PROCESS OF MAKI NG ELECTRODES FOR TEST SENSORS FI ELD OF
THE | NVENTI ON [ 0001] The present invention generally
woebee3so a process of naking el ectrodes for PCEAIS2006/048876
sensors. More specifically, the process is directed to
maki ng el ectrodes for test sensors, in which the test
sensors are adapted to be used in instrunents or
neters that determ ne the concentration of an anal yte
(e.g., glucose) in a fluid. BACKGROUND OF THE
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[0004] One method of currently forming electrodes and leads on a test sensor is
by laminating a substrate with a metal foil followed by a subtractive cutting/ablation
process to define the electrodes and leads. Another method currently being used includes
sputtering a metal onto the substrate and subsequently removing the metal by a subtractive
cutting/ablation process to define the electrodes and leads. These existing processes tend

to be more costly than necessary because a portion of the metallic material is removed from



netallic deposition processes thensel ves can be

costly. [0005] It would be desirable to provide a
worethoasBer form ng the el ectrodes and | eads oPCT/Hi82006/048876

test sensor that is nore cost-effective than existing

processes. SUMVARY OF THE | NVENTI ON [ 0006] Accordi ng

to one nmethod, a plurality of electrodes is forned on

a test sensor. The test sensor assists in deternining

the concentration of an analyte. A substrate is

provi ded. At |east one aperture is forned through the
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accordi ng to one enbodi ment . )
electrodes of the substrate. The plurality of electrodes assists in determining the

concentration of the analyte. An enzyme is applied to the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a top perspective view of a sensing instrument or meter
according to one embodiment.
[0009] FIG. 2 is a top perspective view of the interior of the sensing instrument
of FIG. 1.
[0010] FIG. 3 is a sensor package according to one embodiment for use with the

sensing instrument of FIGs. 1 and 2.



[0012] FIG 5ais a top view of a substrate with a
plurality of apertures formed therein according to one
wentwoarivent . [ 0013] FIG 5b is a bottom vi ew oPCT/N82006/048876
substrate of FIG 5a [0014] FIG 6a is the top view of

the substrate of FIG 5a wth a catalytic ink or

catal ytic polyneric solution applied thereto according
to one enbodi nent. [0015] FIG 6b is the bottomview

of the substrate of FIG 5b3with a catalytic ink or
catal ytic polyneric solution applied thereto according -
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or citﬁ@hebalﬁﬁ‘&ﬁfﬁihﬁtg)d@p@lﬂ&tl&métﬁdbdimﬁtng t[a@ﬁszz}nbléﬂmaexﬁb is
a cross-sectional viewtaken ener al |

|
o0 1087 Al wars FoomeieemeSGrecrans e iR Bty faken along

-hne%b%ﬁ“{nﬁ@n ggenerally along line 9¢c-9c of FIG 9a.
[0024] FIG 10a is a top view of the substrate of
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8 UPet7]a srﬁ&e'ta sntbie dop jvievaof 4bh éﬁbfttf?é@ of &§1Gc barifihg plurality of
=
elec&rPg%s i%glein?l oeﬁ% T %ﬁcgw '?%EJ he eg%ﬁbeor allkaley along line

| Ogob1¥) of FIEk.Grb 19%he pOfiaE] VIEWGof FOG. i68 with an electrical connection

cross-sectional view takg %ener ally along |ine
formedctheroen gecrfits 1 @Re EOWSPMELG 11a is a top view of

t hq{)ﬁi@}’]St FRIe Y isharaeﬁial'geal drb¥s-ecti8hACinOdRSy generally taken along
line 7c-7¢ in FIG. 7a.
- [0020] FIG. 8 is a top view of the substrate of FIG. 7a with a reagent applied
thereto according to one embodiment. |
[0021} FIG. 9ais a top view of the substrate of FIG. 8 with a lid attached thereto
according to one embodiment. ‘
[0022])  FIG. Sb is a cross-sectional view taken generally along line 9b-9b of FIG.
9a.
[0023]  FIG. 9c is a cross-sectional view taken generally along line 9c-9c¢ of FIG.
Oa.
[0024]  FIG. 10a is a top view of the substrate of FIG. 8 with a spacer and a lid
attached thereto according to one embodiment.
[0025] FIG. 10b is a cross-sectional view taken generally along line 10b-10b of
FIG. 10a.
‘ [0026] FIG. 10c is a cross-sectional view taken generally atong line 10c-10c of
FIG. 10a.



formed thereon according to one enbodi nent. [0028]

FIG 1l1b is a bottomview of the substrate of FIG 1la
wowdaoh/oase3el ectri cal connection formed thereon BCT/ORZTNGIGHSST6
to one enbodi ment. DETAI LED DESCRI PTI ON OF | LLUSTRATED

