4 July 2006 ELECTROCHEM CAL CELL CONNECTOR Field of the Invention The
present invention relates to el ectrochemnical cells including a connetdé@y 2006
which 5 mates with a neter connection device to provide el ectrical
connection to neter circuitry. Background of the Invention Mniature

el ectrochem cal cells are useful in applications such as chem cal sensing
wherein the el ectrodes of g@ EETROCHEMRAL ICHIS EepenpETORAN €l ectronic
device. The electronic device, often terned a neter, neasures the

el ectrical response of the strip elenent to the 10 sanple and can al so
supply power to the strip el enent tF‘?kP?{tBQf M. hest - In order to perform
these functions, the strip el enent st be able to make

el ectrical connetiid gsehpinvhfiofatlates @ éledtiothemicabuels MmoluaIn@Cl éonfédtorGaiEect i on
may be made via a_ _ connection device on the nmeter which mates with areas on
the stripd el BRERWiths eaterconpestion devishiaprovide pigetrigal cpnnegiiondo apatersirpiy.cal cel |

el ectrodes. 15 In configurationsgof §LERS ] € cells as disclosed in WO
98/ 43073, U.S. 5,437,999, EP O g 1 0626, an upper and a

| ower el ectrode fMidatoepisaochemicahodls her useful n appliedteat sudhads|clierniesldeadingg

| ayer between_ the he electrodes in such a .confjqguration are typically
formed o seBiPAdbe SRE €e THsenst Hatehian slsirons: S BEERRERA | he
el ectrochem g&liceC8hén terrhéda Gt Mbdsaes e dMEcBR@NfeSpdhisE bF fe! striff SleinBntad the

manuf acture when formng a part by which the strip elenent electrodes are
connect ed0 t osampde apdbrcary also sepily pyweraty the sirip elementr lorperformrm teste s auder to
connecti on conkiguald RIYIS! fhel 08, FAMAPEEAMCETEAP b/ H121 nflle ERAT
pl ane. The isSsuée of connection areas 1nh different planes has been a Jf essed
in various vamsctiohno\ib: 30¢t&3CrcBitrya Sethhad ehsodlicale vormectinemdy del msdedvintaer ei n
cut-outs are forned jn 25 one of the electrode layers and in the. insulating
Cayer to exptugediondedise g7 HBeGhubER G MUbEER M teayar IR ETRE used

as an connectdmdfudéfidn with thé ectdclbivica? 981 Abdkod3. 00/ 20626, a net hod an
device are disclosed wherein a flap is formed on one electrode |layer wth a

correspohdli ng cutlnoepnfigerations of pleetrasharical oeslls |agydisclesgd dn pWEe 98/43013 dbFe

connecti on t hj } gw,baa' t i i I i18.C ort
SO as not i n?’gﬁ%gegrdé I%\/Pili (5[1?I§4t ﬁ%@%’o condrqfeﬁgsta ?’o%euftp gi&ﬁidé%r 5%@@ eofE%e %%,O&{qhe
i nsul ati ng | eneeanother eith ashudectricabiy thselatingd laydr defverenreen.n Thé electuigiesin suchsit r at e

in order to expose.a connecti.on.ar i,s.forned.

-11 configuration are typlcallly formeeda ogt se%grgtebgligtrz%s tt}pa? eYrvee lalssetrnri)?éd 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 98/43073, 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.



4 July 2006 The well may be filled with a conductive material and a cont
made with the conductive material at the top of the filled well, t Hduly
bri ngi ng the connection areas onto one plane. A drawback to these
configurations is that they require features on nore than one of the cell

| ayers to be in registration with one another when the |ayers are assenbl ed

into a 5 worrkk R84 BeShlledNith £ ERRL@N e Matdrial ihd 4 BSntdcd mABO WA GRéonBettiva e
devices and |imts the nmanufacturing techniques that can be used. In

particul ar, fieriahatithe tapaf thefidgd welhtthushwinging dieaonpgsgon preas antoypnegiangesi r abl e

t fact th i ' '
o manufacture thg giybRk e HERYRf atﬁmEi%%aiti’ﬁ‘ékgiiéqu%l?eanjr&r &Lm ‘%ﬁ‘an%%'egg

continuous webs it Is often difficult to re y achi eve the down-we
regi strati onthef celldpyeat forty iheegistratisn fwith rone aootheti Whenrthataybra aer ssqubled intca a

| am natiop step.. 10 Often.this requi.res expensive contro|l systeps and a
ol At vel§ { PRGN PR | O ey QUBeTtes F AR ugo b plevicls 55 i e y
of the | nveni .anmEliffd tQERGIEC Blat €8 lbe CRRACCIODEtLMAL tlﬁf %gft%“;hé‘%u%@tﬁt use

in conjunction wth ‘opposing electrode el ectrochem ca : hods
of form ng t hensiderdtians, rtciq wifter desirable %o thanwfactrry thegfiip teleatenisrin gtcepténuons web t o

| am nation o he . . i l.e. Eh r i rgvi de
such el ect rog%r;éjm \ygﬁ'ﬁgéﬁ% @%nglﬁgé%t%e?’g ltalrslé’ﬁﬁrgfi ﬁ:ﬁoﬁ‘gs{ol rﬁﬁﬁ)lﬁﬁrﬁ%ﬁ’e gﬁ r%%‘%\l'rﬁg% , an
el ect rochem eqfistatidrl of seppating feettires tfhemed| @c tiffecdne fayes! pricel tb a Bddamdtiod stepr

electric connection with a pneter, the cell incl udi .2 first insul atjng
Subst raf 80 o OEp g eues Speiecoral agrCBHAE RV Bafs fercalon Bota i
insul ating syhshéRbfe £aryi ng a 20 second el ectrically conductive coating,

and an insulating spacer |ayer disposed therebetween, the electrically
conductive coatings being di sposefummafyxfthednvdntionher in a spaced apart

rel ati onshi p, wheggin an e f. . the fiGsSt insulati substrat.e carrying the
first electrical Ff;cc%%cﬁ u{:cgl?\%/%lpc%a e?tr?fgs Q))?E g]edémhag’;i/eog 2 gldﬁ%m%?c P e‘%?bcond
i nsul ati ng supsdsingt dectrode elettighérhiealsetignahdaheahédsi efafolrying Al Cthatviequifeand Ng

