; 4567e3eW T "a<dRd f6f Tf M *@00002* PHYSI OLOd CAL SAMPLE COLLECTI ON
DEVI CES AND METHODS OF USI NG THE SAME Field of the Invention [0001J The

field of tfHﬁ “wmmmm“ is the collection of physiological sanples and the
det er mi nat il# e concentrations therein. Background ofy {fig3s
| nventi on [ 0002]seAmal yte concentration determ nation in physi o{“ogl cal

sanples is of ever |ncreasing inportance to today's society. Such assays
find use i rﬂmwmﬁmmﬁmmh application settings, including clinical

| abor at ory ! testing, etc., where the results of such testing
play a prom nem&woewsl e in the diagnosis and managenent of a variety of

di sease condi ti orFRHYSIQLOGEC AL SAVIPLEF COLICECTEON DEVIECHSor di abet es
managenent, chol est er C(ANDMEBETHODS IOE USANG PUESSAME conditions, and the
like. I'n response to this growi ng i nportance of anal yte concentration
determnation, a variety of a tion determ nation protocols
and devices for both clinical rghﬁfﬁoﬁr%gﬁ;ﬁgés}ﬁoﬁg have been devel oped. [0003J
| n det efG00h] ng t h&he Aakderfithiatinwentiof isthe aokidcyivn off physigbyisaldaoplaaindsanpl e, a
physi ol ogi cal, sanpl e nust first be obtained. btaining the sanple often

i nvol ves cunﬁ’ér@ﬁﬁ%“%ﬁﬂ%’éﬁ%b’@é@%@é@?? €LgHl-ch may not be easy to use or
may be costly to manufacture. Furthernore, the procedure for obtaining the
sanpl e may be painful. For exanple, pain is often associated with the size
of the needl e used to obt ai Batkgrophydsf theolliveatiosanpl e and the depth to

whi ch t edle is inserted. Depending on.the analyte and the_ type of test
enpl oyeﬂ)?)og]e rel at PYaWe ?%‘F@f&?atwrfgf gn &0 Bhysiqesicalisamples 43 ‘P%‘HX’ sed to

extract the [Reuakiabidpsfimiettio Rida§aRtRty. [ARA4ksalbEnanad Mltaeva%g?sw ration
determ nati on procéss nmay al so inhvolve ™a nultitdde of steps. First, a

sanpl e i s acapmisaidorbsettings, pclusinglinigal taborateryrtestingnhams testing, etc, wisazell e or
| ancet, which acc tss'gn']gqhqa%/t. alpao i nvol.ve tt h@.u e ‘ff a sampl e coll ectt i on
nmechani sm eB‘ﬁ.‘?S“ S QAP 'SP e Rie 2 PRERPCNY R ‘@?ﬁ) TRENRTSA0E FRAN2EERE Y 45

LI FEO35 of a variety of disease conditions. Analytes of interest include glucose for

diabetes management, cholesterol for monitoring cardiovascular conditions, and
the like. In response to this growing importance of analyte concentration
determination, a variety of analyte concentration determination protocols and
devices for both clinical and home testing have been developed.

[0003] In determining the concentration of an analyte in a physiological sample, a
physiological sample must first be obtained. Obtaining the sample often involves
cumbersome and complicated devices which may not be easy to use or may be
costly to manufacture. Furthermore, the procedure for obtaining the sample may
be painful. For example, pain is often assoﬁciated with the size of the needle used
to obtain the physiological sample and the depth to which the needle is inserted.
Depending on the analyte and the type of test employed, a relatively large, single
needle or the like is often used to extract the requisite amount of sample.

[0004] The analyte concentration determination process may also involve a
multitude of steps. First, a sample is accessed by use of a skin-piercing
mechanism, e.g., a needle or lancet, which accessing may also involve the use of a

sample collection mechanism, e.g., a capillary tube. Next, the sample must then
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be transferred to a testing device, e.g., a test strip or the |like, and
then oftentines the test strip is then transferred to a neasuring device
such as a neter. Thus, the steps of accessing the sanple, collecting the
sanple, transferring the sanple to a biosensor, and neasuring {figoagal yte
concentration in the sanple are often performed as separate, consecutive,
steps with various device and instrunentati on. [0005] Because of these

di sadvantages, it is not uncommon for patients who require frequent
nonitoring of an analyte to sinply beconme non-conpliant in nonitoring

t hensel ves. W transfireddgoiadsstingaieveranpl etest stapfoathalile, tnd theasftestimbei r

gl ucose | evelh ﬁ)n atrigr.e Cri bedf ba&i s results jn.a |l aﬁ:k of inf (H_lmat on
necessary t ofBITHEFIPYS BYHITAGFICTRE 19 B ICRSUINEHEYICE SEED 12 Bt ol PES 1B ucose
| evel s-can I ol [ tenpts
have been rnatbﬁeelyS ﬁ)ﬁéggﬁgliggéﬁ)éa{%ngﬁr}g’i cﬁgeﬁldgéﬁﬁg%/%lgﬁ\%ﬁgg&%g% F‘%&g%tleﬁgrae
conponent s i mosinger] andimehairangahs amal yio corseniratioroim tHesanpliernat ofden pr ocedure in

order to sinplLf he ass rocess. [For anple,, U S. Patent No.. 6, 099, 484
i Scl oses a RERSERAS SHOTHS RRVEHITHEFRHLED SoRT RgIod 208 e AEO I BPed w t h
a spri nmoggchanl Sﬁbcﬁs&épmki@diyadvﬁﬁlﬁg@ﬁ%h&ttﬁl@ox’ﬁﬁcﬁ‘x Br Bélr‘%'ﬂ?sr wh@nd a test

strip. An analyzer may al so be nounted in the device for analyzing the
sanpl e. Accorediingfrpquanhmogitaghg oheeatadyte to slimply bevothet ronagadnplisat gki n sur f ace
by un-cocking a.spri and then.retracting it anot.her, spring., A pusher
is then di sp’%ﬁ ‘é?ﬁ)%tﬁgﬁ‘éﬂv?%mgﬁ‘ﬁeﬁ% f?%&m%%ﬁﬂﬂﬁectgﬁe&ﬁu%ﬂﬁr a sanpl e
and the pus g%ﬁcdsé 168 Bn hPr&RFBEH BakEk fefiftshih Wilsbid 6F ihformafied h&@sdaby & t est
strip. [000 U.S. Patent No. 5,820,570 discloses an apparatus which

i ncl udes a hpropethusanttpl thenlovelof siusest. Ungeatralled glaecosedovaigean brevasy ane, _
uhereby the page.Q0d,POUSI TR GANAGCt ed together at a hinge point. Vhen in
a cl osed positron, ReheedFe I8 " ®conmmuni cati on with the menbrane and

fluid cpoode dr avAtteRpisiaoegber feddRadhtbitdidlaptiagagpodevidiewhkiwiouse of the
cover. [0008J There are certain drawbacks associated wi.th each of the above

devi ces and QtBerfimpensnts pyyolwsdintheanal He corspnirationdelerminalipy poggsdare
aforenentio t I h j nd
ot easi ng. naorfe & SR ine Ry Biéeps o ASGDREH AP RAT N e 195REATC
descri bed, adisilogsa samptihg deleise gihiaEpclbdesassngle atatle assbbiatedovitased pai n
because the sin Iec?lee.dl e rrusi1 be a&ge .enough to xtra‘ﬁt t he .re%i Site
sanpl e size.S IMechgnisme f capifjanytube gasogiared plth-ageupher, and a fest fEd AR of

activating agdly-t fr@%jlseq;ee}n&ﬁﬁsﬁﬁnﬁede&ié@fbraﬁmwﬁ%&maamie.r etracting a
capillary tube "adds Still nore user interaction and decreases ease-of use.

[ 0009] As sudbcordinglye thessinglengedliets displaced saward theskin swédoshryam-caskingew

devi ces and et hods for use in the detern.nation of .anal vite.c entrations
in a physiol %Eﬁr%:nglangéﬁ% 5 aﬁn%)%rgy i C(l),lt &SP 'e}r\ gfhemrb%ﬁlgn%hes%%aﬁgg%’evel oprent
of i ntegr at egustlaké epsllargngbeintchatsuridation avithesagile ahd e pakkerds fHeai ent ,
involve mnimal pain, are sinple to use and which nmay be used with various
anal yte copc@iﬂaﬁﬁﬁr@ﬁhﬁ@&’ﬁitﬁ&ﬁegﬁd YatehPSummary of the Invention
[0010] _fggiyces, Spyss iRnPR. SBONBYS dRERSR! AipBEAnlAlnieh Hlchidld albG SKin.
accessi hg and col l'ecting physiological sanp gt ereln, and neasuring a
char act eri st having a hbldowhyeile hnga caver havip; @ méthierase; by lertb ybbe begesanidnc| ude  at

| east one m croneedl e or skin-pierci.ng el.e t i,ntegral w.t.h test strip.
Nbr & speci 11 T §°¢ CORRSSEiOBEEoT SO RHS THEPIAG SOBT BORHEB Bher e n ¢ he
at | east onenghidys it B5hindgicalisNRkh thémelibrileuhaltuid M RAd@nWpt h the

bi osensor.

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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[ 0011] Each skin-piercing el enent has a space-defining configuration
therein which, upon insertion into the skin, creates a space or vol une
within the pierced tissue. This space serves as a reservoir or pooling area
w thin which bodily fluid is caused to pool while the skin-piefgimggsel ement
isin situ. Acapillary channel or fluid pathway extending fromthe pooling
space to within the test strip transfers flui'd present pooled within the
pool i ng space to the biosensor. In certain enbodi nents, the space-defining
configuration is a recess wthin a surface of the skin-piercing el enent.
Such a recessurnthgmimeasaesarhedy2sipglefmegdie desigm maybeas$nsratediveli ments, t he

-definin i ti i S . i ich t ends t t
o monst on of REoBk PRI RErBF d HREraRE e Rt A o B et B °3 LR 1as
LI FEO35 port ir@uisie sﬁmﬂﬂiﬂ:.%tﬂ@?@?ﬁh% r&hiaFRNS ;'tjlliH;%@fi p}%%g{i él?ést@pssdfbs'[ anti al

portion of a length dinension o e m croneedl e. 2] In one
enbodi ment ofactivading ahd eetracting ia nsedle pnd thenaetiyatingeindiretsantioga dapillary

el ectrochem'% leaglipos sor_ havi. an el e ﬁqrochem' cal fceII havi ng two
Spaced- apar t (et BHLMOre Ut TRt B ASErASFHIRO B st ruct ure 1S
provi deqpgo®) a par A4 @khahef!ifBaHtird%d Siske&Nn wlie @RRIRchbef ﬁéveaéﬁ@%fﬁd

wherein the skin-piercing el ement and such el ectrode are preferably
fabricated agneshagdsdgt ese inthe datgrmpnation ofranslytagongensragiods iy @physitdogitalt he same
material. [0Q13],.l not her .enbodi nent the.test strip deyice the

bi osensor issgn%ﬁb?gﬁ§¥??lmBngﬁngPﬁéFﬁﬁ%d?W%@%ﬂ?BP%Hﬁ%?ﬁﬁggegthar
substrat e defahdirdighods P QOMBEOK,Gthafré &fi cBng AnEAVEMSEimAY pain PAie ke td C
menbrane, collectively configured for receiving a sanple to be tested. Wth
a photonetri @S%%@h@?éﬁnm‘éﬁeﬁ@mh vasipuh 28 yi§ conesndiaen deteraination structure
is provided @ﬁuanplanar extension of the substrate, wherein the

ski n-pi ercing’element and such substrate are preferably fabricated as a
single, unitary piece or structure and are nade of the same naterial.

[ 0014] The extending skin-piercing elenment and the associated el ectrode (in
el ectrochem cal biosensors) QunaHRSfsfahe IhvéntiOt onetric bisoensors) define
at | east one pathway, wherein the proximl end of the at |east one pat hway
resi des [010hi n t h®eviasstsysmsondsudsbedsarepmyideddor piercingthgskinary pi ece and

the distal end of. the | east ., one, pathway,resides w thin.the skin-piercing
cllerent or serisening and S0 EREprdiGoBR AR FRIATRRAALT The al Teast
one fluid paichwasetisticosfaie pRysiblogionl ainpe:. ETh fubjutedévicdsunidlhes at 1édse di st al
end of the pathway is in fluid comunication with the space-defining area
of the skin- grefEfmpeeiieppskin-Preingeliement Brerdiwidha teshERWA{O™E t her ext ends
|nto at 'eastsg@ciﬂ?&il&! 88 sbich1exWRARAAALAOL B BBAWAE LRI Rabiord! { he

space-defining area’” As suc pat hway provi capillary
channel t hr oukin-pbriciyg dlémaertlisistiuatiually mtegrel wobkhelygosenseme def i ned by t he

ki n-piereing el enent nay .be. ted and transf to .the bi
por 11 on 011 et Cdpon s FIpIGEIEATON 1PoaPpIfG CoA HTESOTAEtpR B8 [ 0015)

The subj ect syfétEMpoh MsbHIA iﬁi&QhQEkiHPJrSatééJ@%j;ﬁa% ot 98lumetwitiin #evpieRed and a
nmeter for receiving a subject test strip and for determ nin

a
char act eri st itigsusf hiespaqerpérues 49 amegerveir gr poaling amwwéthinr\alniicbgoelﬁy Buid| east
one analyte i.n_the, sanple,.collected b i thip. the. test strip ;0sensor.
Vor eover - sudh e IR ikt S Blknctte Hobntlis i Sich A aBl b st
mani pul at i ng flui®pdtRehy kteh@inp/fRIne the pobEng kpaep i@ withligths tesustipnans®rscaused to
pierce the skin., Additional I¥ the neter may praovide neans fqr storing one
or more subj ébid present pppleggvittip the RoAIINg SeRFE t@ BIttiPTFNPR- AN BFABI ity of such
test strips. empodiments, the space-defining configuration is a recess within a surface of the
skin-piercing element. Such a recess may have a concave configuration. In other
embodiments, the space-defining configuration is an opening which extends

transverse to a dimension of the skin-piercing element and occupies a substantial
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[ 0016] Al so provided are nethods for using the subject devices, as well as
kits that include the subject devices and/or systens for use in practicing
t he subj ect nethods. The subject devices, systens and net hods are
particularly suited for collecting physiological sanple and detgfgfsRi N9
anal yte concentrations therein and, nore particularly, glucose .
concentrations in blood, blood fractions or itnterstitial fluid. [0017] The
present invention further includes nmethods for fabricating the subject test
strip devices, in which a mcroneedle or skin-piercing element is

fabri cat ed agpodivniaftaegidd opdiametet damdnsmnen sail dsaviubgtaatidlgeitict ofiap
configuration. Such devices have wh {el y integrated functions including
accessing théer’tgﬁyg‘m?%‘@fl@ Ithefmtﬁr?f“?ﬁ/a hin the skin, extracting such fluid,
transt erggpg the Uhéieﬁleoanfgﬁ@l?whegﬁ@kct%&@t viUeR he blddedsBfisGRTPonent s
necessary for the neasurenent of analyte concentration in the sanple. In
addi tion to fkkotrocetiice bidsehdoy havinggn a&teettottenticatoell hadimgitee spadeiapambj ect

fabrication t hods e ideal, for the fabricatiqn of such devices which
have functi o%irﬁﬁn?ash ﬁlsfetm?ramgftl%%|°é§tr%f_cswﬁdﬁemv ledgsarpagallef e
m croneedl es [ﬁﬁx‘s SHQORTHrEDMR o TR el_@é%?dﬂél;,gwn%e:?ll:iﬁrtﬁ’é‘ﬁ&ﬁ’-!g?é‘rciﬂg\éleﬂ%nt dlcate

shapes or degi g mul t1 pl e di nensi ons, sl zes and/ofF very sharp tips

are produci blsechm'léd’nroge«aaet prefyvataly dihridated asjatsingld)engtertyj piede drabmctose dndn
met hods. The sub'é ct Het hodg@?re al so versatile in that they can be used to
fabricate bi GESReFY e AMG™RLE r ocheni cal or photometric configurations