EMBODI MENTS [ 0029] The present invention is directed

to a nethod of formng a test sensor. The test sensors

to be formed by the nmethod are adapted to be used in,

for exanple, an instrunment op neter 10 such as shown

in FIG. 1-3. In FIG 2, the inside of the instrunent
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for engagenent with the sensor package 12. [0030] The
sensor package 12 of FIG 3 includes an
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lab?aie’- Pﬁ‘za'ﬁf %%fd'ieé%aensw 223t FAISOBAGKAEE baghe@nTThapiusplity of test
sensts QZ iPuRAS %ﬁsttlﬂ %leﬁfﬁirﬁﬁg c@h¥hons! %;%ésr r@f&%gss that may be

enbodi ment, the plurality of test sensors
mewe&ipwﬁbwﬁugiu@sy beidemoéébseﬁf@/,n@mlcstevreladtlglzyiceﬂidetsh &DL and HDL),

micgﬁﬁféﬁrﬁﬂl %Eﬁl %fsoﬁ in {ngr fuelq sgsla%O be %g 1, slj:ggﬁ%nnqated that other

anahye dcas:entrhmonSSnaja bt elemnaired. (Tiat axﬁdl)hesf nﬁpb,éﬂﬁ§fdi‘&alxaﬁ91e a whole
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titers (e.g., antibodies), or any other measure concentration used to measure the desired
analyte.

[0031] In one embodiment, the plurality of test sensors 22 includes an
appropriately selected enzyme to react with the desired analyte or analytes to be tested. An
enzyme that may be used to react with glucose is glucose oxidase. It is contemplated that
other enzymes may be used such as glucose dehydrogenase. It is contemplated that other
test sensors may be used.

[0032] Referring still to FIG. 3, the plurality of test sensors 22 is stored in
individual cavities or blisters 24 and read by associated sensor electronic circuitry before

one. of the plurality of test sensors 22 is used. In this embodiment, each sensor cavity 24



one of the plurality of test sensors 22 is used. In

this enbodi nent, each sensor cavity 24accommodat es one
w@boorloesops ural ity of test sensors 22. It is  PCT/US2006/048876

cont enpl at ed, however, that the sensor package may be

of different shapes then the generally circular shape

depicted in FIG 3. For exanple, the sensor package

may be a square, rectangle, other polygonal shapes, or

non- pol ygonal shapes includigg oval. [0033] The

plurality of test sensors may be stored in, for
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i ns{®33knt ‘Dhe phwrality afttesisepems argyl ba etérqdhm; forhexample, a cartridge
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i,nvention is directed to.the foryatjon of e.tes
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t her et hr ough el ectrol ess plating catal yst sol ution
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t es(O(ﬁéihsorTheA;bneeﬁrntappd:rylonglstmssceddem thel ﬁﬁmapbmtdfrtge test sensors.
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ele&tp&ieénﬁldy ids [ogot%,@] tedtN€ens oY €L eaﬂ?)ﬁ)ﬁﬁgﬁﬁe e%cgggs%mmg catalyst

he test sensors Is a process t WS pro uct
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canl¥e dIPTRRERIOGF IR RTINS dateiasnyor is a process that allows
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be [0036] The substrate to be used in the process of forming the test sensors with

the plurality of electrodes and leads may be comprised from a variety of materials. The
substrate is typically made of insulated material. For example, the substrate may be formed
from a polymeric material. Non-limiting examples of polymeric materials that may be
used in forming the substrate include polyethylene, polypropylene, oriented polypropylene
(OPP), cast polypropylene (CPP), polyethylene terephthlate (PET), polyether ether ketone
(PEEK), polyether sulphone (PES), polycarbonate, or combinations thereof.



used in formng the substrate include polyethyl ene,
pol ypropyl ene, oriented pol ypropyl ene (OPP), cast
w@oedoypropy| ene (CPP), pol yet hyl ene terepht hl at BCT/BPEND6/048876

pol yet her et her ketone (PEEK), polyether sul phone

(PES), pol ycarbonate, or conbinations thereof.[0037]

The substrate includes at | east one aperture forned

therethrough. It is desirable for the substrate to

forma plurality of apertures, which in one enbodi nent

may be referred to as via apertures. One non-limting
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The %E%gﬁér?eosf th Q{}E%s%\g?e dﬂgpﬁé@%ﬂly%&% ahapss Rliscahteinyplated that

tures such as pol ygonal
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pective I1ts electrical connéction using the
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r at I
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the tReetfr6dss with etsclatspadcyive ¢tsleiE|Ctmrral camadcylbn aspy tymtwnc&des 104, 106 of
solution 1l Ca-c is applied to the first side 104 of
the syhstatepd% at e 100 while the catalytic ink or catalytic
pol Wﬂ C RREMihEMo HEs! 6, W the dubstratd €06 8ddidks a catalytic ink or
opposi ng side 106 of the Substrate 100. Wen the
Cat%mcabyb/mncnwlohom a8y yi? theretoy ndhp ccakdytig igh o1 totalytippolymeric
lied .t £ r
ol 8005 BRI PO OBl | Ry ko
catzﬂﬁid’fpdﬂgmtehe splutioal 1il1Ryis afpladentths ssohd zapolsmmide 106 of the substrate

illustration of. the cat tic jnk or
1000t fhe S8R ORE pEGCbEs e iRt Y100} 12 d ppticd o the
sub?tgitécﬁmt sbfhe26¥dtHeOMR d0sollteora pen,t Lre 151Q£;§hdd301$tb(1‘hﬂ ihgide surfaces
[0040] The catalytic ink or cat

fonpma/thémleraw ot rRAtUrPOA0%E-s AfpPiusEaUo 02 t%“eg?t?'éf&c ink or catalytic
pol Eﬁg B dfdat 11 1'129%5%%&'% hiYe E@FABe N adeint iétlabd )foﬂlfung the aperture

ectrodes an Specifically, in FIGs. 6a,
1OZdhe shawa iy FI1G. 60nk or catalytic polyneric soluti on

