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Bl OSENSOR AND METHOD OF MAKI NG CROSS- REFERENCETO
RELATED APPLI CATI ONS The present application is a

w@omvsiosasad i on in Part of U S. Patent Appli catipeI/B8200&019553

No. 09/840,843, filed April 24, 2001; a Continuation
in Part of U S. Application Serial No. 10/264, 891,
filed Cctober 4, 2002; a Continuation-in-Part of U S.
Application Serial No.10/601, 144, filed June 20, 2003;
and clainms priority to U . S. Patent Application Serial
No. 60/480, 397, filed June 20, 2003, each of which is

her eby i ncor % MVIPPEOD OF SIEKRINGet Y.

FI ELD OF THEpBi@ ENS@RAN;EM esgr? [ nven EWr el at es
to a met HOROSS-REKERENCE{ T3 KIloA TERHAE AHIONS |y a
bi osensor havi ng el ectrode sets forned by | aser
abl atl on BACKGROUND El ect rochem cal bi osensors are

Wehd pfe FichtiBAYEa beRihuda e Pardlt ©/STPAent Afplication Serial
conc ntrat on of various anal ytes from bi ol 3g| cal

s Niop0¥/840, 843, fileduApril 34, 2P0 AT esihuatiomaimg? asisofdd. Ss Heplication

t d
PN 161351 R B RREP 4 b fERENRERob n Bapor L
6 AbBRcA3i0R SRAGINGSM0M01 Ah4 | fHed RERIRO, Bmmp@emrasipﬁgmy to U.S.
reference. It is desirable for electrochemc

bPatsrinApplisation Serial B 60488437 ylegd dunel 3 2903, §P%Ofa\§hlch s
ng%fgégglicggpt%gitgd I'é?&%ﬁ(liehlh%fs oAbl t is therefore

n1ze e sizé their parts,
|nclud|ng the el ectrodes, as nuch as possible. As
di scussed bel ow, screen-printi f scri bing, and
photolithography t ed to form

fe%ﬂt%ﬁdenﬁhﬁ %lﬁtﬁgﬁ)sa b6 BP néodrﬁlggmg’d& more specifically

cre n-printing t ni ques are from

c ap3snsor hadng blettradessetsdbimas laclasarcabldtlybnconduct ive and
screen-printable. Furthernore, screen printing is a
wet chem cal technique that generally allows reliable

formation of structuresgatK@RIGENDS having a gap

wi dth or feature size ol approxinately 75 nm or _
g Emuechenﬁua:lrbwsenftmas aeoelldmownednd harebeentused Hpdatergtine the

OE:grllc%gtertloshkcl)tJ vanous ana‘leytes ftrom biological samples, particularly from blood.

Examples of such electrochemical biosensors are described in U.S. Patent

Nos.: 5,413,690; 5,762,770 and 5,798,031; and 6,129,823 each of which is hereby

incorporated by reference.

It is desirable for electrochemical biosensors to be able to analyze analytes using as
small a sample as possible, and it is therefore necessary to minimize the size of
their parts, including the electrodes, as much as possible. As discussed below,
screen-printing, laser scribing, and photolithography techniques have been used to

form miniaturized electrodes.



Laser scribing is a technique that usually uses a high
power exciner |aser, such as a krypton-fluoride

we@@siew1é aser with an il lum nati on wavel engt hp@f/uU2084/019553
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nm to etch or scribe individual lines in the
conductive surface naterial apd to provide insulating
gaps between residual conductive material which forns
el ectrodes and ot her desired conponents. Tgi S Sscri bj ,ngs

i Elegodenformerbly syespoRinig e pdnigiss ArefeERehipRLompRsitio
surfac 0 . The. a)

R B A L R S
S Eﬂhﬁl@g istahadt chbichbrthnige tasganedhllfyatlowk eclpbledioohatianef
the formati on of the product therefore requires

r atsecivicn gnd BRSNS aSZAPnV It CRAPERBZSCRf APBEPXREIREY 75 Hm

£ oF Ritiebno pa g Be BRI RERD AR e e 6

resulting edge is rather limted. This scribing
techni que has been used to ablate netals, polyners,
ahasasiseniing s tephniayg Hat usupldyuses ahighpoyre efeinter kasgtnguch as

; T e
SRR B ATk g
6 cRh%r & he 10di3 bR Ees WD YondTALe sWDh@Oh BT AGNWD provide
Ql/ 36953, WO 01/75438, and EP 1 152, %%%Ch of V\:hi(i:h d
| nswlsviap papsREGY prav It idualisgnduatiyp arerial phichgqrs glgctrodes an
S\E)?ﬂceh a%ilﬁg&gm Bt TRWsFRNOR aeforh iRt By BlRGlg tﬁfg Ezer

reci se el ectrode edges, a variety o _
f dadmmeross the surfasedo hhiablatedafhdscribongipani gengrdliydtas e peladvely

¢ a6 0; PR i mrercrebr e Reseoe 5 R featispy desired for the
ieﬁﬁ’cﬁﬂﬂ, QRd Me T RPN ) Sroln@ehesfofPleqhirSafedig ethiiques.

ectrode el ements that possess snooth, high-quality
e@gels a tcTheigee sarobx tathed tew apesuimiag ghpeornplemelsptrode pattern is to

el ectrodes, el ectrode traces and contact S. e

R e e A
PlgseRal Thﬁvﬁﬁbglgﬂechhf@e%ﬁﬁﬁe&@ﬂe@ﬁ) &H0atk eneddT®|pol yrhdi, and
advant ages of which are described bel ow. Further, the

phedegicalinmiesiali Sncipsysiampease wel dpewn e Hosnghprdinary skill in the

production nethod i i t4 e o

Pt ik R RRPROD S, LEONEE LR BRI RAEAs

| 15, 309H26 EWDN0G/7378 5, MES [0OLT131788, WD 0BG @ RIA7$438, aht EP 1

el ectrode patterns or the anount of conductive i

md P2 239 paghrpfiwhighsis hereby incorporated by reference. It would be desirable
to have a new method of forming electrodes which allows precise electrode edges,
a variety of feature sizes, and which can be formed in a high speed / throughput

fashion without the use of rastering.



be ablated to formthem In one formthereof, the
present invention provides a biosensor conprising a

whaws/oemhbet r at e having first and second el ect r BABEUS2004/019553
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el ements forned thereon. The first and second

el ectrode el enents have first,and second respective
edges defining a gap therebetWeen. The gap has a width
and a length. The first edge is spaced by a first

di stance froma first "theoretical |ine" that
corresponds to t2ﬁﬂg@@§£§fgsilgﬁsﬁgéce—var1nd | ocati on
of the first edge: ~op ik I§Nri!‘i)él\laes al ong

t e lpenghtin@dntioh proagestocitt@ctidngicelddescasdrwatt glectrode

produced is not as snooth or perfect_as the gesire i

t leleonents thall passase smupfh, Righrayality cdess: atheshsBPothFEsss 4%?{16 gaps
di st ance, i es t '

o PO SRl 85l ARl RN Gl TR R

| gambthnssstdchlehyd &itH €lid rgsdnid éverisen, shebsrps athebaquiteosmealh the
nore | ayers overlying and adhered to the base . .
s agwantages of whichgwadescribest belpwy Fpgherothsdieseat inyentionpravides

S %’H%%Sr&&&‘ﬁ%&gkﬂg@ﬁ@ﬂ’ﬁ%&hcﬂﬂﬂ vihi&Phifre El%l’:tﬁ&!tiéﬁpattems for the

bi"osensor, east a portion of bot e reagent
amgveativebpsdnsoteanbe farasidtallcn ede,iin natsecdmalrbeirrespectize of the

rel ated f f the inventive bi cribed.
BBEIeN G RLATO0F PRSI oA0F AFPON A EOPE oD gutiabflat must

t e bR BltbGRtheld. ne is no nore than about 6 m al ong
the entire length of the gap. Stated another way, the

di stance between the edge actually produced and the

t heoretic l i (if the edge were perfect) is |ess

¢ RB RS e aersal st priarif B B GRPToHaeE A rbog  Spafils p bos
MR A6 8 ha ity BrsPiRf REAR] dectidde ele@@ntsd@¥had thefeons The$@st and
t han about m nost preferably |less than about 2 m

| rsectdm:dﬂmﬁpd@deﬂ@nﬁs dave Grstrand secprd fespesitine 6dges dspapE a gap
t t I f. . i .
T hEEbET o 83 bR R et PR LR BBT by o i

SididtAre Iidom h fiest ihdbRetiod] linde tigk ectdspords theiad dostred ueidealshape
el ectrodes can be as small as about 10 m As di scussed

i and decatipn pEthefirstiedae.c Tois dirg gistangg varieselerg thedength of the gap
C onent I . [ ' ' ;
PPERE el bRy Mbabr PRFRE Unobfi o Rlr A Hished

ghgstr&tical HAC LTIy WArdadd deviadiod i kHesfirsedietancelid gess than about 6um
snoot hness or quality of the edges is nobst inportant
i ovar thasntire lengsh pf e @ap.olhe biosensor also includes a reagent at least

partially covering the base substrate and one or more layers overlying and adhered
to the base substrate. The one or more layers cooperate to form a sample-receiving
chamber and a cover for the biosensor, and at least a portion of both the reagent

and an electrode are positioned in the chamber.

In a related form of the inventive biosensor described above, the actual or real
deviation of the edge from the theoretical line is no more than about 6um along the
entire length of the gap. Stated another way, the distance between the edge
actually produced and the theoretical line (if the edge were perfect) is less than
6pm no matter where along the gap the distance is measured. More preferably, the

real deviation is less than about 4um, most preferably less than about 2um. In this
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wher e adj acent edges are positioned close to one
another, e.g., the gap between two electrodes. In a

w@r@bpsdoesl aspect of the present invention, |iRET/UR®04/019553

first edge discussed above, the second edge is spaced

froma second theoreti cal IiQF by a second di stance
that varies along the length of the gap. The first and
the second theoretical Iines thus define a

" tiostgrrefeited forya ft'is PRESiG & speenthe|clectirdes s sdrps s ghput 5> pm
ro f , ' h Lt
e L i

t et ot tHedleciddal Yéatlirh swebids dldeeroes@hartas aimaligs abaut 10 pm.

l ength. In practice, however, the actual gap w dth
vAsidissussed in daiail belews deickose spasinspigiiertiode CrupgRaRtissllowed

t he.,qap. Vi at i [ '

 BE RS PoalEt B R SISl SRl of B et o

v ifuk @tda@R Sundtiohfley &€ b wabllgapeani dth than are produced
in either edge alone. In a preferred formof the
i nvention, the standard deviation of the second

di .y ' _ o |
1Pt IS AR 3P0 AR: RERLfh e RS eor
bomhbretddgackntreslicessnd positiomdl dossttanoe andther, egs thehgap bebegen two
2mm even_nore pr edF er abl

| h b
oo oGl e prelsiably, | cea Uhan suokl . L
CHItPhdsefabdve MY 's%nﬁ%d%@@%baele@%&ﬁ a 58 @na IHAGichVEne by a

materi a nore preferably at | east 50% of the
c ssvond tistemcertitag varads alengdherizsgthpfahe gath | Thedfirst angghe srpond

of the caonductive.material .. The ¢ ndciveﬁ%e' '

pF}’é"PWSg‘ﬂV’eF @%0@&%9 Uy itics Rlp R, BRI bBcdlod
FdeBssaldroerie@! @di iF Bleedbéy Were RREAG B WL Strailcht £l parallel to

conductive 'l ayer to be renoved fromthe base substrate

v eng anpiierkihy theprdtisahgasl width wealdpaicoastarl almgritsdgnghy dn

[ .ef d f he ent.ire.
oPBElR BpWELer B ARty Bl el 15 LR BaFb e e
| ensti dFahe 280 UbeHatZéns FREO MG etioRlrof tis fifsemabiegondiedges san be

aas
t han about %8 nanoseconds, and nost ‘pr efer,able(1 in Ies(?
t hempeunsigd toBrodugrlgEses Merkatiags Holhe cBbgap, WidHethan are produced

[ t I .
B R AP s PR AT on o

i Fhe! 2€0rRPATEBalicaS &3S Gfan abouttdpes ovsrahe estira ddngth aftthe gap. More
the feature sizes can be quite small andﬁgcgaced cl ose

t pﬁgﬁb}y, thprstaadgﬁ!@mafigm f bath ghadiirsbant secprbdisiapees 1s less than
Pablit %e&n, %Qenerfn%lrecf)rgfgrab?}q s Fon B!B%{lpﬂﬂnf or

In another preferred form of the invention, the method comprises removing at least
10% of the conductive material, more preferably at least 50% of the conductive
material, and most preferably at least 90% of the conductive material. The
conductive material is preferably removed by broad field laser ablation, which
allows relatively large percentages of the conductive layer to be removed from the
base substrate very quickly to form electrode patterns. For example, in preferred
forms, the entire electrode pattern for a biosensor is formed by broad field laser
ablation in less than about 0.25 seconds, more preferably in less than about 50

nanoseconds, and most preferably in less than about 25 nanoseconds.

oL
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mass produci ng bi osensors having el ectrode patterns
with the highly desirable snooth edges di scussed

wabwsmoeeoher t hi s net hod, a web of base substr at BCT/US2004/019553

10

15

20

25

30

material having a netal conductive layer forned
thereon is provided. An inmageg of an electrode pattern
is projected onto the netal conductive |ayer with a

| aser apparatus such that an el ectrode pattern that

c s netcd ahes, th inMentjvgapmhedalsqliass ﬁepaee@%c[mﬁm %T{]t?’VSrPf more
on _the - f i j

" etirie 58 il ing BB Gpdlh Bl Bl o, Hilthermore, o
(fsteabdVe, ihe fomuediandani bé Guitr oedbad spacedpdesedogether.
produce many el ectrode patterns at spaced intervals

along the web of base substrate material. A reagent is
dgp é)r{%ltﬁe? ??rﬁ)rp tllﬁg]ﬁrew iRVenfAPFroviies b 8frRieTRhAd fa8 m&hed &r

| east partidlTy covers each el ectrode pattern of the
pinaseprotiycing biskambrsdaeingadoerods patfmd wil thedrighlypsitsble

BB 5 ats Qiroes e eTe AahRaRal o e hals S Rt
CR¥ih Q%teﬁ_lcﬁﬁ'&ﬂblﬁ% Fa‘%@?fo‘ﬂn@@ tHeR0nti¥ pfdvidedath image of an

bi"osensor. e resulting am nated web of layers is
t Blectradet paittatnais ipnajectediontd thy metehesmdsctivenlagerpyidt @lapappparatus

form _ the im rojegted by the | ) '
tﬂé?héBﬁFﬂllé‘hf‘é:tlgS%Bﬂt g'lag gmr%pﬂn 540 eﬁlrén%g FiJ%a 02111193 by Fasf
bLDSEHS G the Wb dT Bab@bubshfte G £1 BitRérahé Iaecteappatatugion the
for each biosensor is formed in a single step with a

s i:]weg loé basessebstiatageteriah(oa hothh iy mpyask andthig presieps is gepeated to
t han, o t] | ect '
RS gy bleh Eode R ARt Ry iig sl RETRE W be Bse

MG triHeGRABSA! A réaferd idddpositddr @f tae et of bagy subdteate material
el ectrode pattern 1 ncludes at |east two el ect {??de sets

_hamil ntge%ﬂt prgiply coYesneashelegiroda patierm ahihe PIWpliGy f gleqiggde
I NCl ude i /1
LA 55l 8 S L RGE P MBS s b ver

agd wELsr Bahe sitisaagnsaeridiahereby ébrweng anoedteqdatempleseceiving
of sanple fluid: The inventive biosensor

> : L may al so .
i gevibder ercdupwsaeTe IoREFLINg lBRINRISgY ‘P1felﬁy¥%§ttﬁ%§ft mto
5%%&wﬂ§$hﬁ&£ﬂ&ﬂ£ identification, calibration or other
i ntormati on associ ated with the biosensor. One
advant age of this inventive mass production process is
that it is puch faster | .
In a preferred form, the 1mage projected by the laser apparatus is of the complete
electrode pattern for one of the biosensors, such that the complete electrode pattern
for each biosensor is formed in a single step with a single laser image. In another
preferred form, more than one entire electrode pattern is formed all at once; i.e.,

the image includes patterns for two or more biosensors.

In another preferred form, the electrode pattern includes at least two electrode sets
having different feature sizes. Examples of this may include one set of electrodes
for measuring analyte concentration and another set for detecting whether and

when the biosensor has received an adequate dose of sample fluid. The inventive

biosensor may also include electrode elements providing other features, such as
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than prior art processes that require form ng
el ectrode patterns by screen printing, |ithography,

wo 2w506d6ng and the |ike. Wth the | aser abl atiPeI/US2004/019553

process enployed by the present invention, the entire

el ectrode pattern for a bios§nsor can be forned all at

once, in a single step, in only nanoseconds. This

al lows a continuous web of nmaterial fromwhich the

i idienbatidéntificadem sakikratipn pr eiher infprapijohessegipted yifgdhe
rocessed at speeds of 60 neters per m nute or

QW Not only is the inventive process nuch faster

than prior art processes, it provides biosensors with

el ectrode patterns whose edges have nuch &gtier qup

qne advantage At tis Biveniive s PEHBISHRN PIoARHS 1414} it g mucttaster

becones_ inc ' [Wa: L NSHntin

SO 4 BloERRb Rl ichREllly AR RIE RhGHF LT RACtnting

beeagashy, rag@igy ald the like r Wathehe laber abtation pogcess erppleyed by

test result, reduces sanple size, ggdégields a u'ckea 1l

t e prespridnyY§nsiea) thy entire elgcfrgdgpajteg X AHOKAH AR ﬁe t‘%“ne a

el.ec i af.e j HhhERS wed of

SRR HE o R Tn B0 ARRSELRLCHbI s AL nlihdcis

agiyerfibpgemofhitihtheiindieitaMsosensuis will olinmaselybd chstothgat

it allows a | arge percentage of the electrically
cpireessed %téPF%fgé% 6D gngigrs PE‘hlgwél&e PR The base substrate
all at once. By contrast, prior art rastering
processes use a collimted | aser beamthat sl ow

y
SNbi iy isathel imventiveprooeds ynuchtfhdter thamprierfarcpragksees; @rovides

terial, which is a nuch. |ongger [ .
s S B DO B T BB iy tan
S NEE biBshHRGs 28R gé ghafteBedomnes Meor@Rthgl yihpdiahess electrode
that the manufacturing process of the present

i spaeingibenomesslperes Clse stectipdaaspasing is dasablg geausn i generally
iatiop in the el , o .
Yﬁ{géq%ﬁ%s& e IBcfncblgagS{ Sog }@ect%ﬁgs%ﬂ%ggpﬁgésgﬁﬁg%%? rg%% ?1(6::&@ @ quicker

ele8CtAQHiBomaly! RalSwWS @ ghiater QuaRiRybf leqiralal ebemenits ind dsgociated
manuf act uri ng process of the present invention.
Fiunctienalitics trle paskedinge g pipale BIRSERWn is preferably
projected on the base substrate by a | aser inmage

formed by a mask, limtations as to size, shape, nunber

ofy eehfftlidr @d ear@iet Etisinveajvewiratuetion methadhiathagtallows a large

encountered with prior rtngéocessgs ar e r%dUCﬁF. %y

c Berpentageo, the %9@&?%0%1%8% a¥er 1o Be femaved oM fehard

U Qubstrate all at once. By contrast, prior art rastering processes use a collimated
laser beam that slowly scribes and removes only a thin line of conductive material,

which is a much longer and less versatile process in comparison with the present

invention.

Another advantage related to the one just noted is that the manufacturing process
of the present invention provides great freedom in the shape and variation in the
electrode pattern produced in the inventive biosensors. Asymmetric or anisotropic
electrode patterns do not present a problem with the manufacturing process of the
present invention. Further, since the electrode pattern is preferably projected on

the base substrate by a laser image formed by a mask, limitations as to size, shape,



novenent of a focused | aser beam al ong axes that are
oriented 90 degrees relative to one another. The

WO e®aledong patterns typically are limted to tPCTHURI00€619553
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of the sane width oriented parallel or perpendicul ar
to one another. In addition, -separate but adjacent
conductive netal planes used to carry separate signals

in a device can capacitively couple when the )
sepabertaf slectipde patieans SaRwikD e that AFfeancaapigiee vithaprer art

small resulting,i ' .. de ' '

o BROsRSF T e ek o By S iscE A RURE pARCARE i UpRE B RREG Lo
Mo emendiatfbMsedtiser bean detigwes tha atcdrizatddr¥odegrees relative
therefore can be advantageous. in m ninm zjng sych

i i encfanoties e herfesulfipg PatFRYLYRISRILY Ate lymed fodnigdigs of the same
t hr ho peC.f | ' [.ai : o

| EH ARy bR ARTHLRSBEL AR SRSy BBta Sy

r adijetemt Eéndactieymetahpldaesoised towedrey sephratehsignalssina device can
conductor of electrjcity, in

C ,noBFIini g _exa | es . of
WRaReRitivakyl coBleavisa the sRPRLANoR 15&4‘1"6&»’%@ ﬁ\%ﬁ}?;@%}’%&?%‘m‘?s very
¢ " ol . . s ]
¢ Sl e 1 ERALde BBl ol AR U PR S e MBleR! A
Ametizgidhitaileivs rerthéneal bEmore eindo¢tivedupiterialdetweendsnaad traces
that collects or emts. electric charge _and controls
t H@r%‘i?é%‘?‘@ﬁ’t? adyantasseps GRS %‘Eﬁﬂ‘%‘a‘éﬂﬁw- i ncl ude
one or nore elenents attached to a common el ectrica
trace and/or contact pad. As used herein, the term
" @he 6dllovang deforitiomeare tsadehresghow dhesspecifieationndiclamst he
bi osensor that has electrical functionality. As used
herein, the phrase "electrode systenf refers to an

elARGhEd EStinCARPARRBclettEicall) dhdattiJeadsbridln ecfedsas hlH@de made
electrical traces and contacts that connect the

ebasnaterial that is apeaduetpief alepsicibhBer-limiting exmpesfwhich
the.term"el egir o%lgoe}%l ement” refers to a constituent
pAudSsa Bife Bkl O system Specific non-liniting
exanpl es of el ectrode el enents include el ectrodes,
contact pads and el ectrode traces. As used herein, th

pHysassed hespiae thea¥ease eelectrisally igpeapyeigaignal relepde e Thafgrial that

eI.Seé: rn%ggéucu}%tfe&g% ate with one another to neasure
t e BSSERSor r esponse.

As used herein, the term “electrode” means a conductor that collects or emits
electric charge and controls the movement of electrons. An electrode may include

one or more elements attached to a common electrical trace and/or contact pad.

As used herein, the term “electrical component” means a constituent part of the

biosensor that has electrical functionality.

As used herein, the phrase “electrode system” refers to an electrical component
including at least one electrode, electrical traces and contacts that connect the

element with a measuring instrument.



