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CROSS- REFERENCE TO RELATED APPLI CATIONS 5 The present application is a
Continuation in Part of U S. Patent Application Serial No. 09/840, 843,
filed April 24, 2001; a Continuation in Part of U S. Application Serial No.
10/ 264, 891WX0PK6&36t ober 4, 2002; a Conti nuati on-i n- PECT/GSRO0H0L9SS3
Application Serial No.101601, 144, filed June 20, 2003; and clains priority
to U S. 10 Patent Application Serial No. 60/480,397, filed June 20, 2003,
each of which is hereby incorporated by reference inits entirety. FIELD OF
THE | NVENTI ON The present invention relates to a nethod of making a
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FIELD OF THE INVENTION

The present invention relates to a method of making a biosensor, more specifically

15  abiosensor having electrode sets formed by laser ablation.

BACKGROUND
Electrochemical biosensors are well known and have been used to determine the
concentration of various analytes from biological samples, particularly from blood.
20  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
25  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.



5 or greater. Such techniques are well known to those of ordinary skill in
the art. Laser scribing is a technique that usually uses a high power

exci mer |aser, such as a krypton-fluoride exciner |aser with an

illum nation wavel ength of 248 rim to etch or scribe individual lines in
t he conducWMO280¥e¢pflace materi al and to provi de 10 i nsulPEATGSZ00HAPSSIbet ween
resi dual conductive material which forns el ectrodes and other desired
conponents. This scribing is acconplished by noving the | aser beam across
the surface to be ablated. The scribing beamgenerally has a relatively
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preci si on of PHBINEd Ve, chgmicghisc néq“Félﬁﬁé pugre ?WF OrgRHPRP g t echni que
has been used I R tf or 296 Qlrag Iggi 85 @l - Such
systens are %t@&g&%ﬁ%@%sﬂlgﬁgg CQa (‘:ingfy s?ﬁe o % and are
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WO 00/ 73785, WO 00/73788, WD 01/36953, WO 01/75438, and EP 1 152 239 each
of which is hereby incorporated by reference. It would be desirable to have

a new nmet hod pisef QLiBIn3Gs @ie@lﬁ{uﬁ&%zﬁ uwmﬁmsalal r@g}ﬁpw&exéﬁleﬁaee@t@ad% edges a
variety of feature siZes, and which can formed in a high speed
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provi des a novel biosensor production netho entire el ectrode

patterns for smal foousedrsizeiad Bhapsettiel is smakleriantthe featyrasidesieed fortbe i n
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or the anount O conductive naterl
15  Such a technique can be rather time consuming if a complex electrode pattern is to

be formed on the surface. Further, the precision of the resulting edge is rather
limited. This scribiﬁg technique has been used to ablate metals, polymers, and
biological material. Such systems are well known to those of ordinary skill in the
art, and are described in U.S. Patent Nos. 5,287,451, 6,004,441, 6,258,229,

20 6,309,526, WO 00/73785, WO 00/73788, WO 01/36953, WO 01/75438, and EP 1
152 239 each of which is 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 bi osensor conprising a base substrate having first and second el ectrode
el ements fornmed thereon. The first and 15 second el ectrode el ements have
first and second respective edges defining a gap therebetween. The gap has a
wi dt h and wo wesgisbsic The first edge is spaced by a firstecTaissdoamnmessf rom a
first "theoretical line" that corresponds to the desired or ideal shape and
| ocation of the first edge. This first gistance varies along the | ength of
the gap because the edge actually produced is not as snooth or perfect as
the desired 20 theoretical line. The standard deviation of the first

di stance is |l ess than about 6m over the entire length of the gap. The

bi osensor al so includes a r gAY OFEPAE INVENTRINY covering the base
substrate and one or nore | ayers overlyrng and adhered to the base

substrat e. ThEhaypreseotinmention peoyides an elegizachgnaical digsgnser with gleptreder ecei vi ng

chanber and a_,cover..for ' ol . 1: t S | o of both the
reagent 25 an?llelg?fl%séwg&ors%)eggsﬁéogﬁg‘gﬁ-{ulalé egg‘?sh "Ithﬁge sg%oa%gﬁée?figEé {i)éri:mg g?% ated form
of the i ngent betwedd cdsrtodes ele@mde trixed andeoneact pauis. Pat tathe comarkeable edgevi at i on of
the edge fromthe theoretical line is _no nnrﬁlthanﬁﬁggut.61L513%£ng t he
entire | engt hSyothnsss achicvedswith thy prasentimyentioqy, the gps YR SBELen t he edge
30 actual ly piRdragd Rndichhe: digeablied! Fulthd, the brdsbift iddagonib@deer fect) is
l ess than 6mno matter where along the gap the distance is nmeasured. More
preferably, t#aBovetbighengenpreduckon mgtgp@mswhlﬁawtla@@imtmdmpamfobwgf erably |ess
t han about 2 . LA . 53 ; eferred
form it i s poeeiye e edPn RERATAL R, IPRotln® oo BB bLBE ™ L hout
haviing t HO el emiplexi®lof dennodd sattems ohthaathotuitef cefdmetive Batanidl alidt youst he  wi dt h
of the electréc%g%f ature such as el ectrodes can be as small as about 10 m
As di scussed PHARAIERLIOOMRMSH:  he cl ose spacing of el ectrode components
allowed 5 by the present invention in turn allows a greater nunber of

el ectrode elenents and thus greater functionality in a snmaller area. The
smoot hness or Ining|fprmy thereof, e pEepgRidnYeatipRIOVidaghd biogaReor COMBFEAS 2 bpset he

bi osensor  whefgAdhAGHYirsEHdSScoRl BlePRcteleleAAE HiRENL ol MEhedRAIAG € -,

t he gap between two
15  second electrode elements 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
distance from a first “theoretical line” that corresponds to the desired or ideal shape
and location of the first edge. This first distance varies along the length of the gap
because the edge actually produced is not as smooth or perfect as the desired

20  theoretical line. The standard deviation of the first distance is less than about 6um
over the entire length of the gap. The 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

25  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

30  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 4pm, most preferably less than about 2pm. In this



10 electrodes. In a preferred aspect of the present invention, like the
first edge discussed above, the second edge is spaced froma second
theoretical Iine by a second distance that varies along the | ength of the
gap. The first and the second theoretical lines thus define a "theoretical
gap" ther eYeQ ¥O&PE6616f t he producti on process were per fREWYS200#919553 t he edges
were intended to be straight and parallel to 15 one another, the theoretical
gap width would be constant along its Igngth. In practice, however, the
actual gap width varies fromthe theoretical one along the |I|ength of the

: iati f ' ~of the f] b
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produced in Rithif hafifgheleonical companddtsabashraad tiusrshoref Sitdilerly,nhent i on, the
standard devi ation of 20 the secong di stance is | ess than ab-?ﬁt 6m over the
[

entire | engt hWith phae glagiricalifeatire rcbrag plagirares eanebests sMAR AYARBY 18¢™bn of bot h
the first andﬁﬂ%%&?ﬁﬁh%ﬂﬂ%@l%wﬂﬁw ﬁ§é%§&ggofaéawde%&lp&\eﬁ@,anm& preferably,

| ess than about n anot her preferr rmof the 1hvention, the method
conpri ses 5r enbytha greaentlimastion iRSurh @lows a gleatermumher of electrode eleingnts anbr e
preferably at | east, 50% of 1he nductive material, and nost preferably at
| east 90% of F’H%gggﬁﬂﬁlgftf({?gﬁ%? g?’i“glr‘?fa?ﬁ-e conductive material is preferably
renoved by broad field |laser ablation, which allows relatively |arge

per cent ages of the conductive |ayer to _be renpved fromth base substrate
very quickly fhe fmeathnessenqugliy ogéﬂeésfﬁgs mpg IMpOIiARh naAreas of EP«?FEFTFS@H 30 forns,

the entire el %E&%Qﬁcé?@&&g%ﬁ Hrefp%iti@neﬁicﬁy%@{bs&fe ahSthEOE FE thelP¥p BERREL fwa2l d | aser
ablation in | ess than about 0.25 seconds, nore preferably in | ess than about

50 nanosiécondssiradng Tracrefprrest aspedd bljthe presens inventzom, likothe fixt edgenoseconds. WO
2005/ 066616 PETLUSA004| 040853 3qfhc 08501 ARANEeor Wk MR VS oot OO 1 50
of "tTwo 0 e ele S

allows for the plracenen ctrode se aving different
f eat ure si zessdcond distascrteat lvariaseaiomgrthe [Ength bfthengae, Tiesfirstrant ¢k sabade, t he

feature sizes can.be_quite snall . and spaced clqgse to her.. 5.1 n anot her
form the pr LB yEkh P Er ARG o Becodial G Ctardirvesncl IUGroRBIMDA for s
produci ng bi 0pRIIER fwerd FtiebY aRl ie Belec@EER viRad infnBEd t6ibeRtrhiBE: dnl Phaleldesi r abl e
snmoot h edges di scussed above. In this nmethod, a web of base substrate
material 1 one another, the theoretical gap width would be constant along its length. In

practice, however, the actual gap width varies from the theoretical one along the

length of the gap. Deviations from theoretical of the first and second edges can be . .

compounded to produce larger variations in the actual gap width than are produced

in either edge alone. In a preferred form of the invention, the standard deviation of

20  the second distance is less than about 6pum over the entire length of the gap. More
preferably, the standard deviation of both the first and second distances is less than

about 2pum, even more preferably, less than about 1pm.

In another preferred form of the invention, the method comprises removing at least
25 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
30 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.



having a netal conductive |ayer forned thereon is provided. An imge of an
el ectrode pattern is projected onto the nmetal conductive |layer with a | aser
apparatus 10 such that an el ectrode pattern that corresponds to the inage is
formed by |aser ablation on the web of base substrate material. Either the
| aser appaMQ98s/ese6t6he web of base substrate materi al Kowushakin)9sss noved
and this process is repeated to produce many el ectrode patterns at spaced
intervals along the web of base substrgte material. A reagent is deposited
on the web of base substrate materi aI 15 and at |l east partially covers each
el ectrode pat t he, pl ur tro S t one web
of a cover !On (i}%fab&y © %hfplﬁﬁe %ﬁ'e egS?d FF °§t e%?c%@éxﬁl of 01] I%gl%of base

substrate ﬂateﬂédu@lie sdtilmvﬁtgsmff&eﬁnfmurasﬁmartheasadw&mmt eFertheﬁmte,mg cavity
for each biosensor. The resulting | am nated web ﬁ%ers is then cut into

i ndi vi dual b.rb%@n%ﬁevest%feamwsas?eﬁ?@ft@rq%tasmé}%ﬂdwwdc GBS ect ed by the

| aser apparatus is of the conplete electrode pattern for one of the

bi osensors, such that the conplete el ectrode pattern for each biosensor is
formed inSa singbthersfoap, the pieseat Biventlos prevides an pifigient and fagi sethed fopr ef er r ed
form nore than aone, ent el ectr.od attern is at..once; i.e., 25
t he i nmage mcﬁnﬁs&é’go g’flgrab}oﬁgnsf)%ﬁlai’%elg&%Patt%?sog%lﬁghg%%hﬂ é\csg%b(%? her preferred
form the el eﬁﬁddﬂdédgeaﬂﬂsarsfedlarowa,ldﬁslusameﬂhe@,&twdbv@ bedesabstattanstetd  havi ng

different feature sizes nples of this may inc]uyde gne set of el ectrodes
for measuri nd‘%ﬁ‘&l%’?@al&?ﬁé@ﬂt"?B‘Wrcfﬁ“%ﬁldh"dmlﬁéwvgjéa ?-arlmeg&q;@p, ng whet her

and 30, when LA RLOBARAPI pRASULGR) HE e SHBCHRUREINS s0fsc gkl | Ul d. The

i nventive blosenso o0 I nclude el ectrode elenents pro I ng ot her
f eatur es,10suctuchthavd amﬂ@gaammmbn@s@owm@me isgotmeddryieser

dont 11 Cat | oflsaloh MO ke SHIRE: hALONBIAANARSISHALER 9D (he

bi osensor. On® HGUSRCA I nven 1 0N process i s that
it is much fasétesf baEe sdbamt@mnmnala(otquu)dcmmmhm proeepsnsrmpéa&rdrmng el ectrode

pat ter ns by scrcen bul MADG ptLLNOULARNY, o ARUBLL IS RSNG| 1 ke Wi the

substrate material. A reagent is deposited on the web of base substrate material

15  and at least partially covers each electrode pattern of the plurality of electrode
patterns. At least one web of a covering layer or a spacing layer is laminated over
the web of base substrate material, thereby forming a cover and a sample-receiving
cavity for each biosensor. The resulting laminated web of layers is then cut into
individual biosensors.

20
In a preferred form, the image 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.,

25  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

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

biosensor may also include electrode elements providing other features, such as



the present invention, the entire electrode pattern for a bi osensor can be
formed all at once, in a single step, in only nanoseconds. This allows a
conti nuous web of material from which the individual biosensors wll
ultimately be cut to be 10 processed at speeds of 60 neters per mnute or
greater. NYO 54966616 t he i nventive process nuch faster RATAIS2pMI0553T t
processes, it provides biosensors with electrode patterns whose edges have
much better edge quality than prior arg biosensors. Edge quality becones
increasingly inportant as el ectrode 15 spaci ng becones closer. C ose

el ectrode spaci ng is, desir.abl e.because it. geney al lner S the accuracy
of the test ¥ f“PE%%@@?L§§#Bﬁgm§F£§FIEﬁﬁ“@ﬁg}%%m%*aﬁW§§§§ t est .

Addi ti onal | y,pidsknsadt.!| ows a greater quantity of el ectrode el enents and
associated functionalities to be packed into a single biosensor. 20 Yet
anot her advantage of the inventive production nethod is that it allows a
large per Ce%&%v%aa%m i BOLAHVE MabYprO@RAYE blod&s k@it &R fdsepoved from
the base substrate | at once. By c%ntrast, prior art rastering processes
use a col §i methaprior as procbssenthatraquirs|fomliyg elestidde pattams yesereer printirigy a t hi n

i ne of cond ive.material i.ch ch nger and | es ersatile

bt ocess | n carserRedagrie RO s BB LB BocBR kP K, ant age

rel ated to thge pesent wstntival B ehtie tlaettode patteiR Potfadfidsefison GanBedoMsd allof t he
present invention provides great freedomin the shape and variation in the
el ectrode patat engs. WracumeEesten. in Mg nanesecendsy his allows 8 patinuaas wehafr i ¢ or

ani sot 1 01 & 3otk FobAicR e il i8udl BiodlsoR5A BtimaI PHOBL DA L h L he
manuf act uri ng process of the present Invention. Further, since the

el ecit r odé0 patpresessei ot speedsanf 40 Imetqos pgrevbwel ongreatethe base substrate by a | aser
image fornmed by a mask, limtations as to size, shape, WO 2005/ 066616

PCT/ US2004/ 019553 7 nunber of el ectrode patterns, gap width, etc. that are

encount er ed VWdtlonbris the ifetiveprocess mach faster thextipidat Grt pryceSRNIEYTOWEAE, I ast eri ng
processes are typically limted to venenL of a focused Igier beam al ong

. | oD
axes that ar PIgPPSoRt With electends patteamswhose Piges havs kb bafieiedes uakhighisul ti ng
patterns typi haX bisEnsbis MEHENqdaltyt ek dinds' iﬂ(ﬁﬁasﬂfg}g@ infpoRaiths sledtddbh oriented

paral |l el or perpendicular to one another. addi tion, separate but
15  spacing becomes closer. Close electrode spacing is desirable because it generally

increases the accuracy of the test result, reduces sample size, and yields a quicker
test. Additionally, it allows a greater quantity of electrode elements and associated

functionalities to be packed into a single biosensor.

20  Yet another advantage of the inventive production method is that it allows a large
percentage of the electrically conductive layer to be removed from the base
substrate 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

25 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
30 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,



adj acent conductive nmetal planes used to carry separate signals in a device
can capacitively couple when the separation distance between the pl anes
becones very small resulting in signal degradation and interference between
t he pl anes. net hod that allows renoval of nore conductive materi al

bet ween |58‘f°a& BU0%¢18ces 10 therefore can be advant ageoRETUS20HM1985%i ng such
interference. The followi ng definitions are used throughout the
specification and clains: As used hereim, the phrase "electrically
conductive material" refers to a |ayer made 15 of a material that is a
conduct or of Gk bt fidta Eﬁﬁrds' (B, &% AR 28 erRbundib & Bith pAGH e a pure
nmetal or alloys use ?’n rein he phrase "electrically insulative

mat eri al " refp‘osesﬂesamrnducedl By Commson,sasaermgrpwn@g&mtypmallelhentledm:| ty. 20 As

d h h d | J '
ol cct 11 ¢ char GV G OFOFL PR oD IRRB RS p Ll repsn 8 g BBl ey -

include one @onBRidcthe] Therkslting pmhscﬂy;nMgammteltmummlthdsraaﬁ:e and/ or
contact pad. 25 As_used herein, h(ﬁ erm"el ectri_cal .conponent” neans a
consti tuent pidth erenfedaraliel s prpsdieyiarito ABganoMeE (7 pddifion, STRAFAIGPL i ty. As
used her ei n. i oRitbAdR R PIANS uiith ety (ephlctiddls #la Bl &hCal component
i ncl udi ng at (]Jast one el ectrode, electrical traces and contacts that
connect the GQactiehpenupls whenahma@ratmmgstmsbcmme PlaBeFOBMeE 68 6

PCTI U82004/0195 t he t ectr de . elenent” refers to
a constituent™ if?suitfngdﬂ Slg@%‘% Oh@gfnéeﬁer@ﬁﬁg?t ﬁSRlaf‘?s i ng exanpl es
of el ectrode gelo@ihasallods retieval GﬂIﬁﬁkl’cﬁﬂtﬁﬁtlvdmﬁtbﬁﬂﬂ)em&dﬁ1salat‘l:d&fae€st rode
traces. 5 As used herein, the phrase "electrode is a grouping of at

| east twdOel eterefpiegan bteﬁ‘gi’a”é%%‘é*r%tnémml%‘% b1 r‘?ﬂé?F- to nmeasure the

bi osensor response. As used herein, the term"pattern® neans a design of one
or nore intentionally formed gaps, a non-limting exanple of which is a
single i nearT@@fpllwamgﬁgﬁlatlomuméﬂamghwtdwpemﬁpauqn@n@gl@uns n the term
"pattern” are natural, unintentional

As used herein, the phrase “electrically conductive material” refers to a layer made
15  of amaterial that is a conductor of electricity, non-limiting examples of which

include a pure metal or alloys.

As used herein, the phrase “electrically insulative material” refers to a material that
is a nonconductor of electricity.

20
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.

25 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

30  element with a measuring instrument.



defects. As used herein, the phrase "insulative pattern” neans a design of
one or nore intentionally fornmed gaps positioned within or between
electrically insulative 15 nmaterial (s). It is appreciated that electrically
conductive material may formthe one or nore gaps. As used herein, the
phrase " coXtRUF/ME618at t er n" neans a design of one or mMAGUSWHMOMSSONal |y
formed gaps positioned within or between electrically conductive 20

material (s). It is appreciated that expgsed electrically insulative nmateri al
may form the one or nore gaps. As used herein, the phrase "mcroel ectrode

array” means A glQHbrefy me@aﬁr‘ggkgg&ere@gﬁm@f&m a%oﬂgtﬁlﬁﬂg%d}?&{a!ny spheri cal

di f fusi onal characteristic. used herein, the phrase "nacroel ectrode

array" neans deauodeigystein. Specifio sbetimitingexamples ofelectodeclomentaincluder adi al

di ffusional characteristic. . As herein, the phrase "el ectrode pattern”
means the rel4§4% esc%ﬁefcbﬁa}dﬁta{l%%&%%de%ﬁg ’he intentional ly formed gaps
situated between the elenents of electrodes in an electrode set
specifically or biosensor generally. Non-limting exanples of WD 2005/ 066616
PCT/ US2004/ 019553 9 "el ectrode patterns” include any configuration of

m cr oel ecBr odés wsed hgrsin, thepbraseTedectiodaiset zif p gyouping of ehibashBwa eesirodeser eof t hat

are used to sure hi0s n = tern" may al so refer
to the shapen%ﬁcfog%eﬁ%}flﬁvﬁtrggﬁ%rh()t%ﬁ%gﬁf%&eel%c l?%:e%écﬁq‘gsgﬁ%%hents that are forned
on the biosensor. 5 As used herein, the phrase "feature size" is the

smal | est di nensi on of gaps or‘rpétstg%ges found in_a pattern., For exanple, in an

i nsul ati ve paft BeA heeiethedermy Zmeqns a deggn b onejor oreintratienally o

electrically ﬁ%@%&,ﬁ%ﬂaﬁ%ﬁﬁgmﬁm STHHICHOS a RBGWARRat 3B hathegt rical |y
insul ative material (s). Wen owever, the pattern is a conductive 10

pattern, 1Phe ¢osstenirviddi Not inslndpdinghe terme Spatigmiarsnasiralo fniateatianal cal | y
i nsul ati ve ga ectg ound within or between the electrically conductive
mat eri al (s). erefore, in a

As used herein, the phrase “insulative pattern” means a design of one or more
intentionally formed gaps positioned within or between electrically insulative
15  material(s). It is appreciated that electrically conductive material may form the one

Or more gaps.

