3 NOV 11GH METHODS OF FABRI CATI NG PHYSI OLOGE CAL SAMPLE COLLECTI ON DEVI CES
Field of the Invention [0001] The field of this invention is the collection
of physi ol ogi cal sanples and the determ nation of anal yte conc&e%r%é ons

t herein. Background of the Invention [0002] Anal yte concentr at |d A

determ nation in physiological sanples is of ever increasing inportance to
today's society. Such assays find use in a variety of application sett: ngs,
including clinical |aboratory testing, home testing, etc., where the
results of such testing play a prom nent role in the diagnosis and
managenent of a vay ‘Al i AR of interest include
gl ucose for di abewﬁ%%%ﬁﬁ & gggggg é}ﬁ'ﬁ ng cardi ovascul ar
conditions, and the |ike. i g NhPEVILS ng i nportance of anal yte
concentration determ nation, a variety of analyte concentration

determ nati on protocols and d&wldes tholnveatibncl i ni cal and hone testing have
been de oped. [QQ03] .I.n_determ ning the concenfration of an analyte in a
physi ol X@é@gl san&o}@,i%%\d °6ﬂ9§i”é’F%tb‘?”c‘éIthes%ﬂﬂ?méo%fsﬁh)ﬂql%&lc%éa@ﬁlteé?ﬂ%d.
Qobtaining th el singt | I ® and conplicated devices -

whi ch may nof{hie eas?%%ﬁﬁdﬁwé@egg&ﬁggﬁgﬁto manuf acture. Furthernore,
the procedure for obtaining the sanple may be painful For exanple, painis
often associated with the size of the needle used to obtain the

physi ol ogi cal sanmple and t hBaskgropndofghednverfiomeedli e is inserted.

Dependi t he Of . t g i y | arge,
single T?Pedg | e or q?ﬁ%la% F?ﬁ@&lﬂgta gﬁ gﬁ&&@%mﬁ%ﬁ&& ?ig%o%‘i %ﬂga@éﬁisgoﬁ%ngamunt of
sanpl e. [ 0004jcridsinginglortaaceionodént’s sddictn. Satleisshyfindikefin acasstyrety al so
inyelve a nultjtude of steps. First, a sanple is accessed, by use of a .

sk{ n- pi er ci ngPPHRAERA SFIERES, dnjuding chaisg) labsatoryirsidng, hamedpstingediss 'igtemay al so

i St SR S AR s AR 0

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

: determinatibn, 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 proceduré for obtaining the sample may

(/ _ be painful. For example, pain is often associated 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
fnechanism, eg.,a néedle 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., atest strip or the |like, and then
oftentimes the test strip is then transferred to a neasuring device such as
a nmeter. Thus, the steps of accessing the sanple, collecting the ganilte,
transferring the sanple to a biosensor, and neasuring the anal yte
concentration in the sanple are often perfornmed as separate, consecutive
steps with various device and instrunentation.[0005] Because of these

di sadvantages, it is not uncommon for patients who require frequent

noni toring of an analyte to sinply beconme non-conpliant in nonitoring

thensel ves. W béitrhdbedd ©sa teftiiy &NaRPE.S., altbe stripl druh&like) a el Frehtifick
gl ucose |l evel on a prescribed basis results in a |ack of information

necessary to {edpdsinp @éhﬁnrfbﬁnsfqiir@dlt@@émeaéﬁmﬁ dpyirssuchuat o metes| ITéJGlS gheicose

| evel s can be versy dan an ev I|f thre t 006 errpts
fac 4 n S e sz
have been made®td ¢ ngs% ?5 Q?CBé%I PP &8P %%Piné
conmponents | nV&'oyﬁféot And ﬂfbas’a\ﬁﬂig\/th@aﬁﬁ?_fé%hééﬁﬂaﬁ@n Qﬁt‘h@%ﬁhﬁ@tdr@aﬁ&i ocedure in
order to sinmplify t he assay process exanple, U S. Patent No. 6,099, 484

di scl oses a samfomvgddevcnﬁeatmomhequn&e stdps weth sarighsedaverdind ipgtoinddted. Wit h a
spring me sm agC be, associ ted W th a pusher ndatest
strip. Anﬁ)rdg%]'al yzer]')’f"r%f{})lS gﬁ%ﬁ%&ﬁ%@ﬁflgﬁéeﬁ A 15 et WWé&f%F p%t?f% 39PRg the
sanpl e. Accor%ﬂﬂéﬁeqﬁéiﬁnﬁln%hﬁgBF@HE&I&@ t@bﬁﬂlﬁs%ﬁ%e’mﬁﬁmmn surface
by un-cocking a spring and then retracting it anot her spring. A pusher

i s then displ amediterng {hegiselvese Wathididtzetigs, tfulb@:amplezdnmiadummmmswetthela sanpl e
and the pusher ,i s tgﬁ releaseg d.the }Iw nsferred to a test

strip. [0007] HUEsEPEYLAP ARICSCE! a%sﬁﬁ’s‘bl S §‘§%°f§ﬂ?£’6‘ﬁﬂ?‘hflif§s%ﬁ¥%

i ncludes a basgyo é@yb&ﬁro@tmem@frgﬁ%k@ BRcbRrofeY ElucHBRMENs BaBERZNeE,
V\/nefeby t he base and cover are connected together at a hinge point. Wen in

a closed posi tdamgerouhend aesndife thrsateningonmuni catl on with the menbr ane and
fluid ca dr awn r.ou t he dl e ,and ace rane of the
cover. 8‘(9@@?] Ther _exﬁ%lpg ggﬁ“ﬂ?&&%ﬁ’c‘i@?’bﬁ%% 8‘953}'9\? ?Ehvme ach 5 ¢%e above
devi ces and t&ﬁ&"ddﬂ‘i’ﬁ)ﬁentﬁ@ﬁvo@@ﬁﬁ't@e aidite d8NdcaBEtGH &tbrasRaidnbrbb&iure

af orenenti oned patents are onpl ex, thus decreasi ng ease-of-use and

i ncreasi ng mangfoaderie ﬁlﬁ@ﬂtfbiéh%ass@’ progess5For example, U.S. Patent No. 6,099,484

discloses a sampling device which includes a single needle associated with a
spring mechanism, a capillary tube associated with a pusher, and a test strip. An
analyzer may also be mounted in the device for analyzing the sample.
Accordingly, the single needle is displaced toward the skin surface by un-cocking
a spring and then retracting it by another spring. A pusher is then displaced to
push the capillary tube in communication with a sample and the pusher is then

- released and the fluid is transferred to a test strip.

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

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

complex, thus decreasing ease-of-use and increasing manufacturing costs.
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9 NNNWV 71106 Furthernore, as described, a single needle design may be
associated with increased pain because the single needl e nust be | arge

enough to extract the requisite sanple size. Still further, inre a&ﬂf"@ﬁ)
the 484 patent, the steps of activating and retracting a needle a A
activating and retracting a capillary tube adds still nore user interaction

and decreases ease-of-use. [0009] As such, there is continued interest in
t he devel opment of new devices and nethods for use in the determ nation of
anal yte concentrations in a physiological sanple. O particular interest

woul d be the dw@m&ﬂmtas@&scmb@gmﬁ@éndwea@ssgm@?%era@gohmédmmuse thereof,
that are efficient, involve mninmal pain, are Sinple to use and which may

be used with vincressed paimbgeanse tecargle acdddmmdsitterlargeanpogh tosxéaertbe Sunmar y

f the I t 001 t ded f
g. er c?ngnrﬁg !s%igﬁ site ?ﬁ%@gfﬁg%zﬁld‘%\é‘ﬁ?ﬁegﬁi% ;5‘?1%’? g%gl&g E}E%\a/flrtﬁﬂ%@ft (r)];r ein,
and neasuring §ct1v§’ﬁﬁé@&é?e"tﬂaét‘iﬂcgaHéeélé‘@ncpﬁ)éﬁ'a&ln%ihg%hd§é¥FQ€hﬁg a th&11840) ect

devices include at |east one mcroneedl e or skin-piercing elenent integral
with a test stiubpaddbstd] meparef intahétyon aﬂdedesmapﬁcﬁaset-eﬁmastrl ps i nclude a