As used herein, the term"pattern" neans a design of
one or nore intentionally fornmed gaps, a non-limting

wezaspbe1of which is a single |inear gap havi nBCHUS2004/019553
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constant width. Not included in the term"pattern" are
natural, unintentional defects. As used herein, the
phrase "insul ative pattern” neans a design of one or
nore intentionally fornmed gaps positioned within o

/ ps .p [
bAs weskhestincthe fegml felecirade PSS THETSSP B oopgtuent pagt Oof an

appr.ecj at ed t . 1 G ' ' i
Pyt 3Pboifb SO TRBRhL Y ERIEHF RoB Rhichls iiHde
" gleeldet | cogtapapdde and eleerod tbacdesi gn of one or nore
intentionally formed gaps positioned within or between

el ectrically conductive material(s). It is appreciated
that exposed electrically insulative material may form

t he onge or. re, gaps., As used.herein, t h

5 epetiedti ngn ey o TgiRE. & Gl ffingiol it RIEERE clectrode
' SndMORG 18 miaSe M HBIdnYorSBipoRbe: al

g}hggggpg%gelrwgﬁa?act eristi c.a As used hecl)r ei ﬂﬁ t he phrase

"macroel ectrode array" neans a group of

croe| ect.rodes hayi a_pr e radj al. . :
e e R e el RS T OB dne B thdt pvensionally
" edrRicl LRSS a RBhlIRkiAng BRaRsle bh /hichlifh singleclamhi gapr atvinea
of theintentionally forned gaps situated between the
etenstant widsh. No@iﬂcwé@sn the ter araiiery’ Ggrenafeial, unintentiona
sae i fically or biosensor generally. Non-limting
e %t%‘fu ‘es of"el ectrode patterns” include any
configuration of mcroel ectrode arrays, nacroel ectrode

arrays or conbinations thereof that are used_.to

mAasisedhaspinsba PBrase c@pyade Patier dpsang @ q5siep 8f Ane pgpore

al : i [ l; ive

o LY ol A ARDnER G S  ARCal thsula
basenye). . It Aeppsethidicthet algcttitadl ymondiswi ve frasderial enayifewan the one
is the small est di nension of gaps or spaces found in a
p&at MeFNE€aPEor exanple, in an insulative pattern, the
feature size is the small est dinension of electrically
conductive gaps found within or between the

elABaised harkiny the phrdsat congluptineepattain(’ gheany\a alasigsh ofvenaer, more

! E]rﬁerﬁlaotntaﬁ}r' Por}nsed %a[():solg]odsﬂfotnleg Svithin or between electrically conductive

material(s). It is appreciated that exposed electrically insulative material may form

the one or more gaps.

As used herein, the phrase “microelectrode array” means a group of

microelectrodes having a predominantly spherical diffusional characteristic.

As used herein, the phrase “macroelectrode array” means a group of

macroelectrodes having a predominantly radial diffusional characteristic.

As used herein, the phrase “electrode pattern” means the relative configuration of
the intentionally formed gaps situated between the elements of electrodes in an

electrode set specifically or biosensor generally. Non-limiting examples of
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pattern, the feature size is the smallest dinension of
electrically insulative gaps found within or between

wa b@sebeed ri cal |y conductive material (s). TherrEDUS2004/619553

a conductive pattern the feature size represents the
shortest distance between the corresponding edges of
adJ acent elenents. As used herein, the term

"interlaced" means an el ectrode pattern wherein the
efedsntrots paterny dnd pdecanyoadigurabion Qf BUGBHEHIdS1 25 Ve t o

glfrf‘lg%t?? gétEOC[? atn{ S’r s Br &%ﬁlb&ﬁin@&lﬂ&%ﬂ%@@ seditO hRLHAE Bfbsensor

ns 1 nc ectro avi ng el enents,
Waksdhsar eEldtredepgicttady wiso befont thnstapeand tonfigueation of all
sinplest form interlaced elepepts include a first
etleesried sempaneiythat B8 fermed om BEBINSENSRhd a second
el ectrode having a single elenent received within the
pair of elenents of the first el ectrode. As used
h&E akdd, hekdif, the pmagaa‘tfbatufanjﬂe”rileﬁre$meﬂ11estrd§anmsﬁmgof(gaps or

mat eri al . ,'I'heterm"ablatlgEh nde Q
ﬁ@é@ﬁpfﬁggd BHRIPFUeTTY | BQri X gup Sh BHA %‘ﬂ? Y? 31 cature size is
%ﬁﬁh&? d%erﬁ?d'nt df%héé:ﬁid'aﬁ?‘égh&l&tﬁ@ %aﬁg%ﬁﬁd Whthin ¥t beB@stn the

her road”field | aSer abl ati on" neans
t dflectﬁeﬂt}malsulalﬁvermh‘renaléﬂ) Whem, howensst thapettéurs usr@ccaldpats‘@r
havi ng a | aser nmensi o

PTG eaarre oo g plsp Blphy i B Ears
f fo%hg v&g@ﬁﬂ"&‘ AWk &CthY @I‘é%tricﬂﬂy v&RIuefivemaRsikl(s)P ﬂthbﬁfditeoih a

evice internediate a | aser source_ and
scxhsinlcla‘teepattfhethb feature isize pepugssotsalie sharssighistenrs hmfp@n the

the |att an i mge of an el ectrode
pgqrfegpvpcﬁme@geﬁgkgﬁgﬁe&&%ﬁl@gﬁto and i npi nges on the
substrate to create all or part of the el ectrode
patterns on the substrate. Broad field | aserabl ation

sAsubedirmeeinsthy temeaniedacerl means ¥ plegfiede patteinghiqrein Abg
g%‘g%ﬂ?%ﬁtfg{f ﬁ%cgr%tdﬁsaérg int vléﬁ Ce1ivdio2ad aflbtﬁ!axﬂ Ih%sfﬁhicular

€ nee rastering or ot

Skfbbdmehe elibilapde slettiede ﬁﬁttkht%&ndnd@élbﬁmﬂes ha\dﬁg elementse
pattern by conti nuous novenment_ of a r I a [ vell%/ﬁél ased
| zvbt,qh e wsrAigitated wath Qsletqaeth@ubléltthaﬁ%n

Sélg % 1831%‘?? PHRE 91% rd @ halin %aagpatul & éieﬁélﬁ?ﬁn@?i&%h@@leb@ode

ow W t refere bl osensor

u ﬁ&dngl R kidigle, elérhent reseined vither thmqmnsofaelegmmmfrthc f1fst glstmode
formed by a point

As used herein, the term “ablating” means the removing of material. The term
“ablating” is not intended to encompass and is distinguished from loosening,

weakening or partially removing the material.

As used herein, the phrase “broad field laser ablation” means the removal of
material from a substrate using a laser having a laser beam with a dimension that is
greater than the feature size of the formed pattern. Broad field ablation includes
the use of a mask, pattern or other device intermediate a laser source and a
substrate. The laser is projected through the mask, the latter of which forms an
image of an electrode pattern which is projected onto and impinges on the substrate

to create all or part of the electrode patterns on the substrate. Broad field laser



nmoving in a first direction along a pre-determ ned
linear or curved path and in a reverse direction al ong

w0 b@sseases path. I n the present context, an el eRCT/O8M04/019553
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pattern includes various el enents having edges that

are defined by lines formng {fie perinmeters of the
conductive material. Such lines denmarcating the edges
h%gggesi red shapes, and it is a feature of the

P P SIRRIEREPUSH TRYPS the @adersVRhe Si8NISIcaRteeodhgapstrate.

| SPHAGISY of'bid0d BIRfIAGEEE dbl @Rk i imi

" TheorS et0 I cal ?ligne" eas hdg%%gﬁoel?sgﬁlﬁ nr%éej(% gll?g&?%nntghoé other similar
desihngphenthat sheibke os hthpevian defirectht patterobyaontdges afovament of a
el ectrqode el epent .that would pe qQbtained if_the

EIGR VY TRoERRG hes CEUE TR e 9 BRETaen A B sexapple of

t BeoREIRr bfoag e B@r’abfaﬁ%nﬁéqgé%ﬁﬁécp@flmkf Wit rgf&énc to
coincide with the average [ocation of the edge. is
ubeseror @ilk, the term "point" means a di mensionl ess
geonetric object having no properties except |ocation.
The snmpoot hness or quality of the edge of an electrode
el/grrBd hérdh, B teleh 1R dant B8einskRERId ifned BE a point

pl acenent of the edge differs fromthe theor et ca

| mavingata firspdiecestian slonpe ppedétennined linehsalr cuygd pathiat in a

[ €y e wll . .be spaced . fromthe theoretical |ine
oy B Mo 25 aP R BE0, M RS ENTEH B S tepde Pactern
e digtuded RaSodi eddragraehving ecgg@@ gt hfeQI¥iABd By lifesfolRlsTHeN

val yue. One useful way to define the quality or

s RedRsESe the copduelinsamateriply Ssichpings desearcatingtthecdges havem
dizst t. i f . aretj.cal

| 5305 e nd 8 108 o B BSRh Ll B URblriBhs of
s thest bdpes $s wary fighl doinpacd tatheedtgied stinpal so be speci fi ed
in ternms of the "standard devi ation" of the distance

between the edge and the theoretical |ine over a
SBeRdorétRd] lisHs s Qf hérﬁﬁ &R 8S0 tﬂ_é)dé:sﬁje? Bhﬁfegl sthg}ge an&l location of
standard devi ati on, the di stance nus € neasure a?

dis cdget o anrelestrodd elemenirthatt wieull da gbiuinedsf the semiubehring

further detail herein. If the varying distance is )
BIGRSaroraos s TGO sssr e S HEN Aeihe Shegetisaline will

NgoithB188 whith&he bR 8 MigH IR ieuoef the distance is
calculated as { (di)2/(n- 1) } 2. So that the equation

just noted accurately approxi mates the integral
ich it,is derived,. the intervals at

equatipgn f.ro
Ilsl 8F]éd8kéetrgn,ptg]a G- pont’ means-a dimensionless geometric object having

no properties except location.

The smoothness or quality of the edge of an electrode element can be defined by
the distance that the placement of the edge differs from the theoretical line that
represents the perfect or ideal edge. That is, the edge will be spaced from the
theoretical line by a distance that varies along the length of the edge. This distance
will range from zero to a maximum value. One useful way to define the quality or
smoothness of an edge is to simply specify the maximum distance that the edge is

spaced from the theoretical line over a specified length of the edge.



shoul d be spaced closely together. Al standard

devi ati ons expressed herein are neasured by taking

waelaia/opsiat s t hat are spaced by no nore than aPOUS2004/019553
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20/ rni, preferably closer. As used herein, the term

"smoot hness standard deviatiopy " when referring to an

edge of an el ectrode elenent, refers to the standard
iation of the |stancethat the edge is spaced from

o s o GpBb R edes seuﬂw bersnegrigelin érme 6 the
C9fndAAeHRON o RS dR1ABPLRRLUPER BLELH] IS ANBISe over

can be expressed in terns of t deviati ons
ora speeifidd tangtheafithe ¢dges Tof caldudate m mgmsi deofationgtht distance

O3 A ool S0 s S eaponcing Lo e L
f |déta‘iil hekdif | T8 Gfﬁsva@ﬁﬂg BReinkY 1sfcieHbt@d"‘H” YWY &8 nhﬁ%eﬁglaéaﬁ foints

can be neasured, Tor exanple, interstitial
deg d@lotdd Mitbn tﬁc\!\@caﬁdarﬂ avigtionbf thE disembt Rldafculditl £ { X(d)%(n-
splnal fluid and bl ood. As used herein, the term

n‘géd Sd 6 tﬂgg a\f‘lﬁﬁ ljl?st %ﬁ%ﬁ% @d}gte L}; p&?ﬂjnatfe% ﬁ}? dptegral

onents, asma and use _
t fé@uét%'ﬁo%hﬁhﬁgls‘%ieﬁ%d 1ntér§al§gt @hﬁgtdﬁt%%%irﬁs g
anal yte, or product, is e trooxi dized or

elsheitld be ephcee dlosgly Inog@thew tAib stinddné dengj etinmg e&ﬁre@seﬁ&ﬂf@m are
use hehe'q the ter counter el ectrode”
el gt A PGS THAFS TRECTLPY BAIAES fhat AGoHGPKIg
eb&ﬁ&&@@ﬂﬂﬁﬁﬂ through whi ch passes an el ectrochem ca
current equal in magnitude and opposite in sign to the
current passed through the working electrode. The term

! . i s meant, t cl.ude ,count er,

o S b B B ERC el TR e B6iatch, SRB ¥ferving t0 am
ebégt 6f<1ﬂ&e$ec¢ﬂod@elenﬁnﬁ @3fBis 36 tHeRAAIRRC R vRItioR \F ke dBidince that
el ectrode). As used herein, the term "el ectrochem cal

bs<d8e &y Spasrdram a throyetical iemeveyarsperified agbolf thehadge. The

R I G U e
r Hnﬂnmtlmab ldewamtsldﬂrs&ndmﬁmeﬂmhb& & the ﬁthSét[gies -ﬁiﬁﬁﬁ% the 32D from
t{%}g re transduced to an el ectr| cal signa

Jévf‘étcearemnawgaﬁﬁmﬁvo edges.

As used herein, the phrase “biological fluid” includes any bodily fluid in which the
analyte can be measured, for example, interstitial fluid, dermal fluid, sweat, tears,

urine, amniotic fluid, spinal fluid and blood.

As used herein, the term “blood” includes whole blood and its cell-free

components, namely plasma and serum.

As used herein, the term “working electrode” is an electrode at which analyte, or
product, is electrooxidized or electroreduced with or without the agency of a redox

mediator.



10

15

20

or concentration of the analyte. Additional features
of the invention will becone apparent to those skilled

WO poosleseas t upon consi deration of the foll ow NBCT/US2004/019553

detai |l ed description of the preferred enbodi nent
exenplifying the best node kggwn for carrying out the
invention. It should be understood, however, that the
detailed description and the specjific exiang_l gs whi |l e

i Adiusedt havginethsd gtepelegtrrie;” efertp g elegiradeythatis pgiyed

wa il Lustrat.i I ' ' :

ot prRE SRR R houd) WA RS LOARAE A Curen

i N @Agitlde abe oppEsita ppsipe i theeutrhnigmsekithioagh ihe wirking
art fromihis detailed descLLption.BRl%F DESCRI PTI
Oelequeptleprartaims “qryater 6lergoden ds mean tAdeelyds GpupisF elegirodes,
the. prese ecl Lj ' j :
OB RRbeAd Bl FAEL RO R £, DR o B hfory
TBRctrsdegNnt i on may be better understood by reference to
one or nore of these drawings in conbination with the
detai |l ed description of specific enbodi nents presented
h?xrs%:%gd hé:rkﬂluﬂ}% tdrnh Sl tRERSRERIHiY@NYI e Whedhs & dBiOSEMFRured to
of "thée presént Tnvention; Figure 2 is an expl oded
agetectdzhy preseweahdfoh mebsuns thesoncantratioy of @ analye jymay df

i's, an enl arged, pl.an vjiew of the biosenso f Fiqure 1

S Rissirerg ol oxistlioh eadsducionggiction” ¥ tcg BlosgtPhqEhese
agéa@'éfé sFiré %ﬁsdﬁcé@toaan@l&ﬁi&%i?ﬁalttﬂﬁ cdf vk abirélAte@to aMamount
edge of an el ectrode elenment froma theoretical or

i deednckntmaionegitbsardyteg t he desired shape and

pl acenent of the edge; Figure 5 is a diagramof the
deviation in gap width and pl acenent resulting from

t DRIdARNPlhRRS dffihd ARedtitn williekbde appaeges tHoos siiled inhbe art
gap; Figure 6 is an enlarged section of the

nupewednsiderasiva of trefpllowing detailed gesqringign ef thejpgefgrred
di t he .devi at | f f nde..
SRR s 50! R0y g el She B R, 1

t BRol@ Bk LRGSR onreepthachirlstailed deseeiptaogand the gpecfid
illustrates a cross-sectjon taken along Iines 8-8 of

Fegumples, whilegodisating smbpsipente st Rednyaiionce ByAn by Rey of
alil?unsgra%ié)rpglﬁy,g s'il?ceoxtarilc:)hQH{a%géé and modifications within the spirit and

scope of the invention will become apparent to those skilled in the art from this

detailed description.
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or theoretical of an el ectrode edge of the

won@soedeect rode array of Figure 3;Figure 11 i SP@EIUS2004/019553
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expl oded assenbly view of a biosensor in accordance
wi th anot her enbodiment of thg invention; Figure 12 is
an expl oded assenbly view of a biosensor in accordance
wi t h anot her enbodi nent of the invention; Figure 13 is
an expl oded assenbly view of a biosensor in accordance
wi t h anot her enbodi nent of the invention; Figure 14 is
an expl oded assenbly view of a biosensor in accordance
wi t h anot her BRIBFIDESCRIBTIONOF'RHEDRAWINGSre 15 is
an expl oded assenbly view_ Qf a biosengor. in accordan
il Follont P Ar s PR AET 6f erREcSeAL BRESHIOTHIG, e nEided to
R, Rl ﬁéﬁg&tﬂaﬁ&ﬂ%ﬁtd}%&ty ot ?fes@ht RhRREHS OThd fvention may be
accordance v anot her enbodi ment of the i1nvention;
Fb@ter@&inddtstosd dy véferenad toanmean nadre ofithegpdmaings is odmbinkéon
for use with the present inven i@n; Fggure %B IS . a
v vétly the detpided deseription) of SPFIGHPRPHMGR!Ss HFCSERIGH PEey
showi ng a second mask; Figure 19 is a view of an
abl ati on apparatus suitable for use with the present
i Fipaind | ooy peesputiee Yowicd adisschanref the préseahingeritm; ode
set ribbon of the present invention;Figure 21 is a
phot ograph illustrating a bi osensor substrate
! Bl &b iYart SRR Wdehbly GielvbreRnBiasdnsmeof Fagae 1f rom

Ich approximately 10% of the conductive material has
been renoved; Figure 22 is a photograph illustrating a

bi_psensor substrate having,an. ele i G - ith
G B et L S B BLROL B e Ei S ¥
AR XL ¥rA0HAaf midheeletrde atraye material initially
covering the substrate has been renpoved to formthe

el ectrical pattern;
Figure 4 is a diagram of the deviation of an edge of an electrode element from a

theoretical or ideal line representing the desired shape and placement of the edge;

Figure 5 is a diagram of the deviation in gap width and placement resulting from

the deviations in the two individual edges forming the gap;
Figure 6 is an enlarged section of the microelectrode array of Figure 3;

Figure 7 is a diagram of the deviation of an edge of an electrode element from a

theoretical or ideal line representing the desired shape and placement of the edge;
Figure 8 illustrates a cross-section taken along lines 8-8 of Figure 1;
Figure 9 illustrates a cross-section taken along lines 9-9 of Figure 1;

Figure 10 is a graph showing the deviation from mean or theoretical of an

electrode edge of the microelectrode array of Figure 3;
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Figure 23 is a photograph illustrating a bi osensor
substrate having an electrical pattern with a gap

wowvasieaic appr oxi mat el y 20nm and wher e appr oxi PEL/853004/019553

50% of a conductive material initially covering the
substrate has been renoved tg,formthe electrica
pattern; and Figure 24 is a photograph illustrating a
bi osensor substrate having an electrical pattern with
a gap width of approximately 250 mm and where
r oxi mat el 9 : I
R HER e altHed RsphDR EPEE R b KERTFPICCBIIhEL bl(@abdther
eb@bbdileat oftaé ireentiddETAl LEDDESCRI PTI ON OF THE
I NVENTI ON For the purposes of pronoting an
understanding of the principles of the invention,
f er ey fs, \g{'ekhloﬂgdva EmBRARel %f ta FosEHRP £B°cﬂﬁﬁmce with another
e raw-ngs, speci [ 'anguage
meﬁbo&ﬁmmsaﬁhéﬁndﬁﬁdnlbe t he enbodlnents It will
neverthel ess be understood that no limtation of the
scope of the invention is i ntended. Alterations and
n%%ufré f’.?}s' aﬂréig oﬁe% Q&e E\'fv%tf %qi)l&sﬁf{do? S accftfanédvith @hother
appilications ples of the invention as
ithSmn&hedﬂhhanenmmnas woul d normal |y occur to one
skilled in the art to which the invention relates are
contenpl ated, are desired to be protected. A biosensor
L BARECP %%Ce% I’HdEJi‘ adsBRAbRY AERIYF albioseRkor fNadebflanEE Fith another
surtface with ectrode patterns fornmed thereon, the
ekembbdiothat plithe érvestipnef er abl y having a snooth edge
quality. It is a particular aspect of the present
invention that precise quality is obtained for the
e 0% istdhexploRed hisemblycrsRATAMN Ssehe 8t &tolantdi@ith another
blosensor Having a smooth or high edge quality of the
elembedingent efthe dentignit e t o greater precision,
accuracy, and reproducibility of test results.
Further, a snmooth or high edge quality also allows for
Fgg@elé puAalargdd rgrtti edgiearofayjsosensdnén haondadcowith
defined surface area of the biosensor. By increasing
t aeotherpnbpdimentyof gie inKtieent s, it is possible to
i ncrease the nunber of el ectrode elenents and thus
i ncrease the achievable functionality in the defined
S Wdir€ ¢7 & £dew Dfi@as ablation tpmmatus suitable for use with the present

invention;

Figure 18 is a view of the laser ablation apparatus of Figure 17 showing a second

mask;

Figure 19 is a view of an ablation apparatus suitable for use with the present

invention;

Figure 20 is a schematic of an electrode set ribbon of the present invention;



may include, for exanple: nultiple neasurenent
el ectrode pairs for sinultaneous neasurenent of the
w@ a008/066616li f f er ent anal ytes, including by alterPCEUS2064/019553
nmeans; el ectrodes used to provide correction factors
for the basic nmeasurenent elﬁgtrodes; el ectrodes for
detecting dose application or~sanple sufficiency;
mul tiple electrode traces to nonitor el ectrode )
f Higute dhisrgphotographpitlostraging ddiesensassubiiragcoinitiadly cesfedwith a

defectiye ! - and._.mltipl. _ '
OB FREE TR B TP 0o macri

PhAVEh Remaedi t i onal features such as identification,
calibration, or other information pertaining to the
bi osensor. Further, the selected functionalities for a

given osensor _can rovi .
A SR R P

t ?ﬁtéi"h Qi d £ wideBRppRIxSmately J0pnahebivie® approkiigately 20% of
present invention to enable all of this, and nore, in
athesonductiveanatérsal ingtially caveying thetsubstedte hast heen rrineysdito form
effective. Specifically, a biosensor of the present
ifhﬁﬁ&q%ﬁﬂﬂg%“31ectrical conponents w th edges t hat
are snooth and are precisely |ocated. The precise

| ocating of the snooth edge is inportant, particulanl¥
r Blgaré Ybistaophotegsapheidlpeiriing g biehgasasPubsiRinizaving Aceleqtusd
co

cPaRan i G R SEaeBrontimle LA G RREMGR Bpfip ity soz of

CQRBRARAYE TafSBeimiialy doYerdittthp lsatsseaty Has Webd revd@svied Wb fdim the
the nature of the conponent. For nmacroel ectrodes, the

edigetrisaltternegsd and pl acenent are inportant for the
quality of the electrochem cal results obtained by use
of the nmacroel ectrodes. One factor in the accuracy of

S ugiré24 Rsd pHoto gr%. illa g i Biddehtor sabstiabchdvigparndlecdcd
macr oel ectrode. Ootaining preci se edge snoot hness and
ppattasnevith angap wigiheofcrparoxamaiglyddOgtm agd mibgi 3pradmatelyd0%

