ELECTROCHEM CAL CELL CONNECTOR Field of the Invention The present invention
relates to el ectrochemcal cells including a connector which 5 mates with a
nmet er connection device to provide electrical connection to neter circuitry.
Background of the Invention Mniature el ectrochem cal cells are useful in
applications such as chem cal sensing wherein the electrodes of a strip
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configuration are typically formed on separate substrates that are assembled during
manufacture of the electrochemical cell. This configuration presents difficulties in
20  manufacture when forming a part by which the strip element electrodes are connected to the
meter circuitry, as it is different from the usual connection configuration where the
~ connection areas are all on the same plane.

The issue of connection areas in different planes has been addressed in various
ways. In WO 98/432)73, a method and device are disclosed wherein cut-outs are formed in
25  one of the electrode layers and in the insulating layer to expose an area of the underlying
electrode layer which can be used as an connection area. In U.S. 5,437,999 and WO
00/20626, a method an device are disclosed wherein a flap is formed on one electrode layer
with a corresponding cut-out in the other electrode layer to expose a suitable connection
area. In this configuration, the insulating layer is cut short so as not interfere with the

30  connection area.
In EP 0 964 059 A2, the insulating layer is cut short, and a hole is formed in the

upper substrate in order to expose a connection area at the base of the well that is formed.



-1 The well may be filled with a conductive material and a contact nade with

the conductive material at the top of the filled well, thus bringing the
connection areas onto one plane. A drawback to these configurations is that
they require features on nore than one of the cell layers to be in

registration with one another when the |ayers are assenbled into a 5
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el ectrical connection with a neter, the cell including a first insulating
subst rat 0 cQftey thigreguirgsrexpensive contial systemscand duelativady &agilei fabrication proesse) if
I nsul ating SH@?%kﬁBﬁa?ﬁirying a 20 second electrically conductive coati ng,
and an insul ating spacer |ayer disposed therebetween, the electrically
conductive coatings bei ng di sposefuhmaifyaf¢hedaedntioh her in a spaced apart

rel ati onship, wherein an edge of the first insulati substrat.e carrying the
first electrical FYCHashemicel ¢! comeriay Bt éfrdémtfgiﬁoﬁfg 4 BHgRUIBICioReM il cond
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of the s&Eondowmagh zegisigtien Beps prios te laminatien of ithe loyarpag degirable: r Theaprpfprred

' an- aspect npodifas pRUER st dtiodthiGh AR nadcfs ui@"d, SETTRL o VO
carrying the firsh a fidlseahbodiraéntyancelentiocticmieal celhisi provile; theddactracheaial tell € i n

O O e G g B S LR RS B R o2
such that ancafgg 2ffirith@ecttanPLofdRiid 66Mink,aY 86cohd iARAHE GubPra®Scanding a
20 second electrically conductive coating, and an insulating spacer layer disposed
therebetween, the electrically conductive coatings being disposed to face each other in a
spaced apart relationship, wherein an edge of the first insulating substrate carrying the first
electrically conductive coating extends beyond an edge of the second insulating substrate
carrying the second electrically conductive coating and beyond an edge of the insulating
25  spacer layer, and wherein the edge of the second insulating substrate carrying the second
electrically conductive coating extends beyond the edge of the insulating spacer layer.

In an aspect of the first embodiment, the first insulating substrate carrying the first
electrically conductive coating includes an aperture in a portion of the first insulating
substrate carrying the first electrically conductive coating that extends beyond the edge of

30 the insulating spacer, such that an area of the second electrode layer is exposed so as to
provide a surface for forming an electrical connection with a meter via the aperture.

In an aspect of the first embodiment, the cell further includes an additional

insulating spacer layer, the additional spacer layer disposed between the first electrically
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provide a surface for formng an electrical connection with a neter via the
aperture. In an aspect of the first enbodi nent, the cell father includes an
additional insulating spacer |layer, the additional spacer |ayer disposed
between the first electrically -2 conductive coating and the second

el ectrically conductive coating, wherein the insulating spacer |ayer and

the additi ongbndabieedoalify Bd MeSedonll RRRaINcARRANe! Bathigl @heRin thBEnARGHE Ur €.
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spacer | ayer, such that an area of the sg(flond el ectrode | ayer i s exposed so
as to pr &)i gepasedsapart selationship, wherein a portion of the first insulating substraté carrying the first

electrically conductive coating extends beyond an edge of the second insulating substrate
carrying the second electrically conductive coating and beyond an edge of the insulating
spacer layer, and wherein a portion of the first insulating substrate carrying the first
electrically conductive coating and a portion of the insulating spacer are removed so as to
25  form a notch, the notch situated adjacent to the edge of the second insulating substrate
carrying the second electrically conductive coating and the edge of the insulating spacer
layer, such that an area of the second electrode layer is exposed so as to provide a surface

for forming an electrical connection with a meter.
In a fourth embodiment, a method for forming an electrical connection between an
30 electrochemical cell and a meter is provided, the method including the steps of: providing
an electrochemical cell, the electrochemical cell comprising a first insulating substrate
carrying a first electrically conductive coating, a second insulating substrate carrying a

second electrically conductive coating, and an insulating spacer layer disposed
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for formng an electrical connection wwth a neter. In a fourth enbodi nent, a
nmet hod for formng an el ectrical connection between an 30 el ectrochem cal
cell and a nmeter is provided, the nethod including the steps of: providing
an el ectrochem cal cell, the electrochem cal cell conprising a first
insulating substrate carrying a first electrically conductive coating, a
second i nsul ahdrBEnedtRSihE dlRirfcdlly Yordctive c%,%fga%eﬁxlg%yohéaaﬂo' ﬁéc&%ﬂ%ﬁéﬁ\fﬁ a
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edge of el enment so as to expose the conductive coating on elenent 1.
Figure | a ill ust matresgspectt efpthe ifewthaerobddingent.cthe nieter @rtbersinglydesi o pivel peint,

Fi gures 2a ang r%llz)ntﬁr QN\éi olee1 sch rr%f}oga%n fong_g3 elel(fl:c(t)irn chem cal cell wherein a
through hole I's" ¢ f iﬂgefgaf%l Xp P YHEnducti ve coati ng on
elenent 2 for electrical Brief Description of the Drawings

20 Figures 1a and 1b provide schematics of an electrochemical cell wherein element 2

is offset from the corresponding edge of element 1 so as to expose the conductive coating
on element 1. Figure 1a illustrates a top view and Figure 1b a cross-section view.
Figures 2a and 2b provide schematics of an electrochemical cell wherein a through
hole is cut in element 1 to expose the conductive coating on element 2 for electrical
25  connection. Figure 2a illustrates a top view and Figure 2b a cross-section view.
Figures 3a and 3b provide schematics of an electrochemical cell similar to the cell
of Figure 2, except that an extra portion of element 3 has been inserted between elements 1
and 2. Figure 3a illustrates a top view and Figure 3b a cross-section view.
Figures 4a and 4b provide schematics of an electrochemical cell wherein a slot is
30 formed in element 1, which gives access to an area of the conductive coating on element 2.

