;) *+, e3eTPQIJK<NLN$P6ZPTPDVETHODS OF FABRI CATI NG PHYSI OLOG CAL SAMPLE
COLLECTI ON DEVI CES Field of the Invention [0001] The field of this
invention is the collection of physiological sanples and the determ nation
of anal yte concentrations therein. Background of the Invention [0002]

Anal yte concentration determ nation in physiol ogical sanples is of ever

i ncreasing inportance to today's society. Such assays find use in a variety
of application setti ngs, including clinical I aboratory testing, hone
testing, etc. [ s_of suchtestln promnent role in
the diagnosis and mgmﬁﬁf)%o# ABRJGA g‘a[é%@)f@éﬁdl ti ons. ‘Anal ytes
of interest include gl ucSAMEIgE CREBEC %P@@@ﬁ chol esterol for
nonitoring cardi ovascul ar conditions, and the like. 1'n response to this

growi ng i nportance of anal yte moacHthé fhveadioget er m nation, a variety of
anal yte concentration determ nati on protocols and devices for both clinical

and honi®00Hst i ng "ﬁh@/éelldéérﬂndmnbpm th¢ calBtion nf pleysénlogicdl sgmples and
concentratio an. apal yte i i Ol 0g cal sanple, a physiological
sanpl e nust ff ;agi"”fnapg?éfw 835%%%?%%“ hg “anpl e often invol ves

cunber sone and conplicated devices which may not be easy to use or nmay be
costly to manufacture. Furthernore, the procedure for obtaining the sanple
may be painful. For exanpl eBatpmrnulléot)thtehvagsm| ated with the size of the
needl e to ob t | .0 n ich the
needl e ﬂégsﬂnserte‘éﬁﬁ& J&?‘amyﬁ%ﬁ de ‘énglr?gﬁggge)ﬂ) @nglﬁ]w%aﬂgﬁﬁiﬁ ‘%toev%{ﬂerrpl oyed,

a rel ati vel yintwagng uﬁpcnginee m&dlay sQociktye Suckassays fifd ase 1!1813&1‘113(3' @xtract the
requi site anount of sapple. [0Q004]. The anal yte concentration determ nation
process may ampéleati%ﬁ@rwsan%yﬂmgt ablfabgtaécmf testing romefestign pis- Mieie cessed

by use of a r’ﬁgké[}uﬁé 6F Sl Qeéf’%ﬁ@?{}l éﬁ? néhtrof@ uﬁ‘ﬁ{% 4t QEm'aﬁ‘&‘ﬁﬁhﬁ%&Qén‘%h
accessing may al'so |nvo se o a sanpl e ®ction nechanism e.g.,
a capill ary dfuberielyeod disdabe comtitibres. m:mﬂyteMnterdstithﬂz glucbee foransferred to
a testing deyice, ?’? a teét strzl or the like, and then . oftentinmes the
test strip i 4apgiesinitagraent Fhofesterol fopmaniforing cawlisvescwypndiions.ddtler . Thus,
the steps ofagkess x‘%gpérfa@t&&f@b%wx&@inﬁﬁﬁah@&ofﬁﬁlﬁ@&@ic@ntrattfo%mfer“ ng the
sanple to a biosensor, measuri ng the anal yte concentration in the
sanpl e are Oiqtmlfp}élohoil n@detwf s@anﬁe@pecenmahg@d@t@meammgtqmshlndar| ous

ot unconmorta P RoRtoh PRkl g Ba e PR hr A EREng of an anal yte o

si nply [peg3me nonmGRremisifg thencdmmtmlrohwahlaﬁ |1M@§)hyéﬂ$lb§1cdl abgilé,as, for
exanple, the fajilure to nmeasure their glucose |evel ' rescribed basis

results |n Physieloggal Fﬁmkmat@ﬁstrbs@éé%@ﬁdy Qtaalprrxsﬁm saymmleﬁ FBINVORES| evel of
gl ucose. Unc gin&daxg en life

t hr eat eni ng. &%084 Atterrpts aeg\ea% ee%@?ﬁa &éggn% E)ng?anm ggtype

devi ce wi t h ogatly meamtfhe!curechqrﬁmernbs, th&\pmbcﬁddrel for obteinargathy s@nplemeant rat i on
determnat| n reln rder .to,.si I|f S ces Fo

exanpl e, U. e TGh Mg fobSads Sira Houate AR e gP e FREde ui

i ncl udes a Sto Bt flﬁ%'y@loﬁ)'v‘gw kahpIe and kit depBPiol VBIcHBRNRBHIE T inSeréeh| I lary

t ube associated with a pusher, and a test strip. An anal yzer may al so be

mount ed i n tBependipgsa th@anadmayxd.thrgtypnef @@h?JHEIOY%@G¢IéiIYﬂjY§ﬂrgQ, s@egde ngl e

dle is di dsth f b dth
et racti ng. 100G chits s R R R Sy Fea i ARG Ml O oS The

capi | | gogodjube i NTEOMAUAE adidenitatibr detémEAfRInGradtds A aISBSﬁ'ﬁHvd@ t hen
rel eased and the fluid is transferred to a test strip. [0007] U.S. Patent

No. 5,820, 57nuliitudel ofstepsafiirstp p Saraplgds agriessed ibyise abs skintpieseing
mechanism, e.g., 2 needle or lancet, which accessing may also involve the use of a

iy

sample collection mechanism, e.g., a capillary tube. Next, the sample must then

Ay
Qi 1 T s
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having a hol |l ow needl e and a cover having a nenbrane, whereby the base and
cover are connected together at a hinge point. Wien in a cl osed position,
the needle is in conmunication with the menbrane and fluid can be drawn up
t hrough the needl e and placed on the nenbrane of the cover. [0008] There
are certain drawbacks associated wth each of the above devices and

techni ques. For exanple, the devices disclosed in the aforenentioned
patents are conpl ex, thus decreasing ease-of use and increasing

manuf act ur i n@eGRBbRrred td-Iesiby devicdWlgl Newsir orthe HRSGNIREh offertinitgl €

needl e design may be associated with increased pain because the single
needl e nust e \egh YBP énbey Hansderesd toacneasheng depiresuch as ampiter. shus, thet j | |
further, inr r £Q.; ) - e ti '

Fetract| ng a “Roadr scsreine fe bl BifRline WtGaRRe hefiredily ENARRE,
adds still nmi&eﬁﬁﬁ,raridﬂh&isaﬁhgﬂféa@@%ﬂﬁ@ﬁfc@x&mneﬂﬂﬁ-ﬁfnpﬂ@ﬁe oftef09) As such,
there is continued interest in the devel opnent of new devices and _ net hods
for use in tpsrfaEned #6 ysRAtAton cOTSCRHEC\staps ¢0Hc@nops dedesandinatryReERELgi cal
sanpl e. artic [ interest,. |.d he .th evel o t of _in rated

dov cos 10007 e el N BAAE RiskBlteatF it Mo SURRRBTERY ik 1 o e
pain, are si Feduirel flequest M6AitoMHgIT afRyalyte tdSafpMibebord@ hbRdsmpliantyih e
concentration determnation systens. Sumrary of the Invention [0010]

Devi ces, systeemitosng themsehiss- §Y® diabeticactor erampledhe failire lpemssure thiscessi ng
and col | ecti Lol 00l [ gr?&gi racteristic
of the physi %%P%%Fasggn%ﬁggc%gm gﬁg}%@??%‘%a@fggf?ﬁc uélgﬂg]te é‘?sg%gttgone

m cr oneedl e @ropkiyrcoptrel the heyebbfgiacdsei fiinegntadllediglicoae tewsls cah bk peryVor e
specifically,, the subject iﬁ%&]{stri, s include a biosensor wherein the at

| east one skidARgRrRRAdFYER eI r yctural |y integral with the

bi 0sensgggge 0011 ]At% iﬁ%\iﬁrbe@h Ml cEnBIR @Flal{}?;x?%- 2 RBGRe WA Viiridds

configuration therel upon insertion in skin, creates a space

or vol ume wi tokhien commpopends i:l&alvt:d #sthe. andlyiescompatmtise detesnbmtian pesedweoi r  or

pooling area.w thin whi odily fluid_is cause 0,pool ., - whj

e oot mitttider i il R Ghia) proctsd Hof MBI EROG NS DD AR o
ext endi ng fr @iecldies £ PARpIsITRideOvhith Hchudeb 8 sin@flneelilel dlsdciaedwahs f 1 ui d
present pooled within the pooling area to the biosensor. In certain

enbodi ment s, SPRRE Bisekaigesd GpHIpry BibEiagtaciatedonith 8 pushesRad 2 t@stsHIth AR sur f ace
f the skin-piaLci . :
of the skin %ﬁﬁzﬁérgg??g%lggﬁngfggu%ﬁ% ﬁle:cﬁgﬁ%%o%g%ﬁéﬁchg s&ﬂgﬁa"e

configuration. Irments, e space- I'ng configuration is an
openi ng whi clAcentdingly, the singleatesdlectiodBpldcetrtosianithekkinlsarfaée by pn-eocking
el ement and %%ﬁﬁﬁ'g gl'lsd &eg l#gt?atc?ipltg iitafly a?flolfhi%sg'r?r?g. A pusher is then displaced to

push the capillary tube in communication with a sample and the pusher is then

released and the fluid is transferred to a test strip.

[0007] U.S. Patent No. 5,820,570 discloses an apparatus which includes a base
having a hollow needle and a cover having a membrane, whereby the base and
cover are connected together at a hinge point. When in a closed position, the
needle is in communication with the membrane and fluid can be drawn up
through the needle and placed on the membrane of the cover.

[0008] There are certain drawbacks associated with each of the above devices and
techniques. For example, the devices disclosed in the aforementioned patents are

complex, thus decreasing ease-of-use and increasing manufacturing costs.
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portion of a width or dianeter dinmension as well as a substantial portion
of a length dinension of the mcroneedle. [0012] In one enbodi nent of the
subj ect test strip devices, the biosensor is an el ectrochem cal biosensor
havi ng an el ectrochem cal cell having two spaced-apart el ectrodes. Each
skin-piercing elenment or structure is provided as a parallel or planar
extensi on of one of the electrodes, wherein the skin-piercing el enent and
such el ectrode are preferably fabricated as a single, unitary piece or
structure andr@fiRriBRSaPlestABed ﬁ@ﬁxgi@ﬁ&ﬁ!@desigh%ﬂﬁﬂ)e aRo@el k|t embodi nent
of the test strip device, the biosensor is a photonetric or colorinetric
bi osensor havinprgasediiagmbgcasseibe siagls nbsfiiermugg ba laypo tmghtd extmact thex ar ea

sl o 10" be PACEEEERGIE R SHE M o bbe A bR s hedl T ' M °
ski n- pi er ci NGactiveiNindretradtinéCd Melld MdRhGVAER RS adtl RirdfAg Ladpangion of the

substrate, wherein the skin-piercing el ement and such substrate are
preferably f alibt eddsesdillanorg usemigtesactioniand dycrpasss eassrofstseuct ure and are made

of the materi @l . (0Q14J. The.ext.endi ng. ski n-pi.erci el enent and, t he
assoc atBI0Y act r oas Sith BTGl PR B arap o bk e RS ol S e ruea i,

phot onetri c bme$ensfrake Bethe HSteﬂhin'a_ﬁ@ﬁbf Qﬁ%ﬁ&@érﬁb&ﬁﬁmidﬁ%% gl 'ﬂyéibl%gféﬁle mal
end of the at |east one pathway resides within the el ectrode or sSubstrate

portion of thwmpl.t Qf parhreeringgrestwuldibe thel deseldpment dfdntggratedadavicghe pat hway
resides wthipn th i Lerci ement .or, structure. At.|east rtion
of the distal anéln gt(})lggs[ rgpszea?h eireeogg'th%%)%rg e?ff“‘d?’g’ gg?ﬁwn}%alga&gﬁom?ﬁlgq ut si de
envi ronment . dserabb evhicl ey 8t atal with datidust nalypad dnoantratidni detdrnitiation

comuni cation with the space-defining area of the skin-piercing el enent.
The distal en¥s®MSsuch pathway either extends into at |east a portion of
the spacedefining area or term nates at the space-defining area. As such,
the fluid pathway provides a 'Ik@r channel. t hrough which the fluid

wi thin the pooling vol une defélii’rjl}lglam onpeek%yle'rﬁ{"b’l' ercing el enent may be
extract @or0)d tr anbévtesgsystand el Mehsanseprpddéd fon piticihhehd skid, strip device
for testing. 4 LFS-157 [ 0015] The subj ect z%‘%t.errs i ncl ude one or nore
subj ect test SCpsSPEpRdicolsctingPhysiolngical synpledacaein; angl MeasYHP8At test strip
and for det ergpplcAgisfic 6PHedhl Siblopid B {ck ShetuBe gt teadthe
concentration of cat ® %ast eg’ng an F;??%Q{ll%l 't%gég‘gﬂ%(lqgl? lg%ﬁ i?‘gélt gg ]i%a/ W t hin

t he test strigqiesnicrowedisor skivpieroingrelersert intagnabwéth artest stidps Mpreovi de neans

f tivati d mani pul ating the test, strip wherein the skipnpierci
Structure i s BEUOEHN PRk B RO TR HE Ht] OBy pr ovi de
nmeans for st ojkimgieadify Olem¥Be i@ sEUOMALT, ihRgkal $4thi tRE bioSénsar.car tri dge

cont ai ni ng a plurality of such test strips. [0016] Al so provided are
met hods [08Flusi ng E#& skifhpieraingielgimgpishas aspaga-defipngk cqndiguraitonithertiide t he

subj ect devi . r: e l,MSe i ractici . i t hods.
The subj ect g‘g;ﬁ/ﬁcg’ggf,o élfl%ﬁé#slggon grsfléjtﬂhgﬁé{égfggs%aerot?ivggﬁngﬁgﬁl{éa%l?g%r%gr

col I ecti ng physuel Tlgis epdceseavps as argedoirat posiimgares alithirewbizhbedily &luidons

t herein and, nore parti cul a{lﬁ, gl ucose %geggentr_at ions in_;nl ood, b] ood
fractions or iFRrEedie peclwhiley & SKIppiereIne eengIr B St Ay eApiagy channehy

i ncl udes net j i i : L i nkawhi ch a
m cr oneedl e E@H gﬁ%ﬁﬁv S g?é%“ﬁ%%eﬁnn%ﬂrﬁo@%gﬁ?é@tﬁg%ﬁiitbgrﬁwﬂtrgg?eﬁ ﬂglgrt of a
bi osensor hawresgnapeaded withini the poolfingiareatd e bidSendor.dbyvearam ¢rabedimients) y

i ntegrated functions %ncl udi Pg accessi nﬂ thegph siqlogical .fluid within the
iRggniigy I8 fvdeqe

skin, extractPRPEGATIING CAIEFARST B3 TeREStH AEPINGIIRBIEHBAL ar ea
and provi di NG1éhentC SABIPRe&HeSs MEF BERAL YorlcAle LdiTiJURARY ¢iBiHer Of anal yte
concentration in the sanple. In addition to fabricating wholly integrated
test strip desmbasiémenthcghe sprcedlefifiimigrconfigienomistancypsnimgevhiceertendsr t he

fabrication of such devi.ces .whi have functionally and str ur al.

conpl ex corrpotﬁaélﬁyg,se %&%nggsxpﬂg(fﬂ]e gﬁglgaﬁué%elﬁ@ﬁ{lﬁ eocfc%%ggﬁqféar%hé}ianpl e,
m croneedl es having intricate shapes or designs, nmultiple dinmensions, small
sizes and/or very sharp tips are producible with great repeatability with
the subject fabrication nethods. The subject nethods are also versatile in
that they can be used to fabricate biosensors having el ectrochem cal or
photonetric configurations with certaiﬂ variations in the fabri %%gw
processes. The subject fabrication nmethods may be used to 5 LFS!
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fabricate individual test strip devices or a plurality of such test strip
devices on a web, filmor sheet of suitable material. [0018J These and

ot her objects, advantages, and features of the invention will becone
apparent to those persons skilled in the art upon reading the details of

t he nethods and systens of the present invention which are nore fully
descri bed bel ow. Brief Descriptions of the Drawings (0019] Figure A is an
expl oded top view of an enbodi ment of an el ectrochem cal test strip device

of the preseortidvefid wilth oFdighieter HiBenssorfaspéll had subsexphigdedobet4 om vi ew of
the el ectrochem cal test strip device of Fig. 1 A Fig. 1 Cis a
perspecti ve Jergih emenswonpfdbgpiaaneadict rocheni cal test strip device of

Fios. 1 hefid 18- LOQR0LLBLaNG BB AR BNl Al o ment of a

col ori or photonetric ese I nventi on.

Figure 2B is efechotisgeichl biesevbcMa0ingtdheel@dmenéthrel ¢l ok ingeivol sphdddoiparet ri ¢
test strip device of Fi g 2A [0021 ] Figure 3 is a perspective view of an
el ect r ocheni &fctrodes: Eachiskindqrigicens elemenfeor strastars ispreradad asre prasliadgr anot her

| ect rocher Gfctpést. Bchisp : o e 3 o
Figare 4a i o AREekPaiuoE bl GhLRReds, ME- SERRh MRt abYC o

phot onetri c tsash elgtttdde dtepreterablly fhhvécapsdesendinglomanitahyopiebwor sitictub®and
skin-piercing elenment of Fig. 3, Figure 4B is a perspective view of the
assenbl ed colast mage pf e spmemtentali ¢ test strip device of Fig. 4A [0023]

Fi gure hidjustr at r | NGy | I ncl udes a
net er aﬁ?jﬁaj]subj ecﬁ%@é@?@%ﬂ%ﬂg&/pgﬁégﬁg P-g)uériégg&f g{eg@os\rég%:og!?ﬁ/ééd by the

met er. [ 0024]phbtoguatec 6/ colsrimatreXpdedsn Haomgd Hunafsulbstrashdediningd £ct r ochem cal
test strip deyices fabricated accordi ngato t he net hods of. thelgﬂraesent

i nvention. [ RIYHMIHGMATEECE OUTCERHP BASYMSHS BAMITER GHIEREMeb of Fig.
gﬁ\d %gozg] LEié:_Giffgguré@féﬁ'e@eiﬂﬁg %Bﬁﬁﬁ)ievt% béi M LT whithe ﬁﬁ?&ﬁ&ﬁ@@idﬁ@&oﬁ’f Figs. 6A

embodiment, each skin-piercing element or structure is provided as a planar

extension of the substrate, wherein the skin-piercing element and such substrate

are preferably fabricated as a single, unitary piece or structure and are made of the

same material.