W th ceqggisp vari ahiABtet Bmbb&inieabbf ﬁétté's%lrigrdéﬂééstﬁé biotBRsos ) ect
fabrication nmethods may be used to 5 LFS-14 LI FEO35 fabri cate indivi dual

test strip dehdtomstroyoracopdrimetrictbjosefisos heving eplanar substrdevdefismegon a web, film

or sheet of s itt abl e matterial. JeOO 8] These and otger ob'lectts advant ages,
and f eat ur es PO RO HEhCoMeTTe et BRUSTREE TuAOREeRUSEEY Sons. kil 1 ed

in the art Uﬁ&_ﬁﬁg@&ﬁfdﬁgedehﬂnglﬁfs&h¥)& tobe tdiedmavhndphatingns bivsensef the
present invention which are nore fully described below. Brief Descriptions

of the Drawi Sgbofigrnsieach ghipwirpingslemens epstodereivproyided a8 planaenbodi nent
of an electr ] [ [ 3 | ' Figure 1
B i o a part] SHOLEE bSSHuR oDl URS Rl ple G ELERER sl WER e ) DU
devi ce of Fi gre prefarablfy fabritated ias a3ingiy, apeary ipiee e \or etructiiretdnd adsarddbitle

el ectrochem cal test. strip device of Figs. | A and 1B. [0020] Figure 2Ais
an expl oded ABHTBETRh enbodi nent of a colorinetric or photonetric test

strip deyd of t LV i L I« Sei Lye view of
he BoolIAE, L 1% BLGAEES NGOG ACFERUR B BABIERER U 1! B0 1 |

Figure 3 is alepwocheeutadl beosensons)afr sabstratec(@n pombmeircdiiosenserskdafing atlevi ce of
the present invention havi anqgt her .enbodi t ski n-pi erci.ng el enent
of the.pr eselPit oraihon; WPlpSBMaRbyrET Skl PERE 4P leod R AIRTIFIF R, ot ner
enbodi ment  ofwithirC e @ldciBlE bE subistrite Yol dfitke insifiry plack Bnd ehel digtalddndidfie

present invention having the skin-piercing elenent of Fig. 3. Figure 4B is
a perspecti véhaatdggsbone nathwaseasisies Withsl e Skatperemeghernetor sirectugss Atst rj p

devi ce of Fi . Fi: gUr i : of esent
i nvention m?ecaﬁﬂﬂ%#lglgéglhae drlr%?1 e«%dioﬁéﬁ%&ii%%ﬁé@{ﬂ@gyﬁéfﬂ 18 Oagelgfbct gé configured
t o be recei vedtshie enhizommémtr Furthe: e distglene dFAhe patAwagigoindtiedl t op view of a
web of electrochemcal test strip devjces f i cated accordin t he
met hods of t RETPREEaHED FHBAE TS eBPE ares %ﬁfl%slﬁml%m&ﬁ e@m@diﬁe bot t om
view of the wab,Qhd bk Such®fthway 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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[0026] Figure 6C is a perspective view of the assenbl ed web of Figs. 6A and
6B. 6 LFS-145 LI FEO35 [0027] Figure 7A is an exploded top view of a web
of the photonetric/ colorinmetric test strip devices fabricated according to
the nethods of the present invention. [0028] Figure 7B is an eﬁﬁ@%ggd
bottom view of the web of Fig. 7A. [0029] Figure 7C is a perspective view
of the assenbled web of Figs. 7A and 7B. [0080] Figure 8 is planar view of
a web layer for use with the webs of Figs. 6 and 7. Detail ed Description of
the Invention [0031 | Before the present invention is described, it is to
be undef@a8pd t haThé¢ kit§edtRysterink dnclude ongtor more bbjedt dest b@ipnbwtdec B

enbodi nents descr.i bed,, as such nmay, of course, vary is also to be

under st ood t FEHET ey IR AHBIFGt tF8itrimandfos dp@nﬂwn& ﬁ@ha;se&t%% ofthe

describi ng paj, edl&?'hﬁ{%i ng‘i’ﬁé E@!&E&rﬂlﬁnyofa?l%gft' %g'&ﬂ ly{c%‘?géigagﬁqg}é’ be 1imting,

since the scop ’esent I nvention w by the

appended cl acottected®33uithiihies RstestripisdosehsoraMopeovies, speiod intteeh may alss
understood that each intervening value, tq the tenth of the unit of the

lower |init BEOVidedmeans %ro%%%tﬂngﬁr@dmwpahaewwée%tsmwl%rem thesligen t he
upper - and | Ofefeihd Fhicndk id iiked AERRE &Y. AUAIRbns AR Elr fud} T veni ng

val ue in tha range 1s e onpassed Wi thin I'nventi on: The upper
and | ower i pnotvsieoﬁednbésxest&mr@ oy orrracigesabjeettest stigseoecdrtridgeeontaittingled in
the smal |l er E}gq al so enconpassed within the invention, subject to any
speci fical | yaE ?HMQ syGhiiest siiPSt he stated range. Where the stated range

I ncl udeg)oqgle or bajdy BdeQ@ érﬁbtﬁ%ds fo?'ilgiﬁ ﬂ@%&b}é‘él&'&fés Sfvaellp IFESOf t hose

included limts are so inclu In the nventlon ess defi ned
ot herw se, athat tnehidn|thmsubganwddswocmmdtqrcystansrﬁorwsem ptectecmg Hesabjehle sanme

TERning 2° CORBILYUELS! 00 B ohe Shectdhanr SELLb e A1 Lo v o
equi val ent t golldasEpEASAILEREICkaRICINY EAénhing aRfylesRecédiratibgs thersed | ce or
testing of the pr esent invention, the preferred nethods and materials are
now descri beand, margpartigglarly, glucose concentrations 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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LI FEO35 [0034] It nust be noted that as used herein and in the appended
clains, the singular forns "a", "an", and "the" include plural referents
unl ess the context clearly dictates otherw se. Thus, for exanple, reference
to "a test strip” includes a plurality of such test strips and rnellt:@jsence to
"the device" includes reference to one or nore devices and equivalents

t hereof known to those skilled in the art, and so forth. [0035] The
publ i cations di scussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing hereinis to
be construed falsman: adividiai (ﬂSt sttiptdevices @repleniity ofvsich itesnstrip deviceeat at | ed to
ant edat e such Ilcatl on Hﬁt ue aof prior invention. Further, the dates
of publicati 0¥ Wloaé]%FeFrﬁ 5”6@ ateriahnt from the actual publication dates
whi ch ed to gq&? Q] i nvention
wi || ngal %;ﬁdescrl’%%a ta| éét%/ Mtb e%%?%blorﬁgﬁktei Qérﬁrﬁ&\{éﬂl

i nvention, vadetans ammbmﬂnasrﬂm&matgoﬁ#ﬂ:ﬂ%dhp&h& ardeporceading nid d&imﬂ‘goﬂtﬂest strip
devi ces havi ng bi sors ha¥| ng either an el ectrochem cal or a

col ori metri c/HH %r?é@rswe@éﬁ hsrragenbinvenion whigh geemprefully descsibed o) | owed by
a detailed dgs “I,_ptl on of various mcroneedl e configurations which are
usable with either type of biosensor configuration. The subject systens
which include a meter for use with the subject devices nmethods of using the

subj ect test strip devices gﬁd, ﬁstems will then be described followed by a

descri ption of the met hods esTIRtiong of the DEBYVIOEF test strip devi ces.
Finally, 0@1 opr i ef 1AL 45 QR ekpl oHE@ngdﬂE’w%ffaﬁ%bﬁa'ime%%féﬂts whi ch kits

i ncl ude 't he subj ect evl ces an for use in practicing the subject
met hods. [Ooaye]ctrbqhdnhwalftedtlstﬁp dﬂ;rm]becsfdhcc pes@m invehgompr Eigere 1B mvapdrtialy wi | | be
described in th xt of cancent.ration asur ations;
novever . suciPPEAREPOa LFie R B oG PR FHleh ATSLE SRE 1y T (6o art
Wi I appreci a§ g pblipéctivb@icswbf @6 lasstgibléPslectfothbANE] RBGtARHbAGS oAFigs.usef ul i n
t he neasur enent of ot her physical and chem cal characteristics o

bi ol ogi cal sUfsahbBds, e.g., blood coagul ation tine, blood chol esterol

| evel , 1 I\~ j V. 038] i zed
above, ?ﬁl&%ubj ec ﬁ%uerg'ltz %‘Fgﬁ%"ge\@%‘é%{‘{ %Cﬁeﬁboﬁf%%ngggﬁggﬁarﬁegm{l east one
ski n- pi er ci ngheloemerAt tedf stitb devibeeline padbetitinyentidvhl Fegute aBliy aipeispedtie Wi t h

t he bi osensor. The subject biogsensor may have an el ectrochem cal

confi gur at i or¥ievagf thelagiamblecepl Pﬂmptrgéphqthnetmetesmnaﬁavag Fig.dA 3

col ori or p gggg [ gk b¥gr at ed
in Fi grsT%GZiAqand 2B %F&Hi&g’ﬁd&%‘gw%@%w sé% g%ssﬂ tnggl?vfgkl n- pi erci ng
el enent s rrak@retsakelnumtmrhaaing anotifer gmbadinmnsof a/\kiempmcmgfelemant ektwpl ary
enbodi nent is |Ilustrz%ted in Figs. 1 A 1B 1Cand 3 and a second

exenpl ary entPS‘Eﬁeﬁ'eWe O | lustrated in Figs. 2A, 2B, 4A and 4B. [0039J In
any enbqgeamnt , %&HWAGEtanteﬁﬁtod% Wik GRbBRE crABodib At 8S Bdl8ridkegiclstelf ul in
the determnati on of a wde variety of different anal yte concentrations,
where repres enhpmfméc teatstyip device ef the@resgnt inggrsiondavingrihe glﬁntp@erc@gu cose,

chol esterol, c e

cubj oot 1 est AEFHBLPEIL 20 sBIEa ek PR Firit e (RS REIA BB BT
physi ol ogi calphsfmpteic test grip devicebsFigt Al fluid, blood, bl ood fractl ons,

constit u[86]2'[33] ther eF?tgureaSnl(ljluétpa?eslzl slfy%temELte t%Ee rp(r)e?s.Q&Tnggholivsl}lchs}nuu%es a
meter 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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[0040] Referring nowto Figs. 1 AL 1 B, 1 Cand 3, wherein |like reference
nunbers refer to like elenents, two electrochem cal test strip devices 2
and 100, respectively, of the present invention are illustrated. Test
strips 2 and 100 have identical electrochem cal biosensor confi qtu%&tsl ons
whi ch are herein collectively described, however, their respectI'1 ,
skin-piercing elenents or mcroneedles 6 and+ 102, respectively, have
different configurations. In each test strip device 2 and 100, the

bi osensor is defined by an el ectrochem cal cell generally having two
spaced- gpea7] and GRPOSITAis@he&bIoAEE SopdiaR@fa.wdbesBE photem¥tdcef erred to
herein as bottomelectrode 3 and top electrode 5. At |east the surfaces of
el ectrodes 3 caldingetoc teststripglevicey fabrsaed agdording trcthe rathodsanféhe pigpanit sed of a
conduct-i ve Ia%{ver .8 and 16, respectively, such as a netal. [0041] In certain
enbodi nents d e'tnlllltgn'subj ect el ectrochem cal biosensors, the electrodes are
gener al ljyozsynf i gurRghre7H B QnfeRplauSd b&t&ﬂ@@hﬁ@ftﬁ@%ﬂﬂ@i%ﬁ&”l ps but may be
of any appropriate shape or configuration. Typically, the length of the

el ect r od¥®2H anges Higwm78bis atpempsctive e of theaassenuzlad Weh of Figsn 2Baad 7B.0 to

ssual Ty (0988 Ghoutiglidd S BEELERCT R A R COLEIR v deheiBals 5% 6 0.5

cm The condygtive layers and their associated substrate typically have a
conbi ned t hi ckness rangi ng fromabout 100 to 500 um and usually from about
125 to 250 pm [0042] The entire el ectrode may be made of the nmetal or nmade
up of a substrate or backi nDetaileddesgription p€the Invegtiom t he faci ng surfaces

of whic nmet al, | 8 and .16, ..respectivel y,. | rovided,..ln a

onr 1 et oo RerfteShe Brebf it @nybERRSHINE i b mbthng |
film The thijgldness iPhotllitgtddnBilic fatkilAdemBddnbmtt deydpibed ds)épélﬂﬂﬂg,%tf rom
about 25 to 500 pm and usually from about 50 to 400 p,m while the

t hi ckness of cPHBe % Itinglse ta Yonnderstgod thaiids termirglagiused hgrain isivothem and

usual Ly 1 OmABRL of ek (Ml 0T afBeIENN 008K, AR ngEh RS 0des 3 and

5 general ly face eac are separa di st ance,
such that thdinsifiag) sigeelthé seopn of e prkeat inveition wilkbd limited ynlydyyrthe. Thi s
m ni mal spacing is . a result of the presence of a spacer |ayer 12 positioned
or sandw che&ngiq??ééi?”é‘Fectrodes 3 and 5. The thickness of spacer |ayer 12

may r anq?ojzr] om 10 er?:%(}aﬁ AR §s %‘o%ﬁi&d,' # urldeAfodd th&4eh idteveg P, M
and usually ' ranges from a %ut 25 to 175 p,m Spacer |ayer 12 preferably has

doubl e- si ded vatifeetoi the tanth hbthd ueitef theddwsr Bmitnuless thepenbext cleadp dictatésn
certain enbodjents, acer, | ayer is configured or cut sg as rovi de
o Teacti on 2 GHETBIseRhEREH ey BYE and v Mg G ermes i dny il Fhe
reaction areantfveafipvatud iiRhaataied fange & eviednipBsedwithiy thafi@enfisnTRoout 0. 01
to 10 p,L, usually fromabout 0.1 to 1.0 p,L and nore usually from about

0.05 to 1.0 pwpper aaddever limithef thespemalier aaness may indrpeudratlythidhcladedis of test
strip 2 and ]tf?ﬁpsrﬂﬁllé??ar;g%s k‘fﬁéoléﬁ:omplaésjég%r:hin the invention, subject to any

specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either both of those included limits are
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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el sewhere all together, such as in a fluid pathway, described belowin nore
detail, or the like. Spacer layer 12 may define any appropriately shaped
reaction area 9, e.g., circular, square, triangular, rectangular or

irregul ar shaped reaction areas, and may further include side jm®gisand
outlet vents or ports. [004S] Regardl ess of where reaction zone I'S

| ocated, in many enbodi nents, a redox reagent systemor 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

t he sanfl084] Redox Itrmeesydrnotedshatras 1ded berciapndiih de appetded cdomduhei ve | ayer 16
of top electrode 5.wherein, when.in,a conpletely assenpleqd form (shown in
Fo. 8 & SReer e oyt aai ey el el SR S B et e SORERD. Wt
such a conf | e bRMieRht AR Rk! RHSkcAE ERTCRS 15 - RUNERY iRfiRisace

el ectrode and top electrode 5 serves as the vvor?q ng el ectrode of the

el ect r ocheni phiralitg bf suddaest\serips and refeteace entibeldemed ’sncldégzeeftirerge 0o ohdre

vol t age sequence aei)yl.i ed to the cell, the role of ;[ﬁgl? &[e%térodes can be
reversed sucht PRERdqYises GRd enwivelepgdheseafdmoua to shoge igiledl fytheiage BAdbie and top
el ectrode 5 ggpyves as a counter/reference el ectrode. In case of a double
pul se voltage waveform each electrode acts as a counter/reference and

wor ki ng[@9B88Et r ode Taa peblikationgdistiessahiadryinare proviiet salelyofor tedsdisdoemne .  (0046]

comonent  (otpos Rlis s o edimpl maleabin RerARERR T HBoc 1 on.  when
present, is pEfGubPadin IRisSion MRt ehe HERNRL ﬁﬁ@ﬂtﬂ?}o‘h is'ﬁotf@r&gﬁ:ﬁ%o lﬁﬁtgﬂ'étéf erent

redox agents, i. e., nmediators, is Known in the art and includes:
f erri cyani desughipuhlieation bt Yigve bppaewinvetiiona Furtbenrtherdatas| off publication

pheyl enedi am_ne. . 1- net hoxyphenazi ne et hosul.f at e .