11oﬁ)040] 1121"he ca i/t'i]ct, %9( opcatalytlc polymeric solution 110a-c is applied in a

desired pattern that will eventually form the plurality of electrodes and leads. Specifically,
in FIGs. 6a, 6b, the catalytic ink or catalytic polymeric solution 110a-c, 112 is printed in
the shape of a plurality of electrodes (e.g., the working electrode and counter electrode) and
their electrical connections or leads. It is contemplated that the catalytic ink or catalytic
pblymeric solution méy be applied in other patterns than depicted in FIGs. 6a, 6b.

{0041} In one embodiment, the catalytic ink or catalytic polymeric solution 110,
112 applied to the substrate 100 is an ink-jet printable catalytic polymeric solution. The



the shape of a plurality of electrodes (e.g., the
wor ki ng el ectrode and counter el ectrode) and their
web@awriss@l connections or leads. It is contenptBUSINNG/048876

that the catalytic ink or catalytic polyneric solution
may be applied in other patterns than depicted in

FI Gs. 6a, 6b. [0041] In one enbodi nent, the catal ytic

ink or catalytic polymeric solution 110, 112 applied

to the substrate 100 is an ink-jet printable catalytic
polymeric solution. Thecatalytic ink or catalytic

catdptiey AR i08 oaed1id PBlyAskR! S8lutith k&@aﬁl&@%r@ %f%%ir%le@él?tpﬁgted may be

% be applied to the substrate by a vari et
appfigd o dhe %Hﬁ@sbsg@ VaBetyp methads siphaaausczeqar prmtmgg gZramge printing,
10K - t a
and B JuGrrRings) TRPeatdiyo il & il P Blep e fd' Botudes o termoser
or tHepennmpktas]tcpnojtymlj%dmﬂowoﬂml Emdutgen wfod Ltmtaé@uib ?ﬂrlrﬁ adhered to the
1 c..f1l madher f he substr This filmis
S“b%%ecibgtﬁlg’ BRoBetang gl Oef?PFPlﬁ eé%féwesafaﬁ 8§d- [ 0042]
Accodzng hecéragnd Rl Bﬁéjme@?;&? raﬂ'ép%é:é&tﬁiﬁ%' ﬁk'o? aﬂfb&ic polymeric
catal ytic polynmeric solution'is applied
soldjonds appliedoifds dradpr éuréﬂ g)n@reyamglemf a:dm’mg})rmumgsmocess that may
violet i
be yois EnS By BRI il Fhe ot prBHR g Bt anih€ or curing by
apphppg hergal Heatral Thee adtalyllib emkadirabaythllyﬁcl pRy@eri€ abaltivhi Bas catalytic
ut i.on %f catal ytic properties to all ow

proéelrléc% trooa}]fé)%glﬁfté?lf:ﬁgp ¥943] After the catalytic ink or
cat@bys) c Blcy IR dafalHid ik &*bath?ﬁlcbﬁﬂ?mgﬁglsbﬁl@ioh Giak IB@en applied to

supstrate and dried 1 n the process, substrate iIs
the spbstraie, ppd dripdoing thedprogsssc theosubstrats ist ¢lagralesly alat@d o¥Electroless

platfr?gaﬁsteb Ateddk HELASH fo diy %Bh&lﬁ:ti@gt]’ﬁéf% O bl C#IP Tte W AkBut using an

Wt hout using an e |c current e con
elecfi¢ qTens. @@mﬂum\m ractadlsoganbiwlymlmtelfomﬂﬂ meddiied paftern of the

: g t.al yt fil at h b lied to .
5 R 8 SR T S ol e o
depasiexd dveeth@rdrkd d@lcutsd cathlged Alny ﬂia@ 1rfd1ﬁd8s&ﬁ@&lebt?&5é&%ﬁ§tmg catalyst.

t he SA@CHOI ess plati n% cataly [0044] As shown in
FI &0 {RE TOHBUR FIG- @t b8 @endurégfet m@tqm dpfimes tthe gflurality of

elecﬁjoag 1 86251 4640zhd M%s;fé@gvé tl?a el?t@r@,ﬁgh?cﬁe ’l:}Fee IilCﬁlgﬁYe metal also

. The conducti ve netal r| ca
fon%meaé«tqt@wl Topnénsioneld beh‘ere@i émterlmﬂmdtmmm itst ®adl @20d. In this