and beyond an edge of .the insulating 25 spacer |layer, apd wherein the edge
of the _ségon OYV?I‘S‘{?P&?EIWQ"“%EJ@P%%I‘E% R 5FHgATIap of the & O dg%‘f”g@t r anrf{}ﬂed
conductive Ce@bbditheRtl pRAIR sBAYQGEotGIGHEG Rhndchfs hiiSHERSdsNY Spacer | ayer.
In an aspect of the first enbodinment, the first insulating substrate

carrying the firsina Bistembodimentyarcelentrgcheamieal celhisi mgvidess thedbectraghenicat eelt e i n
a portion of fd I | . r.L Wi I SISk jcally
conductive cg% ?er?gf{o{ %Ea%tﬁ%?;? (It)arﬁl%i&s&%ewylgﬁpd[% tg{?gtﬁged%g 1{1)(%{{1@%% gSt |Hr§‘r§1§+n %uﬁg;agépacer,
such t hat ancaryeg offirithdeswatindondetve osktingay eecond imsufatisg dulsstra@scatrgingpr ovi de
a surfacgofor fo .an electrical connection with .a nmeter ;ji a the

i )
aperture=’ | n3&fAn" ?ﬂg cally. coRduEtives (colfgn e AR, 1BSTIRtRR | FPAECT (HEF #SROStes an

addi tional  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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i nsul ati ng spacer |ayer, the additional spacer |ayer disposed between the
first electrically -2 4 July 2006 conductive coating and the second 4 July 2006
el ectrically conductive coating, wherein the insulating spacer |ayer and
the additional spacer |layer are situated on opposite sides of the aperture.

In a second enbodi ment, an electrochemi cal cell is provided, the
el ect rochem galduct®Rl doafishaidcetie ls@don@ leRGirchIBAtondGRINE Chatdiy, WheRindthBBis8lating he
cell including a first insulating 5 substrate carrying a first electrically

conduct i ve cepesrigyer andibe additionabipres lavgr yepsiaredion oppositysides of thesrsrure.
el ectrically CO”dHFaf 5etSnd Sftb d}ﬁient?gﬁ?' elRfrdcAaH Al deflds %Rﬁ'?cf‘eﬁ {h@ye%ctrgéh?@?%iad

t herebetween, the electrically conductive coatings bel ng di spose ace
each ot her i velhadappdcfod ebeptaichl conhedtionnwth p mandre thei cellaincledigg aofirst hesukfatingt
insul atin s%st rate carryi rFng flihe_ ff(!pt st ,electrically conductive cgati ng
extends beyofRPSEae SAE¥Ngra fifd elehisAtly icordnctivs FptiBBLA sPeang inenlating, SAOBERS he

second el ect g4 ald ¥ sé‘c@ﬂ@@l‘é&tﬁ!ﬁlfy,c&ﬂaﬁdﬁge Mn@,%nﬁ iﬂ&lﬁﬂ@espﬁ’cfcr iR Hi@pﬁké@?i ng
spacer |ayer, and wherein the first insulatrng substrate Carryi'ng the first

el ectri cal | ythersbefwhgen, i the eledzitallygcoaduttive godtings being digpessd de fadeepelr othercinuade an
aperture, such that .a rea. of N co e trade | [ 1S _ex e 0 as
to provide asr’saﬁer%]a}c?g r?l Sﬁorgglp mw%‘aglgﬁn éﬁ ec%%gﬁ{:mg@%hn&s%sgﬁmvﬁ n%%ngegrgf Vi a
t he apert ur eeledthcdlly @niilutivel ceving @k readst beyad &l edperodahesdcom inswlhting subgrate/i ded,

t he el ectrochem cal cell dapted far electrical, connection wih, a neter,
the cell 19 noraiegths Steond cfecREal oot Biering S RERpmd ih g8k ot he jumuldting
el ectrical | ysgaeddisgéd \aad CORdréin Othe irSte fidilating Stllstthte NGNS theafiRt GRIHXAIRY a

second el ectrically conductive coating, and an insulating spacer |ayer
di sposed t heqndbetivgesenting and thy ingulatingspaogr layerdudludean apedureysh Bt amared efposed

to face eac hth%tsg&rndie'i'ecﬂ'ggeola A€ EhRRPLS asrtg)lap%\}i&)@? Ig{-u'z ce\g@ffo%{ﬁg%%%cgjcgln. of

the first insulating substrate carrying t I'rst e I cal Py conductive
coat i ng ext ecamedimpovith aanetexigethefapérhee.second i nsul ati ng substrate carrying

the seco electrjcally conductive .coatin nd. beyon e f th
e el S me i pRBERAE AT afaRbh e e RGFOT e Pher o hemtiadl et
substrat e casidapteddort di€ctridal Sdnnedtiof Mithi aCrdbtety tHeall iidhidiny £ iRt indglatiipCsubstaey t i on

of the insulating spacer are_renmoved so as to 25 forma notch, the notch
situated adj SEBHE ? dirstrflectiigly gpndusiaveseraling 4 sreandydnsyigting SWhstrateccamyiag iy i ng
the second e [ 411G 0 b€ i nggand & e t j | nNg
spacer Iayeére?&gs({mﬁéétnjrl]%%l?agggrggg)éofcs?ﬁ‘g’ 2%00% té‘f}g%‘ﬁf‘i%dse"%éyz*? e% 2& Qgégsed SO
as to provi dieembetweémdhe eledricdllyrarndigtive caitiogs béingmHispesad ¢e ficorradhi otheranmmet er .

AL AN W R e R
i ncl udi ng t h@le@ti@lly cohduchv®¥dating@xtends 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 cénnection 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