D16 di met hy| PRV DO AR 1ok g R WACR A b st PiSB ey Tes 1R ne
derivati ves, ifdepérdentdy poifirehed. conpl exes, rutheni um conpl exes, and the |ike.
I n many enbodi nents, the redox active con(Ponent of particular interest is

ferri cyH936k, andThpprasemidnventionayifyow bsf deserabeddn dalpily dn furthebendi ng on t he
anal yte conc At | I - . { r | t.abl e
enzymes for ?ﬁ%hgé%gge ﬁ%%‘fldf(]:‘geéelg?’ﬁ‘%\g\}nggggﬂg‘?dgggﬁl r?cﬁ%gem gﬁ%ﬁg‘%}s{&e&bxi dase 11
LFS-145 LI cORingtestokediy devigeytasing(Biddensors ReJnp asied)an ehictroalidneicalrory mes f or
the assay of chol esterol in whole _bload include cholesterol oxjdase and
esterase. | oG&?PnaWPh%aﬁsm@%ﬁng aHew, "b‘i,l tﬁr%é@%tedi fﬁ sk fﬁ_ﬁoY’S‘?ﬂhY Pon area

i ncl ude buf f gerhiich &Q3eRbSor 6F Biriou§ MiEBAYAN SonfiGhidiRhe whith! dr€ usdbh WithC,
phosphat e, "Good" buffers and the |ike); divalent cations (e.g., calcium

chl ori de, anditmadgypesifibiosshbarcodEpyration.f Bot subjest fystqns witichtiopludavameter
tetronic, Silwet | and ,Pl ur oni Loapnd.stabili.zi agents.(e. ,
o bum e suo e iRt siBadt delEL Befhbits SFfLiSE B2l B8 ST e
el ectrocheni ggtenhd WHEMBALE destribalIfélldvasd Bisedactiptidhef thel bje@ttddsiofivent i on

i ncl ude those described in copending U.S.. A%BI i cation Serial Nos.
09/ 333, 793; frbrigatmethe subjoriaost sirandevigs 7alig @ baied dergriptien spgovidedof

di scl osures i . : ! ; :

ot or i met 1 ciSRaPIsEER S BdpbNACHRRHAE ek SMELRIER frugein, )y o5
4A and 4B, wpmktting ltheksubijeet aretiods. nunbers refer to like el ements, two
photonetric/colorinetrj¢c test strip devices 80 and 120, respecti.vely, of
the pre W3] i nven nﬁ’ﬁ tjalfl%wmgl Q?éf?%foé‘dt. e?é??“@???%?“%&i@égsg%egﬁﬂﬁéo have
di fferent pheésﬂ@ﬁ_taﬂaﬁé%y &l BRktiof N SHERTAI MBI RN QRS sherislide ¢

respective skin-pierci el ements or m croneedl es 86 and 122, respectively,
have dif f er emtterxledfto heliatitiogand Mosesidibetinfthe ait will appreciatei that thé subgent strip

device 80 is nmade of an ingrt terial ile the corre ndi .partion of
oot strip ddOEE: DAFTSHHEREHERS HoqBe e Blhapement ot other physiEAl ohi
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 | east the foll ow ng conponents: a support elenment or substrate 82 nade
of an inert material, a matrix area 84 for receiving a sanpl e, @ggpeagent
conposition (not shown as a structural conponent) within matrix area 84
that typically includes one or nore nenbers bdf an anal yte oxi dation signal
produci ng system an air venting port (not shown) and a top transparent

| ayer 85 which covers at |least matrix area 84. In other enbodinents, top

| ayer 85 may be a nenbrane 12 LFS- 14~ LI FEO35 contai ning a reagent

conposition jnpregnated therein while the matrix area 84 may or nay not
cont ai n reagﬂ%&&&@ﬁﬁon [0051 ] The inert material of support substrate
82 provjpgsg a phyg's@,@xhnﬁh&&g BoR, ﬂqes@:s}@&'ntssltfrs]gﬁ}ds&g dek PhcBelhib&nidtser t ed

into a neter w thout undue ng or ki strate 82, and thus test
strip 80, isardyilemat dne slmn—piwclﬁg)ehmhtarmldnm'(eadtemhlblyxsrsamtmrajlyl ar or

square-like stri E’F th.of the sybstrate 82 .is from about
1 to 1000 mﬂm?%ﬁé’(l% b‘??F 6ut iéu DECt PiRpeRsar ZHAY Fangleglpehipmigdlue 20 to
60 mm Typi C@ddﬁgurétﬁﬁ wlﬁh&a@éd ﬁtliigé nat, QB8¥c'a§dfFﬁ£@ &ba%ﬁoﬁmétﬁc%PO nm

usual 'y from about mm and nore usually fromabout 5 to
Typical ly, tlbtmtcbmctglht(umd 1nﬂeruhlammblyiier&uhsas nlhtseragd mﬁlg‘srzmmaéb@Btanﬁ 01 to 1

mm usual ly re.usual romabot 0.1 to 0.2
nm [ 0057] ‘géBBl‘]]ffé‘f‘f’%él%e ﬁ@%‘)?'péfir‘é‘&ge LS ake PRcessed
area, for nedvm&uelcanﬁglﬁmctr@cwh&fems@ﬁﬁsté 187 MY Bntas illufsﬁ‘!t’téd%i des of
matrix area 84 are bordered by substrate 82. "Matrix area 84 provides an

area for depBightiAnBlGand Sandn sagopd gxdnaplary ematodimentds Hhwdtrited int Figsvar i ous
menbers of t | | duci ng system described infra, as well as for the
| i ght absorb?‘ﬁgf%g}%ﬁ?(g@ggeni c product produced by the signal producing
system [0039)e. ., t[REadyuhitodifeént, e subjett t3gt sRIPIVIRS add bREaisofaré Qéefilne
detection of_ the |ight-absorbi 2% product Produced by the indicator of the
si gnal pr odu@lthgd%t%'{ﬂéﬁﬁloﬂ of syide vapemichifersat analip Conppairatgms, wherg anspar ent
so that the e ng fromthe
reaction bet l'e%rfthmet;{ahr%dk%{s 1§%1§ ?f%el&g{ﬁa{s?ﬁgmse? tga%q‘g%(rg%’dﬁlgfﬁgéswéystem can be
nmeasur ed. Tr hoapgaleohol| aydkethe S&e.maymahypemesdimenes, tHeesubjedietestfstrigsesae t hi n

pol yester. Thi § approach, which the reagent is lqaded into matrix area
84 and the bﬁl%?aéﬁaggtﬁﬂ?@e8&/@Pg&eﬁpeqfn&akl?%wsapﬁhygmloslﬂ ABBlS £-8-useful in
col or gener afk ity ShRIIB1dob: loHé?raé’t'fbrﬁn&)f{}Etu'eHQQH&Qé’feﬁd @k 1igxygen, such as
NAD-, or PQQased gl ucose dehydrogenase 0053] In yet another enbodi nent,
top Iayer 85 is one that is permssive of aqueous fluid flow and is

sufficiently poro » i N AP L v; es sufficient void space, for the chem cal
reactions of the stemto take place. In 13 LFS-145
LI FEO35[geaonci pl e Refdieingabuite Fods. DAL 0BS1ORADB aRRerSh lile réferdrice abmberst he

subject test strips in that it should su Port an aqueous_ fluid flow both
| ateral and H&rdadike H@W%M@WWC@RW@E est geipdeyices handHifar ane pore

structure wopl cﬁ@&lyfoga%gfsé&qn@én%ﬂ aPeex'lllu tfrAthYV ’i‘&t&ﬁi’l‘[ﬁs %‘é?xﬁ%@h g the

menbrane being inte Por 1 nt ensi eis a
subj ect of thienﬂmashmmtmmForcshmedoﬁﬁgmainytvmldomaateuratolmntwdkg such,

t he di nensi ons a d, porosity of test [I ary gr.eatl ere matrix
area 84 may SFSCHeSH: AgWeYy 6156F5é’§°%‘f?05ﬁ‘ - %?r%% m@ytsgrgfaw@ﬁfgd@%an% th

| arger por esl(ﬁ?@és Qétlv%i ,hage Mn?c@ﬂ% 5O E&MIER séi;)dde%mé'z' &1d por es at

t he detection reg ter| s fro matri x nmenbrane 85 may be
fabricated v&d0thd lmoskamdm lpdbﬁm@rby areelgctrqmbbmml tahgenepdlyyhamingdwo cel | ul ose

or absorbent t he | mat er i al r may not be
FUnct: oal | 2cEER Bt FULORRGFInE SIrBES Do rew50a Thic AL 01 1 he
various nenmbgigrRblcbfisdss’ FRblopRIKLHEat 59 P&X&%@t’ﬁb surfaces of electrodes 3 and 5
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[0054] While test strip device 120 of Figs. 4A and 4B has a substrate 140
havi ng a size and shape simlar to substrate 82, has a nenbrane 142 which
has a configuration simlar to transparent |ayer 85 and enpl oys the sane
signal producing systemas the test strip device of Figs. 2A aﬁﬂg§ﬁ5 t here
are certain notable differences between the two test strip dev ““First,
substrate 140 is made of a nmetal material rather than an inert material.
Additionally, matrix 148 is not recessed within substrate 140 and extends
across the conplete width of substrate 140. Further, test strip 120 has a
doubl e- si ded faghesic dtheauas cokfiftised bhatesiuRal YRS BEr & BhE 16, atHebiikipndcirenbr ane
142. Doubl e-si ded adhesive | ayer 144 has a cﬁ?sbut portiJ? 150 &hich
corresponds edafiféalarea covered by matrix 148 and defines a deposition area

as descy above with r ct. to rhx. area 84 . The,doubl e-si ded

adhes VORI o7 adn Pt SRBRGRenl b B M kB Ceb iRl PR R T 00ss)
nunber of di tfeefredys a_ﬂ@%érieﬁeﬂl%{ doavigulea e tHéefs fth @P eldnbSted bsearighilay 8fripaBst anal yt e
detection assays, which matrices may differ in ternms of nmaterials,

di nensi ons amyitigeflank epprepeate shagsrassenfiguraien. rhypicalbs thedamgth ofitheh the 14

o esent | nvertroRteHatadon Al pg ad P ERtay o BB R PRl u s
Pat ent Nos. : The %3dtha®he cle@fidecd bltiged r8Bb3460.67 2503, 8D 4isudll 468t

S, 306, 623; S, 418,142; 5,426,032; 5,6515,170; 5,6526,120; 5,563, 042;

5, 620, 863; 5072830 H59) cre, and anors psuallyfgun 3baut G5l tgd 3 zus: The: @pdugve:

S, 846, 486; S , . . X - S . Al fHerein

i ncor por at ed 133'?7%32@ S}Pégﬁgses §c1?t§§ gé‘%ﬁ?ﬁetegﬁlﬁ ghg ﬁ&\%oir’é&ﬁn% ﬁ%%ir@@é%gssﬁﬁgg@ g gnal
produci ng sy SfoaMtpuedos e $00deahead abhalydrsn ubduti125t62pONEE to the presence

of anal i/te, whi ch _det ectabl e product can be used to derive the anount of
anal yt eld¥ekent | Fhegaticgpiceirede mumbeanadepfthemetsgbpemade vk pf asylspate t he one
or nore nenb i j A [

coval ent 'y obt psknd PEELE REocl AR Ch Y BUTL SRAE AR b Tes 1,
detecti on reghdng, redprctivdly,iix prodvidedi Mn apagticap etibaditicnt subsitdisi amid B8 |y all
of the matrix. The signal producing systemis an anal yte, oxidation signal

produci ng sy 3tedhrdemf aMylay plasti filps (TH thislgieas obthe anset bagkinganaiaials meant
that in genergatd [ r ' t

concentrati otE |én ﬁé%ggﬁﬂg&%@?ggrt?é%&h ngq'glrlla y?grﬁ%sggﬂog‘ie@ Y a
sui t abl e enzwhiletlee thickaesefale meiatlayedtypieally edngtdh fomnabloyt B0 nbDlenm

correspondin r oportional a nt of hydrogen peroxi de. The hydrogen
peroxide is _g!‘fgﬁs‘ghwﬁ@%ﬁﬁouitﬁottm“% generate the detectable product from
one or [g8] i Ndi CalGhe NP UL, IBBSRs B%d%”@%ﬁ@ﬁall?%&%@ﬂ%ﬁx@ gndPaeduct
generated by the signal neasuring system i.e. the signal, is then related
to the anounsepafatehby pnly a shottidéstanves sugh thad i spacing bstreden thdeleetradey ise

oxi dation si n@l §roduci ng..Syst ens $resent in fthgtsﬁjgect tﬁst strri ps are
al so correct FyEREY T8N 28U REOIRGTRSGEHE R FORIGE HSHUEFIET BhaFPASFoduci ng
systens. [ O00%akkr £8 pbdilbkalR dadiVivked idiwediyélbaaRies BAnASI dRchiisRikss bgnal
produci ng systens I nclude an enzyme that oxidizes the anal yte and produces

a corr espondspagealiyemt2 mey range dtpan 1§t 830 e, andheeBerbleseiben espbiliing anount
bt opor t1 onal “PONFHAHBLNY e (REY b otents I (RESTRr A2 PTHE S eci 1 ¢
nature of thigs fubi-siled bdiRsild S holkletB3ReeNZNIS tdpRaRESar i |y depends on the

nature of the anal yte being assayed but is generally an oxi dase or

dehydr offddbe. As Isoetain thmbodimests, spazymiayeral? ibeonfiguredeecuygo datee (where t he
anal yte is glucose or glucose d rogenase either usi,ng NAD or..PQQ as
cof actor; cthoevé‘iee% Bﬂ”‘b‘?&g{u"é‘éé’f(ﬁwﬁ)ﬁ&tﬂ n%%ﬂyye[néqu.émg Blt}bngoéWBF)o? the " Cohol
oxi dase (whergclib@arAdk Yo 9 Bpalafiomal A voldfdiatee %Fgﬁ‘gﬁl dbshene1 khepoanal yte
is lactate) and the |ike. Oher oxidizing enzymes Tor use with these and

ot her anal yt @&, ofuallytfeme showddel tonlodvpLtand s @swslyl fram abouttOh@S tarkt.0 ghd may

al so be enplgyed. In those preferred epbodi nents where the reagent test
Strip is destiGrehdhe FASAIELIRY Mo b GEes S L HIP A A DORRASS | r ot
enzynme i s glucose oxidase. The glucose oxi dase nay be obtained from any
conveni ent source, e.g. a naturally occurring source such as Aspergillus
niger or Penicillum or reconbinantly produced. [0058] The second enzyne of
t he signal producing systemis an enz%/dre t hat LES-145



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 e IS
general ly a peroxi dase, where suitable peroxidases include: horseradi sh ,
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.
C, F. Wang; Anaaytica Chim ca Acta, 233 (1990), 299-302. [0059] The

i ndi cat or coeRewheteall toganpapsida as én g flnidspiisd iygidescribad belonecin rhdratdernile eit her
formed or deconpqgsed by the hydrogen peroxide in the presence of the

per oxi dase t 87 BedtGc SPasFT lawsr i&l"@ry dpfiac BRY APRIBRIGHBLY shapgdireaiion area 9,

pr edet er m ne i ndi.catgr - rbs
strongly at g%ﬁi"%ﬂ%@ﬁ“&%ﬁﬁ%‘&%’ ?%c(rao Hgg[. H-gelglu\%gfg@)te? rrlee&}s/lglrlrg{%gor t he
testi ng reagend napSories isdludegdy inletaad oxtlel ead drepors.of the indicator may be

a colored, faintly-colored, or colorless final praoduct that evidences a
change 1W48bl or oRkegprdlaseef Wheredpardionzonn @ isiortrGrie manysmbodingenis ay, t he
testing reag Lnd) [j?ﬁ? . I j &@egg)l  LFS- 145
LI FEO35 by a%gfgf(gé%gha gaﬁtgﬁ%\g qgggozlﬁlgﬁlgg?%sexglv%ﬁgﬁﬁgﬁcg%?§, y“g’%‘%l orl ess
area devel opreagentalystem [40066kcted th ddract widiacgetediScantpinents én theeffuid i n t he
present invention include both one- and_ two-conmponent chropogenic

substrates. EHBRIESHHBAANASRY of irssamply- (RiedoxTergsnt sysiem A& derpeipgiane

al cohol s azi : 1.Gi Ldine- HCl .