I b . .
e D SIS 0 o i o

e]echée:leradd B3 ggplyinBytha p@iduictige irltgalao Ibdth? tid¥eormalbdtfute 100 assists
bl |de of the substrate %{O assists in solving the
in sQ pr 815 %ﬁmpé %}%gfeggpl}y e fhe praa of the working €lectrode with a

mmimdiﬂﬁl o0 p@inﬁﬁgfﬂdfh%&lhlga TS eHAb&inRht Rt 1 0% @Bfantageous in that
handling. This enbodinent is al so advantageous I n %1

addifjgpal; %Pé?f‘a%s seyed en fthe Gepy é‘dedrﬁ"*tfﬁ dh¢ pybstraty Y h@4usef ofcthe electrical
conifeléBsh rlaé %eﬁ%o@ﬁ@@%ﬁemggectogﬁ fg%tct%]g ?ﬁﬁl%%é: y)(? g{lng additional

bei ng | ocatéd on the secon e su
space@ay ehuseddd dom additional electrodes such as, for example, electrodes adapted to

detect underfill or interferants.

[0045] The conductive metal located in the plurality c;f ‘apertures 102a-d
establishes the electrical connection between the working electrode 140b and its lead 140d.
It is desirable to have a substrate that forms a plurality of apertures in case one of the

apertures does not establish an electrical connection.



space may be used to form additional el ectrodes such

as, for exanple, electrodes adapted to detect
waie@enfioé or interferants. [0045] The conduct POBURBD&ED48876

| ocated in the plurality of apertures 102a-d

est abl i shes the el ectrical connection between the

wor ki ng el ectrode 140b and its lead 14Qd. It is

desirable to have a substrate that forns a plurality

of apertures in case one of ighe apertures does not

establish an electrical connection.[0046] Non-limting

exa of 46t |V | set b ed in .

el e@i r gfess‘?I %fg?’:‘lt?{%é ie%ca:u %‘gﬁcfg ?gp{@??&ﬁhg@?%g%a&mw be used in
elegtrdlossr plapingt include @apiperdnickel, rdotd]i sitmer,C plagintim, tpalladium, rhodium,

[ ' . | h . F le, . .
corR PR B R Sy SRkl combiacion

ma$ 8BAYEd by theBhahctBle BetaPHA dotalt Dy HRY REndtaed RS cdiictive metal.
conductive netal. It is contenplated that other

It insenipmiplated that jotfies regvalligimasggals fand klloys b theesamizemey bd used in the

' . S at | ess, .l t.is contenpl.ated
ctobILAERSE LGS PP BnPROREAR: s SIDUR Gl om o
comighation sfichetblsatuch thaiss lesspeehsiee llayeer(e gt . mickelndrc®Iper) may be

or, copper) .nmay be plated fir, and .t hen an enzynpe .
plaiedy éfsﬁm’ (¥R e Pt cetafiripl m%lg@flﬁn Epldh PLRTI opalladium or
rhoﬂﬂmg}i Ay bERYdEE 1atétd erthel tBicRhess UThd BordtREBSS nftalli® ®raterial may vary,

condu

ctive netallic material may vary, but generally
but; generadly is e abovtol shabent1i®d minchenand.amere Bpially, from about 5 to
abduY Bb ¢@hb¥es. f rom about 5 to about 50 minches. [0047]
The el ectrol ess plating process typically involved
r ed[Mid}y a Thenglearolesst plhting) paccesy) tgoemlys Divotvednrediidiag a complex

e S BT S50 558 e b ke B0 et by an ot

or genith phkivbiRecdsy.nITIR| ddaebts bdld8sn AypTtdil, Rkludfct @NGild or strong
r educi %g a%ent_ that varies by the netal or the bath. _
redygie pgenidhg asige by thataetaherthisdaths dane redarimgiagentahat may be used in
ledAbdsNBlatifig SO HoHB KRB id eNGNESBRO Xt is {dntl
© ecqnt g%laa{t%d t hat ot ﬁgr%gﬂlﬁ 313 aéen%%s #&&/s %)&emélgglétﬁdnthat other
rededing pgoite ymydeatsed in elgtteolesyydating. SBhadqueoussnutien may be located in

i . i whi ' f J
L LA N AT NE Y h——

substitits tH0Atprodddds Airoagieals elebfrolegdiplating bedt dopkAaing Rhatbiihictive metal
t he conductive netal that forns the

bat h contai njn
thafpﬁ%mﬁ?et R)“%?ﬁgt% PEelerienies aaf fFateads. [0048] The
subgions] € The saPRMRis eRIWVED SroRftHe: KAY ah@ i0dri&Ptd Rrm tfxe plurality

formthe plurality of electrodes, |eads and electrica
of eentrndes.i lgads argheleftricelagdanpectians. dipedifisally.ethawpadiuctive metal located
in th® j ' . l.i sh he..
in PSR O LEURLLLAI e Che BRI, AR RNER: HSiacs of e
substrdtet (Tieis iMwisgated, fok lewsmplet @ FIG.07c eharepd @lating 16yds (which forms

the ?eawt{o%i Fhd gtelle%%'iéa?xgﬁne(c%rll clqi?.)f 1%rt[gsnned on the catalytic ink or catalytic

polymeric solution 110c, 112 and also extends into the aperture. The plating layer may

substantially fill the aperture such as shown in FIG. 7c. The plating layer needs to be in a
sufficient quantity and properly located in the aperture so as to establish an electrical
connection between the sides 104, 106 of the substrate 100.