Anpother factor in.the.uyse of .nmagr '
oPErEFant e gk MR GroRer RSB SRG R Rp] Rt o
Ot Q8] the @lc@irical patepRSi tion of the counter elenent(s) in
relationship to the position of the working

el emrent (s). Moreover, since biosensors are generally
oper at ed based on calibration nmethods that rely on the
reproduci bility of the sizes and | ocations of the
measuri ng
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el ectrodes, the ability to consistently produce |ots
of such tests trips can enhance the results achieved

wowaok/osdses t ests. Simlarly, the edge snpbot hnesBCHEHON2004/019553

pl acenent contribute to the results obtained from

m croel ectrodes. For mcroel ggtrodes, the issues can
be magni fi ed because of the nunber and relatively

cl ose placenent of the nunerous m croel enents. Poor
edge quality can greatly affect the operating

Charact o' Digiaip BRYGRhERGe tRe IRV BRTA0AT !
e

i nvention m
MedrQRY Blirpo@R o groamndtagenaidpistantling ofitter prédcerfenefghé mvention,
close proximty is the rapjd establishnment of . d
SteBaoycest rendierals Bihe FREMERES BRI Sk irap g
egae Rl AGSHENuPIAN BE () ARRRIRALNT rtheless be
eﬁpg%ﬁggn%lﬁgg]§1% urr?ai%g%%?lggg ieverren%mgfltt“hﬁ neve ™
ShRRe¥os hnodpeitationawf.thd scope df theomyension ks intended. Alterations
pl acenent allows for a greater anbﬁ of lrri roelfetgents
Lancmogihiaetiansivming |yt ioes. aad Aufrer appItlaayof 1
prﬁ&c‘i@%s 61{%9 p‘w.e oPXOYLdeRePehbicd) a8 Wdhid dorBEOS ob&lr tb BRe
VRITTOUS® @1'ectri ca conponents on a bi osensor. The
qakalléd i thé art hewhidh ¢he iaventas relatas e emitenplaied sare desired to be
uniformty of the edge relative to a theoretical

pPistscted- of the edge. Non-1initing exanpl es of such

"snoot h" edges forned in accordance with the present

i nvention are shown in Figs. 21-24. In one respect,,
t Rebisswnmirtineswrdapbawith the pighent inyentien providgs p swiiege Wit

f | at.i to,.th 1 i i ni
e el SRS e el R bl prcérfly Bl inglad
t BabothR¥cLqetty.| EH 2 RATPABCHpecaDf theproseantioentiasthatrprecise
i ntended | ocati on and shape that will not be e acttl_‘%

daulity istabtaingd fonthersidges efdhe glepsnlrompongps locpted pn

i ch the.actual e _of .t ' :
+ hogihsbr i 8 5mE08 or Hat| eERARGE Mo RS odd BPfIRe o
eg@fter Preclicit Becnedy pliaMeprddneibilisyrobtebinesdtso Fucher, a syrooth or

of the edge can be expressed in ter of the varyi
dhighadee qualisy a6 allewsEoriared’ ABHEY Ol earoph dBRYs P o tormed

line [ bh befe! | ifcrBhsi AME 8dSAGudN®y of the
nggg&%@edﬁ%ﬂ%?%%ﬂgﬁg?glgéagge‘%h%bﬁt g}l\/la? S, ag;%di scussed in
delediehtsbe inpossibrdotieest andambeatef eletirode aémetieand thus

di stance can be _cal cul at ed, Iliur tlber . tﬂhe naxi mm \fal ue

t insrease the achievable functionality in the defined surfaCe arca. These runctions

may include, for example: multiple measurement electrode pairs for simultaneous

measurement of the same or different analytes, including by alternative means;
electrodes used to provide correction factors for the basic measurement electrodes;
electrodes for detecting dose application or sample sufficiency; multiple electrode
traces to monitor electrode functioning or to provide detection or correction of
defective traces; and multiple contact pads for coupling to the foregoing
functionalities, or for providing additional features such as identification,
calibration, or other information pertaining to the biosensor. Further, the selected
functionalities for a given biosensor can be provided in a smaller space when the

high edge quality allows closer placement of the electrical components. Itis a
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di stance achi eves over a specified length is also a
meani ngf ul paraneter. For exanple, in a design where

web®@svewues are to forma gap having a desi r edP@u/tis1904/019553

of, e.g., 10mMm the manufacturing process nust be
capabl e of producing edges that wll vary by |ess
(preferably nmuch | ess) than m over the length of the
gap. Ot herw se, the el ectrodes magjétouch and t hus

sleamte ofi the piesent fwveptipmicanapls Al this, G ROTE DA PR that is
grg%igg@ﬁ%&{rgﬁ&gﬁgﬁﬁ&fteﬁgctm! ch a given portion of the '

may vary. Referring in

. particular to the neasuring electrodes, it will be

appreciated that certain edges of the elenents are .
nispesifieliy acipsenpeirpL SR BIFSSN AN ASPk R AeC g EOPROTEg et

of . th 0 [ [ : ' ne
aHiseh e B GBS A DR B, R R T
Ngthoothkage, is GBpbeiny, peeifedarhr elative &t @ dowsphiding bdge of another
sanpl e-recei vi ng chanber d others are t. | nLa

f elaticalspapPeTt i sPRESEY WY BRPTG P 7 BriRderpent The

e lViMe A8y ofed ¢ rehes aBfy dnd®lacement
n%lg%oﬁfrg :ﬂ%'gar@lrrg%?%g‘ggp@ll nl%%ot hoe??lg 0as pect&f&t e iynve(r?ti on
pwilyyate svitinhe hitusdefabe pamporent.arly for the edges of

the nmeasuring el ectrodes | ocated wthinthe

sanpl e-recei ving chanber, and nore particularly for

t Ef16n WhidothrRs iRl scchient are i@patincenthe
tg&oﬁgﬁgﬁgﬁﬁo&., "é,&%‘(fggcent edges"rtinn this con%)ext

r gdadity of the Eleetrbehemica agsulth obidined by use ebiliamracrasiesigdes. One

' | tt .e. ' [t €

o Trctitigy ofgh BNl Bk o R 28 oot each,

el ftloeREGodeS Disthinffd: prééisd Sibecaiodthnpsseanidqlisiesnent Wil yield an
present Invention relates in one aspect to praviding.
naiek ol ccis hights adeaiate gABothergigetoy indbe @?qﬁfri%cra?leﬁ!foff%%& the
desi red ' :
obteesyaens AL Bt e Blrghfes TR EBEPAR, BT e pifEHe St

dedaidr nesknay) fnelaguadhip 1o thé pbsitordihe wabekingictegent(s).
el ectrode. Thus, as the snpot hness gf t.he gﬁges hod
i Minrenmss, sinch SiQsensosy &R cEngaaRsTateH Bassf oF calibrgypp rethods

ogeuph e 6 8RInk 8 tRMRGsuri
d@’@f@%%g%ﬁ%f%@%ggéﬁﬁ%%‘?e%g?%e gctrgdes al soSI(l:%rrl]g
beRrefbdes the abilinetopoasistehtly prodned lois. of fuch eexatppesanfephance
macr oel ect rodes that are spaced apart by 250 mm the

e&g:ggsnﬂi@ ,aﬁlpiﬁbed with the tests.

Similarly, the edge smoothness and placement contribute to the results obtained
from microelectrodes. For microelectrodes, the issues can be magnified because of
the number and relatively close placement of the numerous microelements. Poor
edge quality can greatly affect the operating characteristics of microelectrodes, and
the present invention helps to overcome this potential problem. Moreover, an
advantage of placing microelements in close proximity is the rapid establishment
of steady-state operation. High edge quality and precise edge placement enables
closer placement of the elements and in turn faster achievement of steady-state
operation. In addition, such closer placement allows for a greater number of

microelements to be placed in a given space.
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the gap preferably have a snpot hness standard
devi ation of | ess than about 4 nmm over the entire

wo ecogoboeod t he edges; for el ements spaced aparPChysS00019553

mm the standard deviation is preferably |ess than
about 2 mm For m croel ectrq%es, the desired

snoot hness can differ. For eXanple, for mcroel enents
that are spaced apart by 50 nm the adjacent edges
have a snoot hness standard devi ation of |ess than

aboyt 6 referab .

I afercapniy G RR AplE DrpieRE o A iy Bec BRI E B

UL A GABAR lonbybiakeassr. Thenpmlitytod the drigeselocs knibss

standard deviation is preferaply |ess thaﬂp agﬁut ﬁ n&ge

nomoethmessfasnaifpymiteekthe gdse BhBIYE 1o g‘eﬁFﬁth Iget he cdge.
e snpot hness, st re poatsl ] WKk as

RS R S R A R N

g@&eﬁﬁhwmnaea aeentinigy. ag2dments (i.e., feature
1ze), nore preferably | ess than about 2% of the

feature size. It is also an aspect of the present

i.nvention.t r.el i ' 8PS cdadslt
JRS0F tisaess U vnbaEp i dELE LAY A Mo S AIRONRIIE caBfithce
RLRE SR the Bfcoftichl loendedinarg the Sesited shansrof dlemerdtase At will be

referably h S th t andard devij at.i .
Fappreebied Hansisbinast pormpaat b Bogrape e nRgd Braon
taq%g%ga A0 willfot BE 880l dupkefdd By thelph9sipal@mbbaimémr The

urate placenent “of "the electrical conponents ,
et ko/@hich tioenestan etigeof the domponent vanes/fEam ths tha@plac one is

rzglglggsilrenaé%\g/? grgl)%;g?nsﬁ g)tf ngfeed%g n.gxr%) glg%ﬁ%eg ?la&fég ighgs}’ ﬁgootﬂﬁess or
z;glaﬁ‘?’ &{jthé t@&’%? dafi bRk HRESERAN tdtng 0@ theavanfifk distanot that the edge
I Ce a

vV as a precise pattern for the electrica
cienpmed fitosn a teeretichldinevayepi spestiadtlonsth. s REAR 8°

therefore do not .depen . I
PRSI RS P BN, LR RO TN AR

t &/ d1RaldR e WsthA®edan bYRaR0Mesd. Fulthsr, decnaxdmm value the
positioning of adjacent edges is further elnhan

d
P Betaotosbicnes orensaeciRed onBD 15 D AT REDES TR AP
Th for. i th j i i
OGRS iEp defeb htieldetinoBBPRE Lo fofh d PN B0V Hakh of,

ents t ave gaps or features that

ag. 8., RORRI e yanefieturing fdcesMuust Bpmpalile odptogucing edges that
el ectri cal
will vary by less (preferably much less) than 5um over the length of the gap.

Otherwise, the electrodes may touch and thus short circuit.

As relates to the various electrical components, the extent to which a given portion
of the component is “smooth” may vary. Referring in particular to the measuring
electrodes, it will be appreciated that certain edges of the elements are more critical
than others. For example, certain edges of the counter and working electrodes are
adjacent one another and spaced closely together, while others are not. Also,
certain edges are located within the sample-receiving chamber, and others are not.
In a first aspect, the present invention relates to providing smooth edges for all of
the edges of the measuring electrodes. In another aspect, the invention provides

smooth edges particularly for the edges of the measuring electrodes located within



conmponents wi Il have designed, theoretica
configurations for the gaps between adjacent edges,

wob@sees1é he physi cal enbodi ments will have vaPCHUBZINE019553
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and irregularities. The present invention provides
gaps between adj acent edges 5§at are highly uniform
Speci fically, the present invéntion pr ovi des a

“uni formgap,"” which is defined as p for V\:hIChthe
smm@cwam@b%@n%m%p%wléﬁﬁ gpré@@%dg&ép

t he fe

sﬁ?&gﬁﬁ’@s jerg? %Q& e@g éﬁtltgﬂ 0 dt:)) e?h %@géee\sﬁt %‘i ?n}nntgls
t BenteRRefess ﬂo&ﬁéfdbhﬂhﬁt @balge o arountopelemprital eloadsk Yo, i.ess
t han about 1 nm i's appreC|ated t hat the hi.osensor

okdjapent 0, @8 &Age oﬁnapeqi@m@ﬁ of 8 vqrkingislestepde Wi avhich the counter

for essing an analyte in a sanple fluid. In
aé%”& TR o) %ie bi osensor, the systemincludes a neter

(not shomn) and provi des net hods for eval uating the
sample fluid for the target analy The eval uati on

nﬁyﬁ ipdingjed P?eé’ifﬂué]é’t tetprengnk lﬁléer'&"§§%'fﬁ?é PN grgectiQ PYAviding
. aﬁ@? e?Jc'EPo y %ea &?&?}?ﬁ%{é@hh&par‘ég The el X&ﬁlracw the

e an may be any for which
t @ﬁdv@@tlSdreImanSVaapbﬁseqb on dliceabslote prer qudhe magfoelectrode, as
expl anation only i s descrj bed

d_enbodi
 HExGH R R oS eire GERRBRALS Aectiads BN FubE | s
b ARG hAEss! d?ttl?cr éfg'eﬁ irﬁ‘ﬁroffésu i dlﬂT@Béﬁé’eelSetWEé}Pth@ ARA%Bkally

invention clearly 1s not so limted in scope.

Nooeupied by thg ebfct{nqbi @l thé desited rageaglecteabdse for use with
t he bi osensor of the present invention for

determ nation of the analyte in the sanple fluid are

dithe |sﬁ§:@ : b inhéroeledtAid@fhlsdosn beheBbBomlfie bes&ﬁ%\%ﬁﬁbn. For
4,999, 5,243,516; 5,352, 351; 5, 366, 609; 5,405,511,

anxiarﬁpléSR)I m;oetdqe'odhsshdtt@sm$p@secbapaetd@h235bmrhgthe edges forming
i ncorporated_herein by reference, ' The, abl e ter
(ﬁl&gagmﬁeya haveiaEIGoUesS LOMREL EE BRI %fﬁeSé oy GHES Hm
ol FGRIRN o OB B by 810 31000 um, e

C QPR R a8 prréﬂéﬁibﬁnﬁbslﬁlﬁn aﬂ'dlﬁ 2meher may al so
i nclude el ectrical conmponents that determ ne whether

the sanple fluid has been received by the blosensor

F P PREPRRGrooRRTB Db Bl BHPi st £y Bl

dingiBloR¥enich® ths §paced apaieo 2SS the adplcert¥ges have a
smoothness standard deviation of less than about 6 um, preferably less than about
2 um, and most preferably less than about 1 um. If the microelements are spaced
apart by about 10 um, then the smoothness standard deviation is preferably less
than about 1 wm, more preferably less than about 0.5 um. In general, the
smoothness standard deviation for microelectrodes is preferably less than about 5%
of the width of the gap between adjacent microelements (i.e., feature size), more

preferably less than about 2% of the feature size.

It is also an aspect of the present invention that the other electrical components can

be provided with smooth edges to facilitate close placement of such components.



alternatively provide the data to a separate device.
The bi osensor of the present invention form ng part of

WO b@sey®tem can provi de either a qualitative oPCT/US2004/019553
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quantitative indication for the analyte. In one

enbodi nent, the bi osensor coagerates with the neter to
indicate sinply the presence™of the analyte in the
sanple fluid. The bi osensor and neter ma ovi de

Y. %IOC?O' pr
aSneuethercopiponpeis guederebihaye 2 soeednessH{adAdteviatan that is
lyte in.t le fluid,,|
o b e ahfur's i @ Fre prtfefeoiy RefhuB AL e on

that a highly accurate and precise readi ng of the
anal yte concentration i s obtained. The biosensor is

. udb¢ pres¢nsinventon else pravidasifornthe cergie placomenifyhgglectrical

anal ytes, T bi osenso fo anpl di .
At e R A e
bg]absBeht o caﬁlﬁsﬁmg ReckiEfse BciBasdin phie bynhd ydesof bivtlt field
preferably, the biosensor is configured and used for

t tesentabdationghasfis perfermeryphioughha smapk oF ogptdgviqe thaidhas a precise
., t iy _ .
CONEFRR L STl Sofdie, B N BLERH oo

exRreFoRt doef nordpendor theanhircllddanbyenent bE n rastbring laser or of the
enbodi nent, the systemis described with respect t.o

t Bebsfateaelafivhioghe gastramedaseh Moprayrb i APCUrath Pt pmng of

bi o : . : i

¢ PERGER Bllecy e AR HABHUA Y 00 cREIAGANAS LD e PSR et
afeledees in a biological fluid. In addition, the

bi osensor is useful in connection with reference

fluids that are used in conventional fashion to verify

t ﬁﬁ?femr& hiatthrtRr AsPt BESheRbA Hrdveddsi ditridal cémponents that
preferred enbodi ment, the biosénsor is enployed for '

t heve gaps ion fpatfregihacas grecihly eatrplled.  Moraspepifically the electrical

i nstance may. specj f.ically include. for. ex le, f
 Apmppsenys BLBRgatignate teptfrtaa gl B Hlegzapt b&Wen
apERLeMR Hasdst RhERAENS iph?éica(l 8mBodinieAtORiMavB ahfatidhe Red

ar cal f"and thigh), tresh venous- bl ood, and control

s direguiasities.s The presehtiin vention proyides gapsshesvesn adjaent ¢dgpgthat are

rRTORAC) ' SRa e MRl AploiEoRAgRER Rlrd BB

| RvHESHTY @Bt @l a 3B @hidh\thd siB6®hmgs blagdaH idaviasercfor asch
with a lancet, and then contacting the biosensor with
f ledgaidefining tpgep isless thathebosk § Wi UFetesebly, the pogfiness standard

a%lg\?igttion of both edges defining the gap is less than about 2 um, more preferably

less than about 1 um.

It is appreciated that the biosensor of the present invention is suitable for use in a
system for assessing an analyte in a sample fluid. In addition to the biosensor, the
system includes a meter (not shown) and provides methods for evaluating the
sample fluid for the target analyte. The evaluation may range from detecting the
presence of the analyte to determining the concentration of the analyte. The
analyte and the sample fluid may be any for which the test system is appropriate.

For purposes of explanation only, a preferred embodiment is described in which



of the present invention that the biosensor is useful
with very small fluid sanples. It is therefore a

wale@snedshie feature that only a slight incisingPOf/Us19e4/019553
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skin is necessary to produce the volume of fluid
required for the test, and the pain and other concerns
wi th such nethod can be m ni m zed or elim nated.

Bi osensor 210 in accordance with an enbodi ne
pthesenalytd is elieoseommdithe sample Elvetis bipnd s dnterstifal fﬁfﬁ& Wever,

e LRt il Rl coaRiy IR0 IR 2nar surface and

€ ac ura e neasur emert of an analyte in
a LIU|d AE shown in Figure 1, biosensor 210 conprises
a base or base substrate 212 conduc e materi 216
pbbnthlmﬁléa cHFP ﬁ%oﬁ)\agt@rszsyga S f%rp}’ée é‘fltﬁ’fﬁﬁ 10&?\‘85050%:@9 @resent

gﬁg gntg%gfo% (agtgﬁ?ﬁ&t%Mhé Gie it b SGRY gﬂael:l]lﬁh %Ié/‘éiﬂséloée'ﬁn uUs.

I ne a sarrp e-recelvin
( Phight Mod)1,963)\81404,80% 630 14e09911188t 5826161, 2?2133106 3166@09

o 05 55 bk ST S g RS et oot herein by
aP&%ﬁé}l lf}:esuﬁhlﬁé r(ngt]sgobvﬁ) Al iRAdBS Bnh&Sibn Withi P,

par el one |ng a lam nar construction
pekvircdes @f &m olgasay arloifcaiiey openiuag anelactrechemical signal

| hanbe
2%%%& lgg &ﬁhg O%egﬁatlgl thge égéj%tgegﬁg égf’y alfFinclude

?Egirﬁaf oYllel‘M 1P ﬁ&@ﬁfung Z\Qle’é}fér ﬂfecé‘eﬂn R fldi@ has been received
ectroc signal to a work ectrode al so

poyithd lummisw anu iwhettee thehrandmt ofzszxm qtp Auiglgp pefibicieat for testing.

c currst ances, such as f

- dhganer gt YR A gl B R e Ay B may
”ﬁﬂéﬁh@x‘elyf%@ﬂé&ﬁ@dzﬁé?o fteparpsanse. 210 |ncl udes edges
222 that define opposite ends 224, 226 and sides 228,

230 extendlng bet ween the ends 224, 226. Base 212 al so

2’3?18$ Og?F]%Q_rL éf tgﬁ gregzl%gln%%rg ?) rf&%rﬂ?% g%‘? gﬁﬁ?@?&gféggn provide -

( EltBtr2fuaBtadin€ ofguantitdtivs inditatior lfyr thée aﬁz&ytElIn basembodiment,
length of 40 mMmand a width of 10 nmm S
a T kieseasaoopraiey withthemeteh @%@dvate@é%lplé{rthe Rispec of the

L eﬂ\?’{e 1ffi‘ttﬁe Sand ﬂedfh!i Ratyk 'Bf‘osﬁﬂégﬁ Otd fRRr ﬁ*fa Eb% 3‘\%@6 g%?admg of

cor dance wi t e present | osure.
Tlﬂﬁa ﬁﬁty&ik%oh&n&aﬁmbsﬁ thatealttean theﬁa@ienﬂuidf T apeaferred
insulating material, so that it wl]l
embodiment, it is a feature of the present invention that a highly accurate and

precise reading of the analyte concentration is obtained.