[0014] The extending skin-piercing element and the associated electrode (in

electrochemical biosensors) or substrate (in photometric biosensors) define at

least one pathway, wherein the proximal end of the at least one pathway resides

within the electrode or substrate portion of the unitary piece and the distal end of

the at least one pathway resides within the skin-piercing element or structure. At

least a portion of the distal end of the at least one fluid pathway is open to the

outside environment. Further, the distal end of the pathway is in fluid

communication with the space-defining area of the skin-piercing element. The

distal end of such pathway either extends into at least a portion of the space-

defining area or terminates at the space-defining area. As such, the fluid pathway

provides a capillary channel through which the fluid within the pooling volume

defined by the skin-piercing element may be extracted and transferred to the

biosensor portion of the test strip device for testing.
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(0027] Figure 7A is an exploded top view of a web of the photonetric/
colorinetric test strip devices fabricated according to the nethods of the
present invention. [0028J Figure 7B is an expl oded bottom view of the web
of Fig. 7A. [0029] Figure 7Cis a perspective view of the assenbl ed web of
Figs. 7A and 7B. [0030] Figure 8 is planar vi‘ew of a web |ayer for use Wth
the webs of Figs. 6 and 7. Detail ed Description of the Invention [0031 ]
Before the present invention is described, it is to be understood that this
inventi qooi3 not |The subfkct Systdnss ipeltie 6hd & merdEjcieRbSstiedevitdemd aas such
may, of course, vary. It is also to be understood that the term nol ogy used
herein is form%tﬁ‘éfobfﬁcﬁb’é%g pfuljed dest BiriRgng et detemuping sdarastensdc ehthg. and i s
not i ntended ng, vention w ||
be limted on%“%pge9 4"{1@]%‘%{0 ofgh c?raaflgrr&g()?f@g%&?ﬁ%er eggﬁr%g%@b%f val ues is
provided, it doﬂemtﬂbyahmmt}iehedt seichbiosines eVibrgverabud, a metet Aaytadsat h of the
unit of the lower Iimt _unless the context clearly dictates otherw se,
between the UBPERe BITENY BRFtYaREEnd manmpatingthe teahdrBhesh e sKitht ed or

i ntervening [ n i nvention.
The. upper - and Tangeuprry i Shililo ARG B FRRARARE, M WA A 1Y Do
included in tprevidéraiehey for srvg@g ons oahee grbr}wmsstﬁgs \Urfahaﬂnﬂg‘@comadﬁmgl on,
subj ect to any speci fij cal]ly excluded limt in the stated range. Were t he
stated range %RiefliBe Sb‘ﬁ]ét‘iﬁs"b‘@ﬁh of the limts, ranges excluding either

bot h of e incl i [0033]
Unl ess c!gmed ot ﬁlé'lgmﬁrd\)ﬁ@ tec oﬁi%?%dsﬂ%}ﬂsc‘ ant |#P§eét ggg@huagg sher ein
have t he sanﬂhatemdu&cgthasubjocnﬂmiops amtler Sistead foyusene pmzictxorrxglthasquwl Il in

Lhe 1L L0 Wit b, LINEIL Lo Del 0nceio PLLIGUSD A0, TELhodl g et ol
practice or t:ggédt Blsibtt%ldhfl §§ﬁ@% ah&\d@t@hhfﬂ'ihg 5&&%@5@&%&&%&%&}%8 and
materials are now desCrib

and, more partlcularly, glucose concentratlons in blood, blood fractions or

interstitial fluid.

[0017] The present invention further includes methods for fabricating the subject

test strip devices, in which a microneedle or skin-piercing element is fabricated as

an integral part of a biosensor having a test strip configuration. Such devices

have wholly integrated functions including accessing the physiological fluid

within the skin, extracting such fluid, transferring the fluid to a measurement area

and providing the components necessary for the measurement of analyte

concentration in the sample. In addition to fabricating wholly integrated test strip

devices, the subject fabrication methods are ideal for the fabrication of such

devices which have functionally and structurally complex components, such as

the microneedles mentioned above. For example, microneedles having intricate

shapes or designs, multiple dimensions, small sizes and/or very sharp tips are

producible with great repeatability with the subject fabrication methods. The

subject methods are also versatile in that they can be used to fabricate biosensors

having electrochemical or photometric configurations with certain variations in

the fabrication processes. The subject fabrication methods may be used to
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[0034] It nust be noted that as used herein and in the appended clains, the
singular forns "a", "an", and "the" include plural referents unless the
context clearly dictates otherwi se. Thus, for exanple, reference to "a test
strip” includes a plurality of such test strips and reference to "the
device" includes reference to one or nore dewvi ces and equi val ents thereof
known to those skilled in the art, and so forth. [0035] The publications

di scussed herein are provided solely for their disclosure prior to the
filing date qhyddif PIRAGH 1APRKDARYIENor NOLMIRIONSIE!E: bl @vREs 6RgSt T ued
as an adm ssion that the resen Invention Is not entit E to antedate such
publication bwﬂyﬂhhumsb&ﬂpfmnnmknnemnabn. Further, the dates of publication

provi de be differen t he ct ual pubJ i cation dates whi ch may need
to be iﬁﬁ@ndem |’b“’é‘6ﬁ?‘$ ?tﬁ?éﬁ‘%f‘% yar#ﬁ%esp%@s%ﬁtﬂqus &t yEnian Wihow be

described | n lehak 5ppdréhtftmdge§m@@§§§m@ém thé\5rt BpF Rl E B of thar | OuS
enbodi nents of the subject ces, 1 ncluding test Stl’lé devi ces havi ng

bi osensor s hawéthgdssindtsystems of teqireseohmventain which acomnord fubly desdriledt onet ri ¢
configurati oq) will be described first followed by a detail ed description
of various ni%i®%eedl e confi gurations which are usable with either type of
bi osensor configuration. The subject systens which include a neter for use

wi th the subject devices nmethods of using the subject test strip devices
and systens will then be desBriebB@scfriptimmmfthqDaadingsri ption of the methods

of fabri ng the.subj.ect test devi ce ally, .a brief description
i's provilﬁﬁfj]of th lg‘ﬂfﬁjlgﬂsaﬁlﬁxglﬁﬁﬁu V]RthaPﬁE’F—’ g‘é"?‘%&’“%’bbj ect devices and
systens for us@tloBhdhireltestisiih ddVeceSifith®pieséRimMAson. P37 1B /s 4 partikipy | owi ng
description, the present invention will be described in the context of

anal yte concéﬁploéﬁd bettoraysny ehiherelegpprhaeicaldey stripodawiasrof Fgidh.i Eignbe
intended to te that

t he subj ect #’ %{%édtwg V?ERQ of"tﬁ'@%@ ﬁﬂéddgg%ifge}hélgg u erSt é%*’ ﬁg‘%ﬁgégﬁ gmant of
ot her physi caIA anbllBhem cal characteristics of biological substances, e.g.,
bl ood coaqul ation tinme, blood cholesterol level, etc. 8 LFS-157 Test

strip DA0OZMUs [ 00JBEurALAsterplodad Hiss el aﬂtf’r%b%UBF%t&f A OIQNMGHAL §T devi ces

i nclude a bi I n needl e
Wi h s straaear ATyt hep L o P s el Bl B e TR e A o e
have an el ectviox héthecasentied ccgunmtctrbﬂphmnétﬁbmem staipattvice ofFgs 2A1 A, 1 B, 1
C and Fi or a.c ol orj.metric or poto sedlnt rch eabl

ner o1 n) 100, 7] g8 if § bersgectivaRich: af shelefiadheqcal el S SRS OF i se,
the subj ect éRniin@érioRthalrRE@dtter BMkEdinfe 0PN sA, g&uﬁémﬁmufﬂkl ons,
wherein a first exenplary enbodinment is illustrate igs. 1A 1B 1C
and 3 and a ﬁ@@ﬁ@né%}%\l ary enbodinent is illustrated in Figs. 2A 2B, 4A

and 4B. r L LseP? e%(ﬁ) fégglioge& Uféw%’ﬂn%gafe E&%Ed ifient BfQSMbﬁﬁégfc][@er ent

bi osens rmnation de vari et

anal yte conce;xhbfomtetmaast mﬁﬂevmepfm@msam meeramlnarvﬁg thmeltmdmercimgt are not
limted to, %hucose sterg# | actate, al coh and bhgf l.i ke. I n many
embodi ment s, SHREEQEF hgc ¥ fBQCTéP%CUthé(éF‘YB ‘f%‘é“@‘leﬁ’@ se

concentratio hb@n?ctﬁ@%g{ QP ALFidt of gc')éphg e.g., inter st itial fluid, blood,
bl ood fracti constituents thereof, and the like. El ectrochem cal Test
Strips [0@280] Ref drigurag iHostrates aygtem of the pesByt idvadtianavi8eh inkbides & | i ke
reference nurTbEEer and a subject test strip device configured to be received by the meter.
[0024] Figure 6A is an exploded top view of a web of electrochemical test strip
devices fabricated according to the methods of the present invention.
[0025] Figure 6B is an exploded bottom view of the web of Fig. 6A.

[0026] Figure 6C is a perspective view of the assembled web of Figs. 6A and 6B.
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refer to like elenents, two el ectrochem cal test strip devices 2 and 100,
respectively, of the present invention are illustrated. Test strips 2 and
100 have identical electrochem cal biosensor configurations which are
herein collectively described, however, their respective skin-piercing

el ements or rnicroneedles 6 and 102, respectively, have different
configurations. In each test strip device 2 and 100, the biosensor is
defined by an el ectrochem cal cell generally having two spaced-apart and
opposi ngoemct r odegigdreaisan dxprides top/Glew draf sy §thé phitereirlt/as bottom

el ectrode 3 and top electrode 5. At l'east the surfaces of electrodes 3 and
5 9 LFS-157 colaronetyc éest siriptdgeices fabricatep niewdingfo theguetbiodstdfithe pyent 8 and
16, respectively,.such as a netal. [0041] In certain enbodi nents of the
subj ect eIecﬂP%%ﬁ@Hical bi osensors, the el ectrodes are general |y configured
in the flgomjof el omgardeers {s%ﬁteﬁPﬂaﬁle@boﬁérh'vl?eiv Bbthe Wb dTFrigf7any appropriate
shape or configuration. Typically, the Iength of the el éctrodes ranges from
about 0.[802Y 4.5 drgenedWis@glerspettivomyigimitthe asgembled v&beFigsh@AvindtMB. of t he

el ectro anges f.rom.about 0.07 to 0.8 ¢C usual Ly from ahqut Q.20 to

0. 60 cm%g%(g nor e Iﬁ%ﬁrgl% Pr%WSB’o?ffa %?tilatygll for \’S‘secmtx?ﬁewg%nogﬁ:gﬁ \?7ean8ayer s
and their asspciated substrate typically have a conbi ned thickness ranging
fromabout 100 to 500 um and usually from about 125 to 250 um [0042] The
entire el ectrode may be nmade of the netal or nade up of a substrate or
backi ng 4 and 18, respecti vBletailed Déseriptionrd thehifvaptisn of whi ch t he net al

| 8 16, tively, i ovi.ded. . parti di, ment ,
subst r at B and TERtaRh HreSensSuORis Attty 3 R i SR BB "o (e
i nert backi ngni@itioniighotipitedabliNe pafiogar EhboAinRAMdedRibed, 8Q0ch Maghsk usual |y

fromabout 50 to 400 p.m while the thickness of the netal layer typically
ranges from #98U€, Ayt § i3 @lgo pmbanedensioed that thedenmibology agediherg isier t1e0043]

As menti oned ve, : . y ef.and are
separated by ‘0 ‘%ggfgﬁﬁﬁﬁﬁ%ﬁﬁﬁgﬁ%ﬁ?ggﬁgﬁgﬁﬁé?Lbh%@ﬁ%ngﬁﬁgﬁgﬁ&ké% t he

el ectrodes i dimitingsditdethe)sdopews thepresdiit riv@Rtios FACbPmitsd anlyaguthe of the
presence of a spacer layer 12 positioned or sandw ched between el ectrodes 3
and 5. The t APBRMBESIaSspacer | ayer 12 may range from 10 to 750 pmand is
often | han or I . vikiadal Bot0 175
um Spacggﬁ%zgyer 12“@?%% er?%t%ﬁ O?Q%é%@d%gﬁ)l e-si gé%mg esl vtfgﬁf%hﬁgfﬁ &ditvgﬁggt r odes
3 and 5 togetvabre, totheetth dfithe @nitaif theelobed limstuirdess sieacmtext alearly diXtites

configured or_cut.so, as to.provide reacti.o ne or _grea 9, ere in many
embod ment s (HEETiR pasT PR PPee o eE ik S et ao R wBF effer SRS

vol une in t hanteAR@melva0id ialditstaledanf@isléctmpasst® Within/thé iiiEhadeuThd. 1 to
1.0 uL and nore usually fromabout 0.05 to 1.0 uL However, the reaction
area may i nclupger addevenlimis obthesegmaligrragges maydndependmntiydeincluded ins 7

el sewhere al C [ lyj ¢ - . (e i low in nore
detail, or t#}éé ?ﬁ@i&@&gﬁ%ﬁf@%}gp HT%SJ%& lgléﬁ?%egﬂgé@wgb%%éﬁ??oa |y shaped
reaction areapécifieally excluded lilfir in the|stated rahgd. dNpedealie stated ranguhdudeasr

IOL{ Fg? | \6/1 rents 2%21?%553@f Itl?enlir?xgtg,argﬁgeasr]egccﬁ%}/ngf eliltrhssrh ‘gcgth Io? %}lolég ?ncﬂd%g lfmr}{seag'e and

also included in the invention.

[0033] Unless defined otherwise, all technical and scientific terms used herein
" have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can also be used in the practice or testing

of the present invention, the preferred methods and materials are now described.
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[ 0045] Regardl ess of where reaction zone 9 is |ocated, in many enbodi nents,
a redox reagent system or conposition 14 is present within reaction zone 9,
where reagent system 14 is selected to interact with targeted conponents in
the fluid sanple during an assay of the sanple. Redox reagent system 14 is
deposited on the conductive |layer 16 of top electrode 5 wherein, when in a
conpletely assenbled form (shown in Fig. 1 C, redox reagent system 14
resides within reaction zone 9. Wth such a configuration, bottom el ectrode
3 servego@a)a couni@nsrRiRiangs /86l hadm a’fHBlCintﬂ?dDaﬁeﬁ&éd Qsignsdterves as the
wor ki ng el ectrode of the el ectrochem cal cell. However, in other

enmbodi ment s, stepkandoms ‘@n, ‘tahd, and! the)éncdedriping refprsnisaohless thewngedt! | t he
role of- the el ectrodes can he reversed such that bottom el ect,rode,3 serves
ho & vor ki ng clargueroes SRSy BN, Y sungbeisoeacd 4 Rl sibe iR M S abnce

el ectrode. | pRIGRHS Tsuch LM Dl reRratRL tAGBe WBYIBE OmBludeffer8h@Cblopde acts
as a counter/reference and working el ectrode once during the anal yte
concent r at i or meae deaessrand eoaBhtsrbergeiknosystogheseskilledtie thesart, apgdiseal | vy

i ncl ude an er%z%ge and a redox active conponent (nediator). The redox
conponent of ? reagent conposition, when present, is made up of one or
nore reqguaspgent s The pudlitfians Afsctlsed REBM ark BARTIRAARBNY foritheifdiscloBsteat or s,
is known in the art and includes: ferricyanide, phenazine ethosul phate,
phenazi ne nmepnostd thatiding date\afdhepricsant applichtiont Nolhymhberawiipéo bet hosul f at e,

2, 6-di net hyl - 1, 4- henzogui. none - di chl oro-1.4benzoqui : rrocene

der1 vat ves, COUToRH R RRHMRRS o Bat e beBtert PR B iR enldhs T he 1 i ke.
| n many enmbodi Wicafiieby el odptibVRveRit Rihel thdddted sifudlicatidrer est is
ferncyanide, and the |ike, The enzgge of choice may vary dependi ng on the
anal yt e conc@vided Bay hndiferens fion Be agiigh prldisatipp dates whishanaskpgedd be
enzynes for t Q@ﬁﬁ se in whole blood include glucose oxidase | 1
LFS- 157 ortngj:eﬁy roggggrsle D or PQQ based). Suitable enzynmes for the
assay of0036p| est erTie presenhinbentionooill nowcbeidescaibad msietaib| Indurtharse and
esterase. [0047]., Ot her reagents that pay be present_jn the reaction area

i ncl ude buf f éﬁ%@l%ﬁﬁ%ﬁse@.lawnh@m Yﬁ&{?&ﬁ&fn@?g@iwsaﬁféb? FRIIPE deHEFes i c,
phosphat e, " GaadiinPWsf &Fip deided R/idd ﬂﬁs;ens@smbﬁgteitﬁ@éArpéiéctﬁo%hanicapeﬂ cium
chloride, and nagnesium chloride); surfactants (e.g., Triton, Mcol,
Tetronic, Si lawelorinZgng/photentri’i eandigimationawil s ddsiciibed fingt fodlomed byer g. |

al bum n, sucr,0 rehal.ose, mannit.ol and | act ose). 048] Ex | es of

ol ect r ochom £t BEERBHR SCyFRNE riSnple 65 FHons iy be S 2 o

i ncl ude t hoseitlaa9pd HElotehseraR@ndibon). Bhe Aiijédt §HtéraH wheth iatlulos meter

09/ 333, 793; 09/497,304; 09/497, 269; 09/736, 788 and_ 09/ 746, 116, the

di scl osures &9 WRiMaH the subjestaiemicenpisthods af ssngihe supiseiigetstrip devices and

Col orinetricj ' [ j OF L Rfgs. ZA, 2B,
3A and 4B, whrane Wi ek pLRRkerBel By R8P dEHBHE PEE AR o

phot onet ri ¢/ dabirwaiingtheisobjeetsteststrip devieesi Einsl1BG: taied dé@Biption spmovidedlof, of
the present invention are.illustrated. Test strips devices.80 and 120 have
G Tt or ont | phdemEieE] B tish Hikipr BO6 Bt Toitb ppd AR TG 4G hei 1
respective Sbird&ti@iingtﬁé A&k alPeygs, or mcroneedl es 86 and 122, respectively,
have different configurations. Mre specifically, a portion of test strip
devi ce §0375 nude lntheapllpwing deseriptionathewpnedent inNentinprwidtysotrdemiepdpgoithd on of

test strip d%\ollilt(e:)?t o]fza(l)aaf)f?e go%%?nt%tio% m”%%f'j‘rlem%% aGprpihac!ations; however, such is not
" intended to be limiting and those skilled in the art will appreciate that the subject
devices, systems and methods are useful in the measurement of other physical and
chemical characteristics of biological substances, e.g., blood coagulation time,

blood cholesterol level, etc.
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[0050] In test strip device 80 of Figs. 2A and 2B, the colorinmetric or
photonetric (herein used interchangeably) biosensor is generally made up of
at least the follow ng conponents : a support elenent or substrate 82 nade
of an inert material, a matrix 84 for receiving a sanple, a reagent
conposition (not shown as a structural conponent) within matrix 84 that
typically includes one or nore nenbers of an anal yte oxidation signal
produci ng system an air venting port (not shown) and a top transparent

| ayer 85 which covers at least matrix 84. In other enbodi nents, top |ayer
85 may be a nmenbrane_containing a reagent conposition 12 LFS-157

i mpr egnat ed thest34rip DRYiceS t he matrix 84 may or may not contain reagent
conposi [ 0051] i f i des a
pyi oal' @ Lot or St AReY PELE e, BPRR) e FUATHERLE  BrosiRl TE;

wi t hout unduendenidhsn@nekikipibiciig. elémhids ok atieroBeedl@ntichtisistricesallgt ri p 80 is
typically in ,the formof a substantial Ié?rectangul ar or square-like strip.
Typi cal Iy, t kacgrahyith ﬂaﬁblpff'élsgmﬁfs*tersab@c osagseRHAY AdsLAn deqtiwchemisahm
usual Iy from, b

Typi cal ly, thgﬁ)ﬁ) t%‘%d%g &L‘gg?frgg}lgﬁ Brjgllr%ag &/Fg %U %88916@% Jt;JIi];nuaI |y
from about 1 photofrtrimiuaediintertkangsatdl, hyrein’)p:m 1Hb§ttd‘tec51nt1hgs? 2mandB3Pecdl |y, the

hei ght or thlckn s f s trate 82 is fromabout 0.0l to usual |y
from about 0Fi8% %ﬁﬁatﬁi%ﬁe the §unies) skinopieens ! er@eqtsp@ket;zrm fh  (0052]