-3-



an el ectrochem cal cell, the electrochem cal cell conprising a first
insulating substrate carrying a first electrically conductive coatlﬁéMYQOOG
second insulating substrate carrying a second electrically conductive
coating, and an insulating spacer |ayer disposed -3 4 July 2006

t her ebetween, the electrically conductive coatings being disposed to face
each ot her | RydiencfiRf e eRBcallyLAhARS toRing WB@iBE'd%Ip@&detg GceOdach Bihef Inf 5t
insul ating substrate carrying the first eleéectrical conductive coating

ext ends beyomphcaﬁa;mitgelaoénshipewt;ecmrm edges of the ﬁrsgusuﬂng substrate earryyrigrthe firse

d el ect | | ti d, b d dge, of the i | at
S epacer. | ayeleBsly GRAFIR PHirRlsniSrdpne Skl e PR rglolimabiind "
carrying thecapafthe sebdtdléchthally cometiset dodting il beyand ¥k e@gtsofbmymdlaﬁﬁ@ edge

of the insulating spacer |ayer; E oviding a neter, the nmeter including a

wedge, the weRRSEr layes endi vierain the qxlélafg@cor@olﬁa&%tmg\ﬁébmrer ereingrthe secpisher
wedge conduc tele}ftﬁ cﬂw %&‘aﬁct{vte %a&% gﬂgx{d's Vt% §1le {hgce% o'f' thé® #lﬁﬁ]h{lﬁ% ?é‘ &:r laz?{'é mi cal

comuni cation Wt FRSerti ion o

cell 10 i ntOptdveimgahengterv\/Itlermbtyr hﬂchxdwgigevedge |thse«retlgmhdahidmem upyer pedpe on  of
the first msWéiatl ubstrate carr e.firs ctrl(&a '%/ nducti ve
coating and € & Ang [ReloWEE 3F ge g?fé‘ﬂ‘f’té‘fei ag?j £ regpdichiy ISV?E}‘PQS the

second el ect @1eeﬁkéneoﬁx9ﬁﬂiesﬁ¢nV»emc%tmew dldahseRire@RtidA Meledtldehdee caf t he

i nsul ati ng spacer |ayer, whereby an electrical connection between the first

el ectri cafl ylré@mw:xevmmthﬂgwm is nsetteshegtwogndihe podiod nftthey &rss insplatieg i s
formed, and C t e

el ectrical | y}‘cﬁ)o ?Qégg (?%eab%%{e&tﬁgguyt %%‘?&l% %at&% a\%et hg%to ?voce\fqgﬁ? g%de is
fornmed. In amsalspmgzﬁub@tfaté haeryinguhé Jmcmdnﬂehnmny poxtduetmsmbemngfthattdxeands eybndles a
pi vot point, ere t.he wed e i s cap r.ot at on. t |vot oji nt.
Brief Descrif V\%ﬁ ¥ H%S“b"aﬁﬁ er loyerey f’ sanl?iec&?ﬁﬂ f’%‘"ﬁ?tl%‘ E"E') fcs of
an el ectroc h@mﬁahlycainhumr&htmgemnmetloaer wadgef don@ictilé QErideass q&measmdl ng
edge of elenent 1 so as to expose the conductive coating on el ement 1.

Fi gure 118 i mhersby ap electaicalogonnection hefyern Higrsecang dlectiicglly s@@@ﬁl‘cmmr%ﬁnd
Figures 2a apfl RBedbed dSGRENBIFE S Bfman €l ectrochemical cell wherein a

t hrough hole |U§Bcut Iﬁ%&gn' emanrg&r#ctgo fgxpose t he conductive coating on

el enent 2 for el ehltam mbct df5he fovmth cgnibodimert, th megea futthensnduedes s pivotgpinti ew
and Figure 2b.a crp ecti ontav {ewt Flg g}e g and 3b provide schematics of
an el ectroch(YJVrl?'Fr(%‘I 8ed} HPp 19tafing SR MEPIVOLPOIRL o re 2 except that an

extra portl on of el errent 3 has H}@ﬁnegcaﬁ%,{@d},@p{am elenents 1 and 2.

Figure 3a illustrates a top view and Figure 3b a cross-section view.
20 Figures la 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.



Fi gures 4a and 4b provide schematics of an el ectrochem cal cell wherein a
slot is 30 fornmed in elenent 1, which gives access to an area of tHeJuly 2006
conductive coating on elenent 2. Figure 4a illustrates a top view and
Figure 4b a cross-section view -4 4 July 2006 Figures 5a and 5b provide
schematics of an electrochem cal cell simlar to the cell of Figure 2,
except that the epig@re95a ahdsEplovideischeiiatibs dfhimteldctrotifenfitdl Yal sichiRbRViBe 8éENENT
4 in element 1. Figure S5a illustrates a top view and Figure 5b a .
cross- sect i off Kiguwg 2, Fxespt that the edggpf glemsnlod isguchs bileitris vitwated aboyg element 4 in

el ectrochem ¢al | 1..si k| & t el | . i 4. ex t that the
edge of el errglﬁrtne%ell' sFlguﬁgF]a @ﬁ]%t{a??staq:g%%g% afl%glsgt%tec#ﬁoagcg&g-ose%t °§ Vge ge of el enent
1. Figure 6a il uBghmet 65afl soprovidewclrndtiés gflineelézlrochefii @S 8elb sifilaotd thé Eall
Figure 7 provides a side view illustrating the splitting of element 1 from

el ement 2° i Af Fifwredoffert Bat the edgeod clsmehy? cedshatibts & Ieaghiers te dierdee pon
devi ce. F QUBIEmBnR! ihAes, ARt o\thPWel shil FlebldhNicrdSedith vidl.ng OF el ement
1 fromelement 2 10 Tn tahe connector area to allow access for a tongue
connecti on devi ceFigiiegumevidespr dd view iliustrating the splitiimgofdgmnent il rftpnaelsment2
partially inserted i%to an e t er nal ci{cuit conpect of . Figure 10 provides
an il ustrat {"of° EEPFERTHF B2 ?‘?’F‘ﬁfefstfﬂ%/of‘.ﬁ%@f’f"ée& 'Phi9"&n external circuit
connector. 15 Fi grigsre BlpréVidsiadRfd Qiet ifl@stiatify\hekpidin® st Qémait 1 dnt tethent 2
connector 100. Figure 12 provides an illustration depicting a strip

parti al | 10 i nifthe eahnpiergregrio ablove pergss ford topgrercopensherntdeyice100 as il lustrated in
Figure 11. Figureg; rQvi. i) i L GLI i

inserted into anel:elé’?r gr@rPgl?{wg%lsaf@E?gttJa%%&ﬁ%%ﬁdggqu-%o%%&%l{}ﬁﬂ%{t ?’%Ede“g a{, E’L‘E?(‘?}ur el
| . 20 Det ai tisdlitesmeciopt i on of the Preferred Enbodi ment The foll ow ng

descri ption and anples illustrate a preferred enbodi nent of the resent

i nvention in det %F@fﬁd&rg"‘g‘fs KR “ftrﬁ"ﬂg dfpicting a §irip) tgﬂ%é‘l?@%‘fdg’é’tq f‘l‘bf”‘t?"ﬁg‘r e are
numer ous  vagit@tticemsecRpd nodi fications of this invention that are
enconpassed by its scope. Accordingly, the description of a preferred
enmbodi meht shoul dFigere 1beroyidsseside viewjotan extpraal csuis eanpecterf 100he present