As used herein, the phrase “conductive pattern” means a design of one or more
intentionally formed gaps positioned within or between electrically conductive
20  material(s). Itis 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.
25

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
30 the intentionally formed gaps situated between the elements of electrodes in an

electrode set specifically or biosensor generally. Non-limiting examples of



conductive pattern the feature size represents the shortest distance between
the correspondi ng edges of adjacent elenents. 15 As used herein, the term
"interlaced" nmeans an el ectrode pattern wherein the elenents of the

el ectrodes are interwoven relative to one another. In a particular

embodi ment W@ #O¥P466¥ed el ectrode patterns include. el ectRGIMRS20H8VISHY

el ements, which are interdigitated with one another. In the sinplest form
interlaced elenments include a first elgctrode having a pair of elenents and
a second el ectrode 20 having a single elenent received within the pair of

el ements of t. L kS c : [ el "abl ati ng" neans
the renoving 54% C%%(ﬁeeéﬁttgling #F]lgg%énrynq%ﬁ f@%?ﬁaj%nlnﬁéﬁ Hlagle%]tgb?e:aﬁ%%ghded t o enconpass
and is di sti ngadredietrofi¢ amayls opsmmhimagions therekEthataye osed pameasatd hioseasarvi ng t he
material. 25 As used_ herein, t he,slﬁhrgse "on%d field |aser gbl a iqon" means
the removal OFSPORSR erFIS§trodp Bater Jnpsalsorefer (R ihr shape pad confighrananotall aser heam
with a di nensdi@iridaédmponentd tHaodre fortdedon teobibseadodr € si ze of the forned
pattern. Broad field ablation includes the use of a nask, pattern or other
device infernediate a | aser source and a 30 substrate. The |laser is
projected thr . t.er» Of i f . I e of an

el ectrode patggg%dﬁhwm%%ﬁg%ﬁ%éﬁgn%oman Pﬁp@ﬁg%ls&o%rﬁg% e substrate to
create all orsppesstfownid it hpatidre cForedanpletin en msulative pattesy, thetfeattire sizBisoad fi el d

| aser WD 2005/ 066616, PCT/ US2004/ 019553 10. abl ati on. sijul t aneous creates
e pat ter n_ oPEPRALS) FepTopeeapieaty o @ dal AR gL BRSEER Y oo
field | aser adibctiidall} iRt ASmbleRal (k9. CWHeA how@Sdrethe Pektedii isQf ddGductivei | ar

techni ques that scribe or otherw se define_the pattern by continuous
novenent 18f apattem, theif¢ainry size isfheymallsstddimension qfé{%sww inglatiye g8Phstrate. A

non-1imting ﬁ,ﬁﬁ(m;cﬁmg,fr Tbé’tweél B BfEEeal on@5 @6 nfateSihffs)! gga%fo?éahﬁai on is

descri bed bel ow W eference to biosensor 210. As 'Us herein, the term
"line" means eondesiveipatiarn fhedeature fige rapeesents the shortest distance hetwieen thef i r st

direction along a pre-determ ned Jinear or curved path and in a 10 reverse
direction al o??gxef@dglgﬁggeﬁgpﬁé}aﬁeﬂé?lﬁlgenﬁ?’esent context, an el ectrode pattern

15 As used herein, the term “interlaced” means an electrode pattern wherein the

elements of the electrodes are interwoven relative to one another. In a particular
embodiment, interlaced electrode patterns include.electrodes having elements,
which are interdigitated with one another. In the simplest form, interlaced
elements include a first electrode having a pair of elements and a second electrode

20  having a single element received within the pair of elements of the first electrode.

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.

25
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

30 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



i ncl udes various el enents having edges that are defined by lines formng the
perineters of the conductive material. Such |lines denmarcating the edges have
desired shapes, and it is a feature of the present invention that the

snoot hness of these edges is very high conpared to the desire hape. 15
"Theor et i CHP 2P5866614s used herein refers to the desi reac?j/%g?"a‘té&" Rhape and

| ocati on of an edge of an electrode. elenent that would be obtained if the
manuf acturing process were perfect. Inlthost cases, if the edge is straight,
the theoretical line will coincide with the average |ocation of the edge.

20 As used hegiton sii@tah&Sully cPsaied the piRaMDvar £4ifificind ive@ 65thg @gb¥RAte] C Obj ect
having no properties except |ocation. The snoot hness or quali t'Y of the edge
ﬂrcgh ar

of an el ect r oBke eseofrbiond Eeld 1aser abiation avoigs the nged fopragiesng preatherisipilary e
l ment of : i f: ot | i ts th
Be?? gct nor Oi d{gé\ﬁn(@%gg}ag#&gi%f%ﬁ&? gtdggréetegﬂ{g/\? %tﬁ%gﬁé%dgggﬁlsﬁ%eﬁgﬁaesen > e

t heoreti cal |reiutivily facusédlbsenbeant tehtive tr the sutsiratag Atrve-lingstigg éxandple dfea edge.
This distance__will range. fromzero to a nmaxi.,num value. One useful way to
define th qu%rPF?s?¥%rbroagﬁﬁIﬁ{1ﬁsr?E§ atygn lﬁﬂeséggeéhir%w 8%?%%‘?9cegﬁeci fy the

maxi mum di st apigsenkdr@10t he edge is 30 spaced fromthe theoretical |ine over a
specified length of the edge. WO 2005/ 066616 PCT/ 1JS2004/ 019553 11 The
snoot hness or quality of an edge can also be specified in terns of the

“standard devhghgegq{éreg{, Itﬁeeﬁgt ﬂ‘i‘%‘?a{}%%‘% g%@ﬁctﬂkﬁr@ﬂﬂﬁcﬂ% pdig theoretical

| ine over a specifie e. To calculatethe standard
devi ati on, t hmotlingtimafirst direstion Hengrepretdetedmined dinear vecwvédpath amdlis aal ong t he
t he,v i ng di stance is

| engt h, described i.n further 5 detajl,.herein. |f r
dengt ed 3 Caaben aentfn 850G P serpe b IR b PSR e R AR o1 andar o
devi ati on of {nbRidel ‘iristiCeerentLlpdvinigl edpesdhat e defidd bylinet formivPtheSo t hat t he
equation just noted accurately approxi es the integral . equation from
whi oh i1 s dBFIRES of e conibed pahderl gn?ﬁ%_clweagﬁlaafﬁ%ingﬁ? odees h¥ken shoul d be
spaced cl osel YesiO@GaP&, andk Is a¥bAfNE BF the PR RABOLHAS BE SB6bthRiebN are

these edges is very high compared to the desired shape.

15
“Theoretical line” as used herein refers to the desired or ideal shape and lbcaﬁon of
an edge of an electrode element that would be obtained if the manufacturing
process were perfect. In most cases, if the edge is straight, the theoretical line will
coincide with the average location of the edge.

20

As used herein, the term “point” 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
25  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

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



10 neasured by taking data points that are spaced by no nore than about 20m
preferably closer. As used herein, the term "snoot hness standard devi ation,"
when referring to an edge of an el ectrode elenent, refers to the standard
deviation of the distance that 15 the edge is spaced froma theoretica

i ne over RoSesetckisced | ength of the edge. The quality RET/6S29e4019563 ween

el ectrode el enents can be expressed in terns of the individual deviations
or standard deviations of the two edges4formng the gap from the
theoretical lines corresponding to the two edges 20 As used herein, the

phrase "biol ogi cal fl uid" s .any b ly fl. h the analyte
can be neasur SHfOSFh“E%é’ﬁﬁ‘t""gﬁy ?gﬁ“ee}dg %’aﬁai Beispee leddglt id, sweat,

tears, urinesytRARHAbVistidnt of the dRRinBEbetivbds tﬁeadgdabaqedheofamuﬂﬂd&v@fel n, the
term "bl ood” includes whole blood and its cell-free 25 conponent s, nanel y

pl asma and se# sperifipglenstb of hercdesh, T"c%@“@*’é@rﬁ?*‘\ﬂﬂﬁaﬁ firyiasioacthe gstance s an
| t d t L
electrode at W0 ARG R skt iREATN agenc 1@Aa§9ta5 Q0B B dufther

el ectroreduc ‘edox ator. 30 WO
2005/ 066616 REIEXGOAS Ot 9ayHhg dRants 1sui§ectedh & ‘gind thet hventiee phddt peints er
el ectrode"” refers to an electrode that is paired wth the mrkl ,Ng el ectrode

and through visidenptgskns shes thestandaideniaheneidas digtandedhealcudaierhps f#ri t ude and

opposite in si to the current passed through the working electrode. The
term "count erl)gPeCSGthdlehe q‘:cBlaﬁ@Bjmtmotsdian@Hatde' approkinetes dhecintegmlies, 5 whi ch

al so function as reference electrodes (i.e., a counter/reference or
auxiliary el @mpiadegm whichitis deninef the in QI'M@S ptayhish datapaints aredpliemal  bi osensor”

Teans a devi oo ke FOoldy olEhAC A HenBEESEREBH AN Al RASHRR NS

concentration O yte ectroc emcal oxidation and
reduct i onl0r eameasundbwtaldmgdatmmdmtaarespacedl‘ds;ewmeebmtabomszme transduced to
an el ectrical s% gab? 1t hat can be correlated to an anbunt or concentration
of the anal yt ¥ closet.

As used herein, the term “smoothness standard deviation,” when referring to an
edge of an electrode element, refers to the standard deviation of the distance that
15  the edge is spaced from a theoretical line over a specified length of the edge. The
quality of a gap between electrode elements can be expressed in terms of the
individual deviations or standard deviations of the two edges forming the gap from

the theoretical lines corresponding to the two edges.

20  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

25  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.

30



Addi tional features of the invention will becone apparent to those skilled
inthe art 15 upon consideration of the follow ng detailed description of
the preferred enbodi nent exenplifying the best node known for carrying out
the invention. It should be understood, however, that the detail ed

descri pti oWW@d5dee6speci fic exanpl es, whil e indicati rrTersaedionssg s of t he
i nvention, are given by way of illustration only, since various changes and
nodi fications within the spirit and 20 ope of the invention will becone
apparent to those skilled in the art fromthis detailed description. WO
2005/ 066616 PCT/ US2004/ 019553, 13 BRI EF DESCRI PTI OF, THE . DRAW NGS The

fol | owi ng dr afW Rtsd DEFSiTmibsApRm (RouRtpreleqitode, 1o e%@@f‘%ﬁ%ﬂ%ﬁatéwrﬁpe i ncl uded
to 5 furtheryfg Rk Rlec86detind (AGIAGHECHOfasidd @n BlebSeREmicANGichon. The
invention may be better understood by reference to one or nore of these
drawi ngs i n cesvel inandgoiudegnd ppasite Mgl tp e iEsatnagted doesgh Bpwerking

enbodi nents p ent e ke Fi s ] I; (o V] a bi osensor
of the presen l&ﬁrﬁ@é'nﬁ%%?rﬁ Q%’“f?gl%@d ilss%%‘ﬁp@ipﬁg‘%g&@%‘séé%#f’gésm ew of the
bi osensor 50f WwhighaRo functibh adeferéhce dearodendi.as, gecurpdraeferenevorahxiliagy bi osensor
of Figure 1 st}owi ng)aa macroel ectrode array and a mcroel ectrode array; 15
Figure 4 is aeﬁ‘i'-'EPGF m of the deviation of an edge of an el ectrode el enent
froma theoretical or ideal line representing the desired shape and

pl acement of the edge; Figure 5 is a diagramof the deviation in gap width
and pl acement Ag used|hereiny thertomm “ceptroghemieal bigsansers meang hdeviagsonfighired t@ual edges
formng the gan.. ki ] A ) ectrode array
of Figure 3; @elq%cltj ﬁ{g%gésgg&adngjiogglre gs%egp g?{ﬂlgélﬁ%&?lg‘? { %{Fn%ff}%aﬁr? ‘g%g@ of an

el ect r odellel eetettiochemicalooxidafon elxedicticmateactions dethin the biesenegr &heset i ng t he

desired shape and pl acement of the edge, fqure 8 illusfrates a
cross-sect i gnrelag;g@gar§|t@%x¥qci:<ﬁ@§n§fe§m8% sfﬁ”@f#’ Cfn be-Loflaiedioan AROPPL t o5 o
Cross-sect i oNot @h&htationer thé Afgytd- 9 of Figure 1;

Additional features of the invention will become apparent to those skilled in the art
15  upon consideration of the following detailed description of the preferred
embodiment exemplifying the best mode known for carrying out the invention. It
should be understood, however, that the detailed description and the specific
examples, while indicating embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and
20  scope of the invention will become apparent to those skilled in the art from this

detailed description.



30 Figure 10 is a graph showi ng the deviation frommnmean or theoretical of an
el ectrode edge of the mcroelectrode array of Figure 3; W 2005/ 066616

PCT/ US2004/ 019553 14 Figure 11 is an expl oded assenbly view of a bi osensor
in accordance with another enbodinment of the invention; 5 Figure 12 is an
expl oded a¥ye$/Q66eicew of a bi osensor in accordance w tHCTArsa0da@I955Nbodi nent
of the invention; Figure 13 is an expl oded assenbly view of a biosensor in
accordance with another enbodi nent of {fie invention; 10 Figure 14 is an
expl oded assenbly view of a biosensor in accordance wi th another enbodi nent
of the invention; Figure 15 is an expl oded assenbly view of a biosensor in
accordance with another 15 enbodi nent of the invention; Figure 16 is an

enl arged perspective view of a biosensor in accordance with another

enbodi ment of the |nvent| on; 20 F| ure 17 is a VI ew of an abl ati on apparat us
suitable for use with tBRIEFRESCRIFRIONOBFHEDRAMWINGD s a view of the

| aser abl ati v/ Figure 19
78 view of Pk RE R e T b éfﬁ?ﬁ%%ﬂg“??g@lﬁ%@%ﬂ? i

i nvention5 Fifucther déihonaram csecthmmapdcts of thegpmesehtdntentiole 'Elmtmvenhbmmagﬂbet he
present invention; 2005/ 066616 PCT/ US2004/ 019553 %,rg)e ure 21 is a
phot ogr aph |I1P‘?3'§f\1%ﬂefs d by EeiEreRstdB Ong pLRete of tese FrpYVInes if COFDinationi t h a

with the detailed description of specific embodiments presented herein:

Figure 1 is a perspective view of a biosensor of the present invention;

10
)
Figure 2 is an exploded assembly view of the biosensor of Figure 1;
Figure 3 is an enlarged plan view of the biosensor of Figure 1 showing a
macroelectrode array and a microelectrode array;
15

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

20  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

25  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;
30
Figure 10 is a graph showing the deviation from mean or theoretical of an

electrode edge of the microelectrode array of Figure 3;



gol d conductive layer from which approximately 10% of the conductive
material has been renoved; 5 Figure 22 is a photograph illustrating a

bi osensor substrate having an electrical pattern with a gap wi dth of
approxi mately 20m and where approxi mately 20% of the conductive materi al
initially oveob/pggetehe substrate has been renoved to f arawus2be/oedssct ri cal
pattern; 10 Figure 23 is a photograph illustrating a bi osensor substrate
having an electrical pattern with a gagyw dth of approxi mately 20m and
where approxi mately 50% of a conductive material initially covering the
substrate has been renoved to formthe electrical pattern; and 15 Figure 24
is a photograph illustrating a biosensor substrate having an el ectri cal
pattern with .20 14 g &phided BREANVREVEDYa BERnd M TPRdodhRdeaviBPiHotheE Mat el y 90%
of the conductive material initially covering the substrate has been renoved
to formthe ehbedimemaf theanveation: WO 2005/ 066616 PCT/ US2004/ 019553 16

DETAI LED DESCRI PTI ON OF THE | NVENTI ON For the purposes of pronoting an

under standing of the principles of the invention, reference will now be
made to tlse eFipas IZdnisexpldded hssernbly viaw dfiecbiokeasor ngscomateSvitipamottet ¢ | anguage
will be used to descrk$?ﬁthe enbodi nents. It will neverthel ess be

under st ood t h&PPHEMERtQ NGIRVGAUR t he scope of the invention is intended.
Alterations and nodifications in the illustrated devices, and further
applications of the principles of the invention as illustrated therein, as
woul d nor mal | Vigoeschdris anexpiaded assemplyyigwnoft aosgnsor ivacgpidercerwith anethent i on
relates are c t . .desired to be 10 protected. A biosensor in
accordance w ?ﬁﬁ?«ﬁ@k%roggxgﬁ c?itrll(\gljrgnti on provides a surface with electrode
patterns ¥oormed thereon, the electrode patterns preferably having a snooth

edge quality. Jt is .a particylar pect of .the present, i nvention that
o oci se 15 yuBIEn, %18 s preladid asemPy ey etieseaIo T FoRae TOR i onent s
| ocated on thgmhéliRe@s He-invdaibld a snooth or high edge quality of the
el ements can contribute to
Figure 15 is an exploded assembly view of a biosensor in accordance with another

15 embodiment of the invention;

Figure 16 is an enlarged perspective view of a biosensor in accordance with

another embodiment of the invention;

20  Figure 17 is a view of an ablation apparatus suitable for use with the present

invention,;

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

25
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;
30



greater precision, accuracy, and reproducibility of test results. Further, a
snooth or high edge quality also allows for a great nunber of el ectrode
arrays to be forned on a defined surface area of the biosensor. By
increasing the edge quality of the 20 elenents, it is possible to increase

t he nunber W@ 208$/&066160de el enents and thus i ncrease thecaoszedabdsss
functionality in the defined surface area. These functions may include, for
exanpl e: multiple measurenent el ectrod 5oai rs for sinultaneous nmneasurenent
of the same or different analytes, including by alternative neans;

el ectrodes used to _provi de-w%rii}ecti,on actors for the basic nmeasurenent

el ectrodes; 2Bguleddtis pplaiogr BYUBling Hpiodrnee substatedntirtneasted it o
sufficiency; smihbidhEii8t BORGhitH ApfskihRelyR0Y] HthébdhabdiRE thatdfast | oni ng or
to provide detection or correction of defeCtive traces; and nultiple
contact pads liasbegronepiovedy to the foregoing functionalities, or for

provi di ng additional features such as identification, «calibration, or other
information pertaining to the biosensor. Further, the selected 30

functi onaki t i Bigufe®? ifla fhotegtaphi ill8RAENT a bidsenber sAbsatedRelinigan alesti@hl er space
when the high edge quality allows closer placenent of the electrical
conponent s. | pattemn withyweaneitoefeenmeximately 23w and whers spproximaielt 20% obf t he

present invenjli - . i S, j r at is
relatively fgélk‘ ?&}&euﬁtll‘gegﬁge{k%anl?lggg{cog{y@c?ﬁ}g?&%%g%siHF .E!“c%f‘@gmtg fBI osensor of
t he present | theelttrioal pattamel ectri cal conponents with 5 edges that are
smooth and are precisely |located. The precise |locating of the snooth edge
is inmportant, particularly relative to a correspondi ng edge of anot her

el ectricap corgerests a phslogapltitiadatiyg Mbiokens@Sbgiatd HaivihgRAklee@ical ement . The
i mportance and the degree of quality of a conponent's edge quali t¥ and

pl acement  wi paiteymwish aemwidteolpapigrienatgly 291 erdrjybere approximated 50% o

nacr oel ect r od Ige. . re i ant.for the
ual i £y of ¢ necondufe A TRl OGO b ARTRR bo Bl s Rk

macr oel ect r oddsctri€éah pattermandr i n t he accuracy of such a test is the
reproduci bility of the area of each macroel ectrode. Qbtaining precise edge
snoot hness and placenment will yield an

15  Figure 24 is a photograph illustrating a biosensor substrate having an electrical

pattern with a gap width of approximately 250 pm and where approximately 90%
of the conductive material initially covering the substrate has been removed to

form the electrical pattern.