The biosensor is useful for the determination of a wide variety of analytes. The
biosensor, for example, is readily adapted for use with any suitable chemistry that
can be used to assess the presence of the analyte. Most preferably, the biosensor is
configured and used for the testing of an analyte in a biological fluid.
Commensurate modifications to the system will be apparent to those skilled in the
art. For purposes of explanation, and in a particularly preferred embodiment, the

system is described with respect to the detection of glucose in a biological fluid.



not provide an electrical connection between
el ectrodes forned fromthe conductive material 216.

wOlevslosasite | ng exanpl es of suitable insulating PEr/Esioad/e19553
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i nclude gl ass, ceram cs and polyners. Preferably, the
base is a flexible polyner a has a strong absorbance
in the W. Non-limting exang es of suitable materials
i ncl ude pol yethyl ene terephthal ate (PET?, Q?Iy%{hyle e
nZpebiea¢nsoris(abgngseluh Mathpowide yedetyiaf |samplefiiadss gnd isipreferably

fil are [Cj vV ail. . ¥ : .
RS ERATRAR Bltts M Ak B8Rty s, o bigsepsor s
d @sdNgIMRA EbBreckbh MiithgbferencauRisalia ard IBAd (1l derRentidnal &astlion to
UPI LEX(r), a pol %/i mde filmfromUBE Industries Ltd,
Japrafy themaggsity efithesyeemndpstesting. sel ected from 10 mi|

thi ck MELI NEX(r)329 or KAPTON(r), which are coated

with 50 4 nmgold within-lot CV. of < 5%y:

Tech piefdvdd avaiiment, (Bedissehsop issemploged forthedsaing of glucose.
Connecticut, USA, It is appreQLat?d,tE%td%he bﬁaef21ﬁ
nape sanple it inghisdpganss wayewssfictl nc i ded Rt BamR)g Lres

i al : . : Lt
O e T
f forbdrer, palpruppendred colfiand thigh)i fresbkveasss ipod,laed control

e saplaspRih B o5 ahs S R st ind fegiyered
tzgkgth%%goséﬂg& 25 8ny2B2hish. Fheeiap, 3 blortiagfpRiinay Be 6Bined in

acer 214 "has an upper surface 236 and a | ower
s woieoto8 Sashianghy wcBingfthe skig, supleabwith adaeet, gad giepi ng

to. Fi 2, th 214 h 4
D aantding dl blogSisek o RO Gap be B R e, ¥ asect
abpie ResdM ind¥tinth&fthébietinsdilis WBRfaNW@ith vosi @iull fdfid samples.
about 4 ml. It is appreciated, however that these

v 3l is gerefore mdesitpbleifedturethaionlyea dight ingising ¢fdbe plan dmespssary

be f d, Wi : . di i
o1 pirgueO T g Nilhia Foahed flr (B0, B el pii i on
PLEsRRts Witls SlchSHERod Spaseminihiet ©r Eldmirattd r om an

insulating material, so that it will not provide an
el ectrical connection between el ectrodes forned from

tsgiﬁ?scaéﬁ%lngliﬁbii?( ?cc%?&a%&i: Fith2n e b%ﬁﬂﬁc}ﬂsggfﬂe%es%ﬁﬁﬂpérﬁﬁn%fas two

nsul'ating materials 1nc gl'ass, ceramcs,
peletiBdspatiehnt inivimghitfblent feaver dizss omet @mmbs plaamtsurface and
pr‘gl?&s%re?r?ﬁltg %hsé a_CCIPrgt%_rLei:arslerte}nggt of an analyte in a fluid. As shown in
Figure 1, biosensor 210 comprises a base or base substrate 212, conductive
material 216 positioned on the base 212, a spacer 214, and a cover 218. The cover
218 and spacer 214 cooperate with the base 212 to define a sample-receiving
chamber 220 (Figure 9) having a sample inlet opening 221 for the sample fluid,
and a reagent 264 for producing an electrochemical signal in the presence of a test
analyte. The biosensor 210 is formed as a test strip, particularly one having a
laminar construction providing an edge or surface opening to the sample-receiving
chamber 220. The reagent 264, as shown in Figures 2 and 9, is exposed by the
sample-receiving chamber 220 to provide the electrochemical signal to a working

electrode also positioned within the chamber 220. In appropriate circumstances,



exanpl es of which are disclosed in U S. Patent
Application Serial No. Serial No. 10/264,891, filed

waedaosloeds16t, 2002, the di sclosure of which is PCT/US2004/019553
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i ncorporated herein by reference. Illustratively,

spacer 214 is fornmed of 4 m l,oMELI NEX(r) pol yester

film which is preferred for "'use with whol e bl ood
sanples. It is appreciated, however, that when the .

sanghl & fosglyresemistestion dhe pagent mayqontajn # eraymgand optionally a
pref%ﬁ&gd for use in accordance with this disclosure.
Ifn%% appreci ated, however that these values are

nmerely illustrative and that the conposition and

di mensi on of the spacer 214 may vary in accordance

wiTihR besee2 1deafibiqsgnyes 24 incydep _ﬁ@g%%lﬂ@l!d 1ps; QRROgite ends 224,
g%gg*as& sid% $d EsQExt\é&‘tﬁﬂ% B4R ks gif%aggg%, ?I.ZBh%a&P@Pfilso has a

and extends from edge the edge 242.
Thep sirfate 23Bsuppbitireshatoddaatve mhterihle2ig andandppositetbottom

tegglégc% Q?F{Q%E%g zl?nzrﬁllt )\c; ﬁ?&rﬁ{iyé?&a&n g%gasgaglfg}l éﬁ ::(i)é gé gn and a
Of\Viétﬁmf]IOM {19 agﬁregiaf&ﬂ hAReRHAEiBY vRfesQrd m3t8ly Altkstrative
may of len

ave a variet gths and wdths in accordance
Wiahdh thah theplimeesionsdifsiod base 22 may viasy fnwactdrdancgpyittethic presant
that the edges 249 of the slit may al so be curved or
afGlosPe n accordance with this disclosure. As shown
in Figure 1, the cover 218 is positioned on the upper
surface 236 of spacer 214. Cover 218 has a first .
s (Iht dewe 2220s awubstrateethatid fermetldmen 26 insplating mateglal fsg dhabdt will
t he base 212 urther, th over ,218 has edges :
238t Pouge D akelriel SR TT PR At Sp R B 1o
a chfdi2tibe tagkial 314.€N6ndikafing HEnpEagRuRiblé ituktihg maddials
Illustratively, cover 218 has a |l ength of about 4 mm

a ingledergless, easanics 20d pekymersa Hieferibly, e base ift a Bexablepolymer

'S reciate ver, fhat ese. val

| EndBR S Db SRR e O SRR Ra S FESI

WinkAi@ritls idcluay polyathlenb adrepthbalate (PHE), polyetfyldnb @apialiinte

218 may varf/.l n accordancé with the present . :

diB8Np e eolymisleddpsy The suitablg filmpsare semipergalhoripiablpps

a bexf ' bddki IRVE GhB R

AR, S A PR o e e

maegiduad, ilmington, Delaware, USA (“duPont”) and UPILEX", a polyimide
film from UBE Industries Ltd, Japan. Preferred materials are selected from 10 mil
thick MELINEX® 329 or KAPTON®, which are coated with 50 + 4 nm gold
within-lot C.V. of < 5% by: Techni-Met Advanced Depositions, Inc., Windsor,
Connecticut, USA. It is appreciated that the base 212 may be either purchased pre-
coated with conductive material 216 or may be coated by sputtering or vapor
deposition, in accordance with this disclosure. It is further appreciated that the

thickness of the conductive material can vary in accordance with this disclosure.

Spacer 214 is illustratively positioned on the top surface 232 of the base 212
adjacent to end 224. Spacer 214 has an upper surface 236 and a lower surface 238
(Figure 9) facing the base 212. Referring now to Figure 2, the spacer 214 has
edges 240, 242, 244, 246. llustratively, spacer 214 has a length of about 6 mm, a
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sui table for cover 218 include polyethyl ene,
pol ypropyl ene, pol yvinylchloride, polyimde, glass, or
wpodogmedoas . A preferred material for cover 218P¢HUBIOONMNISS3
pol yester. A preferred adhesive is ARCare 8586 havi ng
a MA-55 hydrophilic coating, ogommercially available
from Adhesi ves Research Inc., den Rock, PA Further
i s appreciated that the cover nay. have

mar

amctsh ehplat P mpmand & heighbpiabepe? mhdt & %PPfeElﬁée4 hoWgyet that
a&e%al&é &én%gegﬁrg estr%ﬁ%%e&n@hﬁaﬁﬂ%ﬁl:r%&%gp méfﬂ ?e el E@v?iﬁlout a

g cC Figure 9),

V\épa@& aettBatttbe @xpasions efihe spac26214 mag vﬁﬂyun dctapddmee with the

tested froma user of biosensor 210. This

shiepins disslospsgi ng chamber 220 can act as a capillary

channel, drawing the fluid to be tested fromthe

openi ng 221 onto a sensing region of the conductive

MBpset 214 iéJfGHamtfrbm\m IinisutatMgnnatetﬁial sd thati iSWTalbmteprbﬁdedn

that the biosensor acer

a@lé@mealrf@@n%qoﬂ Do e P Pane ot cTiRBR agRal 216

tg ng1 %%ﬁ‘é}n Oiks Bf‘ﬁut%ﬂ%%%la@ﬁ% rﬁ:ﬁ@nﬂﬂﬂélude%ldé@rde%cs
ric naterla S may cover the base

eptpitymemg phoﬂoynmh‘de teeriaymdtenials, @hd phetomsisthurctanygmiting

PRSP HiEh P TEAEC U ARG APDTRG SESE SR

t !ﬂ@/zslﬂ 801, eﬁle@ @)QtdEEM VRDY, thé dRE16AN:E P GioM ik hdofidtated herein
di sclosure. Figure 2 i lustrates the conductlve

rﬂay eaferghce TBlustestivalyn spastrieidris fermegad drmail MIFINEX npolgester

st ctro t 266 .an Ct,.
R e S PSR P Gl S ke
PAGSevef Sthai?Bhen the SAREIE ivehima dhereantQahil fitm Medyeel patferred
216 may contain pure netals or_alloys, or other

rrﬁarense i ascogdaneswith ghipdisalosyre. Edh apiecipted, hopvener g hese
cond |

@8 ?1% relpl(:i‘]tlll[;'&faﬁ{é% %lrd ﬂl}étehé @&%}Bgsﬁfr?ngﬁ R d1 H%ﬁsmn 8f the spacer
apg ﬁfay&afﬁh@éﬂ@ﬁﬁnoa reittedht dbgredaeight aﬁﬂle[sampleaecelvmg
processing. Non-limting exanples include alum num
celasher- copper, chromium gold, indiumtin oxide
(1TO, palladium platinum silver, tin oxide/gold,
titanium mxtures thereof, and alloys or netallic
C angiin bn dsid 4 tih fsmee irethe spacer Ptéamt aftends framethe edge 240

¢ ?olwal'rlg ttllleveedgn%45 & ﬁe Slltrb% %%ﬁrsfesneg tfeast trlT{Etleng and v%}{dltﬁgts the"

sample-receiving chamber 220 and is defined by edges 249. Tllustratively, the slit

248 has a length of 5 mm, a width of 1 mm, and a height of 0.1 mm, but may have
a variety of lengths and widths in accordance with the present disclosure. It is
further appreciated that the edges 249 of the slit may also be curved or angular in

accordance with this disclosure.

As shown in Figure 1, the cover 218 is positioned on the upper surface 236 of
spacer 214. Cover 218 has a first surface 250 and a second surface 252 (Figure 9)
facing the base 212. Further, the cover 218 has edges 254, 256, 258, 260. As
shown in Figure 1, the cover 218 has a length that is less than the length of the slit
248. Tllustratively, cover 218 has a length of about 4 mm, a width of about 10 mm



their oxides. Mdst preferably, the conductive nmateri al
i ncl udes gold, palladium alumnum titanium

w@bk@siesng | TO and chrom um The conductive naRPEr/U81004/019553

10

15

20

25

30

ranges in thickness fromabout 10 nmto 80 nm nore
preferably, 30 nmto 70 nm bigures 1-3, 6, and 8-9
illustrate the biosensor 210 wth a 50 nmgold film
It is appreciated that _the thickness of the cond t|ve

manda heightpfpbaw0. L. {tidapnresidad.dompaerhaiibpse,y
gap)tggeg'}/] @Lursf‘rgﬁqo%rﬁftﬁat tﬁgB‘BEe%sBxﬁlln% b& r}xﬁd%ﬁloﬂf a E&e‘e[r and that

ratlve econ uctive nmateri a

| theaindhgichs oftthe tover el&r:iay ey in yetardact ivdth the praseise
sets 266, 268. In formng these systems, the

coiseheePyve naterial 216 is renoved fromat |east about
5% of the surface area of the base 212, nore
preferably at |east about 50% of the surface area of

t mae bawee 224 2 illanghtivebt fopmed eff adibar mateﬂi&idmvingkadmdrtﬁm%c
of the surface area of the baﬁﬁﬂféz As sh%ﬁn 1
FRghpsive Jayef HEPIOHITLY BHA6 SRACHe pitine Spg %%fﬁ.‘?ﬁt%ﬂ s

o 1{ ?e i%?é@ve%k%flﬁg ;ﬂ)‘lyét}%ﬁé{e ﬁo og)&féﬁe,i%{olyf\gnylchlonde,

e system not |IIus
app]y&mda; gdsst hapolydrseerr éspnefemg npmrtaé foraxdveniduis t10Qpm

mat eri al can be ed or th ad al t
"RYBR o priserEe ey B ARG R ISsE hiving s Ny YA
COPRRT, coMMnERidIE évaﬁ%l@hbﬁix&lémv%m@sdmc GMIOR &K, PA.
el ect rode pattern; subsequently, the copper may be

p Fatthet, iniit dppeeciated hatithecaveysnasmhava yearkings i Qqqelﬁiaa%g‘&t@ this
a% { to formthe desired el ectrodes. Preferably, a

s'R§1°%€" Payer of conductive material is used, which

lies on the base 212. Al though not generally

necessar it is possible to enhance adhesion of the
c Ghdsit348an e eaeen ZIotopHBe it hegovpe Lo nd Wshiee 17 form

b s B R ) S B g v

b |aqmﬁzﬂie t€d hem @user bPbiesdnayel IOOThg(shm‘lplembémnhglMamber
plati numor | TO As shown in Fi ures .

bi28Q eisent a2 gapiHaly faRnchfraVBgs h%fa!éldég? B éfi??f‘éiof%? ths opgning

o i Bl 1, 8 LA BB o G Bl . 1

S g peecifetihdi the bidsandoe mag 2@ fosnatonithan aesdacsau ohacchaliance
with this disclosure and that in addition to or instead of the spacer and the cover, a
variety of dielectric materials may cover the base 212 exposing only selected
portions of the conductive material in accordance with this disclosure. Moreover,
it is appreciated that when present, the dimensions of the channel 220 may vary in

accordance with this disclosure.

Figure 2 illustrates the conductive material 216 defining electrode systems
comprising a first electrode set 266 and a second electrode set 268, and
corresponding traces 279, 277 and contact pads 278, 282, respectively. The
conductive material 216 may contain pure metals or alloys, or other materials,
which are metallic conductors. Preferably, the conductive material is transparent at

the wavelength of the laser used to form the electrodes and of a thickness amenable
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sanple fluid entering the chanber is placed in
el ectrolytic contact wwth both the working el ectrode

wapmsowbwicount er el ectrode. This all ows el ect rPCHIUS2004/019553

current to flow between the electrodes to effect the
el ectrooxi dati on or electror?guction of the anal yte or
its products. Referring now to Figure 3, the first

el ectrode set 266 of the el ectrode systemi ncL}udes t wo
elogepidaad precisy, processing.| Noadimiting examples wghudg glnaippn; garbon,

a_wor Ki C d el r i :
St B SR bORE RARAG A OSER PHS), bl T Miver, tin
ebaAERblAtitahiudg enixRBE thbr@df, iasd hlloysammemaltiatompowds lof these
contact pad 278 via a_connecting.trace 279 (sqomn in

3 Aoet fliisor

Felgumentsp Prefeighlyefhecondedlve ipdial insgisiop poplp gncd

fz'&xgir oéjc?es.c R @1%?69?1512, HEELARICATe Rlafbh] RERIPAESIE! hlladium,
ornmed as a macroel ettrode array. It IS appreci ated,

agluihlm ptasiuss phtednhBiG afid erpmitmat Théeorsluetive mdesial

270, 272 can include e th one finger ch.in
atnspRibEkngse RophiiuTs Em@&m’lf@fk §9§Eﬁaﬁﬁe?° th to 70 nm.
APRLER 128 & ah8 8lo i%lE?cra? R Biosshdd? 220 %ithed 56 hifGold film. Itis

lguratiron o e el ectrodes or electrode Tingers
napyprycatyd imt deabickaess of thictdondinsive mesaial depends oparr e As
shown in Figure 2, the secon | ect rode. set 268
EPSTHIEYS DGR 2 6 JRLSTt A0 o R R ST C g of the
ehRedds8pe 274 is a working el ectrode and el ectrode 276
IS a counter electrode. Further, the el ectrodes 274,
276 each have five electrode elenents or fingers 284

that are.in,c Lcat | .t-h t j
cDBiveny o GRS ol ey TR A5y BRiectite sfnt
el téRpEsd dRDV6S 238 An FoRRIAL Heke bpstany, itecontu@lveahatods 216
pattern formed as an interl aced m croel ectrode array.

Wsi temoted/ o ag&aab@@u; ] %g>|é the sglace prea of thehape? by mare
t )
53@?% , ?/gaggeﬁxgtbag‘i)?tago% F%% tsﬁgg&r’ge a&?aoéf L B%Ierﬂ@,eacmdg%é?t.

orne ater or ewer 't Ive

etn%@érﬁlﬂ@%t fdanamost 90% afthersdefaeeared dfthe bass 22s Asashuwa.in
It is further appreciated that the shape, si zgg d
L Eorm«% at

r Bigare %.<he onlyicgndustive magrrial RE0 gymeaining g dhaage

SEATERIRE Y HPMREORERL £LeoL o2l 2 o e

el ectrode sets 266, 268 as
While not illustrated, it is appreciated that the resulting patterned conductive
material can be coated or plated with additional metal layers. For example, the
conductive material may be copper, which is then ablated with a laser, into an
electrode pattern; subsequently, the copper may be plated with a titanium/tungsten
layer, and then a gold layer, to form the desired electrodes. Preferably, a single
layer of conductive material is used, which lies on the base 212. Although not
generally necessary, it is possible to enhance adhesion of the conductive material
to the base, as is well known in the art, by using seed or ancillary layers such as
chromium nickel or titanium. In preferred embodiments, biosensor 210 has a

single layer of gold, palladium, platinum or ITO.



illustrated in Figure 2 are for a single specific
enbodi nent, and these val ues may be sel ected as needed

wo ensobwiepeci fi ¢ use. For exanpl e, the | engt hPOf/US1004/019553
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el ectrode sets may be any length up to the | ength of
the base, dependi ng upon the 9r|entat|on of the
el ectrode sets on the base. Eurther it is appreciated

that the width of the conductin traces in
c b it Fighreai2ianddy thedesepsas 2d0 04rqladeggy elegfrde system

e e

Ofeceidaly cHanbac22( a’ﬂhd’mmplafeﬁelv&lgmanibermm mgo&ﬁxglrpdl guch that
of which is fromabout, Im”Tmto ab

ebaseple Slgid eniering the chapl 15 hlamdglareé%fogiﬂé CQWFFE‘M‘ poth the
h%% eltegfrgde' dRL o Fe%ﬂodéa Nyl rafl@s%‘kl@&n@ﬁl current to flow
asynmetric patterns (or e ectrode shapes) are possible

I Bﬁgomemf}?wmmest to dffecsthdiekctrostidationFareldetoredti¢tiéon of the
number of electrode sets on the base 212 may vary, and

t AR e OF 8S BERMCBase 212 can contain, for exanple 1 to
1000 el ectrode sets, preferably 2 to 20 el ectrode

sets, nore preferably 2 to 3 electrode sets. Referring
agafemnmganm ¢o Figusd 3,ehefitst ektetr@@t se%@ QﬁthFﬁ@QTIT@dESSyS@Hb h

I de fj fi
S InGises v plsaates 210,120 AoerRLelst s R aTh ith FRodRg o
ngéctrg&?and@&ﬁoﬁg 492 &lBecoudRB ele@'&éde 28 d@SrodeSTTRLM2 each

edge quality. As discussed earlier, the edge quallt¥
ohavdvesingle clamae or firger 280 that & i epmmeinienjion Fetheeptast pad

F ofs Pl maridrist cae o FifFe R HERARERIZER 250 of

dend Addu@ass TAY) 2P raboofpeme ﬁﬁ&dflned@%le@f,ro&é pattei® ﬁemeaa@ a
272 of bi osensor 21 For clarlt¥bpur poses, haowev

omagroetestrodeyarrag 11t if apprasiaiede gt Wil be Wquss%hgpaéf@asrgétahe
DB 270%5 SR B SR B WA SR TE s v i

OQistlvguadeis 2Zdizher Rppretiated Bt tlﬂQshapﬂS,mdemndtreidtlm configuration
op gOS|te ends of the inner edge 281, |ch r, resents

t hetherelaciredeserploptigre fingery 551.‘/2’8-6‘/ thspresent
280 10klrel S @ppreciated that the points 289 291 may be
posSI {I oned at a vari ety of locations and at a variety

of distances relative to one another dependi ng

L‘_

As shown in Figure 2, the second electrode set 268 includes two electrodes 274,
276. Tlustratively, electrode 274 is a working electrode and electrode 276 is a
counter electrode. Further, the electrodes 274, 276 each have five electrode
elements or fingers 284 that are in communication with a contact pad 282 via a
connecting trace 277. Referring now to Figure 3, the electrode fingers 284
cooperate to define an electrode pattern formed as an interlaced microelectrode
array. While five electrode fingers 284 are illustrated, it is appreciated that the
elements of electrodes 274, 276 can each be formed with greater or fewer than five
electrode fingers in accordance with this disclosure. It is further appreciated that
the shape, size and relative configuration of the electrodes may vary in accordance

with the present disclosure.



upon the length of the desired edge in accordance wth
this disclosure. However, the length of interest wl]l

W y@soedehley be the entire | ength over which a gBEI/US2004/019553

10

15

20

25

30

extends, since the snoothness of the adjacent edges is
nprnally nost i nmportant overoghis entire |ength.
Figure 4 illustrates the theoretical |ine 293 that

extends exactly between points 289, 291. That is,, lJ
283s ammca@teqht@t theevalugs 507 the dimacasioas oblg &1 Wa@ F%é & 8 as

ghsgg[?g 11_%1 ureez /e ?§F§ Scinglfe {)/&ﬁﬁ@ Bnd e, 86d L}Qg@\?’aﬂﬂ‘&r fRay

any°given pol nt along the Iength
Of)e Isélétﬁec?&&eeﬂd?tﬁfoe dgespedfic wid. | Flrexspalestheilength bhthe electrode

S v e o0 BRHE 810 EAEO TR RS AR RN S g gFientation
v 8% H)E e%%ﬁgﬁ]éjée@sgoﬁjt@lg R &kt i@ Bﬁ%@&aﬁe@ tIRR tHEERRIK 6F'th§

th reference to stances di
aﬁ&ldﬂlétmg’ltrEdeg it @olﬂmuﬂicamamwah thectdedtmtle sets ofaytvais a non-

di st anc th th 293
abau@ngs%w%ﬁ%o 6F BnE ARpid S (] § b 11 Rother
@@é‘?f&gg ﬁ{bngg%dm kalh SOMALthpal Wla'rfo)i*hrhﬁmg eﬁample of

diments, the standard deviati on of
e dglechzs frofr ahout heon éd alait Sinime The SleGGOdmtemahown rmn
and no pr ef er abl | ess .t han

e R e e R e RO T
1gatfér9§1(o? eﬁ@trod@k‘ﬁaﬁéég ﬁre%b%ther labdd#@dncateth thiz dicldtute.

was neasur ed. usi ng Mcr o- Measur e syste
c Bortherciha Inluynbals/@ﬁ dlatmwée fsets on trKmRse 352 mag|vary gaghtherefore each

TRl SRRy SR Mo L AN 0

Ob1ekiroROsetsTRORS profer@bl P to W%?&:&b@émi s were made by
capturing f he i mage and then allowi ng the software to

pl ace a IO’n’ngnd over the imge. The grid was aligned

MR RANS . £A08 RY £ ie%goaé@e& gkgsaﬁlgﬂfe f%ﬁ&pélest?oqérfﬂrg@r 280

ECt rve mani pul atin

t !ibeddfﬂiB@B ah hﬁleee@,% mn a eumﬁedgemm andadppgmmhtrd ahé fourth
par al | el vvlth th

et BeaTs Hach adgardl 8 Fne] B auesepalivy s
}N?i%sguéfgﬁ @neaetdgé auzmt& Ok fe\elctroBt L0, b7Li! cﬁ‘:ﬁ%&‘b?thea
R ong usSi

. . g a pol nt-to-polnt process.
ebliges dsngativndiaem ﬁamrétmahhn@extermm/g btwescfise mnd/\mond points.
575X. iUs_i n% obj ectlelg ?
The following description of devi tlons can app y to each edge of electrodes 270,
272 of biosensor 210. For clarity purposes, however, only the edge 281 of

electrode 270 will be discussed hereafter.

