmigat a\}ﬁ"tbﬁ rofled wp PPt fake AP spoolsyithin Bﬂ?sﬁtﬁ\ﬂésmé"nd%ﬁﬁom te
Structure sconpr s thek Holdieke ey B a biP RPBINAREL JsEBdrildideRsy. 80 and an upper

Fig. 8C shows a variation on the structure of Fig. 8C. In this case, the sealant
layer serves as one wall of the test strip sample chamber. This geometry has certain
advantages, notably that evaporative cooling of the sample (which can lead to
erroneously low readings) is reduced. To prepare a test strip on a ribbon of this type

20 for use, a cut is made which opens the end of a chamber formed by the sealing layer
81 and the test strip nbbon 80. In Fig. 8C, separate cut line-types 88 and 89 are
shown for separating used devices and for opening a new device, respectively. These

cuts can be made at the same type or at different times.



5 sealing layer 81. The upper sealing layer 81 is shown partially peel ed
back to expose the first test elenent. The upper |ayer contains apertures
82 through which electrical contact- with the underlying test strip 1@agrTom
made. The sealing layer 81 is typicallg1 attached to the ribbon 80 using a

hot nelt or pressure-sensitive adhesive. The nmeter enployed with the
sealed test strip ribbon of Fig. 8A would include a nmechanism 10 such as a
knife blade, for peeling back the sdab-fHYSI ayer 81 to expose the target
area of a strip that is about to be used. After use, the used test strip
and t he peel ed hackhod éalmanglficayere aeyrobkeroiot! sansys foopnitnea auksted. porti on
of the ribbon, for exanple  usi ng{ a_cutter blade i naeg[?al tfo the cassette.
The used rrglgssrossdaysespmariong eehraiy of elspurdenaiisend _Eagd st €88 ip ont o
take-up s |.s. .y thi : 1.04:FL g. oi di ng the
need for 29 et %Qit:%)r‘\j?c féﬁﬁﬁggbﬁ%?{ ?P%é}q\églhrs g@?ﬁ?g CE@“&@%‘“@&%\%@Q vari ation

on the strsubiue padt abie@st 8G. prind stebbis dgRintihpehesdediaidt lajenyerd detwds as one
wal | of the test strip sanple chanber. This geanetry has certain

advant agedayenenashs/ firshzaagemdpsy &0 thesubgteiye Of SUASTSRHAIAISRIMUER Rean | ead
to erroneousl v low readings) is red A hes: :l.h on a

ri bbon of eﬁ)ff‘ﬁ%?%{a VHET ?6%1"30? %]g?usaw%uéﬁlﬁgmn%%gpw%ﬁ%ég%l%S)?l%ﬁgtgg%l of a

chamber f gfiRglghe HRe r&Rah1 BgerloaYed corBhuantwitherf dubstate by itps wramsporedB0. I n .
Fig. 8C, separate cut |line-types 88 and 89 are shown for separating used

devi ces anusttbe popesisngia new devi ce, respectively. These cuts can be made
at the sane type or at different tines. 18 OCT 2004 - 11 CLAIMS 1. A

met hod for, mnu{@gﬁl%g{ r?%%lfg‘il‘ Eﬁ‘g’t];ra %Pﬁ%ﬁl.%@‘ﬁgﬁﬂf%]&&% batsWndpriebstrate,

an el ectrode | ayéerc ectrode pairs ‘and at |east a

first reagastand &yend elairéia@thasyvicpaniffeemgndaoerist egpsabibify.t ransporting a
conti nuous web of the substrate past at |east two print stations and

printing the el ectrode | ayer, said ?I gctr%gefi Iaﬁer. a]Ind t he f'hrst r eagent

| ayer on the subBtmthod Gridaivn] @a. dHSIFMEbesE o6 @‘71[5?'31%?%@1:‘? €' el ectrode
| ayer. on tAg¢R0ls QUGHE4EG, oy PURRKIAIGRA LldeRbBRincdhdblibatast al | ons
printing the Tirst reagen a)?er on the ‘continuous web of substrate as it

i s transpdntethirdgagit stdwenprint stations. 2. The nmethod of claim], wherein
the plurality of electrode pairs conprises a

4, A method for manufacturing electrochemical sensors comprising a substrate,
an electrode layer, a first reagent Jayer and a second reagent layer, said method
comprising the steps of transporting a continuous web of the substrate past at least
three print stations and printing the electrode layer, the first reagent layer and the
second reagent layer on the substrate, the first of said print stations printing the
electrode Jayer on the continuous web of substrate, the second print station printing
the first reagent layer on the continuous web of substrate and third print station

! printing the second reagent layer on the continuous web substrate as it is transported

past the print stations.