15 area which is highly accurate. Another factor in the use of

macr oel ectrodes is the placenent of one of the electrodes relative to the
other, e.g., the position of the counter elenent(s) in relationship to the
position of the working elenent(s). Moreover, since biosensors are

general |y oyerub/e@olsased on calibration nethods that redyusaom4iolnesss
reproduci bility of the sizes and | ocations of the neasuring 20 el ectrodes,
the ability to consistently produce |otyg of such tests trips can enhance
the results achieved with the tests. Simlarly, the edge snoot hness and

pl acement contribute to the results obtained from m croelectrodes. For

m cr oel ectrodes, the issues can be magnified because of 25 the nunber and

relatively close pl acDETAIIED DESCRIPIIONOFTHRENYENTION Poor edge quality
can greatly affect thé operating characteristics of_ m croelectrodes, and

the present iFordnuappsescaf promaling s updsriiandingoffn Rrincipkes o tsiPERionbr eover, an
advantage of plagi gl BEMSIFD e dhbdals Iiggaeéggiﬁ thel diaifigs, bAAP C

establ i shment ~ 0f Steady-state operation. e quality~a preci se edge
pl acenent 5 enadpkefic Biigudge sall bepisad odgstrilef the erebastimentn t i wilhoevierthelessibef ast er

achi evenment of steady-state. operation. l.n addition, su l.oser pl acenent
allows for a 8’5&088%}?5%8]&?“%0% S e BV o ﬁeg‘iegd%tl 13 oﬁ‘ﬁoven space.
WO 2005/ 0666 1fndmiokiifisagOiddh thkIestrated YeVibesparid fusher agflRafionstof ehepr esent

i nvention provides a high quality edge for the various_ electrical

conponent s orPrEcilesoE Hisapventipneasqlivgtiafed thereip,ps woylinorpplly eesug 9 onpe

smoot hness _or g g Pfiiaifo Qhich iR iR Fioh RIALd HEcdrBerfplitle Afedesitéd otk 0f 1 1 € of
the edge. 5 I\Tokﬁikidilﬂhﬁa{r‘ltgoexgnplaﬁels of osucﬁe"sn%éltﬁﬁpedg’esﬁ ormegl%i n
accordand@ wiprhtetteé present invention are shown in Figs. 21-24. |In one
respect, the snoothness relates sinply to the deviation of the edge surface
relative to the theoretical line defining the desired shape of the edge. It

will be 10 appideiseti@dciédidincawith tlegrésehtdnventiompromides a aiifade withsensor has an
i ntended | ocation _and shgpe that w

physi cal L s i pattps O@FflélF‘PE‘_"qnolﬂ’{‘RA‘? egit’ioql%el?é‘tetei‘gg %&%&8@"&?%6 ﬂeb)éoﬁrggnent
E LT AR ST 08 RS M RRIRRBST (1 e
15  quality is obtained for the edges of the electrical components located on the
biosensor. Having a smooth or high edge quality of the elements can contribute to
greater precision, accuracy, and reproducibility of test results. Further, a smooth or
high edge quality also allows for a great number of electrode arfz;lys to be formed
on a defined surface area of the biosensor. By increasing the edge quality of the
20  elements, it is possible to increase the number of electrode elements and thus
increase the achievable functionality in the defined surface area. These functions
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;
25  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
30  functionalities for a given biosensor can be provided in a smaller space when the

high edge quality allows closer placement of the electrical components. It is a



quality of the edge can be expressed in terns of the varying distance that
the edge 15 is spaced froma theoretical |ine over a specified length. This
di stance can be neasured at closely spaced intervals, as discussed in
detail below, and the standard deviation of the distance can be cal cul at ed.
Further, t O M9%Peeok® val ue the_  di stance achi eves overpcx/esaemioissssd | engt h
is also a neaningful paraneter. For exanple, in a design where el ectrodes
are to forma gap having a desired wi dty of, 20 e.g., 101ltm the
manuf act uri ng process nust be capabl e of producing edges that wll vary by

Gt her i S, 1 e BL P gEeen e LBt 4 FEACRAESe p A BBR e 1o

the various ekREldlY fusl, reliable @n®edss effdciee.ext ent to Whl ch a given portion 25
of the conponent is "snooth" may vary. Referring in particular to the

measuring electrodes, it will be appreciated that certai n edges of the

el ement s are lcafygbfagénscgte a8 ALY fvoniBf nRATRIG) B AROCS Of the

counter and ing’é acent one anot spaced cl osely
t oget her, S\Ahlddgemktaressnmoﬁl mdtarepdesnsqulocmdaThcmdgeslomgbﬁdmt ed within the

| m th f t, th
o cbont | e RO S A EoRB R CHTH S BhBOR A Bty < bt BT e cdges o

the measuri ngel@kRG! ERsRuent] dhdBgichly wadRepbot té B Baited\elitien@ My Ovi des  snoot h
edges particularly for the edges of the neasuring electrodes |ocated within

WO 2005/ oaaal@mcwgzd)@aﬂmrgﬂsgfﬂuah@ of REOWBASIES $dgE APt and ARl and nore
particul arly t ring elenments that are adjacent to
\3@ djag‘\gltl‘?ﬂag gﬁtuﬂaf of theconiPoRer!

one anot her. cent edges” in thi's context refers to the fact that an
edge; of d0counter elenment is closest to, i.e., adjacent to, an edge of an
el enent of a rkin ele r ecouter rode is
paired. As i T ‘% 5@5?‘{;6 S{nﬂgm%'s%%%({ﬁqacewg e W%Paf?é@‘ ®in one aspect
to providing dﬁﬁtyrdfﬂiwéc&e&e&u&wvasm@ dbtdinedDFluge ofthe matdedcteddes. Odde desi red
accuracy of t% provided area can vary based _on the absolute size of the
macr oel ect rodféCtO‘él’é1 ﬂl@"ﬂ‘é‘?@f?ﬁsﬂ%‘ﬂaﬁtlﬁH\QTEHE%‘NCWJ‘%P thearea@geachdef i ning t he

el ectrode. T%%roé&t&@@ O&Hiﬁﬁxtg'}ﬁ@c%% eBbe dhbotfideomd plHREAME il yiafa 4 T T erence

bet ween the area actually
15  area which is highly accurate. Another factor in the use of macroelectrodes is the

placement of one of the electrodes relative to the other, e.g., the position of the
counter element(s) in relationship to the position of the working element(s).
Moreover, since biosensors are generally operated based on calibration methods
that rely on the reproducibility of the sizes and locations of the measuring

20  electrodes, the ability to consistently produce lots of such tests trips can enhance

the results achieved 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
25  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
30  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.



occupied by the electrode and the desired area decreases. The spaci ng of
macr oel ectrodes al so can benefit fromthe present invention. For 15
exanpl e, for macroel ectrodes that are spaced apart by 250 m the edges
formng the gap preferably have a snoothness standard deviation of |ess

t han about WOpRes/HOsts the entire | ength of the edges;; POFuUShEIRNss Spaced
apart by 100 m the standard deviation is preferably |less than about 2 pan.
20 For mcroel ectrodes, the desired sm gthness can differ. For exanple, for
m croel ements that are spaced apart by 50 m the adjacent edges have a
snoot hness standard devi ation of |ess than about 6 m preferably | ess than
about 2 m and nost preferably less than about 1 m [|f the m croel enents
are spaced ‘%’Qrﬁ%st Qébe&b%%re&&tﬁﬁvenﬁ&ﬁﬁoﬁh@s aﬂﬂgp%‘imﬁ&g%ffmm&od@v' ation is
preferably | ess 25 than about m nore prefera | ess than about 0.5 pm

I n general , telestricaimpotphnentsonsa bingtasar. dbe fualityoef thmdgmr@!ateewetbfe rodes is

preferably less tha f dj acent

m cr oel ementss &'ﬂess Ofmétéﬁ'm%gf{z?]e)e ei%gétla %eo&%ﬁgﬁpﬁfg%ﬂﬁg‘eﬁ %bout 2% of .
the featuse S‘lrdhehmﬁi@g biam;ﬂesaifs@clﬂmmeqhéedgeoformbelmdcesﬁmcelmuﬁm| on that the
ot her el ectri cal conponents can, ided with snooth edges to facilitate
cl ose pl acemdBISCHINEHEON &p tégs 5\{)%005/ 066616 PCTI US2004/ 019553 20
Such ot her components preferably have a snoot hness standard devi ation that
is less than about 6 pm and nore preferably |ess than about 2 m The
present invedn Dmlreanesbﬂ}@rsmﬁpﬂmssﬁrdﬂtes simplyde theadeviapipmelthe pdgeshrfaage el ectri cal
5 conponent s rél%\?et &, thédriG 1%%%1 %dde&i’ed ngpe%\f%eaeld ebit%ﬁﬂgor The
relative pl dgehent of component's chi eve(f St ar by the use
of broadidi elaq}preblaedlhaakﬂ)edleomnal bmnpansntpnarafbmwrmdr hdsranugbnckdmkomr ot her

devi ce that has a pr.eci atter,n f r t al s. The
rel ative pl a@@ﬁéngtWﬁEn%gwwgﬁgg “ﬁagéﬁ}?rp yﬂ “‘RB@EE gﬁ’ﬂ on the
control | ed menetwhidh the haded @did 6f thedd@ipofént oinetslmnmewaﬁau&ﬂtoﬂe isel ative to
the rastering | aser. Moreover, this accurate positioning of adjacent edges

is further erfBeRseS objresmaolness of theedgeafiseliscpesed P‘Pfé’esthﬁémﬁ’ﬁ@%ssé’f ‘the
edges.

quality of the edge can be expressed in terms of the varying distance that the edge

15  is spaced from a theoretical line over a specified length. This distance can be
measured at closely spaced intervals, as discussed in detail below, and the standard
deviation of the distance can be calculated. Further, the maximum value the -
distance achieves over a specified length is also a meaningful parameter. For
example, in a design where electrodes are to form a gap having a desired width of,

20  e.g., 10pm, the manufacturing process must be capable of producing edges that
will vary by less (preferably much less) than Spm 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
25  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.
30  In afirst 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



Therefore, in a further aspect the invention provides electrical conponents
that 15 have gaps or features that are precisely controlled. Mre
specifically, the electrical conponents will have designed, theoretical
configurations for the gaps between adjacent edges, whereas the physical
enbodi nent ¥WO40PI06pEHGe variations and irregularities. FEEUSRWIBIESI nventi on
provi des gaps between adjacent edges that are highly uniform Specifically,
t he present invention provides a "unifofgngap,” 20 which is defined as a gap
for which the snoothness standard deviation for each edge defining the gap

is less than about .6 m. Pre I S I devi ati on of
bot h edges de&‘f3 ﬁ‘i"ﬂ%}e'f?f lvﬁ%ﬁl?é&%ééslﬂg rﬁﬁgﬁag%%h???%he ércrlg%gﬁpt#eef erably |ess
t han about 1 pBasudbe ¢titmérds thapdre adjadeatiotonatndthe. tAdisensdpesifin thie pr esent

invention is suitable for use in a, systemfor assessing an analyte in a
sanpl e f1 ui d. COnEeExaErgRTs foghe tagt 'f‘ﬁ@nﬁfiﬁ%ésr?s‘iﬂu,tef ﬂ%me%tﬂ%‘iﬁ%?ﬁgtitﬂ’dleudes a neter

(not shown) apng,danQy] HeAEBE AP bf LWarikitdldleteoddWith SAIFR!IR ddutegl for the

target anal yte’ The eval uation may range from detecting the presence of the
anal yte t§8 detlestrodaispgirehe concentration of the analyte. The 30 anal yte and
the sanple fluid may be any for which the test systemis appropriate. For
pur poses of explanation only, a preferred enbodinent is described in which
WO 2005/ 066614s Ndidatd®pebuslyOthe Presétit irtvienticanralages én ore agpeccoprovddidgt he sanpl e
fluid is blood or interstitial fluid. However,, the present inyention
clearly is nofadgelpsiipdpsRpving as‘&??ﬁlt-if.deﬁ&ﬁl“\fggﬁ’ief"i W&Qﬁ%{ﬁc&ra@fo fers suitable

for use wi th £Reidbh a8 BROVFarPhastdin 1hE 86RMte size bitHSMbEBEedRIde MRt 7 M nati on of
the analyte inh the sanple fluid are disclosed in U S. Patent Nos.

4,968, 8140 4, dagméez bysthopalived therdpasdelings the dexrode {fhus, 2368, 609; _
5, 405, 511, a”Qn(?cﬁﬁ%@s &7%%?%@&“%&%%&%&%&%3 ﬁe\?m&%nl%ﬁé ol u%j_.g&grypor ated herein

by reference. e sult net'er (‘not shown I nc connection with
el ectrodes of od¢chpiethby theredeotrodecand ths desinéd arga deoreaseal uat e an el ect r ochemi cal
signal 10 corresponding to the concentration of the analyte. The neter may
al so include electrical conponents that determ ne whether the sanmple fluid

has been receThespaciby of MecrbéledDasOdsosatl bt From thdpresuibinméntdh. Fanpl e fluid
is sufficient for testing.
15  example, for macroelectrodes that are spaced apart by 250 um, the edges forming
the gap preferably have a smoothness standard deviation of less than about 4 um
over the entire length of the edges; for elements spaced apart by 100 mh, the

standard deviation is preferably less than about 2 um.

20 For microelectrodes, the desired smoothness can differ. For example, for
microelements that are spaced apart by 50 um, the adjacent edges have a
smoothness standard deviation of less than about 6 pm, preferably less than about
2 pm, and most preferably less than about 1 um. If the microelements are spaced
apart by about 10 pm, then the smoothness standard deviation is preferably less

25 than about 1 pm, more preferably less than about 0.5 pm. 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.

30 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.



The meter typically will store and display the results of the analysis, or
may alternatively provide the data to a separate device. 15 The bi osensor
of the present invention form ng part of the systemcan provide either a
qualitative or quantitative indication for the analyte. In one enbodi nent,

t he bi osend 208gofsér6at es with the neter to indicate sigdyu2bm8/opmsesence of
the analyte in the sanple fluid. The biosensor and neter nmay al so provide a
reading of 20 the quantity or concentrajdon of the analyte in the sanple
fluid. In a preferred enbodinent, it is a feature of the present invention
that a highly,accurate and recise. readi ng of t te concentration is
obt ai ned. TheSIB:I%CP §%‘qur§nﬁg’é$ﬂﬁﬁ?' Ve él}ngf‘srﬁ?%g%ﬁ ?ﬁ%(% Onatg\%lge variety of
anal ytes. ThelesZRaPARSEHERY and Bbre PYFETBHIP lest thah @B6litYuinddapt ed for use with
any suitable chem stry that can be used to assess the presence of the

anal yte. Most preferably, the biosensor is configured and used for the

testing of an.l[\ﬁen leé@%ﬁlalfé}m%{) leg lpﬁﬁfi&%?kosr&lﬁue{cg\gatl%%ﬁqsﬁléﬁéﬁ{roﬁ@ e%g'lcgj cations to

the systemw € appar en ose ar r pur poses of
expl anati @n, esifponentérddaive ite oilednbthedndfite the@tealtibindemsent Thetrbletive30 system i s
described with respect to the detection_of gl uccﬁse in a Bi@olﬁ ical fluid. WO
2005/ 066616 PEifaOsabolAomPoneyss is sohieved, 3hiegstdn pat. Bydhepse of broad fFldyi t h a wi de

variety of sa[sgér%bﬂ‘a{ibﬁ fﬂlﬁv i]g,?a@o&n%dﬁﬁ rARAK or BRIV thitRasiphBstd on of

anal ytes in a biologica urd. In addition, the biosensor is useful in
connect i on wi patterrcfoe thegtastrichl dotponénts. ‘Eheaclativecplaogmeninf éhetdompanentashi on t o

verify the inteqrity of e S far ting, . ferr nbodi nent ,
t he bi osensor Ehle%%erﬁé?e ygég?pg?élﬁrﬁ@@}c%% ‘1“%‘33‘8%’ e‘g?“ﬁggég‘fs %“%gasegé)ﬁgfteh%f luid in
t hi s) i nstHNCesubtByats pdative itethk rastaring lagele Mdresvee xhisptaraté pasittoningayhi | | ary bl ood

obtained fromthe finger .tip or, approved alternate sites (e.qg.,  forearm
pal m upper af ceEtaqdﬁgsa‘ﬁgnTrﬁf W‘Peﬁrbé‘é}ﬁ %ﬁé‘ﬁ?aﬂ?eﬁéﬂ,tﬁ%ﬁ@%‘%ﬁ% 10
sol utions suppleiegesi th or for the system The fluid may be acquired and

delivered to the biosensor in any fashion. For exanple, a blood sanple may
be obtained in

Therefore, in a further aspect the invention provides electrical components that

15  have gaps or features that are precisely controlled. More specifically, the electrical
components will have designed, theoretical configurations for the gaps between
adjacent edges, whereas the physical embodiments will have variations and
irregularities. The present invention provides gaﬁs between adjacent edges that are
highly uniform. Specifically, the present invention provides a “uniform gap,”

20  which is defined as a gap for which the smoothness standard deviation for each
edge defining the gap is less than about 6 um. Preferably, the smoothness standard
deviation of both edges defining the gap is less than about 2 pm, more preferably
less than about 1 pm.

25  Itis 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

30  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



conventional fashion by incising the skin, such as with a | ancet, and then
contacting the biosensor with fluid that appears at the skin surface. It is
an aspect of the present invention that the biosensor is useful with very
small fluid sanples. 15 It is therefore a desirable feature that only a
slight inciVe?MyS/Bf6¥he skin is necessary to produce tHRCHEGI200491963 | ui d
required for the test, and the pain and other concerns with such nethod can
be mnimzed or elimnated. Biosensor 240 in accordance with an enbodi nent
of the present invention has two 20 electrode patterns having different
feature sizes 9 ; 1,k curate
measur enment o%h% gjr%ﬁg% gﬁ?%s?]‘ﬁﬁz}ﬂ% f%é ﬁﬁ@ 1%%%%&!’1%&&@?591{}11%& 11%‘%?\%2% nsor 210
conpri ses a bthegresentiaseticudderlyas sot2d Amitedimdkeope. ve naterial 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 sanpl e-receiving 25 chanber 220

(Figure 9) haNoRGindtiSodkampleh bf BéteRREIADIO0R dsk Willl the BRsémRopdfehd priclt and a
reagent 264 for produci ng an el ectrochem cal '?nal in the presence of a

test analSyt einvattionfprsdstanmination of th%aﬁabﬁ?r@dh%@i;i’ q fbuid axdisqpsediyWiSeul arly one
oo e ' e . : 8 o
aving a anbglgﬁt1\?%gﬁ%@’ﬁ%‘zggﬁﬁﬁﬁ‘f'4,@'9998?%}233?%@33%@51?536@5@" ng to the

sanpl e-receiving 'C e’reagen own’1’n Figures 2 and 9,
i s exposed by5u085B0) asdfip&271e theidiscloguredefidaehr betdintarppratediheeirt e

el ectrochem cal_ sign to a workin el ectrode al so positigned within the
chanber 220. ﬁﬁefﬁ&fgr%b?F‘B&a@eﬁwm‘gﬁﬁwﬁé‘?ﬁ%%F‘E’Séﬁ%‘%é%‘i%w / US2004/ 019553
23 such as f oglegtddesEhéBibfMmEdrOihd dirbitry e Mate TRl aBERIMicaR BighN1zy me and
optionally a nediator. The base 212 of biosensor 210 includes edges 222

t hat | def i e oppErspendingie thezpncentrafiopnf thepmalyteq dde meter mayRlseingdpdei ng bet ween
h ds 224, e . £ h
the ends 224 el%&ﬁgﬂl @g@go&%% tih 8Qetiife @heng&%%ﬁﬁ%?éﬁ% b%%ﬁ&?%%&‘g the

conductive materi b a an opposite bottom “surface gures 8 and
9). |11 ustr at by #leypjosbrmorar@whekives the amengttdi safipld fuidns sufficiant for @stmgof 10 mm |t

i S appreciate however that. these. yalues are ly illustrative and that
t he di mensi on %F’ekeﬁgpfﬁ]i%wgllsﬁorﬁﬁg}d é‘ﬁ?lﬁy ﬁ"ﬁ %8%%@%%@%%%‘?% present 10
di scl osure. altematively provide the data to a separate device.