Figure 4a illustrates a top view and Figure 4b a cross-section view.
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25 connection. Figure 2a illustrates a top view and Figure 2b a
cross-section view. Figures 3a and 3b provide schematics of an

el ectrochem cal cell simlar to the cell of Figure 2, except that an extra
portion of elenent 3 has been inserted between elenents 1 and 2. Figure 3a
illustrates a top view and Figure 3b a cross-section view. Figures 4a and 4b
provi de schemat i cFigafes®a atdl 66 prevideastheimdtics of hn Wb@rRhémiealsdeDtsirhifar thefcen med
in elenment 1, which gives access to an area of the conductive coating on
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iew -4 Fi X . i G . i cal |1
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top view and Figure 5b a c¢ross-sectjon view. Figures 6a and 6b provjde
schemmt i c3 oPF SHVE ek MatiPe AREccel qerasnhy psguch st ids sidesst clgseo the geeots,
except that lRgeRHICFihre 8h ABMtesh top vRMCAdFIREe 68 a brdssectifiPibwC! 0Se to the
edge of elenent 1. Figure 6a illustrates a top view and Figure 6b a
cross-section vi efigufe fprorides pside ivigasillustetiog theisplitting lofi slemanti hffomtedemept 2t t i ng
of el enent 1.f{hom el enent é in . the fon?ect or area to .allow access for a

t ongue conned IM§OHisGoL e iaélﬁ‘FVeac%esf) %681 BELe e l&"\?l‘“@ﬁ?'i | lustrating the
splitting of el enBipurd 8 provigesednediaView?illudtfhting tHePlitARRE SleRienty £6mictentehl DW
access for a_tongue connection device. Figure 9 provides an illustration
depi cti nd%a &t thegomeetor &pa tp allnweaeecsyfor atenguscasnectipAdpvicei r cui t connect or .
Figure 10 provi deg; | i iagt:1 I J r j.0§ 0 an
external circui tiil onnge 1!togir%.u %h@?%%?g dgﬁllbtg%oa\??tﬁfééh@agngé{rﬁdg%ﬁo a}lelnQlli

ext ernal ci r ercdit @onentwt or 100. Figure 12 provides an illustration depicting

a strip partially_inserted into terpal . circuit . connector 100 as
CTustrated in i EEE Lpropdgs i sl fising a i (LS RGR e T o
strip fully ich&agfdoafleddtt © an external circuit connector 100 as illustrated

in Figure 11. 20 Detail ed Descri(gt ion of the Preferred Enbodi nent The
fol | owi nd3descri pFiggre 1dmiovades #sideyiqw ofipaextemal eirqyitepaneco 1Mhbodi ment of the

present inventio nFf.gﬂredl%p%\lidesmgﬁgﬂn%%fﬁiclﬁné 7 st}xgg?ﬁ{amf Wskhed RO Uk fefnal hat

there are nunerous  variations cattons s Invention that are
enconpassed biycuit ®@nsetd 00 as illustrated in Figure 11.
Figure 13 provides an illustration depicting a strip fully inserted into an external
circuit connector 100 as illustrated in Figure 11.

20 Detailed Description of the Preferred Embodiment

The following description and examples illustrate a preferred embodiment of the
present invention in detail. Those of skill in the art will recognize that there are numerous
variations and modifications of this invention that are encompassed by its scope.
Accordingly, the description of a preferred embodiment should not be deemed to limit the

25  scope of the present invention.

The preferred embodiments relate to devices and methods for forming electrode
connection areas in electrochemical cells with opposing electrodes. The devices and
methods do not require the registration of features formed on different layers prior to the
lamination of the layers. In particular, devices and methods that do not require the down-

30  web registration of repeating features on different layers during lamination of continuous
webs of devices during manufacture are provided. The preferred embodiments may be used

in conjunction with any suitable fabrication process, for example, a process wherein



Accordingly, the description of a preferred enbodi nent should not be deened
tolimt the 25 scope of the present invention. The preferred enbodi nents
relate to devices and nethods for formng el ectrode connection areas in

el ectrochem cal cells with opposing electrodes. The devices and nethods do
not require the registration of features forned on different layers prior to
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insulating substrate with an electrically conductive coating applied to its lower face,
20  wherein the electrically conductive coating is in electrical contact with at least a second
electrode of the electrochemical cell.

Element 3 is an electrically insulating layer which serves to space elements 1 and 2
apart. In preferred embodiments, the upper and lower faces of element 3 are adhesive and
also serve to adhere the layers of the device together. In this preferred embodiment,

25  element 3 may consist of a substrate coated with an adhesive. Alternatively it may consist
of just an adhesive layer.

Element 4 is a cut-out feature in element 1 which, as illustrated in Figures 2 to 6,
serves to give access to an exposed area of the electrically conductive coating on the lower
face of element 2.

30 In Figure 1, one edge of element 2 is offset from the corresponding edge of element
1, such that an overhanging area of the conductive coating on element 1 is exposed. In a

preferred embodiment, a tongue of electrically insulating substrate material with electrically



Element 3 is an electrically insulating |ayer which serves to space el enents
1 and 2 apart. In preferred enbodi nents, the upper and | ower faces of

el enent 3 are adhesive and also serve to adhere the |ayers of the device
together. In this preferred enbodi nent, 25 elenent 3 may consi st of a
substrate coated with an adhesive. Alternatively it may consist of just an

adhesi ve 'ay%z;nduﬁl@e%%nzg%tdgﬁ%,@rs%tn of SR 106Lr falesSk SIRALD PetWBChemdss 1

illustrated in Figures serves to glve access to an exposed area of
t he el ectri cahd ¥ tccnaicietdcinioal comatdtiog toothe tieter biomstry. f ace of el enment 2. 30 In

Fi gure 1, one ed f el ement is offset fromthe corres on ng edge of
ol ement | 1 1, Such InEEuE B\PIEPPé‘r@?‘hBC&P@aFﬂPWHéOGWﬁGF ' et somecEe

el ement 1 is :gaRgS&Melehlntd2 fo %fe%Eﬁdcoﬁmgh Mefilis oBviaREGHE n@éd %reﬁatvfd cally

i nsul ating substrate material with electrically -6 conductive coatindgs or
| ayers ondit sonnsgteon deriige Insouead bietween thedayersser t ed between el ements 1 and 2 to

make .6| ectrical C?Q@&% Cf%?%lrct%d nhlg)g&g%eg su% ?'tl%z{tlﬁepléted in ?u.rg2 éxcgqttthali grlljgh

hole is cut in el ene n are nduct

el enent 2 f oexted gtiod aedlermnaeaai been msB‘Mddeﬁbwn&ﬂdiﬁentshEaﬂﬂezadIﬁlﬂbodﬁ\ﬂaﬁﬁl a 5
connection device inserted between the |ayers. The device deplcted in Figure

3 is sinilar ydssitablg ifecipiikeluthat flempnysl @nd 2 will be prshed sgeether denngruse st thppn of
el ement 3 ha%re?t%%ﬂe 9@@{1&6&@@%%& ‘3{19@%@5 gﬁ\é@&q %gs owe?mﬁ% féfrﬂlir ation

desirable if el ermen oget her
during use and thH@urth@icms anembcﬁh:hentmamleresdnsimthwbleemfohnbrbtmﬂaneﬁthawhlch
conducti ve coati ngs on el ene 10 Fi %%reeﬁé} depi cts an enbodi nent

where a sl ot BH&%? Eséﬁo?'b‘frﬁ% qt‘?'lcoé‘fj%‘ﬁ’é{ﬁfoai"ﬁﬁl’f es access to an area of

the conductive COpfghfess @dpictd &RMMitar %;nbEdlﬁuﬁtaofFlQﬁ@QCt}%v@evsﬂmth@fenﬂ%bmnt’fent
to Figure 2. However in this enbodinent the edge of elenment 3 is such that
it is above &iccadgnof glemgnted ésmaueh that ity is abpyrerlement 4 i dementiodimerder fop thie

operabl e I bBREhel 5l SIRRUTITAL SLENENLARLGANS AcOUAL Pl Boplgrpat od

or ot herw se asse orned.” Figure picts
a sim | a5 enbodhavedér dth'.i:r\lv_'isgm‘sanlélled tdtgwmafefdrﬂelteﬂnem 4arfosiedrent t he edge of

element3|ssuchthat|t|sat ea | ose th edeofeerretl In
this enbodi ment, FigprejGdepicts %F‘I"B{ﬂl g?dc’é‘F‘étrfB%f Sia q’?"’Bremlt 5’6"38?