Matrix 84 dEfv'aﬂgéstc%ﬂﬁgﬂfagh\}ﬁmrelﬁ’E?frﬁreﬁpxln}ﬁla?y Eﬁﬁ@@%ﬁeﬁt ﬁrlﬁﬁ‘strz?fté?ir ifed wi thin

a surface of r at ereln aI des o trix are bordered
by subst rat e F&g. lNatBJbCBﬂd prand adesond edemppkiry emhodineat fsoHudttatedsiarfigsed

physi ol ogi cal or the various nenbers of the signal producing
system descvzlAbggpﬁ'gfaf‘aq' Bis well as for the | i ght absorbing or chronpgenic

product [ggsqluced by ahy8mpbdiRht, RROHBIdcNbsBWED @BVicks arfd biodelSork B REAT . @S
wel | as provides a | ocation for the detection of the |ight-absorbing

product prodie e deierminationof e atide vaiety nbdigferana endysdgoseaniratiges, adhera n such
an emhodh Mo enrb@RaliON Bhai s LRIdA0RAR AR HEbLEOE, cRbBRedt ensi Ly of

t he chronpgeni*Cc "produc reac ween é target

anal yte and f4etatsialivhbl, Iiﬁd)di&]ﬁl&g Ehﬁn@@nﬂﬂiﬂnﬁ@utﬁ[&ﬁés&l@&t tekt sarippareent | ayer
85 may, for exanple, be made of clear thin };ester Thi s _approach, in
whi ch the redgwhie delermiedde gluspss mf:?rits@tmnaﬁ yHelogicabwrals & cover ed

wth a transhateRald i bbdihlibnd Dok ORRRRRLhAMSYR, e that use

an enzyme i ndependent of oxy suc gl ucose
dehydr ogenase. [0053] In yet anot her enbodi nent, top layer 85 is one that

is perm ssive of ueou fl U} f oW and is suffici ently porous, i. e.,
provi des sufficie %t he chemical reactions of the signal
produci pgn4syst em tRefedt Iw“a@emgé N AANBY¢CRING.3, Wherdialiké fefétndeaidbtsersrenbr ane
85 is critical to the subject test stri ps in 13 LFS- 157

refer to like elements, two electrochemical test strip devices 2 and 100,

respectively, of the present invention are illustrated. Test strips 2 and 100 have

identical electrochemical biosensor configurations which are herein collectively

described, however, their respective skin-piercing elements or microneedles 6 and

102, respectively, have different configurations. In each test strip device 2 and

100, the biosensor is defined by an electrochemical cell generally having two

spaced-apart and opposing electrodes 3 and 5, respectively referred to herein as

bottom electrode 3 and top electrode 5. At least the surfaces of electrodes 3 and 5
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that it should support an aqueous fluid flow both |ateral and across the
menbr ane thickness. ldeally, the nenbrane pore structure would not support
red blood cell flowto the surface of the nenbrane being interrogated, i.
e., the color intensity of which is a subject of the nmeasurenent correl ated
to anal yte concentration. As such, the dinensions and porosity of test
strip 80 may vary greatly, where matrix 84 may or may not have pores and/or
a porosity gradient, e.g. with |larger pores near or at the sanple

appl i cati on rfagingracinethema@t kempre¢dest Bdondbeveahpi8i Mad 16¢ ispectivhBi auchal s
fromwhich matri x nenbrane 85 nmay be fabricated vary, include polyners,

e.g. polysulﬂﬁﬁﬁpeﬁblyanides, cel l ul ose or absorbent paper, and the |ike,
where t terial r qﬁﬁ. £ ' t r OV r coval ent
or non-c 9a ent at¥ﬂ%ﬁﬁ@ﬁi 0 npgés52?%%3@e#%%%%%éﬁgpmgwgog¥%%§ﬂ%groducing
system [ 0054ledt¥fodeeareg@herally bm@%mé@ﬁl the Goréf ofFd1gszatebAcafligy shass But
substrate 140 having a size and shape simlar to substrate 82, has a
nenbrane 142 WMAY beohay appeemifatgythane poronfigeraton. (Typiceindpatensth ofdher 85 and
enpl oys the s i i h ShI I f Figs.
2 and 26, ¢ ravEr R e P SRR BT SR ind e BBl P O A el T

devi ces. Fir sThe widisof tht @lett0désrangaderarh aBouteioH o068 €| eduallqioar adoaan an
inert material. Additionally, matrjx 148 is not recessed within substrate

140 and ext erfi30 i0-68 6my ard migrsyRsyially ffom #bas 04 B 93 eipe Thagondughvhier | t est
tri 120 h + Sy i 4 I trat
740 hnd ey e BB A E cyRValy 1Y s A AR NE B T

150 whi ch corfieapboetsl 00ao 50€ par &l wsdly Ednbyboal 23 to 28and defines a
deposition area as_descri bed above with resggct to matri x 84. The

doubl e- 084 adhesTheentisg electiode may be medasf Hisangtalorgpadeamef asybsrat r at e
140. [0055 ief I : e f ein
varioBs anLI9¥gﬁg§§gé%%8285%§é§@?6§ﬁ%€ﬁ8%%? cgggﬁﬁgwgﬁgﬁggﬂﬁ%a%@$%§§of
mat eri al s, diandrisi omspectivelyt tseprbvided. Ihepaticdpr @slesdimenty eubsarhies daad d8abl e

wi th the photonetric/c rimetrigc test strip devices of the present

i nvention i ncA'iB@de gfie Rbﬁ%r Bﬁtlclfi‘:]m't'glbe Eﬁkngﬁc?géhed@%g?‘ﬂ%’élg frﬁtﬁ&ag. Pat ent

Nos: 4, 734, 36Q;:~41 ; ; " , 468;

S 306 693, 5, AR5 nee-Ram ot ibx00 1t pdfl oy doodn 0o 400 At

S, 620, 863; S,whiB; the $hiclneSy 8f the ety 17B0 tBfidallyrad &3, fRHb abdyt 8030 600 nm

5,846,486; S, 9 8,8%g,§nd g,%%€%29 * the disclosures of which are herein
uspally fzor @bowtolfbie p

i ncor por at ed "one or nore nenbers of the signal
produci ngo43jst em pAOERorRAUBLOS BRI PIMES ghitrilBSReH eRNlAhdrhad RfLSence
of anal yte, "which detectabl e product can be used to derive the anount of
anal yt e pr esegparpied Pyonkysa shastidistanes. such that the sasiggtweastheslacirpdes ishe one

or nore nenbe f i odyci st i at ed, .
covarent 1y orsflen 08RO nRhOf S kY ATIALEHEBRREIAR ol e
det ecti on redaypst)l 2tpoeitionéd dexsandwithed bewvegn eldandddysnarsl 3. ol lsauthivkaedsiofl |y all

of the matrix. The signal produci ng systemis an anal yte oxi dation signal
produci ng sysPasar laxer 35 maytrangsdremtliogh 730 gamandois odige ilesg thapor €avaldo neant

concentrat 1 orf oerprno s 88 o oBAR o TR ool PR Lt

sui t abl e enz g dbeblpsiidd @ehetivesiHdld ldcttRiesBAhd isheganal yte and a
correspondi ng or proportional anount of hydrogen peroxi de. The hydrogen

per oxi dd0P4d]t hen drprigiaembodiments specegéaysr b2 & conésured 6E RIoas i oduct from
one or nore 'p[}ghﬁ% ?éacﬁ&'m&‘ré”&?zrea@%?eé& E}‘Pm%g%@ho&{kleﬂ%ttﬁﬁaﬁ & Jphpduct
m 1.¢€. e sitgnal, IS

gener ated by e Srgnal “neasuring Sys hen Tel at ed

to the anmountregtioanddaydreohd9 tiidcallyi Hasal vodhafipirtthe Athgd Ui abdig 0a01abyve
oxi dation signal producing systens present in the subject test strips are

al so correct INL, sivsalydramiabeut Gk tchi-@ndgad pereaishelly hawadoyt ¢hato bPeduci ng
systens. [00 % As iﬂdicaged above,. th h dro?qugero%iggwgﬁgﬁp %gnal
produci ng sy Yook ?ﬁ@%“ﬂhmgﬂ?VW%n?H G Ol0%E HFPU 1P 8T, A produces
a correspondi ng amount of hydrogen peroxide, where by correspondi ng anount
is neant that the anmount of hydrogen peroxide that is produced is
proportional to the amount of analyte present in the sanple. The specific
nature of this first enzyme necessari depends on the nature t

anal yte bei ng assayed but is generally an oxi dase or dehydrogenase.” As
such, the first enzyme may be: glucose 15 LFS-1 S7 oxi dase (where the
anal yte is glucose), or glucose dehydrogenase either using NAD or PQQ as
cofactor; chol esterol oxidase (where the analyte is cholesterol); alcohol
oxi dase (where the analyte is alcohol); |actate oxidase (where the anal yte
is lactate) and the like. Oher oxidizing enzymes for use with these and

__________ o, . o o




catal yzes the conversion of one or nore indicator conpounds into a \
det ect abl e product in the presence of hydrogen peroxide, where the anount
of detectable product that is produced by this reaction is proportional to
t he amount of hydrogen peroxide that is present. This second enzyne is
general ly a peroxi dase, where suitable peroxidases include: horseradish

per oxi dase (HRP), soy peroxidase, reconbi nantly produced peroxi dase and
synt heti c anal ogs havi ng peroxidative activity and the like. See, e.g., Y.
G, F. Vang é}w%’éré slfrltogema,%gcﬁsé fva fichd Ca&&%g) des%ggédggéow[ixc?gﬁ)% ddlg,

i ndi cator conmpound or comnpounds, e.g., stbstr tes, are ones that ar€ either
fornmed or decantheoske Syadehkrybytl mgedefime anyi appropriatdie simpes ececaonbireq 9e

per oxi dase to produce an indi.cator dye that absorbs light in a
predet er mi nede-ﬁzaGIé‘F”éi‘FgP‘ﬂPaF %ﬁ’@@?gu&’e‘fe@@%ﬂnﬁ’ VHECBHET TRPET TAGROMHEDY bs

strongly al 2,ene) AR il Ide R hict BRTbIAYCAL oHBAEN the sample or the
testing reagent absorbs strongly. The oxidized formof the indicator may be
a col or ej@)45]ai nt | yRegirdlesdof wliere cdaotide senef9 isdbeapedy dumbny hmbodiviedsnees a
change in color, of the testing side .of the nenbrane. That is to say, the
testing r eage‘i‘?flf”&‘éeﬁgFWcWEtﬁ‘i"eortcﬂ@pBF‘é‘Q%ﬁéés BESt BEBELrEAFHOD 20065 &'%ﬁkf/’ a

col ored ar ea fagh i sH&aqR3EsMeotcRlolRIAR Wi lrachd BripBhAT e MRS

devel opi ng col of. 16 LFS-157 TOOGO] I ndi cat §r conpounds that are useful
in the presentanipiedutingan issay afithe sanpleo Redonnehgenteystemplehis depedited wngeni ¢
substrat es. e-co nent syst L ncl yd romati c am nes romatic

al cohol s, azi 8§?m§ﬁ§vﬁgar¥f{ ﬁéﬂg@s’ ei?fgrﬁgﬁsv‘f ?’&’%IPWP %@HP]%F e-HO .

Sui t abl e t wo- £:06/KIBE Forn® hb®AEn FIE 10y SeddiORBedm syibm N 40B8d&0mpaRent s
MBTH, an MBTH derivative (see for exanple those disclosed in U S. Patent
Appl i cati on Seactiozzone$ 3With 57dh a ¢andigupasiont kaftomeelettrodsy3 sesvasrasrice) , or
4-am noanti pyr| C onegnt i scan ar i 1 orptic
al cohol , conj {Jo&gl < &gﬁ%ﬁgfﬁ%%%j{eu n@{@% e%f:%%‘;ﬁﬁ s%"r’esaa(rggﬁnéa‘fvﬁf:ﬂrg% Q%Ftir%%a({}?c

al dehyde. Exethe ieltcroshenyital @olip Blositl erS 15 bthsBerab®liments, depending on the

3- et hyl - 2- benzot hi azol i none, %r azone hydrochl oride (MBTH) conbined with
3- di net hyl ani YBERsetusnessnplichimibe.ceNgtheirels obthesdeciiodss can be reversed

3, 5-di chl oro-2- I j i-d i

3 et hyl -2 benEaL i SOUPR T ERRE Y S o P b ietkde Ao plecoge
nonosodi um ( MBTSB} acouniteriederandeel&stonde] Imcask ofiaghtblalpelse velihgeoni ¢ aci d

ammoni um (ANS). I.n certain enpodi nents, th e coupl e MBTHSB- ANS i s
refor o | OUBISOTH Pk cIBe e 2SHBh AT eiP et BH WOR L. FRogPPS ps,
si gnal producdiihgsié hedTStelcBAtentafN aRasirbhbar escent detect abl e product (or

det ectabl e nonfl uorescent substance, e.g. in a fluorescent background) nmay
be enpl df846] such Beagenbsystemssdnnteragt typcrlly nslidezaiengyme wad akedo®hkur a, New

fluorogenic s I i i X i Sitive
by for hyiBaL EBRESGR mERREEY D3daBEC MV HRACor hERBeRUnBRRTEL 1D
1980) 109, 10WhénlFresdntdsaplads uplofsti€br motaetiorhgants. o ageety of diferartr i ps
suitable for use with the subj ect_invention include thfoFse descri bed in

U S. Patent MN§90X agentssi.gqmedigtorsds known in thggutang ingludes; BriiexagidSor at ed by
reference. Skin: P i 3 r _test
strips 2 andkﬁg(%'no%lﬁf:i&gggﬂ@a‘gﬁg’ﬂ%ﬁﬂblgsrgé@? ?g%kes?héa}gg%hnﬁgé’elt gﬁ?l eogc strips
100 and 120 gfheRazjse m@thmaifate, 2,6@dprethylERybenzdymincae] 26slicddormor gdr at i ons  of
ski n-piercing el ementl m.croneedl es .of the, pr sené invention will now be 17
LFS 157 i Seeaeamons. (riskees BErs, ongivy bipyecyompivws mispa i p

devi ce 100 i néohifi@ges2dhdahe Gike af hedyCabdal b @impgtResidhi | ar to
that of test strig&z’ of Fig. 1 while tbgsagrﬁgrggﬁgé{jéea\g/?ce 120 iﬁr??l udes a

col ori rnet ri aphotarnsterdstisfeuiyaside, adihé hke. aThagnzymeiof ghoire mayaarof t est
strip 80 of Fig. 2: however, the test.strip, devi.ces 100 .a 120 gf Figs. 3
and . respecioufis SRR Elaes SineRBuishyhEn S50 S e Ba Oy ke Pave
di fferent m cRaaseheyhentol eHerBtdy0st glhddsO o WheRhRHImaLe ghulesebcdpeed! es
extend froma substrate of the réspective test strip. Specifically, in the
el ectrochem cal test strip device enbodiments of Figs. 1 and 3, the

m cro~eedl e may extend from either of one~of the two substrates, i.e.,

bi osensor el ectrodes, wherein the m croneedl e and such associ ated el ectrode
are integrated with each other. 1 LFS-157



[ 0063] Any suitabl e shape of skin-piercing elenment may be enpl oyed with the
subject test strip devices, as long as the shape enables the skin to be
pierced with mnimal pain to the patient. For exanple, the skin-piercing

el ement may have a substantially flat or planar configuration, or may be
substantially cylindrical-1like, wedge-like or' triangular in shape such as a
substantially flattened triangle-1ike configuration, blade-shaped, or have
any ot her suitable shape. The crosssectional shape of the skin-piercing

el ement, or ajf delppibgdnase POADIRPQLD bded ) PS &bl éhz§hREBdHthd 5@&%/ bs penetrable
into the skin, may be any suitable shape, including, but not limted to,
subst ant i al | yhplssteen dguwaele tdendoingluds ghelegerodouidasecandeagiesase. di anond,

tri l tar, .__Additionally, the ski.n-piercing el t b
t aper ad 014 Thay ot b wabcnts BR0RaY Be pinteudn i Reciiohi e BeBHEPLIRRE Sich o
confi gurati ongBmy (4 aKeitrabéhate citaed, n@d]icOQJaieﬁkH?h@Mh&, eGoddepiffeRs id MepPyram d

or triangul ar shape or the |ike. [QOGﬂ& The di nensi ons of the skin-piercing
el enent may JBey griapsda ga celgiine chlopfle fandmpemegumichigridelie t ype of

physi ol ogi cal le,to be obtain the desired peneigation depth and the
Ph cknese of SPHAVRHE (6 £ag i bPePdeistnf) SF4r Zaallr B £ ik 5% oo
General ly, t hmbﬂl@'iﬁ% fefsq(eR] BRBNEuckSse CREHdsd Cindthito? afid RiCiodE).
skin-piercing and fluid extraction functions and, thus, is designed to be
18 LFS- 18848] suf f iExammlesyofelnstreeheany colitiosensars spifabds for upe With haas@isst t hdr aval
fromthe ski AINoF-1! , l.] | Sy: £ f the
penetration F%ﬁ%%ﬁh? é‘%&gg 5§§§ﬁgﬁd#g?%%@@ﬁﬁggﬁggﬁhfﬁgﬁﬁggél@Pgthe

ski n- pi er ci n@9¢338(MIGT OWANT, 304 09V4D7e069% DR)736,088 anded/a46,( Whahedistloburds anet er
is neasured at the base of the skin-piercing elenent) is fromabout 1 to 1,
usual | y aboutofhigh are hggginsingerparatsd bnesference o 1 or 10 to 1 and oftenti mes
50 to 1. (0065] The total length of the skin-piercing elenents generally
ranges from about 1 to 30,000 mcrons, usually fromabout 100 to 10, 000

m crons and nore Caladilmgtricd Bhvmbeitic Tes®SOinso 3, 000 mi crons. The penetration

m orons OHAa) Ty oRBGETRIY & S800ant A AP rEe 0 AT Bbut 1000 (0

2000 m crons nuiherdYefed s 1ies elkﬁkﬁﬁs,mafﬁpm‘toxﬁ&hefcfm&rnqétﬁg_te%{ fABAkLpicss snd 86,

at | east the thickness of the distal portion of the skin-piercing el enent,
typi cal |y rangéd2@ resneabvrly, of thepresdn innentiom ere illysiraied, Tasbirippdeiicesd t o 500
m crons and re L1y, abou 0 250, mi,crons. . i,amet er
at the base ¢ ﬁ'ig(rig?ﬁ?} a‘r/ée/l%lgéege% pg%oxg.&m:t/éo?o?xgegg'dﬁ&r%n%orrg%gﬁg%g%i 5 %‘dabout 3
00 to 1000 nitediprespeticle BlihSicteingldlamdntoot mhoriced 29 86and Q20 reipetivey, | N many
enmbodi nents, .t he péter di aneter of the distal tip generally does not exceed
about 100 mi dpEndittermt anfgaﬁ@t}w Mare speqifieallyap sartione s gst FERLIXIfE 8Ror e
typically. | 9ombiafr APA: plarddl bifte HOUGY&bondihg Plitlon 38 1APRHEUA:E] by one
of skill in the art that the outer dianetef o % e SKin-piercing el ement
may vary al orlg0iis madeofn metat matgyiabe substantially constant. [0066] Each of
t he skin-niercing.elements of e .test stri vices.of .Figs, 1-4 has a
_space-di?(ﬁ? ng corﬁ‘iteg?g;c‘E idSHmB%Bé)lf :Fﬁﬁ?t 6‘?‘6@9%@?@?% ’Bﬁt}'lc 88%‘_’%"%?8?% on
into the ski 'Qhergﬂiﬁﬁé@ﬁmt@'cfﬁﬁ@@;@olgfbibSéEn!slGiBis\g‘ehé}hﬂ'yhﬁﬁg Bp OF §6ast kisssue. This
space serves as a reservoir within which bodily fluid is caused to pool in
situ prior tdoliaving comaprinés: estppart cloment orswhsioate B3 madeef et ineffe subj ect
test strip devices. er t he space-definin onf j. i t he
resent | | hved 6 CPE B ol R BSTRET 1P BREOHHES Bl ¥l havi ng
a volume at heaattuds cgmpaientpwithian maek|sakhs tipicalty Meludeeoddvriherer eact i on

zone of the biosensor. Such pooling area volunme ranges 19 LES-157 from
about 10 to DT ampaalie peidaderasigyal drefuciigciysten an giryspting Pors(Rah vol ume

occupies a s i1a) i : | I igd e

ski npi erci nggg%%d,aa tgﬁ?ab%%geggflafj?ggns g‘}g%ﬁ{&ﬁ&)#é glg}g%ll% r'mI?)éﬂ]tiJégual |y
from about 5@PbbAinTénts, edp laber 85thhy be ¥ dlamibragecontaifhglayreddent sdhpositiicar ci ng

el enent. (0067] Two exenplary configurations of the m croneedl e of the
present invention are illustrated; however, such exanples are not intended
to be limting. As illustrated in Figs. 1 and 2, the mcroneedle's
space-defining configuration is a recess 20 or 94 within a surface, e.g.,
the top surface, of skin-piercing structure 6 and 86. In many ﬁﬁgqﬁbnents,
recesses 20 and 94 have concave confiGﬁrations wher ei n the depth”of 't he
recess is in the range fromabout 1 to 1000 mi crons and nore usually from
about 50 to 250 mcrons. Mcroneedles 6 and 86 may further be characterized
by an opening 22 and 90, respectively, in the mcroneedle structure to
further expose the pooling area defined by recess 22 and 86 to the outside
environment, thereby increasing the volune and flow rate of body fluid into