15 '

The biosensor of the present invention forming part of the system can provide
either a qualitative or quantitative indication for the analyte. In one embodiment,
the biosensor cooperates with the meter to indicate simply the presence of the
analyte in the sample fluid. The biosensor and meter may also provide a reading of
20  the quantity or concentration of the analyte in the sample fluid. In a preferred
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

25  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

30  systemis described with respect to the detection of glucose in a biological fluid.



The base 212 is a substrate that is forned froman insulating material, so
that it will not provide an electrical connection between el ectrodes forned
fromthe conductive material 216. Non-limting exanples of suitable
insulating materials 15 include glass, ceramcs and polyners. Preferably,
the base i VQ2PYRSM| e pol ymer and has a strong absor P&GTEES2004/019583 UV.
Non-limting exanples of suitable materials include polyethylene

terepht hal ate (PET), polyethyl ene naphtdml ate (PEN), and polyimde fil ns.
The suitable filnms are commercially available as MELINEX(r), KALADEX(r) and
KAPTON(Tr),

Del awar e, US? wgéﬁ}éﬁrk ﬁg&g&-ﬁl Wll_ﬂl%()% r?‘maﬂé?(ﬁq “1'3%{(1%; aHWIé Irgilgm b%E

| ndustri es Lt used Jaxphedetdtion of mt}ﬂmn ebloki@cahﬂmdsél @ddutm ﬂlpbmsqrtsorml t hi ck

oy e D ool e i e Bac B ¢ o cotendbpRRaifdto W €11 -1 ot

Connecti cut, %tﬂetmtbgn@lw&ﬁ%ygérﬁ(ﬂortchgthe base 212 may be either
purchased pre 25 coated with conductive naterial 216 or may be coated by

sputtering or vapor deposition, in accordance with this discl osure It is
further appre t tHaGishiM e ofBh &k al can vary
I n accordanceﬁfaal%Ei%n—h‘li'Qltmgl‘lgcgi rgs@%giﬁg &égér %?4&62 I Isus?rg% vg y posi tioned
on the top suTheawmepksfuidin thisdnfiase nﬁ!ﬁp@tﬁcaﬂy nchude, forexample2frdsh Spacer 214

1S 2D, UBPe St 5oRE it BohEtngb LB el Rach s ! 50 b5 PO

246. 111 ust rafdremhy al® f arghl|, dalnasl thigh)g fgshveabusilosd, afd ¢omroR WO 2005/ 066616
PCT/ ‘U82004/019553 24 wi dth of _about 10 nm and a hei ght, of Eout 4 ml. It
i s appr echtat edplutigneRpie é‘f‘or fos dhesysiemny dbe Hyid Wr@langefl&g tverd and t hat

the bi osensor Ry biBSnb& iRk %ﬁlb@uﬁor@xarﬁ[ﬂé‘%q{lom?%a Jobdifgangi ons of the

spacer 214 may vary in accordance with t resent disclosure. 5 Spacer 214
is formed fropementionghfiasitiomly ineisiag thelskingsnch Iaawnhtalamcetl amldherprow de an

el ectrical co r far e ve material
216. Non-1i QQ?%%‘{]%HIC%#%@S%% islﬁllﬁ{d %gﬁgeﬁ% ul qg}l%ls%l S%%%r |I§? E’E{: ude gl ass,
ceram cs, of the present invention that the biosensor is useful with very small fluid samples

15  Itis therefore a desirable feature that only a slight incising of the skin is necessary
to produce the volume of fluid required for the test, and the pain and other

concerns with such method can be minimized or eliminated.

Biosensor 210 in accordance with an embodiment of the present invention has two

20 electrode patterns having different feature sizes on a common planar surface and
thus permits the accurate measurement 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

25  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

30  sample-receiving chamber 220 to provide the electrochemical signal to a working

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



pol ymers, phot oi nageabl e coverlay materials, and photoresists - non-limting
10 exanpl es of which are disclosed in U S. Patent Application Serial No.
Serial No. 101264,891, filed Cctober 4, 2002, the disclosure of which is

i ncorporated herein by reference. Illustratively, spacer 214 is forned of 4
m | MELI NEXO2003b61éster film which is preferred for PGFAISA0#MI9%4%0| e bl ood
sanples. It is appreciated, however, that when the sanple is plasma or
serum 1-2 m| filmmay be preferred 1%4or use in accordance with this
disclosure. It is appreciated, however that these values are nerely

Il lustrative and_t e 214 may
vary in accorﬂlgﬂgsegv#{u%&t% g@@fpteég%g?ﬂﬂ%ﬂt hdé1 San Lﬁlﬁo clg?%llg{]ag chanber .
20 A slit or medigtor48 is fornmed in the spacer 214 and extends fromthe edge
240 toward the edge 242. The slit 248 defines at |least the | ength and width
of the sanple-receiving chamber 220 and is defined by edges 249.

Il Tustrativel ype Mangd 6ftb10sgﬁls%r bepindlulQnabs z@é it amne%ppbéil&fan@g‘zza mm and a

hei ght of 0.1 have a variety of lengths and widths in
accordancé wi 226 andeides %%BBO ehtenslingshetveeen [the ends 2234, 226-t Base 24D plsebaset ed t hat

t he edges 249 of t-he ordance with
this disclosuf®s IK%C .ZTE% gﬁ%ﬁ%eucrog qcug%h]e%ggl\?ielp%gggﬁgéposg%‘? ed on the
upper surfaces&&GeM4(quiﬁsesranaD4 Hﬁm&nwl&ll&sdnml&sfaﬂe@th Gﬁnofmemaﬁo and a
second surface 252 Fi u e, 92) ‘i@ci ng the base 212. Furthlg t he cover
218 has edges W&ol Ji58 apprepiatech bowRsAaf these; yalxes aip merply llystratives 18 has a

length that ig,d ﬁﬁihé&lﬁi@nstl&ﬁ of @Mkt D2 thdyevady 1'ntacco¥d§10e With usd gradehivel y,  cover
218 has a length of about 4 mm a width of about 10 mm WD 2005/ 066616

PCT/ US2004Y 0198¢8sur@5 and a hei ght of about 0.1 mm It is appreciated,
however that these values are nerely illustrative and that the biosensor
may be formed w thout a cover and that the di nensions of the cover 218 nmay
vary in accor Thabse WlZ:Is atshl&strpteelsamforrdécsfmémamfmulaﬁngTﬂneteﬂﬂymthéanills

I Tustrativel to fp%v%? an electtica ceo%glecnon cr:tlw%(lene ge/trloggs f%ngé/dd fl;'(())rgq‘l e

conductive material 216. Non-limiting examples of suitable insulating materials

15  include glass, ceramics and polymers. Preferably, the base is a flexible polymer
and has a strong absorbance in the UV. Non-limiting examples of suitable
materials include polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), and polyimide films. The suitable films are commercially available as
MELINEX®, KALADEX® and KAPTON?®, respectively from E.I duPont de

20  Nemours, Wilmington, 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-

25  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

30  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. Ilustratively, spacer 214 has a length of about 6 mm, a



adhesive layer in proximty to the spacer. Non-limting exanples of
materials suitable for cover 218 include polyethyl ene, polypropyl ene,

pol yvi nyl chl ori de, polyimde, glass, or polyester. A preferred nmaterial for
cover 218 is 100m 10 pol yester. A preferred adhesive is ARCare 8586 having a
MA- 55 hydr SPP2905/8666X80at i ng, commercial |y avail abl e fr oRAMRBYUHPESSResear ch
Inc., Aen Rock, PA. Further, it is appreciated that the cover may have
mar ki ngs in accordance with this discl@sure. 15 The slit 248 in the spacer
214, together with the cover 218, and the base 212, form the

sanpl e- recei Vi g 6HdBREI0 BAGnd Eheighteor About Wit Nt ACHpPrebRteaXRAERer BATENt 264 tO

a fluid to be tested froma user of biosensor 210. This sanpl e-receiving
chanber 220 these vabes ars merelapliusirativg and thatibie biasenson may bafermedividhaup abe t est ed

f h ' 2 . ' ' . L VE: ial 216
and towar oo are 258 ot B SfeoRBREb 8 By ISR ATONEICEUIECT L2 07 e

W t hout a spagresent disclosups.dance with this disclosure and that in addition to
or instead of the spacer and the cover, a variety of dielectric materials
may cover ot he base 212 exposing only selected portions of the conductive

material in a§§£éﬂﬂ@9§fdﬁﬁ1€@fr&ﬂiaﬁir@hﬁﬁh%ﬁxﬂtreﬁal, Mih&QV 1l not pfovide aaPPr €Ci at ed
t hat when present, the dinensions of the channel 220 may vary in 25

accordance wi ¢lectrigal sonfiestiondisitwesn eleptgrgdes formed fromy thaeandugtive magaialidtb. ve
material 216 gefi.ni.r . - . 1151 [ ctrode set
266 and a secgﬁﬁhl@i‘l tg]% eﬁégﬁ)@feé gg%@%?Engﬁ%unélg%ég%@%gﬁd%éﬁ% slr’ g%ggl ¢ 79, 277 and
contact pads pgolgmeidShotdimageableicoelidy matesial8Jandphadtocdsisise nondigniticd 216 may
contain pure netals aor alloys, .or other materials, _whi re nqetallic
conduct o *pranplet i Sinea i US! plwAeafication SPaHS. i B *' ¢ 1
wavel engt h of 14/b1 $AS Aledelshet £ 2002, ihd digt1RLRU FAGERSs fobrpefatcd Hehtig Kness
amenabl e WO 2005/ 066616 PCT/ US2004/ 019553 26 to r aBI d an% precise

processi ng. Newrefarence; Hipsaatiiehh specerddd infermed oh B&n polyesipher,
chrom um 90! fim, i bl tbrARe G Dol s AN, Rlihdoitilkedd! | ver, 1D
oxi de/gold, titanium xtures thereof, and alloys or tall1c conpounds of
t hese el enenhewever, dfat whbih the sathple sariaboatar serumal-@miikfilm mey belpefared| e net al s
or all oyslsor for use in accordance with this disclosure. It is appreciated, however that these
values are merely illustrative and that the composition and dimension of the spacer
214 may vary in accordance with the desired height of the sample-receiving

chamber.

20  Asslit or void 248 is formed in the spacer 214 and extends from the edge 240
‘ toward the edge 242. The slit 248 defines at least the length and width of the
) sample-receiving chamber 220 and is defined by edges 249. Illustratively, 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
25  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)
30 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. Illustratively, cover 218 has a length of about 4 mm, a width of about 10 mm



5 their oxides. Mdst preferably, the conductive material includes gold,

pal l adium alum num titanium platinum |1TO and chrom um The conductive
material ranges in thickness fromabout 10 nmto 80 run, nore preferably,

30 nmto 70 run. Figures 1-3, 6, and 8-9 illustrate the biosensor 210 with

a 50 nm goM™P 10195616t | s appreciated that the thi ckneFETHSHHAISHhduct i ve
mat eri al depends upon the 10 transm ssive property of the material and ot her

factors relating to use of the biosens2fr. Illustratively, the conductive
material 216 is ablated into two el ectrode systens that conprise sets 266,

268. In formagibaiﬁa?g‘i@o%%h@m mrh "R iCOpRuatcdMpwERtahAtdhesd YHlueslde | S T enoved

fromat | east out™ 5% of the surface area of the base 212, nore preferably
at | east aboumefslydlostrative angl thitdhebigseasor giay bp omngd avithet a cover anddkat pref er abl y

at | east abou 0% of th t . hown in Figure
2, the only c%’ﬁ%hn&?}ls{?gs (r’rt;jtpge(rk'l‘lg‘faei21 E@lrggfzarnﬂnna}cg%d%%gt% ﬁ%‘]tﬁ%%@&fﬁz forns at

| east a porti@ecledur@n el ectrode system 20 While not illustrated, it is
appreciated that the resulting patterned conductive material can be coated

or plated”with additional netal |ayers. For exanple, the conductive

material may Pgre SRBPENS is Msehlively hid®id of R cRkSHatedidl hading ahfdrophilé 0 an
el ectrode pattern; subsequently, the copper may be plated wth a

titani un t ungadhesively¢rdy proximityitorthespager g dioarlimitieg examples of mateHals desi r ed

el ectrodes. Preferabl I f i fal . is used,
whioh 1165 onGeatbe Y il pol B Rlon® polBREYERS HRLRBNERIBHee; T 1T

possi bl e to epdigindée, zihs o polyester! Aeprefemeiumtena foradoeen2dB is 100uhhe base, as is
wel | kno in the art, by usi .see illar I uch..as chrom um
ni ckel orl% it BRIYESRT Mf#@?i?ﬂﬁ’gw%ﬂ%aﬁ%%é ,hab‘f‘éé%%ﬁ%ﬂ‘@f’ﬁgg a 30 single
| ayer of gol dgoadnh,|cRsimendialB} AailibleTrérmh Adhédived\RegLhlIRG SGkh RBEH,/HA52004/ 019553

27 As shown in Figures 2 and_ 9, the biosensor 210 includes an_el ectrode
system conpr Faitheg ibis appraiated thabihg cowst mpg bavedpakigagingaceosdance iththis t r ode
wi thin the sagpligsyrd €cei vi ng chanber 220. The sanpl e-receiving chanmber 220
is configured sucsh t hat

15 The slit 248 in the spacer 214, together with the cover 218, and the Ease 212, form
the sample-receiving chamber 220 (Figure 9), which acts to expose reagent 264 to
a fluid to be tested from a user of biosensor 210. This sample-receiving chamber
220 can act as a capillary channel, drawing the fluid to be tested from the opening
221 onto a sensing region of the conductive material 216 and toward a vent 262. It

20  is appreciated that the biosensor may be formed without a spacer in accordance
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

25 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

30  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



sanple fluid entering the chanber is placed in electrolytic contact with
both the 5 working electrode and the counter electrode. This allows
electrical current to flow between the electrodes to effect the

el ectrooxi dation or electroreduction of the analyte or its products.

Ref erring MQPPYE418ure 3, the first el ectrode set 266 PST/USAW4AI%E: r ode
system 10 includes two el ectrodes 270, 272. Illustratively, electrode 270
is a wrking electrode and electrode 28 is a counter electrode. The

el ectrodes 270, 272 each have a single elenment or finger 280 that is in
conmuni cati o e vy { shown in
Figure 2). Tﬁgﬂé{i %%’tﬂlrlgg(g;e?q}%(gg%gg' 2%%?%1:‘&@? %)é&g[lﬂ%?? %lggkgg&%%:ﬁx’ g%m((:’ooperat e
to define an eppat chuoeiupsgolds indior tincokides(TEOL palipdoms latiotmositventinay. |t is
appreci ated, as,w | e.di scussed hereaftar. tha he el ectrodes 270, 272
can incl ude Y% %%‘ilﬁ?%‘h‘gn’f@ﬁ%’éelﬁq}éeé% g ag%soofggﬁl%%c (\:fv’ln?pr?uflﬁs osfqg%?fescl osure.

It is furtherelahgite PraferBly thelcoidueti eaperialdnchaleanchlé pels orallegdri gur at i on
of the el ectrodes or el ect regege fingers may vary in accordance with the

present i scheisgrides. MosigreigrRRhia theopppgiive mpteriphiacludes gl erladiimdde set 268
i ncl udes two a%rg;gl 0 ﬁgiuéz?latinﬂ,%gzinh‘éﬁfohﬁﬁm)’%é’conﬁh&ﬁkrrﬁﬂé’ﬁagm I's a

wor ki ng el ectro an ctrode 276 1s a counter electrode. Further, the
el ectrodes 27range Ti6thikoéss fimweabbiit/k) reh éx8Q wuenore prefierahly, 3ot failfoms. 284 t hat

Ref or i g mow B0k gubend 83 EaGhs PRt and hunt BORR A oGt P e an

el ectrode patdpprediatedrtimdhexickiess off the benziact veingtarl éperddponatier ay. Wile five
el ectrode fingers 284 are illustrated, it is appreciated that the elenents
of el ect ABdestransmissiyogropsity efthe,mgigriplan H‘eﬁ\faf"l'?rﬁjfz]égﬁ%'io Us¢ of Bfer than five
el ectrode finggdessdrn accordance with this disclosure. It is further
appreci ated that 30 the shape, size and relative configuration of the
el ectrodes may vary in accordance wth the present disclosure. WO
2005/ 066616 R : [ [eci val ues for the
di mensi ons ofﬁﬁ%ﬁgggéé’?é%e%ﬁghevte? aﬁ%i?l bg%ggglsagﬁ it Rgo élQ&FOdL’ Q?Stergsl

that comprise sets 266, 268. In forming these systems, the conductive material 216

15 is removed from at least about 5% of the surface area of the base 212, more
preferably at least about 50% of the surface area of the base 212, and most
preferably at least about 90% of the surface area of the base 212. As shown in
Figure 2, the only conductive material 216 remaining on the base 212 forms at
least a portion of an electrode system.

20
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

25  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

30  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 for the specific use. For exanple, the

|l ength of the electrode sets may be any length up to the length of the
base, depending upon the orientation 5 of the el ectrode sets on the base.
Furt her, itWo300apgswci ated that the width of the condupdT/vseodsroassss i n
comuni cation with the electrode sets may vary, a non- limting exanple of
which is fromabout 0.4 nmto about 5 gy |t is further appreciated that
the width of each contact pad nmay vary, a non-limting exanple of which is

fromabout 1 mTmto abqut 5 The el ectrode patterns shown in 10 Figure 2
are symmetricHs W%‘%WW% gngllE W‘@ERPPF gﬂ) lflgﬂéesiaf‘tﬁze{jﬁ?%rsy&masymmt ric
patterns (or ed,rﬁ@shgdae1&&%@&1@@%&&&&%&la%omnelaeq&&bd@wmnw Y-S

di scl osure. Further, the nunber of electrode sets on the base 212 may vary,

and t her ef or eresgiving chamker220. Thasamplerigraiving elramben ] is configyredygoh Bakct r ode
sets, prefera ; . . . r.ef . el ectrode
sets. ?5 Ref efgﬁprllggﬂ%ggﬁ%n{lghlt%%‘e]gr??e?éfﬁ%ﬁ%g é@éﬁreo%ggtc%él%gtl %IF@IE#}S bhiée 3, each

el ectrode ¥ i ngerkiifdectiode dief tha echnity ekttroden Shiseadlges 2i8dtricd cunertas fledge 283,

and opposite third and fourth dges 285, 287. Each edge 218, 283, 285, 287

has a smooth ?f&’ée’qtg%tfﬂie‘f?‘?‘{e%" efgpgtggglgg{poygﬂl?rb?r,e actareapion #hthei ty of t he

el ectrodes 279,,%%3& itSprel@icsned by the 20 edge’'s deviation froma theoretical
e

| i ne extending tween first and second points. The follow ng description
of deviations can apply to each edge of electrodes 270, 272 of biosensor

210. For clarity purpo , nly .t l.ectrode 270 wi ||
be di scussed Eg e Ig’ﬁt%%g"ﬁgg\gﬁ%aﬁtﬁﬁé%fl%ge?ezgg,gfatth%gﬂeg%dg sg*ﬁrﬁof el ectrode
270 extentls baichdentwomldttiedadT0, 2729 Nldsaativetd ebtrdde 7D dasewarkthg Poi nts 289,
291 are |l ocated at, opposite s of the  inner,edqge 281, ich represents
the entire | eﬁlﬁftFPdSPR‘Eﬁl@Ct&?Qﬁ%!gbs mbﬂecwa%c’{?%%woggsoﬁ&%& "sac%ppr eci at ed
that the poi nhgyedGhgl?QdmbmYor Aifgd? 280 a8 Gflcimanicatidh wiihYa BhtabQfzat i ons and at
a variety of distances relative to one another depending 30 u&%n the I ength

of the desired7®vige cornegindrargRd2 (hpwn in Figere 3).sTheodentrode fingaes/ 280, 0f t he | ength

of inter est whlldypicabhbeobic el dokfe kMR Ren il & §2P extends, VO

2005/ 066616 P
15  macroelectrode array. It is appreciated, as will be discussed hereafter, that the

electrodes 270, 272 can include more than one finger each in accordance with this
disclosure. It is further appreciated that the shape, size and relative configuration
of the electrodes or electrode fingers ;nay vary in accordance with the present
disclosure.