Sui t abl e tmp%f)cr?ggﬂtgln‘?qs sr?g%g%pnglgﬁtﬂag%t%h%géeé?ﬁ%%%pgﬁéblgig%onent is
MBTH, an MBTkbsdmbiedabimaéshosainflig. ldXaredbe redgostesystiencl oeides withinS.  Pat ent

lication Ser,. No. Q8/ , 575, incorporated herein,by reference), or
i ot ppeRetion Zine 3 B GiRe = chNEHRiAr: batom SEhRas Y st A o) brat i o
al cohol , conpugrbtAdraeicelectond b.'x&ﬁio%@l&h%@@@sexg/%s é’d’t%@?&dr@ingrele%{ri)&@é‘f-’i c

al dehyde. Exenpl ary two-conponent systens are 3-nethyl -2-beénzot hi azol i none
hydr azone hy thesi¢dtrochetuicah@Ti-)Haewenst.rin ¢ther embadigents;, Hgpeadingsvehe oi ¢ aci d

(DvAB) ; MBTH_cpnbi ned with .3..5-di chlorLo-2:h 0 enzene-sulfonie acid
(DOBS) ;  and” SRSt eblBotn B QP B relr Rl A aRRE R B frvoited

benzenesul f ogaihethativeariélberddBTdgbRs a€ arairking cléctiod@amiobielsetrdd@apht hal ene
sul fonic acid amonium (ANS). In certain enbodi nents, the dye couple
MBTHSB- ANS i &eresedse jasaerirelgrnpe plgcijede. dnisate ehnstpablenilse ¥oltage| orinetric
test Strips, y5lgRah PIALLIDGe SHS bENEoMIAreREGHGRA Boblip EREGEM ofigt ect abl €
product (or detectable nonfluorescent substance, e.g. In-a uor escent
backgr ound) dayngtheamplytyatcestationaseastuesentdescri bed in Ki yoshi Zaitsu,

Yosuke a, Newy fl uorogenic.substrates, f.or rser adi sh ,Per oxi dase: rapid
and senm e assgfaﬁﬁS%@W%&%’Hyeﬁﬁsrtm‘%@ydﬂﬂ“ﬁ@ BB BE2deIKnal vt i cal P
Bi ochemi st ry a§t3R8@npbAsat (A:3iald. THX Ak @ mBbn&i &P tHeQbMech®Impdsitighagent

test strips suitable for use with the subject invention include those
descri bed i nwWhespresgntpistmadesip &f GEIrours r@lox3@eus2A wrizpRizBEerener ei n

i ncor por at ed reference, FS- . L i n-Pi i | ement s
| M cr oneedl eég%éﬁgﬁ‘ S’Fiéef’é??c}]i%tﬁ}sfg lgr‘g’g'tn lglt ‘r‘%@g‘g“ glgidﬁgg fgé—‘%rb—%}gcslg 1 and 2,
respect i vel y phaszitldthozglphatet asihe imeshobQfate$helRBedibmirey $-methanyd 4,

respectively, the various configurations of skin-pierci ,ngl

el enent / ni cr Bherdinenghosulfates ¢ Sstimethyinl¢hbsrgaaynene, goindislom-dAussed in
greater det ai - d| ok est st ni I | [ S an

el ect rochem 'gg?zo@?glggg,ggﬁg%ﬁg? gﬁ%%e%’oﬁ%%qlwgbﬁ%&%f h?gés#&gt rip 2 of
Fig. 1 whil ecbmplexsd,ah¢ tibelikiec &n thafly embbdigeatsatheabdoxn aveive canhpbmmonhet ri c

bi osensor configuration simlar to that of test strip of Fig. 2;
however, thep%@P{aé!‘%tPrﬁStdéx’}n‘%rE@éani andthe s d cEpgEne 9f8 &e@abg}é%ecti vely,
differ from - ' sa(g)q j : b [ B ECTHTN

m cr oneedl e tggg{?ﬁé%%tflhg%?alh ofﬁ“{fﬁﬁg I rr%ﬁn{ggybt f}%g%&%(?oneeél e eéxtend
from a subst saitabloéndyires fasthe atsay ef ghsbsesinrwhmle Hoed iddladl dlycose nxidhse

el ectrochem cal test strip device enbodiments of Figs. 1 and 3, the

m croneedl e may extend fromeither 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.
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[ 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 enent may have a substantially flat or planar configuration, be
substantially cylindrical-1like, wedge-like or triangular in sh&E%EQ%%h as a
substantially flattened triangle-1ike configuration, blade-shaped, or have
any ot her suitable shape. The crosssectional shape of the skin-piercing

el enent, or at |least the portion of skinpiercing elenent that is penetrable
into the skinr demdrdfnasy(NADIRIPIQY 58RAR, Siitslddizithes Bithe@say b t ed to,
substantially rectangul ar, oblong, square, oval, circular, dianond,

triangul ar, $helestersl & whellgitloashiariuge cholesterel axighsa andregtesdsenent may be

t d t ] def i i nt . t its digst d. Such
conti qulBHTn oy ChRLERa hamay BERRsefin BB adlon afa H: 0 hyiEFae, 500 o0
or triangul angshepes Oitrhbdhatd, karatd SndiESmiti, phbdpRER3EGHAPaM T dthaeNS| ONs

of the skin-piercing el ement may vary depending on a varii%é of factors
such as the tlikgk divalgmhgatiaisdgige arlcumphleride apd negngsinedhlarids);desi r ed

pationt  bei ndihkannteenRaiol FHREF RefunbrSinid: Zond BnBianICaRlc P lct e

to provide sktabilfis sdef (e/ad albushidl, @xtdsaCitéhatbst ehdi@hand@diosé)hus, s
desi gned to be suff|C|entEy robust to withstand insertion into and
T

wi t hdr alB0481 r om t Fxagwies of plgstreghqmyicaliviosgasasspitable fonusewibthesubiesk ratio

of the penetr.ati I | Stran ; ase of the
skin-piercindgékgﬁ%%ﬁﬂg%zhégﬁkﬁggggﬁxf%%%dﬁgﬁgﬁg%g?ggh%@ﬁ%¥%p§8§h di anet er

i s measured #9/333§798p8%497,30hO94ATRG9t ©9/086,788 hedre9T746,1 56, fthodiselbaues 1 to 1,
usual ly about 2 to 1, nore usually about 5 to 1 or 10 to 1 and oftentines
50 to 1. [00&5W re SETSIN INSHIPOFALEst DY FebereGen- pi er ci ng el enents’ general |y
ranges from about 1 to 30,000 mcrons, usually fromabout 100 to 10, 000

m crons and nore usually from about 1,000 to 3,000 m crons. The penetration

| engt h of the ski iCogloremeirivd PébromentcTaeleimal | y ranges from about 1 to 5000
m crons, ally out . 100 t .00 1 S an re .usyal |l y about 1000 to
2000 m AP0 Theaﬁ%@‘ﬁmg i ?%?@R-%Q@%?%ﬁdnf%{%%wﬁé&sﬁ fEAES 6 and 86,
at | east the phfiveknefs tdfikd Semehi! Mo pidhaficRbldtt 8K iddr i devibes & ement ,

typically ranges fromabout 1 to 1000 mcrons, usually from about 10 to 500
m crons and ribdd20.gesperyvely.orhthdpigsers nveptiomar erﬁllﬁttﬁﬁ@i- Tasestyps deviesamet er

at the base I r t L i |y ;about
300 1o 1000 ORI KabPRRER A RERIeste i et Mol i ine Al i ste™ v
many enbodi neldistespdetive skiarpicicyadli@nentd ot mMicrchicztiRE 86iapd geRaespebtyvelpes not
exceed about 100 microns and iis generally_less than about 20 m craqons and
mor e typi cal Ihgve ddterent sonfagations.” Mere specifigaliyy aportion ofjtest stog dsxise80i at ed by
one of skill ;i [ ol t ' i BRI LNg

ol orent may. \argtepLRLnch ol RISRE clh ABRERe BortoR SRt BEBELEL ™ bose)
Each of the dRDns miade of nppetll ematartad. of the test strip devices of Figs. 1-4

h -def i ni fi ' t her ei n_whi
"noert: AMOSN o t ndt Saef b fbiieR s o s, 2 i Y, o i o At
tissue. This (ERemise€int@Sh@fzeabl}Poiblersddia gendrhiifrRidde hf SEaNVIRASt t t hi n whi ch

bodily fluid is caused to pool In situ prior to being transferred to the
bi osensor porfollemingfcompenenissjacuppers slement osubietyate 82 madgwépalneft t he

pace w t ni n ey YRRl RTeS koG RHEa Salplrnk Pele AR R Sy Mo L "

avai | abl e fl hewiab BEBudtiiral BEmpERGit) Withid NriQbrea ®ad thatagsiosiDs incloden space or
vol ume ranges from about 10 to 1,000 nL, and nore usually from about 50 to

250 nL. Such ongloumereBempieessofanqnpltaenidaionsignal prpdysingisystems 21 &r vol une

occupi ed by . [ t SKI.n- DI i At es from
about 50@6togggggéégghg¥ghﬁéﬁg$ﬁﬁiébgﬁgé%%%#ﬂ%ﬁgéfgﬁ%éh%%%gfﬁgﬂghtire

vol ume occupimstrikyirdal®a. kiothepiefibotingentd, eipelayer {5006y be I wiensbeand! ary
configurations of the mcroneedl e of the present invention are illustrated;
however, such exanples are not intended to be limting. As illustrated in
Figs. 1 and 2, the mcroneedl e'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 enbodinenié, recesses 20 and 94 haY$ Cﬁfcave
configurations wherein the depth of t recess is in the range ﬁé about 1
to 1000 mcrons and nore usually fromabout 50 to 2SO0 m crons. M croneedl| es
6 and 86 nmay 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 environnent, thereby

o N . Y 1 .. o




[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 elements 102 and 122, respectively. In skin-pierﬁhﬂgv

enbodi ments having nore annul ar cross-sections, such opening t érsesla
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 respective skin-piercing elenments 102 and 122, as well as a
substanti al pefithingly Pfeaded: @BAHBsiEbARNPIcERated tHeRgh While SREMbirikCarb£84 St rips
100 and 20 LFS-145 " LIFEO3 5 120. Openings 104 and 124 define sidewalls
112a and 112Bayd maydehgpPniginBagent aompeton r especti vel y, of microneedl es

100 and whi ch, have, a thi ckness suffic f to,maintai.n.the structure of
the mclBRdba'e wigh st Ratiof T iBPag I b leal prbBogts PhALSH SEBulead 50 ana
94 and openi gfighld fdt Ang 8024 be abreeleintd1 @ nittE AR UO inUR! HeRBing dr Ridkidgre
overal |l space or vol une occupied bé)the respective structure of the

ski n- pi er ci n§ubstetedd, andilais tepatro 8, isopieally by batfesn af & substantiellyi ng space
or volunme wthin skin tissug, upaon net ration int he .ski n,.-whi.ch acts as
o ool oot urhehlf Br iR Bt RER, ASRRENE e gt b SuBtaR R BB ot ot ron
i's pool ed W tbdut 1tth8 060 &ff; usSHEP 6 AN Ebolt [ @id WD hih SAMAGIABEAUBAIEL0
conventi onal skin-pierci ng{ need| es gl .e., a hollow needl e or 'one having a

cl osed out er ta6f maweTuricall, try width at ebstarte 8P as fomrabeypbta 10QUmER) whi ch
normal |y pl uﬂs@a’ilyﬁ%o%ﬁbé]m;lttagy rb%:atn%%ég%%g?@lyg?%g%ﬁ%tl ard w thin skin

upon penetration”’in suc e extracted while

t he needl e i Typically, theBeiphtast thickidss of fehsalier82 iOfrobébout DO thamgm, t he
open-spaced m croneedl e configurations and structures of the present

i nvention cr 8848dlydram akous 0. Ligelhmmy prdaorgusually fram abouh0:kte O Bhoses a
signifi by port i ' ' [ A ] e tip,
e or enfSTELE ), Mgk pla ¥aotREs ad Hels e bUHGREly Bl AR L AR T L' P e
avai | abi | i t y wathima guréeeef svisstrates8 odhérenhyalf four sidesof hatrigrapea Sfeatewi th a tip

that is smaller, and/ or sharpger than conventi.gnal m croneedl.es, er eby
reduci ng pai Pfdﬁffg ket ggai\’_ﬁaém‘ RIS PO HETR A 4 ER #rgﬁeg‘aﬂw@%‘f $€ T
faster collegfh @d?ﬁ&rﬁol%icﬁﬁfmh'aﬂg-foxstﬁér%ﬁo@xﬂérﬂbé?&%f felsi Q1] Hoa0ARE S and
Sub- Channel s [ 0070 he Subject test strip devices further include a sanple

fluid transf eystem, degenbectinfn, gsavdilhes/foothedighh alssorbing beehmuogeris p1@lucgs, |08
and 128 in Figs, 1,,2, 3.and 4, r.espectively, whi.ch extends fro he open
Space of 1 noPrasELey e PR ibautRERTIbR e RIS EL REGRs PR AS, °F
portion of th&afib®idried d@ediodfofttheligiatdbe@binggibdes pradubedby tie ibdiosensor
portion of the test strip device. The distal end of the pathway nmay
terninate j uSf thssignahprodueing gysteic dp sisdanesmbodiaen)y WplawsE 82 1S LFS- 145