[0068] In other enbodinents, as illustrated in Figs. 3 and 4, the
space-defining configuration is an opening 104 and 124, respectively, which
extends transverse to a dinmension, e.g., width or thickness, of
skin-piercing el ements 102 and 122, respectively. In skin-piercing

enbodi nents having nore annul ar cross-sections, such opening transverses a
di aneter of the skin-piercing elenent. In the illustrated enbodi nents,

openi ngs 104 and 124 each occupy a substantial portion of the w dth of
their respectijnfesistdd-ReRICWRTe BleSiRAk 34 104 AMfaylRR coffitRhbedS @ _
substantial portion of a length dinmension of their respective test strips
100 and 120. @uepoisigps 104 and 124 define sidewalls 112a and 112b and

si dewal | 2a and.l132b, respect.vel f mgroneedl es .100 d 120, which
have a t@P ness stif% ’ingftéﬁzﬁe‘?ag oﬁ;ﬁ?ﬂﬂoﬁ sr‘l‘%ftfée g? PIREPFSE Q;’fys'tcﬁgsqﬂﬁcé% H:’eed! e
when subj ectedaglenedt Bﬁlp $PIRSinsdrRAGRb abtef %5&%&9%’&%@& lﬁ'ﬂﬂingpen' ngs
104 and 124 each define an open space or volune within the overall “space or

vol ume occupi Substrgtet82eandethpe tast steip 30, lsEFPiaBly in th«farmpifersubstgnigdlbent . Such

space or volune creates a caqrrespondin ce or, valume . withpn.skin tissue
upon penet r at’® tﬁnglﬁ?ro‘_”tsﬂ?éa?a?kr‘?, St ing)‘i’lg"ésgtafé?ge’%\gtg Q_gﬂ'lees“%’ftmtﬁl kgéﬁ ﬁ‘é@t i on
reservoi r whegighpi td t6b e, 388N HRLILARNSIH 30D MinlaBd RRRE ﬁﬁanYzFaBbﬁ‘t, e
space. Such configuration i's advantageous over conventional skin-piercing

needl es (i. eto,60amino|Typicatlyetheavidth afisubdirats $jisdrarh ebeut 100t1O memy f ace
defining an internal flui rapsport .| umen i-ch normall | ug or cl ose
nost of the plfsélglbégom %’8&9&5%?'?@? F%%W?W%“ﬁﬁgﬁoﬁl oélﬁngﬁ%zéﬁrpati on in such
a way that boDypiddilyi thed@iibor Hfcienty GEuBsratdI8l & frbia aBe@d).@1 ioS1 Fim,| |
inserted within the skin. On the other hand, the open-spaced m croneedl e

confi gur at i orsugihafremrapoutf-d do d mmtaad saers apwallyfremabet & 0.8 mmsfree or

open vol insid j i,chk anifl Of | . bl ood
capil | arqd[e}?]pi er CZM%@{} ?%géhn%@g fagrqneegf(dzﬁr gf’?’? %f,%ra?’g? %%egﬁ%ggra%eg’ %&hg@%@ﬁlﬁG and
126 in Figs. dsuface efndstrated2ywhatsinalldbur ik E\mrattinl8idlard Yordéred bygr eat er

vol ume of body fluid can he provided wth a tip that is snaller and/or
shar per than %ﬁ%ﬁg?o%tnw@pmé |2giepositien atsy forths sampled ahysiolpgicalyr eat er

suen ) 2l L o 4 e sopsion Sl agbiarl Byt o)

Fl'uird Extraction Channel s
subj ect test infra,gs willasclos tHeldight absorbing od ehranmgemik g@rédugt prodneadsfyethe or
extraction pat hWZﬁ gir channel , .re er.lgc{]c%d as 1ﬂ], 886 .108 1anag. 1218 in Fi gs.
1, 2, 3 and 4'EPeRIREEHIGEYY T ht 1< EXT EHYS 2F PEm2E RE Vé‘%eér? SpHIOR 18F Wene
respective m gL dF thellizhtiab&irbing PeodlicOFRAGEId by the iRBS&dtoPoMAE tighM of the
proxi mal end of the pathway resides wthin the biosensor portion of the
test strip derpeucingHpstenn.singguchan eppodimensoplaygr fais transparastise thadhe
roximal to t j ol have a
P J&%r%%ﬁ&ﬂ?&*ihg cﬁltoh’feb(‘g%ﬁi? ﬁy_ré&%?résfhﬂxﬁg tftr%l%r(n: @&Sg%%)on%

portion which resideswthint prercing see Figs. | A 1C
3 and 4). |n theergetahalytecandfthe sigaslippoducingrdystiins tal beynedsuosd. Feanspaertx posed

to the outside environnent. 071] In the test stri vice of Fig. 1,
bot t om el ect r%%é 3 ?ﬁw&’g%gr%wée ggﬁeaé&é‘éﬁ‘ﬂp’?t&r &ﬁl‘? aPP%ﬂ?_ElF’éP pat hway
or channel 10yhihBfeSeflednb & 185 AR maRY shOAAGhe PRELNABY s EBVEEE WiSa Wi thi n

bottom el ectrode 3, Z_peci f cally within reaction zone 21 LFS-157 9, and a
portion of diteansparentdilands,ds ugshrlineglot genaratichesysigimstihat usk amepdyarei ng

el enent or structure 6. Simlarly, orimetric test stri evi ce 80 of
B oD cupsriPdstas S R Sk NAR or BRlddtestl Bliee deRy bt o or
pat hway [gos31hannel 88t andiRérainbodiBer! 1) 18k 88 Ao Rak pedhissiay oB8 resi des

Wi thin substrate 82, specifically within matrix 84. However, unlike pathway
10, the di st @queqns fbrd Pawandyis seficiently parcas, ipr-aPyides sudfigiRntivaid spaseng

el ement 86. Tesh Strli vices nd. 120, of Figs. 3 and.4, respectively,
host fluid pa@ﬁ%ﬁfgerfg;gggeﬁ_ tlﬂlféfwee%%%aéppﬂdé’lcwgs eWnt!octﬁ(e r% (i/e' tlﬁe di st al
ends 108b angyrihéflle, Menatin® dTlpdrdud rdiebrizh@BS &ScrititBEtothe hiitljec® feds sthigSin and
128b extend within a portion of mcroneedl es 102 and 122, respectively, and

their distal openings 110 and 130, respectively, term nate at associ ated
openi ngs 104 and 124. [0072] The pat hways or channels of the present
invention are preferably dinensioned so as to exert a capillary force on
fluid within the pooling area defined ?y t he open space portio f é e
m croneedl e, and draws or w cks physié ogi cal sanple to mﬁthinq#ﬁﬁl eaction
zone or matrix area of the biosensor. As such, the dianmeter or wwdth of a
single fluid channel or pathway does not exceed 1000 m crons and w ||

usual ly be about 100 to 200 microns in dianmeter. This diameter may be
constant along its length or may vary. In certain enbodi nents, the fluid
pat hway may further include one or nore agents to facilitate sanple

o o o e oy




respectively, may further include one or a plurality of sub or side
branches or subchannels 15 and 96, respectively, which laterally extend
fxom the proximal portion of the respective channel to within a portion or
the entirety of the reaction zone 9 or matrix area 94. Such sub-channel s 15
and 96 are created by formng ridges or ribs in the respective substrates 4
and 82, and/or the netal |ayer 3 which 22 LFS-157 fornms bottom el ectrode
3 of electrochemcal test strip 2. These ridges could be forned during the

m croneedl e Whﬁé ﬁ’frslﬁﬁg& E@ﬁﬂo%npe[r%ﬂgﬁﬁ%ﬁg ?ﬁ%?@ﬁ?é b Parfd ac s«g,qgﬁr AefbrndCt S as

a cover over t es to for imlarly, 1ntest strip
80, the matri thickeadsr ddeallyr the o¢rebrané pdbmas{metireskonid noasitppoasedbboderllover

the ridges to formsubéchan | s 96!,'\3 Sub- channel s 15 and 96, each havel\t
di aneters suf APYlR e Spfaps gl ihaaembraps ping ipterepeatedote ¢ hgiclor SR PTW t hi n

channel s 10 agficRgs a Elgoﬁgﬁ‘gfgﬁnég&é{asuﬁénék'e&wel’é@& ﬁ%&%lft@%ﬂﬁ@n&a{i@&%ﬂ ate the

filling of reaction z matri x area 84 he sanpl ed ui d.
Sub- channel s such, thadiBénshenseind possiy of teshsttip 80 ampt eurg greatly heheramngrif r om
about 1 to 200, m crons angbrmre usual |y from about 20 to_ﬁgam'crons. In the

i | lustrated efbBEYREAEY HOGBFGRAFES A0S e ge-xVHR PTBERERYi cul arl y
from channel ﬁeapoﬁﬂhggam}slgipﬁﬁéa't%ﬁ|ré’ 'ioﬁméfﬁe{ller?afex alBhg RIcRB rnat arly
fromtheir respective channels. S s_%/ terns [0074] As nentioned above, the
subj ect devi chktarals foen ydech inatrixmmembrane 85 nufy ke fabib¢ated varysinelude whi ch
generally inclydes a system capable of obtainin si ol ogi ¢ k@ npl e and
et or mi nt ng. oPUVEEE: £5 STV E LYoo 6F BAGRA Gl dIDHY RARE BORETLS: o
interest may WRerddkORlehaN@dy aRFRbt Bfun¥tithalidbd RUSBIRE F6k dRMiehifer €. 0., @
meter. The subj ect systemis nore particularly described herein in the
context of angdnreevateshaéaehment ofthg ¥aseus members of thestgndl prgidycingsysternust r at ed
in Fig. he anal;yt en ti L er i, nat, i st ubj ect
inventio 0|51|!|Icl udes{&é{lﬁltée%gg&lpo&ne&?%ee@tﬁ ogﬁgsp ea\rllldgg‘gg%(sﬁg%ﬁa%%?sﬂé?g an

el ect rochem cakizeindsHaé biffEildr it€ s tthieP2! Bid DMedratiedaL asch Rdsave) having at
| east one subject skin-piercing el enent 64, as described above, associ ated
therew th, anePrigHetien supilarte fragspgreatiavendy and employethesame sighgl her

el ectrochem c : j [ e f jcqur e t i nserted
it o et or a0 ORaE S5 il sBFRR Jrtie 24U A MGkt 132

devi ce 60 hasnatalile differemds 6&waenanl tle ts@cestdtrgndevides. Rirsty sibstrated 40kis n- pi er ci ng
el ement 64 is associated 23 LFS-157 wth first e 62 and at .l t the
second end 66mf‘1§e %ftc)an‘F‘F ?‘_@EF”F Faﬂi‘qﬁél_éa}“t‘il’dﬁelit ma&ergl.nggggloggl_ly,mgﬁg er 40
preferably hagotafcegiedWigiTh SabdikteRR HaQsdAQY 8BS the cHRBleRIwithBNSi ons whi ch
allowit to be confortably held and mani pul ated wi th one hand. Housing 42

may be nade ofubsirated 40. Fusihas test sisip 180Hhas aslonblatsidedradhesivaalayemhddf er abl y one
that is |ight_uej i Ci T i_St 1 of
housi g 42 pr i EirdBeatbh s B0 AmEHEARC T a2 BEuAle s RAEHL NS ©]
transl at abl e f44dmsa cuebusdricn PHG whichrconiesgunds rethe aredolveredibyaniterded

position wherejn at | east a portion of the test strjp mcroneedl e extends a
fi st ance di st 49 %F%fqegﬁ?sa‘bé?ﬁ%%’n@é‘?a‘ﬁdé‘ﬁ%ﬂbeS@P?Y%W“%Gesﬂ’ﬁ?tttﬂé‘}at’a’égf'-nes a

chamber in w fﬁ'l?é'cléu%?et- idLd hdh 9'1%%@% 084 hS1dS RERIVGRL Woldiabhedl th&Tbsttd | P
recei ving nmechani sm YSO1 04 rre?t er 0? Test strlﬁip EV]i ce 80 may beS I nserted
into meter 40140y renoving distal housing portion 56 from housing 42 and

inserti st strip deviceg.. into test strip receivj nechani sm 70.
At or natiBSEly, ¢ oot TUPEROFUGE BBtIE DU PesB et SPIH] I DOETRE and
received int OadZPﬁé‘é&béan@sdys,awﬁRﬁrrﬁdﬁi@es%ay &iref Bl elhyof Hhgtiglk, housi ng

portion 56 is transparent or sem -transparént to allow the user to visually
confi rm pr opedimengjoneansithe bke,weleare repsesestativpmdiricdes usable with theecei vi ng ar ea

70 prior to cgnduct.i.n he ana .cancentration assay, ..as.wl s to
Vishal tze ¢ natesep RalonRE el SR APy SRsths RedtE SRbennfR Bides bR 1 60
with body fl uirelneitirhiied o) o8& datrib¥ BNUISe Phiedt Wbe: 419Y4,960,60000564%; oper |y
seated within receiving mechanism 70, the biosensor with test strip device
60 operatively engages with the neter's testing conponents. In other words,
with electrochem cal test strip enbodinents, the el ectrodes of the

bi osensor operatively engage with the neter's electronics; and with
colorinmetric test strip enbodinments, the matri x area having a s%%nal
produci ng systemis operatively aligndfl with the neter's opticatf>-157
conmponents. The neter's electronics or optical conmponentry, upon sensing
when the reaction zone or matrix area, respectively, wthin test strip
device 60 is filled with the sanpled fluid, supplies an input signal to the
test strip biosensor and receives an output signal therefromwhich is
representative of the sanple fluid characteristic being neasured. 24

1 e~ A = —



[0076] G rcunferentially positioned about aperture 68 is a pressure ring
58, the distal surface of which is applied to the skin and encircles the
piercing site within the skin during a testing procedure. The conpressive
pressure exerted on the skin by pressure ring 58 facilitates the extraction
of body fluids fromthe surrounding tissue and the transfer of such fluid
into test strip device 60. [0077] Distal housing portion 56 is itself in
novabl e engagenment with neter 40 wherein distal housing portion 56 is

sl i ghtly transhas abds @9, baps 85 ubk:es 3008, s sl @ngs uodional s svs s7ef et er
40. Between di'stal housing portion 56 and thé proximal portion of housing

42, isda prgsﬁsﬁi@l%@rﬁs&@,m; MO20BO3eNEEHXA2h &, FAGas S {186, 384um9,2%5; pr essur e
. . j o s ) c o
Soa net tne. SkP N dRiaRRR b8R8 And SBIA BT AR RS BERHieRalt "t ch

be of the Kki %rﬁgm%dfaﬂ@a@}mefefbnbge field of electronics. Pressure sensor

indicators 72, in electrical communication with pressure sensor 54, are
provi ded0086}i ndi callee erteeorimaremeribgrs efthasinbeproducapgbystain prodidcsaal housi ng

ti 56 th th i t th f bei
Dopli od, vt e poaRShrdRin b B el et Bhitnap. wREE SERRESRG078) 1
many enmbodi Megtbguct BRA BE ustd thASrive eRloit dflanabHE Predént 3 tHeGsAedpl ay, for

di spl ayi ng data, such as input paranmeters and test results. Additionally,
meter 40 has spmplou® thosubiest seshattipbihe onsorf mereimebers afthesignal o t he neter' s

processing cq nent d_for ¢ aollin h iercing,action.of test strip
evi co 607 FoTORuine Rl alealss R, 8 2 falshi Bt SR QAR RS RsbiR e B0 16
a | oaded posilehgda poitiodi of (M} S défecaos rddi) ehymptri; b Maspérhbeinesiani sm

(not shown) for later, ondemand extension or ejection of test strip device
60 from aper ttrabsgtisily 3l &f shegnatmp Thesigngl produging agstempiesn anabtal housi ng

(i 6 i ey " bl ) . _ (ri
flovi ce 60 ca RUARRASINaNARLMAREAN, Bifnltitdouliich SUAFblodBb sfigh, 0111 P
accessi ng t hes hodyt thhtlingehdretigg the dBtectablessi fxthl fiveh BRichwhematigpr essed, i nput

signals to the neter.' s processjng cqnponents indicaf.ing wheth t he
measur enent t‘i?nf)@t’f’f‘ﬁﬂ’é 1r§)gxefsgtlnpleexg FF‘H%’ ﬂﬁﬂ“ﬁﬁi“? 5rpx¥hzqc -%le?tag{epu r poses
(and for recaygyinBgo hRdRuEEH oXi@BHA Sl 6O AndTHERNY aTBABS MRS the meter’s

el ectronics) or for calibration purposes, respectively. [007 Optionally,
met er 40 may Hropartenal pmopohéf hydregentpsroxadei The hyddogentpgraxide isdlpdnaceabl e

cartridge contai,ni ng. | yralit f the bj ect test strip devi.ces. After
using a test e&mp%e%gg&uﬁétfo ﬁ%}eé%e%(’? (ﬁﬁgl‘ﬁft%qlf? Jﬂléoau‘étj §°é8t°nf ﬂlél%ﬁgeeléldfcgi strip
from the nmet efonPoufids Whetd HBamOLNb FSdReRaibl@produdteférated H9-thSsighala
configuration elimnates the necessary handling of test strips, thereby

M ni m zi ng t HBCISURBE SYFe ief theshengh 15 Bep pelated to Blegmpunhabarabftest thenj ury to
the patient. ; r cause 1 i < i is
A R o i L
amount of mattke swlject taststripedre ghsoonorrictly charactstizedans ihydmogeh p&8R]de Hasedet er
disclosed in U S P%t ent A%% |ication Serial No. entitled "M ninmal Procedure
Anal yte Test 52| Bipducingsy ‘gn%tttorney docket no. LIFE-054 and filed on the
same dayobsriew t h, Ad ;dRhatedabbl € théhydr8L&VIGAdEBEAeH Sighkl frddhd@nd Or use with
the subject 'invention. Additionally, certain aspects of the functionality
of neters suisystoms imchrdeancenzymy thai @xilizys the anadyte eedrprodpeesdi scl osed in U. S.