20
As shown in Figure 2, the second electrode set 268 includes two electrodes 274,
276. Dlustratively, 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

25  comnecting 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

30 the shape, size and relative configuration of the electrodes may vary in accordance

with the present disclosure.



29 since the snoothness of the adjacent edges is normally nost inportant
over this entire length. Figure 4 illustrates the theoretical |ine 293 that
extends exactly between points 289, 5 291. That is, line 293 represents the
i deal or desired edge that would be obtained if the process of formng the
el ect r odes Wkr85/fréstibect . However, at any given point aa@vigedanidsengt h of
line 293, the edge 281 will be spaced in either direction from theoretical
line 293 by a distance "d;." The distange d; varies fromzero to a maxi mum
val ue dependi ng upon where it happens to be neasured, as shown, e.g., 10

with referencg.to dis C di, d d3.and.d4 in Figure 4 siandard

devi ati on of ﬁﬁqure&age?g]}%gned@gl Sf‘ﬂé‘leldé’f?afish°“8f’fﬁeﬁk’g%‘% e %%gsiés%taﬁan about 6
m i n accor dangRstwitddin Figuks? st $61 a0snl@spetifie ainbodimaii, &itbessi vialuemagoot h edge
quality. In preferred enbodinents, the standard deviation of the edge 281

from t heor et i baselaciedas papded for thespecifiquss. Forgrampleqthedengthpfdheslagirade| ess t han

1.0 W An exagg@%ﬁ i b At : ned & e '
illustrated in Fi gﬁéeeém é&gﬁﬁuﬁg%@gf&%}gﬁ?g%l ] ug?ﬁ%r%ée i ntﬁéFdlng%lrFaedo 0 was
measur ed Susi ofthdtlectmdd/beis o the bases tfurtherpitiseppiecibtey that thel veibtheof theom LPKF Laser
El ectroni ¢ GrbH, T?P]:%" %ar bsen(S Ger%lanxy.@/ﬁi}flh tr ct6. 21 software. The Metric
sof tware al | of@IdPHNEFFACTS 1 GOmmAMSHIoRWIL the glectrode Set5ngy vy a00n5 " o " pc,

Measur ement s WeitthgREEpIO W wHiGh W frdif abdu€0.4inikA geabdaels WAe NIt & fuftérng t he
software to place a 10ltmgrid over the image. The grid was aligned with

the edge by neRpresiptedibatdheswidihpfeach sontactpad maydary. e men-ligstrg ¢*empit ofobj ect i ve.
B hysi cal | A ' ' ically aligned
(By phy %hféﬁﬁ}ﬁ?ﬁ%ﬁdg&'? (ﬂ??o u%t{gﬁ?{“ﬁ‘ hihe @ RBG0eAtDRs s #n y 9

t
to be parallel w e software,” neasurenents 25 fromthe
grid |indOto Figered] ae synuueirie dgwevesths ismonhrequides, and itr@gutai ortagymmakwsical ong t he

| ength of a || 250m. | on sing.a poi.nt-to-poeint cess.. . The effective
video  mmgni + PREREIR o5k tB0RTpE RN ElE B adiintt oM S BRonHE . * 780) Wi deo
magni f i cat i onFathE theeduniBRasilel@todSea ¢h thebgt 12 aay vhe, smiddeaefoes @eh (M /

Scal e val ue érr). For exanple, 1150001lim/ 200lim = 575X. 30 In one analysis
of an el ect ri B#E 2bhsanseptamgforstampple b do 1409 elscirpde; sgiseRretsrablng tgg®sent

electrode sets, more preferably 2 to 3 electrode sets.

15 ‘
Referring again to the first electrode set 266 of Figure 3, each electrode finger 280
is defined by an inner edge 281, an outer edge 283, and opposite third and fourth
edges 285, 287. Eacﬁ edge 218, 283, 285, 287 has a smooth edge quality. As
discussed earlier, the edge quality of the electrodes 270, 272 is defined by the

20  edge’s deviation from a theoretical line extending between first and second points.
The following description of deviations can apply 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.

25  Asshown 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

30  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,



invention, the deviation fromnean of the edges was neasured using a QVH 606
WO 2005/ 066616 PCTI US2004/ 019553 30 PRO Vi sion Measuring System
(conputer-control | ed non-contact neasurenent systen), comercially

avai l able from Mtutoyo Anerica Corporation, Aurora, IL wth an effective
magni fi cat M6h20Y06661deo screen = 470X. Standard devi at i PEI/HRE0/0195%3 cul at ed
from measurenents nmade at an average interval of 0.69 mfor a length 5 of at
| east 250m Qther settings: Ring lightiggg (Intensity 89, Position 60), Edge
Det ecti on (Edge Sl ope = Falling, Edge Detection TH=169, THS = 18.5, THR =0.5

Scan Intzﬁqr Vil)“?‘@gf %%03“53 éﬁh"t eV| ab!%eos?ls%rwg]l HI%S gﬂmloy RS | ess t han

about Isillustratively a
strai ght |i neentitdlehgth. appr eci at ed, however t hat the shape of the line 293
may be curved or angular, so Iong as the standard devi ation of the distance
of edge 281 fromthat I|ne 293 over the length of the edge is |ess than

about 6 m 1 gﬁ% 4%11@&%&9% tﬁéog%ﬁﬁﬂshn%%S ife Vﬁ&%’@xdcﬂyEbﬁdéén?pﬁnts@%gesepar at ed

from one anot an el ect e gap 2 corfesponds to t feature
size of the eISelct"Ehads ljnet298 rgpresoits theddeal endlesicaeedge thapeeild be ebtained ifr ode gap
286 shown in i s.sho as __farnmed by .t L.aLaht ed es 28 However ,
as just not edtlﬁegﬁ’éesﬁIoiéwvgt}h%élewag%werfé%ﬁ?fgo|}E’§Ne1y? ngf’l@gl val ue 293
(Fig. 4) by aaéngthermgthicfdihe 298, Itlﬁfedﬁé 28Igwille sBikell engither dli‘echblefreﬂge
Illustratively, in blosensor 210, the electrically. |nsulat|ve mat eri al of
the top surf atigorotical line Fahyadistaice idien [ hedistance <k Ya5ige IPM7SE © 280 al ong  a

| engt h 290. , I Ny ot ace 232
%miu?qhe Pl e?érﬁﬁjn LHBW it lﬁaltiﬁﬁéns t@B@ﬁEasﬁﬂ‘ﬁ astsBBwS, W g

bei ng expose an be coate materials, or recesses can be
fornmed beOweewith réfercededo distalens dash iz sud deindFiguee 4). & stapdard devigmldfcat i on

Serial No. 09/704,145, fi ) enper 1, 200 now U. Pat ent No.

5540, 890, ¢ neHEgupahEndihoE e 25 T RE AL AP maR BBy B ence. s
shown in Fi guheSdis1R6R, eﬁeatin@eanleagtewltrﬁdgﬁeo@%geqlgalﬁ&eﬁ{ﬁr@féﬁe&I ngers 280 have
an equal |ength, i I lustrated a% t he nuner al and are separated fromone

anot her by 3embddiments dhesandargleviaem of ihroedge RBhfom thesreticeldine@93 issent ed by
length 290. Bﬁgsatﬂgn 2 bﬂl and most preferably less than 1.0 pum. An example of this

15 deviation from mean or theoretical is illustrated in Fi gure 10.

The edge quality illustrated in Figure 10 was measured.using Micro-Measure
system commercially available from LPKF Laser Electronic GmbH, of Garbsen,
Germany with Metric 6.21 software. The Metric software allows the display and

20  measuring of video images on a PC. Measurements were made by capturing the
image and then allowing 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

25  from the grid line to the electrode edge were then made at 10 ym 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.

30
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



two edges 281 defining gap 286 are not perfect, gap 286 will in fact vary in
width and placenent over its |length, as showmmn with reference to gaps
292a-292d in WD 2005/ 066616 PCTI LJS2004/ 019553 31 Figure 5. Wen the

devi ations of the two edges defining gap 286 are in the sane direction,
they tend V0 &WhBPiseach ot her as to wi dth deviation, aRCT/ERG4/0iM955Dart, and
cause a net shift in placenent of the gap, as illustrated with respect to
reference nunerals 292c and 292d of Figp 5. A theoretical gap can be
defined by two 5 theoretical |ines 293 associated with edges 281. The
quality of th OF ) - Ll I et n be
specified in ? g;@an\@s@? L){art%gun&gg\ﬁ'%t?{? (géhé'%ég%{'@v\(gh?ﬁgﬁ\??@hgl%eg%gg%&gefi ning it.
Preferably, t bgte)peininesisllyiailalbie omeMitabymnAmefica OapbratidgeurarefILni ng gap

286 is less 6 m preferably less than 2.0 rn, t ref.erably |l ess than
1m 10 The el ¥&f@BaCHVAGE; ﬁ?gﬁ’,“ tﬂﬁgﬁﬁscﬁ?ﬂi‘n@%gg%%@f‘ﬂéﬁf’?ums V%\ffr%ctrodes

274, 276 are qihhissd frghskabitefbfiynade o ad Bebrie iMeFvalofd.69 ¥mAsK RS8R, hovever,
only three of these electrode fingers 284 wll be discussed hereafter as

they are i3 | usf atdgast®S0pmrOther seténgs: IMag lightingdIntengisy B9.Rgsitiop8Q), Edgedef i ned by a
first edge 29 nd c e . . U t-Rer iace Roe 284 have
spaced- apart Férc%o ng@gg? g@?‘f ﬁ%g@laé’?ifgb?teg% ﬁ?’éls682g%1$\/_e%§’tﬂr:ﬁg§%§edges 296,

297, 298, 299Scin Ihiengk+l). J84 staadard odativa fienethe seen viuedgelespthin dbput As

previ ously deécri bed with reference to el ectrodes 270, 272, the edge

qual ity of théP®t ectrodes 274, 276 is defined by the respective edge's
deviation froma |line extending between first and second points. The
following 20 description of deviations will apply to each edge of el ectrode
fingers 284 oRefepingagpinde Fizuw 4.t ling|293 isillustigtiyady a straighiiaoek 1s onl y one edge
296 of electr £ i i I e 296 of
el ectrode fi ng recé%éld?gg@%%g’éh%ﬁévﬁgﬁe c#iﬂ?egl%‘h% Zzgg @2@%2&*"%@%%@?@%’8 25 302

| ocat ed on t héongas the3thAdardde dhtoomrofithe distanee of eige 281 frenxthatilmal293 ovee 300
extends exactly bet n points 301, 302, which is typically the |ength of
the gap for m@eﬁwg%é%edge%ﬁﬁlgﬁﬁé@‘ﬁb"%éﬁ‘&ndard devi ati on of the varying

di stance of edge 296 from

15  The electrode fingers 280, as shown in Figure 3, are separated from one another by
an electrode gap 286, which corresponds to the feature size of the electrode pattern
of the electrode set 266. The electrode gap 286 shown in Fig. 3 is shown as
formed by two straight edges 281. However, as just noted, the placement of edges
281 varies from theoretical value 293 (Fig. 4) by a distance that varies along the

20  length of the edge. Illustratively, in biosensor 210, the electrically insulative
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

25 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
30 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



line 300 is less than about 6 m in accordance with this disclosure,
creating an edge with a snooth edge quality. In preferred enbodi nents, the
standard 30 deviation of the edge 296 fromtheoretical line 300 is |ess than
2 m and nost preferably less than 1.0 gm Illustratively, the line 300 is
a strai ght MO28e5066616j s appreci at ed, however, that thePSHASWHPI%He |ine 300
may be curved or angular. It is WO 20051066616 PCT/ US2004/ 019553 32 al so
appreci ated that the specific positionggfof first and second | ocati ons 300,
301 on the surface 232 may vary in accordance with the disclosure, although
the |engths gf AGSHHCARRI ARGV ThelrkBlests a¥fitiRe o HU86 Fe inROiO! the gaps
bet ween these “Closely spaced el ectrode fTngers. % Referring again to Figure
3, the el ect rdictetibn, tpyrtend28 danaeleeasie ptheraas éal widtin devaation, at desstia patsyandn el ect r ode

gap 288, which corresponds to the feature.siz f..the | ectrode pattern of
the el ect rodecagﬁayggﬁﬁﬁglagq%egi] ?foth%g@f’aﬁs %@'?ﬂ?eglo‘gt%rgsq%ﬁtoﬁg IRRFGt h bet ween
adj acent edgegumfls 28R an@091d 6T0eE.S. 28 theoBaCd Ugieeanibe defiedadgesd 10 defi ning
gap 288 are not perfect, gap 288 varﬁ in position and

wi |l in fact
pl acement Sovethepretical bnggr2A3 agspeipted withiedeasy?81i Fhayqualityf the gaper it he
l ectricall [ S ' : f ; | th
electrically dévﬁ'!ﬁl‘dbg[&h]vtgi: gi%&gr%géa?‘g%%’tan b@%&&ﬂfe? i fefmb Sf B BRARFLRE Ween the

el ectrode fingers | h 303. I's appreciated, however, that
rat her than tow isdividaeledg@2lefitipg itg Peoferably cthe stheothresestandarddevintignefi wi t h

terials, , b 15 b t trod di scl d
U5 pat ertohgs oa et 3 FR i s W o Rt e 71, °°°
2000, now U. Syref2oit®ftesNBan funp40, 890, entitled "Biosensor”, the disclosure

of which is incorporated herein by reference. 20 The el ectrode gap 288,
whi ch corlf@esponds to the feature size of the electrode pattern of the

pat ter n of ¢ nEenero He LA bR bt SRHIF o GBI R 87270 gap
288 between ilheraddinBigas 3fand Ge For A8dtylpagosesyhaidven bnlghiaeé oflifisepm or | ess,

| nel udi ng. abotieetre Fieess 28 il Firealief s fpF BB/ GeBHed ILREPRS. el oot 7 ode
gap for a m CEQSlRetb@IBngdf 28Wis defined by a first edge 296 and a second edge 297.
15  Further, adjacent fingers 284 have spaced-apart third and fourth edges 298, 299
respectively. These edges 296, 297, 298, 299 of fingers 284 can also have a
smooth edge quality. As previously described with reference to electrodes 270,

272, the edge quality of the electrodes 274, 276 is defined by the respective edge’s
deviation from a line extending between first and second points. The following

20  description of deviations will apply to each edge of electrode fingers 284 of
biosensor 210. For clarity purposes, however, only one edge 296 of electrode
finger 284 will be discussed hereafter.

The edge 296 of electrode finger 284 extends between first and second points 301,

25 302 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 pm, in accordance with this disclosure, creating an
edge with a smooth edge quality. In preferred embodiments, the standard

30  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. It is



can vary. For exanple, it is understood that the el ectrode gap can be |ess
than 1 pmin accordance wth the present disclosure. The size of the

achi evable gap is dependent upon the quality of the optics, the wavel ength
of the laser, and the w ndow size of a mask field. 30 As illustrated in
Figure 3, W20834966188 has a wi dth along a | ength 303 ofPCIAB2004BHES ng edges
296, 297 of the electrode fingers 284. Like gap 286, the quality of WD
2005/ 066616 PCTI US2004/ 019553 33 gap 286 or its deviation froma

t heoretical gap can be specified in terns of the quality of the two

i ndi vi dual f b nglsyr d devi ati on
of both edgesgd&e?&ggcl}#gaw%%tjtg%%ﬂlﬁﬁ {é@g‘l o?nhgg? era r1§ ﬁggijo'?hga’(ﬂ 2.0 m and
nost pref erabb:ythleemsactehahmhmva& 1Raéoerdan¢egwﬂometmcll§slgwahh@;ghtﬂm el ect rode
fingers 284 are ed with the rea sedt rovi de

el ect rochem c{ﬂ‘g‘g Qst AIgPOTIARELFTE Fypl &Wteégre 1‘1‘|—$§‘ r@i{%gatpis §EE s are the
reactants or ggmENGRRElQtolidfindeaagent, and are often conpounded toget her
inliquid formbefore application to the ribbons or reels, or in 10

capi | l arySchannel s on sheets of electrodes. The liquid may then evaporate,

| eaving the t eagent depends
on the speci flﬁgf%ﬁ%%algyhptgﬁlgu@g(a{eﬂegg getg@%#e%d' %Pa}gtgghlggl%r?%t critical to
t he present |mmlmrbwaneleMmdecgapZS&a@mhtconesppmtblttwfsataneelzmmftheknom to those

of ordinary skill in the rt appr.ecj at e h he pl acement
choice for th e?tg’gﬁé’ﬁ?erﬂﬂ 5165'5%4? Ft‘a??i’ls %h?/glgipoélﬁéa%lg%‘erﬁgge g‘h&’f’he i nt ended
use of the bi %&Hﬁ&ﬁveerl:wic@ﬁtredgéstZ%SZQﬁlwﬁﬂgérs?lﬁﬁﬂBe&eﬁlﬁéthElﬂﬁoédg%b"nl ques for
applying the reagent onto the base may vary. For exanple, it is within the

scope of 1t0ne 6¢fé§mapcﬁ8§@¥ed§l§lp@'chbgﬁ& Weﬂf@éwﬁtﬂ%tt@éﬁn‘ﬂ)rl nted onto the
fingers. éi‘ﬁéﬂ't metr'tP gﬁlarﬂ?&st‘raﬁ’\fel u%ﬁ&‘ﬁggégb%é for measur ement
of gl ucose in uman sanpl e cont al ns yet yI ene oxi de

(nmean nol ecul arsulaeva;;hatendfof Te®ag(] 2k ¢7mdaldtbow®):nt1®elbctrgdd\ﬂhm 250 M 41.5
g AVICEL RC g.l%ng a length 303. It is appreciated, however, that rather than top surface 232

being exposed, the base can be coated with materials, or recesses can be formed
15  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, entitled

“Biosensor”, the disclosure of which is incorporated herein by reference.

20  The electrode gap 288, which corresponds to the feature size of the electrode
pattern of the electrode set 268 is different than the feature size of the electrode
pattern of the electrode set 266. Ilustratively, the feature size, or gap 288 between
the electrode fingers 284 has a width of about 100 um or less, including about 1
pum to about 100 pm, even more preferably 75 pm or less, including about 17 pum

25  toabout 50 pm. Itis 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.

30
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



89.4 ng nonobasi ¢ potassi um phosphate, 157.9 ny di basi c potassi um phosphat e,
437.3 ng potassium ferricyanide, 46.0 ng sodi um succinate, 148.0 ny

trehal ose, 25 2.6 ng TRITON X-100 surfactant, and 2,000 to 9,000 units of
enzynme activity per gramof reagent. The enzyne is prepared as an enzyne
sol uti on fwemoedsneébsiey coenzynme PQQ and 1.21 mllion umctrassedospivsssapoenzyne
of qui noprotein glucose dehydrogenase, formng a solution of quinoprotein
gl ucose dehydrogenase. This reagent isafurther described in U S. Patent No.
5,997,817, the disclosure of which is expressly incorporated herei n by

reference. WO 208%106 16 PCJ/ US2004/ 019553 4 A Q mti g exanple of a
di spensabl e r&#agERHET § ViRHER TPy AHECTEHCALZARSCED ‘F?pte"’llﬁ “ht ?ﬁfn cont ai ns

oxi di zed and ilﬁﬂ %%J&B%ﬂhuﬁea@é%ﬁmrﬁ PleREAHI PR drébthriegyTPOUNd
(pot assi um hexacyanof errate )" ("ferricyani de") and potassium

hexacyanof er rsindard|deyiadrf drhoﬁx:qgns injng gap Sffeis désy 611y, preferablydess thahyt e

(pot assi um 5b2ohosphadte buffer}I)‘ ng@g m crocrystalline material (Avicel

RC- 591F - Han gd moss pRefTablY s Mne cel | ul ose and 12% sodi um

car boxyneghyl -cellulose, available fromFMC Corp.). Concentrations of the
conponents wthin the reagent before dry| ng are as follows: 400 ml!linolar
(mv) ferri cymfmngﬁwmfﬁlgﬁ@r% teyelasirade finpes 28iapcroaersd withprosegeat e, and 2. 0%

(wei ght: vol Avi ce t e for a
hemat ocrit as ?a?ouﬁfle%tﬂ%ﬁv . e%%#%%}%%Fr%b%&ﬁ%%pgglg?a{lﬁggﬁréh& osure of
V\?i chis expr%ﬁﬁh%r_eamcsrmﬁatrﬁdtahagmbdsmlis%nentebﬂhemgent, Mdrard (i)ftﬁnt: ng exalrrpl es
of enzynes and nedi ators that may_ be used ip neasurin articul ar anal ytes
i n bi osensor sCOPOR %E@ﬁtnh%e%maﬂ%aﬁrm GaLpR tp EF‘BW‘\pﬁr‘ﬁQ f@gmis 1,
TABLE 1 Apal Ydapil ﬁﬂléhgﬁﬁlé\&@héét%f dldiotiés0 rml: 11&@6 'n?aB'Qﬁen dvirdrate 28£hidgor m

A ucose {d ucose Dehydrogenase Ferricyanid D aphor ase Gsmi um
conpl exes, the reagent in solid form. The choice of a SpClelC reagent depends on the specific

analyte or analytes to be measured, and is not critical to the present invention.
Various reagent compositions are well known to those of ordinary skill in the art.
It is also appreciated that the placement choice for the reagent on the base may

15  vary and depends on the intended use of the biosensor. Further, it is appreciated
that the techniques for applying the reagent onto the base may vary. For example,
it is within the scope of .the present disclosure to have the reagent screen-printed

onto the fingers.