FE030 0 B B T JRAG O LBl OL AR 0T
confi gur at i othe sactiontieswern the target analyte and the signal producing system can be
measured. Transparent layer 85 may, for example, be made of clear thin polyester.
This approach, in which the reagent is loaded into matrix area 84 and the
biosensor is covered with a transparent film 85, is useful in color generation
systems that use an enzyme independent of oxygen, such as NAD-, or PQQ-
based glucose dehydrogenase.
[0053] In yet another embodiment, top layer 85 is one that is permissive of

aqueous fluid flow and is sufficiently porous, i.e., provides sufficient void space,

for the chemical reactions of the signal producing system to take place. In
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portion may be exposed to the outside environnment. [0071] In the test strip
device of Fig. 1, bottomel ectrode 3 and m croneedle 6 host a sanple fluid
transfer pathway or channel 10, wherein the proximal end 10a of pathway 10
resides within bottomelectrode 3, specifically within reactio 8 9, and
a portion of distal end 10b of pathway 10 resides wi thin skin-piercing

el ement or structure 6. Simlarly, colorinetric test strip device 80 of

Fig. 2, substrate 82 and skin-piercing elenent 86 host a fluid transfer

pat hway or channel 88, wherein the proxi mal end 88a of pathway 88 resides
W t hi n subst pahéeipi?thesaate bf padouy munibrane 8 chiXcalte theSstibjddoweverips iunl i ke
pat hway 10, the distal end of pathway 88 term nates proximal to

ski n- pi er ci néhaéitshawd sgpportas aqueops Suuie@%égthll@t@raéﬁag agossothe megbrag and 4,

respectivel y,.. f{.ul t [ i ihch only
t he di stal eﬁ%}gﬁ%%bfdg%@" %\éﬁ;}@an\%ﬁgfﬁlg’lcﬁﬁgt‘w ﬁé‘Fqi'?é;‘ﬁs?@% %/eﬁeb?%‘? S ellall ends
108b and 128Hloaxtoendsutfdcbonti Manbiaae beingmteirogred]lies tHdiblardtehity of
respectively, and their distal openings 110 and 130, respectively,

ternmi nate at “Audvsiagubigciopiehs mgasurementferreiated tpeoyie coRecBERligRaYS or
channel s of e Lvent | . r I | to exert
a capillary ft’g(%ég[{ eo(ﬁﬁﬁ?flsd{)% a\?m{at Q?QSI%Ogtg%g{rﬁng}bég %@%ﬁ%%ﬁr’%ﬁﬁ%ﬁépen
space porti onreafg4trhey of mapnetive pofssdndiodwpotsityigtddterplygivatiomrgaal sanpl e
to wthin the reaction zone or matri x area of the bi osensor. As such, the
di amet er or RPEEREYTOrAt tesgmpls npligatianission 294 spatierRaretiyidie dgectioceed 1000

m crons and wiJ: { L @n@e' ol r. This

di anet er nay%d)%g@é%gﬂg tgﬁﬁgﬁﬁ ?aﬁg(n%l?ﬁ%%ge%@ ar y{aﬂ{xﬁétgdgﬁrgi n

enbodi nent s, itdhedefgolyrmlensad. ivipysubipné, ot yaerides) céliudesearabsorbemmpepagant s t o
facilitate s e collection., For exanple, one ar re hydrophilic agents
may be preseﬁi@liﬂf?’f" rech’ﬁmt Wﬁrr%éfoébgg’trﬁtlaﬁg}.#gt? %Fﬂvﬁfg’etl,or but are not
limted to typededtior ai-LoGAARALEARER 0P theSHakibRS kR bersifthe %?%%ESA, Triton,

Macol , Tetronic, Silwet, Zonyl and Pluronic. 22 LFS-145 35 [0073] As
il lustrated iprodubmgegstemes of Figs. 1 and 2, channel 10 and 88,

respecti , may ther i.ncl ude [SIaYy | u ity of, su si.de

branch e@(@r‘1¥ subch é{qﬁiﬁ §St1%n%ﬁ%l“§% 1 %%%%éiﬁpg%rf({/‘?é éRﬂ%/% ﬁuqs_ﬁflgrlgplhﬁwgﬁt end
from the proxisifland@hdpe®imPir toRabtRSPEZ,hay @ ntdhaitied 140whichihafiaa portion or
the entirety of _the reaction zone 9 or matrix area 94. Such sub-channel s 15

and 96 are crewfiguatign sieila legranspryent layer8Stead iemploys thesAmesignad substrates 4
d 82, and/ : _ | Ut
ol ectr ocnon SydieBelbidn s Wlathtfubtioe O MR A MADE BBl REEetl! |

m cr oneedl e mbtablef dffeieneds bebvgenahe s8o tdstisttipsievisés. ifirs?, substeaté i408 5 acts as
a cover over the ridges to fqorm sub-channels 15. Sipjlarly, in. test. strip
80, the matri™ ﬁﬁl"geﬁ%l ’B‘?’te‘éﬁ(,r%%&‘???ﬂﬂmatgﬁw E‘P%ané/(sm&t%\/ r'Sover
the ridges tQof RLEBSMRIBRANBS st 980 ar¥BriERRMIRSS tHexiifletBGvigcdT have

diameters sufficient to provide a capillary force on fluid residing within
channel s 10 anebti®8:; 140eEputiagri teef sjrip A20 bachdoubesidebadiiearyaddysrid¢i litate t he

filling of react.i zone nd tri.x area 84 w.th.the s | ed f.] uid.

Sub- channel s SHtt Berf @R aipsRRE J0B by rdiiind QOB AR Sl
about 1 to 2QQ@4 k&4 OiSoud PErtivRr S0Uskich byrréspondBakd arél coverédbyhairins. I n the
illustrated enbodi nent, capillary branches 15 and 96 extend perpendicul arly
from channel 148 aahdef@®s ardeppuition Juspps dpwonibod pboveryath reapecs Ja @AMXA5%ul ar | y
fromtheir regpggti I L& i [ R4 ve, the

subj ect devi ?35%%98@%18Egdéggfﬁeﬁ‘%ﬁ%%ﬁé‘xq%%ﬁ%‘ﬁgﬁ Jé%% g@%@’?@%& whi ch
general |y i nghbyiase Bi0syst em capabl e of obtai ning a physi ol ogi cal sanple and

determning a property of the sanple, where determ ning the property of
i nter estlo‘?%} be adtbwpbsHditfersniunairicenhavs bsgn develened far & A&, e.g., a

meter. The suyhj€gct J : ' ry: 'Bﬁq’” eln in the
cont ext of alr#g{ll edezéoéﬁ%g%%a 2?’%%8?&6%‘&#{5? idéﬁ?rqﬁzg%drs I ng%lgt?aq%s illustrated
in Fig. 5, ¢t hkiémemsidnstand clooldlentwhatd reprededtative matticenusapketventh tie t he subj ect
invention includes at | east one test strip device 60 (having either an

el ectrochem cal or colorinetric configuration as descri bed above) 23

LFS- 14~ LI FEO35 having at | east one subject skin-piercing el enent 64, as
descri bed above, associated therewith, and a neter 40. The subject test
strip devices, whether el ectrochem call or colorimetric, are co;ﬂ%’ggﬁr ed and
adapted to be inserted into neter 40. bere specifically, as il rgted 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 with first end 62 and at
| east the second end 66 is configured for insertion into a nmeter 40. [0075]
Meter 40 preferably has an ergonom cal | y-desi gned housi ng 42 havi ng



di-mensions which allow it to be confortably held and mani pul ated with one
hand. Housing 42 may be nade of a netal, plastic or other suitable
material, preferably one that is |ight weight but sufficiently durable. The
di stal portion 56 of housing 42 provides an aperture 68 throu whkeh test
strip device 60 is translatable froma retracted position within neter 40
to an extended position wherein at |east a portion of the test strip

m croneedl e extends a distance distally fromaperture 68. Distal portion 56
further defines a chanber in which test strip device 60 is received within
a test stri pphetcatvicieglorecdianteshstrAp deficaed Bthe fksefidstensioniiycladsyboe 60 nmay

be inserted into peter 40 b pving dj st al i t] f
ousi ng 4o A ohBBHEA 1y gk CEETPFD T Faeab PR 61563005t SDhSoGcel vi ng
mechani sm 704,985 5 #8.020908I4Y 5 30868 S5 BORCEE AR, OO, FRYRR1 ISELh o | Nt O

meter 40 and recei vVed i'nto neéchanism /0 vi'a apérture r y, distal

housi ng port $,696,580;i 55543425 p H28)863 p5, 78 BAR9;tS, 5342 8)T801304 25, 78255e user to

visually confir oper. engage t bet n test strip device 60 and

recei vi ng aréé“g]ég{irq?%{@"tg&; g%ﬁgﬁg?iaﬁ 5@3@69‘1 ldésc[%ﬂ’@éﬁ WaishHe assay, as

well as to Vﬁégﬁllh&?ﬁ’érﬁ%d?@%&é&{c@ and to visually confirmthe filling of
ociy uli '

strip 60 wt aring the assay. Wen test strip device 60 is

pr oper | jp0§6Jat ed wIhdome sraneievmergbere ofitheistgnal/ frodtding bystam psaduceiat h t est
strip device, 60 eratively engages, wwth the_neter's testin onponents. In
ot het wor ds. dUFFHIEPRCEFRKERPR orhe Presecr 3t BRI Weih Qeleebleel ot r odes of
the bi 0sensop,@R&ah by 85 BRIBAYE thY dnfbund 6 ARIRE presEht8l iRk HRd and with
colorimetric test strip enbodinents, the matrix area having a signal
produci ng sysampie.i b the sulf&:t 1emb strips) thEQ8S onmereanembérg ofikliegngrklwi t h t he
meter's optical, conponents. The neter's electronics or tical conponentry,
Upon sens ng HHETITE RETE 4T TF G for STk ot pukco Pl RBAReRs 8 B b
test strip drRYt@Sobtbd &f (., tRUerctibn téEoDANPIALHA, b th mSkP BbE&inats Nput
signal to the test _strlﬁ) bi osensor and recei ves an output signal therefrom
whi ch is replosybstantiallyallgf thymariplhe signal gragdugingsydemds pe ap@yteg measur ed.

[ 0076) G rcuyg: tJ. 41 t 1 UE i ssure ring
6. the  di SOUTLry el broPOSab spREE. BRP LU S PRy BLESHER ¢ e
pi ercing sit® méanhthat inhenedating eHerdebgtablé sighdl Tpnpvbitdhé enaliee conpr essi ve
pressure exerted on the skin by, pre,sscijre riag)g 58 faciljtates the extraction
of body fl ui SRICERERHOPAR the fRmpifigidsE ved dag rnabfie s arddigedby £ gvitadle such f1 ui d

into test stéd'zgggqg' %7&% bain LN AR teCbbmnd S 1 tsel f in
novabl e engagenent :Rnfoﬁﬁlﬁ‘?r%rtlér 420 er e?ine?lﬁg?{al Oaéo?x‘r? pOI‘téI on 56 is
slightly trapsbat@bhlamoeuntephweegdn perakidagThdhkydroga penoikidals thzi s of net er

40. Bet di st al , housi t] 6 th i mal tion.of housi
12 s o predunipied IR EER 1 RRirietfe dledRbls piaB B8 Wi P Bt RGOty oasure
exerted on digifsdundsEieAdtiRANMduRNoBEet¥distle FRITNEESRERE: AL ESHS digal | Ng 58

agai nst the skin. Pressure sensor 54 is an electrical type sensor which may
be of the kimgausRssHitgmMkid ke signalhs thangrelptedito ghecarpoustiios analpeds ther e sensor

indicators 72..] Ctyr i i ' . are
provi ded ¢ o il aful il 8k, O BT G0N Wehd) ROSERH §spEMREfm 0TS, g
portion 56 sthetshbjectitbs stifpRrard @yo ackretsly chhcrivethis Wfidregeagerrdddiedsad)
applied, if necessary, in order to apply an optimal pressure. [0078] In
many enbodi n¥&RA PrORUCHIE SYBeMSs a di spl ay 44, such as an LCD display, for

di spl ayj at a, =y i g Additionally,
nmet er 4%“%2@ vari%gg?hgﬁﬁ%ggﬁéﬁggg§§ﬁ%§% g%?g$%?§%u%§?%8&§%€agto t he

met er' s pr ocgstnmgnclodp ememtymesthdt ¢:odizevtht aodlyieragd phaduseea ci ng acti on of
test strip deviceggg. For eﬁgnele, | ever.46 |s §§ed to retract test strip
devi ce 60 t oCUTISBARERE FHSYRLWAYHFOBRR REToXtder Where SYFOIRRATOIEARMDEd a
Spring mechagy ) | QEH%HQ ' {tceCtion of
test strip dg%?ggﬁﬁgﬁ?%gﬁygﬁgp ﬁ?gé%g&gﬁﬁgeans o?sgggnggﬁﬁgkg§{¥Bn 48.
When di st al thewasicugt pharal yoepeeserit Sn frecgaswpley The speci onedurof28is HES- 145

LI FEO35 the skin, such ejection of test strip device 60 causes m croneedl e
64 to instantaneously pierce the skin for accessing the body fluid therein.
Buttons 50 and 52, when depressed, input signals to the neter's processing
conponent s i ndi cati ng whet her the neasurenent to be nade is for
testing/informtion purposes (and forlrecovering the test resultshsoma
menory neans within the neter's el ectronics) or for calibration purposes,
respectively. [0079] Optionally, neter 40 may further be configured to
receive and retain a replaceable cartridge containing a plurality of the
subj ect test strip devices. After using a test strip device, neter 40 may
either eject the used test strip fromthe nmeter or store them for disposa

. o e - o - ey " S




entitled "M nimal Procedure Analyte Test System " having attorney docket

no. LIFE-054 and filed on the sanme day herewith, is of particular rel evance
and is suitable for use with the subject invention. Additionally, certain
aspects of the functionality of neters suitable for use with tfﬁﬂiﬁgieCt
systens are disclosed in U S. Patent No. 6,193,873, as well as™i ,
copendi ng, commonly owned U.S. Application Serial Nos. 09/497, 304,

09/ 497, 269, 09/ 736, 788, 09/746,116 and 09/ 923,093, the disclosures of which
herein incorporated by reference. O course, in those enbodi nents using a
col ori met ri c eASERYn&EYSHN depeadeet ﬂ@ﬁlﬁﬁk@ﬁ?ﬂl@ranﬁl?te%ﬂcﬁaﬁdsaﬁ@lﬂﬁ ii Il be
enpl oyed, where certain aspects of the functionality of such neters

sui t abl e f or geresallr an epeidese welghydrogerase. eamph.ahe brss enDamemay Resgludose34, 360,
4,900,-666, 4 3 5,059, 394 304, 468, 5 306,623, 5 418 142

5 426, 032, 50bIBsGrerSnd 3 eliedit): fucae Ay diaanat: ibdr 98
5,773,452, SN0 08PAQ & dFR:t8E SholBstErbBoRdise (iAGhd 8RalyR.i9 6%18A60pnd

5,972,294, the disclosures of which are herein incorporated by reference.
26 LFS-14~ alcphpigaadase (whers thoorlyty ismdcahobiriactateexidisewheretbe sudljtect

e g, the coteenreyiihke; Qinf S kSR LS R il nags 11 na

use in the dehatys ofint€rBst@be knowat foathyseaskilthdfih iecdtt an@hy hRo®@NCent r at i ons,
where representative anal ytes include glucose, cholesterol, |actate,

al cohol , andecmployedda these prefsyred ambadimantsswherp dhesgpgent tesherip dyidesignsd

enpl oyed to t 1.pe: tGaté i . ol Qghcal sanpl e.
(0082 i | o i orBic F et nce PR, W Ao i UEHR SIS, 00" e
concent r at i oThegluebsesmtijseandybeobtained iy moinydiohl &fiétisopidy 4. ol Ogitaally

sanpl es, such as urine, tears, saliva, ,and the |jke, they are particularly
suited for u%c“irﬂn%lgi%?‘?ﬁ"ﬁsﬁ@ Asperedlbis cusrroa LepisLlym, 9r recrEbIaadtlyn bl ood or
bl ood fracti gpgiucand nore particularly in whole blood or interstitial
fluid. [0083] The subject nethods will now be described in detail wth

ref erent@58b Fi guiTbs sedondpnayne of thg signal prolj@ng sysédrh o, ereryrmieghatt one

subj ect test stri$ gevice as dfscribed above, is ro%id%d, apd subj ect

mi croneedl e BXPHATSIBF CPLVETFIAR PE QRF PrneredndiGatie porpunds i gﬁidﬁ.ecsla??}ﬂ cally,
the skin-pi eFFddﬂgt i lteeprREerice om?&bg@mperame,t\bﬁeré ieardur® of HEte@abIRr forearm
for about 1 to 60 seconds, usually for about 1 to 15 seconds and nore
usual |y for Rsyet thatis psodugedhy this Mepiandis peopertiorad ta tap emeunpefysi ol ogi cal

penet rat ed ¢ BYOrRBrTREo R ot Bt b B S Sl a8 3 s eand ¢ ne
st rat um cor nelhsie suithble peroxidasediponideitrseraditt pgpeLidhdeqd HRMOsdyar t her than the

subcut aneous | ayer of the skin. [0084] While the subject test strips may be

handl ed and PFOEIdREs reqombinaglypepdpcsd nereridpse absyathstie apalpgshavdng i ps are
preferably u R : +het; el o4 ol .Aﬁgﬁ¢ : est
strip deviceﬁggxﬁghg?% g?ﬂﬁﬁ?gp§+lyqﬁﬁéégfghq%ﬁgggﬁggt str?%q?gggﬁiing
mechani sm 70 Asia, B33 (1990p%98-H)2erture 68 or by tenporarily renoving distal

ti q . of h i 42 d pl i the test stri i nt i Vi
mechant WH385 Lo 748 iy Peosbpodh 37 compoitcr € APBIHEL AT PGP REE st 11 p
dovi ce 00 mayiihe Mgl deskoBBol eUaHe Wdibien §a6EV NBoTRAN oTd0. S

yet, as nentioned above, test strip device be collectively
pre-| oaded wpetexislags torprpiluce apfindicater dyssthakabsprbs light ia aprsdetempingd car t ri dge