' [0049] The electrodes, leads and electrical connections are dried and then a
reagent layer is applied. For example, as shown in FIG. 8, a test sensor 190 includes the

substraﬁe 100 and an area 160 that includes an enzyme to assist in determining the analyte



the lead 14Qd and the el ectrical connection 142) is

formed on the catalytic ink or catalytic polyneric
wa@edawrsse 110c, 112 and al so extends into the BPOPUB20&048876

The plating |layer may substantially fill the aperture

such as shown in FIG 7c. The plating |ayer needs to

be in a sufficient quantity and properly located in

the aperture so as to establish an electrical

connection between the sidesg104, 106 of the substrate

100. [0049] The el ectrodes, |eads and el ectri cal

: . _ : .
comgéggf&:ﬁgé .oqgger: ﬁggdagn%@g ?;@g@'g\;\%ﬂy,?anﬁﬁ@%%%lé gxxt?{éxgétssthe area 160 with
the senysoy. T9E areec | Giiemy tifdudeudther mberidB0o ansistan detemiti6g the analyte
t hat .i ncl.ude n _enzyme to assist in determning the
con m%}?g@g#beeﬁ‘f‘? nyof the fluid sanple.
q]?némc al R¥ferAng t¢!IFIGS 8APA Qest QRhaft 200 Nt k& sts 1B Uetermining the
the enzyne. The area 160 may i ncl ude ot her

anamﬁ écrqoaCilggtt@ oag simhodimentds depictidn gThthteshpruisgr 800 is the same as the

test E?fécb?gtg?)a%fl ]?I@is%f b'ilp %vufhl %Bg 1@;@112% a@lcpe%&lat d*{ cﬁécpg) {h% substrate

t ’sensor Sists I n erman
100t HEhasuisyte HOCandliledid 08® neayeebarticired byi 5 vatégy ott‘méthods include
nsor 200,.is th the test sensor

heat—srea'gp%%lg %3 HiSnE 40 zﬁihgswp dlglfgwg gges Sae%ﬁtd‘@aloflﬁ SYOSp~ §ect10%g1 views of

the kst %B@xd?.@@ Fite seuhsihaes £sphil 187 femsdlsdtwadiethb G B0and substrate
the lid 180 may be attached by a variety of nethods

100;w;igh E}{?eel?fé&dﬁééﬁp 2R thefgagapt IERE0An adhesi ve. FI Gs.
. es[togglld epyf EnthﬁEIl %ﬁo&%ﬁ? éf@}gﬁc'ep Rdh d %@S%cg.{e tdaethg substrate to

Sensor oc | nC €s a space orne
formh et testesensor Rﬁfbni@ tf&ﬁlﬁs Uibet G, B80senisoth3@0hés the same as the test

snGh SR OO L5 P By 1000 8%30k4 By e 10

and $HE $idr E80emia9 beaidded té2@Mer 9€ @S}ﬁu’rateﬁefoetﬂlélsﬂﬂstfﬂe RD6S FIGs. 10b, 10c
10a, .10b, a test sensor 300 is the sa as the t

depict Yapipus gFgsyrechppal ewp of thy et SS“%%&’@QI‘ Hep 196 dnql}itées a space 282
fordlédjbétgzgell? Bleeh agsiednsuHiel (?(pﬁg‘@focao’tlg befRckchlife bdded Pd.

be added together or separately to the substrate
100[0052168 It1ig blsommtedepia@d iy anpibes embodisnent ¢hdt dheaklectrode lead of

one HHS Fecsby 1R w8 AR Toeanod BT b P IEE oyace white e

elec&bdellee@tcﬁ'dalhﬂhmerecﬂrm fyCche calitely[10052d dd ai Sccahd xside of the
conte Iat ed i,n anot.her odi msn{ that the el

de.
subsiiiley” For HaRIe RETHRE o i8S | Myl Lo S ARRSiats, 400 it dgmicted. The

sub§iht@ 460 ifludels 48 eMctlole 16adFADE ah& alBldcRolid 2814808 \WE8h are located
| ead of another electrode may be entirely |ocated on a

on epRasHE Silereolothebstsaip ¢PP.afle this gmbodimpnte the atbsirate (@O includes a
pluthQtyF b teckbes 1440 F 4805 WA LA LR AR 'énﬁ&ﬁi&:&é?sd eﬁg-lh?shed via the

substrate 400 i ncl'udes an el ectrode
apersiines 103aled 02bfgrmad in thensubbirate d0Dodatond emboclppcm thg electrode 440a

is asé' ggfér a[ec rﬁg%iﬁlc? It’ffe eggglrog eo440'br}s tahvlvc‘?rklenngJD gc':t?c? e.'In tEJS embodiment,
the electrode 440b is electrically connected to its lead 440d via the apertures 402a, 402b.
PROCESS A
[0053] A method of forming a plurality of electrodes on a test sensor, the test
sensor assisting in determining the concentration of an analyte, the method comprising the
acts of:
providing a substrate;

forming at least one aperture through the substrate;



plurality of electrodes 440a, 440b and an el ectrica
connection is established via the apertures 402a, 402b
wo coomeas9Be t he substrate 400. I n one enbodi meENPCTAURE06/048876
el ectrode 440a is a counter electrode and the
el ectrode 440b is a working electrode. In this
enbodi nent, the el ectrode 440b is electrically
connected to its lead 440d via the apertures 402a,
402b. PROCESS A [0053] A netyfgod of formng a plurality
of electrodes on a test sensor, the test sensor