20 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-591 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,

25 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

30  expressly incorporated herein by reference.



nitrosoanal i ne conpl exes G ucose d ucose-Dehydrogenase Ferricyani de

(Qui noprotein) Chol esterol Chol esterol Esterase and Ferricyani de
2,6-Dinmethyl -1,4 Chol esterol Oxidase Benzoqui none 2,5-Dichloro-1,4-
Benzoqui none or Phenazine Ethosulfate HDL Chol esterol Esterase

Ferri cyani d®0 2060désreet hyl - 1, 4- Chol esterol and Chol est ear@I/US2ni4029563
Benzoqui none 2,5-Dichloro-1,4- Benzoqui none or Phenazine Ethosulfate WO
2005/ 066616 PCT/ US2004/ 019553 35 Triglygerides Lipoprotein Lipase,
Ferricyani de or Phenazine dycerol Kinase, and Phenazi ne Methosul fate

G ycerol - 3- Phgsphat e Et hosul fate,.Oxi dase Lactate Lactat e, Oxi dase

Ferri cyani de %r@m%@ﬂ%; L Eleélgailaé’éﬂ’fﬁﬁ eﬁ‘c’ﬁ*’r@“@%‘f’%@"ﬁ’ﬁ@t"&t“ MR ogenase
Ferricyani de ,38nDt@RARS SE@izéd @a2dudsd fohderdteltiBle eRktrodtienazi ne

Met hosul fate Lactate Di aphorase Ferricyani de Phenazi ne )
compound (potassium hexacyanoferrate (II) ("ferricyanide") and potassium

hexacyanoferrate (II) ("ferrocyanide"), respectively), an electrolyte (potassium
5  phosphate buffer), and a microcrystalline material (Avice] RC-591F - a blend of
88% microcrystalline cellulose and 12% sodium carboxymethyl -cellulose,
available from FMC Corp.). Concentrations of the components within the reagent
before drying are as follows: 400 millimolar (mM) ferricyanide, S5 mM
ferrocyanide, 400 mM potassium phosphate, and 2.0% (weight: volume) Avicel. A
10  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

15 1L
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-
Benzoguinone or
Phenazine
Ethosulfate




Dehydr ogenase Et hosul fate, or Phenazine Methosulfate Pyruvate Pyruvate
Oxi dase Ferricyanide Alcohol Al cohol Oxi dase Phenyl enediamne Bilirubin
Bi l i rubin Oxi dase 1- Met hoxy Phenazine Methosulfate Uric Acid Uicase
Ferricyanide In sone of the exanples shown in Table 1, at |east one

addi t i onal YEhAPPE66PE used as a reaction catal yst. Al s®CTEERR4§19556he
exanpl es shown in Table 1 may utilize an additional nediator, which
facilitates electron transfer to the oxsglized formof the 5 nediator. The
addi ti onal nedi ator may be provi ded to the reagent in Iesser armunt t han
t he oxi di zed \ [

Is contenpla e%l ffﬁldte ge? i » condu otential, or
other el ectrochenicall yﬁlx‘bq Q@%‘E 7 eP?‘CBFZI ‘Ee sarrpCM S%glffl&
accurately correl ated co H]? thgsulialte analyte in the sanple
with biosensars_in accor dXHE3€10 with this discl osur-e—Another—npon-limting
exanpl e of a bedtatabl e di JpeiasBridaseeagent Fesricypaideni t h  bb-Dichlrarlst-of t he
present invention is nitrosoanaline reagent. which incl UBmmgogningpe GDH and
par a- Ni t r oso- Badtite ne nedilzctte Déhydrogemas®| Faricydnalepr eparati on of 15 the

ni trosoanal i ne reagent i sanliDdaphar®ei N al | Pleapsnd s as disclosed in U S
Patent Application Serial No. 10/ 688, 312, E@béulfatecor " Syst em And Met hod For
Anal yte Measurenent Usi ng AC Phase Angl e Meagxhenent”, filed Cctober 17,
2003, the WD 2005/ 066616 PCT/ US2004/ 019553MeBfsislfagsc! osure of which is

I ncor por at ed n Dy T The rea : CONPShehazi -~ prior to
di spensi ng anﬁgﬁfﬁbé}gaksqg%ﬁ@gﬁgfort hin Tab’lct:a)q]g.ﬁié Tabl %ﬁgfﬁﬁp&ent % W w

I\/BSSE for Phenazine
| Methosulfate
Pyruvate Pyruvate Oxidase Ferricyanide
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

5  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

10 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
15  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



1 kg solid Polyethylene oxide (300KDa) 0.8054% 8.0539g solid NATROSOL 250

M 0.0470% 0. 4698g solid AVICEL RC-591F 0.5410% 5.4104g solid Mnobasic

pot assi um phosphate 1.1437% 11.4371g (anhydrous) solid D basic potassium
phosphat e ‘g, nhydrous) 1.5437% 15.4367g solid Sodi um Succi nate hexahydrate

0 5876% 5. ?’@ﬂ@’“%fl d Pot assi um Hydr oxi de 0. 3358% 3. 3B¢BYS2084p19363

Qui noprotein glucose dehydrogenase 0.1646% 1. 64649 (EncC#: 1.1.99.17) solid

PQQ 0. 0042% 0. 0423g -solid Trehal ose 1.8875% 18. 8746g solid Medi ator BM

31.1144 0.6636% 6.6363g solid TRITON X-100 0.0327% 0.3274 g solvent Water

92.2389% 922. pe%gb ific Enzyne
Activity Use ?(U%greogé‘@%g%hgaﬂgspense o’f%?}"’ré&%%r@@é%%%’r%g?&z 6 ng WO
2005/ 066616 RéohipdSaon 4pficdr3s BisperiSingAnd deyimglib s seefogthnn Tahle 2abl e for use with
the present disclosure is as follows in Table 3. Table 3 Conponent % w w
Mass for 1 kg Keltrol F, xanthan gum 0.2136 % 2. 1358 g Sodi um

Car boxynet hyl cel l ul ose (CMC) 0.5613% Fa6id29 g Pol yvi nyl pyrroli done, (PVP
K25) 1.8952 % 18. 9524 g

Component % wiw - Mass for
l1kg
solid Polyethylene oxide (300KDa) 0.8054% 8.0539¢g
solid NATROSOL® 250 M 0.0470% 0.4698g
solid AVICEL® RC-591F 0.5410% 5.4104g
solid Monobasic potassium phosphate 1.1437% 11.4371g
(anhydrous)
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 Quinoprotein glucose dehydrogenase 0.1646% 1.6464¢g
(EncC#: 1.1.99.17)
solid PQQ . - 0.0042% 0.0423¢
solid Trehalose 1.8875% 18.8746g
solid Mediator BM 31.1144 0.6636% 6.6363g
solid TRITON® X-100 0.0327% 03274 g
| solvent | Water 92.2389% 922.3888¢g
5

% Solids 0.1352687
Target pH 6.8

Specific Enzyme Activity Used (U/mg 689 DCIP

Dispense Volume per Biosensor 4.6 mg



PROPI OF , 2.8566 % 28.5657 g dd ucDOR 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 ¢
Trehal ose 0.4808 % 4.8081 g KH2PO4 0.4814% 4.8136 g KQHPO4 1.1166% 11. 1658
Medi ator 31.1144 0.6924 % 6.9242 g Mega 8 0.2806 % 2.8065 g GCeropon T
77 0.0298 QRO KOH 0. 1428% 1.4276 g Water 88. 42EF/URWEASB53 g %
Solids 11.5755 Target pH 7.0 Specific Enzyne Activity Used (U ng 2. 23 DCl P
Coat Weight 55 g/n2 5 Biosensor 210 is 37 lustratively manufactured using two
apparatuses 10, 10, shown in Figures 17-18 and 19, respectively. It is
appreci ated that unless otherwi se described, the apparatuses 10, 10
operate in a simlar manner. Referring first to Figure 17, biosensor 210 is
manuf act ur ed Ayohtelsldrsager suitable fof useivbthahe presenedisdOsuidishafallogsam 80 nm gol d
| am nate, whi tLAi about 40 mMmin width, into a customfit broad field
| aser abl ati oh? "piarat us 10. The apparatus 10 conprises a | aser source WO
2005/ 066616 PCT/ US2004/ 019553 38 11 ppwdyci ng a beam of laser light 12, a

chromumplated quartz mask 14 and optics 16 It |s appreciated that Whl | e
the illustrafed opt i cs Ganposent singl e | efs, %@16% cs| Mass ®rpkefler abl y a
Shape. or 1 R R B et onl B Ao uet (o BA%e subktrate

Sodium Carboxymethylcellulose (CMC) | 0.5613 % 56129 g

Polyvinylpyrrolidone, (PVP K25) 1.8952 % 18.9524 g

PROPIOFAN®, 2.8566 % 28,5657 g

GlucDOR 0.3310 % 33098 g

PQQ 0.0092 % 0.0922 g

Sipernat 320 DS "2.0039 % 20.0394 g

Na-Succinat x 6H20 0.4803 % 4.8027 g

Treﬁalose 0.4808 % 4.8081g

KH,PO, 0.4814 % 48136 g

KaHPO, 1.1166 % 11.1658 ¢

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 ¢

% 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

10  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



5 20. Anon-limting exanple of a suitable ablation apparatus 10 (Fi gures
17-18) is a custom zed McrolineLaser 200-4 | aser system conmmercially
avai l able from LPKF Laser Electronic GrbH, of Garbsen, Germany, which

i ncorporates an LPX-400, 10 LPX-300 or LPX-200 | aser system conmercially
avai | abl e MOHY%4Mela Physi k AG GCottingen, Germany aﬁ@lT@S%qq‘P/Wi}m pl at ed
quartz mask commercially available fromlInternational Phototool Conpany,
Col orado Springs, Co. 15 For the M crolggheLaser 2004 | aser system (Figures
17-18), the laser source 11 is a LPX-200 KrF-Wlaser. It is appreciated,

however, that,.higher vel e W, e ﬁﬁﬁ i ance with
this discl osulr1 .rgqlf%navyl:%eglrn ogg:}l}?rclégh ﬂf‘aagﬁmﬁogﬁ §]@pq§9f§ m Zv%sﬁ(fﬁ’%%gl se energy of
600mJ, and a ¢ptics €6.r It peapprebiated vigan oile theSMusktated dpiscs 161id esisgle Jensf the | aser

beam 12 can be jnfinitely, adjusted_between 3% and 929 a .20 dielectric
beam at t enuat HLCE k315 Pé‘?f?%ﬂ?’.a VRAELY 98 lehves thot FoQperale t?ﬂ?f%ﬂ%dlg{‘f)?%‘? %q. inch)

and the pul se,dueRihiaed ﬁg&?éor ifa8e thadie ten PRoiEAR JRSthe Wbiof bilewmaeAROUS| y

proj ected by ‘an optical enent S beam expander, honogeni zer, and field | ens
(not  shown).20he performance of the honogeni zer has been deternined by
measuring the energy profile. The imaging optics 16 transfer the structures
of the mask 14 25 onto the ribbon 20. The imaging ratiois 2:1 to allow a

| arge area t oARQ@nJligiiByEekamiple df AQuitdbR: dbdifidn appiratlisol K@durdsng-18h &gy density
bel ow t he abl ati on pqint of_the aféglltai ed chrom um mask on the ot her hand.
Wi | e an i magfusiprizedMicrqlipel aspr 200r4lagey system commersially ayailablg fiomptPKEe any

nunber of al tE:{s%lké’t?onE@GInBﬁ, S GarPRA Shany, WHGGREHARERSs ad BX-40D! S

di scl osure depe ng upon the desired design requirenents. The r?bbon 30 20
nmoves as 1©howhPXy308or bRX 260 laserybtony cammerdialy ayhildblefsom LembdabPhysik o be

ablated in su&té?égi'tﬁg%nnp’g SaégS?E}%&ﬁ%ﬁ%{?ﬁﬁ&%&%ﬁg&%g&&he posi tioni ng

of the mask 1 nove 0 h ser energy e conputer
control | ed. AsvailhisisfromInteirgtioreal PHototobleCdnaymay, Cxlaradd SpringsCmwj ect ed onto the
ri bbon 20 to be ablated. Light 12 passing through the clear areas or w ndows
18 of the mask 14 ablates the netal fromthe ribbon 20. Chrom um coated
areas 24

15  For the MicrolineLaser 200-4 laser system (Figures 17-18), the laser source 11 is a
LPX-200 KxF-UV-laser. It is appreciated, however, that higher wavelength UV
lasers can be uséd in accordance with this disclosure. The laser source 11 works at
248nm, with a pulse energy of 600mJ , and a pulse repeat frequency of 50 Hz. The
intensity of the laser beam 12 can be infinitely adjusted between 3% and 92% by a

20  dielectric beam attenuator (not shown). The beam profile is 27x15mm? (0.62 sq.
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

25  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

30 20 moves as shown by arrow 25 to allow a number of layout segments to be

ablated in succession.



5 of the mask 14 bl ocks the laser |light 12 and prevent ablation in those
areas, resulting in a netallized structure on the ribbon 20 surface.
Referring nowto Figure 18, a conplete structure of electrical conponents
may require additional ablation steps through a second mask 14'. It is

appr eci at eWOpef06epdpendi ng upon the optics and the si ZETHP200HREBect ri cal
conponent to be ablated, that only a single 10 ablation step or greater than
two abl ation steps may be necessary inggccordance wth this disclosure.
Further, it is appreciated that instead of multiple masks, that multiple

fields may b d on e cQ sclosure.
15 Speci f?/cal pog SEEEHBH‘R a@?ﬁ Eﬁ}éﬁle@xog%p rﬁb‘ii)% g a\éY'Stl{l Itb%}]engba?at I on
appar at us 10'con(ﬂﬁte@b¢$rﬁroll9d Asslm“muﬁﬁgmab?dtﬂeamrbwslmmpm;mmrmtcal ly .

avai l abl e from LPKF Laser L@g ¢ GrbH, of % sen, Bg whi ch

i ncor por at es e HRPRARD tS‘PEEPIateg’S f %%P@E}"I%th c?aéé’é’ﬁ 01'I WEEPWSyst em

commerci al |y pvaideRh& f4 Hidsandelaal froh fekibBbh 260t hioRE@A codedd sBAY24aNd a

chromi um pl ated quartz nask 20 commercially available fromInternational
Phot ot ool SOompfa;lwmaSKdeﬂmk@tl@daaeng@t 12 @nd prevent hblatéon in yhose atedsat ures up to

1000 mJ pul se en Furt Iaser system
has a frequen’i‘? \T/ hzeldh ap aorné eijs?bf 20surface hP Iingelﬁl0 ot pr oduce

bi osensors w F@ukaa Qﬁﬁﬁ;ﬂ&e@@ucﬁmmlemdﬁﬂ gamlﬁﬁxeﬂtinﬁydeqh&e additibnapr ef er abl y
its optics permt the formation pattern 1n a 25 ns 25 single

pass. Wile n%hlat\ﬁP§WPﬁﬁ“‘?‘lﬂhl?ée%aHH‘alf i ﬁs‘bé?ﬂr?‘i‘%fe thatfepending yponpe| i eved
that the |asef, oﬁﬁ’ds%ﬁd&{e sPedMhb21dchRAl déﬁ@éﬁéltid’lfeod&%dt it oBp K sihfle 14°, 14"

is absorbed wthin less than 1 pmof thé surface 232 on the_ ribbon 20. The
photions d t habldsiensiep@r Beppier then bve dhlasiogptepsmnpy be rasessayy ip aeppedance

phot o- di ssoci : e | '

nmet al / pol ymr@hhﬁﬂsr(ﬁgbg%s% ﬁu?tg&gletﬁ){@@ﬁeéﬂ%ﬁﬁat@ﬁfega ?%P@B%hrlg%kgt[?&bond

br eaki ng causmsltipledietiitanaytyecfomrrdeoni the saereawasiiint ficordiuee veitisthispt | on r egi on and
forces WO 2005/ 066616 PCT/ US2004/019553 40 material (nmetal film 216) to be

ej ected from PfE°HB yner base surface. Since typical pulse durations are
around 20-25 nanoseconds, the interaction with the

15  Specifically, a second non-limiting example of a suitable ablation apparatus 10” -
(Figure 19) is a customized laser system commercially available from LPKF Laser
Electronic GmbH, of Garbsen, Germaﬁy, which incorporates a Lambda STEEL
(Stable energy eximer laser) laser system coinmercially available from Lambda
Physik AG, Géttingen, Germany and a chromium-plated quartz mask

20  commercially available from International 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

25  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 pm of the surface 232 on the ribbon 20. The photons of the beam 12 have
30  anenergy 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



material occurs very rapidly and thernmal damage to edges of the conductive
mat erial 216 and surrounding structures is mnimzed. The resulting edges of
the 5 electrical conponents have high edge quality and accurate placenent as
contenpl ated by the present invention. Fluence energies used to renove or
abl at e net ¥0s200¥%p616 he ri bbon 20 are dependent upon t RETHRREHPHFSIH r om whi ch
the ribbon 20 is fornmed, adhesion of the netal film 10 to the base
material, the thickness of the netal fidgn and possibly the process used to
pl ace the filmon the base material, i.e. supporting and vapor deposition.

Fl uence Ieve r gp%&(t FW‘% 0 about 90

mJ/ cn2, on tﬁl% g ?1% o%élﬁ%%mi rrgsl% éé r?tugl\sz%Ll NEX(r) about
60 to about fya&a]rp]ﬂsamﬂraubhs ars anonukb26:2 Hoahosdeandsf the émerecticawalistht ess t han or
greater than the above 15 nen can .be a riate for other base
materials in E’é’@B%cP&F\‘H%VWF‘FPI Hén‘?@‘f’g%qlggrﬁ?%%ﬁ‘g&wﬁ&?ﬁ défft‘éf’reas of the
ribbon 20 is acheVAE kY sittiulding RuciREdS mlfimized, Thel-zxéﬁﬂhngr@ﬂg& of4he 14

illustratively i ncludes a mask field 22 containing a precise tw 20

di mensi ondl i tlectgcal somponents havediigh ertge apatity aril gsovraieqlacementi#é el ect r ode
conmponent  pat ure 17 illustrates the mask field 22

i ncl udi ng con‘foe\"i gﬁ‘ggy%ﬁgpesﬁgl}vte?%% of traces. As shown in Figure 18, the
second mask 14' contains a second correspondlng portlon of the traces and

t he el ectrode_patterns, containin ers cribed, it is
appreci at ed t RRENGSPESIS HFdID B g’ﬁé?r %1? als%‘“g Ze‘ﬁe@ép%{ﬁ% ed, the

mask 14 can Ceﬁsnath@nﬁteﬁﬂrﬁﬂnﬂvﬁmhluhmbba@o i%rfoﬁlfxedt E@xeﬁﬂﬁ bf e nRt#Glhode pattern
for each biosensor (Figure 19 or partial patterns different from those

illustratléd i tothegw@sateml llébieisﬁ(’féh%@ﬁ ang possiblyi the plosessosar e,
Preferably, i gcquéﬁlﬁﬁg’l %etnjﬁﬁén nfs Onf)glf}%ﬁgs%cﬁlsﬁ[ﬁtenéenvem' on,

the entire pa({ ern o ectr|c corr rp are | aser
abl at ed at onR:véls&&,golﬂme&LADED(@rhrrgedﬂmfatmhdS(Bmcabam@Qsﬂ&m enentire size of

the test stri Fi ure 19), or e g0 r e of two or

nore test strgﬂ&“‘t‘ ?boghm??&?%\{?@@]@@ as) SPM%P& éé@ﬁ o553 41

g! ternative, apemFemP! ik iSindek@ed tHat fids Reeld iesihth dBare i thinans akvet he entire

i osensor : ,
15

mentioned can be appropriate for other base materials in accordance with the

disclosure.