ot herw se as ﬁﬁ@?l'g@@f eleBRRt DG4 sRefiRdtGt R RTBRL cisd & $heredBof element 1. In this
embodiment, it is preferred that elements 1 and 2 be laminated or otherwise assembled
together before element 4 is formed.
20 In another embodiment, methods are disclosed for forming electrical connections to
some of the connection devices discussed above.

For the electrochemical cells of the preferred embodiments depicted in Figures 2 to
6, it is suitable to use parts for the connection of the conductive coatings on elements 1 and
2 to external circuitry such as those described in copending U.S. patent application

25  09/399,512 filed on September 20, 1999.

For the embodiment depicted in Figure 1, a different configuration for external
connection is desirable. For this embodiment, it is desirable to split element 1 from
element 2 in the connector area to allow easier access for a tongue connection device.
According to this aspect of the embodiment, element 1 is split from element 2 during

30 insertion of the strip connector into external circuitry connector, e.g., by a blade or wedge-

shaped projection, or other suitable splitting device.
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20 In anot her enbodi nent, nethods are disclosed for formng el ectrical
connections to sone of the connection devices discussed above. For the

el ectrochem cal cells of the preferred enbodi nents depicted in Figures 2 to
6, it is suitable to use parts for the connection of the conductive coatings
on elements 1 and 2 to external circuitry such as those described in
copending U.S. patigies 2Paki € ahdwd siRviO9/238 2@ Maew | bGRctRRIySeRE GRSt A0
1999. For the enbodiment depicted in Figure 1, a di fferent configuration for
external  cosphdting @ﬁwelcrseldés omaslemenFgrin thei @nemohrmmallom adcessfesé tanghe t o
split el ement 1 f.rom e e area to al | ow easi access
for a tongue éigﬁ%né)(r:ltde‘élned esg éégl}a& ?ncﬂgot%hl gras stm%Pa lgy%nr?b%ol ment ,
el ement 1 i sinstdd] refpertivesy, e:ﬂeﬂieeRtedmclf@na:Gnnda@ertlon of the strip connect or
into external circuitry connector .,. by a_bl ade or wedge- shaped
projectioh, or ot Herexapal gypat %mp%twﬂlgda@eqeé@l Flgweﬁﬂgtarlescoptaawa shamb@w a

si de vi ew angg Y/ dfhing' GIRECTT AR 10 infolict LIEMSA AR didifent 5 elobdRe), BF

el enent 1 frorm el enent I'n the connector area to allow access ‘for t ongue
connecti on dtheistep cdni lgpuinested. Ond ok Onarh owdgd stmpedrpwgkictienst 171t theasidetwallp of
partially an fyll I nserted, respectiv into the exter aI I reui
connect or . XQW?}P S@W”&%?WPEISWH’&E?&%" 185 thesHimdis erted 1 g 'lltsto 10,
contains a CJ&@EW:% 8nsettd kb GRRbE 1% cle¥hit 1 Bt Qtﬁkébr}ﬁ‘e fofvet ?Hc@o‘f“f)x‘oj‘e@tn&l enment
1 and el enent 2, respectlvely of thé strip can be inserted. One or nore
wedge shé(bedlbﬂm} acfbrc@dlslow Jihist detios irdennaért withfthe irtsemtibe action sseves ¢o ﬁmher
separat e Stl’l t nse ed |

As the stri p ara}eeeénet“ d e“&"ﬁ’g?rﬁ Q%T'Srefl%q?e ‘ﬂ*'oﬁo efr%‘fmgt"ﬁ? ﬁavémige | ower
face of projection fﬂ;ﬂh&7waigetsh@ed Pk eftiof] PestrudEd iiSmAtHel @it fabe 6O REAfter IBL h t he

I nsertion action serves to further ?parate elenent 1 fromelenent 2 to
al | ow rel i abfendustng lygh arsrmeungsdenn; the faces 13 and, 14 ¢f this projestion; WhereipdPgy®¥S haped

proj ection ps&hﬁ%@%a;efsom alaanem? mg‘ua@a A m SheHRRNer 1 Fhese FRRAURRGeckRYET S
are nmounted on the faces 13 and his projection, whérein the two

conducti hy | aymcg withghe b@tdmcmrtgamayngsmtap eléfentsri a2 arﬁi@dtmqally fhmlsletmgayer s

ke, 1 EELL Lk Py FBE) e e P SRS R GEY, BT oR, Pk BRI S

are electri cayéry ofi ¢4vee ¢3 el loaﬁdﬂsermtadmctelcagnechayarme @ﬂtefrﬁbﬁﬁcuitﬂ/ alsloded and

serve to mak onnectlon o the external clrc try. As.one Skl||edl t he
art will appted§dipdhe grhuil amrfe,catmarf{ewrf“a@ég BEHSPTETHRE Canduetns; 1T 12%,

ers
13 and 14 may be constructed so as to be integral with the projections 17.
20 A second embodiment is depicted in Figures 11 to 13. Figure 11 shows a side view

of the embodiment. Figures 12 and 13 show a side view of the embodiment with a strip
partially or fully inserted respectively.

The external circuit connector 100, depicted in Figures 11 to 13, contains a chamber

105 which contains a wedge 101 that is able to rotate within the chamber 105 around the

25  pivot point 102. The wedge comprises electrically conductive surfaces, 106 and 107 which

are electrically connected to external connection points 103 and 104. In its initial position,

the wedge 101 is held either by gravity or a spring tensioning device (not shown) such that

it is positioned as shown in Figure 11. When a strip is inserted into the chamber 105, the

lower electrode element strikes the lower surface of wedge 101 behind the pivot point 102,

30  This action rotates wedge 101 such that the point of the wedge 101 is positioned between

the upper and lower electrode layers of the strip. Then, as the strip is further inserted into

chamber 105, the upper wedge surface 106 is brought into contact with the conducting



and 14 may be constructed so as to be integral W|th t he proj ectlons 17. 20 A
second enbodi nent is depicted in Figures 1 | to 13. Figure 11 shows a side
view of the enbodinent. Figures 12 and 13 show a side view of the

enbodi nent with a strip partially or fully inserted respectively. The
external circuit connect or 100, depicted in Figures 11 to 13, cont ains a

chanber 105 which nt ai IS. ab to rotate

chanber 10 SyaiaRdn TP P HRERC, Blpehisd orpedi g o edoinedeths cal 1
conducti ve supgen6tip ,eleixﬂ:ﬁt 1@ 8nnkb{on/fvie 1103 \§a edn@aétingGarfic 100 BT ftliel €, as
external connection points 103 and 104. In_ its initial position, t he wedge