bi osensor rein the | east one in- ng el errent ructural ly

i ntegral U&\ﬁ/ﬁ t he bil2\6§’éﬂ§6}?ere ?Puﬁg T ﬁ’ﬁ‘%?’ﬁlpﬁﬁ’e%ﬁ rﬂ?ﬁi q’(éFseS&ng
space- def i ni ngre@abil aynat Eﬁﬂﬁetdé%ﬁhﬂhtlo%%ﬁﬂ%iy&%%ﬁcédﬁ%% AN Sﬂgfsm&gﬁ@dl skin,
creates a space or volune within the pierc tissue ce serves as a

reservoir or p&mﬂp’lngO&pmicuiar intcrewrwmﬂdbedlhd developingbnt Dﬁm@@ﬂ&t&ﬂdd:\ocqsool whi | e

t he skin-pierci e is in situ. api | lary channe] or fl.ui at hway
ext endi ng fronﬁmt ELS‘BEE }s dRereed (hat ﬁ’l’eneflﬁ‘éml’ ¥‘§tm}nﬁn?{'%ﬁ%faé‘? SRR eﬂ'l%

pr ent pool eduéé‘afnﬂ'wrh]&}hﬁla?‘% |u's&9w?th%r15f?s IS tPLOREAE Hion ddlernfihdtRinD

di ments, the space-defining configuration is a recess wthin a surface
of t he skin-pisstimsg el ement. Such a recess nmay have a concave
configuration. In other enbodinments, the space-defining configuration is an

openi ng which extends transverse to a di nension of the skin-piercing
el ement and occupi es a subst ar®{@Emarypftheinvention

[0010] Devices, systems and methods are provided for plercmg the skin,
accessing and collecting physiological sample therein, and measuring a
characteristic of the physiological sample. The subject devices include at least
one microneedle or skin-piercing element integral with a test strip. More
specifically, the subject test strips include a biosensor wherein the at least one
skin-piercing element is structurally integral with the biosensor.

[0011] Each skin-piercing element has a space-defining configuration therein
which, upon insertion into the skin, creates a space or volume within the pierced

Q tissue. This space serves as a reservoir or pooling area within which bodily fluid
is caused to pool while the skin-piercing element is in situ. A capillary channel or
fluid pathway extending from the open space to within the test strip transfers fluid
present pooled within the pooling area to the biosensor. In certain embodiments, ‘
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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J] NOV iOlh portion of a width or dianmeter dinmension as well as a
substantial portion of a | ength dinension of the mcroneedle. [0012] In one
enbodi nent of the subject test strip devices, the biosensor is ang gy 2006

el ectrochem cal biosensor having an el ectrochem cal cell having two
spaced-apart electrodes. Each skin-piercing elenment or structure is
provided as a parallel or planar extension of vone of the el ectrodes,
wherein the skin-piercing element and such electrode are preferably
fabricated as a single, unitary piece or structure and are nmade of the sane

mat erial . [ 001gdrtibn oflaetitidrorelitioeten@ftensibn kb oell@Sta sabithiti 4 Q¥HR, oftahe
bi osensor is a photonetric or colorinetric biosensor having 'a planar
substrate defilsnaly dimeprior efidemisrorgedlex area covered by a photonetric

menbr ane;; | ectivel confi.qured . for .receiyvin sampl e to be tested. Wth
a phot one Orﬁl?ic] bi oseﬁns%nre ergbn%féngryl;[eo {he %“&é??ggﬁéfﬁﬂgid@k??gghe@i’l_&ﬁ%ﬁ?r $A%st ructure
i's provided aselactPdchB@iical Bb&R6! BAViRd at BiRcBoRehiE Bell WGHE o bR ed-apart

ski n-pi ercing el enent and such substtate are preferably fabricated as a

singl e, unitarslegiasdes Bachstkimiptencing glethent er staxtturofs prowided asre pamilel oral .

[ 0014] The extendi ng, ski n-pi ercj I nt and.the associ ated el ectrode (in
el ect r ocheni caﬁﬁaﬁr ggﬂé@?‘ °B¥ Ot@%se?‘?cgrgge ’Wra?efﬁ% rfginr'PI(‘?rCB?%E Bt @] define
at | east one fahRYRKoANBRRERrHNLTBEONEIE a@iﬂgleﬁj{mﬁﬁ? Eéce e 8fictRagnpat hnay
resides wthin the electrode or 'substrate portion of P e unitary piece and

t he di stal encderoinadelof thet samsasatenale pat hway resides within the skin-piercing
on of .the .dist end of the at | east

el ement or ructure. At..least..a porti .
one fl ui g{ogﬁlhway i gnﬁrﬁcétherteﬁq%iémeﬁﬁfé%‘%@s%ﬁ’ ‘_E)‘ﬂﬁ%l‘i}?g{”ﬁﬁ‘?“tsﬁre’ts 2 the distal
end(of the patihsmésicion cBl'lofétri&E’i@Héiﬂbeﬁédi&g’amahQr stuﬁgtrﬁQ%Eﬁﬁiﬂgfa' ning area

of ¢he skin-pi‘ercing element. The distal end such pat hway &ither extends

‘into at |east phopumetriomasfix etee copercé by defhionimegriamemtoand, eolidcotiatlys at t he
hannel t hr oug RRREA HECFTIRE TS 1Y REE-BboN oA DB GRECRJUFIHSEE by t he
ski n-pi er ci ng GhyMmREbntMBAChRRILYefdtd SemBRLFRARRTEISREGVilA] A eplaRi0Sensor
portion of the test strip device for testing.
extension of the substrate, wherein the skin-piercing element and such substrate
are preferably fabricated as a single, unitary piece or structure and are made of the
same material.
[0014] | The extending skin-piercing element and the associated electrode (in
electrochemical biosensors) or substrate (in photometric biosensors) define at
least one pathway, wherein the proximal end of the at least one pathway resides .
within the electrode or substrate portion of the unitary piece and the distal end of
( \ the at least one pathway resides within the skin-piercing element or structure. At
least a portion of the distal end of the at least one fluid pathway is open to the
outside environment. Further, the distal end of the pathway is in fluid
communication with the space-defining area of the skin-piercing element. The
distal end of such pathway either extends into at léast 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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4 LFS-157 11d1V 2000 10015] The subject systens include one or nore subject
test strip devices and a neter for receiving a subject test strip and for
determ ning a characteristic of the sanpled fluid, e.g., the con%epﬁr@bjon
of at least one analyte in the sanple, <collected by within the t dsitiVs? Qp's
bi osensor. Moreover, such a neter may al so provide neans for activating and
mani pul ating the test strip wherein the skin- piercing structure is caused
to pierce the skin. Additionally, the nmeter may provide nmeans for storing
one or nore subject test strips, or a cartridge containing a plurality of

such test [gg15] ps. 1004 6dbjAts9stemeVhdat GHer MR Qds el kst usideihe anuhi ect
devices, as well as kits that include the subject devices and/or systens

for use in prastetaiforree¢isingaudisct testttipdsd foTletemitjing & ciaactesstic sfiitb¢ ens and
nmet hods -are particularly suited for, coll i ng physjol ogical sanple and

det er ni ni ng anéﬂ@g‘l‘l @B%Qﬁt’t ?F‘B??gn?ﬁﬁleqf??ﬂe&_ﬁtu?‘{aer%ﬁbﬁ)%%? é?ﬂl%lﬂ y, glucose
concentrati ons cbibcRldafdyithindRdtest @51 BsseRor. M‘&r@% 1 Sdeftla hdtd Hay %19917] The

present invention further 1 ncludes hethods for fabricating the subject test
strip devi ces, praviddtedns domactivetieeatidemanipsleting tieetestistiip ehementheiskinf abr i cat ed
as an integral.part of a bhiosensor .having a test strip configuration. Such
devi ces have RﬁgqllF%/StW‘EQr‘%l?*’é‘ae TARIETCE e Sk | géihﬁ’@n %é@%?‘ﬁ@gmﬁ‘é(

physi ol ogi cal W m &k B Nstd i t i S‘ﬁJIl]Ssh i o tr : i ng
the fluid to a{nln%asur?errent %rlglgg&gén%%%vsi ?illfétr:lfgt@?the céror%)%)géelﬁtl%gen%gg%@ggy for
t he measur enent phfralgpalf yteh testondgmnt ration in the sanple. In addition to
fabricatinp olly integrated test _strip .devices, the subject faElrti cation