5. The method of any one of claims 1 10 4, wherein the print stations are

rotogravure print stations.

6. The method of any one of claims 1 te 4, wherein the print stations are

cylinder screen printing stations.

7. The method of any of one of claims 1 to 6, wherein the electrochemical

sensors detect glucose.



first and second el ectrode each having a different measuring capability. 3.
The nethod of claiml or 2, wherein the el ectrochem cal sensors further
conprise a second reagent |ayer which is deposited on the continuoy$y §§)04
substrate by a third print station. 4,,A nmethod for manufacturing

el ectrochem cal sensors conprising a éh%’strate, an el ectrode |layer, a
first reagent |ayer and a second reagent |ayer, said nethod conprising the
steps of transporting a continuous web of the substrate past at | east

three print stations and printing the el.ectrode |ayer, t.he fi r eagent
| ayer and8t he Tdecrmaog ebgamt /1% 'FmdheflhséT‘?ﬁﬁ%tt]?ﬁé?]ﬁjﬂjf?éesf‘%l{rlé%ss%of sai d
print stations printing the electrode |ayer on the continuous web of
substrat e?* e second print station printing the first reagent |ayer on
t he continuous web of substrate and third print station printing the

second reagent Thaygsthedof g @enfichions n8bwbealst thateccad reagentlayranspor t ed
past the print Stations. 5. The nethod of any one of clains 1 to 4, wherein
t he print cemptibesres edearontymsiet AdHETpri nt stations. 6. The method of any
one of clains 1 to 4, wherein the print stations are cylinder screen

printing atigns. 7, Th og.of .- . iy Id fenfoyadder ei n t he
- el ectrochem camms}’éﬁdé‘%c} ggggﬁagtgaﬁﬁgﬁg%?}%%&%%%gﬁallz The mgt hod of
claim7; wherein the first reagent ]ayer conprises glucose oxidase. 9. The
met hod of jany dng méthed af a%y & the pBicedihg clims, therse dorprintstayens Whisfer
conprises an electron transfer nedi ator, I %inm 9, wherein

10. The t hod ,.of.
the el ect pont theaertgde gl a}@%vlﬁifgstfré?%ﬁi’b%ﬁ'i%%?elﬂnfﬁe %*H’gdlﬁ%??%é:‘d of any of

t he preceg{alagngl aims, wherein the print stations which print the el ectrode
| ayer and“the Tirst reagent |ayer are separate and distinct print
stations. 12. The nethod of any one of clains 3 to 10, wherein the print

stations whi ch Trhethot béasy et ofodenisayerl0, wherein therine HEeRs WEWEr and t he
second r e?)?i%mhel eeilgcef‘lro dgrl £ ver, the first reagent Jayer and the second reagent Jayer are

separate and distinct print stations.

13. The method of claim 11 or 12, wherein the continuous web of substrate is

transported between the print stations in a confinuous process.

14. The method of any one of claims 11 to 13, wherein the continuous web of

substrate is tranisported through a dryer between the print stations.
15. The method of claim 13, wherein the dryer is an infra-red dryer.

16. The method of any one of the preceding claims, further comprising a seahng
post processing step applied to the web after prinung of the electrochemical sensors 1o

which a sealing layer is applied over the electrochemical sensors.

17. The method of claim 16, wherein the sealing layer and the web having the
electrochemical sensors printed thereon cooperaie 1 form a sample-receiving

chamber which can be opened by cutting the end of a sensor.

18. The method of any of the preceding claims, further comprising a cutting post
processing step applied to the web after printing of the electrochemical sensors in

which the web is cut into ribbons, each ribbon containing a plurality of sensors.

19. The method of claim 18, wherein each ribbon contains from 5 10 100 sensors.



separate and distinct print stations. 13. The nethod of claim 11 or 12.
wherein the continuous web of substrate is transported between the print
stations in a continuous process. 14. The nethod of any one of cl aih0011200b
13, wherein the continuous web of subﬂﬁrate is transported through a dryer

between the print stations. 15. The nethod of claim 15, wherein the dryer
is an infra-red dryer. 16. The nethod of any one of the preceding clains,
further conprising a sealing post processing step applied to the web after
printing of the electrochem cal sensors _in which a sealing |ayer .is