101 i s held mlw@pcabyorgxe@mntfgf the cepduglingrryatinghen 81 1ﬁyerd@mt@ée st cleRI) such
that it is & ﬁ@%ﬁv‘i‘é"%ﬁg Wé@“ﬁy‘f Sovl- When a strip is inserted into

t he chanber ower e errent stri kes the | ower surface of
wedge 1015 behi nd Tﬁwaqvhmmge qichedmblditnenBEhol i Fagirésoln to OB ad st theﬁ@ﬁtdmﬂe such

t hat the point of e we 1 is_positioned between he up and Iovver
el ectrode |ayrsﬁlg§=6 t‘ﬁé’“@maf‘fi‘?lym‘é* longd; befyeeeR e Jipper i dtvee” FE S4CHA0S e o

chanber 105,61;:11%,,@%@“%@519@16%5&{3@%_ 106 is brought into contact with the
conducting -8 coating on the upper strip elenent. Electrical connection of

the conduct i Blgcteechemiegl Gellst he upper stri p el ement to connection point 103,

V2 conducti NG SUpaGEcch Bl P BoAElLR ArerBicq Lo BhBGR! LELARIARSL o7 O
n EC'[I’ s?rlpeerren

t he conducting coatl l"ower € connecti on
poi nt 1040 vi i aovatiet of\gleanrchaﬁmlleals 5F6hexa¢lanﬂ1agﬁnﬁﬁctdrhen@nbochsmam

shown in Figures 11 to, 13 is. that oi nt of the e 101 is
aut omat i cal | OPHSHER ¥HBS b flepipoheired W@Sa asaawafqnmsegm% &réh'ee%ﬁiﬁca%and

el enents to gRmHfigatiotlof &RlyResconnection. El ectrochem cal Cells The
el ectrochem cal cell connectors of preferred enbodi ments are suitable for
use 10 in a varilet §uchf applieations cthe ralesiipdaserans be mositiancdnpich, thet thec Barkng or s

Ty be U9ed LNk RS e ey QPRI ALoRBL! SidRGHi pRAEL 0P 11 ©

sensors for et ec I on an guan ication anal
appl i cat i®nspositivaed |seh ﬂﬁdpﬁodaan olﬁ&hepoamtercmeﬂoaumcﬁdsmﬂlffube tN\IQIIiCKWGgung
el ectrode is |soI aé‘&e nter el ect ode .r eac g S and reaction

products, or€leFdp ’E‘if é%g}fggﬁc'lﬁlo Prater Hpg i Etestreshemy el koptip e
reaction difjhssed OTB@?atféP'E}lfwaﬂ e?écﬁ&éh'éﬂ%l wprsem&&e%dnﬁa% 6,17D976 @hdress type
of electrochem cal cell is 'l known in
5,942,102,
These two electrode configurations vary in that in the isolated case, the counter
20  electrode is positioned far enough away from the working electrode such that during the
time the cell is being used, products of electrochemical reactions at the counter electrode do
not reach the working electrode. In practice, this is typically achieved by a separation of the
working electrode from the counter electrode by at least a millimeter.
In the non-isolated configuration, the working electrode and the counter electrode
25  are placed close enough together such that products of the electrochemical reactions at the
counter electrode can diffuse to the working electrode during the time the cell is being used.
These reaction products can then react at the working electrode, giving a higher current than
may be present in the isolated electrode case. In the non-isolated configuration, the
working electrode reactions can be described as coupled to the counter electrode reactions.
30  Fabricating the Electrochemical Cell

In certain embodiments, the electrochemical cells of preferred embodiments may be

fabricated using methods similar to those disclosed in U.S. 5,942,102.



prior art. The latter type of electrochemcal cell is discussed in US
6,179,979 and US 5,942, 102. These two el ectrode configurations vary in that
in the isolated case, the counter 20 electrode is positioned far enough
away fromthe working electrode such that during the tinme the cell is being
used, products of electrochem cal reactions at the counter electrode do not

reach the worKi NOA £ 108 1@ElSEnized b bAC it in kY &+, itRe él%@rb@@ialy&s%@bﬁ&ﬁgalf}y a
separation of the working electrode fromthe counter el ectrode by at | east

a mi || i net erinsylgingrabstestesimay be ndereodntly elgetedas desieednior LsmgpleJ foc teasoef and

the counter ﬁh &E g?r géﬁ%x?g Cat{ahﬁg o5 PR s 51%9%9&% 8’&3@&9 atte eC 3\‘?&: cell

products of t reactrons a coun

diffuse to tdirefahmaﬁbm@r@bsct Likewiseluthe refectrbde lalyere mdyebe applied to hﬁd: weﬁs(ﬁﬁ
These reaction products .can then react at the working electrode, giving a

hi gher cdr r efiectigally insylajing substrales iy anynsuitableipatieray o cammples » pateamdliet oply t he

non-i sol at ed canf i gurakl o hde working el ectrode reactions can be
descri bed agp cou Ig\(lfjiu'r to the counter electrode reactions. 30 Fabricating the

El ectrocheni cal Q@eptefdrred cmbbdihmntsn\taddilsrieyﬂrsm thﬁallehacberadbhedrhsiag a stélabb of

preferrede dlrrens f abr t d usin t.hods mIa

di scl osed inf ﬁ%’ﬁﬁ@’emv@s Kgs 1 fOr b%‘a?@%oge ?tzaé%v?} 3%65%‘1?? le’rgs(ﬁuren t he
art, the el eséﬁsﬁmteadlhasyﬁ’s Sheatichred amteﬁwésa&ﬂemcaillpScuieatauﬁ@n@s;bmt frlteghedbis,be

| ndependent |y selected as desired, for exanple, for ease of fabrication,

for redud ngordlosr adhesiveso and theglike; o Preswire yasiive efhagives pepprefered dobireds of
the cell or.fa Prén%lﬂ sp{vﬂ € 3np llﬂthf‘dy é@fabfn&%oﬁh?% iRde 118w Boindre

applied to the ayers ectrlca I'nsulatin strates in any
sui t abl e patenshodimenesr thexm:piess ofaprpamtrcacmltﬁ\rvaadhesw% mapareSmlaid §abummu soql he

substrate. In ref erre vari er.s

adher ed usi &t grﬁﬂggqg%ﬁ’gisr Sh@tﬁr? lel"genés ?ﬁ’&tl ggeqnﬁ%}y %‘éed %gswe)?arrpl e,
heat acti vatzed g}d&elssy \piferrddll € SEspedallys @feﬁrteuvaeadiaeﬁeaveawaheaindc hefdured
adhesi ves, m cal | y cured adhesi ves, nmelt adhesives, 10 hot flow
adhesi ves, aﬁﬁ‘ eHYES W}P‘R}bcanleé%‘ﬁP‘é“@é‘?%‘W a thepppegpyate timee preferred for use

in certain enbogy E&% PeibidlifRents, Mhdy 8GR Bust 31bi Ak haHdsive. dat ikl

However, in other odi ments the tackl ness of pressure sensitive adhesives
may result iadhésineris @asolvent- ﬁr@omemgmmtvmgaf@nalph@dg solid alcicometsmperpiyresandhis

enbodi ment s ’alpgﬁeadt in ]t%rl;] 8 rpfnﬁtgl %clé g'hl%g E[e ghergs wﬁ;‘ c{%ol%ﬁ el &njxp\érapt{rg {aeq{)\{r ed.