S

met hods al®1Pheal ( GlRoTE DA CREPBIF F usaaine Whisc dsvicth ehVAADR
functionally apg glfudelny s%ibiéét aavTplex ?gg&ﬁfgé‘k&usé‘ﬁ??m@ﬁcmg%éﬁb pneed| es

rren(’i oned above. For exanp m cronee ving 1ntricate” shapes or
designs, nulti plethods.rBhesubjest desieds) sysierssndmaéthodsvare pasicakapdytsipsd fore
produci ble with great repeatability with the subject fabrication nethods.
The subj ect nERlRsaRE awlf_ﬁpglaakﬁéwiﬁm SIHTIRRE 2R CRRCIRIGRB eI
fabricate bi osgps@cze R?ﬁ¥%ﬂﬂy§élﬁ€éé&%ﬁﬂ&ﬂﬁﬁbns@h 0K, BIBS e ti6RNG gur ati ons

with certain varratio
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 thé 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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the fabrication processes. The subject fabrication nethods nmay be used to 5
LFS-157 "1 Qv 21i7S fabricate individual test strip devices or a plurality
of such test strip devices on a web, filmor sheet of suitable material.
[0018] These and other objects, advantages, and features of the Biléndtlion
will beconme apparent to those persons skilled in the art upon reading the
details of the nethods and systens of the present invention which are nore
fully described below Brief Descriptions of the Drawi ngs [0019] Figure 1A
is an exploded top view of an enbodi nent of an electrochem cal test strip

device of the piRRERtNdIIMRAL @ trif BOHES ok B1idlify Bt st Yirip @%Pl-eded, bot t om
view of the electrochem cal test strip device of" Fig. |A FPg. 1C is a

perspective vi ewbofilm beslessafiduitebleehaetalochenmi cal test strip device of Figs.
| A and 113, 020] Figure 2A is_an expl oded vi of an_ermbodi nent of a

col ori net ﬁ]Oé%gr phglp‘g io'gh‘?ré’?ﬂecésb ?&Wnéeéi’\?ﬁ’ g\gFatWI’?é Oﬁﬁ@%\lﬁm‘ioﬁ\)’\é‘ tion.
Figure 28 1< anpghibaghidielo il é?% sREIIRES L RLAEB T FAAR tric
test strip device of ige. 20A Fgé(ggl ° Fi glure %Hgsﬁgu%%rrgéelggmée vzlﬁew of " an

el ect r ochem camettesls asd syseemieof the pedsemthiaverpioassiith arevesreifolly Heseiibegd anot her
enbodi nent of skin-piercing elenment of the present invention. [0022]
Figure 4A is a el@&’pl oded vi ew of anot her enbodi nent of a colorinmetric or C
photonetric test strip device of the present invention having the
skin-piercing elenment of Fig. 3. Figure 4B is a perspective view of the
assenbl ed colorinetric/ phot @ai¢fiDesciipsions bf the Diemviags of Fig. 4A. [0023]

Figure 5 illustrates, a s¥§t_em of the present invention which includes a
meter andl®18Lbj ect FigdEs 1815 #heXRINIdoB 3ifY gliptbembsliment fd& ved by the

ter. 0024 i } t i I 3 i cal
meter. | ] elBkt g%l kst ﬁﬂg%wcggggle §Pselit e o eg%eﬁggggﬁeag em ca

tes( strip devices ricate ccor to the nethods
invention. [O&gBjddditgutom GBwict thmeleatpdahericad tist sirip deeine of FighéAwdtig.dfC Fi g.
oA 1s a perspective view of the assembled electrochemical test strip device of Figs.

1A and 1B. ‘

[0020] Figure 2A is an exploded view of an embodiment of a colorimetric or
photometric test strip device of the present invention. Figure 2B is a perspective
view of the assembled colorimetric/photometric test strip device of Fig. 2A

[0021] Figure 3 is a perspective view of an electrochemical test strip device of the
present invention having another embodiment of a skin-piercing element of the
present invention. .

[0022] Figure 4A:is an exploded view of another embodiment of a colorimetric or

C photometric test strip device of the present invention having the skin-piercing
element of Fig. 3. Figure 4B is a perspective view of the assembled colorimetric/
photometric test strip device of Fig. 4A.

[0023] Figure 5 illustrates a system of the present invention which includes 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 ofb 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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[0026] Figure 6C is a perspective view of the assenbl ed web of Figs. 6A and
6B. 6 LFS-157 . J Phl %JOo [0027] Figure 7A is an exploded top view of a
web of the photonetric/ colorinmetric test strip devices fabricated according
to the methods of the present invention. [0028] Figure 7B is an epr!‘@gejgﬁﬁ

bottom vi ew of the web of Fig. 7A. [0029] Figure 7Cis a perspective View of
the assenbl ed web of Figs. 7A and 7B. [0030] Figure 8 is planar view of a
web | ayer 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
understood that this F_. inventionis not limted to the particul ar

enbodi menf®2dgscri bé&guragAssiemexgiydedtop viouns e webaf Yhe pHotorgetiic60 t o be
understood that the term nology .used herein is _for the purpose of

descri bi ng par £PleUMEME R ERticesdAbrcatedrecpulingio thamethndg of egwesent i t i ng,
since the scopﬁwgflt-%ge present invention will be limted only by the
appended cl ai ns. 0 2] Where a range of values is provided, it is

under st oofl02BRt eacFigund B Ve exghloded bittond Bietvhd thewth o0Fig Ha. unit of the
lower limt unless the context clearly dictates otherw se, between the
upper andl@03Qkr | i nfiguet 7¢ hnt peraprydlvaniEvanltheapembiedaweliobFigsi H end @Ri ng

per 2064 €1 priar hetsybiecav SeobFigsi H en
andt T owor OB <o Mk RORR A POV R SE P s SR E RPoh 87 Fistr S ant T

the smal |l er ranges is al so enconpassed within the invention, subject to any
specifically excluded limt in the stated range. Were the stated range

i ncludes one or both of the limts, ranges excluding either both of those
included limts are al so.i ndbetdided DesdarijgiomeftheIonentjd033] Unl ess defi ned

e R T
— invention is not limited to the particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be
limiting, since the scope of the present invention will be limited only by the
appended claims.

[0032] Where a range of values is provided, it is understood that each intervening '
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in
the smaller ranges is also encompassed within the invention, subject to any

Q : 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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art to which this invention belongs. Al though any nethods and materials
simlar or equivalent to those described herein can also be used in the
practice or testing of the present invention, the preferred net hods amnd
materials are now described. 7 LFS-157 NOV 200f| [0034] It nust be noted
that as used herein and in the appended clains, the singular forns "a",
"an", and "the" include plural referents unless the context «clearly
dictates otherw se. Thus, for exanple, reference to "a test strip" includes
a plurality of such test strips and reference to "the device" includes
referenc jone  Qf nfiRf t o those
skilled ?%G?he art, Eand %o%?%gﬁﬁaﬁﬁggﬁgﬁﬂrﬁgﬁ%l}ge ita@%hlagigllég?%ised herein
are provided $01gela] forons ‘tafiefan” dirsicitiog uneludpplupal refordnteudledsithgedaed of the

present--appl i ion. Nothing herejnis to b construed as an adm ssion that
the present r‘f&éﬂ%%ﬁ%%"%?”@ﬁt ﬁwseéorte&am eea%?@m%wcwtﬁﬂﬁmdp?laﬁe%

virtue of pri ?P?om h&ﬂtesféﬂﬁ%!ﬁ drefdienddab eﬁle%f Lﬂcﬁﬂi%k Pdfer gHEé)%' digd may

be different he act ua I catl on dates may nee

i ndependent | y o¢ andré dewdes drd@36ivalkhes tbemséhﬁowmmethmmllw& ih thowt kaddescr i bed
in detail. In further describing the present invention, various enbodi nents
of the subj ectodeyi ces, including test strip devices having biosensors

h . . | t Y ) i
cont 1 ur A0, % LRI Blseplsed el fE pER G MG RHE Yisclomure 11 o1
of various nm prioneetit dilimgnihtegifithd pms&t\a,bplwanahemmbg Berelriig to BEt her type of

bi osensor configuration. . The subhect systens which include a neter for use
WI th the subj sepstsd as as Aminiead %ﬁﬂhﬁﬁﬁeﬁ@tﬂ%‘@nﬁ@b}%&t epiided @ranigdatfevi ces and

ens Wl | t hods of
’Iébrl cati ngts{t?ﬁgp ect6¥ p?{ae 0? k h8¥\%gsrlltgééls%%ﬂ§aﬁ¢§&tg§%r |ué);1£§mg§r| ption
| s pr ovi ded obrovﬁdit&i mmjobedtffdmﬂtfnonmkhecd&mail psblidatibhidatet Maichubhpenteddebeces and

systens for use in _practicing the subject nethods. [0037] In the foll ow ng
descri ption, ’P@PE‘P% Mtcopﬁ@‘é‘%tl on will be described in the context of

anal yte ¢RiAgENt r at ngR JERSULERL RV BL hQRFbe'BVRYA!  mSHARed S NOT

describing the present invention, various embodiments of the subject devices,

including test strip devices having biosensors having either an electrochemical or
a colorimetric/photometric configuration, will be described first followed by a
detailed description of various microneedle configurations which are usable with
either type of biosensor configuration. The subject systems which include a meter
for use with the subject devices methods of using the subject test strip devices and
systems will then be described followed by a description of the methods of

= fabricating the subject test strip devices. Finally, a brief description is provided of
the subject kits, which kits include the subject devices and systems for use in -
practicing the subject methods.