Pat ent No. 6,] 93,87 as well .as,in copendin conmpn oywned U S..
oot Teat o SoResoniing Sahih ot Aish e iR Rh e erS B PG b RIRE BPuiis 116 an
09/ 923, the Ghé&mt GRUIRANFunY\Gf IBhirége fees-aidtHanzProRiced hrbyortichatence. O

course, in those enbodinents using a colorirnetric assay system a
spect r ophot orth¢ amowit of gaalytelpresentin the sample. Bhgpipsyidie natre pethéselishi n aspect s

of the functi i rs suitabl.e for, use.ar sGli.bed in, for
exarpl e, U, 5. Harehteity §lbelBt St Bor ey AL G T iP5

5,304, 468, 5,2306rali¥3n oRidddeforldtBydlogéree 08Lsuch, td First €dzyrhe Ma§ bE2Plucose

5,563, 042, 5,620,863, 5,753,429, 5,773,452, 5,780,304, 5,789, 255,

5, 843, 691, 5, 846,486, 5,968,836 and 5,972,294, the disclosures of which are
herein incorporated by reference. Methods [0081J As summari zed above, the
subj ect invention provides nethods for determning a characteristic of the
sanple, e.g., the concentration of anlgmal yte in LFS-157




26 LFS-157 a sanple. The subject nethods find use in the determ nation of
a variety of different analyte concentrations, where representative

anal ytes include glucose, cholesterol, lactate, alcohol, and the like. In
many enbodi nents, the subject nmethods are enployed to determ ne the gl ucose
concentration in a physiological sanple. [0082] Wiile in principle the

subj ect nethods nmay be used to determ ne the concentration of an analyte in
a variety of different physiol ogical sanples, such as urine, tears, saliva,

and the |ike,oxidsy (Whérepies drlale & dlicase), bﬁ?luﬁ@sfe déBgdioRerthSt eitiier tising t he
concentration of an analyte in blood or blood fractions, and nore

particul ar| y NAD#dIQQ 85 sefacisr: shatesiesalioxidae fvhre thejanalyty isThelesigrgsct

t hod [ |
racti cing ¢ Haliep SrEERTEIRRAnE BndlFtelt ol dif UHERSNES: Ol BUARIVLY, oo s
descri bed abqvﬁctat@ apdald died OtAsrchxadisinbjefLymes for amedlh thebe hibsBef 1 s

inserted into a target area of skin. Typically, the skin-piercing el enent
is inserted ianaytes %tﬁieﬁt ge known iy thos@skitled witherar gnd AWy @isobe 0 60 seconds,

Iy f
seconds. | Depaniioeet i ihse PRI IBRE WHEht teok P 0 15 ghERd, e
subj ect skl n -fot eretaem@nexh eﬂglmto@ d@ﬁyenlnau&enm fift efizyinge M @hicosSoxilage. | ayers,

including the derm s, epiderm s and the stratum corneum but in nmany
embodi ment s wihel 8lpRase Pxidese may b pbtained fiomm A eonyERIENE SNEG S &} wwra@fv t he

skin. [0084] t serted into
the skin nanu\aéb‘injn%gtsﬁgrcggﬁj}g%ﬁ%pgg 111125%1?1 g‘?r?ﬁ%‘ég‘?‘érﬁera %gnlﬁ{s}%l ){/1\,1 th the
hand- hel d netprodut@d.of Fi g 5. As such, a test strip device 60 is either

initial Q}S%%ﬂserted{l nt o st stri.p receiving mechani sm 70 either through

apertur or by }51368? fignad pradieing Sy$iemHs 8% CRAYHothel ng 42 and
placi ng the t@&ly:t fHerohOér@m'hQﬁ"%hEbﬂﬁxof@ﬁlﬁf@ato?%&Bo&}{dsﬂﬁ&)ear deflitable

Al ternatively, test strip device 60 nay be provided pre-|loaded withi

recei vi ng medredictin l’hepr@enctel ofjhydrogss pnmtdeowdadreatbmmoumteﬁtdemtabb deV| ce 60

may be coIIectl el tha urallt Ilketes trips in a
tegt strip czfrr? &é@ tsrpd? g\(}i&x Sfgpct F‘F%fﬂ %’ﬁﬁﬂ%}lt i Eart lroi dge is
removably 27 Hyﬁﬁygkﬁiaemxmmmapfe@ew tTihisRESId &Qym'ésegexfe&myp&péfamb@

automati cal ly di sposed of, g., either ejected fromthe neter or dep05| ted
into a separ a"!@%@’r’rﬁbh?ﬁé%ld%ﬁeﬁ Hicindenborserpdish agoxidap ﬂ'@‘%hs%hused test

t t |
Fecel ving ar S ptap et BIRAEY poRie IR oRidse Ot BRR B O per 1y
recei ved wi t hpjeroxidativanacsvity/ahd the dikenSeaye £0 Yre(fn Fh%ngmmmumﬁhmacbed or

cocked by nea f . 4 meter 40. As such, mechanism 70 and, thus
test strip dé€?§%§3éd?¥% ?Q(rs? 36% etracted position. Meter 40 is then

posi ti onggsggubst aW&h&ii}éa@%&ﬁﬁ&utﬁtﬂr%mtpeuﬁd&ee%ars%tu%sts itk Bn&ithhege Wherein
di stal housing portion 56, and nore speci fical Iy pressure ring 58, is
caused t o coreithen formed oadqemp@mdb)aﬂleéayd@@mpwmesﬁle\weme@eﬁtﬂle may be
manual | y appl.ied he t.ar res | di stal end
of neter 40 é’&feﬁxﬁs%se%%%mflg? gaépg ﬁ’g}’%gﬁt ?%SOE lﬁ% HEY® Stﬁllq?llng?erCI ng

el ement 64 i syekaghhl ingd) SErefeedbly mednalbaoshymabs%sanbhglyragamebleﬁgtnssure a
counter force_causes distal housing paortion 56 to press back upon pressure
sensor 54 of dh@?rém from tha{ gt W@!“'&tth"?/@“él?’rﬁﬂhfhe(t?“’@g Te%ﬁeg'(ﬁbsﬂfhsﬁHPnéﬁd | ow) of

counter pres hspl
i ndi cators 7 er 2@&@%@%{%@2& %b%%r%g’%g?tgxggg E(g’ﬁgg S)%Sésner ally
be in the nd‘mahbfoduartba evideticesad chiange/id dohdrayfithd ﬂeamgsade afstht mentitrand. 0o nuch

or too little pressure |s bei ng applied.. Wien indicat 72 j ndicate that
the applied pha5E|p &y, he tesgfingcagent pan kﬁ‘éé‘later%BQP{eﬁ%Wed’gﬁfué’Q? ifesample

spring- relea r

T ocel vi nal cariy o SE sl he bRk, bR L R (AQRE e derdioRg o

t hrust forwarcdlarher eby causing skin-piercing elenent 65 to extend from
aperture 68 and puncture the targeted skin area. [OOSfi] Whet her by manual
means or by use of meter 40, the penetration of skin piercing el enment 64
into the skin creates a fluid sanple pooling area (defined by the recess or
opening within skin-piercing elenent) adjacent the fluid pathway, as

descri bed above, within el enent 64. Sﬁgple fluid enters the pogksqg7area
via the open-space configuration, e.g., recess or opening, skin
piercing elenment 64, and fromthe opposite side of skin-piercing el enment
46. The pool ed sanple fluid



28 LFS-157 is then transferred via the fluid pathway by at | east a
capillary force exerted on the pooled fluid to the reaction zone or matrix
wi thin the biosensor of the test strip device 60. As nentioned above, the
transfer of fluid may be further facilitated by exerting physical positive
pressure circunferentially around the penetration site by neans of a
pressure ring 58 or by applying a source of negative pressure through the
fluid channel thereby vacuum ng the body fluid exposed to the distal end of
the chanpeke] The findichictbaipoiadstthst dré uédiulﬂﬂtﬂlﬂs\’\%iés@ﬂﬂiﬂeﬁtiérﬂin@lddh%odi st al
portion of the pathway first and then proceeds capillary force (or by
appl i ed vacuuPitpeS sVe-sompoRgnt Bhremogenis suRgtpLds. &mqomoaﬁnttsuéte@at hway whi ch

resi des-wt hi| i0 on r. the tri.x ar h lyuid Jj.s then
Caused to tr ashaF e Rk SfinS Biordlisi N ERER, BillsT Rttt MBS area via
sub- channel s tleﬁamem&ﬁberrzﬁﬁﬂ@mwshyablwﬁ%ebmgbxh@t edtém€inalide tiadykeén vol une
within the reaction zone or matrix area _nma e filled wth the sanple
fluid. (0087]Whskéengspmponant sMBdd] ap BT Redarivative (sae S fEamplethess x area i s
conpletely fik. F Vagh | Al . I i CS or
optics are ac(lth:sc\ellg’;{s{e\gc}}lIt%J dgglgart%g??épgﬁéﬁoﬁ eg' %I%) %@%iﬁé@@%@%?@n this
poi nt, the nefefdrentry, dvel-ampioxgibybine ahétRasth@Ronipoaetiihen peonatic aling site or
kept on the skin surface until the test results are shown on the display.
Met er 40 may #PR8hHakephel gorgugaedaming remygatadalenbe! papdatiopr aiRhgHat i cal |y

retracting thg:y.GLO - I ' r 13 L. ON: | is
11 ed v th RAHEE0BRERD T blo Pounb Ak AL dhe BRBELIDELEARRGANERL | 00
or matrix ar elaydrazone pdwickloyidé (MBAH )wiohtbihddew tia Aqlimethlylantdnotdneoic acid
concentration _qf .the yte of interest .in the sanpled fluid js .

det er ni ned. Prei ity avaith_ %i—gy&l%ﬁaa-yx@oggﬁeﬁwﬁfgaﬁ acid

det er m nat i OnTRSIHBY); /0 B%Et@M-@!B@ﬁ'iEtﬁﬂ&olm%ﬂEWd?%% N-SulfR§e using

counter/reference and working el ectrodes. The el ectrochem cal neasurenent
that is nmade bragenesulforitpmodosedivom (MBI HER ) domiived wib 8rasilofo-t he assay and

the test stri i,t h which .the .el ectr.oc tqal test. strip is. enpl pyed, e.g.,
epend; ng o VRBLEREhEomE 859 SrEReRRGAT, i T PisheBriedisg R &%

pot enti omet r i oupleaIBTHIB-ANDR peégbd.ochen cal neasurement will measure
charge (coul onetric), current (anperonetric) or 29 LFS-157 pot enti al

(pot ent i [§A6H)r i c), lmsyshpther embedimegiswadgolosinpatdc test stiips sfeopl Bedwng anpl e

i ntroduction | t i S i h ove descri bed
el ectrochem c%ge%e@eggﬁr%%%% a;}iheo Sgglltﬁigr& Eglgge rr:;g&ecé%de%ggb l%écfrgnt Nos. :
4,224,125, 4, Sddrest8it substenée, 2@binla/oresentbdckgound) hay be adployad | sublat ent
Publ i cati ons W) 97/ 18465 .and WO, 99/49307; the disclosyures of, which are
herei n i ncor pBrtapss eﬁ‘i}'ﬁ?’eé‘f%%é?‘ﬂ,s@? 21‘—161“? g’\?ﬁ‘l‘ﬁj’ (S@i%%ﬁ%%HB‘PmﬁFFBC substrates

el ectrochem cg} Ha@s%%é&imsxiaﬁse.sfa?mnmﬁﬁme ekal ?ort}?@rdg‘%ﬁ?ﬁﬁd%mezé?ﬂe as
descri bed above, the presence and/or concentration of the anal yte present

in the sanpl ehg Reroxitiaseadinalyticat Bwchemistry ¢ hO8W) 169 0% hién Examples ofsticlyy
relating the electrochem cal signal..t he amount of, .apalyte in the sanple.
[0089] For & PAFORFREMRES G A ie e sOSR DHL e SutuB T ipigh Tactilfe

det er m nat i onthogs@¥erititaES ARt Nbst §,583,94D) £TI3,452315,789[258, hdteine
specifically to a reaction area of a test strip, is allowed to react with
nenbers of a BfYRATatGIIGETERFCsyst em present in the reaction zone to
produce a detectable product that is representative of the anal yte of
interest in an anount proportional to the initial anpunt of anal yte present
in the sanpl e. TheSknPircingflEleméct Mytrengaddsiuct, i.e., signal produced by

t he signal 6_ﬁroduci ng. system is then determned and related to the anount

of anal yiP863In t he Referring todestpirips 2\nd 80h Elgse baad Rriespselvelysagywell as to
optical -type : : | j and
relation st e;}g.&tﬁﬁ% 1g)gga§g%2ggg?}%§j£€deg?c%%ﬁ, ﬂg’?gg?%%lggg ﬁgg%gﬁgngnst eps,
as wel | as i nin-preerihg eleoenpmidronerilleg of the sasvat inaesidnuwillew bescri bed in

U S. Patent Nos. 4,734, 360; 4,900, 666; 4,935,346; 5,059, 394; 5, 304, 468;

5, 306, 623; 5,418, |42; 5,426,032; 5,515,170; 5,526,120; 5,563, 042;

5, 620, 863; 5, 753,429; 5,773,452; 5,780, 304; 5,789, 255; 5, 843, 691;

5, 846, 486; 5,968,836 and 5, 972, 294; the disclosures of which are herein

i ncorporated by reference. Exanples of_,such colorinmetric or phﬁﬁ%@%’ﬁ c
reagent test strips suitable for use wth the subject invention i'ncl'ude




t hose described in U S. Patent Nos.: 5,563,042; 5,753,452; 5,789, 255,
herein incorporated by reference. 30 LFS-157 Test Strip Device
Fabricati on Met hods [0090] As nentioned above, the skin-piercing el enents
of the present invention are preferably fabricated with a correspondi ng
substrate (for colorinetric enbodi nents) or a substrate/el ectrode

conbi nation (for electrochem cal enbodinents), as a single, unitary piece
or structure and made of the same nmaterial. Alternatively, the

ski n- pi erci ngdi@du@ﬁ&ﬁhgrdﬁ&}t demailmexydisciissidemhofs, 162 paipate®ice AP oM iMdes a@l pi eces
which are then affjxed or attached to a corresponding substrate or
subst r at e/ corflemdtochemicalkipseaserrondgiwHon yinily tethat abed strabpef Fisod exanpl e,

an adhesi ve cOMEALYERALN0GeRt: o LOOAH TS ASRLS i eyl ces my be

fabricated ac di'ng v Si any ‘conveni ent

t echni ques i nehidinagon biniilan @b tHat 67 feSthtiiP80 BT Big0D Sidwevat, itltebtathni ques

i ncluding injection nol dizr}g, hot o-chem cal _etching (PCE), m.crostanping,
enbossing, arfdevicasPhangt @fsglé&?’ oo 2gspaetivelys diffardrane diosa pf Figsdevi ces  of
the present | ayonblfR Al Ml frerchlSi ISR MBYufof SRt ed from and
processed on one or nore webs, Trins or sheets of suitable material. Such

web- based mardshtsslindentngh@mitrofecsildy) eRtdndifRmt a StisstratedefMhe RIpqUtioY tete
significant cost advantage over nore conventional nethods in which test
strips and thdrp. Reecslicallys imdhe elgcisorhienucal tast sHEp deyige embedimentspiFagscl
illustrate s 3\/\19%5“1 [ ] J v :

el ectrocheni ::Jagﬁla an pﬁg?r%grr@ter | @%g?%ﬁér’%t% Etlfl%:rpoc%gl iogﬁrfeat??’gkggrarteeséﬁ%tt ively.

[ 0093J Wi | e bibsenéar dlextvories, siteedins gieanicednetdie and bpchcdssdcadied elattrade aret hods i s

in the context of b- pbased nuf acturing, the techni ques di scussed may
al so be used lpﬁ%ﬁwgﬁﬁﬁ‘& %‘ngt est strip devices. Additionally, while only

certain [pag3) cati ohiny GffBIKAGSe 8f &if BRIARS ERthent QY Be Efibldyed with thBe art

wi |l recogni'ze that other known fabri catl%n techniques fay al so be used
whi ch enabl e dubjectlestistmmpdericsst ay long aswhershelsesémableg theskimtorhegnericed withuct ur es
having intricate

ISR TOREEIC NEVCTE St M N S R

subj ect test substhidig\i#86pladdr ddnBgdfation, or may be substantially cylindrical-like,
wedge-like or triangular in shape such as a substantially flattened triangle-like
configuration, blade-shaped, or have any other suitable shape. The cross-
sectional shape of the skin-piercing element, or at least the portion of skin-
piercing element that is penetrable into the skin, may be any suitable shape,
including, but not limited to, substantially rectangular, oblong, square, oval,
circular, diamond, triangular, star, etc. Additionally, the skin-piercing element
may be tapered or may otherwise define a point or apex at its distal end. Such a
configuration may take the form of an oblique angle at the tip or a pyramid or
triangular shape or the like.

[0064] The dimensions of the skin-piercing element may vary depending on a
variety of factors such as the type of physiological sample to be obtained, the
desired penetration depth and the thickness of the skin layers of the particular
patient being tested. Generally, the skin-piercing element is constructed to

provide skin-piercing and fluid extraction functions and, thus, is designed to be

18 LFS-157



Fabrication of Electrochem cal Test Stri~Devices [0094] The el ectrochem cal
test strip device webbing 200 of Figs. 6A-Cincludes a plurality of

i ndi vidual test strip devices 201 (shown fully assenbled in Fig. 60
fabricated in a side-to-side arrangenent along the length of the webbing.
Each test strip device 201 includes two spaced-apart el ectrodes, bottom

el ectrode 202 and top el ectrode 204, and an insul ating space | ayer 206

t here between. Spacer |ayer 206 has a cut-out portion 208 whi ch defines the

reaction zonegufficiédE ©bagts AGIMERhE MscRiASABSAH vithHdkAY ) iffeh thelsREPX I eagent
system A mcroneedle 212, shown having a configuration simlar to that of

m croneedl e 1PwicslyFogscompligniesrigoadsy therraido pf dmpaneirationpengafdefined bot t om

el ectrode 202, Forned within orti of. batt om el ect.r ode, 20 nd. a

ot oxi el por tPGREGRRCE PR a s of Bediarkisare S P i MenM 1y 11 ui g
pool ed W t hi njiihieeP QA& Suchf difhetePReREHsered hethebsteotthBgkinafi@tmlgl y from both
sides of channel 214 are a plurality of sub-channels 216 fox facilitating

the transfer c¢men) stirambabowid tofl, venably abowt| Aod , moresusily abpet ¥ @dcen on zone
of the el ectrochem cal. bi.ose , [0095] El ectrodes 202 and 204, as well as
the associ at elg) %ﬁ@n@ﬁo&‘tgﬁb%g@ ?oylbe made entirely of metal or may be nade
up of arjopemrt subﬁidtatae1@@;}180%@Bpihtpi&ern?@usmﬁ&ns:gu@fae@ rByged R aboutayer .
Where the electrodes are primarily made of netal, photochem cal etching
(PCE) (al so Know9,4%) pissanse nawly dromibqut 460 tao HEAIQaucreny andagorgigually

hot oet chi n ] ro@(ﬁ i i i i catl
!to echni quels. g%f&%é?&%lf pﬁ%{’%@h%%?%{é} qtaf’[%j)ﬁ?%tg%tﬁ)g 3%@%?%&%{%@4% ude, but
are not |im tedeméms gerevatlyvangestfognaboutdotoG000 nfitions,susliy dbadt UOQ tol ri di um

silver, titanium tungsten, carbgn and stainless steels. Fabrication nay be
done on sheet¥08migtme A% BINEE EBtally aBeutk0q e 2000 mpFrante hhegieegit @Bs a thin
metal base f Ghickis 6 SlthMebdeRietd aHEB6!R1dalt e ydalel GhREAFEN the
range fromabout 10 to 1,000 p.mand nore typically tromabout 50 to 150
Vim A phot orpestict efithe Slapenencmgtdiemerd piypiceidy tangesfromrabbot htosi@ds of t he
met al base as_desired. xt, lithogr .techniques are 32 LFS-157 used
Lo prect sel y TGP Beghtan 085 ol tigrors 1 Heenauhafen 8PPy Yoo
e.g., the flusd fhanaerhe dhttr Alkheisln RANRE bty raRfesat R @Foan®l et el y
through, e.g., the openings in the mcroneedles, ‘the netal base.