Especially p erfed ar e I'va
its melting point. Hot melt adheswes are available in a variety of chemlstnes over a range

20  of melting points. The hot melt adhesive can be in the form of a web, nonwoven material,
woven material, powder, solution, or any other suitable form. Polyester hot melt adhesives
may be preferred for certain embodiments. Such adhesives (available, for example, from
Bostik Corp. of Middleton, MA) are linear saturated polyester hot melts exhibiting melting
points from 65°C up to 220°C and range from completely amorphous to highly crystalline

25  in nature. Polyamide (nylon) hot melt adhesives, also available from Bostik, may also be
preferred, including both dimer-acid and nylon-type polyamide adhesives. Suitable hot
melt adhesive chemistries include EVA, polyethylene, and polypropylene.

Altematively, in certain other embodiments it may be preferred to use lamination
techniques to bond certain layers together. Suitable lamination techniques are described in

30  Application No. 09/694,106 filed October 20, 2000 and Application No. 09/694,120 filed
October 20, 2000, each entitled “LAMINATES OF ASYMMETRIC MEMBRANES.” The
layers to be laminated are placed adjacent to each other and heat is applied, whereby a bond

between the layers is formed. Pressure may also be applied to aid in forming the bond.
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15 adhesi ves, which can be conveniently activated at the appropriate tine.
In certain enbodinents, it may be preferred to use a hot nelt adhesive. A
hot nelt adhesive is a solvent-free thernoplastic material that is solid at
roomtenperature and is applied in nolten formto a surface to which it
adheres when cooled to a tenperature below its nelting point. Hot nelt

adhesi ves ar @mﬂmwmkmoasﬂn@y eg;sreﬁwd Rfborl 8y w,hﬁéngy@arpa@e Bmﬁfam%(a 13hd
nmel ting points. The hot nel hesive can be in the formof a web, nonwoven

material, wonden applicetidnagf hep‘md@r preswyrest Lasmination i pigfented o fosmi a boind detwsem

Pol yester ho I ITRY be preferred for certain enmbodi nents. Such
adhesi ves (a%a@a%?lgg Sﬁ]mgxﬁlgtr?p €, from Bostik Corp. of Mddleton, MA) are

l'inear saturated PgtagRsdléiridaly reRtivemenehald iwhichOniebd praferre@@s BiaSerf layeg, @5C up
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may al so be d m de
Adheei ves. - SUTaRIS ST REDHSICAR, 2phCartOrRs BRlACAR pioRely RicohBlii
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it may be preferr am nat.i t echni ques to bond cert ayers
together . SuPFSHFA TR ALAVED SHiED B fab S SHREE 1 TRoT Fyeschoth PAES on
No. 09/694, 19& linhiteddo, Potyaéiflated CholydikdhcAMles Bdtnir6tBihr 8 intiQul féh3{ed Pdlydsids.f i | ed
Oct ober 20, 2000, each entitled "LAM NATES OF ASYMVETRI C MEMBRANES. " The

layers t&0be | am Ghanierlnfes use itthe oghj siclens redex aeaskntsi Ihieing agrytsh buffers,gnert
applied, wheg agt‘gyanaa QR&dsubR%#‘éﬁgﬁaR{j sdfgé’&édsod ﬁ} ol @ 1”&‘?&&85’%‘5&3\%& H??Xné‘%)?o be

applledto ardinf am na erred
to bond any inoge nﬁbﬁandaitSsuppcpabbcmta)ﬁedf withinngella obcmmy baruéﬁrsuppcp{mgatllfahe of

heat and/or pres mnat referred to bet ween WO
Lo an'e or DieERealY s ot Supaoreed g e el Sufeades o Jyf1s e hegpermmb b pliFd
whi ch nmay bebpﬁ@‘@fﬁ@qicaﬁm&mﬁ{ueé WEBNGowASn the G PRGR tab 1ﬁl@{et okigGhd, Qen
| ayers, in other la ersmt e cell, include, for exanpl e, materials

such as ,b%n yBaRtigs hﬂway@t yRlEeBic AR r S reoeting, SaTwe penting andothe diksy| ene
terepht hal at §u1t bﬂ:' ﬂaﬁ?&ﬁd?n?%{l y)mrféfuldl%eﬁutad}ggﬁf LRIER B2l é}ﬁﬁ ﬁdt}l §obaf . and
al apl e

the |ike. es 0 ectric esi stive adhesives sult use as
spacer or s upipctls,t ﬁbran}seﬁlk:rs, madcrogheroub mtemrdrames, raod Sintcmd povdes, Pel qbamroylsatbes,

For "Use ¢ He e BiecB R PPRL o Sad e LV b R bant s, burrers, fnert
salts, and ot her Ebﬁ)ﬁrb&h@&&mbmmebe tisdlpriefetred Gnabetialshwithial the etlbas wellas tioy
walls, 090 Onr%at%rgals from which the cell is constructed are in a form amenable to mass production, and

the cells themselves are designed for a single experiment then disposed of. A disposable

cell is one that is inexpensive enough to produce that it is economically acceptable only for

a single test. A disposable cell is one that may conveniently only be used for a single test,

namely, steps such as washing and/or reloading of reagents may need to be taken to process

25  the cell after a single use to render it suitable for a subsequent use.

Economically acceptable in this context means that the perceived value of the result
of the test to the user is the same or greater than the cost of the cell to purchase and use, the
cell purchase price being set by the cost of supplying the cell to the user plus an appropriate
mark up. For many applications, cells having relatively low materials costs and simple

30 fabrication processes are preferred. For example, the electrode materials of the cells may
be inexpensive, such as carbon, or may be present in sufficiently small amounts such that

expensive materials may be preferred. Screen printing carbon or silver ink is a process

suitable for forming electrodes with relatively inexpensive materials. However, if it is
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nor e i ndependent supports contained within cell, or may be self supporting.
If the chemcals are to be supported on the cell electrodes or walls, the
chemi cals may be applied by use of application techniques well known in the
art, such as ink jet printing, screen 15 printing, |ithography, ultrasonic
spraying, slot coating, gravure printing, and the like. Suitable

| ndependent  SURRATS S BYcrlddE a1 OUbn AL 610k | JibdiES, kOa GPRARS Manueven
sheets, fibrous Tillers, nacroporous nmenbranes, and oi At er e powders. The
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i nexpensi ve aedofipamisg tleeell0! MOR! frefeRbB & c@fird abodinphts Whefd &lginglalsyiign de,
pol yester and coated papers and cardboard. Cell assenbl ¥ net hods_are
preferably adewabledhe epllrpasbefabacated e thehesdee et geore thap ongreisidificnlt 85 ng

mul tiple cel hg PR dgnRNHay SPQE&Hﬂﬂ%JdP?orC&%Fiemt@ ihditg JeibntS tifdt PSe
subsequent to the main asserbly steps, and web fabrication whére the cells
are prodd@edwashed away or consumed during the first test and so are not functional in a second test.