(not shown). | n_ su an empodi pent . .the cartrid i.S renmpvably .engageabl e
Woh necer a8 eRaR ke PR e b SabPiId dr e SRot T RLf Ve BRIRICRD L
ej ected fromaifhgediato it atWRRE AP Or the $GPAS MaReRAUBRGLE BROAgIW t hi n the

cartridge, while an unused test strip is automatically renoved fromthe
cartri dge andhf exidizeddormobthedadicytpnmaybea cobred, faptircoloned, ppodisylesnce t est

Then' be Spri AT RadRs 7 <uiieh 85 et hCol R FREIRURRE AR 7 T

mechani sm 70 Taads td uis tHeasdtingt readenelean ia@ica, the frekdhca of ghicasd iath faampild i on.
Meter 40 is then positioned substantially perpendicular to the targeted
skin surface wherein distal housing portion 56, and nore specifically
pressure ring 58, is caused to contact the target skin area. Sone
conpressive pressure nay be manually applied to the target skin area, i.e.,
by pressing the distal end of neter 4? agai nst the target skinL?ﬁe%: to
ensure that skin-piercing el ement 64 % properly inserted into el %Ki n. By
appl yi ng such pressure, a counter force causes distal housing portion 56 to
press back upon pressure sensor 54 of neter 40. The relative anount (i. e.,
hi gh, normal and | ow) of counter pressure is then nmeasured and di spl ayed by
pressure sensor indicators 72. Preferably, the amobunt of pressure applied

. —p~ o




piercing elenment 64 into the skin creates a fluid sanple pooling area
(defined by 28 LFS-145 LI FEO35 the recess or opening wthin skin-piercing
el enent) adjacent the fluid pathway, as described above, within el enent 64.
Sample fluid enters the pooling area via the open-space configﬁhﬁﬁbgn

e.g., recess or opening, within skin piercing el enent 64, and he
opposite side of skin-piercing elenent 46. The pooled sanple fluid is then
transferred via the fluid pathway by at |east a capillary force exerted on
the pooled fluid to the reaction zone or matrix within the biosensor of the
test strip déyiaeeldséd ards bemgbileaaRel ahaNanativedy, byansiciesohrehldeielopiay be
further facilitated by exerting physical positive pressure
circunferentF@PPy around the penetration site by means of a pressure ring
58 or ‘b | yi ng+8y: f LV S h.the fl ui hanne

t her eby¥Q/(§?Bum nglrﬁ%ga?%gc&gn R%uaﬁﬁg@%rg?ég{uf %’ t# %gre([i?@ﬁ g%nélﬁaq%cflu(?%%tghannel .
The fluid enbg¢-iang tivbeohlpehehtRhtdMEgene SudktBated) t Ond-b8mpdridnabyseiid | on of the
pat hway first and then_proceeds by capillary force (or by applied vacuum
pressure) tolngudgiapomaiic FRERE.AEPMPEE tlcelivlbfzings apad bAMEJINGHiSUeh 2%esi des
wWithin ther ' - i r 1 d.1 n.caused to
translate | a?eg@g-{ewl ? ﬁ‘&gﬁ‘gﬁ‘%‘g %&é{eﬁgﬁ'g)ﬁi é’;l;gr?t S&‘Létg #Ilgiﬁcz?&eeggﬁed%

sub- channel s whichafneXempoaemas MBEHyan MBTIE déridite ¢stei foeangilt ke vol une
within the reaction zone_ or ri X illed with the sanple

trix. be fill ,

fluid. [00877iseioeed indy-Sr Pafemsrrgh%@tlg%g?r-m()?/gg%é%dnmw&?ﬂ heERIRPY area is
letely fi i | ' ctroni

CorPeet oy Ligtbietcalt dr hlfafifiBintheind 00 ok irtorkeifis BaBImBSEhIEN ©F OF

poi nt, the metoarativajcohel, cemnygadd byind)eongagdatahilciiod wr bivengpiervetatiphdtien site or
kept on the ski urface until the test results ar own on.the display.
Meter 40 rmay aﬁiﬁﬂ@naéﬁemlagycswoﬁf&mppmﬁéwtsmﬁ Ak %H@ﬁ}@-grpsn%thagakm ically
retracting tReqal HeanRarshtorrie! l\/ﬂB’f"HF@%&xﬁ‘ﬁe&Mtﬂ RBeR i BBEI AR ! | 1S
filled wwth the body flurd sanple. {0088] Wien the bi'osensor reaction zone
or matrix ar €aM4sB) dMpTHtcempifdd withi 3)4-dibhlotve2 hixdixgbérnzanetsulfdmc acid
concentratio e | yt.e,.qf interest. in,the sanpled fluid is

et or i ned.  UREHESE wREmebtradp g8 e dhu 7 E S e BN at | o

det er m nat i oBerBRaeMifoRdte BldROb6AGMVIBTHSBY aSHbREE Mith SSakTBAS 1USI Ng
counter/reference and working el ectrodes. The el ectrochem cal neasurenent
that is nadenghalenesudonicrcid agmonjunkANE). deyserainfanbadiments.s8¢ dycul ar
nature of th t i£h which the el ectrochem cal test strip
IS enployed,ggﬁgéﬁﬁﬁggg%agﬁaq%éﬁﬁﬁﬁ%%er the assay is coulonetric,

anper omfa06ily or pi gettotisrehtbodimémnsnef edlbymetricacse keipis) gkt praiucingeasur enment
w Il measure charge (coylonetric), current (anpero tric% or potenti al

(pot ent i omet FYK§MS wpﬁgwe&/ Poraswvéﬁe%&lP BEPUYFL (©F AECFBbledPhg sanpl e

i ntroducti ong [ : j descri bed
el ect rochem ggf’kﬁ%ﬁ‘gﬁ‘}‘%ﬁ‘?ﬁ%’ %éﬂé g%to F\égrgédggg‘g(rg{r@engyiﬁﬁyuﬂé.&ﬁ\tg% eﬁ%(@cﬁos. ;
4,224,125; 4a5%6s8&cribetlin yoshi Zadtsu,a6osmkt Ohlisrai Newrflusroganiosdstr®es ent

Publ i cati ons 97/ 18465 and, WO 99/.49307; .t he di scl psures of ich.are

et el i noor SUPIRTAIAS PERBINENCAIPIE GRSl Seizapt BTTpEsh psotile By

el ectrochem gl PeiBAaANeC ARANtiO4] BibeHtistee (1986} B6D, 10911h8. ERaebicoBf she as
descri bed above, the presence and/or concentration of the analyte present
in the sanpl €clormetirIEageN! tRshSips swisabds o5 Hse with thessubjrshinyeriégringlude by

rel ating the el hem ' t t,<9f It he sanpl e.
[o0as] Por 2 SeFSHCAEPTILOR: Palkal Soe Fr ERRE s g 0 Pl

det er m nat i ofncdgsayted bamgeenagpl i ed to a subject test strip, nore
specifically to a reaction area of a test strip, is allowed to react with
menbers of a signal producing systempresent in the reaction zone to
produce a detectable product that is representative of the analyte of
interest in an anount proportional to the initial anmount of anal yte present
in the sanple. The anobunt of detectable product, i.e., signal produced by

t he signal producing system is then determned and related to the anount
of analyte in the initial sanple. Wth such colorinetric assays,

optical -type neters are used to performthe above nentioned detection and
rel ation steps. The above described reaction, detection and rel ating steps,
as well as instrunments for perforningl;he sane, are further deigghg din

U S. Patent Nos. 4, 734,360; 4,900,666, 4, 935, 346; 5,059, 394; 5,7304, 468

S, 306, 623; S, 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; S, 789, 255; S, 843,691;

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

i ncorporated by reference. Exanples of such colorinmetric or 30 LFS-145




LI FEO35 photonetric reagent test strips suitable for use with the subject

i nvention include those described in U S. Patent Nos.: 5,563,042

5,753,452; 5,789,255, herein incorporated by reference. Test Strip Device
Fabricati on Met hods [0090] As nentioned above, the skin-pierci ﬁ:ﬁdﬁmsnts
of the present invention are preferably fabricated with a correspondi ng,
substrate (for colorinetric enbodi nents) or a substrate/el ectrode

conbi nation (for el ectrochem cal enbodinments), as a single, unitary piece
or structure and made of the sanme material. Alternatively, the

ski n-pi erci ng el eSkntRertng Beneanuilditoneediens separate conponents or pieces
whi ch a[e then affixed or attached to_a correspondi ng substrate or

subst r al®6¢bnduct REETRG o test RS HRrbI0 aiFigmt and 3, spipectivehngs webhasdRanpl e,
an adhesive éﬁdﬂ j r . . i i may be
fabricated agégom;fg?gngoqjo t Zé)”o pﬁﬂggsé%térﬁdrfg’/g%? %Jéwz{}gf}%g‘%lr@g é%%%%%?tgoﬁ\?%f

t echni ques i sldhyikroigg ebaient/@ticionaedlesbftthe present aivesptiba &till @owtechni ques

i ncl udi ng injection, nol di]ir;cg:‘,é .phot o- chem cal etching (F_‘CE%1 m cr ost anpi ng,
embossi ng, afdcussed ingegiripiaiaileAs disgae] amyeatssiestiipdeyise 1 0Q inclyslesiai ces of
the present | LOF : I i rom and
processed onHg%tzwg%&%?gﬁ)\%e%sg?@??q%@ﬁggﬁ\sﬂﬁg%ﬁ? r{g%/t Jgﬁ?{t gtg{pefﬁfﬁlﬁg'ri al . Such
web- based nmawhilaodstistripglevice tl D@ irahinjes atcolaeietst/phototeiricCleiosgnsori de

si gni ficant cost{g advant age over r}Dre c.O ver}ﬁ:i,onal met hods in which test

strips and t ARAIEURALIORSIMRrIA (ha @ brrbstap 89 afifig 2 BpysvereledehEPrA- C
plustrate syeicaan Al 1508k FRAL $nd 8SeaRclil By ARKLL RO AU Figs. |

el ectrochem cal phot oret ri¢/ col ori ne ntigurations, respectively.
[ 0093] Whi | eandh2ixf thiat they hgvala diffessit ancwheddie conflgueationt dbbothat i on net hods i s

in the context, of. wep-pased nmanuf act ur j t he technjques di.scussed may
50 be. used PBSHERERS IR UFHPeTaE: Sur Boe T Bebe AL IFRIENTS b | o ol y
certain fabr kgat iSpBcifiefii) iR el iR cRdmbatst 8Hp dhastnibdditefts bhFidie] art
wi |l recognize that other known fabrication techniques may al so be used

whi ch enabl eatbiy thosricrgneadizgnay sxtend fieroatherahomeef the twig sulistatedasd.r i ng t o
form smmal | SBfoggr}sgf’ glgctpo%\é's,n\ghérgi%rthg %tiéaro}clge Eeuz{n%ss’uch associated electrode are

integrated with each other.

[0063] Any suitable shape of skin-piercing element may be employed with the
subject test strip devices, as long as the shape enables the skin to be pierced with
minimal pain to the patient. For example, the skin-piercing element may have a
substantially flat or planar configuration, 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.
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such as the m croneedl es descri bed above and the sanmple fluid channels and
sub channels within the reaction area of the subject test strip devices.
Fabrication of Electrochem cal Test Strip Devices (0094) The

el ectrochenical test strip device webbing 200 of Figs. 6A-Cing %ﬁ% a
plurality of individual test strip devices 201 (shown fully asse éd in,
Fig. 6C) fabricated in a side-to-side arrangenent along the |ength of the
webbi ng. Each test strip device 20l includes two spaced-apart el ectrodes,
bottom el ectrode 202 and top el ectrode 204, and an insul ating space |ayer
206 t hef0@68Et ween. THsphinensibayef the GankdacmgeEldmant ingyoraty depe@thgwdn £h def i nes
the reaction zone qof the el ectéochen‘i C bi osensor cont ai ni.ng a redox

| .
reagent syst E#CEACHTACIRH & as the pe of BUrsIplagicAlFamPiG I heaPtaineG i il ar to
that of mecr I : afy Firas. 144, i | anar with
bottom el ect ?%Qf%g&?%gﬁ%ﬁfhﬁdﬁﬁﬁta pgéﬁl’féﬁé%}?ﬂb FE%%?@%%‘F gl e 202 and a
proxi mal por pattemt béingitestealn degheeal B thel skirapietvanmelem2ddis tomsttuceedsporting fl ui d
pool ed wit hin thde penj ng of m_croneedke 212, Extending | aterall ¥ from both
si des of chaR¥desin-picEcing and, Flund; exragionsiypctians srd Qus 15dssagned 4@ Pei t at i ng

the transfer ol | i : e ' b DR eaction zone

of the el ect ﬁlgfziglgﬂlggﬂ%?%‘sngri]‘%sgér%dsxﬁg%gﬁm% &%gg%%ggegﬁggi%g as well as

t he associ at &gpinalty, oo ecxbingdish itimgse igoalsptieratiotafitied yeretratied Bhgthr(dafiyedoe nmade

up of an ineft supstrate or a.s ort structure copvered by a netal |ayer.

Where the el é%f}?‘ecfg\?éncffr@“ﬁﬁw_?i%g% ‘?éﬁ%?lﬁ?'ph’%‘flﬁg_,epeﬁ‘!ﬁ?f _G‘Ecﬁ_éﬁ’égft‘g} ©hi ng

(PCE) (al so knserdwhBRQUEK B is MehdurétPat thO6M G JUKiA-pRECiAS T

phot oet chi ng) or mcrostanpi ng techni ques are suitable fabrication

t echni ques. Ele0©8Y) isrom ghbloot bihémisually gtouh? hg) ], moretwbhldy amuabgoilmel ude, but

are not |im 0, ;alum nu capper, gold, platinum palladium iridium
St B¢ A etishes Soubrlh

silver, tita . bon and stainless steels. Fabrication nay be
done on[(mb;s?t S Or TRORIthINERLE of Bd skirbiertt ALiememd GRn&HRE FanREORbREDHoft t hi N
metal base for the etching 32 LFS-14 LI FEO35 process and generally has a
t hi ckness i nlit®80,06¢guconsmsadbufromaebpet 10000 d 0,090 amigroms ead mose wsually fr om
about 50 to i 0 Sl taver.is then,a i to _one or both
S des of t el oo 1 B08RE5 Q0T RIEHAC\ ThEWSerlont MR HinbalRE, 0" oo
to precisel yeldiehBgehérallg enipges fioasabonal tas000 miréisc hamlipabbutaldoyoi nt o,

e.g., the flg channel s 214 and sub-channel s 216, or etched conpletely

id
through, e.g: boq ReerapeAidTgerc uuaiieataut | Sikio088 mictaasndbe heighler
Speci fical |l ythiémséo@ﬁ%hggfegétm glgﬁlghﬁ@dn\ﬂ%datrw% thRkBEQ T ¢le i of the

metal which are not to C to expose areas of the netal which are
t o be et chedpoftio097 thebskitrpiegeing erowatypymiciiydatges £rone hismit 1do 1669 cal

di ssol uti on pr.ocess rein an i d bstance s applied_to the rface of

t he base net SI°8RY uﬁ%@rg‘é‘ﬁtagpgta@otﬁds@@t%lﬂr@ﬁFB‘#J&RF’?E aﬁ?étf%ﬂ“.‘ alﬁe}%%gtt‘_éas of

the netal SUQﬁ@ﬁﬁcr\Sﬁé.C'hh@élﬁemhm%%ﬁﬂe%& #H@z@ll?'tﬁ’f‘g‘ékﬁ%ﬂx &out g aci d.