Patterning of areas of the ribbon 20 is achieved by using the masks 14, 14’. Each
mask 14, 14’ illustratively includes a mask field 22 containing a precise two-

20  dimensional illustration of a pre-determined 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 cotresponding portion of the traces and the electrode patterns containing
fingers. As previously described, it is appreciated that depending upon the size of

25  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,

30 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



are done successively. Wile mask 14 will be discussed hereafter, it is
appreci ated that unless indicated 5 otherw se, the discussion will apply to
masks 14', 14" as well. Referring to Figure 17, areas 24 of the mask field
22 prot ect ed by the chronme will block the projection of the |aser beam 12
to the ri bBOROEN666® ear areas or windows 18 in the masRCTUSPYIODF3,| | ow t he
| aser beam 12 to pass through the mask 14 and to inpact predeterm ned areas
of the ribbon 20. As shown in Figure 1744 the clear area 18 of 10 the mask
field 22 corresponds to the areas of the ribbon 20 from which the

conductive %?en#a‘;ﬁk/c 23%\8 é&tgat%ela 2689 anf 8 B[Qﬁ{o[ns Bﬂ‘ﬁg gﬁtﬁébids&lsg 22 has a

| ength shown as shown I ne ven the I magi ng
ratio of 2:1 ﬁﬁdbh@sdcaxs&él@., it is appreciated that the 15 length 30 of the
mask is two tines the length of a length 34 of the resulting pattern and the
width 32 of the mask is two tinmes the ,wdth of a width 36 of the resulting

pattern on ri QAR ik 14041 Ba&b&ﬁseaﬁefe%cleﬁ abpemsﬂeaqaaeﬁnlbﬁsmcd@&am 12 that
strikes the ribbon 20. It is appreciated the rel ative di nensions of

the mask Bi el othenviseathg dissussioasyill tapphgtcpra@&kérlﬁ ¢Hnaswel: Refermingdo Hightce with

A e

t wo- di mensi ona ion ntinuing to
refer to Fi guoﬂhaYasenb&amhetéﬁﬂelbbabl(ht(tloaraeqaparwmﬂewimhml”themasi(frdd | aser

source 11 em ea 2 whi ¢ ass h .t hrone-on-quartz mask 25
14. The mask éféli?‘?iv @8&1@“@2‘%&8??5 &@%‘rﬁlﬂ%‘gﬁ?ﬁ PACh pe refl ected

whi | e al | oW ngreaétB@MindtPdréas o@ﬁlemsomrm @oﬁﬂSﬁF@feqagmelcrbai #ea {®pm of an

i mge of part or all of an electrode pattern. The image or part of |aser

beam 12 tWat Pagnask fiekd 23 sgrrespradsito the areqs pf i ribbaraddisor Whishttse n on the gol d
filmwhere i ”Pcﬂ}%h?tﬁtleq}{atéﬁ]a?z} %belléﬁﬁg%dl It is appreciated that_ ri bbon or
e s

web 20 can b I onary re Ive to apparatus 10 or nove continuously on
a roll through apparat us 10. Accordingly, non limting rates of novenent of

about 30t mi FURTABOUPICIZans + 11760 Do by e b anta a s edBo D1ossa 45

line 32. Given the imaging ratio of 2:1 of the LPX-ZOO, it is appreciated that the

15  length 30 of the mask is two times the length of a length 34 of the resulting pattern’
and the width 32 of the mask is two times the width of a width 36 of the resulting
pattern on ribbon 20. The optics 16 reduces the siie of laser beam 12 that strikes
the ribbon 20. It is appreciated that the relative dimensions of the mask field 22
and the resulting pattern can vary in accordance with this disclosure. Mask 14’

20  (Figure 18) is used to complete the two-dimensional illustration of the electrical

. components.

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

25  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

30  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



appreciated that the rate of novenent of the ribbon 20 is |imted only by
the apparatus 10 selected and may well exceed 100 m mi n dependi ng upon the
pul se duration of the |aser source 11 in accordance with the present

di sclosure. 5 Once the pattern of the mask 14 is created on the ribbon 20,

t he ri bbonwo20ossedmd and fed through the apparatus 1@CEFSRW40IHIBh mask 14°
(Figure 18). It is appreciated that | aser apparatus 10 coul d,
alternatively, be positioned in series 40 accordance with this disclosure.
A detail ed description of the step and repeat process is found in U S.

Application Serial 60/ 480, 397 Ll e upge. . 10 entitled

' Devi ces And W‘?‘f@&g%ﬁéet ﬁa%goz%fbdvﬁwgrftfg gle g’Ré ?(gls,%&?ﬁé oﬂlﬁgbg'ﬁg%ur e of which
i s incorporat gghaiifisa0ReleMed SiEHEWE extheds1008Y/ mis Ue@ndibg kfonlthe pdlde . | ar ge
areas of the web or ribbon 20 can be patterned usi ng‘ st ep- and- r epeat

processes i ndusatianmy thelpser pouscarklsiR agqosdagee wish the presentdisslosiisk area to enabl e
the economcal «creation of intricate electrode patterns and ot her

el ectrical conponents on a 15 substrate of the base, the precise edges of

t he el ect 50deOaanthepateisof thewchatihke is creatod e thefribhor2, ¢he whbou it mwolind he

metallic filmfromthe base materi al.. FEjqur Pp.is a.pon-limting schematic
of an el ect ro%ﬂéIr fgg]fhr?qgﬂtﬁ@%apfﬁr@t"lsébﬁﬁadn’i‘ﬂ{hgr%%c}r%dgéﬁ%‘ge ﬁ“tghe present

di scl osure, akpRQsuuel tharhsepapparaelsa0icoaldleaiatifly) be pOsibieldan siites fw om t hat
illustrated in Figures 17 and 18. The ribbon 124 includes a plurality of

panel s 120, eagshrdancerittciiisiditslasues Axdepiled desprigtioprof dhestaprad aersyist ens 116,
Fach syst em | BRbgRTolAnA SCASRERn RARNUAREb6A2d.907 i AiRYHAI0 2 sensing
oS e orl met

region 110. Af's own 1's t gl na alltc laminate ribbol 122 that is
subject tl® | a2@03, ahitlad i'Devites AmirMethdrs Relatiog Todmabd Senstrly theldigtloslitee Wi dt h of

the 25 ribbon 2 is.selected to accqomodat,e the | aser abl atipn system 10,
107, “and ey Obgh §itarHrhes AT B e RO o048 Ey  The

ri bbon may beasiof thed&t &t ritbBf 20 sanstRl paséfel ampatepomdliBgeatip®tdsed number of
el ectrode sets, and/or the ease of handling and transport of the ribbons.

The size of elwplvingdnwltipigmaskfields 23 in thewmepask aeg t9 enabledhg,eaenemicely on t he
ri bbon, and t L . ectrode sets,
preferably 2 %5%%2&@%%?}3&@% gg%ca%%%% g%%cﬁ%gﬁ%#?%g%(gﬁ% 019553 43

15 substrate of the base, the precise edges of the electrode components, and the

removal of greater amounts of the metallic film from the base material.

Figure 20 is a non-limiting schematic of an electrode set ribbon 124 formed in
accordance with the present disclosure, although having an electrode pattern

20  different from that illustrated in Figures 17 and 18. The ribbon 124 includes a
plurality of 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

25 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

30 to 1000 electrode sets, preferably 2 to 20 electrode sets.



Once the conplete electrode patterns are created, it is appreciated that the
ri bbon 20 may be coupled to a spacer and a cover using any nunber of

wel | -known comercially available nethods. A non-limting exanple of a

sui tabl e method of manufacture, is described in detail in U S Application
Serial Nun¥er0BOss80, 397, 5 filed June 20, 2003, entit PEHUSIOR491ES And

Met hods Rel ating To Anal yte Sensors”, the disclosure of which is

i ncorporated herein by reference. In sywyrary, however, it is appreciated
that a reagent filmis placed upon the ribbon and dried conventionally with
an in-line drying, syst T I.ng 1S, ] - -38 neters
per mnute an m&glbee%ogép?eg]%glﬁaf%é%tfltﬁeéjg{ aggér%gt? E’E ﬂg%ﬂergcgiﬁ(}g@h’ﬁ%gég% s 10
suitable for Zd‘;ﬂa)bi)dx&ﬁﬁlwto 2dfAcearraad gicven usihparey, number of welbkaovabl e reagent is

set out in Table 2. The materi als rocessed jn_.conti uoqu({eel s such

) re
that the el ecomsaacially 2vaiaple methgds. QB‘FTEF“W’@ epiaple ohg SHtable efhod ofg) | in the
case of the brﬂ&ﬁ.ﬁacm&(?s &%@dﬂ%ﬁ%ﬁd&ﬁ?ir@@SDA?ﬁlﬁaﬁ&?Se?ﬁl NhiSerop@i3oat erial is

| am nated onto the coated ribbon 20. Priot"to | am nating the spacer
mat eri al , Showleé Jyne20p24108; entitled “Pevéices pad dMethnds Belating e Analyirobendors't,her eby

formng a slit. .A.punchi rQ S._I e ve e needed portion
of the spacertThe ﬁ‘?‘élgﬂ‘}r%c’fs‘{’;@dgg\} C?’%“{‘@%H%ﬂgb’%?%% e gf %Lzmlnéljrﬂé resul ting

slit-spacer ikowdvesds ipprediatedehattagedgest filprioplacd upoi chetribobasddried cover is 20
then | am nated onto the spacer, usi n&a reel-to rgteﬁl)Fﬁgr ocess. The bi osensors

can then be Son¥enticadly Vighan ndine eIng syitsm: e datg cssing s 1ymipdllyns of

slitting and 2¢ L4ag. 44 d SPRE , capillary
fill space be%dv:vﬁe%e%k{g%é) eggjglell% a%ng deg%ﬂd? E% covg{e?lggfl%%feg%ﬁ%lﬁ%&gaﬁsesi ve on the
spacer prl@vensuitably forttishiossnsop R0 fne @ivien fabexgi iy aipreferabla ceagentgeset outrider t he
spacer and thﬁrb?g?re the fill space defines the test chanber volune. It is
appreciated t &% T'he chanmber vol ume can vary in accordance with this

di scl osure dependi ng upon the application of the biosensor. A non-limting
detai |l ed descyjption of suitable fill volumes . is found in U.S. 30

Appl i cat i on S TSRS arg BToPaRec 8- conRolReE S hapdicxlersiod i 15

PCT/ US2004/ 018§#3onat b the length of the reel, in the case of the base. Once the base has been

15  coated, the spacer material is laminated onto the coated ribbon 20. Prior to-

laminating the spacer material, however, a portion of the spacer material is
removed, thereby forming a slit. A punching process is used to remove the
unneeded portion of the spacer. The die set governs the shape of the slit. The
resulting slit-spacer is placed in a reel-to-reel process onto the base. ‘A cover is
20  then laminated onto the spacer using a reel-to reel process. The biosensors can
.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
25  thecover. 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.
30  Application Serial No. 60/480,397, noted above.



As di scussed above, biosensor 210 has two el ectrode patterns having
different feature sizes on a common planar surface and thus achieves

mul tiple functionalities on that surface. Preferably, electrode set 266 has
an electrode pattern fornmed as a nacro electrode array with a first
pre-defi neWad2807es@6si ze. A non-limting exanple 5 of PETAI$RG04019853
functionality of the macroel ectrode array is hematocrit |evel correction,
which is described in U S Patent Appliggation Serial No. 10/688, 312,
entitled "System And Met hod For Anal yte Measurenent Using AC Phase Angle

Measurenent", file t ober, e disclo [ e of wh

i ncor por at ed Aﬁélfsé'ilsﬁ%@oly %fbéqsgr?ﬁ%gﬁﬁ?ﬁ%ﬂf%%%e pg‘# RS az‘a“ﬁl rdétg‘lgg?ted t hat
during use, afehtfifelsiA¥BbRh céiPbn phaXYIrfaRRnt @fis acheles agitiplé fmoivhakti&ct r ode and
measures the current response at the other electrode to obtain a signal as

descri bed i n @ thg, supfagee Firefprably; dleatiods setepé bas apslectpdeqstiers fopnedps@ noted. 15
El ectrode set Z&&ﬂa&&m@mm&& pAlLERY g@fe‘aeﬁ@age %n&pnhﬂh@réx%ﬁon it ng

m cr oel ectrodn.l array wth' a secon pre-defined feature size
exanpl e of a ofud mmablefuntummhiymﬁ@helmgcr@ﬂﬂccnhéc mao'rmbfhmmqn@éte'elarray is gl ucose

o/ 686, 312, FreRie "R dSERRat Py Bt Auptilofbyalte ERBRd2 et of (noi

shown) appl i egtided SsRACARO@MRIRDI For Ahﬂyfemm@méntmﬁg%emadaemgw rent
response at the other electrode to obtain_a_ signal  as described in U S

Pat ent Appl i cheassrenmat’, fled Qetoben} s 8033 the disclpsprseof #hjchs ingorgemiedp| aces his or
her | anced fi Sﬁb?l&lefg@g&l ng 221 of biosensor 210. A liquid sanple (whole
bl ood) fl ows om I'nger into the opening 221. The 25 liquid sanple is
transportl®d via capillary action through the sanpl e- recel ving chanber 220

and across t rs 280 of .t el enen f the el ect set

A bsaguont! v Furtneh 3k Borerdestd i G 655 RosDlhret et iih] SRRettivR chanber
220 toward vene dker@Rtnd HeasveRIROQIRAL revpohit dt iR dﬂ@e&i@ﬁa&odé&éosuatnuat ed upon
the fingers 284 of the elenent of the el ectrode_ set . As di scussed

above, 30 henh$igeal as desgiibed dn Ugp. Ratang Appligationeerial anwg‘&f%ﬁﬂ‘ﬂ%éoﬁeﬁt eraction

of the liquid sanple with the fingers 280 and a gl ucose determ nation from
the interaction of the 1liquid sanple/reagent mxture with the fingers 284.
Wi | e hertét ocEkettrasiedet 368 dosan electrode pattern formed as an interlaced microelectrode

array with a second pre-defined feature size. A non-limiting example of a suitable
functionality of the microelectrode array is glucose estimation, which is also
described in US Patent Application Serial No. 10/688,312. Furtiler, itis
appreciated that during use, a test meter (not shown) applies a voltage to one

20  electrode and measures the current response at the other electrode 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

25  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,

30  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



WD 2005/ 066616 PCTI US2004/ 019553 45 determnation functionalities are
described with reference to biosensor 210, it is appreciated that the

el ectrode patterns, may be used for a variety of functionalities in
accordance with the present disclosure. 5 The processes and products

descri bed W8A0ME6EP sposabl e bi osensors, especially foPCTHS0#AI98I3agnostic
devi ces. However, also included are el ectrochem cal biosensors for

non-di agnosti c uses, such as neasuring gh analyte in any biol ogical,
environnmental , or other, sanple. In addition, it is appreciated that various

d il .abl.e f 1.0ns. .of bj . | b
Conbi ned wi t nOSRBNRHORATHERTIR: at QBrRmnE e e OARLe AR po°

di scussed bel gyprotididil thefthe €8@RIE Patleinthi i@ bd dsed for sorEibyaSt fiifteostlisies osed
bi osensors operates fromthe standpoint of a user in a manner simlar to

that descri bBcrcgpsdanee withihe preesnbdisdosifom 210. In addition, |ike conponents
of the 15 biosensors are nunbered alike. Referring nowto Figure 11, a

bi osensor 310 is forned and manufactured in a nmanner simlar to biosensor
210 exceptS f ofThe procgssetstapd prodficts Hescobrddududevdisposabler hiegensey, @speoilly foned on t he

base 212. The _canductive material 216 0of. hi osensqr 310 20 defines a first
ol ect rode syskEh sgasfGalitEt RtyedercR ntbaRS Qe OseRR  oge
systens 366, fR%oRdRghdstt usds, Sueh b\ReBMtiidFanalytedn af e bidlugicdll0 except for the
resulting pattern of the connect ilnglétraces 377, 379 and contact pads 378,

§t

383 on the baRdropmental, pr otherssagrale. t1a @dditien, itimeppreciptedthatrarionsnisensdl pads 378,
383 my ! akeafiahe lﬂ{cliGﬂsyonﬁegbﬁgéﬂ%g nfd) $afd £6%e rfbeRBEBIMANGR kLN Lhi S

di scl osure. 2 shown 1 n Figure I osensor 0 I1s formed in a manner
simlar t® bi esathesdr accortianesxwitpthisfdinclostre. pattern of the conductive nateri al
216 positioned on the base 212. In addition to el ectrode set 268, the
conductive material 216 of biosensor 510 defines a first electrode set 566.
The el ect r ode As @iscisoél bedovs imtith referehee t6 Figuais G 106¢eeh oBthefdisclokdie confi gurati on
of the interlacin electrope pﬁttern formed by the elenents of the
el ect r odes. 10sensors operates from the standpoint of a user in a manner similar to that

described above with reference from 210. In addition, like components of the

15 biosensors are numbered alike.

Referring now to Figure 11, 4 biosensor 310 is formed and manufactured in a
manner similar to biosensor 210 except for the patterr{ of the conducﬁve material
216 positioned on the base 212. The conductive material 216 of biosensor 310

20  defines a first electrode system 366 and a second electrode system 368. 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.

25
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

30  for the configuration of the interlacing electrode pattern formed by the elements of

the electrodes.



WO 2005/ 066616 PCTI US2004/ 019553 46 Specifically, the first el ectrode set
566 includes a working el ectrode having an elenent with one el ectrode
finger 581 and a counter electrode having an elenent wth two el ectrode
fingers 580. The fingers 580, 581 cooperate with one another to create an

i nter| acedWOI28¢5%6¢sde pattern configured as a macroel ecPFEYE2MIPYISIS having a
feature size or gap width of about 250 pm The el ectrodes 580, 581 each

have an el ectrode wi dth of about 250 mggis di scussed above with set 266, the
el ectrode and gap widths nmay vary in accordance with this disclosure. As
descri bed abo | feren [ : ' second

el ectrode 10§§eé: SCEJ@%@% t%%t@l%grsg@%f% ?%@glﬁgésfaé%% Elrn gggcgr{é&ses%r\{g%%}-‘e used to
creat e di ff er dahentfwithaink eleatrodei fengendB 1kand a eowaer eletGodethavorg-dniekinteénng exanpl e

of a suitable _functionality o first rode set.b66 is for

det ermi ni ng c?ﬂtLé‘ﬁ? ?lwoﬁﬁgf%?%g?(f):]ﬁﬁm%é%g%ﬁ 89/%‘165"“.?3 W18 ORGAOMEL rent

nmet hods are ag GéatcCaSaRadaRKRr¥dd fattemn@bfiginédaslain it @30A508¢ ardad0. 15
Referring now to Fi gure 13, a biosensor 610 is forned in a nanner simlar to

bi osensor 5210hay; atfirgrsizetes gpmwidth pf about 230 Mew nbheclsolredessB0r 3% eaghi 6
positioned on_ the se, 21 l.n. addition to.the first electyode set 566 as
di scussed abol®® 2Pk aﬁ%dﬁﬁﬂé@&qfﬁgo'ﬂgbéﬁnalmﬂ%u%?é fRoyE St %ﬁogﬁefi nes a
second el ect r gdarsagtinfEH wilths R edryaRatdordanedw e thibdifloshhe: el ectrode set 668
is simlar to set 268 except for the pattern of interlacing electrode

pattern in the elenent of the electrodes. Specifically, the second

el ectrode set AQGclinal #AF i MAEKRAT, BloEakiods, APHRaRPUPbRaEkeas Tode. each

having 25 an elenment wt ree electro ingers 661. e fingers 661
cooper at elOwi t betoFfd, 26itovh differant rafurtgzesrand aeasddto erbatel ifferemtde pattern

configured as; a m cr.oel egtrode r having a feature .size or gap w dth of
about 50 m WFHH %Oqaégﬁsé’ggbl?sﬁ%sﬁ’r? ﬁd(; g%%%{ﬁﬁ‘n‘%‘%s?f‘%ﬂ?%f’ ?ﬁlgabfeect rode pattern of
the set 566. finetistaligtof dbeisitelebtrodeset 560/ foraldteahi@ivigl cdstectisndhdioréfforabout 50

pm As discussed above with set 268, the electrqode 30 and gap w dt hs may
vary in accor BPRRFTiiiavRlsy Fhe mapsyrqmesamgthods are as discussed above with

reference to biosensor 210. :

15
Referring now to Figure 13, a bioéensor 610 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 the first electrode set 566 as discussed above, the
conductive material 216 of biosensor 610 defines a second electrode set 668

20  spaced-apart from set 566.