Speci fi cal | y,200Aenipepss, uspally abant 360 et §00ahicronssied anare upradlydram ab@atis of t he
met al whi ch . tched and tp expose areas of t t.al..which are
to be et chedgoﬁdggb(])é %}1% P%gﬁ!}gg‘e?'c%%% g e’otﬁﬁﬁugﬁ 5 eecetrroggﬁer?éftggllp

di ssol ution Henerally dokweicieRcerd aboi] MUARIaRCAd iiSgappllydessttbar dwus2d f ace of

the base netal. and a_current is conducted through_ the netal. The areas of

the metal surPSERS AR BPreFvPisatly Ipssdhanyebout ! pHesolqHavmveed B! ke aci d.
After the etg m'a%éoeaé, e ¥ RIPHAKE Gt Shat iRV Glter Fambtet BPRE skinglrlig sur face
of the netal ggrtl, an ,Oas iSI l'ustrated %n F%‘? 8, the sheét1 ?g% irhgmali ns
havi ng a ser isdgnaft naympinetleohy itk ddngticart mdy be sutstaagell peorB@t.and associ at ed
space-defining configurations 312, fluid tr.ansfer channels .304
sCbonantQ®1306. *Hast g6 Rie Siaishche SlsmgRIs et SEcS PELthalad %y e 1o
be cut, remaiykpace-e6MiihgbGiTpudtfm RHstrilBiufd théid ®hichSupdnaasediéh Rito teeet 300
has been cut etched away conpletely. [0098] M crostanping, another

t echni que suiskihFeeatcs @ spagsrarvalyrmey wWahm the prerced| tisene: cHuS space §¢T§8%ASAde out
of a very str i : j i V. the.t of .di i ch have been
br cei sol y mmdReRit Rhiuleh 8ol auldY BkEd o OISR ASE Bl T Long
sheets or wehhingfggredto thebidsehscrtportion &l the Subjdtt &st §tFipdeviced. abeneedlyyonl y used
in PCE processing, are continuously or sem -continuously fed_ into a

st anpi ng pr edke sEeqdehnige sontigurationisf|the pregeat nvsntagikcreate o defing Heneceiol es
in), coin (i. : f ide:. of . et al
substrate frc?r%nﬂ%lé)tﬂﬁE @F@g@ﬂgﬁ%ihg%g éﬁ\{%'ﬂﬁaggtil%%%g%@%/%ﬁisﬁgﬁg{d%g}g%ﬂg rate of
1, 200 st r okes/opsiie 1 the teacttg z @ othebiseensot! | Suchlppolihgaich vdRmngangast r oke.

[ 0099] Where the el ectrodes 202 and 204 include an inert substrate
material, hot
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enbossing and inj ection nolding techniques are suitable for fabrication of
the subject devices particularly when the substrate material is a plastic.
The substrate material is sufficiently rigid to provide structural support
to the electrode and to the el ectrochem cal test strip as a whole. Such
suitable materials include 33 LFS-157 pol ymers (plastics) and inorganic
materials such as silicon, ceramc, glass, and the |ike. Suitable polyners
i ncl ude, for exanple, polyester, e.g., polyethylene terephthal ate (PET),

gl ycol nodi fi gemrdout TRlene0s s epldtrhék alsgal(AFdPabodI Mo Bs0@L. Sugh,

pol yet heri m de; pol ycarbonate; cell ophane (regenerated cell ul ose);.
fluorinated poblymeoccupies 3 subslaptialpartion elbthe gatirepeiymeeecaal el dyythe plein-

fluorinated ethylen ropyl ene copol ymer s: .., on r: ,polyam de,.e.g., nylon
6 "oy on 6. 6 PTESREA o BReFO RS AR 0ok B0 8% e RRr¥ BRIy &

po: yst %IL elne aflfbuit ss%qle ﬂ@!’/&’@?ﬁ@ ﬁ?m!vé)mlrﬂ@gé@?&dadﬁh% blein 9eR6hy l@ai@al'n%.

pol yme pent ene; polyvinyl chloride and its copol ymers; polysulfone;

pol y}/i nyhgééhegch! M’Qj@ieéﬂdﬂlb’t@nﬁ@pf@{lm_ fghe Hh@:rop?ﬂd rthe pregeni ]tes o
reinforced wi er al anQ- I e £ or e
substrate is lt:? ﬁﬂaa}lrz{rg lgls?%tgaf ?%Mf’éb%gfa%@f?ﬁgr cl)]?{ lélﬁ%gggliong% ﬁ'g“én écur sor
material suchAssihataidtinbig. 1 bed 2phe adtioneddl €' spaerdefibingrdoalighaom g £

t hi ckness in the range of about 25 to 650 m crons, usually from about 50 to
625 mi crons aff8essgPer Y rathiy aspefasen Beuthg oPsyriden of fldREIICING SERENED i nt o an
enbossi ng app msr > ' i

features, of t%%ﬁw?r[gs a nﬁ%@ﬁ@%ﬁ‘?ﬁggﬁ%ﬁq}%‘g %llé#g'r%égt?avg? Eﬁéﬂ}s{%}%pl ercing
el enent. The pheeinthedeptofthedecdss id nahe eEp Toms asbudy td heodmlidonglrl heat

and a suitable corrpresgi on force. Usually, a tenperature_in the range from
about 20C t o TSHOURLY ferirboyksRiq $°G misrpam dicrassdies § 21 86 maynyrther e

usual ly from %ac?é}%d'b? aﬁ%%&inﬁ'@@tanh@O?ﬁgf)é-cﬁq?jlfy?fn tﬁpﬂﬂéroﬁeedhe to 1000
seconds, usually for about 0.1 to 100 seconds and nore usually for about
0.1 to 10 secsingture Thiurthengrpess therpobting erdasiefipediby yecessA2i and Jortotthe r ange
fromabout 1 tqg .50 GRPa is d,. usual |y from.about to, 40..GRa and nore
usual Iy from %‘88@? e%ﬁrqngxeggstgﬁygpy ﬂ‘féeaééﬁﬁﬁ%g%l%ﬁ apg}@g rate %fp})p?fl?'éﬁ" or about
0.1 to 100 sempeghepobbndhiey. for about 0.1 to 10 seconds and nore usually

for about 0.1 to 1 second. The heat and conpression force may be applied at
the samel0868ldi f f er Brnther erghodimentarastillestrptadaniFags. B gnd dothespagetdsafimingnoved

fromthe appa : i 0 . - (00101
] Next, tne gt B B Sert Rl B Pabl RS A s B fe top
substrat e ar etoredinlehsideck. fywidih otithicknatd, ©F skig-pidrcing feteienty 102 dnddl 22,
conductive layer aof netal .over such substrates. The conductive | ayer may
extend to covEPeeRLcl griedireng)crbpdinaemys hidie pofe artfwg?rﬁf‘%?ﬁﬁﬁ‘élé’dlf’e( s)
functions as Qahlopeling RanAeeRshAILLeE! SGhE 9ER-pidBing cRR&k c@k! ¥, in
certain el ectrochem cal biosensor enbodi nents, the conductive materi al

whi ch is depodlusteatedersbodimentseopenangsdiOdaind 126 ehalr pacapy elselstantidbpgrtion| so

deposi ted over..the. l,e.fluid.pat.hway or channel . includi,ng t ortion of
t he associ at e%f téi i‘”ﬁaﬁ{‘r’g F}}ﬁlrrfcj s%chﬁ%ﬂim?pkr&%?eﬂen& EMQ Wﬁ%ﬁpgﬁ ng?so%xt ends.
Sui t abl e et adubstaftialpdericrosfiliehgty Aimaygén oNGkR6dephatveactt gffipsgoband pl at i num
silver, iridium stainless steel and the |ike, or a netal oxide, such as

i ndi um doped 130 @panings 19¢ apd Bt defiee gjdewellniZerend d 1Zamsbridewalls 13325
preferred enbqdi t t . i and the
netal |ayer e&ec@gdreegé&%gt@i gi}xggc?z]?{rge{gflfé%nl6&%8%8%?!%%@@?%@8%%%39 | ayer
may be pri nt esifficiefitap nefinthini the stoumdunetof\tiee mdrencedtd wienesxpizee® monprEci sel y
defined pattern of the electrode. [00102] By neans of any of the above
fabrication toss gues, bottom el ectrodes) 202 functions as the

counter/ rence ) J he
morkinglgpggtrode gﬁfﬁ%ﬁggﬁgﬁgﬂg%Fggg en?%%ﬁﬁggpggﬁiéégﬁaiqggép?g??on of the
el ectrodes, aspaesloxxvalwagevithishetoverallspaed eciotaimanccupiiddsi the despedtivien t he
reaction zone 210 of bottom el ectrodes) 202. Such deposition may be
acconplished with slot coating, needle coating or ink jet printing

techni ques, which are well known in the art. The redox reagent system nmay
al so be deposited within the sanple extraction channel. Optionally, the
conductive surface of el ectrode 202 é be subsequently treateﬁﬁgﬁgba
hydrophilic agent to facilitate trangg rt of a fluid sanple through™the
sanpl e extraction channel and into the reaction zone 210. Suitable

hydr ophi | i ¢ agent conponents include, for exanple,

apol y(oxyet hyl ene- co- oxypr opyl ene) bl ock pol yner having the trade nane

Pl uorini cTM F68, sodi um di octyl sul fosucci nate having the trade nane

Aer osol TM OT 100% octyl phenoxypol yet hoxy(9-10) et hanol having the trade

o AP I N A = —



TRI TONTM X- 100, pol yoxyet hel ene(20)sorbi tan nonol aurate having the trade
name TWEENTM 20, and pol yoxyet hel ene(20) sor bi t an nonool eat e havi ng the
trade nane TWEENTM 80, and 2- mer capt oet hanesul foni ¢ acid, sodium salt
(MESA). I n another enbodi nent redox reagent system nay be deposited at the
top electrode, i.e. layer 204 at the area corresponding to the zone 210 of
the bottom | ayer 202 by the sanme deposition techniques. In yet another
enbodi ment a redox system can be deposited on both electrodes, i. e., on
layers 202 angifrrcihg 8efEnS Suchapadet voRRHEHeae 92 LEGepBAMhE kpdceDrf ace one
anot her. [00103] As nentioned above, electrodes 202 and 204 (and their
respective welpdymewathieskan tissag upyn pengieation inta ey skd@ayhid acis ssebsasiplg uch

spacer | ayer, sitioned or sandw ched.between el ectrodes. 102, and.., 104, or
porveen ¢ het ML RPLERAE FetEe SpseB g pEF R ao i R s eI A s any
conveni ent mMahEEARL, SWELESHTRPIRSHEAI RS S VRPLENVERLSTA] akif-pidteingde

pol yet hyl ene terephthal ate, glycol nodified (PETG, polyimde,

pol ycar bonat eyeedingl(itehea halloay nddieoramehavieg agflossg auter sirfgcerdefioBmgaave an

dhesi ve to al it dh tq th ti | ect B
known | 1 web BB Thid SrREREiingY with bRRIS A SRS R e REE S acked
rel ationshi p Ros ¢pmdrrt dthiP8ah hpén peHePrafss BIRICEE WBh2ZHbdyiTigd s then

cut into singulated test strip devices 201. Fabrication
o~f Phot orret r icenmy|bsrextreeted while she ®iedleps sl inseged wthovthe Reiny Qsfthe ghesane

t echni i for fabri ' h
el cct acher daror BEEREF s OH IR B Boe PG B bR Bseco be
used to fabriigedntiohkecaphDfreast opas/ vodirae intkle th€ sitif SthicH eippsetavdig@fcait t he

present inventi Qn.@é 00105] .Refernng now to Figs. 7A-C, the fabrication of
t he phot onet rAogHoTef Ripedreanillaricy pisreadkbipthempsroneede tip, efaranred 8h 2602,

descri bed. A i - {.Sh : j i 2] plurality
of indivi duall\bf%%g?qg? ﬁglg%eg.g%%éﬁ%i’?%ﬁgf*é% ?‘aﬁg"?"r?@‘gm@a;%-&gf‘ge
arrangemnment alohnge dhisodyefhgt kawbe peyidedgyi®? O tip Shet his srealter ahd/opstthewar tlesm 221

have a netal substrate confiquration as, describ above with.36 LFS-157
ement To HORveMARE T Amee g abarbY F G agein T ie SEPIE AV ARG quos

al so apply t cRDUEES tézult€fla iklel BollRUbE Bite Bay&midgnert mat eri al
substrates as descri bed above with respect to Figs. ZA and 2B.

Sample Fluid Extraction Channels and Sub-Channels

[0070] The subject test strip devices further include a sample fluid transfer or
extraction pathway or channel, referenced as 10, 88, 108 and 128 in Figs. 1, 2, 3
and 4, respectively, which extends from the open space of the respective
microneedle to within the biosensor. At least a portion of the proximal end of the
pathway resides within the biosensor portion of the test strip device. The distal
end of the pathway may terminate just proximal to the microneedle structure (see
Figs. 2A and 2B) or may have a portion which resides within the skin-piercing
structure (see Figs. 1A, 1C, 3 and 4). In the latter configuration, such distal
portion may be exposed to the outside environment. |

[0071] In the test strip device of Fig. 1, bottom electrode 3 and microneedle 6
host a sample fluid transfer pathway or channel 10, wherein the proximal end 10a

of pathway 10 resides within bottom electrode 3, specifically within reaction zone
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[ 00106] Webbing 220 is formed of at least three |ayers of sheets, a netal
substrate sheet 222, a nenbrane sheet Z24 and a doubl e-si ded adhesive | ayer
226 there between. Doubl e-si ded adhesive |ayer 226 has a cut-out portion
228 which aligns with the matrix area 230 of the photonetric biosensor

whi ch contains a signal producing system A plurality of m croneedl es 232,
shown having a configuration simlar to that of mcroneedle 122 of Figs. 4A
and 4B, extend fromand are planar with substrate sheet 222. Formed within
a portion of S%anha pattenredtdestd283d d Aol ofipgthway A respdastwitnn ekinrpiencoigeedl e 232

is a channel 23 8 for. transparting fluid pooled within the eni ng 234 of
each ni cronegielné‘f”fgﬁ?tnﬁ?rérfig%ﬁ“llaai”e‘iog‘mrf}gwé?ﬁt Bt&p e_é’}caég oég%gchgchannel
238 are a pl YiRdiaty/sPhnFURERANARE Slefit §Qhodt @A did LrahdRG, AiNGad bASRHEE and
di stribution of sanpled fluid towthin matrix 236 of the photonetric

bi osensor. [ G8l®h¢remsthrpndiionakenddfavd patnayt8atsdesheithin2dBsteate BRI | as t he
associ ated m cropeedl| es 232 ar e of neral, Dut a e nad p of an
inert materi 5??‘“5@?@&'@‘”&@8 ”%‘i‘}%gﬁg?ﬂ)“fﬁ%{% uaﬁlgmtgwgy Wv&%ﬁﬁgﬁmegij_et chi ng
(PCE) and ni G0%238% tethhfes SHGAR 8 skabpibfald a&nkﬁoéwwﬁﬁﬁg%évm h the

el ectrochem cal tést strip devices, suitable netals for the substrate
i ncl ude, but 180enddf0 bf Figsed and4, raspeativelyy hostPwidmatiyalyd, 108 land i1 28m

pal I adium iridi sil.ver. . titanium. tun en bon and st ai nl ess
steels. The &Eﬁpg%wfﬂpé&fv‘ﬁ?g{/?rgﬁhea&ﬂﬁ‘ ‘?P%Frgﬁgli’ a’ﬁ%i@??ﬁ Vi eé‘?@‘r‘?i ng process
and gener al | yifiags. aThddisl D8RS 108b A& 128 88edd WThRLOYErtidd of MickofK¥dlesm and
nore typically fromabout 50 to 150 Vim A photoresistant |ayer is then

appl i ed to oA82end B2 respegbvelpfandtibeingistll opentrgsals! Ochadi 138drespeekively,
| i t hography technij . ed .t eci.sel,y define the geonetries that
wll be etchge 6réért?|g§%s§&|gtre#§?g%p§5. ﬁf4tar?§l uid channel s 238 and

sub- chane@i2s 230, The patiohsd of ehginelsaifYhd fresund thvefitiéh aretppefepini ngs 234 in
the m croneedl es 232, the netal base. Specifically, the base netal is
sel ectivel y GiERIsEPRed 928 t@exerhd eapillay fome opdluid withinthepegiing atghi ch are not

to be. et ched qanded o SXRIRE MR 300 d1Fe FRBhoil. 6o BESA BPL ohed. The

el ectrochem c i on ess of sheet Is as descri bed above with
respect to tipaysblegicabsdmepie cavithimsthe sdariiqn gienei arasatrik afdagd thSBioSddsopr oduci ng

a sheet havi t he configuratian, of. sheet 300 of Fig. 8. [00108] Were the
Substrate shatsush i gl wide e ShEle Aaricreuslof BrU R BF B hot
embossi ng andxideiaobo iRk dhdg/ill 8alANy $HeeBoutD0d6 300 nhebnd APY@metdrh r espect
to fabrication of the electrochem cal "test strip devices, nmay be used for

fabrication dhigdiamsiebpmytbesionstantelongits lesgthor may wiex:i essrtaithe substrat e
material is flCl I I g [ OV} tructural su t. 1o the

el ectrode an H{bgh{ %Q%It%ec@{#%(ﬂ%tehtﬁ’l&ggwax %“g‘t%e‘i F |u%e§§ggr%r?g$%en utgh sui tabl e

i nert mat eri ddlitersampié omlestipnoFdr exdinpld; ah€osiess hyZ@pHilie hguahes fuy bar e not
limted to polyolefins, e.qg., polyethylene or polypropyl ene, palystyrene or
pol yest ers. PB%E’_@)‘QP“WQ%‘@H@&BYW@ Griueh a&%’t“FB’@E’@ZE‘?%"tgﬁ"ﬁEﬂtopr oduci ng
system as degnliopesRANGIRLR of Shibsdafl ARM LARRLSAL Pt Malcpl, TRbMiE, 230,
Such deposition may be acconplished wth slot coating, heedle coating or
ink jet prinSilmgttZonyharfuiBsronai ch are well known in the art. The signal

roducin stem may..al sQ be deposite ithin_ the sa e e action
(F:)hannel é@g Opt i HPftﬁte‘FWetﬂga?‘f‘&??é& ngrrétaf’fléegha?§gp Ja%a'\ﬂg# > as channel s
238 may be sy&?s@mm, InYayt fuRBbSidc e Bndod W AP b SutAdaide BIBNYIHRE osub-

surfactant to facilitate transport of a fluid sanple through the sanple
extraction clehanmels 15381d43d réspeciviehie whidhr laterglyoextend from the proximal

portion of the respective channel to within a portion or the entirety of the reaction
zone 9 or matrix area 94. Such sub-channels 15 and 96 are created by forming

ridges or ribs in the respective substrates 4 and 82, and/or the metal layer 3 which
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(00110] As mentioned above, substrate sheet 222 and nenbrane sheet 224 are
separated by a doubl e-si ded adhesi ve | ayer 226. Doubl e-si ded adhesive | ayer
226 may be fabricated fromany convenient naterial, where representative
suitable materials include polyethylene terephthal ate, glycol nodified

pol yet hyl ene terephthal ate (PETG, polyimde,* polycarbonate, and the |iKke.
Bot h surfaces of spacer |ayer 226 have an adhesive to allowit to adhere to
substrate 222 and nenbrane sheet 224. 1n enbodi nents where substrate sheet
222 is made Ofor&bbthes eledBbed 3 aF eledtrSdbemidal tedyafipi2s THebe HE&E collddecad, the
side of nenbrane sheet 224 which is to contact substrate sheet 222 is

provi ded wi t hoamedduring the miswneerje magofabgeation progessr Eblestaitiip i electiadet o

mana act ur | ng> M #4918 bvérite pBeqtoISRR AR IR Jioo SIBTRRE Hisersiay e

are aligned gy, thesthagikaflerhBlané bPA eldbiPfi b thot BRAWIR! 6 dsQURIVEEsver fed assenbl ed
web 230 which is then cut into singul ated photonetric test strip devices