[0037] In the following description, the present invention will be described in the
context of analyte concentration measurement applications; however, such isnot .
intended to be limiting and those skilled in the art will appreciate that the subject
devices, systems and methods are useful in the measurement of other physical and
chemical characteristics of biological substances, e.'g., blood coagulation time,

blood cholesterol level, etc.
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intended to be limting and those skilled in the art will appreciate that
the subject devices, systens and nethods are useful in the neasurenent of
ot her physical and chem cal characteristics of biological subst@qﬁgs,ne.g.,
bl ood coagul ation tinme, blood cholesterol level, etc. 8 LFS- 15779 ﬁé@ 2009
Test Strip Devices [0038] As summari zed above, the subject test strip

devi ces include a biosensor and at |east one ‘skin-piercing el enent or

m croneedl e which is structurally integral with the biosensor. The subject
bi osensor may have an el ectrochem cal configuration, as illustrated in
Figs. 1A, 1B, 1C and Fig. 3 or a colorinmetric or photonetric (used

i nt erchangeably herein),. as illustrated in Figs. 2A and 2B and Figs. 4A and
4B. Likew se, fﬁﬁ%&@sﬁ@@&%ki n-pi ercing el enents nmake take on various

conf i gurgggIaps, Whelsehhadidtish F D ' | fict - in

Fi gs. IAfNj 1B,T 1C ano? 3 andrflae segoﬁ eéxug’ ééf%r@#;&ggggﬁ%ﬁe%fhpégﬁqsgéﬁ ated in
Figs. 2A 2Band# lamd oABskingi&e]ngl dleramt oe riadheailé whidhds stubjt@atlyt est strip

devi ces and bi.osensors are useful_in the determnation of a wide variety of
di fferent anaffeBalowiik & bigssnseis Theupiect bipprnseaneyhaveanmlestiackemicat| ude,

but are not I|im , : e I ta ol ..and the
like. In manylcgEll d?t#glhta ghﬂlt%ﬁgt%gllfg?gét ﬁ%"ggg ls'q ?4%%%3% gragéléggte(lt)n%grt erm ne

the gl ucose cophaometrtt (ueed inferahdngystl g he@ir) ads iHastit&d infFifs. 2A i EB shd t i al
fluid, blood, blood fractions, constituents thereof, and the |ike.

El ect r ocheni cElgsTRA pn&dB; Jakewisacthe pattieqt skingpiersing derrerys makptakers | C and 3,
wherein |ike ; r- 1.0 Li ke el ts. .t | ect.rochem cal
test strip de&%@%%gﬁgﬁﬁa %’8; %Vhregeeglfbg(i:‘]{ %t\%%ﬁﬁ? ﬁ@f erﬁﬁgﬁﬁﬁ}eg én ussrr?\?/egﬁp ion are

illustrated. FgstlAstyB,AC %Mdndg@edmd%xeﬂxﬁﬁfy b16Bbdigleatis iDEMHRMEdGaIFif. osensor
cov@i gurations which are herein collectively described, however, their
respective sk?ﬁ»%&e‘i’%?’-ﬂ‘éﬁf&emnts or mcroneedles 6 and 102; respectively,

have dif t congj j . e % t [y evi Qg .t he
bi osensoi(ﬁ)lggpdef i nfedd yé}%ir)l&{e}ﬁ‘gg ?%)ec%g) , c?:%?t S(@} Pé\gl%%earnéiﬁ?%%ﬂgo\ggﬁrﬁ 111%\?\{)“ 1
in the determination of a wide variety of different analyte concentrations, where
representative analytes include, but are not limited to, glucose, cholesterol,
lactate, alcohol, and the like. In many embodiments, the subject test strips are

used to determine the glucose concentration in a physiological sample, e.g.,

interstitial fluid, blood, blood fractions, constituents thereof, and the like.

Electrochemical Test Strips

- {0040} Referring now to Figs. 1A, 1B, 1C and 3, wherein like reference numbers
refer to like elemenfs, two electrochemical test strip devices 2 and 100,

C respectively, of the present invention are illustréted. Test strips 2 and 100 have
identical electrochemical biosensor configurations which are herein collectively
described, however, their respective skin-piercing elements or microneedles 6 and
102, respectively, have different configurations. In each test strip device 2 and
100, the biosensor is defined by an electrochemical cell generally having two
spaced-apart and opposing electrodes 3 and 5, respectively referred to herein as

bottom electrode 3 and top electrode 5. At least the surfaces of electrodes 3 and 5
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spaced- apart and opposing electrodes 3 and 5, respectively referred to
herein as bottomelectrode 3 and top electrode 5. At |east the surfaces of
el ectrodes 3 and 5 9 LFS-157 w NrV 2UU6 facing each other are conprised of
a conductive layer 8 and 16, respectively, such as a nmetal. [0041]5 §my 7004
certain enbodi nents of the subject el ectrochem cal biosensors, the

el ectrodes are generally configured in the form of el ongated rectangul ar
strips but nay be of any appropriate shape or configuration. Typically, the
| ength of the electrodes ranges fromabout 0.5 to 4.5 cmand usually from

about 1.0 to 2ffirpaach btRer Weliohppised bEa EbRRICH IR RRUE 56 frE@RE@RMWItsubs 07 tO
0.8 cm wusually fromabout 0.20 to 0.60 cm and nore usually from about 0.1

to 0.3 cm TheatdnwiRdtive | ayers and their associated substrate typically
have a co, d thickness m about 100 to 500 . m and usually from
about 125 3?550 pi ‘T‘%‘ﬂh Q%@%Qﬁ f?lée é%%?%ﬁéoqi‘ﬁ 1¢8L biasgRso BSf’%?ehe net al
or made up of @leéti’@i%rs'é?et nefh’lly%ﬁhgﬁ}gd‘ﬂn RG0S of El%ﬁ?l REd fééﬁinguﬁpsttnlﬁgbfnac' ng

surfaces of which the netal |ayer 6, respectively, I's provided. In a
particul ar enbody et an;salmsbpraatesha@eam«toﬂﬁguramcm eyhecatly, Ehel%xhgh opthasti c

film The thickness, of the_.inert b mat er i al yplc |1y ranges from
about 25 to 50BICHTeLed TGS PR 350 8H8§ gtgs%a{l‘é)“ﬂ{?@ypf Iledfchggfﬁ‘i-ckness

f th tal | t® |
0 € neta ?M@%rb&t)r%%mfelo%%’cﬁoﬁg%ﬁﬁé&r £6h gBﬁkboéPto 11 alrz]lgb{g y

fromabout 10 to ntione ve ect’ro
general l'y face0.2ach060ket, aadchae asuallgfaomatiealitiByl ©rl.y ca. Sﬁ&rdondilcsivance such
that the spacipng between the electrodes is _extrenely narrow. This m ninal

spacing is a re¥ersengdtheirassomialed substrate typisplhclave 4 copayinedthirkaess raRERE or
sandw ched betﬁ@ﬁ%ghffﬁdtg 6&1%%5'? a]llg rrEEtBo%'ﬁ??o% upacer | ayer 12 may

range from 10 nn an an or equal"to 500 m and

usu Ily r @0ges frOWH@&Mire%&cﬁr@deﬂ-ﬂﬁy'ﬂ% e &€ thd Ayl orldady &f 6f akhlbgtrateas
doubl e- si ded adhesive to hold electrodes 3 and 5 together. [0044] In certain

enbodi nent s, s@dm@kmlgély@d 182 respect sl epuite dacing surfacepobwhich theymetl tyend

reaction zone Ma Ia()r ?gspgctlw 1S pr'o%d'g&nyn S R%ulqggﬁlgoélmeny %Lﬁlﬁﬁte%u e{nraelS
are made of a Mylar plastic film. The thickness of the inert backing material
typically ranges from about 25 to 500 um and usually from about 50 to 400 pm,
while the thickness of the metal layer typically ranges from about 10 to 100 nm
and usually from about 10 to 50 nm.