Alternatively, the signal of the test may be examined for indications that reagents in the cell
have already reacted, such as an abnormally high initial signal, and the test aborted.
Another method includes providing a means for breaking electrical connections in the cell
after the first test in a cell has been completed.
25  The Electrodes
In a preferred embodiment wherein the electrochemical cell detects the presence
and/or amount of analyte in the sample, or a substance indicative of the presence and/or
amount of analyte present in the sample, at least one of the electrodes in the cell is a
working electrode. When the potential of the working electrode is indicative of the level of
30 analyte (such as in a potentiometric sensor) a second electrode acting as reference electrode
is present which acts to provide a reference potential.
In the case of an amperometric sensor wherein the working electrode current is

indicative of the level of an analyte, such as glucose, at least one other electrode is
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a continuous web, which is subsequently separated into individual strips.
Card processes 10 are nost suitable when cl ose spatial registration of
multiple features is desired for the fabrication and/or when stiff cel
substrate materials are preferred. Wb processes are nost suitable when the
down web registration of features is not as critical and flexible webs may

be preferred | 3 et S :
gaéf&gtgf F;Ie?réhﬂ; “gx'iﬁi’iofillhé{i‘gﬂ& @ a SounlR \él%?t &flto EhPikR thSBedtfifal LhGit,

el ectrochem cal e 5 desirable so at users are not tenpted to
try to reuse Thisseqmllelestrodepoasiliy fanctivinzisn referencqelediodat dltemstivaly auskparatSi ngl e

use of the cell be stated. n.usef instructions acconpanying the cell.
Mor e preferaﬁlef/tf(?‘féﬁ“agé’rcﬁéﬂ&gmg?%#ﬂr§P°\1/'\ﬂ’§?gle?afro |°‘ngl e use is desirable the
cel | may be fabri satepidlsSuidbld fortheUsdrkigg  ddEnte€ lahd Forénck RROtr6URS @rel conPhiiblé cul t
or not possible. This nay be acconplished, for exanple, by including

reagent s ? hatvithr any2@ageatshex subatancesrpressnts imthe deyi¢eng Compatible gpateriady dafgt so
are not funct] « o ngd.f.est ' . bh i | .0 t est
may be. exanm ndunghef: SAGREAL" Pl ome Sub SRR ool bERRE EREWIE) of sl
react ed, suchuitableanaterinhomagpinkhdd)ibgiare nottlingited3o,gragblon, cartdntahé ad eghniabimdéred.

Anot her net hod .i ncl ude rovi di ng. a neans for. breaki el.ectrical, . .
connections PRUFHE R2 ?‘f’“’ga‘faf@"”tn Ty ‘?"r’@"’b tip gxide; ’ﬂ‘xa‘s(@gﬁ'\“‘/“’égx‘ﬂ‘éseﬁo@{ﬁ%?ret ed.
25 The El ect {8, dnd RixRe&f tRérbstd TRERAAERIN mWBE firied B0 BlQfIde ety cel |

detects the presence and/or anount of analyte in the sanple, or a substance
i ndi cati V@ ofny putableanetheds femeiample, iopviteriog, vapat yeasingy scxeentprinting, bergahpl e,

at | east one of 8;alagn,el e‘%trrod t he,.cel | tihs

S | . . Ki el ectrpde en t he
ot om0 ePipgtaliSn ARAtd filfihe fof RRufiE b itBedan P Bkl ERbAARGHS N | 0

(such as in gappiEsspubieRidior Scrédniiated ta famaheelecttode bingtigesact i Ng as ref erence
electrode is present. which acts {o prqvide a referenc otential. In the
case of an anper oNGE HmEimgnegplen TR PiEteHe? (RTHge B TP E S PUAEIAS

i ndi cative ofnetdlYelaf¥@l syaferRNudiad Yilv@r ird btactwithl GBS hlorile, 5iBRS brohife B her
el ectrode is -12 preferably present which functions as a counter el ectrode

to conpl &t e sifier idide; pdcmprcetyrie gpntact mergusous shloride er metoutye swHafe. alkometahct i on
5 Lo oy L85kt Sy L LR g AR SRS A1 T o
count er, andmeal edltcrSustalele arthodsimslude, docexamate] Eleétrolysisvih alBuitabje sabtagtivs oor
substances PLesell oxuatios. Soch Sctaloetll valt ysieme ‘peovide betfe? potential control in
potentiometric measurement methods than do single metal component systems. In a
20  preferred embodiment, the metal/metal salt electrode systems are preferred as a separate
reference electrode in an amperometric sensor.
Any suitable electrode spacing may be used. In certain embodiments it may be
preferred that the electrodes be separated by a distance of about 500 pm, 400 pm, 300 um,
200 pm, 100 pum, 50 ym, 200 um, 10 um, or less. In other embodiments it may be
25  preferred that the electrodes be separated by a distance of about 500 um, 600 pm, 700 pm,
800 um, 900 pm, 1 mm, or more.
Lysing Agents
In certain embodiments, it may be desired to include one or more lysing agents in
the electrochemical cell. Suitable lysing agents include detergents, both ionic and non-
30 ionic, proteolytic enzymes, and lipases. Suitable ionic detergents include, for example,
sodium dodecyl sulfate and cetyl trimethylammonium bromide. Non-limiting examples of
proteolytic enzymes include trypsin, chymotrypsin, pepsin, papain, and Pronase E, a very

active enzyme having broad specificity. Nonionic surfactants suitable for use include, for
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substantially react chemically with other substances present in the cell.
Exanpl es of such suitable nmaterials may include, but are not limted to,
carbon, carbon and an organic binder, platinum palladium carbon, indium
oxide, tin oxide, mxed indiumtin oxides, gold, silver, iridium and

m xtures thereof. These materials may be forned into el ectrode structures by

10 any sui taQiaﬁg{I?t BRSkidhQF o&glﬁﬂ&'of‘s 1Pc¥ud§:P%“‘iﬁee‘Tki‘1%NVﬁﬁp%eﬁ&aﬁéaﬂ%le Hdnr e

printing, ther evaporation, gravure printing, slot coatin

| it hography. Rbhmp&eHaasr eﬂ Pdaﬂhbljlhrmlﬁemsyl\dama nht erpreferred esﬂmﬂmmntecbapmms,

screen-printed to f | ectrode structures. n: i 9 exanpl es of
9 Hﬁ?eg

materials prB¥BfYel af"og yﬁ%S BPe e Fash o E RSEIEES] 33 | R dySinge p&AR Bt &y

salt systenmspsHeh px%réﬁé@renibedlﬁ@m afali héth itd xﬁae&@&m,b%@ abdlme fRfpm de
or 15 S|Iver i odi and mercury in contact nercurods chloride or nercurous

sul fate. he Smaa'fxldndyPtUeLtdeqf&gstﬂeeldﬂlbySébh yiusinaliaaive prefertedad Iysing agérén  br ought

into contact 0 thetapproprlate netal salt. Suitable nethods include, for
exanpl e, ele in a suitable salt solution or chem cal oxidation

Such metal /metal Redok feMgn&Mapraléi B ithide rin B @dctradhefnddal reell ih Npreferred
potentionetric nmeasurenent nethods than do single netal co onent syst ens.
In a 20 pref epbedimenthodirpieried redpe reagents frobes inselpqtroghenaiea] glls doromenriring o

preferred as %Q@B@B@mcfu‘aé oS ﬁcﬁh‘&%#a%%ﬁo%d?ﬂng;ﬂn%‘?{jﬁ% fohfi o?&%é@;%eAny

sui tabl e ele trode spacli ng nay e use n certain ments it
pref erredi0 t hthiat aeecapdbbe off ihesvehe oxidizngaglenisdhy Ezanplet effimialdé entymes 1&0@iegm