221. Kits [00idgep tnfosm ypoliparads 99 SHeckanbpisdd and\Pérearibhaverdiametess f or use
in practicin e | ¢ t hods.. Th its_of .the.subj ect |nventd on
el udo ot 1 upfeRdPbrfde SFANEY ol Bp TS refien Fickinallls KRN DT o
test strip dee¢speesvelwhes ichpgheatiblcBagiclofeilitestheHihP ofRdtich £REYrdndes at
| east on skin-piercing elenment. The kits may al so include a reusable or

di sposabl e meatFixianes S4vith e sppdedifluid. Subsdaenslel } and 26 Baveigosgevi ces. Waen
a plurality of..t k. i i LRV , ively
packaged w t h%eﬁﬁcgrﬁ}:grﬁﬂe:mg%gl%\%m?% f?]%@ agéédtﬁgtgg ggplg@?&@é?&s’gqgggg%ugﬁw tain
Kits may i nclfuste abeuti20us S0ymesomsf I @mtillastratqd arbodiment, eapillarydk@chencheni cal
and/or colorinetric test strip, devjces. Such_various test strip devices may

contai n the skn¥dA0 tgndgesprndiissbinram chagngl 1§ and B, R$RESUYRIY: HAYVRer

i ncl ude inst rtHE}Hanf%xﬂceﬂﬁ ah'%* 29y Hom &H#Pjrfsgfsct¥v%scﬁmax§r‘i&§.p devices and neters in

t he determ nation an anal yte concentration 1 n a physiol ogical sanple.
These instructions nay be present on one or nore of the packagi ng, | abel
inserts, cont itwers in the kits, and the like. [00112] It is evident from
t he above de on and di scussion that the above described invention
provi deqo@74i npl e, Asithefikonedahevaihe Sjace abAdbds Maybd Gscalih Mdcoatdkpysh ol ogi cal
sanpl e and determ ne an anal yte concentration thereof. The above descri bed
i nventi on pr cWbgeksysteru vhaeh ginerllyanelugessa syisiem eatiehly af ebtaigingase, decreased

testing tines fficieng LAl 0. e ject invention
represents a psqyglﬁgﬁéggﬁcﬁ%lg%ﬂé ?IB{(} I orlln%[)%b]{bﬁgﬁzf’f&%%ﬁ%%ﬁg%l publi cations
and patents adeteethining tHe popgecof inadst alaydeactmnglished agonfadeallyesy oy
reference as if eag@ i ndi vi dual ‘gubl jcation or patent were 39 LFS-157
speci fi cal | y BHINIEYAH I 5182 TRHEF-c ARSI BESISH AOMBET RATEEHIBY r ef er ence.

The described herein in the context of analyte concentration determination.

Accordingly, as illustrated in Fig. 5, the analyte concentration determination
system of the subject invention includes at least one test strip device 60 (having
either an electrochemical or colorimetric configuration as described above)
having at least one subject skin-piercing element 64, as described above,
associated therewith, and a meter 40. The subject test strip devices, whether
electrochemical or colorimetric, are configured and adapted to be inserted into
meter 40. More specifically, as illustrated in Fig. 6, test strip device 60 has a first

end 62 and a second end 66, wherein the skin-piercing element 64 is associated
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citation of any publication is for its disclosure prior to the filing date
and shoul d not be construed as an adm ssion that the present invention is
not entitled to antedate such publication by virtue of prior invention.
[00114] Al though the foregoing invention has been described in sone detal
by way of illustration and exanple for purposes of clarity of
understanding, it is readily apparent to those of ordinary skill in the art
in light of the teachings of this invention that certain changes and

Ccope of 1 ho ABbHRag &t a8 T etebdi bn R ARG AT 71

met hod of fabneteed0.ng at | east one test strip device for collecti ng a
sanpl e of hysi ol o I\%l cal fluid and measuring a characteristic thereof, said
net hod d i si ng'Mptst é@péﬂ&f@%ﬁﬁr@ﬂgr@ngmwtllwaieélga@mhwsmge@?shavm

eronecal e syt codt g, RO SRR AR A0 A0, 50, 8RS QA iR N Sai d

at | east one m ¢roneed I'n sal d openi ng ‘occupl

portion of amlﬂiﬂmzckmayreeafaderofhmmpldmmsmm sthalﬂélhﬁtdﬁaUpﬁﬂE&@l)e 2. The
nmet hod according to claim 1l wherein said substrate and said at | east one

m cr oneedl| e gt selight yeaight by swfficigntly durable. The distal portion 56 of housing
42 provides an aperture 68 through which test strip device 60 is translatable from

a retracted position within meter 40 to an extended position wherein at least a
portion of the test strip microneedle extends a distance distally from aperture 68.
Distal portion 56 further defines a chamber in which test strip device 60 is
received within a test strip receiving mechanism 70 of meter 40. Test strip device
60 may be inserted into meter 40 by removing distal housing portion 56 from
housing 42 and inserting test strip device 60 into test strip receiving mechanism
70. Alternatively, test strip device 60 may be inserted into meter 40 and received
into mechanism 70 via aperture 58. Preferably, distal housing portion 56 is
transparent or semi-transparent to allow the user to visually confirm proper
engagement between test strip device 60 and receiving area 70 prior to conducting
the analyte concentration assay, as well as to visualize the test site and to visually
confirm the filling of strip 60 with body fluid during the assay. When test strip
device 60 is properly seated within receiving mechanism 70, the biosensor with
test strip device 60 operatively engages with the meter’s testing components. In
other words, with electrochemical test strip embodiments, the electrodes of the
biosensor operatively engage with the meter’s electronics; and with colorimetric
test strip embodiments, the matrix area having a signal producing system is
operatively aligned with the meter’s optical components. The meter’s electronics
or optical componentry, upon sensing when the reaction zone or matrix area,
respectively, within test strip device 60 is filled with the sampled fluid, supplies
an input signal to the test strip biosensor and receives an output signal therefrom

which is representative of the sample fluid characteristic being measured.
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3. The method according to claim1l wherein said substrate and at | east one
m croneedl e conprise an inert material. 4. The nethod according to clains 1
to 3 further conprising formng a fluid pathway extending from said
space-defining configuration to a location within said substrate. 5 The

met hod according to 4 further conprising form ng subchannel s extending from
said fluid pathway within said biosensor. 6 The nethod according to clains
1 to 5 conprising using web based fabrication techni ques wherein said

substrat d sai g : i: . f
curtabi dOVRIC, P51 TR BRI o AN Soohf (LT lOTA JEMO

test strip delistelesirfasaofiwhieh ioappiiedpe theiskil andrancirdics thegidreingtsits vaétin and
formng a plural,.ty af skin-piercin ements within said first_ sheet of
mat eri al wherlB§ SKIBAPENG R iFSHRE PIPCEHLIEY (THE SPBPESHYC BSHER LTt @S FKigm and

are in the saye,planeifpss heiRRbdikisabomiiatboll MROTAIhe WRhRlAgeach of

sai d skin-piercing elenents conprises an openi ng occupyl ng a substanti al
portion of a tissukdnd the fmamdfer ofcuch ngk intadiestestesp deviaf 6Gai d respecti ve

Ki n- pi | emut , i di ond.sheet: |amnating.togeth i d
i ot ab0Elong eist BORepEloR e SRR nmahin SaREREN i OUHEOW de- sai d
plurality of v@l?e?éin%’id’télﬂﬂlogﬁzﬁgﬁgg%og%érig%liﬁfﬁtmglspaftabqé 8t dBpfeséfdf Abflg the! €UOX

reagent systemis applie
longitudinal axis of meter 40. Between distal housing portion 56 and the

proximal portion of housing 42, is a pressure sensor 54 which senses and gauges
the amount of pressure exerted on distal housing portion 56 when compressing
pressure ring 58 against the skin. Pressure sensor 54 is an electrical type sensor
which may be of the kind commonly known in the field of electronics. Pressure
sensor indicators 72, in electrical communication with pressure sensor 54, are
provided to indicate the level of pressure being applied to distal housing portion
56 so that the user may adjust the amount of pressure being applied, if necessary,
in order to apply an optimal pressure.

[0078] In many embodiments, meter 40 has a display 44, such as an LCD display,
for displaying data, such as input parameters and test results. Additionally, meter
40 has various controls and buttons for inputting data to the meter’s processing
components and for controlling the piercing action of test strip device 60. For
example, lever 46 is used to retract test strip device 60 to a loaded position within
meter 40 and thereby pre-load a spring mechanism (not shown) for later, on-
demand extension or ejection of test strip device 60 from aperture 68 by means of
depressing button 48. When distal housing portion 56 is properly positioned on
the skin, such ejection of test strip device 60 causes microneedle 64 to
instantaneously pierce the skin for accessing the body fluid therein. Buttons 50
and 52, when depressed, input signals to the meter’s processing components

indicating whether the measurement to be made is for testing/information

25 LFS-157



first sheet 9 The nmethod of claim7 wherein a signal producing systemis
applied to said first sheet. 42 LFS- 157 . Ay. Au@ A& @ AN, . AN. ANf . AN@ A,

S. Au. A&; % A9(f. AN@ A&( S. A9(f. A&NS. AN. A9(, . AGN. Aa@ A9( @ A; @ Aa9. A&N, . A&Ny. A;
f.AL;. A9(f.Aa, . A9S. AL@ A9(3 . AN . A Yy.AL(@AL;y.A9(.A9;y. AN9. A&;
@AI\I%A&(Q.A&;I?G:mn 0z a '

&SN -: el wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] cal ca] ca] ca] c<a] cRa] caV] ca] ca] ca] ca! ####9Y8& ' *, 7, , - Z- - - 333@K444154
57557V79: D; purposes (and for recovering the test results from a memory means within the

ey splssloskes el alonanl sesal) o col o clco ol
. <D=>>A6 F. HOBHoIISKISEN WBRRS! RaBeMbelconighrdliMenkealicabmal cal cal cal

ca] cal ca] ca] ca] ca] caJ ca] ca

V] c”a] ca] ca] cequ]e@biaparér]ct&]ccaqam]lgapbaz}ldapéel]ecsabjjecat]esiatmpr desipesYALter\ \ g A
v _#bvbddddeghl eLst% dev1ce méte J1(9n'1]av\x/lth T ejéc%ﬁle ung ?e]st &llp%]om lhea] ca] ca] ca

]ca] ca] ca] ca] B

V] c”a] ca] ca] caﬂefeabﬁabfea&lsa]f@amﬁdsgﬁitcaah@ahﬁ@] GREIVERSKH Suey M erexabdet | | ~~
uzsni d_Zzl gb] W] V] ] ca] ca] ca] ca] ca

V] c”a] ca] ca] cdx]cmc,qsa@r]ydaa]xd;lmcd]t@si]stm:]sc@pmaympmavi]ngaljxchkqldxszpda}‘ dahegs] ca] ca]

Ul ba] ca oal o9 s R B ERF A ey ohE B Genf EPUEPRET B BB cavy car /0
OKY4s3#l 6{vql Eziﬂdl{bF lo€ &ieqas]t@aip@asl elahialedatheadse adr@x%a z(&ie&addéaluﬁ@i sadia] ca] ca
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entitled “Minimal Procedure Analyte Test System,” having attorney docket no.

LIFE-054 and filed on the same day herewith, is of particular relevance and is
suitable for use with the subject invention. Additionally, certain aspects of the
functionality of meters suitable for use with the subject systems are disclosed in
U.S. Patent No. 6,193,873, as well as in copending, commonly owned U.S.
Application Serial Nos. 09/497,304, 09/497,269, 09/736,788, 09/746,116 and
09/923, the disclosures of which are herein incorporated by reference. Of course,
in those embodiments using a colorimetric assay system, a spectrophotometer or
optical meter will be employed, where certain aspects of the functionality of such
meters suitable for use are described in, for example, U.S. Patent Nos. 4,734,360,
4,900,666, 4,935,346, 5,059,394, 5,304,468, 5,306,623, 5,418,142, 5,426,032,
5,515,170, 5,526,120, 5,563,042, 5,620,863, 5,753,429, 5,773,452, 5,780,304,
5,789,255, 5,843,691, 5,846,486, 5,968,836 and 5,972,294, the disclosures of

which are herein incorporated by reference.
Methods

[0081] As summarized above, the subject invention provides methods for

determining a characteristic of the sample, e.g., the concentration of an analyte in
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[0082] While in principle the subject methods may be used to determine the
concentration of an analyte in a variety of different physiological samples, such as
urine, tears, saliva, and the like, they are particularly suited for use in determining
the concentration of an analyte in blood or blood fractions, and more particularly
in whole blood or interstitial fluid.

[0083] The subject methods will now be described in detail with reference to
Figures. In practicing the subject methods, at least one subject test strip device as
described above, is provided, and a subject microneedle 6 thereof is inserted into
a target area of skin. Typically, the skin-piercing element is inserted into the skin
of a finger or forearm for about 1 to 60 seconds, usually for about 1 to 15 seconds
and more usually for about 1 to 5 seconds. Depending on the type of
physiological sample to be obtained, the subject skin-piercing element 6 may be
penetrated to various skin layers, including the dermis, epidermis and the stratum
corneum, but in many embodiments will penetrate no farther than the
subcutaneous layer of the skin.

[0084] While the subject test strips may be handled and inserted into the skin
manually, the subject test strips are preferably used with the hand-held meter 40
of Fig. 5. As such, a test strip device 60 is either initially inserted into test strip
receiving mechanism 70 either through aperture 68 or by temporarily removing
distal portion 56 of housing 42 and placing the test strip into receiving mechanism
70 of meter 40. Alternatively, test strip device 60 may be provided pre-loaded
within receiving mechanism 70. Still yet, as mentioned above, test strip device 60
may be collectively pre-loaded with a plurality of like test strips in a test strip

cartridge (not shown). In such an embodiment, the cartridge is removably
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engageable with meter 40. Used strips may be automatically disposed of, e.g.,

either ejected from the meter or deposited into a separate compartment within the
cartridge, while an unused test strip is automatically removed from the cartridge
and inserted into receiving area 70 of meter 40.

[0085] Once test strip device 60 is properly received within mechanism 70,
mechanism 70 may then be spring loaded or cocked by means of lever 46 of
meter 40. As such, mechanism 70 and, thus test strip device 60, is in a retracted
position. Meter 40 is then positioned substantially perpendicular to the targeted
skin surface wherein distal housing portion 56, and more specifically pressure
ring 58, is caused to contact the target skin area. Some compressive pressure may
be manually applied to the target skin area, i.e., by pressing the distal end of meter
40 against the target skin area, to ensure that skin-piercing element 64 is properly
inserted into the skin. By applying such pressure, a counter force causes distal
housing portion 56 to press back upon pressure sensor 54 of meter 40. The
relative amount (i.e., high, normal and low) of counter pressure is then measured
and displayed by pressure sensor indicators 72. Preferably, the amount of
pressure applied should generally be in the “normal” range. Indicators 72 inform
the user as to when too much or too little pressure is being applied. When
indicators 72 indicate that the applied pressure is “normal”, the user may then
depress the spring-release button 48. Due to the spring force released,
receiving/carrying mechanism 70 and test strip device 60 are caused to thrust
forward thereby causing skin-piercing element 65 to extend from aperture 68 and
puncture the targeted skin area.

[0086] Whether by manual means or by use of meter 40, the penetration of skin-
piercing element 64 into the skin creates a fluid sample pooling area (defined by
the recess or opening within skin-piercing element) adjacent the fluid pathway, as
described above, within element 64. Sample fluid enters the pooling area via the
open-space configuration, e.g., recess or opening, within skin piercing element 64,

and from the opposite side of skin-piercing element 46. The pooled sample fluid
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is then transferred via the fluid pathway by at least a capillary force exerted on the
pooled fluid to the reaction zone or matrix within the biosensor of the test strip
device 60. As mentioned above, the transfer of fluid may be further facilitated by
exerting physical positive pressure circumferentially around the penetration site
by means of a pressure ring 58 or by applying a source of negative pressure
through the fluid channel thereby vacuuming the body fluid exposed to the distal
end of the channel. The fluid entering the fluid pathway enters into the distal
portion of the pathway first and then proceeds by capillary force (or by applied
vacuum pressure) to within the proximal portion of the pathway which resides
within the reaction zone or the matrix area. The fluid is then caused to translate
laterally through the reaction zone or matrix area via sub-channels 15 or 96,
respectively, wherein the entire available volume within the reaction zone or
matrix area may be filled with the sample fluid.

[0087] Once meter 40 senses that the reaction zone or matrix area is completely
filled with the sample of body fluid, the meter electronics or optics are activated
to perform analysis of the extracted sample. At this point, the meter may be
removed by the patient from the penetration site or kept on the skin surface until
the test results are shown on the display. Meter 40 may alternatively or
additionally include means for automatically retracting the microneedle strip from
the skin once the reaction cell is filled with the body fluid sample.