AsSi S . . :
B30 e M AE R P Al D BB S B W pRlielon fo sides of the
subgtraelbe cathbticfiok o ngtabticlpefateron®laer dssiséng lim defjiinghie plurality
strate;applying a catalytic ink or catalytic
OfGB??FrﬁﬂEsr?’Et@égﬁtsF‘b% 5 ‘W%a pattern on two sides of the
Sl At fng e caiatylik ihk GricRtalic %&l&ﬁ\%ﬁ& is61upiBhYy BREirSless plating of
sol ution assisting in defining lurality of

the subefratedesioom theephusality seinther eleami@ldeaf ok rth%lpwsyﬁa#g thpeplurality of
elec%]% é% Yo} s(l?lngnllfrigtrerrﬁﬁﬁ% eﬁtfe'c‘anp t4HBh ogﬂ'%oinflﬁ%}t (A

ating strat
gg &3|ty of the el ectrodes -of the substrate, the

Corloieh e e esfiod @ et fo v eRAL S BRSO FPOpR mterial
PRd@&ﬁQﬂ of process A wherein the substrate is a

dﬁnerlc materi al . PROCESS C [0055] The net hod of
0551 B Wher@rthogdhel pepoprerB cWh%}'F’élr ithg PohENgréregnaterial includes

oSSR PO 0B oBE LM i o

polyeeln)dplrﬁ telrenhﬁml(auémr) polyethdrethes tkhteme I(EEEK(), HOPEERGr, sulphone (PES),

er sul e (PES) . polycarbonate, or
p°‘%°&ﬁ%‘1‘\%%f’6ﬁ%m€ BfiGyt the SS D [00561 The method of

PROEEBISS A wherein the electroless plating uses a
conductive_netal being copper, nickel, gold, silver

pl amﬁﬁ}n phe| method of nFarers Atdﬁlaqrfzm tﬂi‘% electroless plating uses a
conrﬁrgfrﬁ)g&ﬁgia? Being’ o9 gbéroﬁktaf‘ Eohf s1lvng%§§g§ p%ﬁgc'i_ﬁ]n HSdium, cobatt,

) ( pro eréin the th
tin, comduuitione onalleysithereofat erial is from about 1 to about

PR&&%S'E i nches.

[0057] The method of process D wherein the thickness of the conductive
metallic material is from about 1 to about 100 u inches.
PROCESS F

[0058] The method of process E wherein the thickness of the conductive
metallic material is from 5 to about 50 p inches.
PROCESS G

[0059] The method of process A wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by ink-jet printing.
PROCESS H

[0060] The method of process A wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by screen printing.
PROCESS 1

[0061] The method of process A wherein the catalytic ink or catalytic polymeric

solution is applied onto the substrate by gravure printing,.



PROCESS F [0058] The method of process E wherein the

t hi ckness of the conductive netallic material is from
W®2a00/023960it 50 m i nches. PROCESS G [ 0059] The Pel/bsmoe648876

process A wherein the catalytic ink or catalytic

pol ymeric solution is applied onto the substrate by

ink-jet printing. PROCESS H [0060] The nethod of

process A wherein thecatalytic ink or catalytic

polymeric solution is applied onto the substrate by

screen printing. PROCESS | [0061] The nethod of

PROEE%&?SS A wherein the catalytic ink or catalytic

ric solution is applied onto the substrate by '
gr §8062% pritet megoPROPESSsY Al fiode] inthuling dndel of curing the catalytic
. @;oc?ss AlfurtheH i.ncluding drying or curing the
ink or-gafalyliG polyenig SOUPRY vt ¢ pol yreri ¢ sol uti on. PROCESS
ProKek®R631 The net hod of process A wherein the at | east
one aperture is a plurality of apertures.