As shown in Figure 3, the edge 281 of electrode 270 extends between points 289,
291 located on the base 212. Points 289, 291 are located at opposite ends of the
inner edge 281, which represents the entire length of the gap 286 between
electrodes 280. It is appreciated that the points 289, 291 may be positioned at a
variety of locations and at a variety of distances relative to one another depending
upon the length of the desired edge in accordance with this disclosure. However,

the length of interest will typically be the entire length over which a gap extends,



magni fication = Actual neasured "Scale |ength" on the
video screen (nm) / Scal e value (mm. For exanpl e,

wa1®806mme / 200mm = 575X. I n one anal ysis of aPCT/US2004/019553
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electrical pattern fornmed using the principles of the
present invention, the deviatpon from nean of the
edges was neasured using a 606PRO Vi si on Measuring
System (conput er-control | ed non-contact neasurenent
sygceeﬁhr smoetwerscifdhe adjaneal odass & HarmAtlKMOSE BRI IARETYCE His
ﬁO? on, Aurora, IL with an effective

‘ion to video screen = 470X. Standard
deviations wer e cal cul at ed fron1neasurenents made at
an average interval of 0.69 mfor a Ien% at | east

dvder

28 4 dlnisics therthesgeticaRipg24 At ewignds £RE \yeeglgpomts 289,

§ i t ?1%18 %ﬁ@{%ﬁt@ %‘&Qal(fg%gﬁreﬁ '%E@ that &fég a(lin%btamed if

| ﬂfler&c’ﬂss aflformikizeths tlecitades \xdaeeyp«afecon Haveavet, beanyegiven point
val ue was | ess_than about iqﬂn Referri
[

Falgng ghegength of liph 9 dhe ggei2iL e lrbatSP%f@W 8%%68?&“ from
F}{égfeukgl 15%3@@ Q{y%bdlﬁt(n%é “dh’@vﬂl\é%staﬁclafl‘f vidR fﬁﬂﬁ@&o% a

e curved or angul ar, so long as the
Stﬁﬁndﬂlrﬂ vdhwdapermlmg)ipmhﬂlede gthappsms o6 b@mgesuzah ap slmwn e.g.,
that |ine 293 over t ngt.h, of _t he edge | han
aBadEcisTaRF Cfiatiarescirbab Mifyd Dy’ Aoumauf ot
A 58 SRR 29708 gt i e i
Sthl@d@élohhe cﬁézemgrancédgqawithersmomsth ¢dpe qubkiyt rIm geefereed

F ePhedimspts, s e Ry Bg oL hanee Pphif egfus B0 285 s
n etsgﬁi tzgglflp%,ﬁﬁﬁé@ ggegé}f(abﬁqss%%ﬁﬁil OV &3 ef&ﬁrﬁfﬂb of this

eore a di stance t hat
}/aéw@@oxﬁfr@mgnédn&)rltlmmgtttfmabﬂs iflistragedge Fidurd &t rat i vel vy,
i n biosensor 210, the electrically insulative nmateria
of the top surface 232 is exposed between the
elfic te&é)ed(ﬁla dl't}nﬂﬁﬁﬁatg@gi ﬂ%@ﬂaqoawiserﬂgdsﬁrea%m gINfick&-Measure
apprec e owever rat her than top surface 232
beysign espasedally Meilsbls dropahPKE Ieset Bldctvanith Gmbtb of Slagbsen,

e ame T MR 0 B SPBNE A IBEie A o RgTe diSPlay and

0 (ﬂ‘{eg%r%ﬁ'vuﬁéol g onl\OPe ntlﬁ%aéhrerﬁ&@@weﬁé(iﬂédé b?] caBairigtthe
0, 890, the disclosure of which is

image and then allowmg the software to place a 10um grid over the image. The

grid was aligned with the edge by moving the electrode structure under the
measurement objective. (By physically manipulating the image, the edge can be
vertically aligned to be parallel with the grid.) Using the software, measurements
from the grid line to the electrode edge were then made at 10 um intervals along
the length of a line 250pm long using a point-to-point process. The effective video
magnification to video screen was 575X. (Using objective Q750). Video
magnification = Actual measured "Scale length" on the video screen (um) / Scale

value (um). For example, 115000pm / 200pm = 575X.

In one analysis of an electrical pattern formed using the principles of the present

invention, the deviation from mean of the edges was measured using a QVH-606
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3 and 5, the inner edges 281 of electrode fingers 280
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and are separated from one another by the el ectrode
gap 286, whose length is alsg represented by | ength
290. Because the two edges 2 9 defining gap 286 are
not perfect, gap 286 will in fact vary in width and

pPRE:Wision Measuring Systemgepmpusr-cHiHed R cppperagAsErement
ga 92a- 2 ' ' 2 [ j - Of

0 SR, R € s WG Yo CorpBfifioR] bt 1L
t et dnPRctive magaftatkaah vilehstreas=4G0KiI Gtinddeldexidtions were

at least in part, and cause a net shift jn cement
oalewlaiog M REASFOEHT ERGG AL Aorog8 THEwal of Fef iR onet

NURer ob: Fi . . to
AR RIBERRIAt PR seep Rinp fenude OftentEPBE PERION0N Pge
Wiekeca6g Edge SlopehBalting) Edge Ixtedtioe Tapl 66y THSs= 18.5, THR =0.5

deviation fromthe theogretical_ gap can be .specified in
¢ Seaminigvalind ) g The Faydse deviaian 5oty W@b&?lugw'%gss fhan Fbout

d§ jning it. Preferably, the snoothness standard
deViation of both edges defining gap 286 is less 6 nm
preferably less than 2.0 nm and nost preferably |ess

than I m”m  The_el ectrode fjnger 84, . whi ch fine the
o ReTrarng i B Bevieoh o8 gy ol Badsighder 1t
F'a%%&%te&, IRRLVEr, R theCdiapd bHth Uhe 29 B fay bR \WaMRH or @AgWlar, so
tht'ee of these electrode fingers 284 wll be discussed

h éoreas ttlee sterslatchdgviation of| theidisiangecsef edge R rom hat lingcdP3 over
el ectrode_finger.284 s defiped by a first edge 296

athf lsngth obhg cdagis ?Wba’?:%?%glufn'adj acent fingers 284

have spaced-apart third and fourth edges 298, 299
respectively. These edges 296, 297, 298, 299 of

f iThe elestra®fingens 280 es bleowen in Fgave Bhate dgraraied fomyonepgother by

pr evj ous d ribed with reference to el rogde

595 LB oAt My ohoRe B B[S 85 3 He o8 Bt
def iHaegkchvad Bie 2665 86 bievRo®AGH 1B6ARYWATH Big. B idghownl dsne
ext endi ng between first and second points. The

f dbinmedibygwaestreighpedgsa 281. Hevwewan sngstiioted, Hisdlgcemsntefcgsdges

8P e S 5L 93 Mg Y REGRCL e o

eli@eti SdBe EdgrgBiusBatvelyih blgebos ¢ LG skdelbariealyt imsulative
material of the top surface 232 is exposed between the electrode fingers 280 along
a length 290. It is appreciated, however, that rather than top surface 232 being
exposed, the base can be coated with materials, or recesses can be formed between
the electrodes as disclosed in U.S. Patent Application Serial No. 09/704,145, filed
on November 1, 2000, now U.S. Patent No. 6,540,890, the disclosure of which is

incorporated herein by reference.

As shown in Figures 3 and 5, the inner edges 281 of electrode fingers 280 have an
equal length, illustrated by the numeral 290 and are separated from one another by
the electrode gap 286, whose length is also represented by length 290. Because the
two edges 281 defining gap 286 are not perfect, gap 286 will in fact vary in width

and placement over its length, as shown with reference to gaps 292a-292d in
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The edge 296 of el ectrode finger 284 extends between
first and second points 301, 302 |ocated on the base

wQims/ossiehown in Figure 7, a theoretical |inePGD0S2004/019553

extends exactly between points 301, 302, which is
typically the Iength of the a3p formed by edge 296 and
297. A standard devi ation of the varying dlstance of
edge 296 fromline 300 is | ess than_about

afepre dnWhentherevistignyplcsthe Hxe pdges dening gap 8%6 é'iﬂ’dé ﬂw e

S ORIRPa R BRAUES cqen LB 2L Ty BERATEE A 14 P anc

| lcﬁh%e&%t Stﬁfthﬁ? Fﬁcéxhan o2 thﬁ"lgapaMHHEISattecDWﬁﬁ eafspbétyo kefsience
than 1.0 | ustratively, the line 300 is

s nREeEY Z%Craed 202d pisFigor éctha?refacal BRMEARChe defimggl by fwo
R 204 TR Y 00 B b
f idesintiantlosahotdofetcaltgapran BOEpecHRd inrteriisef therduatity GfaBe

EREA AR SR TN .
e e T

ebﬁg&ﬁg@qaﬁum@ﬁnﬁn284 are separated from one anot her
by an el ectrode gap 288, which corresponds to the

feature size of the electrode pattern of the el ectrode

o et oy T S AR08 Rne 6 AR R Pl 2R N6 o

Beiausedtin F1gfum Zﬁﬂﬂ% Etefdaritn gu@a&SZB@w@fee, dmd)y three of these
perfect, gap in fact vary in posit

and
p pk@@ﬁ@qnﬁlnm%m wﬂl lpf‘eqhgqqssedl heresier at gk PR, illpsirated in Figure 6.

J @5’% ase (éc% |g§It 2%(‘4 %?Egh%%m E%Stte eﬁ%ﬁﬁ%o%g&ﬁ éﬁ%lg r22f7.

o alosien g ottt 5

ba@@e@bvﬁ Yo Thesa g A0S PTat S iégggp figgets Zg‘g%@%‘[&w
{n%ggl e@g& pﬁ@g¥t Re p?év?&fsw&éneéi \Qiﬂ-? Féf&%ﬁ& th @1éétr§des 270,

ion-Serial” No. 09/704, 145, fil
N@V@,tthe edge quaLG0f thoeletir@les Pa4.e476 1$\Idef1r®d5)4!0h@&®pectlve edge’s

entitled "Biosensor", the disclos of , which_.is .

i AEviatior Bpmd g e3inding t}eé‘f’%‘ineﬁé a“%ﬁﬁ%"fléil ROARLS. h%*l? fgligwing
2%§sc *ﬁ;ﬁbﬁ‘ Bt &&ﬁit%%@%ﬂ%gﬁl? tb Bé’chfe@lgé Bt Sleétk&ﬁ fﬁfgeis%4 of

el ect attern of the el ectrode set 268

d bfcfsemse)nﬂlﬁ) hEBer dargy peeposeseheweerginly pee @dggcz@ﬁ@ﬂ glectrode

finger 284 will be discussed hereafter.

The edge 296 of electrode finger 284 extends between first and second points 301,
302 located on the base 212. As shown in Figure 7, a theoretical line 300 extends
exactly between points 301, 302, which is typically the length of the gap formed by
edge 296 and 297. A standard deviation of the varying distance of edge 296 from
line 300 is less than about 6 um, in accordance with this disclosure, creating an
edge with a smooth edge quality. In preferred embodiments, the standard
deviation of the edge 296 from theoretical line 300 is less than 2 um, and most
preferably less than 1.0 pm. Illustratively, the line 300 is a straight line. It is

appreciated, however, that the shape of the line 300 may be curved or angular. Itis
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pattern of the electrode set 266. I|llustratively, the
feature size, or gap 288 between the el ectrode fingers

wQashes1@ wi dt h of about 100 nm or |ess, i nclRdi/nsR004/019553

about 1 mmto about 100 mm even nore preferably 75 mm
or |less, including about 17 to about 50 mMm It is
appreci ated that the electro gap for a

m croel ectrode array can vary. For exanple, it is
unlserapprseiatedithat thvepesifisqosisions ghfirst and ssondlosatiqns 309, 301

nm i N acgor ce wWith the presen L s¢l e j.ze
oh ¢k AR 2505y Yol iniaBCorBRER Sl A6 Ak RRE by Slert

t g oEHRtdf Gifost frigorivmvehngdibalbf thé Btideas®ith ofthd ghfebetween these
wi nhdow size of a mask field. As illustrated in Figure

3closely speged 2butpde fingssp-dt h al ong a | ength 303 of the
opposi ng edges 296, 297 of the electrode fingers 284.
Li ke gap 286, the quality ofgap 286 or its deviation
f Refarang heoh & Figate 3 ale dedrdde fiagerioitiaet jepatatidfeombne
the quality of the two individual edges defining it

PrBotherin] 37 clegieods agp Lhherich corRPRAsHR ieaieriyr Bie Hdbh
CHRSRSH TS, GP0E00 5 o MBS e
Refiéthrbetgesneidjdceontreadger 2969297 befirdeec? 84 Becduisa gertsvoiges

are covered with the reage 264 and may .be used to
pABining 2ap &8% RGO RPEY: passatan tagh ety A Bosiion ks,
gpﬁatcﬁﬁg@ﬁttdvegitg ﬁagﬁgtmu@faﬁvap,emrb@@sehwtzqo,%e CREPRABNT S

reagent, are oftén conpounded together in
| impulativé oxateriad bhHbe bapp? i2caekposed betwigen thelsestrode fingers 284

|'s, ' il .Ch I heet f
e ALORE aJREh I95altis BRATeritEd ROWENere b BIET Zhaty g Shrfage 22
I 88128k phdddSBk bsel Ah e cdRBd GBI kRePils, BrRRSdel kban be formed
reagent depends on the specific analyte or analytes to

bbetvesas theeelgcteodds asdipdesed in U3 datany Applicasioaserial No.
| DUERA 9%, AR BEERof JUBPELS BANS R 8) bt

apBi{dRehsdt e thd digdloduieoPivRiCE It orpbakteEhe€lh bl hefefepagent
on the base may vary and depends on the intended use

of the biosensor. Further, it is appreciated that the
techni ques for applying the reagent onto the base nmay
vary. For exanple, it is within the scope of the

PT8S eltttrodes gdpaz8s; @hich doaespontieta tha fennire Size @€ thepldcnivdel

° ggt(t)erg ig)% ttfei quc%rroﬁé set 268 is different than the feature size of the electrode
pattern of the electrode set 266. Illustratively, the feature size, or gap 288 between
the electrode fingers 284 has a width of about 100 um or less, including about 1
um to about 100 pm, even more preferably 75 um or less, including about 17 um
to about 50 wum. It is appreciated that the electrode gap for a microelectrode array
can vary. For example, it is understood that the electrode gap can be less than 1
um in accordance with the present disclosure. The size of the achievable gap is

dependent upon the quality of the optics, the wavelength of the laser, and the

window size of a mask field.

As illustrated in Figure 3, the gap 288 has a width along a length 303 of the
opposing edges 296, 297 of the electrode fingers 284. Like gap 286, the quality of
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A non-limting exanple of a dispensable reagent for
nmeasur enent of glucose in a human bl ood sanpl e

W@ o0vsa6aes6 62. 2 g pol yet hyl ene oxi de (mean nol BC/US2004/019553

wei ght of 100-900 kil odaltons), 3.3 ng NATROSOL 250 M
41.5 mg AVI CEL RC-591 F, 89.§3ng nonobasi ¢ pot assi um

phosphate, 157.9 ng di basi c potassi um phosphate, 437.3
ng potassium ferricyanide, 46.0 ng sodi um succi nat(%

18® oy itsrdeninrion &ronpa thepiptival SrpADE erssifiqddn derms of
1 _. R
; ggagg% 6P 0 ndiHaha ¢ fg%se(ﬁb@ﬁ@  RPleYdddotyPgE sﬂlﬁgﬁﬁhgson

e enzyne | s-prepar as an enzyne s

f 5 @AAaLE d5viRbrCorebaY 88:cRQaimAg gdp 2496 ilédsicaumipriefesatdy less than
t he apoenzyne of qui noprotei n gl ucose dehydrogenase,

f 210mimgpnd neast prefemblyflesyihanokimot ei n gl ucose
dehydrogenase. This reagent is further described in
U S. Patent No. 5,997,817, the disclosure of which is

ek@feﬁrﬁﬁé Yow REPIRRY RtiRIc1BaERIe Find¥rs 28] @fEdtiRrell with the reagent
non-limting exanple of a dispensable reagent for

264 emdemey be uedHe paevdde ¢lectiashemisahpriobesclon sedcific analytes. The
oxi di zed and reduced. forns of a rey i
BTt S et o linsPerif KEDR xisfnt, and apeoften

( Edhpéurlaed® izl BEliquid istnPeifas Sbptation & imibivens at els) or in

("ferrocyanide"), respectivel y% an electrol yte .
( patiBaryichannstsoupthaete obaleeispdes. Theiliauiginayohey syaporathdeaving

terial (Avi.gel D9 LF. - o4 s
e bl Rk o tiice & apEQle MagHit Gepends on the specific
C axpns B Alytes tCied inhsoger, agdBinbaditical tooie pidSefanyen}ion.
Concentrations of the conponents withi nﬁftﬁa'e re nt
bpEipes ErgaN, GOmPesitensiase Wsilknown o thoss eheyfmary ﬁ%ﬁ in the art.
ferri ' j i
e Y ARGt Y PacaRIRP A ro (IR ENCCAPLARR AT oy
d@aGangidepends bn teintendge nde dfahe biokmmwart duriher,asis appresiated
found in U,S. Paten{_hb 5, 385,846, the disclosi;e of 1
wkhag Fhej techgiqyies &ar1 applyingihp SFage Rl P the PRSGPaY &itdr &9F §Xample,
NANs Lehifllof the gccﬁ?ém et GRAVERS (AR e TRItal & Sciebfibrinted
nmay be used 1 n nmeasuring particular analytées in
boawahsfingeraf the present invention are |isted bel ow
in Table 1. TABLE | Anal yte Enzynes Medi at or
Addi ti onal Medi at or

A non-limiting example of a dispensable reagent for measurement of glucose in a
human blood sample contains 62.2 mg polyethylene oxide (mean molecular weight
of 100-900 kilodaltons), 3.3 mg NATROSOL 250 M, 41.5 mg AVICEL RC-391 F,
89.4 mg monobasic potassium phosphate, 157.9 mg dibasic potassium phosphate,
437.3 mg potassium ferricyanide, 46.0 mg sodium succinate, 148.0 mg trehalose,
2.6 mg TRITON X-100 surfactant, and 2,000 to 9,000 units of enzyme activity per
gram of reagent. The enzyme is prepared as an enzyme solution from 12.5 mg
coenzyme PQQ and 1.21 million units of the apoenzyme of quinoprotein glucose
dehydrogenase, forming a solution of quinoprotein glucose dehydrogenase. This
reagent is further described in U.S. Patent No. 5,997,817, the disclosure of which is

expressly incorporated herein by reference.
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(Oxi di zed Form) 4 ucose G ucose Dehydrogenase
Ferricyani de and D aphorase Osm um conpl exes,

wordosoemanal i ne conpl exes 3 ucose d ucose- DehyPtDysVaE€19553

Ferricyani de (Qui noprotein) Chol esterol Chol esterol
Esterase and Ferricyani de 2, 64D nmethyl -1, 4-

Chol esterol Oxi dase Benzoqui none 2,5-Dichloro-1, 4-
Benzoqui none or Phenazi ne Ethosul fate HDL Chol esterol

= @malg@tmgrqxampmméhg)egsqylwg@m 1¢r measpyepieatplidiegpatocrit in
d t I '
R T

L b@xﬁpélﬁide(pﬁtahslmsﬁxao?emfbﬂm RN "ferridhrida?)i ane pﬁiaysmnno I
Ki nase, and Phenazi ne Met hosul f ate

dlsﬂteévanof@‘r% BEphErecEAmdRs bitesReet kg s gegtilytg(Rotassium
B RO L A el pRb e e - iendo
FSS%I ficadurgitalline cellulose and 12% sodlum carboxymethyl -cellulose,
available from FMC Corp.). Concentrations of the components within the reagent
before drying are as follows: 400 millimolar (mM) ferricyanide, 55 mM
ferrocyanide, 400 mM potassium phosphate, and 2.0% (weight: volume) Avicel. A
further description of the reagent for a hematocrit assay is found in U.S. Patent No.

5,385,846, the disclosure of which is expressly incorporated herein by reference.

Non-limiting examples of enzymes and mediators that may be used in measuring
particular analytes in biosensors of the present invention are listed below in Table

1.

TABLE 1
Analyte Enzymes Mediator Additional Mediator
(Oxidized Form)
Glucose Glucose Dehydrogenase Ferricyanide
and Diaphorase Osmium
complexes,
nitrosoanaline
complexes
Glucose Glucose-Dehydrogenase Ferricyanide
(Quinoprotein)
Cholesterol Cholesterol Esterase and Ferricyanide 2,6-Dimethyl-1,4-
Cholesterol Oxidase Benzoquinone
2,5-Dichloro-1,4-
Benzoquinone or
Phenazine
Ethosulfate
HDL Cholesterol Esterase Ferricyanide 2,6-Dimethyl-1,4-
Cholesterol and Cholesterol Oxidase Benzoquinone

2,5-Dichloro-1,4-
Benzoquinone or
Phenazine
Ethosulfate
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and Di aphorase Phenazi ne Ethosul fate, or Phenazine
Met hosul fate Lactate Di aphorase Ferricyani de Phenazi ne

wOeilvpaewyenase Et hosul fate, or Phenazi ne Met hoRai/i81084/019553

Pyruvat e Pyruvate Oxi dase Ferricyani de Al cohol Al cohol
Oxi dase Phenyl enedi am ne Bi ubin Bilirubin Oxidase
1- Met hoxy- Phenazi ne Met hosullsﬁate Uric Acid Uricase
Eerricyanide In sonme of the exanples shown in Table 1

aflriglyaetidesne Adpfiproteindlipesszyne iFemiesenidgora r eBamRERe
cat al yst. Al s@lycooiKiohset el exaberazishown i n ¥eHiosulfate
may utilize aGlasgolt3-Bhedpharedi atRahosultatech facilitates
el ectron trangfxgdasto t he oxidi zed form of the

di@kor - Theyaodidhonale medr at Gf@Mnfae Provi gdedicRloro-1,4-
t e reagent |n esser armunt t han thHe oxidi ZedBE&roqhﬁ’ane

he—edi-ator— aUUVC ad descri peqa, TT1
i Lagiatst enpl at é‘&c ;l?hg GEREC ¢ Egéceyam d'rg}pedance
conduct ance, 66@ AR"R12C or ot he % ochenical ly

i ndi cated property of the san‘pl eb%r accurately
correlated to the concentration @pn@me anal yte in the

sanple with biosensors in accorddetbesulateh t hi s

digeh@sur e. Amaapiwiasson- | i miti ngFeeicyaplde of a Blinaainke
dirpRgdMea&age r eagent for use with biosensors of Ethosulfate, or
present invention is nitrosoanaline reagent, Whh&tazine

i ncl udes a PQQ GDH and par a- Ni t roso- Ani |l i ne nefiegigRbifate

ApPrRERe o o LR ORRE " O Herricyanide

Alcohol Alcohol Oxidase Phenylenediamine

Bilirubin Bilirubin Oxidase 1-Methoxy-
Phenazine
Methosulfate

Uric Acid Uricase ' Ferricyanide

In some of the examplés shown in Table 1, at least one additional enzyme is used
as a reaction catalyst. Also, some of the examples shown in Table 1 may utilize an.
additional mediator, which facilitates electron transfer to the oxidized form of the
mediator. The additional mediator may be provided to the reagent in lesser amount
than the oxidized form of the mediator. While the above assays are described, it is
contemplated that current, charge, impedance, conductance, potential, or other
electrochemically indicated property of the sample might be accurately correlated
to the concentration of the analyte in the sample with biosensors in accordance

with this disclosure.