[0088] When the biosensor reaction zone or matrix area is completely filled with
the sample fluid, the concentration of the analyte of interest in the sampled fluid is
determined. With an electrochemical based analyte concentration determination
assay, an electrochemical measurement is made using counter/reference and
working electrodes. The electrochemical measurement that is made may vary
depending on the particular nature of the assay and the test strip with which the
electrochemical test strip is employed, e.g., depending on whether the assay 1s
coulometric, amperometric or potentiometric. Generally, the electrochemical

measurement will measure charge (coulometric), current (amperometric) or

29 LFS-157



10! 310%4&' () - !'10%4& ()-Z109%H& () - YI 1 109%4& () -! 10%HH& () - &10%K ()-9: D, N, G
P; Q;<bC 10M 1010% & ()-ZSY10% & ()- 10H 10H 10H; S10%& () - &010%4& () -.
10948 () - <D=>>A6BCdEbC 10M
10/ 10 & ()-ms-110% & ()-y1l0% & ()- 910% & ()-Y10% & ()-m&! 10% & () - CCCCCCD
LFFbC 10M 10! 10% &' () - 10% & ()-LS9!10% & ()- nl0% & ()- 10\ 10\ 10\;
g10% & ()-F. HHHH'K, K- K. K/ KAYNC 10M 10 10" 10

potential (potentiometric), usually over a given period of time following sample

introduction into the reaction area. Methods for making the above described

electrochemical measurement are further described in U.S. Patent Nos.:

4,224,125; 4,545,382, and 5,266,179; as well as in International Patent

Publications WO 97/18465 and WO 99/49307; the disclosures of which are herein

incorporated by reference. Following detection of the electrochemical

measurement or signal generated in the reaction zone as described above, the

presence and/or concentration of the analyte present in the sample introduced into

the reaction zone is then determined by relating the electrochemical signal to the

amount of analyte in the sample.

[0089] For a colorimetric or photometric analyte concentration determination

assay, sample applied to a subject test strip, more specifically to a reaction area of

a test strip, is allowed to react with members of a signal producing system present

in the reaction zone to produce a detectable product that is representative of the

analyte of interest in an amount proportional to the initial amount of analyte

present in the sample. The amount of detectable product, i.e., signal produced by

the signal producing system, is then determined and related to the amount of

analyte in the initial sample. With such colorimetric assays, optical-type meters

are used to perform the above mentioned detection and relation steps. The above

described reaction, detection and relating steps, as well as instruments for

performing the same, are further described in U.S. Patent Nos. 4,734,360;

4,900,666; 4,935,346; 5,059,394, 5,304,468, 5,306,623; 5,418,142; 5,426,032;

5,515,170; 5,526,120, 5,563,042; 5,620,863; 5,753,429; 5,773,452; 5,780,304;

5,789,255; 5,843,691; 5,846,486, 5,968,836 and 5,972,294; the disclosures of

which are herein incorporated by reference. Examples of such colorimetric or

photometric reagent test strips suitable for use with the subject invention include

those described in U.S. Patent Nos.: 5,563,042; 5,753,452; 5,789,255, herein

incorporated by reference.
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Test Strip Device Fabrication Methods

[0090] As mentioned above, the skin-piercing elements of the present invention
are preferably fabricated with a corresponding substrate (for colorimetric
embodiments) or a substrate/electrode combination (for electrochemical
embodiments), as a single, unitary piece or structure and made of the same
material. Alternatively, the skin-piercing elements may be manufactured as
separate components or pieces which are then affixed or attached to a
corresponding substrate or substrate/conductive layer combination by any suitable
means, for example, an adhesive commonly used in the art.

[0091] The test strip devices may be fabricated according to the present invention
using any convenient techniques including, but not limited to, microreplication
techniques including injection molding, photo-chemical etching (PCE),
microstamping, embossing, and casting processes.

[0092] Because the test strip devices of the present invention are planar, the
devices may be fabricated from and processed on one or more webs, films or
sheets of suitable material. Such web-based manufacturing of the subject test
strip devices provide significant cost advantage over more conventional methods
in which test strips and the like are produced one at a time. Figs. 6A-C and 7A-C
illustrate such webs of fabricated test strip devices having electrochemical and
photometric/colorimetric configurations, respectively.

[0093] While the following discussion of the subject fabrication methods is in the
context of web-based manufacturing, the techniques discussed may also be used
to make singular test strip devices. Additionally, while only certain fabrication
techniques are emphasized, those skilled in the art will recognize that other
known fabrication techniques may also be used which enable low cost
manufacturing when desiring to form small structures having intricate features,
such as the microneedles described above and the sample fluid channels and sub-

channels within the reaction area of the subject test strip devices.
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Fabrication of Electrochemical Test Strip Devices

[0094] The electrochemical test strip device webbing 200 of Figs. 6A-C includes
a plurality of individual test strip devices 201 (shown fully assembled in Fig. 6C)
fabricated in a side-to-side arrangement along the length of the webbing. Each
test strip device 201 includes two spaced-apart electrodes, bottom electrode 202
and top electrode 204, and an insulating space layer 206 there between. Spacer
layer 206 has a cut-out portion 208 which defines the reaction zone of the
electrochemical biosensor containing a redox reagent system. A microneedle 212,
shown having a configuration similar to that of microneedle 122 of Figs. 4A and
4B, extends from and is planar with bottom electrode 202. Formed within a
portion of bottom electrode 202 and a proximal portion of microneedle 212 is a
channel 214 for transporting fluid pooled within the opening of microneedle 212.
Extending laterally from both sides of channel 214 are a plurality of sub-channels
216 for facilitating the transfer and distribution of sampled fluid to within the
reaction zone of the electrochemical biosensor.

[0095] Electrodes 202 and 204, as well as the associated microneedles, may be
made entirely of metal or may be made up of an inert substrate or a support
structure covered by a metal layer. Where the electrodes are primarily made of
metal, photochemical etching (PCE) (also known as photochemical milling,
chemical milling and photoetching) or microstamping techniques are suitable
fabrication techniques.

[0096] With photochemical etching, suitable metals include, but are not limited
to, aluminum, copper, gold, platinum, palladium, iridium, silver, titanium,
tungsten, carbon and stainless steels. Fabrication may be done on sheets or
continuous coils of metals. Such sheet provides a thin metal base for the etching
process and generally has a thickness in the range from about 10 to 1,000 pm and
more typically from about 50 to 150 um. A photoresistant layer is then applied to

one or both sides of the metal base as desired. Next, lithography techniques are
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used to precisely define the geometries that will be etched partially into, e.g., the
fluid channels 214 and sub-channels 216, or etched completely through, e.g., the
openings in the microneedles, the metal base. Specifically, the base metal is
selectively masked to protect areas of the metal which are not to be etched and to
expose areas of the metal which are to be etched.

[0097] Etching is accomplished by an electrochemical dissolution process
wherein an acid substance is applied to the surface of the base metal and a current
is conducted through the metal. The areas of the metal surface which are not
masked are then dissolved by the acid. After the etching step, the photoresist layer
is stripped from the surface of the metal part, and, as illustrated in Fig. §, the sheet
300 remains having a series of completely fabricated microneedles 302 and
associated space-defining configurations 312, fluid transfer channels 304 and sub-
channels 306. The portion 308 from which the bottoms substrates are to be cut,
remains a continuous area of metal while the area 310 of sheet 300 has been cut
etched away completely.

[0098] Microstamping, another technique suitable for fabricating all-metal
electrodes or those made out of a very strong plastic material, involves the use of
dies which have been precisely machined such as by electro-discharge machining
(EDM). Long sheets or webbings of a substrate metal, such as those metals
commonly used in PCE processing, are continuously or semi-continuously fed
into a stamping press between die sets to selectively blank (i.e., punch holes in),
coin (i.e., deform one side of the metal) and/or deform the metal substrate from
both sides. This stamping process can performed at a rate of 1,200 strokes per
minute and can produce multiple electrodes per stroke.

[0099] Where the electrodes 202 and 204 include an inert substrate material, hot

- embossing and injection molding techniques are suitable for fabrication of the
subject devices particularly when the substrate material is a plastic. The substrate
material is sufficiently rigid to provide structural support to the electrode and to

the electrochemical test strip as a whole. Such suitable materials include
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polymers (plastics) and inorganic materials such as silicon, ceramic, glass, and the
like. Suitable polymers include, for example, polyester, e.g., polyethylene
terephthalate (PET), glycol modified polythelene terephthalate (PETG);
polyimide, e.g., polyetherimide; polycarbonate; cellophane (regenerated
cellulose); fluorinated polymer, e.g., polyvinyl fluoride, perfluoroalkoxy and
fluorinated ethylene propylene copolymers; ionomer; polyamide, e.g., nylon 6,
nylon 6,6 , nylon 11, nylon 12; polyethylene and its copolymers; polystyrene and
its copolymers; polypropylene and its copolymers; polymethylpentene; polyvinyl
chloride and its copolymers; polysulfone; polyvinylidene chloride and its
copolymers; and polymer composites reinforced with minerals or nano-particles.
A preferred material for the substrate is a Mylar plastic film.

[00100] With hot embossing, a precursor material such as a suitable thermoplastic

precursor material having a thickness in the range of about 25 to 650 microns,
usually from about 50 to 625 microns and more usually from about 75 to 600
microns is placed into an embossing apparatus, where such an apparatus includes
a mold having features, often times a negative image of the features, of the skin-
piercing element. The precursor material is then compressed by the mold under
heat and a suitable compression force. Usually, a temperature in the range from
about 20°C to 1500°C is used, usually from about 100°C to 1000°C and more
usually from about 200°C to 500°C. Heat is applied for about 0.1 to 1000
seconds, usually for about 0.1 to 100 seconds and more usually for about 0.1 to 10
seconds. The compression force is usually applied in the range from about 1 to 50
GPa is used, usually from about 10 to 40 GPa and more usually from about 20 to
30 GPa. The compression force is applied for about 0.1 t0100 seconds, usually
for about 0.1 to10 seconds and more usually for about 0.1 to 1 second. The heat
and compression force may be applied at the same or different times. After the
material is cooled, it is removed from the apparatus, and post processing may then

occur,
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[00101] Next, the upper side of the bottom substrate and the underside of the top
substrate are metallized by vacuum sputtering or screen printing a conductive
layer of metal over such substrates. The conductive layer may extend to cover the
microneedle(s) 212 and, as such, the microneedle(s) functions as part of the
associated electrode. More specifically, in certain electrochemical biosensor
embodiments, the conductive material which is deposited over an inert substrate
to form an electrode is also deposited over the sample fluid pathway or channel
including the portion of the associated skin piercing element into which the fluid
pathway extends. Suitable metals for the conductive layer include palladium,
gold, platinum, silver, iridium, stainless steel and the like, or a metal oxide, such
as indium doped tin oxide, or carbon, e.g., conductive carbon ink. In a preferred
embodiment, the metal layer of electrode(s) 202 is gold and the metal layer
electrode(s) 204 is palladium. An additional insulating layer may be printed on
top of this conductive layer which exposes a precisely defined pattern of the
electrode.

[00102] By means of any of the above fabrication techniques, bottom electrode(s)
202 functions as the counter/reference electrode and top electrode(s) 204
functions as the working electrode within the electrochemical cell. After
fabrication of the electrodes, a redox reagent system is selected and deposited
within the reaction zone 210 of bottom electrode(s) 202. Such deposition may be
accomplished with slot coating, needle coating or ink jet printing techniques,
which are well known in the art. The redox reagent system may also be deposited
within the sample extraction channel. Optionally, the conductive surface of
electrode 202 may be subsequently treated with a hydrophilic agent to facilitate
transport of a fluid sample through the sample extraction channel and into the
reaction zone 210. Suitable hydrophilic agent components include, for example,
apoly(oxyethylene-co-oxypropylene) block polymer having the trade name
Pluorinic™ F68, sodium dioctylsulfosuccinate having the trade name Aerosol™

OT 100%, octylphenoxypolyethoxy(9-10)ethanol having the trade name
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TRITON™ X-100, polyoxyethelene(20)sorbitan monolaurate having the trade
name TWEENT™ 20, and polyoxyethelene(20)sorbitan monooleate having the
trade name TWEEN™ 80, and 2-mercaptoethanesulfonic acid, sodium salt
(MESA). In another embodiment redox reagent system may be deposited at the
top electrode, i.e. layer 204 at the area corresponding to the zone 210 of the
bottom layer 202 by the same deposition techniques. In yet another embodiment a
redox system can be deposited on both electrodes, i.e., on layers 202 and 204
aligned so that the reagent coated chemistries face one another.

[00103]) As mentioned above, electrodes 202 and 204 (and their respective webs)
are separated by a spacer layer 206, or a web of such spacer layer, positioned or
sandwiched between electrodes 102 and 104, or between their web structures.
Spacer layer 106 may be fabricated from any convenient material, where
representative suitable materials include polyethylene terephthalate, glycol
modified (PETG), polyimide, polycarbonate, and the like. Both surfaces of
spacer layer 106 have an adhesive to allow it to adhere to the respective
electrodes. By process known in web-based manufacturing, all three layers are
aligned in a stacked relationship and laminated together into assembled web 200

which is then cut into singulated test strip devices 201.

Fabrication of Photometric/Colorimetric Test Strip Devices

[00104] Many of the same techniques and processes, discussed above, for
fabricating the electrochemical test strip devices of the present invention may also
be used to fabricate the photometric/colorimetric test strip devices of the present
invention.

[00105] Referring now to Figs. 7A-C, the fabrication of the photometric/
colorimetric devices of the present invention is described. A webbing 220 (shown
assembled in Fig. 7C) includes a plurality of individual test strip devices 221
fabricated in a side-to-side arrangement along the length of webbing 220. Such

test strip devices 221 have a metal substrate configuration as described above with
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respect to Figs. 4A and 4B. However, the subject fabrication techniques also
apply to photometric test strip devices having inert material substrates as
described above with respect to Figs. 2A and 2B.

[00106] Webbing 220 is formed of at least three layers of sheets, a metal substrate
sheet 222, a membrane sheet 224 and a double-sided adhesive layer 226 there
between. Double-sided adhesive layer 226 has a cut-out portion 228 which aligns
with the matrix area 230 of the photometric biosensor which contains a signal
producing system. A plurality of microneedles 232, shown having a
configuration similar to that of microneedle 122 of Fi gs. 4A and 4B, extend from
and are planar with substrate sheet 222. Formed within a portion of each
substrate 222 and a proximal portion of microneedle 232 is a channel 238 for
transporting fluid pooled within the opening 234 of each microneedle 232,
Extending laterally from both sides of each channel 238 are a plurality of sub-
channels 230 for facilitating the transfer and distribution of sampled fluid to
within matrix 236 of the photometric biosensor.

[00107] As mentioned above, substrate sheet 222 as well as the associated
microneedles 232 are made of metal, but may be made up of an inert material.
Where the substrate made of metal, photochemical etching (PCE) and
microstamping are suitable fabrication techniques. As with the electrochemical
test strip devices, suitable metals for the substrate include, but are not limited to,
aluminum, copper, gold, platinum, palladium, iridium, silver, titanium, tungsten,
carbon and stainless steels. The metal sheet provides a thin metal base for the
etching process and generally has a thickness in the range from about 10 to 1,000
pm and more typically from about 50 to 150 ym. A photoresistant layer is then
applied to one or both sides of the metal base as desired. Next, lithography
techniques are used to precisely define the geometries that will be etched partially
into, e.g., the fluid channels 238 and sub-channels 230, or etched completely
through, e.g., the openings 234 in the microneedles 232, the metal base.

Specifically, the base metal is selectively masked to protect areas of the metal
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which are not to be etched and to expose areas of the metal which are to be
etched. The electrochemical dissolution process of sheet 222 is as described
above with respect to the electrochemical test strip devices of Figs. 6A-6C,
producing a sheet having the configuration of sheet 300 of Fig. 8.

[00108] Where the substrate sheet 222 is to be made of an inert substrate material,
hot embossing and injection molding techniques, as described above with respect
to fabrication of the electrochemical test strip devices, may be used for fabrication
of the subject photometric test strip devices. The substrate material is sufficiently
rigid to provide structural support to the electrode and to the electrochemical test
strip as a whole. Such suitable inert materials for making support substrate sheet
222 include but are not limited to polyolefins, e.g., polyethylene or
polypropylene, polystyrene or polyesters.

[00109] After fabrication of substrate 222, a signal producing system, as described
above, is selected and deposited within matrix 230. Such deposition may be
accomplished with slot coating, needle coating or ink jet printing techniques,
which are well known in the art. The signal producing system may also be
deposited within the sample extraction channels 238. Optionally, the surface of
matrices 230 as well as channels 238 may be subsequently treated with a
hydrophilic agent having a surfactant to facilitate transport of a fluid sample
through the sample extraction channel 238 and into the matrix 230.

[00110] As mentioned above, substrate sheet 222 and membrane sheet 224 are
separated by a double-sided adhesive layer 226. Double-sided adhesive layer 226
may be fabricated from any convenient material, where representative suitable
materials include polyethylene terephthalate, glycol modified polyethylene
terephthalate (PETG), polyimide, polycarbonate, and the like. Both surfaces of
spacer layer 226 have an adhesive to allow it to adhere to substrate 222 and
membrane sheet 224, In embodiments where substrate sheet 222 is made of an
inert material, a spacer layer is not used. Instead, the side of membrane sheet 224

which is to contact substrate sheet 222 is provided with an adhesive coating,
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thereby allowing it to adhere to substrate sheet 222. By processes known in web-
based manufacturing, all layers, i.e., two, three or more as the case may be, are
aligned in a stacked relationship and laminated together into assembled web 230

which is then cut into singulated photometric test strip devices 221.

Kits

[00111] Also provided by the subject invention are kits for use in practicing the
subject methods. The kits of the subject invention include at least one subject test
strip device, oftentimes a plurality of test strip devices, where the at least one test
strip device comprises at least on skin-piercing element. The kits may also
include a reusable or disposable meter that may be used with disposable tests strip
devices. When a plurality of test strip devices is provided, they may be
collectively packaged within a cartridge, which may be reusable or disposable.
Certain kits may include various types of test strip devices, e.g., electrochemical
and/or colorimetric test strip devices. Such various test strip devices may contain
the same or different reagents. Finally, the kits may further include instructions
for using the subject test strip devices and meters in the determination of an
analyte concentration in a physiological sample. These instructions may be
present on one or more of the packaging, label inserts, containers in the kits, and

the like.

[00112] It is evident from the above description and discussion that the above
described invention provides a simple, quick, safe and convenient way to obtain a
physiological sample and determine an analyte concentration thereof. The above
described invention provides a number of advantages, including ease of use,
decreased testing times, efficiency and minimal pain. As such, the subject
invention represents a significant contribution to the art.

[00113] All publications and patents cited in this specification are herein

incorporated by reference as if each individual publication or patent were
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citation of any publication is for its disclosure prior to the filing date and should
not be construed as an admission that the present invention is not entitled to
antedate such publication by virtue of prior invention.

[00114] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is
readily apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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What is claimed is’

1 A method of fabricating at least one test strip device for collecting
a sample of physiological fluid and measuring a characteristic thereof, said
method comprising

integrally forming a substrate and at least one microneedle extending
planar therefrom, and

forming an opening within said at least one microneedle, wherein said
opening occupies a substantial portion of a width, diameter or length dimension of

said microneedle

2. The method according to claim 1 wherein said substrate and said at

least one microneedle comprise a metal material.

3. The method according to claim 1 wherein said substrate and at

least one microneedle comprise an inert material.

4, The method according to claims 1 to 3 further comprising forming
a fluid pathway extending from said space-defining configuration to a location

within said substrate.

5 The method according to 4 further comprising forming sub-

channels extending from said fluid pathway within said biosensor.
6 The method according to claims 1 to 5 comprising using web-

based fabrication techniques wherein said substrate and said at least one

microneedle are formed from a web of suitable material.
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S ( providing a first sheet and forming a plurality of skin-piercing elements
within said first sheet of material wherein said plurality of skin-piercing elements
extend from and are in the same plane as the said first sheet of material, wherein
each of said skin-piercing elements comprises an opening occupying a substantial
portion of a width, diameter or length dimension of said respective skin-piercing
elemnt.
providing a second sheet;

laminating together said first and second sheets; and

cutting said laminated sheets to provide said plurality of test strip devices.

8 The method of claim 7 wherein a redox reagent system is applied to said

first sheet

9 The method of claim 7 wherein a signal producing system is applied to

said first sheet.
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