PROCESS L . .
[ 008031 TheTteemeBdaT RIPesRse s WReTF e # IEH OPF GPETIEs 2 plurality

rtures is forned by a laser prior to defining
Ofm%%%ﬁgﬁurality of el ectrodes on the substrate. PROCESSM

PrROCEBSB} The nethod of process K wherein the plurality

O BB o s o 5 B BRI R B P Sl romes oy
a lad¥r pAOSR)] defhitngichod iy dedatdesdon tHetsabstritac! udi ng t he

act of attaching a lid to the substrate. PROCESS O
PROGESSM. The net hod of process A further including the

SCARRY, 2P St ORI UR A of gk s o by
punetridg phier to defining the plurality of electrodes on the substrate.
PROCESS N

[00(_56] The method of process A further including the act of attaching a lid to
the substrate.
PROCESS O

[0067] The method of process A further including the acts of providing a lid,
attaching a spacer to the substrate, the spacer being located between the lid and the
substrate.
PROCESS P

[0068]  The method of process A further applying an enzyme to the substrate.
PROCESS O

[0069] The method of process P wherein the enzyme is glucose oxidase or
glucose dehydrogenase.
PROCESS R

[0070] A method of forming a plurality of electrodes on a test sensor, the test
sensor assisting in determining the concentration of an analyte, the method comprising the
acts of:

providing a substrate;

forming a plurality of apertures thxough the substrate;



substrate. PROCESS P [0068] The nethod of process A
further applying an enzyne to the substrate. PROCESS O
WO 006075936 e nmet hod of process P wherein the enegTES1086/048876

gl ucose oxi dase or glucose dehydrogenase. PROCESS R
[0070] A nethod of formng a plurality of electrodes

on a test sensor, the test sensor assisting in
determining the concentrati on of an anal yte, the

met hod conprising the acts ofy providing a substrate,;
formng a plurality of apertures through the

Lt a?éﬁ?l?liy :lilﬂgotaczﬁa&fg% %ﬁ%fgﬁlﬁ%l@oﬁftioﬁ%l %le%/att%% oR two sides of the

sy
pol'yireric solfution in a on two Ssi _
subsiuifs thatostalytiveink air @htal ytic potjanenic saltitibly hssistingl ipndefining the plurality
olution assisting in defining the plurality of
°fez?°é%’f‘F%8% eo‘i‘?“tﬁ’?ggqrest sensor; after applying the
caftal ybpigininke Qﬁtaqlﬁioainktdrcca@él%ﬁ/dTEBl'yﬁleﬁ_@'éé'ldt%, electroless plating of
el ectroless plating of the substrate with a conductive

the sghsirate With graenduelis metal o fprsthe Rraity of theddectrrdes pEthe substrate,
the g%@i@f%lec%ﬁe@ééé{sﬁh% Gy d&gm?ilnﬁg t'timg ggﬁceﬂfk}ﬁ/iigl? bgﬁlg' ddalyte; and

etermning the concentration o € ana

f turthies applyplgamenzamedn tygmubisatehe substrate. PROCESS S
PR(LQ@JSJS] The net hod of process R wherein the substrate
olynmeric material. PROCESS T [0072] The net hod

of [MOTEEss TReWehed 6f prdCeRIRrEGhERIEHS sPbatdtd B ASSI§mBric material.
conductive netal being copper, nickel, gold, silver,
PROCESS'Tym pal | adi um rhodi um cobalt, tin,

CONfiona] | ONBe OelddO¥t bRRE&OR S8 (A0 et Blati
rreﬂ?od Iof pr_gcess R V\/rje{r)ei n the cata y%éc e?%% or 8afng ases &
condugtiyeymietal heingrmopper, sutkel,i goid,isslverp platewng mabladiven, thodium, cobalt,
: { C i nting. PROCESSV [0074] The
tln’%{@gﬁc?%ggs §¥%@° ss'gtﬁ%e%erei n the catalytic ink or
Procisslyti c pol ynmeric
[0073]  The method of process R wherein the catalytic ink or catalytic polymeric

solution is applied onto the substrate by screen printing.
PROCESS V

[0074]  The method of process R wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by gravure printing.
PROCESS W

[0075]  The method of process R wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by ink-jet printing.
PROCESS X

[0076] The method of process R wherein the at least one aperture is a plurality
of apertures.
PROCESS Y

[0077]  The method of process X wherein the plurality of apertures is formed by
a laser prior to defining the plurality of electrodes on the substrate.
PROCESS Z,

' [0078]  The method of process X wherein the plurality of apertures is formed by

punching prior to defining the plurality of electrodes on the substrate.



solution is applied onto the substrate by gravure

printing. PROCESSW|[0075] The nethod of process R
wok@re7393¢ he catal ytic ink or catal ytic pol yneP€T/US2006/048876

solution is applied onto the substrate by ink-jet

printing. PROCESSX [0076] The nethod of process R

wherein the at | east one aperture is a plurality of

apertures. PROCESSY [0077] The nethod of process X

wherein the plurality of apentures is formed by a

| aser prior to defining the plurality of electrodes on
PrésSURSt rate. PROCESS Z [0078] The met hod of process
X wherein the plurality of apertures is fornmed by

puni¥79 pThemetiodief procesy R Herthgdrunahding drfingl @ctukingebe catalytic
inkgpcgtlg igu% trate.olth{OCESSAA [0079] The net hod of

pr 6cess CROPITIS 98T udi ng drying or curing the
ProcEs3IBBi ¢ i nk or catal ytic polyneric solution. PROCESS

BBe&)gOSO] The net hod of process R further including

t hel08891 of The methndpf Riossss Rofurther ingising:the acPrEBOEESNGE lid to the
substPfi81] The net hod of process R further including the

acts of providing a lid, attaching a spacer to the
PROGESSIGGt e, the spacer being |ocated between the |id