Another non-limiting example of a suitable dispensable reagent for use with
biosensors of the present invention is nitrosoanaline reagent, which includes a
PQQ-GDH and para-Nitroso-Aniline mediator. A protocol for the preparation of
the nitrosoanaline reagent is the same in all respects as disclosed in U.S Patent
Application Serial No. 10/688,312, entitled “System And Method For Analyte
Measurement Using AC Phase Angle Measurement”, filed October 17, 2003, the



the nitrosoanaline reagent is the sane in all respects
as disclosed in U S Patent Application Serial No.
WA 088682, entitled "System And Met hod For ApPEl/ysmo4/019553
Measur enent Usi ng AC Phase Angl e Measurenent”, filed
Cct ober 17, 2003, thedisclosuw.e of which is

i ncor porated herein by referénce.
conposition -

f disclosing of athich ig incpsparated hessirplarest

The reagent mass
prior to dispensing and drying is as set

ey WIS IBRESTE BASS|

B SRR Rl P S

RC-591F 0.5410% 5. 4104g sol i d Monobasi ¢ potassi um

phosphate 1.1437% 11. 4371g
potaSS|un1phosphate (anhydr

drous) solid Dibasic
1.5437% 15. 43679 solid

G

Sodi—um-Sgccimatehex 0758769 5. 87061 d
fPot assi um Hydr oxi de 8?3:5&9f5 35799 solid C_lunoproteailxlassfor
gl ucose dehydrogenase 0.1646% 1.6464g (EpcC#: 1 kg
1.99 1_'\ solid Dm 0. 00429% 0 ﬂA’)Qn solid Trehal gs
{seB¥59% 1@obrtiensoride GROKREbr BM 31. 1142-8956%369% | 8.0539
663630 S AR X1 0O00-0327% 0 7SOl VeRt
/@§@¥ 92. ;%%g%ﬁgggﬁgg%@w % Sol i ds O.lSSZtggﬁ%arget 64698g
b sSlidpeci| TAeICEIZ/RE- s@qFl vity Used (U ng 68%4D85P 5.4104g
L spense [Vol une per Biosensor 4.6 ngA coatable reagent
$uplidbl e | A\dpnabesic potarsivmehgsphstent di scl osdrld37% as | 11.4371g
flol | ows |
IZanhydrous)
solid Dibasic potassium phosphate (anhydrous) 1.5437% 15.4367¢g
solid Sodium Succinate hexahydrate 0.5876% 5.8761g
solid Potassium Hydroxide 0.3358% 3.3579¢
solid Quihoprotein glucose dehydrogenase 0.1646% 1.6464¢g
(EncC#: 1.1.99.17)
solid PQQ 0.0042% 0.0423¢
solid Trehalose 1.8875% 18.8746¢
solid Mediator BM 31.1144 0.6636% 6.6363¢g
solid TRITON® X-100 0.0327% 03274 g
solvent Water 92.2389% 922.3888¢g
% Solids 0.1352687
Target pH 6.8
Specific Enzyme Activity Used (U/mg 689 DCIP
Dispense Volume per Biosensor 4.6 mg




Table 3. Table 3 Conponent %W w Mass for 1 kg Keltrol
F, xanthan gum 0. 2136 % 2. 1358 g Sodi um

w@a0bosesnet hyl cel | ul ose (CMC) 0.5613 % 5. 6129 BCT/US2004/019553

10

Pol yvi nyl pyrrol i done, (PVP K25) 1.8952 % 18.9524 ¢
PROPI OFAN , 2.8566 % 28. 5657 ? A ucDOR 0. 3310 % 3. 3098
g PQQ 0.0092 % 0.0922 g Si pe|3 at 320 DS 2. 0039 %

20. 0394 g Na-Succi nat x 6H20 0.4803 % 4. 8027 ¢

Trehal ose 0.4808 % 4.8081 g KH2PO4 0. 4814 % 4.8136 ¢

Aenole g SibushE Bl Sealtnabitte i Agtedh
%Igb@@so g KOH 0.1428 % 1.4276 g Vter 88.4245 %

884. 2453 g % Solids 11.5755 Target pH 7.0 Specific
Enzyrre Activity Used (U/rTg DCI P Coat Wi ght 55

st ng tao ASSWAPGRES 10, 10 | shous o F| AStoykE

A F, k@fRACEIMEl y. It is apppefdeased tnahssyy ess
ot herwi se described, the apparptuses 10 10

i Sodiugi Gibaxymethyleellulpest EMEChg| 058t %t 0 | 561299
Polyvinylpyrrolidone, (PVP K25) 1.8952 % 18.9524 g
PROPIOFAN®, 2.8566 % 28.5657 g
GlucDOR 0.3310 % 3.3098 g
PQQ 0.0092 % 0.0922 g
Sipernat 320 DS 2.0039 % 20.0394 g
Na-Succinat x 6H20 0.4803 % 4.8027 g
Trehalose 0.4808 % 4.8081 g
KH,PO, 0.4814 % 48136 ¢
KzHPO, 1.1166 % 11.1658 g
Mediator 31.1144 0.6924 % 6.9242 g
Mega 8 0.2806 % 2.8065 g
Geropon T 77 0.0298 % 0.2980 g
KOH ‘ 0.1428 % 14276 ¢
Water 88.4245 % 884.2453 g
% Solids 11.5755
Target pH 7.0
Specific Enzyme Activity Used (U/mg 2.23 DCIP
Coat Weight 55 g/m?

Biosensor 210 is illustratively manufactured using two apparatuses 10, 10°, shown
in Figures 17-18 and 19, respectively. It is appreciated that unless otherwise
described, the apparatuses 10, 10° operate in a similar manner. Referring first to
Figure 17, biosensor 210 is manufactured by feeding a roll of ribbon or web 20
having an 80 nm gold laminate, which is about 40 mm in width, into a custom fit

broad field laser ablation apparatus 10. The apparatus 10 comprises a laser source



Figure 17, biosensor 210 is manufactured by feeding a
roll of ribbon or web 20 having an 80 nm gol d
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fit broad field |laser ablation apparatus 10. The
apparatus 10 conprises a IasE{ sourcell producing a
beam of laser light 12, a ch gm um pl at ed quartz mask
14, and optics 16. It is appreciated that while the

i Ll peedugingch heani efdases light 12, sichrineiumepigted gtttz masgisl4, and

pref.erably. a vari et f lenses.that .c -

P RBUF Bt el w8 b B Tl e 5RRET 16 ARICRES

| SpHBETs BpifeabEth RiMedy 5f18nd88 thad todpRsde Biipake the digROL2 i a
non-limting exanple of a suitable ablation apparatus
1@re(-d¢tgmnme@<? shepe 8y imageghatis thenPraierted entgthewetyfpase substrate
22 -4 | aser systemcommercially available from LPKF

Laser Electronic GrbH, of Garbsen, Germany, which

i ncor porates an LPX-400, LPX-300 or LPX-200 | aser

system commercially available,fron1Lanb38 Ph si% Agi'

Gt Rombmtingrsampls Ol aigblepblatipn apparaie 40 (ighes Lidskis

c J .8 i f y
COUREEL R N ARG 1 1AE LB DR TR aP Rom LPKE
20Qset Bleswhics@mbelof Garhserg Getmad B )whithmcbaeeatessmlrRe-400,
11 is a LPX-200 KrF-UV-laser. |t |s appr.eciated, .
&R0 of X200 diver Saer FRRBErFitly palans romy gEbdRlysik

' Stti C ' 2 i &

| PETRLAGHE oty L b AR PHAR qulhE AR Shmpretian®,

p avsitabteeiemtinternatjosal Bhottod CodzpanYHeolorade $prings, 6Jo. t he

| aser beam 12 can be infinitely adjusted between 3%

and 92% by a dielectric beam attenuator (not shown).

The beamprofile is 27xI5mm 2 (0.62 sq. inch) and the

pul se duration 25ns. The l[ayout on the mask 14 is )

h &en herMisualingLpses 200-tidasep yysigm Gpigheall 7diBeribp tasenseniee 11 is a

o Rl O AR T e s e P DR e 1

MRRASHIdal Be LB&] ARREEMandeafit] Bis difodur@ Il agsRtsbgse 16 works at
transfer the structures of the nask 14 onto the ribbon.

2048mhewithragilsg eperey of PAOmR], and 8 pyise gepeat fraqugacypll) Ha The

b . - .
TR B M Ie RM B Syl R Pog oo by
C BT EmRS Kitamatoh encvshewn)h Ehelbeddh progilais A7mbsing (@62 sq.

2:1 is illustrated, it is )
inch) and the pulse duration 25ns. The layout on the mask 14 is homogeneously

projected by an optical elements beam expander, homogenizer, and field lens (not
shown). The performance of the homogenizer has been determined by measuring
the energy profile. The imaging optics 16 transfer the structures of the mask 14
onto the ribbon 20. The imaging ratio is 2:1 to allow a large area to be removed on
the one hand, but to keep the energy density below the ablation point of the applied
chromium mask on the other hand. While an imaging of 2:1 is illustrated, it is
appreciated that the any number of alternative ratios are possible in accordance
with this disclosure depending upon the desired design requirements. The ribbon
20 moves as shown by arrow 25 to allow a number of layout segments to be

ablated in succession.
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are possible in accordance with this disclosure
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ri bbon 20 noves as shown by arrow 25 to all ow a nunber
of |l ayout segnments to be abl at,ed i n succession. The
positioning of the mask 14, venent of the ribbon 20,
and | aser energy are conputer controlled. As shown in
File pesitigning (oé tHeamesk emevamento! thegjithoned, e lsergaergy are

bbon 20 to bl
creampust corRuse, AL aBhER s 17 helRE bRt s iRl om0
MeRetibHoh @D thbe abiakdio N ig. 12@3@@1&@ umlrgmahe dlcar @ass c&zwiaﬂows
the mask 14 bl ocks the laser |ight 12 and prevent

aﬂB@lf thermask Maplatessthe metal feagy theitrRpon 20 Chegraium costpd areas 24
RS BN RO S 358 B RO

C %ﬁﬁﬁﬁ@ih 9 hayllizedistiuceuradali ItHd Iﬂﬂmh 203uefatd RELRPE now to
through a second mask 14’ i S appreciated that

&@m 1 cnpemiete s ctf§lesﬁa>al PRIMRGERLS Ry eguire additional
e I
SFEEL oty BRUBATELol i, 28! RSt t0ktorRlcln
behennqaes and thei sizeadt cloy edecm:lenl whinpotdnt $o bk adhted, Lthﬂ only a single
Further, it is ap reC|at Athat instead of nulti

rmaledon pRROr gEFAter Hlag t‘FVP ORETPHEAY BF RECPSHRY {th CQ%ﬂ?Bce
MB5ith thﬁ hpérmﬁth\é& tifist 1§c1§ﬂe8‘§111a9%'ié‘ad oPRRAHFIE GRtsky, that
asecon mting exanple of a suitable ablation
appatiple tﬁsldls@ha}(lb'a fipomed 69 jheisgma neask iw adcoedincawith thigst em
ce%[ggfr cially available from LPKF Laser El ectronic

OSYf- Gar bsen, Gernmany, which incorporates a Lanbda
STEEL (Stable energy eximer |aser) |aser system
conmerci ally avail abl e from Lanbda Physi k AG

Gcsmmﬁgd}y,, a &qqmdmpndmuag examaple gfe pritabéaiatdation apparagis 107 -

c e fromlnterna 0

e
f eadcotR GRLHDoLGME, Beksenye rxxeﬁcgyma@rparmxaaLeemiarsMEL
308 nm Further, the |aser syst.em has a frequency_ of

1®©tablz entmgy eapperrlasenslasen sysier) commcsyiabHavadable Sense bambda
Fi 7 and
\%Bg%]l 3&??5 oag’tﬁl @r%gﬁl\rﬁlﬁ] Pa 1 ded"%g[? %ngatsgonagf

a c&&&fb@cﬁﬂl)ﬁ)@taﬁl@blﬂ fidin nt&hatithal Phototool Company, Colorado Springs,
Co. The laser system features up to 1000 mJ pulse energy at a wavelength of 308

nm. Further, the laser system has a frequency of 100 Hz. The apparatus 10’ may
be formed to produce biosensors with two passes as shown in Figures 17 and 18,
but preferably its optics permit the formation of a 10x40 mm pattern in a 25 ns

single pass.

While not wishing to be bound to a specific theory, it is believed that the laser
pulse or beam 12 that passes through the mask 14, 14’, 14’ is absorbed within less
than 1 um of the surface 232 on the ribbon 20. The photons of the beam 12 have
an energy sufficient to cause photo-dissociation and the rapid breaking of chemical
bonds at the metal/polymer interface. It is believed that this rapid chemical bond

breaking causes a sudden pressure increase within the absorption region and forces
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is absorbed within less than 1 mm of the surface 232
on the ribbon 20. The photonzl of the beam 12 have an
energy sufficient to cause p gt o-di ssoci ation and the
rapi d breaki ng of chem cal bonds at the netal/polymer
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Since typical pulse durations are around 20-2
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pl acenment as contenpl ated by the present invention.
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nmentioned can be appropriate for other base materials

i meationedicande appraprirtedorptber base materipdyin deenrdgnce ity has
of..the ribbon 20 is achieved by using the masks 14,
1ﬁm$ﬂﬁggh " mask 14, 14' illustratively includes a
mask field 22 containing a precise twodi nensi onal
illustration of a pre-determ ned portjion of the

e Patiemigeofeennp oh thetrihpan 281inachieyed by psingdle meskg e 147 Bach

RSP RE b ak | ) ke

S dgaaicmbRluddation@ftagirégletermined portion of the electrode component
patterns to be formed. Figure 17 illustrates the mask field 22 including contact
pads and a portion of traces. As shown in Figure 18, the second mask 14’ contains
a second corresponding portion of the traces and the electrode patterns containing
fingers. As previously described, it is appreciated that depending upon the size of
the area to be ablated, the mask 14 can contain a complete illustration of the entire
electrode pattern for each biosensor (Figure 19), or partial patterns different from
those illustrated in Figures 17 and 18 in accordance with this disclosure.
Preferably, it is contemplated that in one aspect of the present invention, the entire
pattern of the electrical components on the test strip are laser ablated at one time,
i.e., the broad field encompasses the entire size of the test strip (Figure 19), or even

encompasses the entire size of two or more test strips (not shown). In the



a second corresponding portion of the traces and the
el ectrode patterns containing fingers. As previously
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size of the area to be ablated, the mask 14 can

contain a conplete |Ilustratugn of the entire

el ectrode pattern for each biosensor (Figure 19), or
partial patterns different fromthose illustrated in
Fiafjeimegve, ang n@ﬂlllstratﬁd Hcldenigad € endl 8 rportiens of itheeeniise piwsensor
Pr ef rabl is contenplated that in one aspect of
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el ectrical conmponents on the test strip are |aser

abl ated at one tine, i.e., the broad field enconpasses
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i mpact pre etern1ne areas of the ribbon 20. As shown
in Figure 17, the clear area 18 of the nmask field 22
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Continuing to refer to Figure 17, in the laser ablation apparatus 10 the excimer
laser source 11 emits beam 12, which passes through the chrome-on-quartz mask
14. The mask field 22 causes parts of the laser beam 12 to be reflected while
allowing other parts of the beam to pass through in the form of an image of part or
all of an electrode pattern. The image or part of laser beam 12 that passes through
mask 14 in turn creates a pattern on the gold film where impacted by the laser
beam 12. It is appreciated that ribbon or web 20 can be stationary relative to
apparatus 10 or move continuously on a roll through apparatus 10. Accordingly,
non-limiting rates of movement of the ribbon 20 can be from about 0 m/min to

about 100 m/min, more preferably about 30 m/min to about 60 m/min. It is
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chrone-on-quartz mask 14. The mask field 22 causes
parts of the | aser beam 12 tg‘be reflected while

all ow ng other parts of the bgamto pass through in
the formof an image of part or all of an el ectrode
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relative to apparatus 10 or nove continuously on a
roll through apparatus 10. Accordingly, non-limting
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Sensors", i sclosure of which is incorporated
hevlesitnateof thebaseethe precivgedgestyyf thselpegfradgsempenents, g4nd the
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mask fields 22 in the same mask area to enabl e the
econom cal creation of intricate el ectrode patterns

afiiguse R is anerclimiting schempimadrinslesirode seisihbpnd é4 fgrmegdn
b th ' t | ,

aacrsres oGy DS ER e, Al f iR fn CRERORE e
f idifreréntarom ket DagaawatieFigates 17iagdn8. IBeiribban 124 includes a

non-limting schematic of an electrode,se% i bbon 124
i ehurality jof panels 120, each of which includes a plurality of electrode

systems 116. Each system includes two electrodes, both labeled 104 and having a
sensing region 110. Also shown is the original metallic laminate ribbon 122 that is
subject to laser ablation to form the electrode set ribbon 124. The width of the
ribbon 122 is selected to accommodate the laser ablation system 10, 10’, and may
be, for example, 40 to 0.4 inches (1.2 m to 10.25 mm). The ribbon may be any
length, and is selected based on the desired number of electrode sets, and/or the
ease of handling and transport of the ribbons. The size of each individual panel is
selected to fit conveniently on the ribbon, and therefore each panel may contain 1

to 1000 electrode sets, preferably 2 to 20 electrode sets.
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havi ng an el ectrode pattern different fromthat
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includes a plurality of panels 120, each of which
includes a plurality of electyode systens 116. Each
systemincl udes two electrodeg both | abel ed 104 and
havi ng a sensing region 110. Al so shown is the _
o@rgbmﬂ comnlett elestrpdmpaiigrns ar¢ pisaied.1ip® apprecisted Wabihe gipbon
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ﬁugatzlqurélm Rioseastiod Ogre aldﬁﬁﬁ%%\ic/\ng a e ea@i gl ”??t out in
dgtgjcdo in U S. Application Serlal Nurmber 60/ 480, 397,
fl|e§ June 20, 2003, entitled "Devices And Met hods

Rel ating To Anal yte Sensors", the disclosure of which

ncor rat ed her erence, .
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an in-line drying system The rate of processing is
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processed in"continuous reels such that the el ectrode
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r Itllibknqamﬁﬁtedenlt@metspadea usinghired-td P@l proeesI Thetbisseadors can
however, a portion of the spacer material is
then be produced from the resulting reels of material by means of slitting and

cutting.

The slit in the spacer preferably forms a capillary fill space between the base and
the cover. A hydrophobic adhesive on the spacer prevents the test sample from
flowing into the reagent under the spacer and therefore the fill space defines the
test chamber volume. It is appreciated that the chamber volume can vary in
accordance with this disclosure depending upon the application of the biosensor.
A non-limiting detailed description of suitable fill volumes is found in U.S.

Application Serial No. 60/480,397, noted above.
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renmoved, thereby formng a slit. A punching process is
used to renove the unneeded portion of the spacer. The

walc@spetsigoverns the shape of the slit. The reBCl/UB0094/019553

slit-spacer is placed in a reel-to-reel process onto
the base. A cover is then |agynated onto the spacer
using a reel-to reel process. The bi osensors can then
be produced fromthe resulting reels of materi al
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erent eature sizes on a common planar surface and
thm3nﬂghm&namenult|ple functionalities on that
surface. Preferably, electrode set 266 has an
el ectrode pattern formed as a macro el ectrode array
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N STeDe) st N By Pt BB SR S8R P2l noted

Anal yte Nbasurenent Usi ng AC Phase Angl e Measurenent",
filed Cctober 17,. 2003, the disclosure of which is
i Flestrpds st 268 has &1 eletitpde ppipafernedasranypterlaged migroelectrode

d
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NdescmbstdsglsU§1 Eaﬁea%pm@%@n SEP%!&‘IQ dQ@ Sl 22 artheisit i
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SkRetrods dhdmédstick Itheg:ueneﬁtmlslmnsé atths viheableetrode to obtain a signal
as described in U. S. Patent Application Serial No. 10/688,312.

In operation, a user places his or her lanced finger at opening 221 of biosensor 210.
A liquid sample (whole blood) flows from the finger into the opening 221. The
liquid sample is transported via capillary action through the sample-receiving
chamber 220 and across the fingers 280 of the element of the electrode set 266.
Subsequently, the liquid sample flows through the sample-receiving chamber 220
toward vent 262 and into engagement with the reagent 264 situated upon the
fingers 284 of the element of the electrode set 268. As discussed above,
hematocrit correction values are determined from the interaction of the liquid
sample with the fingers 280 and a glucose determination from the interaction of the

liquid sample/reagent mixture with the fingers 284. While hematocrit and glucose
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estimation, which is also described in U S. Patent
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appreci ated that during use, a test neter (not shown)
applies a voltage to one elegﬁgode and neasures the
current response at the other™electrode to obtain a
signal as described in U S. Patent Application Serial.
Noletetigineen Burtionalitiep ercadesaihedavithsrsfergncgde Hidsprsop e 1(hdt is

| anced. fi r, at., opening 221 of, bi osenso . -
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functionalities are described with reference to

bi osensor 210, it is appreciated that the el ectrode

pats disqussedrimjovbwithseftrdnoe taFigares é1 y1 6péachuni ¢hie discbdedi es

in.accordance wi.th the esent. di scl osure. The
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However, also included are el ectrochem cal biosensors

f dioseusordiragnobeied alikes, such as neasuring an anal yte
in any biological, environnental, or other, sanple. .In
addition, it is appreciated that various uses and

aveird Ak oW HidiRe$1,0f bibfRsdti B8N fRmedBNd SlaalficRikalig a
or be conbined with one another in accéordance with

t anneii swiilesioriosensordi 1 eresps ortibe patterp phthespadustiye magerial
FiQures. .11-16 h .of ' . ' R

opb 2PRbTH PR BEE A e PhafuSE BlbucH R 2FE B0 Brensor 310
Sidefihéra it élbétoddassentBud sabasecotididiectietie s pnae 368.0The

210. In addition, |[ike conponents of the.
electrode systems 366, 368 are similar to the systems of biosensor 210 except for
the resulting pattern of the connecting traces 377, 379 and contact pads 378, 383
on the base 212. It is submitted that the traces 377, 379 and pads 378, 383 may

take on a variety of shapes and sizes in accordance with this disclosure.