i nvention. The pr I i . i 1

form ng el ect rodeﬁg‘&%r}l% E%%g%@%%oh%%@gﬁéﬁ%ﬁﬁl@gﬁ l?e egﬁvfnggﬁg)g%g%si ng
el ectrodes. difeitdemiectos 1@ illusetteddisFigareridt require the registration of
features formed lelgl(ljrle flgeprrg\%esl a%yi?lqlsstra%{)ﬁ E:pigt?ngtep gtn'p 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



| am nation of the layers. In particular, devices and nethods that do not
require the down 30 web registration of repeating features on differéddly 2006
| ayers during |am nation of continuous webs of devices during manufacture
are provided. The preferred enbodi nents nmaybe used 1in conjunction with any
suitabl e fabrication process, for exanple, a process wherein -5 4 July 2006

s i cation pr oc | erein -5 4 July
advant ageous Py Seichy of o Bl 3 1b AP En S SR8 VRLRTF 1 Wiahitald 1. °

manuf act ur i nigssen el regibtiayion kdurarpéntcindehdefdietBdanyfadhirtigl othpikitpent s of the
port in a nmeter device suitable for, use with the disclosed strip connectors
are provided. 5 TRanehe;embodiment preferediclemantsof thenostin @aneteredeyise pyitablstierat ed
in Figures 1-6 .. ] one el ectrode | ayer (herein
termed the u%%e‘#lﬁ]etfiggl%?lé%gsﬁ“?&%%&{oé@%?b@gtﬁ%?'r om at |east one other

opposi ng £l ect r odkhel yierfedtive rof theeel o chdnacdl ety illabtetdd mdRighray &46)is shat Ithet hat

an area of the | r electrod ayer overha the edge of the u r

ol ect rode. | g of et ofStdiors i B TsPepiiae pute Fegraddpstias PRFLfrom

sui tabl e for atqeRNGeldtRR oposHleRictréde 16yHr (HieYe tefRledthe WS electrdlieay@ORueH thyti ews
of various preferred enbodi nents of el ectrochem cal cell connectors.

Fi gures | a, ampgrea ghthedewermlectradrilape; ayemhpngs the pdagi efithe wppes sleetrasigdayst, thish or
card of the e } . i 1 epeati ng
Fonturcs. OGN fred GRS ByePGeih ive SR E RIS oblfinf PPo
Cross-set@ional \Figwss | It 6Fdegict eewt of ¥afiousgirefbred ethbedimedite of elwetrochéreicalr ode

| ayer. This | ayer consists of 15 electrical l.Ly insulating . substrate with
an ol ect 1 caPRy BRIt TARRreR St T At GE6 DG OTRS (O SES of SEUTPIEF D ¢ he
el ectrical | yc60Rykd hisemble@ldyess fos vhro| @s8odintedls, GROWIAE lthiVikdpBatdly feases. a
first electrode of the electrochem cal cell. Elenent is the upper

el ectrode | aljignres Thi28, 3oaforSbeandsibgenicithe serrespanding ceesisgetiona] yigWst | ng
substrate with a . ri I UCk | j | i its:Lo face,
20 wherein the eﬁgglgllgéaﬁ foié’(%%rgaﬁgﬁgv%%%%ﬁ?%ﬁ%h&% ll ’e@%tlé)&r:a r§s(lzsl(l)sn act with
at | east 15 seearichllyehsabiting slbstdte With aglebetricaltyhesndaativewehting dpbletetotitsippa an

electrically_insylating |ayer. which serves to space el enents, 1 and apart.
In preferr e eIt led @llyuwévctlaﬁaoqtmmf gelrteafgorgack wilh at @a%raiﬁm
adhesi ve andele@od®of8E ¥iecttRhasidga et he | ayers of the device together. In
this preferred enbodi nent, 25 elenent 3 may consi st of a substrate coated

wi th an adhesi ve.Elgthetdrhig theevnper relegngdecbbieri sThisoleygrepmsiaty ofdave slectacqliyyer .

5 | ,? gegt 41 Sing\llgtﬂ'ltg_ &%Etrgtee %le fn ieﬂc@cgﬁgﬁ @Snd%cmi S&ﬁngsapi)fiédj ?ot Et@tlgxgelj pacg,i gures

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



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 of4 &4leRBoR
2 is offset fromthe correspondi ng edge of elenment 1, such that an

over hangi ng area of the conductive coating on element 1 is exposed. In a
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el ement 35 hasompeetiondevice insertaddetueemthellavetsnt s 1 and 2. This confi gur at| on is
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el ement 3 i s suchrighats ddpidtSa similaf e@bodimeiao Fgurd12. @HlFRvef in&hie ERibbdident N
this enbodiment, It is preferred that elenents 1 and 2 be |ami nated or

ot herwi se asd®6rfdeeaf clemgast hisrsugh st & is|abonertlement & mcgleraent 1p0ln qrdes o thisy

ebodi rent , - b sty dlioBehfe 3l O 'ordiBrdl BEnSLBER LEALnEATAREY! A0S 40

sone of the connect1 on ces |scu se ove. chemca
cells of1s helamxmfterdredwambeﬁhsefﬁmwtogabmk&ﬁe ¢leméntgus smed.to 6, it is
suitable to use parts the cq necél on of the conductive coatin

elenents | and 2F ’56‘3&‘?"@?%? sigjifag, gbedyment ¢p Figurg ﬁoé’g"’ffé?c‘ﬁ%‘émbg‘f‘%ﬁtendl ng

U S. patent apply F&%&’ eRMent?® i ORUcR Wt 5t11% dtI1d80c188 t%etlﬁé £6f APmerkH99n fiRr t he
enbodi nent depicted in Figure 1, a ferent configuration for external
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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connection is desirable. For this enbodinment, it is desirable to split
element 1 from element 2 in the connector area to allow easier accés§lya9063
t ongue connection device. According to this aspect of the enbodi nent,
element 1 is split fromelenment 2 during 30 insertion of the strip connector
into external circuitry connector, e.g., by a blade or wedge- shaped
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Figures 11 to_13, contains a chanber, 105 which contains a wedge 101 that is
abl e to rot &kdledin thedrttwill apprsrinisy the devigs with durfases comprisingsondistipg laye 13 The

wedge Conpriaﬁ@%ﬁla?%&E&ﬁﬁ’hété!d&oa@@rﬁéihié af With #eGRojectids #1d 107 which are

electrically conneCted to external connection points 103 and 104. In its
initial 200sitionA 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