R
an substrate. . P SS 0082 he met hod of
pr g'gie)g? R %P%eitﬁoq R PEIfZ {E“éT il %}Pl'é‘ﬁn%ﬂg?j gels Qfyproviding a lid,
attagiting as @paleh wdr thg eqidsate] @R 3pacthidethgl R alIEEE&Rleen the lid and the
bi nventi on has been described with reference to one or
SubSHA'® particul ar enbodi ments, those skilled in the art
PrOMEss pcogni ze that nmany changes may be nade thereto
w t hout departing fromthe spirit and scope of the
pr d8882] | nVeeymethod BAahoesdss theglereimbihei ereayhe, isapghicose oxidase or

gluﬁg‘%[ﬁ?'ﬂ&‘trﬁ%%&l' ions thereof, is contenplated as falling

[0083]  While the present invention has been described with reference to one or
more particular embodiments, those skilled in the art will recognize that many changes may
be made thereto without departing from the spirit and scope of the present invention. Each
of these embodiments, and obvious variations thereof, is contemplated as falling within the

spirit and scope of the invention as defined by the appended claims.



spirit and scope of the invention as defined by the
appended clains. CLAIMS; 1. A nethod of formng a

w@bawaliosey of el ectrodes on a test sensor, thePCEEE2006/048876
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sensor assisting in determ ning the concentration of
an anal yte, the nethod conprising the acts of:
providing a substrate; form ng at | east one aperture

t hrough the substrate; applying a catalytic ink or
catal ytic polyneric solution imma pattern on two sides
of the substrate, the catalytic ink or catalytic

p0|(¥%im .solution assisting in defining the plurality

des on the test sensor; and after applying
the catal yt Acmieflodorf foanmgya plargiuy pislecrodes on p &gt sensor, the test

| ectrol
Sﬁegg%{ai%f’%‘g%g g}% 12:%31% a degl‘?cg tsi‘% %} §{| g:tari g*tg] fhf Enethod comprising

piheadsidfy of el ectrodes assisting in determining the
concentration of the analyte. 2. The nmethod of claim
1, wheP®IVilipga seb¥&t%ate is a pol ymeric material. 3.

The m?&ﬂﬂn?&t e ﬁ'oma% perti€iBblgh B RBkivey i ¢ materi al

i ncl udes pof yet hyl ene pol ypr opyl ene, ori ent ed

poI ypr @px;llymgea carbtic ivkser puhlype myr@cmp gelpppn in a pattern on two
%ﬁ?tgp )(f g%sttra{ gﬁgée Fzﬁﬁiﬁl (Fni;]rgr cﬂ?igﬁ?ﬂb‘ﬂm@ﬁ@ &blution assisting in

er’ su
patfaag denatelitpof ﬂeﬂtbdeabnohstetsth&nm‘f andl. The net hod
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cobalt, tin, combinations or alloys thereof.

S. The method of claim 4, wherein the thickness of the conductive
metallic material is from about 1 to about 100 p inches.

6. The method of claim 5, wherein the thickness of the conductive
metallic material is from 5 to about 50 p inches.

7. The method of claim 1, wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by ink-jet printing.

8. The method of claim 1, wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by screen printing.

9. The method of claim 1, wherein the catalytic ink or catalytic polymeric
solution is applied onto the substrate by gravure printing.

10. The method of claim 1, further including drying or curing the catalytic

ink or catalytic polymeric solution.



solution is applied onto the substrate by gravure
printing. 10. The nethod of claim1, further including
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pol ynmeric solution.11. The nethod of claim1, wherein

the at | east one aperture is a plurality of apertures.

12. The nmethod of claim 11, wherein the plurality of
apertures is forned by a | aser prior to defining the
plurality of electrodes on the gubstrate. 13. The
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providing a substrate;
forming a plurality of apertures through the substrate;
applying a catalytic ink or catalytic polymeric solution in a pattern on two
sides of the substrate, the catalytic ink or catalytic polymeric solution assisting in
defining the plurality of electrodes on the test sensor;
after applying the catalytic ink or catalytic polymeric solution, electroless
plating of the substrate with a conductive metal to form the plurality of the electrodes
of the substrate, the plurality of electrodes assisting in determining the concentration
of the analyte; and
further applying an enzyme to the substrate.
19. The method of claim 18, wherein the substrate is a polymeric material.
20. The method of claim 18, wherein the electroless plating uses a
conductive metal being copper, nickel, gold, silver, platinum, palladium, rhodium,

cobalt, tin, combinations or alloys thereof.



19. The nethod of claim 18 wherein the substrate is a
polynmeric material. 20. The nethod of claim 18,
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ink or catalytic polymeric solution.

15 28. The method of claim 18 further including the act of attaching a lid to

the substrate.
29. The method of claim 18 further including the acts of providing a lid,

attaching a spacer to the substrate, the spacer being located between the lid and the

substrate.

20 30. The method of claim 18, wherein the enzyme is glucose oxidase or

glucose dehydrogenase.