As shown in Figure 12, a biosensor 510 is formed in a manner similar to biosensor
210 except for the pattern of the conductive material 216 positioned on the base
212. In addition to electrode set 268, the conductive material 216 of biosensor 510
defines a first electrode set 566. The electrode set 566 is similar to set 366 except
for the configuration of the interlacing electrode pattern formed by the elements of

the electrodes.
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11, a biosensor 310 is formed and manufactured in a

WOrR0wse66636 m | ar to bi osensor 210 except for theCpES1004/019553

10

15

20

25

30

of the conductive material 216 positioned on the base
212. The conductive materi al 6 of biosensor 310
defines a first electrode system 366 and a second

el ectrode system 368. The el ectrode systens 366, 368
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to electrode set 268, the conductive materi al
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el ectrode set 566 is simlar to set 366 except for the
configuration of the interlacing electrode pattern
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el ectrode and gap widths nmay vary in accordance with
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the first electrode set 566 is for determning
c PP ol %}gofr pseneertlfdefipey aspepad elgpfgode set 668

ﬁ%ﬁg}éﬁ_edgg@hogpgepgg@_ are as di scussed above with

The electrode set 668 is similar to set 268 except for the pattern of interlacing
electrode pattern in the element of the electrodes. Specifically, the second
electrode set 668 includes a working electrode and a counter electrode, each having
an element with three electrode fingers 661. The fingers 661 cooperate with one
another to define an interlaced electrode pattern configured as a microelectrode
array having a feature size or gap width of about 50 pm, which is less than the
feature size of the electrode pattern of the set 566. The electrodes 661 each have
an electrode width of about 50 pum. As discussed above with set 268, the electrode

and gap widths may vary in accordance with this disclosure.
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mat eri al 216 positioned on the base 212. In addition
to the first electrode set 5 as di scussed above, the
conductive material 216 of biosensor 610 defines a

second el ectrode set 668 spaced-apart from iet 566.
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el ec ap w dths may vary in accordance with
t kil exia:@c fcnrsthnf pattern afitie tomductind metenieb?1Guw@itioned oo dhke kase

r eage 64, Reagent t 2

2390 dhs Candoptre mairtint 216 gt igrelior 10 g IHF By S gode
t @@t SR d@sleasse§ﬁ§&}ef dndal se¥ond it i3 9&M6 86 Ghe BRI BOESset 768 is
across electrode fingers 661. A non-limting exanple

| e
ofsimailardd setiPI68 ekeapt fwrdhgpattem of ant interkoeing edpctpée pattsge formed

e e S e e

I afeorRiMe1dctrobk as®n sQintet tibctrdde, SAchavifg Elegiftwilld five
bi osensor 710 is forned in a manner simlar to

biewgﬁé?ﬁnﬂemTéQ( cBlpﬁ fingses {Hcqenenatey With png prothes tey define s
mat er. p
OB R Pr DARS ARSI Iy i

figfRtorg ]?G/‘idtﬁ@f ab&it 38Gén, 3hich Baeks 3ieth tAb Gdkeura Bide af electrode
second ectrode set 768. The el ecttode set 768 is

s ipaitmarof set 366t Theglesiredpiingesy 7Ttheach éw@amel@‘ftrqm width of about
| | d d
0 o s g eSS b e P8 e gt M SRS By Gy o

768:4r8%1ce 4R this disclosure. A non-limiting example of a suitable functionality

of the second electrode set 668 is a glucose determination functionality. The

measurement methods are as discussed above with reference to biosensor 210.

In addition, biosensor 710 includes a reagent 364 that is dispensed upon the fingers
770 by any of a variety of dispensing methods that are well known to those skilled
in the art. Reagent 364 is preferably the reagent set forth in Table 3. Moreover, it
is appreciated that a variety of reagents, non-limiting examples of which have been

discussed above, may be used in accordance with this disclosure.

Figure 15 illustrates a biosensor 1310 in accordance with this disclosure.
Biosensor 1310 is formed in a manner similar to biosensor 210 except for the

configuration of the conductive material 216 positioned on the base 212, the cover
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having elenent with five electrode fingers 770. The

W0 20vge6®14 70 cooperate with one anot her to defP@EUSV04/019553
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interlaced el ectrode pattern configured as a

m croel ectrode array having q%{eature size or gap

wi dth of about 30 nm which iS | ess than the feature
size of electrode pattern of set 366. The el ectrode

f |1r1é&ra®dmfosr@a@hl 134y dhggowarddi$ anrbspacer H 14fargggiker thcover
m?&Sﬁﬁ%? WA lsf%xgrg Of%ﬁ th\écmggcgrp esgon%qglaElfi]@ﬁ)htﬁé Egsterﬂ‘%%s @l%{vn in

direg@lre38r The éoxmman{re fhateiria2 B bR &r 1316 defimdsl aeﬁrst electrode
functionality of the second el ectrode set 668 is

glselcl66 apdpseeandlecsnde said8pBnahe fifst elepEodpesst &%Gnlﬁﬁltldes a
gs%cg‘gl% e?ercg‘?@g’ er 2 8&(1%%%%16%9‘8 4 e‘ﬁ\éht ﬁh\ﬁ)‘%ﬁ%@agﬁf&% flngers 1370.

I on, I osensor I nC

I g dinige36470 kadperate tithpeeactheiponictine ah imediced E]Z—;Gtrbge
any of a variety, of dlspen3|ng met hods that are Aﬁ
k Pevprmiompasase Bicroqlestrods arpphaying a fealye size 95 gap width of

P [aSII,LgJﬁglrx trns Fkg&&g&l@ g}?& 1%%5&11 Ta%%&t o \REHDY Ghout 20

preci a variety o
nggn ! i mMting exanples of which have been dlscussed
above, may be used in accordance with this disclosure.
Figure 15 illustrates a biosensor 1310 in accordance

th| clos S 1 o
B e e S
C @Mctrode, 2hétoimvaig thhe dlevndue finyeas 1B erTid el?&ﬁ)de fingers 1371
p05|t|oned on the base 212, the cover1118, and the

s |saersrate it onprauothsy iy defing an ayerlagsd elsirgde patigprpformed as a

simla coV gE C ei
cimeirRleghBa i nG Ak SRARRORLEG Sh G nobelo b The
131ecttb8e GREGYELT IVRCHRL RS Artdlectidde HidiAl TLBOHAI0 ﬂ{ﬁlgs dlscussed
defines a first electrode set 1366 and a second

elabova witle s@é’166,1136 glecthde dridrgap valdhe of Gidgers 4870 8851371 may

i ncl udes a ,worKi ﬁgt,helcf gr ode and a counter el ectrode,
eé’@Wlﬂa?\??‘?{&arfoe\%‘ BtY9%E ™ i ngers 1370. The fingers

1370 cooperate with one another to deflne an
interlaced el ectrode pattern fornmed as

nilbe @@ag@ntt Ydcxtends agrobreaie ﬁI}C@OdeefangWelglz@ the elgeippde set
050 o LA S5 e FA T 050

el1866 imelrles BEMAB6% dontebticiess desovitiediabgvetvirt réfertcatvthidsensor

© %lfgt iirkewise, a non-limiting example of a suitable functionality of the second
electrode set 1368 is used for determining a glucose estimate as described above
with reference to biosensor 210. The method of measurement for the electrode

sets, 1366 and 1368 is also as described above with reference to biosensor 210

Figure 16 illustrates biosensor 1510. Biosensor 1510 is identical to biosensor 210,
except for the reagent 1564. Reagent 364 is dispensed onto the electrode fingers

284 as discussed above with reference to biosensor 710 of Figure 14.

Figs. 21-24 are photographs of electrical patterns formed using the principles of the

present invention. Fig. 21 is a photograph of a base substrate having an electrical
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m croel ectrode array having a feature size or gap

wi dt h of about 10 mm The elgégrode fingers 1371 each
have an el ectrode wi dth of about 20 mm As discussed
abovée with set 266, the el ectrode and gap w dths of

f ipagemdomarthensdn b3 Tamerdps V@Toyof ithe eppndoetiveriaateniplinitialy s

di scl osure, The,re t 264 r

o IRt he prsroRpurRg T B R i AR BRG1 Pprerial s ol
NOffe! Paftbrni v f@ﬁﬁéﬂo&zﬁh@fmx@lespumeaﬁlaemiewnctu onality of

the first el ectrode set 1366 includes henmatocrit

correction as descrlbed above with reference to

bi.osensor .t

R bl 5 1o B RO R b PP
13R&GediSbyfeatbvin 2098 108 (¥ ddhdg-tide GlataDs enigsily mﬁng&le base
descri bed above with reference to biosensor 210.

nstibgeten fIn this sbedismant thercopductiae aaterisd s gdd and gﬂewgp Aidths
o EC bR (5P Be e BN ST BRE S et pue

Biggagmsnr 1510 is identical to biosensor 210, except
for the reagent 1564. Reagent 364 is dispensed onto
the el ectrode fingers 284 as di scussed above with

r gfig pz’ﬁrlgﬁ B&ogfa‘ﬂﬁ%@ﬁ%ﬁs e’shBstBfte AN £n difciribhl ttel%_]for?xﬂed

ar e oto el'ectrical patterns for usi ng
t hberpasn lmy:rqnicnzmg).’oO% lo€ thercesdurttivi mederial omtialbi g)veﬁng ihe ase

f b bstrate havi .
eISE bt s caPRarTsR e condidan TRetL Rosnldgnd Big,egp widths
Shifdatete 2R i iRdichiBd.t TRE pat 43] teFPWRS Fdtthell Q@thbﬁﬁﬁgle pulse

subst at e. In thi s enbodi nent the conductive materi al

i ©fgddsdr. The pattern was formed with a single pul se of
a laser. Fig. 22 is a photograph of a base substrate
having an electrical pattern forned thereon by

IR VIANG a % faph 08 2 GRGUBEMEhARAEA albcttiBhllaBbinformed
coverl ng ase substrate. In this enbodi nent the

c dhaeot byv@mmmr@ 9% of thegonducsing matesiad iitialedysring the base
gﬁhﬁ_ﬁﬁmﬁh g egﬁ%ﬁgnrgéenéb egzgh%gn%g FnaIé}%l Psaﬁéolg 513%%?% widths

phed graamandy QSm@ﬁleassndlSzttéth'Hld'Wﬂeﬂgwamfoﬁhle@ twitheadingle

pattern forned
pulse of a laser.

Several production runs were made which demonstrate the very fast speed in
which the electrical patterns of the biosensors in accordance with the present
invention can be produced. Many of the runs included electrode patterns with two
different feature sizes, as indicated in Table 4. Figs. 21-24 are photos taken of
selected ones of the electrode structures, as also indicated in Table 4. The masks
used to make the patterns included both “Structure 1” and “Structure 2” listed in
Table 4. A single laser pulse of about 25 nanoseconds was used to form the
patterns. As indicated, long webs (about 450 m or more) of material were passed
under the laser ablation apparatus at a controlled speed as the electrical patterns

were formed.
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t hereon by renoving 50% of the conductive materi al
initially covering the base substrate.

weniwsasdseant t he conducti ve materi al

In this

wi dt hs are approximately 20 m as indicated. The

pattern was formed wth a si
Fig. 24 is a photograph of a

el ectr

the conductive nmateri al

substr

is gold and the gap w dths rbé

ical patter

ate. In thi

n forned |,

s enbodi

r@a

e pul se of a laser.

se substrate having an

t hereon by renovi ng 90% of

initially covering the base

éQe conductive materi al
approxi mately 250 nmm as

i S gold anpCT/e209&9553

i Ndug disadeturd DE  paf $tAkdre®as f ORGEeM t h| Rateinggl Bigiell se | Roll
of ,a llaser.. Severil. prad | op _.runs wele nmade| whi ch
deffons ??ng%gaf’ ?flergv ﬁlt;ﬁyg?#ﬁ 1%c,dpegnémi n whi¢ ﬁert"ﬁré Length
el ectrjical patterps of the biosensors iin accofdance (m)
W T tiI3gpT €SENnt | J5¢RH3 | ON Cabg De pr odliesyd. ANy oOf 466
the ruyns included| el ectrode patterns with two
diifferlent featurel sizes,  as indicated in Tabhle 4
Filgs. |289%% are photos taken|8? sel ect ed?8nes|of the |43
el ectrlode structures, as also indicated in Table 4.
Tihe me3kes0iSed t ol ake the patierns i n¢bsmded boih 454
"Htrudture 1" and| "Structure|[2" |isted|in Tabl| @ndureh
Sitaghs !&eer ptH-s f‘/‘ abott—2b—RanoseePgdg WapHsea—t¢
fo#m t|H8 gatter ns-zs;ggoi ndi cal g%l | ong A%%B‘SA (aagijutcmredfgo 453
mor nore) of matlerial were passed undér the Séer
abbat i|o/sappar at ujsioafioa contfad | ed spee@8s t he 454
el ectrlical patterns were forped. Table 4 Run Siructure
1 rohyEE 2 Ro e Patte Frgure gt—# 454
Fi nger/gap (m Hi nger/ Gap ( (mn) per mn| Length
(m__1120/20 250/200 20 2585 466 2 250/ 50 40 1P56 453 |
207250 2080/ 20 13 3893024 454 |5t ruct ur ¢236p Fig. 23 - 490

Structure 1;

Fig. 22 -

Structure 2

8 50/100 119 2755 472
9 20/20 50/20 19 2860 490

As can be seen from the above table 4, the method embodied by the present

invention is well suited to fast mass production.

Although the invention has been described in detail with reference to a preferred

embodiment, variations and modifications exist within the scope and spirit of the

invention, on as described and defined in the following claims.
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4 20/ 20 250/ 20 22 2284 Fig. 21 453 (Structure 2) 5
50/ 50 100/100 22 2289 454 6 100/50 --- 20 2518 454 7

WQ03066b0O/ 20 23 2363 Fig. 23 - 490 Structure BCT/BIP04/019553

22 - Structure 2 8 50/100 ... 19 2755 472. 9 20/ 20
50/ 20 19 2860 490 As can be §qen fromthe above table
4, the method enbodi ed by th& present invention is

wel | suited to fast mass production. Al though the
i FWHAT BhChadMIERdSdescri bed in detail with reference

to a preferr enbo ment vari ations and
. . I@Se‘tgig%ng?r > G&T

nodi fi catio |§r1nfhe scope and spirit of the

I nvent h ®Ase RbsiRfe H8GES FiREdn@Bstodeblebgsld dlethéifts formed thereon;
follow ng claims. WHAT 1S CLAIMED IS 1. A biosensor,
c o mpr i dierfiyst andmgeendslenitode elemeats haying first angdrecandassngetive

e bl BRA pt e iR it e BAR

r espec EherBrsﬁé@eﬁbeﬂfngpﬁUeﬁgrcﬁn g &ﬂst&h‘t&ﬁﬁhﬁt liseety a fikse diyeamce
having a wwdth and a |ength; the first edge be

s fat warigsrabpnethe length ofithe Ban, ithedirst thaerefigal Jig ﬁP%l@mg a desired
di
P15 B 20 8, HPE RO adaPer

PlREREE Kt lef thihgbdut 6 Begte eﬂﬂﬁrleﬂlg’th bhtheapn d ard
deviation of the first distance is | ess than about 6mm

barti il coy stdessbpinhofoverios aseoibesgnncar | cast
artlal
[ ayer o ouaf R a9s b HRE P eleaib e BRE AR B or

t hﬁ)r@m@eﬁrcobpér@tlﬂ@w&bﬁn @@emprea’eceagng ohdmbenaad a cover for the

sanpl e-recei ving chanber and a cover for %
biosensor, at least a portion of the reagent and an electrode being positioned in the

._.(I)

chamber.

2. + The biosensor of claim 1, wherein the standard deviation of the first

distance is less than about 2um.

3. The biosensor of claim 1, wherein the standard deviation of the first

distance is less than about 1um.

4. The biosensor of claim 1, wherein the second edge is spaced from a
second theoretical line by a second distance that varies along the length of the gap,
the second theoretical line defining a desired shape and placement of the second
edge, wherein the standard deviation of the second distance is less than about 6um

over the entire length of the gap.

5. The biosensor of claim 4, wherein the standard deviation of both the

first distance and the second distance is less than about 2pum.

6. The biosensor of claim 4, wherein the standard deviation of both the

first distance and the second distance is less than about 1pum.
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of the first distance is |ess than about 2mm 3. The

bi osensor of claim 1, whereip,the standard devi ation

of the first distance is |ess than about | mm 4. The

bi osensor of claim1l, wherein the second edge is
spaced7f r omThe diwsonsdr ofieloined | whérein; the gay width éscabeyt 250um or
di stance that varies along the length of the gap, the
séS¥nd theoretical Iine defining a desired shape and

pl acenent of the second edge, wherein the standard

devi ati on of the second distance is |ess than about

6nm ovér t h&hemidsensar efgleim df whereinghe gapwidth és less than about
bi8sensor of claim4, wherein the standard devi ati on
oPUWBt h the first distance and the second distance is

| ess than about 2mm 6. The bi osensor of claim 4,
wherein the standard devi ati on of both the first

di st an®e andhtlbéossesoond cldin il ambereinghé gapwidihiis lagsahan about
| mMm 7. The biosensor of claim1, wherein the gap width

i 08Bout 250mm or | ess. 8. The biosensor of claiml,
wherein the gap wdth is | ess than about 50nm 9. The

bi osensor of claim1, wherein the gap width is |ess

than ahout Jdberbiostfsor dhielabm dseherein thé elettapdn lomeienrei n .
the el ectrode_elenents are forned by broad field | aser
a@WHFﬂgﬁﬁnﬁ%fﬁ%ﬂzmﬁf@i@ﬂgbr of claim1, wherein the
first and second el ectrode el enents conprise a first

el ectrode set, one of the el ectrodes of the set being

t he el dit r oddepissensosoédlaim 11 whersiarthe &t @@ pagong electrode

ggf?ﬁn%sgﬁ Wé%gsggjggt&?%%g@? %%gtfglegog?ﬂlerrél%gﬁoéeg {){” &1% et being the

electrode positioned in the sample receiving chamber.

12.  The biosensor of claim 11, further comprising a second electrode set
formed on the base substrate, the second electrode set having a different feature

size than the first electrode set.

13. The biosensor of claim 1, wherein the first and second electrode

elements comprise first and second electrode traces.

14. The biosensor of claim 1, wherein the first and second electrode

elements comprise first and second contact pads.

15.  The biosensor of claim 1, wherein the length of the gap is at least

0.1 mm.

16.  The biosensor of claim 1, wherein the length of the gap is at least 1
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forned on the base substrate, the second el ectrode set
having a different feature size than the first

webk@dshewlide set. 13. The bi osensor of claim1l, PEBEDSIN4/019553

the first and second el ectrode el enents conprise first
and second el ectrode traces. .1L4. The bi osensor of
claim1, wherein the first aﬁ second el ectrode

el ements conprise first and second contact pads. 15.

The bi dZensdhe bfosenser af dlaimphewbsrpintthe lengibgifthogap igat least 1
gag%is at least 0.1 mm 16. The bi osensor of claiml1,

wfigk ei n the l ength of the gap is at least 1 mm 17. The

bi osensor of claim1, wherein the length of the gap is

at least 1 cm 18. The bi osensor of claim1, wherein

the | ed§t h diebinsersgpof elaim 1) whereindhelengthyef thegan is ggleast

of the hiosensor., 19. bi osensor of claim1,
MB?EW‘W%%ee“ ngtﬂﬁe%f)s%ﬁgr'gap is at | east one half the
| engt h of the biosensor. 20. The biosensor of claim1,

wher ei n theﬂig%.is positioned within the sanﬁée .

recei vilAlg ¢ tsenspy of qlgian b; wharwdhe longth ofjthg gap is at least
1Rt r nments conprise contact pads

gﬁgéﬁﬂgﬂﬁggugﬁﬁgﬁlgﬂﬁﬁﬁﬁgen the contact pads. 22. The

bi osensor of claim1, wherein the el ectrode el enents

conprise el ectrode traces, and t he, ext ends befween

the el @Bt r oddeprogersor obglaimhaw ?r%gﬁ‘géﬂ’ léfpoélltlﬁp?i;{ ‘ﬂtgm the

mFgﬁﬁkqefyﬁn Legtspde el enents conprise a worKking
el'ectrode and a counter electrode and the gap extends

bet ween the working el ectrode and the counter

RS G A R R T

contact pads and the gap extends between the contact pads.

22.  The biosensor of claim 1, wherein the electrode elements comprise

electrode traces and the gap extends between the electrode traces.

23.  The biosensor of claim 1, wherein the electrode elements comprise
a working electrode and a counter electrode and the gap extends between the

working electrode and the counter electrode.

24.  The biosensor of claim 23, wherein the gap extends across the

sample receiving chamber.

25. A biosensor, comprising:

a base substrate having first and second electrode elements formed thereon;

the first and second electrode elements having first and second respective
edges defining a gap therebetween, the gap having a width and a length;

the first edge being spaced from a first theoretical line by a first distance

that varies along the length of the gap, the first theoretical line defining a desired



25. A biosensor, conprising: a base substrate having
first and second el ectrode elenents forned thereon;

W b@s0eaesd and second el ectrode el enents havi nRCT/USBN4/019553
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and second respective edges defining a gap

t her ebet ween, the gap havingsg width and a | ength; the
first edge being spaced from™da first theoretical line

by a first distance that varies along the |length of

t bepgapd plasementrafthe fisbedeei wherein the figwdistaneg isless than about

desi r edshape..a acenent. . of the first edge, wherein
tﬁlémf(?vl% CdindrS Béhiogﬁfeegsag’than about 6 m over the

entir ?a'r@d’%ﬁf‘a&éast peetigBpcoverih @ d@ebike albstra@sindparti al |y
covering the base substrate; and one or nore |ayers
over | yiongonmarelayess everbying ard ahiseeddtha base subsiras, geone or
or_nore | ayers_coo Nl e - L
RS B0ERE L P SOL T AR ARSEELY BB

0Sensor,
PBidsk0r,qk 1daben pagest tht ayxgentdagerand ah elzctrodtebdieg pasitioned
positioned in the chanber. 26. The biosensor of claim
25 thgiebamber- t he first distance is |ess than about 2mm
27. The bi osensor of claim25, wherein the first

di stance is |less than about | mm 28. The bi osensor of

cl ai m 26, whTaedidefidoe obdainmd5 exlgreinshe fiest didtahcomless than

second theoretical line by a second distance that
vapewguaong the length of the gap, the second
theoretical line defining a desired shape and

pl acenent of the second edge, wherein the second

di st angg. i s The$sostivanofiauih 26 wherwiarthd fist distancesis|less ghdn
of the gap. 29. The biosensor of claim 28, wherein the
f ebeytt 1885t ance and the second di stance are both | ess

t han about 4mm 30. The bi osensor of claim 28, wherein
the first distance and the second di stance are both

| ess thgn almebicdemsor 3iclaibhes bileseinshs seebndtdyerts &fced from

wherein the el ectrode elenents are i '
a second theoretical line by a second distance that varies along the length of the

gap, the second theoretical line defining a desired shape and placement of the
second edge, wherein the second distance is less than about 6um over the entire

length of the gap.

29. The biosensor of claim 28, wherein the first distance and the second

distance are both less than about 4pum.

30. The biosensor of claim 28, wherein the first distance and the second

distance are both less than about 2um.

31. The biosensor of claim 25, wherein the electrode elements are

formed by broad field laser ablation.