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. Wen a str4gulyg006
inserted into the chanber 105, the |ower electrode elenment strikes the

| ower 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
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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,



counter electrode can diffuse to the working electrode during the tinme the
cell is being used. These reaction products can then react at the wQukiaogs
el ectrode, giving a higher current than nmay be present in the isolated

el ectrode case. In the non-isolated configuration, the working el ectrode
reactions can be described as coupled to the counter eIectrode reactions
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heat -cured 15 adhesi ves, can be conveni ent ctivat at t
appropri ate gtnrnneng blnproetwt aaphnasbdvd sur:brmé)odmtenﬁabeaber pheeﬂ@rllye:dreti adkgsivenn hot

nmelt adhesi ve. nelt | v ree Ia C terial
that | S SO| IaI'CF §Fn %er arﬁ ecm?l re{%rre(? rll}le heat- l\/?q #1 Eeat urg(}:l
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surface 150 \aBhestves twh&sllrheﬂesmdvaﬁerﬁl@@beﬁtddcm &ehﬁpfbprﬁﬂé time. below its rrel ting
point. Hot nelt adhesrves are available in a variety of chem stries qver a

range 20 of mel t ThEfrAs; FROQIMERES: Kty PeIPeferEndde pien E%{Hn%‘eadrhﬁ“‘f%e‘\ fikmslor a

web, nonwoveandIRkqs h blventHRY fRerBhI8icThater@ IR is sl & trb&ﬂ terBperaié 204 her
suitable form Polyester hot nelt adhesives nmay be preferred for certarn

enbodi ment s ap}Stpdhn meHersfoprado ¢ av&m wovkich t edhegosarheh eooled 9 temperatuke telomp .
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poi nts fronté range rontc anor phous
cryst al ROne 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.
Alternatively, 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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25 in nature. Polyam de (nylon) hot nelt adhesives, also available from
Bosti k, may also be preferred, including both diner-acid and nyl on-4 e 2006
pol yam de adhesives. Suitable hot nelt adhesive chem stries include EVA,

pol yet hyl ene, and pol ypropyl ene. Alternatively, in certain other enbodi ments
it may be preferred to use lamnation techniques to bond certain |ayers
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printing, screen 15 printi nlg |1t hography, ultrasonic spr_agigﬂng, sl ot .
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. osabl e .
produce ¢, 5t materipls fromoweh aFablS ﬁe‘&sé‘ﬂftﬁ‘i!ﬂ“é iy fopmyagpena mass production,

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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nmet hods include fabricating multiple cells on cards and separating the card

i nto indivi dpscationandier wherhsidteet substrgterpateriply ase prebemien) WV ebtnsopesses ag Mgsh
fabrication ; . . HEb, i |S
subsequent | ;S}WESLE%SV}/%P?&?C ‘fdrﬁ‘%“zwi@‘{n‘?fg‘g‘? agﬂgﬁ)?g%aﬁl?eﬁs}? %%%hgérégcﬁdsses li\g@gs(r:rga}lrmst

sui t abl e whéapefasd. spatial registration of nultiple features is desired for
the fabrication_and/.or n stiff cell substrate materials.are preferred.
Vb pr ocessas ol SHISR embAfitieRio CaRaRTSPBEE L Ehe LB T el bt Bt ur os
i's not as cdkdilablelsoahst ddeRXdrblmdt Yipted RY try RE réliseftRe &l and Po&ly dbfin an

enbodi nents, a conveni ent single use for the electrochemcal cell may be 15
desi rabl e sacqmate (16¥r kst o fAipglet BippoEdhe seBymay heestatedt He Usq| Instpdopossi bl y

obtain an i r I .19 : { .ed in
ser i nat r ullRERAWRE LR, RS drpfeiabioRcofRh, Bubddiiefif whelt sk
enbodi ment s dedirable the sllnghyebaifabricated siels thatiidig theeeld @ldre thmy obee alifficdaved such

that using the cel e thap once . ifficult. or .nqt.possible.. This may
o accomli BRGRSSPls: 30 mEPe BRTelitneh ity Smbienpy PHMRE e el A My
or consoed wdshHedigiay BE christihtd Heridg A drss Gesulirf] $004re hoNfuhitivnal ini disedoriieeand
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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Alternatively, the signal of the test may be exam ned for indications that

reagents in the cell have already reacted, such as an abnornmally hi4g~H4'Y 2006
initial signal, and the test aborted. Another nethod includes providing a
means for breaking electrical connections in the cell after the first test

in a cell has been conpleted. 25 The Electrodes In a preferred enbodi nent

wherein the elgctrochemcal, cel]. detects .th resence ng/ o nmount of
analyte in thFéga%Mr s,emo‘r” 1§h g'ﬁ"tglé?rgnaé & ?H’&Fc%?&?gcg ¢ égf)ﬂ’ései% cag‘f‘\{ﬂl’g‘r
anmount of anahiyk&opd elsérdde intuytaisd fomuliph @s a adfererrSdectrbde. OAltdrhativelyes bdpades i n
the cell is a worki nggl ect%lrglde.. Wien t he potential of the working

el ect rode i sClfGtipie Ry Perigsm the Binctigpent agefergncegleptiofe. (such as in a

potent i ometr i ¢ _sqfefidls &iSRABANE YBALKLdouR! dideRRenbELEARRECuELRLABRS | S
present which acts to provide a reference potential. In the case of an
anper onet¥ i cwile rzap rreagasts eirnsubltencen ipkésery ial thetdeside. cOompatibla materialdi dahotve of

the |l evel of an anal yte, .such as .gl ucose, at |east, onge oth el ectrode is

112 a7 uly 2oBRegRly SrsterpmieLE st Al ottt o Bdhe o HeEISI Lt Tode ¢ o
conpl et e t hesugthiie iatepials nédylifidthde, but bR ifot iffted tb, 8ArB6H, c@H6n MRYanddrgMid Bifder, on as
a reference electrode. Alternatively, a separate electrode nmay performthe