[0043] 'As mentioned above, electrodes 3 and 5 generally face each other and are
separated by only a short distance, such that the spacing between the electrodes is -
extremely narrow. This minimal spacing is a result of the presence of a spacer

C , layer 12 positioned or sandwiched between electrodes 3 and 5. The thickness of

- spacer layer 12 may range from 10 to 750 pm and is often less than or equal to
500 pm, and usually ranges from about 25 to 175 pm. Spacer layer 12 preferably
has double-sided adhesive to hold electrodes 3 and 5 together.

- [0044] In certain embodiments, spacer layer 12 is configured or cut so as to

provide a reaction zone or area 9, where in many embodiments the volume of the
reaction area or zone 9 typically has a volume in the range from about 0.01 to 10
uL, usually from about 0.1 to 1.0 pL and more usually from about 0.05 to 1.0 pL.

However, the reaction area may include other areas of test strip 2 and 100 or be
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reaction area or zone 9 typically has a volune in the range from about 0.01
to 10 L, usually fromabout 0.1 to 1.0 L and nore usually from about 0.05
to 1.0 L. However, the reaction area may include other areas of test strip

Y

2 and 100 or be 10 LFS-157 P iLIlit10~ elsewhere all together,” §tichllas in a
fluid pathway, described belowin nore detail, or the |ike. Spacer |ayer 12
may define any appropriately shaped reaction area 9, e.g., circular,

square, triangular, rectangular or irregular shaped reaction areas, and may
further include side inlet and outlet vents or ports. [0045] Regardl ess of

e 551100 S a6 5o Y EIRRY. B o WRGELSRRET

system 14 is sellediled SpacénibpsrdQtmyy dtideadnyebpbpeiatPosiRpesrdadtiddael bui d .
sanpl e during an assay of the_ sanple. Redox reagent system 14 is deposited
on the condu€td-verchiquaw, Giangalgr.areanguirer regidarshapedsasiionpreasconpl et el y

assenbl ed for %&W@“@%&Emde g’i@%.’inlreteéjnt Xou'il%fa%%ﬁ%{%z‘{sem 14 resides within

reaction zone a contiguratl on, ectrode 3 serves as a

count er/ ngg4z1ence @R epaidi@ger amerd RRctRInefint 9d¢ 102 a&E! Yi8farSerhhRliMehds] N9
el ectrode of the electrochemcal cell. However, in other enbodi nents,

dependi ng on fédoX reagenh gstae quesropoapet 14t tresenhwithial eactiongone Pewhdret he

el ectrodes can_be reversed. such .that bott el ectrode 3 serves,as a worKking
el ectrode andr?a(%ﬁmeﬁy@{gem gglé Sg%cgegrt%lgerzggt ‘5%%6( 8‘% ?9‘8?‘3}38%018\{% @éﬁr ode. In
case of a doul@érﬁpn@tduﬁgg\aﬁlasﬁg%ftwyaeﬁ;qamze@@&ﬂaggén@@yswﬂQ4a§a@oaﬁe@on
counter/reference and working el ectrode once uring the analyte

concent r at i on theecondnetineriayer[100faap Realgedtt 5 wheteansvheh i acemplstely ypi cal | y

i ncl ude an enzyne a redox . acti conponent di af or The.redox
cofrponent  of ?%3@@%3%%_@?%&%?0%@? r%*gﬁeapgggg%ﬁ cm ?ér?%dﬁéwd bf one or
nore redox agedicfion fonk?d.l Blith ich dicbhfE@ation, RHEM AELIIE 3 serv@s as BEdi ators, is
known in the art and includes: ferricyanide, phenazine ethosul phate,

phenazi ne net heowtrgieengsiisetiode and taprlectiodmdtsaniy as Bleevrrkingelemsiode gl f at e,
50T BB, 0L o RETE SRR 0o

voltage sequence applied to the cell, the role of the electrodes can be reversed

such that bottom electrode 3 serves as a working electrode and tép electrode 5

serves as a counter/reference electrode. In case of a double pulse voltage

waveform, each electrode acts as a counter/reference and working electrode once

- during the analyte concentration measurement.
[0046] Reagent systems of interest typically include an enzyme and a redox

active component (mediator). The redox component of the reagent composition,
( ' “when present, is made up of one or more redox agents. A variety of different (
redox agents, i.e., mediators, is known in the art and includes: ferricyanide,
phenazine ethosulphate, phenazine methosulfate, pheylenediamine, 1-methoxy-
phenazine methosulfate, 2,6-dimethyl-1,4-benzoquinone, 2,5-dichloro-1,4-
benzoquinone, ferrocene derivatives, osmium bipyridyl complexes, ruthenium
complexes, and the like. In many embodiments, the redox active component of
particular interest is ferricyanide, and the like. The enzyme of choice may vary

depending on the analyte concentration which is to be measured. For example,

suitable enzymes for the assay of glucose in whole blood include glucose oxidase
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conpl exes, and the like. In many enbodi nents, the redox active conponent of
particular interest is ferricyanide, and the like. The enzyne of choice may
vary depending on the analyte concentration which is to be neasured. For
exanpl e, suitable enzymes for the assay of glucose in whole blood inc|ude
gl ucose oxidase Il LFS-157 9 NOV 2006 or dehydrogenase (NAD or PQQ ﬁ&@&d”)“!b
Suitabl e enzynmes for the assay of cholesterol in whole blood include

chol esterol oxidase and esterase. [0047] O her reagents that may be present
in the reaction area include buffering agents (e.g., citraconate, citrate,
malic, maleic, (gl Syyard; [ = div cations
(e.g., calci un$ chl éeri gl?asgrgd naarngggjﬁsi% gﬂf%@%;en&gﬁ%fg{:g{gna?é%f g.,
Triton, Macol ,chbd¢starol io, wigilé bisod iZdndd chodestbréll axidese and estadse. st abi | i zi ng
agents (e 8 al bum.n, sucrose, trehal ose, mannitol, and | actose). 10048]
Exanpl es 9048 ectro T eagents thid grydiesreisnt Bfhe reashon grsa wpalpde dfesing) ect

05/ 333, 793: oo HY A EERTHS Glnt aRE SR At Ok bhRtsFR R T
di scl osures ofike)hdiehlenr @tibas @id), daldamnpdlaieRdanymagieneneforide);

Col orinetric/Photonetric Test Strips 100491 Referring now to Figs. 2A 2B,
4A and 4B, wheT&iaRtapisye greirdpidacolnlritsaics SileiesrZonyl iand Blupriskang, t wo

phot onet ri c/ col. Qr:{:net .| i p device and 120, respectively, of
the present in%}%[{ﬁllgg[ﬁ ag‘?netg ?ﬁ%u@%‘?rg néal.lcr?%estregg?fepgla&géﬁ(’)l_caé‘g%mgﬁse&nd 120 have
di f f er ent[0p48]t onet r Exdrapleoof éTedtidchemiAbBiasa@isoisnfthi fatise Rgthame subljb&i r
respective skin-piercing elements or mcroneedl es 86 and 122, respectively,

gave di f f er entin¥gHianguelade tiese d%ribedsi@ec@pﬁmclﬁag L%S,-Aapmiwtimﬁe@l Nasst stri pf
® o a0 ) | SOl whi . .
Losf strip de et s R0NG OPhT o8 O eeb i BHBa0Y s et

device 80 of Kfyshick drediteeird BacotpiRate®boréfeRinteé.C or photonetric (herein used

i nt erchangeabl y) bi osensor is generally made up of at least the follow ng
conponents: a support elenent or substrate 82 nmade of an inert material, a

matrix 84 for recei &glggm%tﬁgmlo%meamé %g%?rtipscorrposi tion (not shown as
[0049] Referring now to Figs. 2A, 2B, 4A and 4B, wherein like reference

numbers refer to like elements, two photometric/colorimetric test strip devices 80