32. The biosensor of claim 25, wherein the first and second electrode
elements comprise an electrode set, one of the electrodes of the set being the

electrode positioned in the sample receiving chamber.



formed by broad field | aser ablation. 32. The
bi osensor of claim?25, wherein the first and second

web®svewue el enents conprise an el ectrode set, PONESWN4/019553
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the el ectrodes of the set being the el ectrode

positioned in the sanple recg#ying chanber. 33. The

bi osensor of claim 32, furth conprising a second

el ectrode set formed on the base substrate, the second

el ectr @de sdihetvaasenspr af diafrh 82 durthéramprising ywecombeleetle set

ukmacp s DB e teebiit Qraitroneh S b Ry feature
CQIRNMhAANE kkstklcapddsgeond el ectrode traces. 35. The

bi osensor of claim 25, wherein the first and second
el ectrode el enments conprise first and second cont act

pads. . Agethod of ing-.a_pi osens oOnpri si

Pads. 30, IFERaa o oPRihAg 8 RLESSRE By BRTRIELS) e
a el c¥ets mptse Eirétianalsbdbna @RAH6dd geelBt €ri al t her eon;
removing a portion of the conductive material to form

first and second el ectrode el enents on the base

b haying fi - '
substr %g?a %'ng%sehgc%to{ and, %g,f eg‘alglgﬁgggs:t Iﬁl\é‘? %e%%gcg?lﬁctrode

defi ni erepet ween,
artkngenkLd@ifiise g ahil s&dond dgmadigialg spaced froma first
theoretical line by a first distance that varies al ong

the length of the gap, the first theoretical Iine

defi ni a ' %ﬂ;l fdvii .
edge, \%{%ér e?ﬁﬁ‘{ek@gso?g%g%mg%naﬁon ot t%t‘élé‘??lrdg;\thﬁé steps:

di st angeovidingadmsd fidbstratb hating ahayey ef elbtteicaliy ¢andudteveghdterial

of the gap; providing a reagent at |east partially
cdWEFMg t he base; and adhering one or more |ayers to

the ba%@mo&iﬂg iag)gﬁ(i:cﬁlraof@é soﬂdaytwe%n&eﬁafecb 3o lrsk Ond QcBRR

sanpl e-recel nber and a cover for the
bietesrndoelemants lop dlst base parstiaterhagingtiivet andesgeond raspgctaye edges

el ectrode bej n ositioned within the.ch er. 37. The
e Greep TgteneRBee: HRta po gy Sl SRR g ai
| east 1Q%iR{ edddemdpuedd fYéin ABr&Ithédretical line by a first distance

that varies along the length of the gap, the first theoretical line defining a desired

shape and placement of the first edge, wherein the standard deviation of the first
distance is less than about 6um over the entire length of the gap;

providing a reagent at least partially covering the base; and

adhering one or more layers to the base, the one or more layers cooperating
to form a sample-receiving chamber and a cover for the biosensor, at least a

portion of the reagent and an electrode being positioned within the chamber.

37.  The method of claim 36, further comprising removing at least 10%

of the conductive material.

38.  The method of claim 36, further comprising removing at least 50%

of the conductive material.



38. The nethod of claim36, further conprising
renmovi ng at | east 50% of the conductive material. 39.

wab@soetshod of claim 36, further conprising reP@OUSIPOLH019553
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| east 90% of the conductive material. 40. The net hod

of claim 36, wherein the eIeg?rically conducti ve

material is renoved by broad™rield | aser ablation. 41.

The nmet hod of claim 36, wherein the first and_ secaond

el ectrdfe eMbemethodfelpimsid, furflicr cempliseg regppyingat leasp 90%
met h furtherconprising formng a

58§8W§08$ EFFgﬁﬁﬂgﬁt on the base substrate having a

feature size different fromthe first el ectrode set,

one of the electrodes of the first el ectrode set beln

the el é8t r odbe prethad of edadml6 Mibgreihibie slesiically serqurtiveg
hanbe and one, 0 Iy of the second
?}al%?ereglgflecgbé’ {r’@tagglgﬁtllg%kegﬂﬁgnt he sanpl e receiving
chanber 43. The nethod of claim 36, wherein the
standard deviation is |ess than abgét 2mm, 44.

nret hod4df clThe metmd oficdrim; 30, pheres élé‘ft&néée‘f%lu%fﬁﬁpée
he net hod of cl ai m 36,
E%Eﬂg%ﬁgﬁggfuﬂqgkU%é%“gthe el ectrode el enents in
Iess t han about O. 25 seconds 46. The nmet hod of claim

36, further conprls or t he el ectrode elenent
| n | esé§2t hadhgpisito chgleg ECOIE?HSI%g’rHJé‘?g%aeC(?P

C AL Rset b Fﬂe%ﬁe Eﬂe ?1'21{3‘19 a%ﬁhﬂ%gélztehﬁffé‘ﬂeﬁﬂréﬂ%‘e first

el'enents in [ ess than about 5 nanoseconds. 48.

- melebtrddeodet, ainaiofittd@lecniodeeofithe fisst skeefpodsf setbiding thegelcdh@de

233%8%5%&@#% “i-081n8 SARPHOHA G of HE SR IoHiT of e

%st don8 eRRIBUEs ek BERE bAoA RS satif?E recbi®inRash@mber.

rate and lam nating a covering layer over the
spaC| ng layer. 49. The nethod of claim 48, further

conpri bng f'[%e me?tgocia of c‘lealm %vrfllepegn the standard deviation is less than

about 2um.

44, The method of claim 36, wherein the standard deviation is less than

about 1pum.

45.  The method of claim 36, further comprising forming the electrode

- elements in less than about 0.25 seconds.

46.  The method of claim 36, further comprising forming the electrode

elements in less than about 50 nanoseconds.

47.  The method of claim 36, further comprising forming the electrode

elements in less than about 25 nanoseconds.

48.  The method of claim 36, wherein the step of adhering the one or

more layers to the base comprises laminating a spacing layer having a void that



in the covering |ayer that communi cates with the
sanpl e recei ving chanber. 50. A nethod of formng a

whr@seeasos used to neasure presence or concentPEr/USV00619553
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an analyte in a fluid sanple, conprising: (a)
providing an electrically cogguctive material on a
base; (b) renpving a portion~of the electrically
conductive material by broad field |laser ablation to

f defimarthepaoneton thesanple rdsei vingehambey oy dhg brsp gulstrate and
reagent at | east,partial.l Ver | t he base; and (d
agaﬁ"g‘lnﬁtﬂf@g %ﬁ%vegpg}@%weé%%sg% 1(Ialgtléﬁleég'base, the one og )

nore | ayers cooperating to forma sanpl e-receiving

chanber and a cover for the biosensor, at |east a )
porti o#9of e methns of slayartd, futher camprising farming 2 Yept opening

ek coteitayes i ERmlir s GABBE sk aec i Bn Bl e

and second el ectrodes having first and second
respecti ve edges defining a gap therebetween, the gap
havi ng 58- wi dt methad ohfqrayigg i biosensor psedito gpgarg gresgnce or

spaced. fr Qo fi . etlcal line.-by a first

ERRG e’ A Bl AR fille BRI ®, | S, the
first t@eor gkdvadihg b secdiehilyncnmgluati demiteddl ehapaseand

pl acenent of the first_ edge, erein the standard

devi at i®h offcrpPEng p Pglftl‘)&iﬂg F%\%&tpgﬂﬁﬁg?ﬁﬁ'ﬁ maieral by hrpad
0 1 trolid &t @ARhe Bie; The nmethod of
c;ﬁglfdr#%iag lglﬁg?%%?%‘g%#gﬁdaré dev? at ieon of the first

di st and® i s pr@sding hacagetioariea@npartidiBy; coMesngdterhage;ahd

cl aimSé, wherejin the standard d%{,eibatiﬁ@ of the first

di st ané® i s HRLDSREAT FWSUEYPEATELISTHHES it HBOIGravers
Cl.8b8Brating H6MEL E‘mﬁﬂ@r&!eﬁﬁﬁg SR and A BYVdr ¥655tha bids@mdt, at
two ‘el ectrode sets having different feature sizes. 55.
Theasnepdrtidn of bath dliqweagent ldyer aidithe glecpdacset belag pesitioned in
cglgjris s at |east two el ectrode sets having different

f it EEYEF-zes. 56. The nethod of claim 50, wherein

step (c) conprises at | east )

51.  The method of .claim 50, wherein tl'le' electrode set comprises first
and second electrodes having first and second respective edges defining a gap
therebetween, the gap having a width and a length, the first edge being spaced
from a first theoretical line by a first distance that varies along the length of the
gap, the first theoretical line defining a desired shape and placement of the first

edge, wherein the standard deviation of the first distance is less than about 6ym

over the entire length of the gap.

52. The method of claim 51, wherein the standard deviation of the first

distance is less than about 2pm.

53. The method of claim 51, wherein the standard deviation of the first

distance is less than about 1pum.



partially covering the el ectrode set with the reagent.
57. The nethod of claim50, further conprising

WO 209566806 at | east 10% of the conductive mat er PEl/USH84/019553
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The nethod of claim50, further conprising renoving at
| east 50% of the conductive terial. 59. The nethod

of claim50, further conprisitg renoving at |east 90%
of the conductive material. 60. A nethod of formng a
bi osendér U mashorbefalzien Elovherdin dhei dertiotle aet camprigeseat

et (1A IFT P EBR Bl e v Bt iR base. ()

renmoving at |east 10% of the electrically conductive
material to format |east two el ectrode sets on the
base, tHe elBetmeshed efealaimhdyiwhgrain theealeatiode seitcgmprises at
si,ze ( rvid aea { st partially :
oG8 b oo S8 O BRI R B8 b rore L ayers
to the base, the one or nore |ayers cooperating to
forma sanpl e- rece|V|§§ chanber, at |east a portion of
ofs@q

o ne of 56he 6l I@anrtb@b 31 HbiWhgTaHR SEP (@rreepnses #deast

a further
ﬁ%’%ﬁgcﬁﬁer%n Vi ng a@dﬁeggvé t@éolg/]a%?ﬂthe conducti ve
rrat erial.62. The nmethod of claim®60, further

conpri si ng renmovi ng at |.east 90% of the conductiv
mat er i &7: @he%h%eﬁféanb? PR CORPTIRAS FERPViIRg at least 10%

el tive material is renoved by broad
O?Fﬁc? Oggheért%gb o'n. 64. The met hod of clai m 60,

mhereln one of the el ectrode sets conprises first and

second el ectrodes \Y; t .and second respective
edges d&fini tgfacg R L COpRESHR FETRARE g 1gast S0%
O?EHEL%EQu&l\Je‘?HeQEﬁ'aJ the first edge being spaced froma
t

first eoretical line by a first distance that varies
al ong t he

59.  The method of claim 50, further comprising removing at least 90%

of the conductive material.

60. A method of forming a biosensor used to measure concentration of
an analyte in a fluid sample, comprising:

(@ providing an electrically conductive material on a base;

(b) removing at least 10% of the electrically conductive material to
form at least two electrode sets on the base, the electrode sets having different
feature sizes;

(c) providing a reagent at least partially covering the base; and

(d) adhering one or more layers to the base, the one or more layers
cooperating to form a sample-receiving chamber, at least a portion of one of the

electrode sets being positioned in the chamber.

61.  The method of claim 60, further comprising removing at least 50%

of the conductive material.



| ength of the gap, the first theoretical |ine defining
a desired shape and placenent of the first edge,
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is less than about 6nm over the entire length of the

gap. 65. The nmethod of claimft4, wherein the standard

deviation of the first distante is | ess than about

2mm 66. The nethod of claim64, wherein the standard

devi at i6@n ofThehnethod ef clains 6G Heghdr sompsising memovibg at lekst 90%
of claim60, wherein step (c)

mm, 67. Th
c S @ggu%(velng %‘i‘alpartl ally covering the el ectrode

set with the reagent. 68. A nethod of nmanufacturing a
plurality of biosensors, conprising: Sa) provi ding a
web of Base Bheimethed ef cainee0, azvhemm ihecelectmenilyl conductive

PR SRty P PS0NRR e neral

conductlve | ayer with a Iaser appar atus, wherein an

el ectrode pattern that corresponds to the inmage is
f or med Géy | ddermethociof Grmbe0. trheraip Bnoef thastectodssatat e

n’%ég{glflg% ‘Qan %GQQC?IO?eSr ﬁfglf %ﬁg?%ﬂéﬁ%ﬂgg@(ﬁ }egéetcﬁve f CS

a defittinglal gays thérelidtm e gapedving aawidthuanl 4 gt the m@st edge
el ectrode patterns at spaced intervals al ong the web

ofrehgspacedrsam atf’éStr‘fh%%‘?tFO&l hing fopy 2 Hesh distance hah vatissgéang the
Ofje Aﬁ?ﬁ’ﬁp g o@ hfRt ?ﬂég 1%?1(31&6?&8%3&6%' deditch p%; ﬁlgtf I)lacement

par ering eac attern o

ploti tteel ﬂifstyedgé whereinrthel stapdrd devistion dfithé fisst dzagents;ledsahan
lam nating at | east one web of a covering |ayer or a
sphewtym ayes theeatire {angth@fthegamase substrate materi al ,
thereby form ng a cover and a sanpl erecei vi ng chanber
for each biosensor; and (f) cutting through the at

| east o5e wdtheafictBodofdainn@l, mdigedsin thie stangp@icdeniatioayé the first
and the web of base substrate material to formthe
pidistagice {5 legsrthan ahou ums

66. The method of claim 64, wherein the standard deviation of the first

distance is less than about 1pm.

67.  The method of claim 60, wherein step (c) comprises at least

partially covering the electrode set with the reagent.

68. A method of manufacturing a plurality of biosensors, comprising:

(a) providing a web of base substrate material having a metal
conductive layer formed thereon;

(b) projecting an image of an electrode pattern onto the metal
conductive layer with a laser apparatus, wherein an electrode pattern that
corresponds to the image is formed by laser ablation on the web of base substrate

material;
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69. The nethod of claim68, wherein the el ectrode
pattern formed in step (b) conprises a conplete

web@shewde pattern for one of the biosensors, MBPUSY4/019553

the conplete el ectrode pattern for each biosensor is
formed in a single step. 70. .JThe nethod of claim 68,
wherein the el ectrode patterﬁ formed in step (b)
conprises a partial electrode pattern, the inage

conpri $&s anpivingdretof thé las¢rerppanains and dief welr efrhase prehgtrste

d. st b d ed until. the pluralj
ol B trabpi ) Aofph FEEE NGRS REblgr g bt
C QR84 Rleffilat GptRe AT RonthRS KBl oEBRB stiosiateherial;
electrod% pattern is fornmed in nultiple steps. 71. The

met hod (&  cldapositee, 2 wAgension the web pihase shsiptegnaterial and at
R IR ——

CM ths RsagMYi Ng the web of base substrate material in
di screte increnents. 73. The nethod of claim®68, |
wher ei ffe)st epamiaptindhtdeass are Yok PhycosEngdayespr pepaging layer

U B85 TG e BB Rl gl SOl Ao

ek@eivindéhapdict foratinbioseigsr; ahd | east two el ectrode sets
having different feature sizes. 75. The nethod of

claim 68, wesitaghiongh Bieat isagine yeabiof Areoyepg fayeicor a spacing
c . . _
16 SRRl SRUAESR Y T AR SeERn

having a wwdth and a length, the first edge being

spaced fro first thearetjcal lipe a. first .

c ot an8 ¢ hdlbe gL OB eI B O b forgg in

f 'sfe?t(b)t QEWrREd £8bmbleRfe188{ddBipRGerR félEste ot thShiBRG 8 dwhereby
pl acenent of the first edge, wherein the standard

déhd amdete efectrbde pattest fatieathabiosenser ik Egmed lim a slgleusters mm
over the entire length of the gap. 76. The nethod of
claim75, wherein the standard deviation is |ess than

about Zgm  The nifod Gt 1At 6, Whdtem ife.clavhede bittdih ormed in
standard deviatioh is |less than about | mm
-step (b) comprises a partial electrode pattern, the image comprises a plurality of the

same or different images, and steps (b) and (c) are repeated until the plurality of
electrode patterns comprises a plurality of complete electrode patterns, whereby

each complete electrode pattern is formed in multiple steps.

71.  The method of claim 68, wherein step (c) comprises continuously

moving the web of base substrate material.

72.  The method of claim 68, wherein step (c) comprises moving the

web of base substrate material in discrete increments.

73.  The method of claim 68, wherein step (c) comprises moving the

web of base substrate material at a rate of at least 60 meters per minute.
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78. The nethod of claim 68, wherein the netal
conductive | ayer conprises at |east one nenber

W@ edosobads f orm t he group consi sting of gold, pPEr/UR2MF/019553

pal l adium and iridium 79. The nmethod of claim 68,
wherein step (e) conpri ses: ngm nating the spacing

| ayer over the base substrate 'material, the spacing

| ayer having a void that defines the perinmeter of the
chanbef74. andheamitined ofredaimh@S, sdwesin thy dlepyrode patearn ifedudes at
spacj ng l.ayer. 80. The th f claim®68, wherein
et e?é#{s)&g Sf)tépfl\gp%d;f}gef?ﬁgea}?weﬁzgﬁ (b) is formed in

| ess than 1 second. 81. The nethod of claim 68,

wherei n each electrode pattern formed in step (b) is_
for med 76n | 8%e methad of PEmsGS; grhgred thepleetiode pajire fomprises

cl.aim 68 erejn,each. el ectraqde ttern.formed,in.

<8 T pese b Bl TR R oSS SRR thing a
ChitiréBeBPeeniRr R 'haﬁﬁg A valigcindeden @B} the Eiﬁst%@ﬁ@'@éin% Epaced
step (b) conprises the entire electrode pattern for
offiorvd firdh éhegrasisellisrhy akist digtancethel yasics |agmg thgfiength of the

pattern.is,.faornme | I . Qnce. - f i
235 S BRERR e B P T e
Cedsd, RuRHsn fefst@arddvialibg ofielTast dbtafidedh 1856 than \WBEtI i
the el ectrode pattern is anisotropic. 86. The nethod

obver the mtBs lengtlepictha géhe el ectrode pattern is
asymmetric. 87. The nmethod of claim68, wherein the
el ectrode pattern forned in step (b) conprises a

conpl et7g. el ahkhedieodddtdLfT7 5, fhetdie thefstdnberdieoBeios & Bss than
whereby the conplete el ectrode pattern for each

bebew?sor- is forned in a single step, the nethod
further conprising formng the conplete electrical
patterns at a rate of at |east 500 per m nute.

77. The method of claim 75, wherein the standard deviation is less than

about 1pum.

78.  The method of claim 68, wherein the metal conductive layer
comprises at least one member selected form the group consisting of gold,

platinum, palladium and iridium.

79.  The method of claim 68, wherein step (e) comprises:
laminating the spacing layer over the base substrate material, the spacing
layer having a void that defines the perimeter of the chamber; and

laminating the covering layer over the spacing layer.

80.  The method of claim 68, wherein each electrode pattern formed in

step (b) is formed in less than 1 second.

81.  The method of claim 68, wherein each electrode pattern formed in

step (b) is formed in less than 0.25 second.
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88. The nethod of claim87, wherein formng the

el ectrode patterns conprises renoving at |east 20% of

89. The net hod of PCT/aB2004/019553
87, wherein formng the el ectrode patterns conprises
renovi ng at | east 50% of the jgetal conductive | ayer.

90. The nethod of claim87, rein formng the

el ectrode patterns conprises renoving at |east 90% of

t he netddl cdiduntthedof clgier 683 WwheTdie cacht dleiroge pettern Aomeeed in

wherejn the el ectrode pattern forned in step (b)
C&EPB?‘))S@;O%IG oaﬁJ[CJ"I‘télnge'el ectrode pattern for one of the
bi osensors, whereby the conplete el ectrode pattern for

each biosensor is formed in a single step, the nethod
f ur t heB3conihiegigthod of ¢hiiny68, vhesainphaadt edecifode Ppitera formed in

patt s at.a rate of .at |east 1000 per. M pute.

T ieb Rl hterises HePoalugrE Bahem g are) (T BV hed Aadgach
PRhtiRrdéct©asPhtksiA $s foRMBY i@t @ice! €ast 20% of the netal
conductive layer. 93. The nmethod of claim91, wherein
formng the el ectrode patterns conprises renoving at
| east % oft i : -

nmet hod %%f c ITgllelr%ﬁﬁgf% %%If%glp%éj’%ﬂreﬁrﬁ %@rﬁégeé’ ?lésc Eg%dem 2
patibantialle oominu®as stigeovi ng at | east 90% of the netal
conductive layer. 95. The nethod of claim®68, wherein
the el ectrode pattern fornmed in step (b) conprises a
conpl e el I i rs,
wher byt he S aipRBgERTeS nRAF iR el Fode pRRE S
biaasensgic. is forned in a single step, the nethod
further conprising formng the conplete electrical
patterns at a rate of at |east 2000 per m nute. 96.
The nmeiggod afheGhahdd SHelaift6s, SndrdiR THE et 1idas pk&a Y ode
patterns conprises renoving at | east 20% of the netal
casglomtirice | ayer. 97. The net hod of claim 95, wherein
form ng the el ectrode patterns conprises renoving at

| east 50% of the netal conductive |layer. 98. The

net hod gof claemm@Rod ¥ QLRI 68, et thel digetRlde PhticH €ormed in

patterns _
step (b) comprises a complete electrode pattern for one of the biosensors, whereby

the complete electrode pattern for each biosensor is formed in a single step, the
method further comprising forming the complete electrical patterns at a rate of at

least 500 per minute.

88.  The method of claim 87, wherein forming the electrode patterns

comprises removing at least 20% of the metal conductive layer.

89.  The method of claim 87, wherein forming the electrode patterns

comprises removing at least 50% of the metal conductive layer.

90.  The method of claim 87, wherein forming the electrode patterns

comprises removing at least 90% of the metal conductive layer.



conprises renoving at | east 90% of the neta
conductive layer. 99. The nethod of claim®68, wherein
W b@smebases r ode pattern forned in step (b) conpPCBHES2084/019553
conpl ete el ectrode pattern for one of the biosensors,
wher ebyt he conpl ete el ectrod attern for each
bi osensor is forned in a si ngq step, the nethod
further conprising formng the conplete electrical
pat t er 4. at Thematthodf dainm 6Rsrheddnthepadectrridapaternfened in

Th hod of clai m 99 in farm | ect r od
PP HETER T f CBEDlebnlor e arma ot oah B bIoNETAEy Whereby
CQRAEGHpIVR cleduBlle pdfiin forRachBoBRHoOk fEinidh A%inMQES,ithe

formng the el ectrode patterns conprises renoving a

| ensthodfigtherf canpmising farmingritie complete edgatrical pateernT hten rate of at
mjt hg? f clai m 99, wherein formng the el ectrode

pat?s OB €es renoving at | east 90% of the netal
conductive | ayer.

92.  The method of claim 91, wherein forming the electrode patterns

comprises removing at least 20% of the metal conductive layer.

10 93.  The method of claim 91, wherein forming the electrode patterns

comprises removing at least 50% of the metal conductive layer.

94.  The method of claim 91, wherein forming the electrode patterns
comprises removing at least 90% of the metal conductive layer.
15

95. The' method of claim 68, wherein the electrode pattern formed in
step (b) comprises a complete electrode pattern for one of the biosensors, whereby
the complete electrode patterﬂ for each biosensor is formed in a single step, the
method further comprising forming the complete electrical patterns at a rate of at

20  least 2000 per minute.

96. The method of claim 95, wherein forming the electrode patterns

comprises removing at least 20% of the metal conductive layer.

25 97.  The method of claim 95, wherein forming the electrode patterns

comprises removing at least 50% of the metal conductive layer.

98.  The method of claim 95, wherein forming the electrode patterns

comprises removing at least 90% of the metal conductive layer.

30

99, The method of claim 68, wherein the electrode pattern formed in

step (b) comprises a complete electrode pattern for one of the biosensors, whereby
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the complete electrode pattern for each biosensor is formed in a single step, the
method further comprising forming the complete electrical patterns at a rate of at

least 3000 per minute.

100. The method of claim 99, wherein forming the electrode patterns

comprises removing at least 20% of the metal conductive layer.

101.  The method of claim 99, wherein forming the electrode patterns

comprises removing at least 50% of the metal conductive layer.

102.  The method of claim 99, wherein forming the electrode patterns

comprises removing at least 90% of the metal conductive layer.