functi on of Riatimmgpaliadamy|cabpn.dadumgrids, tinnexde; mixedgpdiumiin axigdes,goldeisitvgr,
counter, and .. r e e ' ' or
subst ances. gt el ftRlel Gk 0f 2 TnaE Sl Ry Neftommed i} AL GRBRREITT o)1
react cheEm calyl spitable Imetliode forsaxbaplanbye spyptessg ntapomcdating, setebn phintangp lthesmalf such
suitable materials may include, but are nqt limtedq to, carbqn,. carbgn and
2n of gani o CRARGRTO, RS RIS 4Rl SRR O USSR PO OO0 B

m xed i ndi unghteRal9XépitRered B0dckben-pkihié8 ko forrh kiechidbfodictiikest Ur €s thereof . These
materials may be forned into el ectrode structures by 10 any suitable nethod,
for exanple, by dyurkimitinggxanplgsnt maserialsrjelened e nsejn referengs, elechadaydnclude
evaporation, aﬁ?ﬂ&%lesaw§y§'ttﬂln§guchs;;sosrilvglof;ii‘xt éo'ﬂ&cpcvith 'sfltlé?%ﬁﬁ_ HX,'siIL/?' lﬁ%ﬁicﬁr&ed
enbodi ments, the materral 1s sputtered or screen-printed to rormthe

el ect r odes stisilyet iodids, antlgmerturyriint comgpcemarcptoss clbridmeraméerairoupsudfater r'de mietal use

in reference el ectrodes,inclu net.al,/ al , salt .syst S as siJlver in
cont st i o rmeY BAsPORER by RRLStNGe TEROH s b et 13N SHRGR sHiRGhh Srobit
mercury in coetapalt. SetalE Adhoddhelide] for@karfiie CalécBUEsis ik & alifble ERIE séTatichl ormaly be
deposited by any suitable nmethod and then brought into contact wth the

appropri at e chegel oxidation. s§neh pietal/metah galt systemuarovideobetien aptsntial captedliinol ysi s
in a sui tabm%&ew fikdsBR{tht r&h}%ag & Isflgfel RBral SHPordTht YstdR! aln g2l t

systenms pro etter potential control in
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 pm,
200 pm, 100 pm, 50 pm, 200 pm, 10 um, or less. In other embodiments it may be
25  preferred that the electrodes be separated by a distance of about 500 pm, 600 pm, 700 pm,
800 pm, 900 um, 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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potenti onetric measurenent net hods than do si ngl e nmetal conponent systens.
In a 20 preferred enbodi nent, the netal/netal salt el ectrode system;4 \éHl}éZOOG
preferred as a separate reference el ectrode in an anperonetric sensor. Any
suitabl e el ectrode spacing may be used. In certain enbodinents it may be
preferred that the el ectrodes be separated by a di stance of about 500 m 400

lam 300 m 1 el the OroN ixTMe I

enbodi ment s ?)tég%ae;r%he&g tprecftéé%r %tﬁg e e?gct rg‘gexs’r bgégegp%rag&tbgéd%g? a

di stance of Réttwnt&5Haas| efnPhigdelphia, ?eQISpImIma 800 pprefotd pmbodimemty saponinsy e.
Leg Agents In cert i nbodi ments, it. may be desired to .include one. or nore
| ysi ng agent&FH ¥ ’} @V%"éf‘l’%”?hirﬁb‘@’é|‘"c‘é¥tf’r &BLiP ezgfff‘% £ ien é's‘gée%?gt iMd ude
detergents, mlalar@nprefeaeai eMBHdimaft, hIRAN Enetdd 'sAItsCOH Jdok FchBRE YETB Savanilile foRases.
Sui tabl e ionic deter %Lpnt s include, for exanple, sodium dodecyl sul fate and

cetyl trisretSigmartienchRiy-ditdof Gestlenih. NEW, Ailﬁgﬂhemnme@ge@ﬁs lyppgegentsyt i c
enzynes i ncl psin, chynotrypsin, pepsin, papain, and Pronase E, a very
active enzynlg%vﬁﬁs;‘?g&%road specificity. Nonionic surfactants suitable for

use include, for Reéddx4redgehty RO GIsexmNcrded ihabey eRttesthanicyl péikmolpseferred

i ncluding the T . TON XTM Serl e avai | abl.e fram _Roh &.H?as oI_ Phi | adel phi a,
Pennsyl vani a£MPqqiments. o FL5f (ﬁaﬁ% fors‘gﬁdﬂl%mcﬂﬁﬂi’@ yellsyfor fpeagiiigosi des
that foami nr%wase in blasaemaheé @16§eﬂﬂuél§ar§ B&pabof eﬁdm%e relifced forAPbft énsyhar ly
preferred enbodi nent, alkali netal salts of deoxycholic acid, available from
5 Si gma W drthetharprogpabler of selgetivelseXidizing |glucowsvﬁxampé<tsrceﬂspaablamy@pefr@hlﬂed as

le?/zlc??ogﬁgnmttgjal ageﬁ |1§%ge(ra:?&érg%g&é F’T% an éf{)’m‘;}%?e”&& &g%]ox glagents for

use in el ectderhgﬂlegermad amchhsD dependentiglucdase gehygtaogenmsse Erartplesoaf redad mafgentshose
whi ch are cap e of oxi di the reduced form of. enzypes, 10 hat ar,e
capabl o of HNERE TS BRI ITE G ABUE ey PR GIAL R TUB L RS
i nclude, budiclrbmateOvanadibint @akdes Openfhntanie; aad eltaBeactad g idgrnliseconif¥les.
dependent gl ucose dehydr ogenase, .and NAD dependent @I ucose deh dr ogenase.

Exanpl eslf Preanie rpdoxgesgeats sugh %Séb?héormwndg@ophfn%ap FHRRJey RIFAPSUERIE- ude,
but are not gy ;Br%ﬁﬁfd drfoodithdrt, tﬁéreﬁ&[{ebé%}{% ly21 EH"@tf&n Qd' um oxi des,
per manganat e, an ectroactive organoneta exes. gan| c redox
reagent s sucBufdes di chl or ophenol i ndophenol , and qU| nones are al so suitable.
| & pref er o el IR, oSk H e SPIE ik BR 5 BHEFRRS e
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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Buffers Optionally, a buffer may be present along with a redox reagﬁmhijbo6
dried formin the electrochenmical cell. If a buffer is present, it i"§V
present in an anmount such that the resulting 20 pH level is suitable for
adj usting the oxidizing potential of the redox reagent to a |evel suitable
for oxidizing, for exanple, glucose but not other species that it is not