R

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
25  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 um, 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 um. As discussed above with set 268, the electrode

30  and gap widths may vary in accordance with this disclosure.



WD 20051066616 PCT/ US20041019553 47 In addition, biosensor 610 includes a
reagent 664. Reagent 664 is simlar to reagent 264, and only differs in its
width as it is applied onto the base 212. Specifically, the reagent 664
extends across electrode fingers 661. A non-limting exanple of a suitable
f unct i onal M02085/066¢16 second el ectrode set 668 is a gl u®ETAISH0HBIIST3M nat i on
functionality. The nmeasurenent nethods are as di scussed above wth
reference to biosensor 210. As shown im7#igure 14, a biosensor 710 is forned
in a manner simlar to biosensor 210 except for the pattern of the

conductive er.d 16 posictd on o] S . ductive
material 216 adg.ﬁilcggémgsgﬁso; f&)b %8?‘??%% e%%gt é)ﬁl%'f 3}3%@‘?“?9(;%} 18§£815ag?&366 as
di scussed abopagsndos an@etlndifikeiatit addth aeit isTpliedido tledate2ide set 768 is
simlar to set 268 except for &he pattern of aggi nt er | ?,I ectrode

pattern for nmedpechiFall hdheeagrehbodsxteptiacerss eler l_nggrﬁééi]? }s‘g’gﬁ YitRge second

el ectrode set | &ycl | I aede P60804 RbREoR! ect r ode,
each havi ng ef%%%%%ﬁ@?@c%@%gg%@gg@fi ngté?ds%%m@thg f(i)ngers 770

cooper at e Swi t Heteménatioo fimetionaityd Sffhie meeasuremént meethods erg ag discussestabopat t er n
configured as _a mcroel ectrode array having a feature size or gap wi dth of
about 30 m Wit REEPENGede IQFﬂ’éﬂr?lHe feature size of electrode pattern of set
366. The el ectrode fingers 770 each have an el ectrode wi dth of about 50 m
As di scussed above with set 266, the_ el ectrode and gap widths may vary in 20
accor dance wi 8B shawsindiigiss b grbeosengonbh)-is fapmed iy wangies pigilar tobiesgniosp| e

functionalit yzl%xecm%ﬁﬁ@pmr@mﬁé éoae%ﬁ%eha%% %ﬁs &sﬁbHﬁggegés%r [n'hnat ion

functionality nmeasur enent mnet hods are as di scusse
ref erencelt o RBlbsBrezondiRlive materialddb of binsenkird'd 8 defimes He(firstreddctrdds a r eagent

364 that is di sed upo he fingers, .25 770 a f a.vari of
di spensi ng nef%gggast‘ﬁﬁ(iugsgaég?ﬁ@af’dﬁg%%d ?18%%8§%tb7§§1 ?ﬁ%‘gecqoﬂefﬂgggrst . Reagent
364 is pref er ghliMr tohet 26836t foi Be fafiérh of bbintedfakig Blectiiegarah fornded i S
appreci ated that a vari non-limting exanples of which have

ety of reagents )
been di scgssbnﬂva@&mfpt?fs@;eﬁécqﬂwspwf&e%brthrawé@ld/ﬁlmogiwwéﬁ eludesure. 30
Figure 15111 uslohahesiedroh QRERSRel SlGrdd, ALK RAVIANG Gl Winigts di scl osure.
'S rme 1

Bi osensor 131 In a nanner simlar to osensor except for the
15  electrode fingers 770. The fingers 770 cooperate with one another to define an

interlaced electrode pattern cbnﬁgured as a microelectrode array ﬁaving a feature
size or gap width of about 30 pm, whic'h is less than the feature size of electrode
pattern of set 366. The electrode ﬁnge‘rs 770 each have an electrode width of about
50 um. As discussed above with set 266, the electrode and gap widths may vary in
20  accordance with 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
25 770 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.

30  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



configuration of the conductive material 216 positioned on the base 212, the
cover WO 2005/066616 PCT/ US2004/ 019553 48 1118, and the spacer 1114. The
cover 1118 and spacer 1114 are simlar to cover 218 and spacer 214 except
for their dinmensions relative to the base 212 as shown in Figure 15. The
conduct i vewioeoevaeed16 216 of bi osensor 1310 defines a fi PET/USLOHIEEe set
1366 and a second el ectrode set 1368. The first electrode set 1366 includes
a 5 working electrode and a counter el egfrode, each having five el ectrode
fingers 1370. The fingers 1370 cooperate with one another to define an

interlaced el rode attern faorned ] croel rode .array having a
feature size gfltsg W&aﬁerﬁﬂﬂ'a OVEI%Q\?aggr]%’a%qréif‘i ?)rﬁén?l?aﬁgoe%osverlwogeach
have an el ect s igdwpater2 0f exadi or tREr difflensiéhs T1giveas Gitthasd BIX sQBGwSRE 1368

includes a working el ectrode and a _counter electrode, each having three
el ectrode fi nBignes 153 The candactiveapateriny 316 ofriesensor 3310 defigepafimt decfodp one
anot her to def}] i I I d f

m croel ect rodgeclt gﬁi{lﬁdﬁ%ﬁﬁg%&wgat%ﬁeﬁgi ‘zﬂéep@l?s{ gg%o\fd\nggﬁgg?ﬁlg 8ﬁs’ta 10 m The
15 el ectrade voikirgy dectiddd arglacdouhiey eleatrode leectt havihg fiviedldotrode faiperst1320. m  As

di scussed abgve with set 266, the electrode and gap widths of fingers 1370
and 1371 nay %t}f‘a%gefsnl3?(5689&?&%‘5“%?%"9&‘F§0cﬁ°§&? ‘EJ&HE“’@@“%WE“FB ent 264

ext ends acr 0SgateRffofh&ris QiR rdelcdfSdesarrhy hdvifY a flRirediRCir RPwidBbLf 20 1368. A
non-limting exanple of a suitable functionality of the first electrode set

1366 i ncl udes atmatrki wey iThe eleetradeifingers 4870kask havgad elegsode widthrofrabewti2@nce t o

bi osensor 210. Likewi se, a non-limting exanple of a suitable functionality
of the second*el ectrode set 1368 is used for determining a glucose estimate
as descrifged above with reference to biosensor 210. The nethod of
measurenment for the el ectrode 25 sets, 1366 and 1368 is al so as descri bed
above with refbe seqend elestioflesps A36% includes apyqsking elegirqdeland & ca¥¥ey -bi osensor 1510,

Reagent 364 1 SoTebdREL b ile bt M ORRE T 3T R R T ced above
wi t h ref er enceodperatsi witteoreanothéftoaefite apinterldoéd electrode pattern formed as a
microelectrode array having a feature size or gap width of about 10 um. The
15  electrode fingers 1371 each have an electrode width of about 20 um. As discussed
above with set 266, the electrode and gap widths of fingers 1370 and 1371 may

vary in accordance with this disclosure.

The reagent 264 extends across the electrode fingers 1371 of the electrode set

20  1368. A non-limiting example of a suitable functionality of the first electrode set
1366 includes hematocrit correction as described above with reference to biosensor
210. Likewise, 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

25 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.

30
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



30 Figs. 21-24 are photographs of electrical patterns fornmed using the
principles of the present invention. Fig. 21 is a photograph of a base
substrate having an el ectrical WO 2005/ 066616 PCTI US2004/ 019553 49 pattern
formed thereon by renoving 10% of the conductive material initially

covering twe Jeswedebstrate. In this enbodi nent the coRGUASRPEONIBBerial i s
gold. The pattern was forned with a single pulse of alaser. 5 Fig. 22 is a
phot ograph of a base substrate having ajyelectrical pattern formed thereon
by renoving 20% of the conductive material initially covering the base

substrate. In this_ enbodi nent the co ctive terial is,gold and the gap
widths are aB?iFerfoﬁ'B?‘g‘?‘?re%I’H%oqu%g%"a?tjébf ¢ nﬁ ctiyg material %&?ﬁyor med with a
singl e pulse g 'ﬂ%}h%%%e- subSrafd. In tBSehSodBndh tleRBhARAvOMmaRibIAS BolguUbst r at e
havi ng an el ectric pattern forned thereon by renoving 50% of the

conduct i ve mafbe palern wastforhed withoy singlpgulssef adasse substrate. In this

enbodi nent the conductive material is gold and the gap wwdths are
approximately 20 mas indicated. The pattern was formed with a single pul se
15 of a | aser Figrd®is adhotographphe bag saptrae havind aselectiitd patednefdimed ng an

el ectrical pattern_ formed , thgreon(Pg,rennving,Q % of the conductive
material init fErEOp by sBviRg2Q% af the senductisdngterial mitiglly,oqyerng e RAstrent t he

conductive magardab inSmBndboditint A6 cERIBctWeHhdisial R iR Sapi wiglhg! Y 250 m as
i ndi cated. The pattern was forned with a single ulse of a'laser. Several

product i on r uas approsimmele 20pincds inficatnds (The patterhwas koryped with agingledulsa  whi ch
the el ectrical fitterns of the biosensors in accordance with the present 25
i nvention canogg af)‘?r'oduced. Many of the runs included el ectrode patterns with
two diffgrent feature sizes, as indicated in Table 4. Figs. 21-24 are

photos taken of selected ones of the el ectrode structures, as_also
i ndi cated in FioPeise pheingraphok a basysubsirats havipg an electpeal patierm fqrmed yded bot h

"Structure 1" yaRthy b HGViAY 0% of the SbRRctivd material initially covering the base
substrate. In this embodiment the conductive material is gold and the gap widths
are approximately 20 pm as indicated. The pattern was formed with a single pulse

15 of a laser.

Fig. 24 is a photograph of a base substrate having an electn'ca‘i pattern formed |

thereon by removing 90% of the conductive material initially covering the base

substrate. In this embodiment the conductive material is gold and the gap widths
20  are approximately 250 pm as indicated. The pattern was formed with a single

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

25  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

30  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.



Table 4. A single |laser pulse of about 25 nanoseconds was used to formthe
30 patterns. As indicated, |ong webs (about 450 mor nore) of material were
passed under the |aser ablation apparatus at a controlled speed as the

el ectrical patterns were formed. WD 2005/ 066616 PCT/ US2004/ 019553 50 Tabl e
4 T#Fi r nngWePISApsE6 St ructure 2 Run tinme Patterns Fi guPET/E310p4/01935p
Finger/Gap (m) (mn) per mn. Length (m) 1 20/20 250/200 20 2585 466 2

250/ 50 --- 40 1256 453 3 20/ 250 250/ 2@pl3 3873 24 454 (Structure 1) 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 20/20 100/ 20 23 2363 Fig. 23 --490 Structure 1,

Fig. 22 - Structure 2 8 50/100 -- 19 2755 472 9 20/20 50/20 19 2860 490 As
can be seen fromthe above table 4, tsplé®thod enbodi ed by the present 5
invention is well _suited to fast pass productionAlthough-the lnvention has

been descri bddenr| HaeEs T wi | ISF¥EIGr ence REY™ pr ef RRFUd | FEHBodi (rBAY |
vari ations and noddidgertGap (poi g Fagdr/Stp ¢un} Mimn)t he sclopemiand spirit | béngthhe
invention, or as |described gnd definedjin the foflow ng clains|h0
1 20/20 250/200 20 2585 466
2 250/50 40 1256 453
3 20/250 250/20 13 3873 2 454
(Structure 1)
! 4 20/20 250120 22 2284 Fig. 21 453
' {Structure 2)
5 50/50 100/100 22 2289 454
6 100/50 20 2518 454
7 20/20 100/20 23 2363 Fig. 23- 490
Structure 1;
Fig. 22 -
Structure 2
8 50/100 - 119 2755 472
9 20/20 5020 19 2860 ~ 490

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

5  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.

10



51 WHAT IS CLAIMED IS: 1. A biosensor, conprising: a base substrate having
first and second el ectrode el enents forned thereon; the first and second

el ectrode el enents having first and second respective edges defining a gap
t herebet ween, the gap having a width and a length; the first edge being
spaced froma first theoretical |ine bg a first distance that varies along
the length of the gap, the first theorelical line defining a desired shape
and placenment of the first edge, wherein the first distance is | ess than
about 6VHAQVISFfCLABMEDtISre | ength of the gap, the second edge bei ng spaced
froma second theoretical line by a second distance that varies along the

| ength of the gap, the second theoretical |line defining a desired shape and
pl acenent of khe dJeboaensedgempusingei n the second distance is |ess than about
6 mover the _.entirne, | th of th ap; re I dally
covering the anaagées%bEE%tg ?‘nggg%ésﬁ&ng F\%ogﬁj enﬁtf%&gegglé?@g fc‘)o\;glr%ﬁit/]ilér%g&}and adhered to

the base subshé fitseand st€omhéle@fodeRletndn)iiving firsicdidrsaéondgrespectios edges defining
sanpl e-recei ving chanmber and a cover for the biosensor, at |east a portion

of the rgagdhercheiyesn, thepapharingaryiddanddlgpetbosi ti oned in the chanber. 2.
The bi M. { : d
T

field | aser ablatiort
ext ends tiaclength dfie: gapmbike dirstrtbegéticaniinecdedinirgy a debired bieapbiand plesementf ofalyfirsne of

t he preceding cl.ains erein the first and second electrode el enents
conpri ség%aghﬂ%mﬁré%&t@wdé s than pheuty 18 HEIIhe BAtTS sﬂ%lhefe e gehe
precedi ng cl gj i J - . rise
first and se?%‘ﬂ%c?:}({)mngd ctb%gg&? ?éég .ﬁﬂgggﬁoggg%sagermgif lﬁg@p%%ecgg§ Hit%%é%glg{crgdi ng
cl ai s, vahes adomg thiederfgthr of theligap, dnc secamtitheoretical dine defiming talesieedashepbatdh | ess

br esenc B1aseERhALd sesprbrrEe M hE e ParoRS Fiscact IRIF GHAHG: 6 sGhTe ng:
entire length of the gap;
areagent at least partially covering the base substrate; and
one or more layers overlying and adhered to the base substrate, 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 layer and an electrode being positioned in the chamber.

2. The bhiosensor of claim 1, wherein the electrode elements are formed by broad

field laser ablation.

3 The biosensor of any of claims 1-2, wherein the gap extends across the sample
receiving chamber.
4, The biosensor of any one of the preceding claims, wherein the first and second

electrode elements comprise measurement electrodes.

S. The biosensor of any one of the preceding claims, wherein the first and second
electrode elements comprise first and second contact pads.
6. The biosensor of any one of the preceding claims, wherein the first distance and

the second distance are both less than about 4 pm.



(a) providing an electrically conductive material on a base; (b) renoving a
portion of the electrically conductive material to forman el ectrode set on
the base, the el ectrode set conprising first and second el ectrodes havi ng
first and second respective edges defining a gap therebetween, the gap
having a wwdth and a length, the first _edge being spaced froma first
theoretical line by a first distance t bt vari es al ong the length of the
gap, the first theoretical line defining a desired shape and pl acenent of
the first edge, wherein the first distance is |l ess than about 6 mover the
entire length of the gap, the second edge being spaced froma second
theoretical line by a second distance that varies along the I ength of the
gap, the sedond thmsthediof formingabive¢nsar wegddo theasure theghegsacaprcopceniBhiamt of
t he second eqﬂe .mhgqun ihe second di stance is | ess than about 6 m over
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| aser afipaeatndsdistance ik desseiian abolrasemwbisthe ahtirerfaigeh ofdhegag; repeating step
(b) a plurality of tinmes to produce a plurality of the el ectrode patterns at
spaced i nt ef®al s PRVaHEE 2 AerhptRt dgastppstially poverng e 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 both the

reagent layer and the electrode set being positioned in the chamber.

8. The method of claim 7 in which the removing comprises removing the electrically

conductive material by broad field laser ablation.

9. The method of any one of claims 7-8, and further comprising removing the

portion of the electrically conductive material in less than about 50 nanoseconds.

10. The method of any one of claims 7-9, and further comprising removing at least

50% of the conductive material.

11. A method of manufacturing a plurality of biosensors, comprising:
(a) providing a web of base substrate material having a metal conductive layer

formed thereon;



(d) depositing a reagent on the web of base substrate material and at |east
partially covering each electrode pattern of the plurality of el ectrode
patterns with the reagent; (e) lam nating at | east one web of a covering

| ayer or a spacing |layer over the web of base substrate nmaterial, thereby
form ng a cover and a sanpl e-receiving chanber for each biosensor; and (f)
cutting through the at |east one web of>3a coveri ng | ayer or a spacing |ayer
and the web of base substrate material to formthe plurality of biosensors.
12. The nethod of claim 11, wherein the electrode pattern forned in step (b)
conprises a [larti @rojeltingtn adeggeftanalertrott patiemn grtodhemetat egnduchve lagen with f

t he sa or different .image and_ st b) an are repeat ntil the
bl ur ol 1 FyOLAPPaTaats Potrsin A ehriode BRiEh AEbeomespiits bt oG 'CRRRRAPY B f ode
pat t er ngplaMbiEb& e WAL aS Ribstkfe Blabar;0de pattern is formed in nultiple
steps. 13. The nethod of claim1l, wherein the electrode pattern fornmed in

step (b) cof@ri semvinguwlf redassr epparatie anshthe aveh of baseowybstodte materisi axensor s,

wher eby _the.conpl gte el ectrade attern for each. biosensor is forned in a
g o) LPRRTEAED )8 rlidhist bimes Rapiofoch 4 Rif o B SRERCHRr Repis i poced
conpri sgfiervells Bl ong thd'web 60bMRE Slitdtraleafidtediflal patterns at a rate of at |east
500 per mnute. I5. The nethod of any one of clains 11- 14, wherein Sstep (c)

conpri ses cofdi nuderssitingaroagest emthewsh ofbasmubstzaip matasiabandatdeashpartiglly 16

The net f i - I (,Gs |.Ses noving the
web of Bl Y oBEo paliei o e phiphty IRl By iy BREIIGES, [0 07 Sy
one of cl ai mge)1l- Ifminuiigyatidast die vedtealla ederimplayardr acpaging $Ber ovdrrthd wetnof
second el ect{)odes havi na_gfi rst and second respective ed%gsmgef' ni n% a gap

t her ebeP#seRbstratgwateral, Fgtaby Jomming @icaverad 2 spwplsrisceiving chamber fop §3hpei ng
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di stance js.|less . than abqut @m over the entire |length of the gap. 18. The
net hod BF gﬁgas&fé}b%'fatecrlnéﬁe tg QT?%em‘gPﬁﬁyﬁ?ééPéﬁnsgf%ctrode pattern formed in

step (b) is fornmed in less than 0.25 second.

12.  The method of claim 11, wherein the electrode pattern formed in 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.

13.  The method of claim 11, wherein the electrode pattern formed in step (b)
comprises a complete electrode pattern for one of the biosensors, whereby the complete electrode

pattern for each biosensor is formed in a singlc step.

14.  The method of claim 13, wherein the method further comprises forming the

complete electrical patterns at a rate of at least 500 per minute.

15.  The method of any one of claims 11-14, wherein step (¢) comprises continuously

moving the web of base substrate material.



- 19. ‘The nethod of any one of clains 11-18, wherein formng the el ectrode
~patterns conprises renoving at |east 10% of the netal conductive |ayer.
The nethod of claim 19, wherein formng the el ectrode patterns conprises
renoving at | east 50% of the nmetal conductive | ayer.
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16.  The method of any one of claims 11-14, wherein step (¢) comprises moving the

web of base substrate material in discrete increments.

17.  The method of any one of claims 11-16, wherein the electrode pattern 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 6pum over the entire length of the gap.

18.  The method of any one of claims 11-17, wherein each electrode pattern formed in

step (b) is formed in less than 0.25 second.

19.  The method of any one of claims 11-18, wherein forming the electrode patterns

comprises removing at least 10% of the metal conductive layer.

20.  The method of claim 19, wherein forming the electrode patterns comprises

removing at least 50% of the metal conductive layer.

20.