After the etching step, the %hotoremst | ayer is stripped fromthe surface
|

of the netal 204 micremss usipdlyiabpusIGotod@OP micogs agl mopreusyiplby froguabaubnai ns

pacedet  ni p00 SoIQUOGRIER? H i kil TR0 AR AT =
subchannel s géferalljhdoepant &xvred 8ot 10Mmibioafadds deptraliptess tHaatabaueX) are to

be cut, remains a continuous area of netal while the area 310 of sheet 300
has been cut THEERGNEIRALE tyBiealleicss thanpboefg] mpgrer. oHeWRYRTHE WiHB6t her

techni que su E%I?Irgéigﬁeggp_ofn@ RELGALH ek 1hhf*§1% Blute 'd?a?ﬁefté}gog%%ﬁksiﬁ.ﬁ@ﬁgad e out

of a very str ic material, 1nvolves the use have been
preci sel y nmaekiratimayehryadotyiteleagthror-niyshehsabgrentimdiyhdonstagt. (EDM) . Long

sheet s bbi ngs, of supstr.ate tal, such as those netals co nly used
in PCE Bf%?ﬁssi ng,%a%t?%? s snrmswéﬁape%ﬁf the g stetp Wspgiﬁlgﬁnkms

stanpi ng pre t i : i : : b s : hol es
in), coin (i 5%8&? %ﬁ%@%@r@%ﬁﬁg%ﬁ‘ﬁ@%%?g‘?ﬁ)%%}%&ghé%sf%g%% ﬁ’gnﬁet al

substrat e freshmpotitesa dese of hobiurst witjpintie peree sissuea T hpespace sardesats aa r at e of
1,200 strokes per mnute and can produce multiple el ectrodes per stroke.
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[ 0099] Where the el ectrodes 202 and 204 include an inert substrate

mat eri al, hot enbossing and inj ection nolding techniques are suitable for
fabrication of the 33 LFS-145 LI FEO35 subj ect devices particul arly when
the substrate material is a plastic. The substrate material isygfgiisciently
rigid to provide structural support to the electrode and to the .

el ectrochem cal test strip as a whole. Such suitable materials include

pol ymers (plastics) and inorganic materials such as silicon, ceramc,

gl ass, and the like. Suitable polyners include, for exanple, polyester,
e.g., polyet tegerone widrie pHtidlebatily [ qausddytoqloohindkitui pertbr pobgithel ene

terephthalate (RETQ, .polyimde, e.g. ol yet heri m.de; .pol ycarbonat e;
cel | ophane (Féréfé%%tf’ége Eéﬁ?l}%&%ﬁl,"gf’f r§U %@S‘p%‘]“i/ﬁ%‘f‘&se.%n?r b yvi nyl
fluori de, pefﬂe'sﬂ@é&@édﬂ?ﬁ‘é’c@}%uﬁti&% bf‘fl’ite?q%s%%ﬂ}ﬁb&ﬂ R ORY bEfG & X a¥dTer S,

i ononer; polyanide, e.g., nylon 6, nylo , hylon 11, nylon ;
pol yet hyl enewithth the pierequidtisguehavinga vyksimer a herstasigreat as clopoiaylatele luid

pol ypropyl ene and .its copol yners; |.ymet hyl pent ene; poJ yvinyl chloride and
't copol yret S Y eE 2056 S T e SCep racar Sl dhass e
and pol ymer n

pol yner gospesitd $00 &L Embﬁ%fb Wb iy ?Pgﬂ%l%b%s@lfo DRI P &d[lg%iom Wih

preferred material for the substrate I's Myl ar plastic fi
hot enbossi ngscupiesrsobstamtial pattenicflthesentire aslumesacctpibd by theestruspirasf i ¢

precursor maperjal .having a thickness in the range of about 25 to 650
mi crons, usu elsblnr?‘(??ﬁ‘%%ﬁ?‘e_%t@a‘? ok #‘i‘?‘Bra_gﬂ‘ét dt‘?wgé/é’aﬂ lﬁ%‘?rﬂ}sqa&dm about
75 to 600 m gb@NbHoubsPas 99% dtiRe &ftire WBRSS StQupiRAdyAhd!Sin PRREEIRg SUCh an

apparatus includes a nold having features, often tinmes a negative inage of
t he featuresele@ent he skinpiercing el enent. The precursor material is then

conpres y the | d_under. h a Ltabl e ssion force.
Usual | y,m§7ferrper %‘? gxein}Pq? Wecorgggléé 1??%@&%85?%@?%tﬁgaﬁéews used,
usual I'y fronminvbetidn 40 @GistrateiOROLevenbubk earhisle@hdelot (éndalesibe RAMG. 0 500C.

Heat is applied for about 0.1 to 1000 seconds, usually for about 0.1 to 100
seconds and fSillustiated|in figso} angythe migrongedie's spacsriipdiningeonfiguistiends dn f or ce

is usually a j [t . ally
from aboul 1000 A6 e ¥ Raale 20RO W el 8 B it SRl
conpr essi on hwt 8 Insnappémestifents afeoessed2 (lartd0 AR eeacavdsonfigurations f or
about 0.1 to 10 seconds. and nore usuaLI y for aboute 0.1 b8 1 .second, The
heat and conPPESH A des thAFCps ISpRe Eanesfrom abu o d PO erapAid ¢ i nes.

After the 34pefSusldity frobl EeRi$50 D50 nRdrohs Mﬁ%ﬁ‘éggllegff e!ina S6GHRY Rfdthtr OM t he

apparatus, and post processing nmay then occur. Next,” t he upper

si de of the bochasaatendsdibyaancopgniaigt2Zeind Perespensively, inthe tiprosedsier ate are

netal lized by _vacu sputtering or screen intjing a ducgd ve, | ayer of
nmetal over s%tc C?%rﬁE(ghrg}eég}.{pofﬁg“ecpoor?zlGEtafe\?ed%ﬁgfl%by g%cﬁssg%]%rh@é[tgqg%ver t he

m croneedl e( 6utsidé 2neifshméf, heby ifdieasiipahe RelReH calnd)fIdwireé bObwlyafigar t  of
the associ ated el ectrode. Mre specifically, in certain electrochem cal

bi osensor enBéthedPolng e¥88. conducti ve material which is deposited over an
inert s ate t r i . It ) sanpl e
o pUPRBLY o ' By SEEh At oRaky Ayl e Bl € e AR T

pi erci ng el eomtfiguration isvan opertihe 164 andll g rdvpeati vekt, erhiksh ex$eridsatahevenset al s f or
t he conductive | ayer. include palladium gold, .platinum silver, iridium
stainl ess st Bt ARFESORe £ R"é‘}tﬁ(?lr thc %I"?é lrlaé?fcgk&cﬁ%era%m? h@ et B%{ped tin
oxi de, or Café%ﬂébtiv@lgg In sﬁﬁg_ﬂ%idf"&nlfdﬂ'irﬁgﬂs hB¥ing kfbré aihfthieirb & eeiihiadi ment,
the netal |ayer of électrodes) 202 1s gold ana1 the netal |ayer el ectrodes)
204 is pal | asichmpeAmgdrisvarsasal diamestat ef the gkingpiencingegjerbentpiln thieed on t op of
this conductiye | ayer ich exposes preci.sel y. defi ned ttern of the

ol ect rode. | BiEEaRd Siopliniees SPRRgs P At Sfcul RubRent Bedisngues
bot t om el ect BPQ'ESx)id%Oc%”tﬁéi??ésb&@ﬁze%ﬁintﬂi@rcﬁ%ﬁéxﬁéx{té eheaeeR @k aclirede and top
el ectrodes) 204 functions as the worKing €l ectrode wthin the

el ect r ocheni sélistangipl porfidn ef a tealgthi disnensinn of thelraespeetive tostextripsal (0shdx r eagent
systemis selected and deposited within the reaction zone 210 of bottom

el ectrodes) 202. Such deposition may be acconplished with slot coating,
needl e coating or ink jet printing techniques, which are well known in the
art. The redox reagent system may al so be deposited within the sanple
extraction channel. Optionally, the ductive surface of el ecgdqs202 may
be subsequently treated with a hydrophilic agent to facilitate transport of
a fluid sanple through the sanple extraction channel and into the reaction
zone 210. Suitable hydrophilic agent conponents include, for exanple,

apol y(oxyet hyl ene- co- oxypropyl ene) bl ock pol yner having the trade name



35 LFS-145 LI FEO35 Pl uorini cTM F68, sodi um di octyl sul fosucci nate havi ng
the trade nanme Aerosol Th' OT 100% octyl phenoxypol yet hoxy(9-10) et hanol

havi ng the trade name TRI TONTM X- 100, pol yoxyet hel ene(20) sorbitan

nonol aur at e having the trade nane TWEENTM 20, and

pol yoxyet hel ene(20) sor bi tan nonool eate having the trade nane TIVEIE%?'R/I 80, ,
and 2- ner capt oet hanesul fonic acid, sodiumsalt (MESA). |In another

enbodi ment redox reagent system nay be deposited at the top el ectrode, i.e.
| ayer 204 at the area corresponding to the zone 210 of the bottom | ayer 202
by the sane t&poSpdnings tldcimdi IQdetefint mdyetllahidahat 1d@badd silbivalds 13d0x system
can be deposited on both e]ectrodes, i. e., on_layers 202 and 204 aligned
so that the ?réﬁb%?%» respeRtvalye A ml"sfPP?eé‘Lesflé?Qén%ﬁ%o’a‘ﬁ]é‘fihéﬁ‘.’e?}t}{‘@@f%] As

menti oned ab : . j i s) are
separ at ed bngﬁg‘ﬁgttg?ﬁ?‘gggfth%é?@tg% %Qé%&?‘gg n%é&&&&%rﬁ@%ﬁ&# ?ﬁ?ﬁﬁﬁgosi tioned
or sandw chefbrbst ween el ectrodes 102 and 104, or between their web

structu Spacer, | ayer 106 be fabricated from any_ conveni ent

mat er i a[o,%%%er e réb‘? E@%?'?F%ltgﬁ) GggéﬁPP%BPeémiﬁtlé)ﬂia&fiézf‘r‘i‘éqﬂh%ﬁ}ﬁcﬂ $PEEHA ene

t er epht hal at : I Jol lW 413 I @\Qe’@{-u t he

i ke. Both sﬁorl%l g%é@ﬁlé ﬂ%gda\%ga?ﬂiﬂggggqod%ﬂggé%dpé%e%)aﬂgsr ?’lﬁ\c?e%t 0 a %E)u\/rvél?fi to
adher e to t htheskppgetcingelaehentt rSmdk spacByr polnaessedtenarornrespording sged or

manuf acturing,, all three |l ayers are aligned i .Sstacked rel ati onship and
| ami nat ed t ofRPREWIHIR SKigdisehasinog Rﬁ@ﬁt@%@ ‘Witg‘ﬁaﬂg"f" 1R 2E§@S AFRYPY ngul at ed

test strip daujaceodibh refeabsit Gt gt [ERRRIEIOh iph GPURRFBbdIbAwIgR! SLTi P

Devi ces [00104] Many of the same techni ques rocesses, discussed above,
for fabri catthegpadee Sakk configiretmircisiadvasagesus oyerdenveagionalfskitpiepimgs ent

i ti . b dt bricate.th hot tric/colorimetric test
Strip devi el phRH e BT ineoo B AT HFRRE SR B i go.
7A-C, the fapdraatfiiadt@hspohduiRBr) Qﬁﬁhrnioﬁﬁal%g%lﬁﬁ bBlosé modeyt thepiefedt he

present invention is described. A Wbbing 22 (shown assenbl ed in Fig. 70
i ncl udes a pblopd canilfarigs within skigumonpesetrasippiipsurdng way thppbodsfluigs. | 45

LI FEO35 f abr i i t0-S] rk .al. e t f

webbi ng 220, “grey bl ffid s BkaR BYMIREIRR Y Bio pR JOIE OF p' e

confi gur at i ohardls thdepenispstdahiormeed]t BonfEpPaidnstafd birg&ured Af eechrdddnt However ,
the subject fabrication techniques al sq apply to photonetric ,tesft strip
devi ces havi Wdegt%qre%@é’;qe@r og%g?lpgpégsugesthe skin which exposes a significant

portion of blood capillaries pierced by the microneedle tip, referenced as 24, 92,
106 and 126 in Figs. 1-4, respectively. As such, the availability of a greater
volume of body fluid can be provided with a tip that is smaller and/or sharper than
conventional microneedles, thereby reducing pain. The greater availability of

body fluid also results in a faster collection rate of sampling.