desired to Sﬁxte?ﬂbsta}x_pe% WELSliahis yf&gent in a sufficient anmount so as to
subst anti al Im‘m‘a‘r‘r&‘p‘%sanpl e at the desired |level during the
test. Exanpl es oflnsadditiablte rédeixf reagentsnaiduslegfersp lodep katisemcesciany alhatbe presantk al i
nmetal salts of .nmellitic aci.d, kal i tal salt f citric .aci. 5 and
kel ot o e peprianica ol Sich S BSheeRg s RS poplecr SRa alfan
anongst ot hegnd 1bRGhdlécalar WRighholpifes! edidbhilid BbsRHEds Say! alsotR! BtaREed Sfhgs not
to react with the redox reagent. Inert Salts Inert salts preferred for use

in vari ous etipedl, sesitas pplyethyldee glydol, polyaenyliclacid dexteaneandsurfaciants sughes theset he

sanple to be_anal yzed, , bu Q ROt reagt,, w any,_of the rego reagents or
30 bt her _subBRRREBY Renk Hed E8RodS i enfidelbod Peioylttin RIS RRETENECT)
el ectrodes. FREMN®SoOby 301 Aadrieas BRI bf SRilthgloAl IDéfhvard) Uindé e Nedde | dafflet €d
to, alkali nmetal chlorides, nitrates, sulfates, and phosphates. -14 4 July

2006 Ot her SHWHENTeslppepreferredyenthodiment Plspric |surfatants jand antiformingxageatigent s
and buffer S, ax’?ifln)% P’?)Hlbél\gﬁ%esg t. %u%ﬂ s&?sfa%ée%srgw enh\%éeh{hn ffllhr%te of the cell,
el ectrochenical cell. Such ‘substarnces includé, for exanple, Viscosity

enhancer®) aprdvidewnived eabld measueeght, ambinkibti egapotdyidn @pdimdll whindxainples.es my
al so be contained within 5 the cell, such as pol yet hyl ene gl ycol,

pol yacrylic @@?ﬁﬂ%‘éﬂﬁan, and surfactants such as those marketed by Rohm &

Haas Company of Pl aé&ﬁ&hya@opﬁ’&mémé?sn , piefRfifply E%ﬁ]eueﬁcl@a R BonndBHrEON
or by ICl Americas Inc. of "WI mngton, De aevare, under the trade nane
TVEENT" ' . | ndegcrihed hereinetd eletyisali qinsnits ¢apehlonf applying paterdiatsdetwedn shetdldctradsng
agents available fr .ar i ch bsit es e the
P Tate orPiasl el dl baBi e bampC e ARIE R G AR
evapor ati%n érmmsreadd a\powensowed)diresitry flol epplying adontbliedupdtentiaB @l eateniscal | y
conductive | ayers are pref?r(@QJ connected via the connect escri bed
t p

‘
herein to el BETIIREEFSOE (PRI cATRRYIEE; Of, AR \QTRREH BTVAS S iaaqi%%pﬁﬁ'e e%n P he

el ectrodes &RhidBaSH AERE, bPSh&SRVIckd HOcomiPoh&itd & ark Rhow AIMRE Grt. ML @fcter
Suitable neters may include one 15 or nore of a power source, circuitry for

appl yi ng con®bpnilsebe pptdeef being interfaged tem cempuger 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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m croprocessor control device, conputer, or data storage device, a displag
device, an audi ble alarm device, or other devices or conponents as 4oy 2006
known in the art. The neter nmay al so be capable of being interfaced to a
conmputer or data storage device. For exanple, a typical neter may be a
hand- hel d device that is powered by a battery, controlled by an on 20 board
m cr opr ocess L J i : L 1 ntials
or " curr ent s B e ACAR AR Be Chiabl! dffcbmuni B, WhRBREBLALE' (0 2P RL
circuitry summpatraetwaksboghe bitanei to afacititatey thet distribgitiont bf geserndsulti amhthe t he
anal og signal $xon1£he stri dnqﬁfbe converted to a digital signal that can
be anal yzed HRYH8p © styé)tl@1?—5‘dlpg§j)'i Y 'llerlgf)rr ocessor. The neter may also contain a
di splay such as arei shsvel dedription prbviddsasevand nfettioifhhe Mae4aé 3 afle Hesent
circuitry to display the result of the test to the user. In an alternative
enbodi nent, nFmtiget %hls iprpptioisshiseptill e tospedifigatione in e methods gnd gteralasas

potenti al aRBélL%éEfté?Etio%E % %ﬁ&ﬁ%hcﬁﬁﬂ%éth&{s%d e@{ljl{p%l%%l{ir %mhs%%giﬂ%ﬁ)t?o%% %pzed
circuitry may be incorporated i'n a separate nodul’e tThat nmay be 1nterfaced
W th a generbecome nppurent go dhose cskilled Lia tha artafrérard edisiddracompiittieis disclostirherr t ype

of conputer. In suych an epbodi nent, the generic device nmay performihe

cont rol - andirgite o1 38e SNeET GrTH bereiR of CAPEHERD: bt oPb ubrde dhe dhie
enbodi ment  ahléidsn berinfitdde®Sthe $peitd ¥BbodiBERs pfdvided Herasl Uk dndd 6 asiee allhe
generic conmputing device may be preferred for many functions and as such is

not consi®tergedifications andltefrigives coming withia the Eee scophand st ofthe inyertion es
system In ej e j . I 4
Sy 2006 comsricdh i AR s S IRPRTERLE ikl erllF o nBto O by
devi ces suchrefegenkomaheir aingties.er 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 nethods and materials of the
present 5 invention. This invention is susceptible to nodifications in the
met hods and materials, as well as alterations in the -fabrication nethods
and equi prent. Such nodifications will beconme apparent to those skilled in
the art froma consideration of this disclosure or practice of the

i nvention provided herein. Consequently, it is not intended that this
invention be limted to the specific enbodi ments provided herein, but that
it cover all 10 nodifications and alternatives comng within the true scope
and spirit of the invention as enbodied in the attached clains. All
references cited herein are hereby incorporated by reference in their
entireties. 4 July 2006