~ and 120, respectively, of the present invention are illustrated. Test strips devices
80 and 120 have different photorhetﬁc/coloﬁmetdc biosensor configurations and
their respective skin-piercing elements or microneedles 86 and 122, respectively,
have different configurations. More specifically, a portion of test strip device 80
is made of an inert material while the corresponding portion of test strip device

120 1s made of a metal material.

f‘(‘—’\

o [0050] In test strip device 80 of Figs. 2A and 2B, the colorimetric or photometric
(herein used interchangeably) biosensor is generally made up of at least the
following components: a support element or substrate 82 made of an inert
material, a matrix 84 for receiving a sample, a reagent composition (not shown as
a structural component) within matrix 84 that typically includes one or more
members of an analyte oxidation signal producing system, an air ventiﬁg port (not
shown) and a top transparent layer 85 which covers at least matrix 84. In other

embodiments, top layer 85 may be a membrane containing a reagent composition
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a structural conponent) within matrix 84 that typically includes one or nore
menbers of an anal yte oxidation signal producing system an air venting port
(not shown) and a top transparent |ayer 85 which covers at Ieast matrix 84.
In other enbodinents, top |layer 85 may be a menbrane contai ni ngt oY r’é‘g ent
conposition 12 LFS-157 OV 2005 inpregnated therein while the matrix 84 may
or may not contain reagent conposition [0051]'The inert material of support
substrate 82 provides a physical structure to enable test strip 80 to be
inserted into a neter w thout undue bendi ng or kinking. Substrate 82, and
thus test stri al o rect angul ar
or square-li kei&g?%npkeﬁTt;f/%ﬁggI@wyﬂteﬁg&ﬁgEg?ftité?o?;?a}é subst ra'%%1 gt is from
about l1to 100@)rmpq51tumual ly from about 10 to 100 mm and nore usual |y about
to 66 Typically, the . w bstrate 82 is fromabout 1 to 100
usuaoﬁgﬂfrom aburert mﬁe&t}%ﬂ ﬁtéata%arw 5 PRSIttty C
Typlcally th G l1tol
nm usual ly %r%rsrgegg%&?{p s41d %H%?%T%ﬁan %ﬁm%%ﬁh@ll}gﬁ ﬁ@%%%ﬁ%ﬁggfklgg T o 0.2
mm  [0052] MeSubistrai@82¢eifid ﬂnas t@ﬂsthﬁ@()l;lsaﬂﬁeall)piﬁﬁflefcﬁh‘i of Bsuberaatsied ar ea,
formed wthin a surface of substrate 82 wherein all four sides of matrix 84
are bordered Hyctagwétqraﬁﬂéalszhkewﬁrwi?ytsqalbr,&ﬁleagthaf@@p%@ﬁtﬁtgﬁizasfﬁamfor t he

sanpl ed physi oly (ﬁ%ggl r| ers_q

pr oduci ng systzle(rzﬁg{ gggslc(% %S'?athg'aéo asa%v\lgllp% 1 6?mt ngntc?raﬁguahg B ng or
chromogeni ¢ prio@0Ghmp oy, fhy vitd of%h@#ﬂﬁte@l%%&h%ﬂoﬁﬂsﬁoeﬂmmm?- t he

i ndicator, as well as provides a location for the detection of the

| i ght - absor bi n@uﬁhoﬁemabanbatkb@jnmammormﬁu@b\yétonbabquhé te7gp@l  produci ng
system In su [ r [ t he
c)cl)l or intensit ?‘?“1‘3 gln{%rr%%g‘%%e%r ub$§ate ng é ?gﬁ?ﬁ% frléﬂg'%:’tl on

bet ween c t he dsaslfefromnidoyi €1and nmhan&mwahsm@%&haﬁo&xstmgmbe
measur ed. Transparent | ayer 85 may, for exanple, be made of clear thin
pol yest erl003]i s appYiatant4 definesan aiertares, peefghiy 4 rccpesad atea ormedutiting 84 and

the DI 05ensOr J Sef0Y BF Stk bliadnd GATARALARkes'dr iR a'afe B3Rk 1 CO! OF

generation sy
substrate 82. Matrix 84 provides a deposition area for the sampled physiological

sample and for the various members of the signal producing system, described
infra, as well as for the light absorbing or chromogenic product produced by the
signal producing system, i.e., the indicator, as well as provides a location for the
detection of the light-absorbing product produced by the indicator of the signal '
producing system. In such an embodiment, top layer 85 is transparent so that the
color intensity of‘the chromogenic product resulting from the reaction between

C the target analyte and the signal producing systent 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 84 and the biosensor is covered with a
transparent film &85, 1s 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 1s 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

principle, the nature of porous membrane 85 is critical to the subject test strips in
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i ndependent of oxygen, such as NAD-, or PQQ based gl ucose dehydrogenase.

[ 0053] In yet another enbodi nent, top layer 85 is one that is perm ssive of
aqueous fluid flow and is sufficiently porous, i.e., provides sufficient
void space, for the chemical reactions of the signal producing sysgetfiio
take place. In principle, the nature of porous nenbrane 85 is critical to
the subject test strips in 13 LFS-157 NOV [UOO *that it should support an
aqueous fluid flow both |lateral and across the nenbrane thickness. |deally,
t he nenbrane pore structure would not support red blood cell flowto the

surface of the pRMPERNLI RGPSt dlURESQIRIBTow bfth latbABarkPdPEssithd 813%IbtaheOf

which is a subject of the neasurenent correlated to analyte concentration.
As such, the ditmksesnddeably, emogibipnepotesstictuta wpuldhotrayppearrgd hicedtcell,

where matrix 84 nay . or n hav ores and/or a porosit radi ent,. e.g.
with |arger poré%w t‘%gﬁrsuﬁ_&a‘?fo‘ﬁ"ﬁ@ _T‘%be&b%}qt%g@_ﬁﬁﬁff*‘égﬁ’@ﬁ%?%élntgﬁséﬁylQafr ’
pores at the deygehiiofs € 9 the YBABF s cotrél %Fﬁgﬁg%ﬁ& JRORr age 85 may

be fabricated vary, Inc e polynmers, e.g. polysu pol'yam des,
cel | ul ose or abswhbbadimpapems aad@otdsay lof kst stripl8é meayt ey gedadly| @hertmyatox nay
not be functionalized to provide for coval ent .or non-coval ent attachnent of

the various mentEPay 8F MaK&okhisa10rey B aRPray Lt EadIcntpo 4V AR RESY strip

devi ce 120 of Fj : i .2 hape
simlar to subsléergg? regtég?&ﬁnapg@aagﬁzcr?@ro glr‘:gg?%g‘l‘ﬁ%‘f‘@%r Eg%s/esggthggir? |C(§11§rr1 g%q%r?i
simlar to trangpreaBtirdmaydiciBmagixdmemnptay$stog isafibricdtghedry, jpchdaci ng
systemas the test strip device of Figs. 2A and 2B, there are certain

not abl e di f f er ¥EEBCIS et RN YSUHOnE Rl yEides celldosseriabaarbentinaper, andHistlikst e 140
is _nade of a L: 2l I I: : teri: L1l 1y,
ot 148 1 o oee EREELE mh bRy hPPe ARcl ol oI AL o ik OB,
conpl ete w dt h mfh-cosuleat dtaichmbAOof thevhliers médbérs 8t thepighalpilvdaciagdpstérhe- si ded
adhesive | ayer 144 sjtuated between substrate 140_an

Boubl e i dBAldhes | VENIAHE D AencRd20R! HES. b ERAIPLIG SBgrn] hhaving
corresponc 10,415 SkARMGEUTAD PLuMlLes P oancy s on o o2
| ayer 144 hol dsconfiptratioe sihdPr ad trandpacknt trysti®S siida¢reploys the same signal
producing system as the test strip device of Figs. 2A and 2B, there are certain
notable differences between the two test strip devices. First, substrate 140 is
made of a metal material rather than an inert material. Additionally, matrix 148 is
not recessed within substrate 140 and extends across the complete width of
substrate 140. Further, test strip 120 has a double-sided adhesive layer 144
situated between substrate 140 and membrane 142. Double-sided adhesive layer
(, . 144 has a cut-out portion 150 which corresponds to the area covered by matrix
148 and defines a deposition area as described above with respect to matrix 84.
The double-sided adhesive layer 144 holds membrane 142 attached to substrate
140.
[0055] A number of different matrices have been developed for use in various
. analyte detection assays, which matrices may differ in terms of materials,
dimensions and the like, where representative matrices usable with the

photometric/colorimetric test strip devices of the present invention inctude, but

are not limited to, those described in U.S. Patent Nos.: 4,734,360; 4,900,666;
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140. [0055] A nunber of different matrices have been devel oped for use in
various analyte detection assays, which matrices may differ in terms of
materials, dinmensions and the |ike, where representative matrices usable
with the photonetric/colorinetric test strip devices of the presgnt....