400 gm 300 200 g ess

erbod et s PR g "B et dn e Huese ARicedt deBboatprsto e Y 4RHenl i<

di stance of a&ydioghtise, A N@Qﬁ)daimdem@lugwc deﬁﬁﬂogﬂhse9oﬁa@fﬂes bf Fadox r@geﬂmr e.
Lysi ng Agents In certain enbodi nents, e desired to |nclude one or

more |ysing Stihlesfor pse ippnalyzing ghugass dpg! E%ﬁnglyetew notgimited, te, sgitsQf ferrigynnifes

i ncl ude det ef@RRbte, PHBiUbPENiGesd a&ganaéomu@mcﬁoadarv%?gmmam@eaaapiesaes and
| i pases. Suitable ionic detergents include, for exanple, sodi um dod ecy
€.

sul fate &hd Oegapic r@dqu@gvytsanﬁbm dlmlmppmndbndonbﬁml,uanﬁ tqumgn@@amllstesm@b
prot eol yt Ic E)negnFerrecli u r?ler;[trtxgrs ox reagéﬁb orr &;$1€ r}emgga%ll i Cand

Pronase E, a'Vv Ve enzyne havin roa

surfactants Buﬂh@ble for use include, for -13 exanple ethoxylated

octyl phenol s, |nclud|n§hthe TRITON XTM Seri es_available from R?hﬁl& Haas of
Phi | adel phi a, PenfBYangliy2Pufferymay be eressnt alang i direonireagentyg firigd form in the

electrochemical cell. If a buffer is present, it is present in an amount such that the resulting
20 pH level is suitable for adjusting the oxidizing potential of the redox reagent to a level
suitable for oxidizing, for example, glucose but not other species that it is not desired to
detect. The buffer is present in a sufficient amount so as to substantially maintain the pH of
the sample at the desired level during the test. Examples of suitable buffers include
phosphates, carbonates, alkali metal salts of mellitic acid, alkali metal salts of citric acid,
25  and alkali metal salts of citraconic acid. The choice of buffer may depend, amongst other
factors, on the desired pH. The buffer is selected so as not to react with the redox reagent.
Inert Salts
Inert salts preferred for use in various embodiments include salts that dissociate to
form ions in the sample to be analyzed, but do not react with any of the redox reagents or
30 other substances in the sample or in the cell, including with the cell electrodes. Examples
of suitable inert salts include, but are not limited to, alkali metal chlorides, nitrates, sulfates,

and phosphates.
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nanely, plant glycosides that foamin water, are preferred as the |ysing
agent. In a particularly preferred enbodi nent, alkali netal salts of
deoxycholic acid, available from5 Sigma Aldrich Pty. Ltd. of Castle HII,
NSW Australia, are preferred as |ysing agents. Redox Reagent Redox
reagents may also be included in the electrochemcal cell in preferred

enbodi nent s. ﬁé%ﬁﬁﬁi&qﬁﬁ%ﬁ Wﬁﬁﬁgmé?ﬁ or use in electrochemcal cells for
measuring glfucose In ood Include ose which are capabl e of oxidizing the
reduced form of ehrzydditionl©® refex reagents aphbbffersfother| sobstanced yag alwhi be pgsent

gl ucose. Exanples,of, suitabl e enz s _include but are not.limt to

ol icose oxi adtnpeisr iRl CROSIER bR e e Sl st sint g oo
dependent gl usdPR& welBylirceeihd pelymesa Bldesphitc subEaey BRUARS Be cntditedblithid Or

use in analyzing glucose include, but are not limted, to salts of

f er ri cyan$ de the cgil.cuetoasenobyethylene glyenh rotyageiic agidrdentmem aed surfagtants spches theaet i ve
tallj | ' t h
G Sht or ophenBE ARG & e Al SEAMIPRT YV THRR, Bt the tade paps o

enbodi ment, TRETONTOXr bGAGE Mmérivhs MRl of ZWHlghirgtot; IS@awsre,f Gidet AleA Gadte narkitf f er' s
Optionally, a buffer may be present al onngit_h a redox reagent in dried form
in the el ectMOEMEN: cdp acpreferreff eabagdimngns rPlprenigr ausfaptents andj antifpanyag tagemis an
anount such t I ' [ I 0 ' | gt he

oxi di zi ng po%@%ﬁ)lg{%é %ﬂ% drrgg{)eg‘%?'ega{ggnst%ﬁ%)mgss P%ggbﬁ&sﬁﬁ?tﬂ aeb{ﬂé?%%;&tgéﬁ |12i ng,
for exanple, ppivideasworb sthbla ofcasuitdnsant, ape thélst dviapdration ih Smalbtoldms sasgles. 0

detect. The % ffer é’,s present-in a sufficient anobunt so as to substantially
mai nt ai n the—w—‘fiﬁg sanple at the desired |evel during the test.
Exanpl es of suitapje _eﬁb'tﬁit:e?fgsfdﬂ&ﬁ&tﬂqlelay&%"%@g?etfﬁbly CRLARRAL 63 thel dhdcraret al

salts of nellitic acid, alkali metal salts of citric acid, 25 and al kal i

met al salts dé¢scubedrhgraimiocelectriad] ciftids capableof eppling petentinks/beteprmrtbie elgetrodest
other facto A e T, [ . . NAL react
L RS GEce F SBUE el SSUBEE G300 12

with the red erre
vari ous éfrbodt menéd of ianpdwetl sosmb,t sirdultat fodi spplyirigatentiotied potentidlons cureritd)ea

sanple to be anal yzed, but do not react with any of the redox reagents or
300t her  supEanRbET ©rEolsShite CORPYH: (h s st AEVide b W HETRE. Sb

el ectrodes. RyfWIPlaRsm Abvits)iok BiheLddvitE r SdthpohentS@é BrdGnoRH tin #eCar) OThd tbted €d
to, alkali metal chlorides, nitrates, sulfates, and phosphates. -14
may also be capable of being interfaced to a computer or data storage device. For example,
a typical meter may be a hand-held device that is powered by a battery, controlled by an on-
20  board microprocessor, and contains circuitry for applying predetermined potentials or
currents between, for example, strip electrode connection pins and circuitry such as an
analog-to-digital converter. In this embodiment, the analog signal from the strip may be
converted to a digital signal that can be analyzed and/or stored by a microprocessor. The
meter may also contain a display such as a Liquid Crystal Display and suitable associated
25  circuitry to display the result of the test to the user. In an alternative embodiment, the meter
may incorporate specialized circuitry, such as potential application and signal acquisition
circuitry. Such specialized circuitry may be incorporated in a separate module that may be
interfaced with a generic computing device, such as a hand-held computer or other type of
computer. In such an embodiment, the generic device may perform the control, analysis,
30  data storage, and/or display functions. Such an embodiment allows for a less expensive
meter to be produced because the generic computing device may be preferred for many

functions and as such is not considered as part of the cost of the electrochemical

measurement system. In either of these meter embodiments, the meter or generic
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O her Substances Present Wthin the Cell In addition to redox reagents and
buffers, other substances may al so be present wthin the electrochem cal

cell. Such substances include, for exanple, viscosity enhancers and | ow
nmol ecul ar wei ght pol ymers. Hydrophilic substances nay al so be contai ned
within 5 the cell, such as pol yethylene glycol, polyacrylic acid, dextran,

and surfact a&;@ : $ K&t & : Mo @é[?ai#

Phi | adel phi a, éﬁﬁgefég%%%? gﬁﬁ%@ tﬁi tra ggﬁgne hT I %?@§¥$@§afgfd
Aneri cas | nceomgfutéfnietvorlys on theDddternetr o, fagitithte thehdistribatden pfinest rSuWEENTd 'the | n a
preferred enbodi ne surfactants and antifoam ng agents avail able