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
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descri bed above with respect to Figs. 2A and 2B. [00106] Webbing 220 is
formed of at least three | ayers of sheets, a netal substrate sheet 222, a
menbrane sheet 224 and a doubl e-si ded adhesi ve | ayer 226 there between.
Doubl e- si ded adhesive | ayer 226 has a cut-out portion 228 mhicgugkégns with
the matrix area 230 of the photometric biosensor which contain rgnal .
produci ng 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. Fornmed within a portion of

each substraFgs228 add ABRoPmax haBe a PeftionavhieH redides Wpaine sRddpik&im channel
238 for transporting fluid pooled within the opening 234 of each

: p ¢ .
m croneedl e StBEtuELIesAdgnhd A, dCed and ) f ol lnstencenfpysation, suchifligttlannel 238
are a plural jty of bchannel 30 faor facilitating the transfer and
di stributi onb%%ogéna IngaexﬁPfﬁedat%tt%e \S\kltts@faﬁnﬁﬁ?we)???% of the photonetric
bi osenso71] 90107lntﬁ8té&§ﬁrifcd'ﬁ£te&ﬁ'@\f§.,l Boittsth kR 8088 ahd Adcronsedieb | as the
associ ated microneed| es 232 are made of metal, but may be made up of an
i nert mat eri host appaple fluid trangfst pathwayrariehapnelkd; whereghBeaseremat end Hachi ng

el ect roonem oy ZA | EfEsFHES yatfih B84 FREGRIES oBPuFEEN) MifdeadRothi . "

include, but9aind ayirtidd 67 died] &xd 168 offdthiiay DPRBEEs wWitbidskifpadrdifg m
pal l adium iridium silver, titanium tungsten, carbon and stainl ess
steel s. The flgmsNt ofsraetups 6 Saarky, chlopmeiiglestyddr devige el BigeBi ng process

and general | t.hi c I ~m and
nore typi cal ?uﬁ ?%S%Za ggtéﬁg%%%&lgg& Bfrirfg&%%;g{%ﬁ g?rdgtga&lsé%eéi’? thﬁ%%édrr %B%n[eg]en
applied to o8& vdierdintlie siodasal@hdigile ofipithtval 88 ecsides deigin eubstiie@?2,

| i t hography techni gques are used tgQ precisely define the geornetries_that
will be et ch%r&cgﬁﬁﬁy Bfithin mapri arga §4 Hopygver, Hiﬂgkecﬂ?é*h‘ﬁ@f Lo Fagdisighend ot

sub- channel s > t K ES- I : h, e.g.,

t he openi ngspaggga)( gg %eﬁ%ﬁﬁn?%r%ﬁgg%?gg%gyerﬁge#ﬁeat8g'a§g£%§gge@%‘?‘ft%al ly, the
base netal i $0Gaidk0 ofdigs. esidel respegivetys bvstdflubdpatbivayh 08 amtdal28whi ch ar e

not to be etched and t XpOsS re of .t net al ich are. to be etched.
The el ectroctf cgg?lyd?fg\gg‘cﬁﬂn@h&nﬁlx@si%lsegd% &sbr?é’gtauégh?“? ‘é‘sﬁ’ie '&etg?:ri bed above
W th respect Figrdshaheldaedireagh eodiwald fR%Fexﬁinﬁ'thlﬂ@M?@ﬁﬁmfﬁfrﬂc_ﬁb?lee(ﬂ@s 6C,
produci ng a sheet having the configuration of sheet 300 of Fig. 8. [00108J

Where the subd ant 225 spectively, jagd theitgdistaenenings Ah0 pnd A 30,gespsetivals materi al |
hot enbossin i nj.ecti i Lgues, as descri bed above with
respect to f% rlﬂlgé ﬁgg&g*a?{%@égﬁe%gpggﬁg%b%al test strip devices, may be
used f ofooffapr i cat ThepamhwhbheoseHanrels opthetppeseit inCertidaitars prefgrablgvi ces. The
substrate material is sufficiently rigid to ﬁr_ovi,de structural support to

the el ect r odimEHaongd $12s 9| XeTtAFRREIRFE fareq s Huidiwithin fae ppoliagiage2 Such

sui tabl e ine I gﬁgﬁ' HE%P:P t £ at 422 i nclude but
are not |lim ?%fg{gta té’?ﬁléflly’%‘?"fe iaﬁs, el%g(ﬁ po %?ﬁgpgha{eﬁo(?agglgg%rl%%yl ene,

pol yst yr ene physpdbgiesltsemple toOitlfia thedfepetionfzmipe oo aatronare of thisdtiosah®r222, a

si gnal produgi ng,syst as descri hed. aboye, is selected and deposited

i Ehin o r i s 39 15 e E C FAdth ot Adipeber i EbTRIE] SHOAORY FOBIBE coat | ng.
needl e coati ggteed 100 Kmi@bnPAddWilNgsubBE BEBIRS 00 WROPmAdEnd¥Rl diakéremn in the
art. The signal producing system nay al so be deposited within the sanple
extraction chhWsiédmetorzgay bpeoriantialongtitsdength pamay yfryndpcegdd 230 as wel | as
channel s 238 . u yen I W -t hydr ophi | | nt having a
sur f act ant tgﬂ?%%ﬁ%@ﬁ?é‘?ﬂgégé%&a& ngaSrttEQP ?rdlmglug% 1 & rreoaL%%ﬁétq ??e sanpl e
extraction chefingk sZdpleddlettidr Edtexamplel ne2stnore@dddphilAsageristoorsd above,

substrate sheet 222 and nenbrane sheet 224 are separated b}{ a doubl e- si ded
adhesi ve | ayRiesspan thodimd pathivay dwhenssuslyegentpiaeluda dupasg noblipatsdite at ed from

any conveni e | - j i - [ ncl ude
pol yet hyl ene%ggglt) rﬁg{e ﬁo\tg}ﬁégﬁggﬁ%aﬁgagﬁ?% Sﬁ‘éhgggﬁﬁé ’ﬁf;/)r}ltgﬂ’gﬁtta ggrlég%ﬁcﬁ% ‘at e
(PETG, pol yBitwdg Zopgl anderibnsd.e, and the |ike. Both surfaces of spacer
| ayer 226 have an adhesive to allow it to adhere to substrate 222 and

nmenbr ane sheet 224. In enbodi nents where substrate sheet 222 is nade of an
38 LFS- 145
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LIFEO3 S inert material, a spacer layer is not used. Instead, the side of
menbr ane sheet 224 which is to contact substrate sheet 222 is provided with
an adhesive coating, thereby allowing it to adhere to substrate sheet 222.
By processes known in webbased manufacturing, all layers, i.e.,dmps three
or nore as the case nmay be, are aligned in a stacked rel ati OI’]SF’TI p and

| am nat ed together into assenbled web 230 whirch is then cut into singulated
photonetric test strip devices 221. Kits [00111] Also provided by the

subj ect invention are kits for use in practicing the subject nethods. The
kits of [0078]subj es itlostenéd @rthe deviveheofdigd. ¢ aat 206annwb] Baid 8&st strip
device, oftentines a plurality of test strip devices, where the at | east
one test strFEPEEebe maynfyrtheacide paaat 2 phyrality Al pibeRrcidrprandve At SubThe kits
may al so incl r J d with

di sposabl e té:}sf%glegt 1r5;3&p1'1§1 e\’/Fecsgégtw\iﬁg%ﬁp@ﬁ?@f}ﬁx&é@?@%{e gl{%?( #%ﬁdevi ces is
provi ded, theyrtioaofhike eepdceet chaingl packibngadowishomtha eatdety dfige reastivich may
be reusabl e or disposable. Certain kits may_ include various types of test
strip devi ce@ong? gr magpeares §tneHek sHb-¢ranels 12 apd Pp aes ¢reated by forgiing p

devi ces. Such: L QLS ks ' o] ' r,+qif f erent
reagents. Fi Elg ?{/é%éhﬁﬁ%?g%c;&? gr shrg§§i4%}1l§2é£ﬁcg%r?tp E?ﬁt%?]%% grwmljésllI ng the
subj ect test fains itideavéleasodarddo fratéatfoshémichhestdaie niThede ridpes towld banal yt e
concentrati Orrtl i n a physijol ogi cal_sanple. . These instructions rra%q?be pr esent

on one or moremd durEs b witpResdlq miEpfabrcatiop proceght i iR SEIR 4 desEofe ts, and
e e b B tElasllcoyer (Ve AR Hadss WIHL R RMNEdIE DS SRERAT, Adlstlg Ussi on

that the above described i nventi provi des a si , safe and
conveni ent W&, the noddtiainrenzbradeyer 2ot leqyifdal (netsholna) actd adetcoveriaver the anal yt e

concentration. thereof. The abo ri.bed invention provides a nunber of
advant ages, TigrLGi fﬁan@glg—ghgpeé?&? e%“&écrhéﬁ’éﬂﬂw é’%‘i Pgﬁa‘% s ‘a_é‘F?tfré! ency and
m ni mal - pai nsufiet e prol 48 asddEilla?}C?orbéWr?ﬂﬁid(}Bsi& NEBEA CRarmes 1@Nnkiggant
contribution to the art. 39 LFS-145 LI FEO35 [00113J Al publications and

patents cit edespectively Aspaich.fthe suti-chanaels famthitaterthe Aidlorgfiraactiontzpne Boed ence as

if each individual lLi.cation Q t.en re s i fi.caldy and individually
i ndi cated to et ﬁr(?glrégé’”rq %’8 SBVp{egﬁgl’f@n%‘émﬁ]@e@ﬁ?a d?% tba%('e §B°)§S'publ i cation
is for its disegtionsldiBmpie?in th®rdne fibid dboat dad 20@REcrsAaldmot ushsilyeonst r ued
as an adm ssion that the gresent invention is not entitled to antedate such

publ i cati on Py abaugd0 & SO mierons.nlpehe ildistrated smbedimgnteapiiary enekssegoi ng

i nvention ha [ 24 ﬁain!n i .ati and
exanpl e for 339%@?8?%@%?‘3’%?%“@@%@2?s aﬁg?lon%}?yﬁzfr?%%tgge&|’I%3tc/’bvgger§ér ent to
t hose of or ditheyrmgayéitend anguldely faom their tespdtivetharrelst eachi ngs of this

i nvention that certain changes and nodifications nay be made thereto

wi t hout departing fromthe spirit or scope of the appended clains.

Systems
[0074] As mentioned above, the subject devices may be used in the context of a

subject system, which generally includes a system capable of obtaining a
physiological sample and determining a property of the sample, where
determining the property of interest may be accomplished automatically by an
automated device, e.g., a meter. The subject system is more particularly
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)
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40 LFS- 145 CLAIMS What is clainmed is A test strip device conprising a

bi osensor for determning a characteristic of a physiological fluid; at

| east one microneedle integral with and extending from said bi osensor; said
m croneedl e conpri sing an openi ng whi ch occupi es a substanti al ﬁion of a
wi dth, diameter or |ength dinension of said m croneedle; and aLﬁ&@'a

pat hway extending from said bi osensor to said m croneedl e wherein said
fluid pathway is in fluid communication with said opening and said

bi osensor. 2. The test strip device according to claim1l1, wherein said

bi osensor hagavadg &f 1@@%@@@@}%&@@3@6{&@&%&&% & dekbgbdefovel ri p device
according to claim2, wherein said biosensor conprises at |east two

el ectrodes awnwocipeddherewithoangta meigs #0.0hke srbgech kasketrip desicas,prletiar ext ensi on
of one.of said at

Co ol ai m 3 vHerErsheBi obFRefrBhy ARomniArel ol Aol byl ofrieidabonas .

conprises a gRRAUO! IMEreRPe&titAly, AONRBLatONIAFigUDIEd 3irh ARARS d(Phas 216 Sai d

m croneedle is fornmed from sai 3/ substrate nateri al .
end 62 and a second end 66, wherein the skin-piercing element 64 is associated
with first end 62 and at least the second end 66 is configured for insertion into a -
meter 40.

[0075] Meter 40 preferably has an ergonomically-designed housing 42 having

dimensions which allow it to be comfortably held and manipulated with one hand.
Housing 42 may be made of a metal, plastic or other suitable material, preferably
one that is light weight but sufficiently 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
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The test strip device according to claim4 wherein said mcroneedle is
further fornmed fromsaid conductive material. 6. The test strip device
according to claim3 wherein said mcroneedl e and sai d associ ated el ectrode
are formed froma unitary structure 41 LFS-145 7 The test styjm:dgVvice
according to claim 3, wherein said biosensor further conprises a spacer .
Layer between said at |least two el ectrodes. 8. The test strip device
according to claim3 wherein said test strip further conprises a reaction
zone between said el ectrodes and a redox reagent system contained at | east
within sai d opaativebyaligmed. with theheete@soptial cgnpimentse The aostel’ ngletteomidsai m 1
wherein said redox reagent systemis f&%rg{r contained withjn at |east a

portion of s% PUPLIURRIERMEyPOIFENSIAG SIEIGLONFRYS LMK A ng to clai m
1 wherein a b1l | : s [ Qy\ﬁ% i it hik..sai d
reaction zongsﬁeleilﬁ?[hggyeds?&sﬁ? gé‘} g?/i&?sg fglcegﬁl I ng ng @ﬁkﬁgﬁlﬁ&\ﬁfw é\%esr ein said
bi osensor hasn mpabsigndl e thei testcony bigsenaor aml redvesTaneoutme tsighhl thprefiewi ce

according to clai.m 11 wherein_sai d bjosensor conprises a substrate having a
T rix area HERBEBSEREHHC Af e SARBIRTAA SheracER tigpeing easured.

[0076] Circumferentially 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 compressive pressure exerted on the skin
by pressure ring 58 facilitates the extraction of body fluids from the surrounding
tissue and the transfer of such fluid into test strip device 60.

[0077] Distal housing portion 56 is itself in movable engagement with meter 40
wherein distal housing portion 56 is slightly translatable or depressible along the
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
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matrix area 13. The test strip device according to claim1l2 wherein said
menbrane i s porous. 14 The test strip device according to claim12 wherein
sai d nenbrane conpri ses a nonporous transparent film 15. The test strip
device according to claim1l further conprising a plurality of gpigoghannel s
extending fromand in fluid conmunication vvlth said fluid pathway. 42

LFS- 145
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;2}#;2}9 gLa]( ’(EaL Crés,l P%Jneov%{%k %extg%ﬁ %H]i? H %ﬁfségjgég%%%ycg‘]”ééﬁfﬁjnc HU9rEa ca] ca] ca]
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the necessary handling of test strips, thereby minimizing the likelihood of damage

to the strip and inadvertent injury to the patient. Furthermore, because manual

handling of the test strips is eliminated, the test strips may be made much smaller

thereby reducing the amount of materials required, providing a cost savings.

[0080] The meter disclosed in U.S. Patent Application Serial No. ,

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

09/923,093, the disclosures of which 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.
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cholesterol, lactate, alcohol, and the like. In many embodiments, the subject

methods are employed to determine the glucose concentration in a physiological
sample.

[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
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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
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
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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
1s 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
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depending on the particular nature of the assay and the meter with which the
electrochemical test strip is employed, e.g., depending on whether the assay is
coulometric, amperometric or potentiometric. Generally, the electrochemical
measurement will measure charge (coulometric), current (amperometric) or
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
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those described in U.S. Patent Nos.: 5,563,042; 5,753,452; 5,789,255, herein

incorporated by reference.

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
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such as the microneedles described above and the sample fluid channels and sub-
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channels within the reaction area of the subject test strip devices.

Fabrication of Electrochemical Test Strip Devices

[0094] The electrochemical test strip device webbing 200 of Figs. 6 A-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
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process and generally has a thickness in the range from about 10 to 1,000 um 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
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. 8, 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
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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
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 to100 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
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material is cooled, it is removed from the apparatus, and post processing may then

occur.

“[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
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Pluorinic™ F68, sodium dioctylsulfosuccinate having the trade name Aerosol™
OT 100%, octylphenoxypolyethoxy(9-10)ethanol having the trade name
TRITON™ X-100, polyoxyethelene(20)sorbitan monolaurate having the trade
name TWEEN™ 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
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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
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 Figs. 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
um and more typically from about 50 to 150 pum. 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
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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
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
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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,
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.
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specifically and individually indicated to be incorporated by reference. The
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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a fluid pathway extending from said biosensor to said microneedle wherein said

fluid pathway is in fluid communication with said opening and said biosensor.

2. The test strip device according to claim 1, wherein said biosensor has an

electrochemical configuration.

3. The test strip device according to claim 2, wherein said biosensor
comprises at least two electrodes and wherein said at least one microneedle is a planar

extension of one of said at least two electrodes.
4 The test strip device according to claim 3 wherein said electrode from
which said microneedle extends comprises a conductive material formed on a substrate

material, and said microneedle is formed from said substrate material.

5. The test strip device according to claim 4 wherein said microneedle is

further formed from said conductive material.

6. The test strip device according to claim 3 wherein said microneedle and

said associated electrode are formed from a unitary structure
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7 The test strip device according to claim 3, wherein said biosensor further

comprises a spacer layer between said at least two electrodes.

8. The test strip device according to claim 3 wherein said test strip further
comprises a reaction zone between said electrodes and a redox reagent system contained

at least within said reaction zone.

9. The test strip device according to claim 1 wherein said redox reagent

system is further contained within at least a portion of said fluid pathway.

10.  The test strip device according to claim 1 wherein a proximal portion of

said fluid pathway resides within said reaction zone.

11, The test strip device according to claim 1, wherein said biosensor has a

colorimetric configuration.

12.  The test strip device according to claim 11 wherein said biosensor

comprises a substrate having a matrix area defined therein and a membrane covering said

matrix area

13, The test strip device according to claim 12 wherein said membrane is

porous.

14 The test strip device according to claim 12 wherein said membrane

comprises a nonporous transparent film

15.  The test strip device according to claim 1 further comprising a plurality of

sub-channels extending from and in fluid communication with said fluid pathway.
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