\ ne | ¢ 1 ! . Ef@ﬂ'@gi
invention include, but are not limted to, those described in U'S ent
Nos.: 4,734,360; 4,900,666; 14 LFS-157 9 NOV 2006 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; 5,573,452; 5,780, 304; 5,789,255; 5,843,691;

5, 846, 486; 5, . 7 so.t f5C rgs. | r herein

i ncor por at ed %%S?SF g’%ggggb%%(ﬁ&g%e@r@ 2?? k%?)?elg%’e%%q@g%g 5taihs((?’]sop gnal

produci ng systSefRopodas63 242 k6208611567 331429 61578 45D £S PO 3@4; 1507 IS Spr esence
of anal yte, which ctabl e roduct can b to derive the anount of

| d
anal yt e pr eserts% ﬁ%g’géé’ﬁ%éﬁ&%%}ﬁﬁ@ 5’Pﬁzae?f’gst§®@)ij5@€¥urt3%@ffw§i@hia{f‘s, t he one

or nore nmenbegs of St cing system are associated, e.g.,
covalently or RON- COV Ioen%@g]éetf%g ed to, at least a portion of (i.e., the

det ect i op003&yi on) tIthe of@lof more afkehblers dYRAY sigHAIGEbIRM Ssystetn prodaéaantial |y al
of the matrix. The signal producing systemis an anal yte oxidation signal
produci ng sysuetrtable pipduc) treresponsato Bie psesgned ofansbite vy deteeablei s neant
that in generat] table signal fromwhich the analyte
concentrati on%l;érgﬂll ? ngaplg)aeﬂ%%‘g?? gé)rﬂveertﬁ% ,ou?thoéo a&ﬁl\érvpeﬁrsselns ”bt%e 3?%@%‘1 by a

suitabl e enzyafpleo I tackubfectRsivutish, Betbdedr @t Mdithaaad e Siganld a
correspondi ng or_ proportional anmount of hydrogen peroxide. The hydrogen

peroxi de is t REuCEgSYspERre pssociated, e.go coeentht & nonecoyeleady atrchediodlict from
one.or nore indicator. poupd ere the.,ampunt of,.det ectahl e.praqduct.
R Lo Glian SRS RerstiGBaioh S R PR g 1 TS ADRBEA

geflerated by st gn AsUF | Vs Yel at ed

to the amount t®fubsnatiyigall Bf theenatiivl Thakigh@iRbeucifbsystadis dnh@apfeal yt e
oxi dation signal producing systens present in the subject test strips are

al so corr ect | pxidatemsignslipredicie $¥yero By apdyigexiiatiba sienal BPErAng pystiiici ng
systens. is meant that in generating the detectable signal from which the analyte
concentration in the sample is derived, the analyte is oxidized by a suitable
enzyme to produce an oxidized form of the analyte and a corresponding or
proportional amount bf hydrogen peroxide. The hydrogen peroxide is then
employed, in turn, to generate the detectable product from one or more indicator
compounds, where the amount of detectable product generated by the signal
measuring system, f.e. the signal, is then related to the amount of analyte in the
initial sample. As-such, the analyte oxidation signal producing systems present in
( the subject test strips are also correctly characterized as hydrogen peroxide based
signal producing systems. |
[0057] As indicated above, the hydrogen peroxide based signal producing
systems include an enzyme that oxidizes the analyte and produces a
corresponding amount of hydrogen peroxide, where by corresponding amount is
meant that the amount of hydrogen peroxide that is produced is proportional to
the amount of analyte present in the sample. The specific nature of this first

enzyme necessarily depends on the nature of the analyte being assayed but is

generally an oxidase or dehydrogenase. As such, the first enzyme may be: glucose
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[ 0057] As indicated above, the hydrogen peroxi de based signal producing
systenms include an enzyne that oxidizes the anal yte and produces a '
correspondi ng anmount of hydrogen peroxide, where by correspondi ng anpunt is
neant that the amount of hydrogen peroxide that is produced i%Nprdforti onal
to the anmount of analyte present in the sanple. The specific nature of this
first enzyne necessarily depends on the nature of the anal yte bei ng assayed
but is generally an oxidase or dehydrogenase. As such, the first enzynme may
be: glucose 15 LFS-157 B NBV 2ii 76 oxidase (where the analyte is glucose),

or glucose dehygidaganaiee Bklaheliteisich@osd) R AhicRIeRFr6LdAS Qttier Ghiakest er ol
oxi dase (where the analyte is gthol gsteroi);g al cohgﬁro%f dase (\r/\/nera t he

anal yte is al cdWdP pr PQetassaodachon; daedest¢rmhexidasersvhanethy apalyieds thaestere)); and t he
i ke. Other oxidizi,ng.enz s for u with these and .qt her . anal ytes of
interest are kfi ﬂﬁOItO%_lqeaﬁ%égﬁegEf}ﬁ aé’&?ﬁ?]mﬁ&u“é’hﬁbé ?%me?t’ﬁ ?Sgl(%‘e{%g?éﬁ%myed. In
those preferred 1ghes ke SivehonR: bﬁ%izﬁﬁ%aﬁgﬂﬁeg%ﬂus%tvﬁupmbsfe Apsjgged  for

the detection of glucose concentration, rst enzynme is glucose oxidase.
The gl ucose oxkunkygtes obytdrest et laiowadtofthesmshilleddotiveart emt mspualsode e. g. a

naturally occurrjn ource such as ergillus niger or Penicillum or
reconbi nant | y Qmpiaﬁg%ie .Se[%%gg??q*ﬁég‘g%gﬁd”%i&iﬁe%eq Frst g A “SEtuci ng
systemis an eﬂ:?rXH@détE@fonl&%ﬁ@oﬁ(@@&c@ﬁ@aﬂbﬂnﬁﬁrfﬁ’sp&zgﬁegpglyg&emri@asb.nd' cat or

conpounds into a detectable” product Iin thé presence o rogen peroxi de,
wher e t he anouiihe glucoetmidabey berabthintd frbmt aniysopvedert adutoy, ¢ hiasnatwaltyi on i s

proportional to the anmount o ydrogen peroxjde that is present. This
second enzynme P“s"u&‘%?oéﬂr?e;ﬁuﬁ{‘ pe %R?rﬁ gé ,mt‘%e\}ill‘?ékJ EHIQU{‘]"E%BF éecﬁg%b‘}@ingé{s es
i nclude: hor sel51%Q[{1§ga_ per oxi dase (HRP), soy peroxidase, reconbinantly
pro@uced per oxi dase and synthetic anal ogs having peroxidative activity and
the Ti ke.[0888] e.g. ThersecGnd ezynviboftthe Aigablprodecitsystamn is akcdnaym23iat( 1990) ,
299-302. | 00591 'Iihe i.ndi cat or. cotg‘g%und or 'ch ounds, e.qg., sgbst r g%{es, are
ones that are “ERWHSLIF EHER Yt O BEHRIER gﬁ?’h‘é’ ggﬁoﬁ FG&18%¥ in the
presence of t hﬁ‘roduct in the presence of hydrogen peroxide, where the amount of detectable
product that is produced by this reaction is proportional to the amount of
- hydrogen peroxide that is present. This second enzyme is generally a peroxidase,
where suitable peroxidases include: horseradish peroxidase (HRP), soy
peroxidase, recombinantly produced peroxidase and synthetic analogs having
peroxidative activity and the like. See, e.g., Y. Ci, F. Wang; Analytica Chimica
Acta, 233 (1990), 299-302.
[0059] The indicatqr. compound or compounds, e.g., substrates, are ones that are
( . either formed or decomposed by the hydro gen peroxide in the presence of the
' peroxidase to produce an indicator dye that absorbs light in a predetermined
wavelength range. Preferably the indicator dye absorbs strongly at a wavelength
different from that at which the sample or the testing reagent absorbs strongly.
The oxidized form of the indicator may be a colored, faintly-colored, or colorless
final product that evidences a change in color of the testing side of the membrane.
That is to say, the testing reagent can indicate the presence of glucose in a sample

by a colored area being bleached or, alternatively, by a colorless area developing

color.
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per oxi dase to produce an indicator dye that absorbs light in a predeterm ned
wavel ength range. Preferably the indicator dye absorbs strongly at a

wavel ength different fromthat at which the sanple or the te%t@Qg7&§agent
absorbs strongly. The oxidized formof the indicator may be 4 I@ ed,
faintly-colored, or colorless final product that evidences a change in
color of the testing side of the menbrane. That is to say, the testing
reagent can indicate the presence of glucose in a sanple by a colored area
bei ng bl eached or, alternatively, by a colorless area developing color. 16