appl i ed 0¥} thé capsslie FOTRBHTS AlcaseREGYRbLoR IsPPREd YEbIdae § Seanéﬁﬁf%

wherein the sealli | ayier _an . j ] nsors
printed  HOPEGY oamRiTe R e B 3Bl Puked T e SoPSh AR B RO0SN e
opened by ;cuHdnl 8@ rB@dend of a sensor. 18. The nethod of any of the
preceding clains, further conprising a cutting post processing step
applied to the web after printing of the electrochem cal sensors in which
the web i 2lcut The eassstisirsney dingdeislaimpifowvbewsin tiesissyoghemigalaepidys & sensors.
19. The ng hg%]é)f | ai?118 wherein each ribbon contains from5 to 100
sensors. 1§ 91 01 8TUSBSE- A “cassette comprising a case and a ri bbon

di sposed within the case on which a plurality of disposable

el ect rochegi cal TReP&Gs R, ofRIdiAL B witren (Henkmnas asmumerlacnirtdirsaicdrdandebbon,

are provided. 21. The cassette according to claim 20, wherein the

el ect r ochewnith ge wewodos apy ene ¢loriaisd T@elgecti on of glucose. 22. The cassette
of claim20, wherein the sensors are nmanufactured in accordance wth the

met hod of y one L.l [ ! elect ] sor for the
detection %n anﬂ‘gnez%cf/rt% 8]%5115}2?11]%%90@1I]fg%tgég?teé\%jeé%ﬁn&tg ﬁ?gsﬂec%g%)tgﬁ?g printed on

a substratwehearth the se@veradinig en 5eastiag dndyetqvesdiyy a2 sabsg tayer sadd seal i ng
| ayer cooperating to forma seal ed, sanpl e-rec?i Vi n% chanber %d wherein

i ntuse t heSWEHRIE@NE AFPING1#X5¢ EPRRHY EHAAYER & P& ‘-ﬁﬁamc é)e'berCBH’ER?’ed}fﬁ’ opening to
the sanpl eﬁl{cﬁ&zﬁér\éhﬂ% u%{)ﬁ[é%éleﬁ %Jﬁgﬂgreée{%iéggh%ﬁé?@s aft 1apadditeat epddie sanpl e.

24. A contl nuous we el ectrochem ca nsors, said el ectrochem cal
sensors  to the sample-receiving chamber for the introduction of analyte 1o the sample.

24, A continuous web of electrochemical sensors, said electrochemical sensors

being adapted for the detection for glucose in blood said continuous web comprising:

a plurality of electrode pairs comprising first and second electrodes screen

printed in a linear array on a continuous sheet of flexible substrate material; .

a reagent layer screen printed over said web such that sajd reagent covers 2t

Jeast one of said first and second electrodes of each of said pair of electrodes;

a sealing layer positioned over said regent layer and said electrodes to form a

sample receiving area chamber.

25. The sensor of claim 24, wherein the first and second electrode each have 2

different measuring capability

26. The sensor according to claim 24 or 25, wherein said reagent layer comprises

glucose oxidase.

27.  The sensor according to claim 26, further comprising an electron transfer

mediator.



bei ng adapted for the detection for glucose in blood said continuous web
conprising: a plurality of electrode pairs conprising first and second

el ectrodes screen printed in a linear array on a continuous sheet]§of(T 2004
flexible substrate nmaterial; a reagent_ |ayer screen printed over said web
such that said reagent covers at | eastd one of said first and second

el ectrodes of each of said pair of electrodes, a sealing |ayer positioned
over said regent |ayer and said electrodes to forma sanple recei ving area
chanmber. 25. The sensor of claim 24, wherein the first cond el ectrode
each have?2a. dﬁhﬁem&ntammaﬁugmh@avaéébwhmﬁvT@Bde¢W@3§ Gﬂn‘SQStHing to

claim 24 or wherein said reage e. 27
The sensoﬁdé@ééﬁﬂﬁh e@H“EVéWﬁ?E%P ?GP ngo g@!é?ﬁécgkﬁégggtggggﬁgansfer

medi at or . iligna%[ulmglgs rétfbx%ﬁdlcﬂ&?WFOslndalf?fﬁ&lhihlﬂguﬁﬂttﬁb@bmlﬁ'ﬂl‘,t wherein the
el ectron tranet ‘ator is selected fromthe group consisting of

ferri cyanicdgpoimisaf | ocene conpounds, quinines, phenaziniumsalts, redox

i ndicator DCPIP, and i mdiazole substituted osm um conpounds. 29. The

di t I 28, wh ' d
Sl oot ed BPom e ron B BRGRLt FRPIGR. PRS0 ERBEDT BUERTRG S et odos

formed 1Y Qflec@y HonlMik $lo GRERRR NG 0F EubSh EAFodc8RAd BleXtibi@sonhedirbmer and

platinized carbon, gold, silver, and mixtures of silver and silver chloride.