-16-



VWHAT IS CLAIMED IS: |I. An electrochem cal cell, the el ectrochem cal CJijll
adapted for electrical connection with a neter, the cell conprisin %2908
i nsul ating substrate carrying a first electrically conductive coating, a
5--'-,;1d insulating substrate carrying a second electrically conductive
coating, and an insulating spacer |ayer disposed therebetween, the '

el ectricall WHdﬂ"d[ﬁcQL&tﬁVlEga[tsl ngs being disposed to face each other in a
spaced apart relationship, wherein an edge of the first insulating substrate
carrying thead elestrodlegddal iceld thy elrondetemiva cell @dhptad fexd endsalbeyoedioawiddge
of the-gg@[o&;g, densdélnﬁ;ﬂ substrate carrying the second electrically

conduct i ve. ﬁ‘sg. @g bﬁ%Pa’?é’ gg%rﬂfeléchﬁcdl Iyséélnﬁﬁé i\ c?ol%ﬂﬁgr layst,

wherein t sec

6l ect erasa?qtylg s@ﬁﬁ%&smnmm@ Z&kaﬁf?@?a%wet%@h@%»ga@%q%@aﬂ“h:sfmﬂ i ng
spacer l2ygy disposaddhasastwican.tthe ckerirge Yﬁ%‘%ﬁ%w%o%%tbreﬁ"tgéhﬁi%?rsf‘?‘}?%&c? REFF i r st
el ectrlo&wlrluyacmd@p&Weeldmhm conprises an aperture in a portion of the
first insul atheagnankedpe af thedastripbulatitdhmbliratstcanhmptthe Cadtlejectréablguwonh dweive

coati ngoﬁtbﬁge@a@momwwetmhedaﬁn@ﬁnsmmngrsauétﬁatm BOTHAAGRS secsidh that an

area ofd:fiseall %sﬁ&%cﬁk%sm ﬁd'aﬁe@ OBRE iRR AR, tsaawr%cqe a surface
for formng gl Sn?ﬁé %'ftﬁé’?é’& Db%a??éa?{ N fhet %g rchQr z}’fﬁ 2. The
el ectrochenica pri S r?q ona Hsul at i ng
spacer ¢ ’P‘gif e CPRINEY Fé’ﬁé?“ 5(? gep r’”%‘l@ Cfﬁg?kﬁéeﬂ’ he first

el ectri cal | yWheariadks Iveinsyieting §ubsie CQW%@S HSieh %‘éf‘?% bafqnglueibyrierating e

coat i ngpmphesseimpehard xnsuﬂoatwwqu gaoerinhiggtane %\b@ltr@tﬁ@a&a’mc'tth@ fagt elespirely

| ayer aoedisitityelab &thgthatopposistbeysidigs edfe dhthe apsmit Atinpespader, Awhehacnrapehefithe al
cel I, tbwnalestiode e tadxposdd soadapped,idos sefaetibi Ramisoaneletireal snhbctdon
rreter “;lhleaﬁﬁ{grmrah@ﬁ}g a first insulating substrate carrying a first
electrically conducti ve coating, a second insul ati ng substrate carryi ng a

second,el ectf At%cﬁam ICéeuvoercffmt nhm% eml% %&%ngt

dis os t h e|n ﬁy osed
to Fac gavctﬁ s dpacee ars&%sfaﬁbeﬁdb ol : ectw@wewﬁ% e
first i iﬂca»a c@.sbléx‘f °Eé?? g ‘f’ 'éfcm ﬂm‘é’ EesPRSATII3YE 6R ionsal
coat i n§PESRE éfsmﬁéy‘é'ﬁa ah OEE@%tecﬁF °c5 REGRRSHHTS nsul ati ng substrate carryl ng
the second electrically conductive coatlng and beyond an edge of the
i nsul aBi ng spaclectréchymical acld thh eleeirochetnecdl iceld kdaptedi Fatelentrisallbspmeatien eathrayi ng
the fi msdtterel ectrically conductive coating and the insulating spacer |ayer
conpri se an Pt eirprisSUER firdl ddhsuddlindlsaBstafte E48/i8L 6 Fst e@éc@ﬁ&ﬂ@d&nldﬁb’tﬁfe i's
eXPOSedy S AT sb@mRNRNMIAR A8 W48 8T AL afsRESHIe AR oA hECHTduERre CHRRECIHIOR Wi th
a met efns\ﬂia@m&@ﬁacer 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 spacer layer, and
wherein the first insulating substrate carrying the first electrically conductive coating and
the insulating spacer layer comprise-an aperture, 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.

4. A method for forming an electrical connection between an electrochemical cell and a
meter, the method comprising the steps of:

a) 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 therebetween, the
electrically conductive coatings being disposed to face each other in a spaced apart 1¢fationship,
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 sccond electrically
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aperture. ‘4. A nethod for formng an el ectrical connection between an

el ectrochem cal cell and a nmeter, the method conprising the steps gt July 3006
provi ding an el ectrochem cal ceII, the el ectrochem cal cell conprising a
first insulating substrate carrying a first electrically conductive
coating, a second insulating substrate carrying a second electrically
conductive coating, and an |nsulat|ng spacer Iayer dlsposed t her ebet ween,

t he elecéilcall cond cglv t|n bel dIS q cf E each o%herfln a
spaced % CPVFé?P Pon é?ﬂ “%%1 ncngP FY?‘s?ﬂ REEHCHL PR goee©
substrafe%awmswfaéhwtf%ﬁ caéﬂé&uneoémn TEHAGEL GNBIGHYS FRAINGEENES beyond
an edg®epdnd the edgeohtheiinsuibtitg spgeerdbpart at e carrying. the second el ectrical l'y
-17 4 July 2096ovidimglachisiee, the ateiargoaipd singyowed genaneldgei vof pdihe thewedge i ng
spacer cb@%{aﬁgm gaRdippbetelBe thiRluedeesiface bhe 1360 aNged isednahi g Suhst rat e
carrying végﬁm&s%%ﬁ;ﬂ&ﬁ&éﬁ{ cARdE L LGQ%&é}gwﬁéFcf—EHx% whexend. Lbe gdge

of tge LN uIa %kﬁ ceH ) provi “meter ° ter cod rising

a we e an upper, we conductive

surfage and C&“FSGWQQ “@5&&@6 tg{@héi’}%‘? E %8’5 TBBG%BLY@?W%@’Q&’&‘Y%’(S%S in

el ect r insgrted batwashdas PerﬁlOWOtfhhft st Wﬂ@?lﬂsﬁmﬁ@t%%@ﬂm&ﬂ deddapabl e of
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connection between the first electrically conductive coatlng and the | ower
wedge conductive surface is forned, and whereby an el ectrical connection
bet ween the second electrically conductive coating and the upper wedge
conductive surface is forned.
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