A :
f r om BASF ar@@ﬁ?5§§&$§k§b§%h®ﬁ%§¥ h&E% may enhance the fill rate of the

cell, 10 provide ﬁe%&g%@&i&ﬁoﬂﬁ_ﬁ&ﬂﬂ@m&al aREhdds Nin@i faRMaP Afathie Oftedefit SRl |
vol une sanples. Electrical rcuit The electrically conductive |ayers are

pref erably cimensionedhisiiaventien isowssptible fo madificationein Hermesthods ané magarielsces
cirouits capahl g alicaRBlh N RAKEMd:AhSnBE! MECOu LA ST AeFrcARH win
nmeasuri ng the 't esu ?lng currents, or exanpl e, ers. UltaQD e neters nay
i ncl ude one Béeome apparentod thogeosiiliedSinuthe eyt fbihCaliconisydetadion afipthisi digclesaret 6ol | ed

potentials or currents,. a .mcro cessor control deyi.ce, co ter, or data
st or age deviRfactcg ﬁ?‘i‘ﬁl’ﬁ\f“ﬂ@(‘/ip&‘g&%nﬁ“ﬁﬂdi prsegyenily, ﬁe‘@i"@é,mtg&égt%@rt evi ces
or conponent gvéasioa R KRNt thelPEcifé embddiSeiB tppsviddielYerath SButbfiatCia Radr eal10f
being interfaced to a conputer or data storage device. For exanple, a

typi cal Het emodifigatigas andhaliesnatizesocoging withintihe trie sqopouand apint ohthe anvestign as
controlled b . On L.crop t.al i I f

appl yi ng pr eéérél?o@}e% nﬁége %gat%fel% % s o‘éﬁ?%?fr%geeﬁtcggcg}el%rgﬁea%% H?’S& fg)%%x?%{age,d bg{ rip
el ectrode corfieaice anthgir agiretitd. ci rcuitry such as an anal og-to-digital
converter. In this enbodi nent, the analog signal fromthe strip may be
converted to a digital signal that can be anal yzed and/or stored by a

m croprocessor. The neter may al so contain a display such as a Liquid
Crystal Display and suitable associated 25 circuitry to display the result
of the test to the user. In an alternative enbodi nent, the neter may

i ncorporate specialized circuitry, such as potential application and signal
acquisition circuitry. Such specialized circuitry nmay be incorporated in a
separate nodule that nmay be interfaced with a generic conputing device,
such as a hand-hel d conmputer or other type of conputer. In such an

enbodi nent, the generic device may performthe control, analysis, 30 data
storage, and/or display functions. Such an enbodinment allows for a | ess
expensive neter to be produced because the generic conputing device nay be
preferred for many
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functions and as such is not considered as part of the cost of the

el ectrochem cal neasurenent system In either of these neter enbodi nents,
the neter or generic -15 conputing device may be capabl e of comunication
-with external devices such as local conputer networks or the Internet to
facilitate the distribution of test results and the provision of system:
“upgrades to the user. The above description provides several methods and
‘materials of the present 5 invention. This invention is susceptible to

nodi fications in the nethods and materials, as well as alterations in the
-fabrication nethods and equi pnent. Such nodifications will becone apparent
to those skilled in the art froma consideration of this disclosure or
pract i (B2 YhEUANEL (o provi ded herein. Consequently, it is not intended
that this invention be limted to the specific enbodi nents provi ded herein,
but that it cover all 10 nodifications and alternatives comng within the
true dcope AmdpppRrius conprising: imolsairochemical celtisdatitedifarelechricad conmdrsidn svith ns.
Al'l references.cited herein are hereby incorporated by reference in their
entir &Ri% Egma‘j\%u}tgo&%t%[) TS: 1. An apparatus comprising: an

el ectr ochenh&glectBtenfiddcBEohfrisfgect ri cal connection with an external
circuit connector, the electrochem—cal cell conprising: a first. insulating
substrate carryi afirs ifisulatingesubstraté catyipg e dirshsd¢atrieal iyoamidngtj veacomtingaisecond

i nsul ating, substrate cayryin

n a, second, el eciri.cally conductjve goating, and
an i néRAvM nrsgwgs%sﬁmw@rsegvgdp%@acgw%ﬁwmmaytmﬁeﬂﬁ whinsplating gpacer
condugt.j.vea: i I i : . fed rt
ol at e O Bt Bl e e B R B e
first odhezd nispadddyapartanhitiohshi coati ng extends beyond an edge of the second
i nsul ating substrate, carryin h second el ectricall, ongluct,i ve, coating
and beyond an edy&%si #h Eerfg’ﬁf’%gf%&%%%sﬁu %?W&gﬁﬂ?ﬁ@%@@%ﬁbf t he
secondohsieloding bshd Al & 088 ah ¥ipdof BE ss&fHRANH M REIbsERE | HroRRdNst | ve
coating extends beyond the“edge of the insulating spacer |ayer; and the

ext er sedondi alexuicaliyconducidve cumtipgiand hgyendmedesige of ee inevlgting sprser kiyery an upper
wedge conductive, surface .and | ower..wedge conductive surface, the
conductive surf a%’ggre”rh&’glegéf 2 §1§|Sec%ﬁq’ﬂﬂ?@§ ?‘@’ﬁg%‘?tcﬁ“mé %‘5 AeroBtor

electrically conductive coating extends beyond the edge of the insulating spacer layer; and

the external circuit connector comprising a wedge, the wedge comprising an upper wedge
conductive surface and a lower wedge conductive surface, the conductive surfaces in electrical

“communication with the connestor.

2. The external circuit connector of claim 1, the connector further comprising a pivot point,

wherein the wedge is capable of rotating on the pivot point.

3. The apparatus of claim 1, the conneotor further comprising a chamber containing a cavity
into which a portion of the first insulating substrate carrying the first electrically conductive
coating and/or a portion of the second insulating subsirate carrying the second electrically

conductive coating are inserted.

4. The external circuit connector of claim 1, wherein the conductive surfaces are integral

with the wedge.
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2. The external circuit connector of claim1, the connector further
conprising a pivot point, wherein the wedge is capable of rotating on the
pi vot point. 3. The apparatus of claim1, the connector further conprising a
chanmber containing a cavity into which a portion of the first insulating
substrate carrying the first electrically conductive coating and/or a
portion of the second insulating substrate carrying the second electrically
conductive coating are inserted. 4. The external circuit connector of claim
1, wherein the conductive surfaces are integral wth the wedge. -17 5. The
external circuit connector of claim1l1, wherein the conductive surfaces are
electrically insulated fromone another. 6. The apparatus of claiml1,
wherein the wedge is position between the first insulating substrate
carrying the first electrically conductive coating and the second insul ating
substat e T Gtbrdl é&mme@toﬁbﬁahﬂ ¢ A hatrelOME e6AIME VE QRfhIHE ard wé&mbiw
the conducting surfaces of the wedge are in electrical comunication w't

t he cdmuhlated fromcome dnmgberof the insul ating substrates,

6. The apparatus of claim 1, wherein the wedge is position between the first insulating
substrate carrying the first electrically conductive coating and the second insulating substrate
carrying the second electrically conductive coating, such that the conducting surfaces of the

wedge are in electrical communication with the conductive coatings of the insulating substrates,
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