LFS-157 0 2006 10080 ohipLAAL Bkt &8 ﬂ?&ﬂﬂﬂ%bé gl%rserﬁril?‘heﬂﬁ&fl Werdd? gdae

present inhvention include both one- an wo- conponent chronogeni c
substrates. Onenesanponecbmpysdne KRrondpehicdabsraemtOge-compesnt Systemmt | C

al cohol s,. azi nes, and benzi di nes, such as 'teLranethgl benzi di ne- HC1.

Sui tabl e two- ciifldRermalifsaaings. rumaliferleaholse azines, @t benzitiacs siffcient i s
MBTH, an MBTH ' ' . see fQr t hos [ ' . Pat ent
popl i cati on S o EY ABREHC STRAE sFotdibRne LRSS AU dingin ™y

4-ami noant i pyrwhichane cbfpoféh & MBTHOMVIB TS d&ivallk e (BRE ifér ex@pes tho&d Omat i ¢
al cohol , conjagated am ne, conjugated al cohol or aromatic or aliphatic

al dehyde. Exengibdesedtingl.8 ohgoricnplisgisereher. Bioe0Z 306 Ayslincorpasated hreaz by i none
hydr azone hydro%%l oride 4( VBT tconbi ne tvvi tg 3-di net hty.l am nobenzoi.c acid
(DVAB) ; MBTH cSRBFIEY it HBOLRYERE GPE 1 QS 9iATaRYen &2 g@maglﬁiagug%i d
(DCHBS) ; and bRy larcgh&?&lr?ﬁ it @ ShinR OOSRY S ARZAEShoNo s sbfrRfY br aliphatic
benzenesul f onat e nonosodi um THSB) conbined with 8-anilino-1 naphthal ene

sul foni ¢ aci d ddehydeufxemNBYY tworcempondnh systdnslaneSnmsthyl-Bdedzashiagadinsine
VMBTHSB- ANS | referred 611 t other,e di.nents of colorinmefri
teqf"stripsts %ﬁ%&Pnﬁﬁﬁﬁﬁ%ﬁﬁB%e§§Q§Qﬁ§§°PﬂaPﬂngﬁ36%“§§W%EBP@§?%HFQﬁ§ieéfab|e
product (or deiragh®yl MBI combiel SEAENS-dFNSIANE firoRyitknzért-sulfohitaicgp cent

background) maybe enployed, such as those described in Kiyoshi Zaitsu,
Yosuke Ohkur a,(DMEBE); vod Sgenthyl-2tieszathiaeslindnehydserone MNasil&myber oxi dase: rapi d

and sensitive assay i find 2088 Rs (O 14558 Grmbined with 8-anilino-1
naphthalene sulfonic acid ammonium (ANS). In certain embodiments, the dye
couple MBTHSB-ANS is preferred.

[0061] In yet other embodiments of colorimetric test strips, signal producing
systems that produce a fluorescent detectable product (or detectable non- '
fluorescent substance, e.g. in a fluorescent background) may be employed, such
as those described in Kiyoshi Zaitsu, Yosuke Ohkura, New fluorogenic substrates
for Horseradish Peroxidase: rapid and sensitive assay for hydrogen peroxide and .

- the Peroxidase, Analytical Biochemistry (1980) 109, 109-113. Examples of such
(J' colorimetric reagent test strips suitable for use with the subject invention include
those described in U.S. Patent Nos. 5,563,042; 5,753,452; 5,789,255, herein

incorporated by reference.

Skin-Piercing Elements / Microneedles

{0062] Referring to test strips 2 and 80 of Figs. 1 and 2, respectively, as well as to
test strips 100 and 120 of Figs. 3 and 4, respectively, the various configurations of

skin-piercing element/microneedles of the present invention will now be
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t he Peroxi dase, Analytical Biochemstry (1980) 109, 109-113. Exanples of
such colorinetric reagent test strips suitable for use with the subject
invention include those described in U S. Patent Nos. 5,563,042; 5,753, 452;
5,789, 255, herein incorporated by reference. Skin-Piercing E|aﬂﬁm}§j5

/M croneedl es [0062] Referring to test strips 2 and 80 of Figs.” 1 and 2
respectively, as well as to test strips 100 and 120 of Figs. 3 and 4,
respectively, the various configurations of skin-piercing

el enment/ m croneedl es of the present invention will now be 17 LFS-157 9 M|
NA di scussed idiscgéseatibred@t dbtail. AS dichSded 2BOVARAY GriptRelce 300 iIeR¢Ige 100
includes an electrochem cal biosensor configuration simlar to that of test
strip 2 of Fi gelectrogiintiealibeesensaricophigigeiioresit2or tonthhuefdsstatrip 2 of Fig. 1

col ori netri c/ phqt. trjc bios ar onfiguration.simlar,to that of test
Srip 80 of CF B SR AR helufS sl Al LBl RaE e 3 of Fi gs. 3
and 4, respect ic¥gfiYuratid dihilat {OLE JYQ8E sQp &0 SFig 12; 1RMEvE, R thilrg hey have a
different m croneedl e configuration. In both enbodinents, the m'croneedl es
extend from a debsets Hilecamif 120hed Figs fent idy espasivelys diffep froBpthosd o LBiks.yl, in the

el ectrochem cal st strip.device _enbodinments of Figs. 1_and 3, the
m croneedl e nm?négt”émi‘t f}iﬁgrha(‘é?f‘ﬁéffer@?t r%’ﬁéon@f’glteﬁ%n@%a Ipbeies, i e.

bi osensor el ec ' ] j | ect rode
are integrategﬁgﬁgﬁn%ﬁﬁﬁ&g?ﬁgé£§?%%g@%ﬂﬁﬁgkgaggggﬁg%gH%%égg%ﬁgfﬁﬁfpiercing
el enent nmay be seipplSpeeidically, hin theeelecidohanical wstistisp décakanbatimen@ofFogsglas t he
shape enables the_skin to be pierced wth mninmal pain to the patient. For
exanpl e, the sRih3pihemiriogesdle mapexirag roay ether of R PRREITYP SYbstales: o7 pl anar
configuration, i : L I - Li : = |4 or
triangular in Eﬁ%ﬁ@gﬁgﬁ“‘z‘é&’;@%@%ﬁ‘ g’%é%/&ﬁ{ %&ﬁéégﬁ}aﬁr@g{ig&ﬁd‘ﬁg ©

confi gur ati on, ilttgded shtipedh otiterhave any ot her suitabl e shape. The cross-
sect i onal shage of the skin-pjerci ng el ement, or at |east the portjon of

skin- pi efORY el eméy UHAk!e shans skinapiFeinetlememanaiba mpRy s VHRYIS Ui t abl e
shape, includ kitfect g st'?@tdelvic'&,tag qoﬁgoas fialo pl?atp@ Thikd e'sRHB Y lﬁkeﬂ‘{:ed Wwhhong,

square, oval,
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. Sucha
configuration may take the form of an oblique angle at the tip or a pyramid or
triangular shape or the like.
[0064] The dimensions of the skin-piercing element may vary depending on a
— variety of factors such as the type of physiological sample to be obtained, the
desired penetration depth and the thickness of the skin layers of the particular
patient being tested. Generally, the skin-piercing element is constructed to

provide skin-piercing and fluid extraction functions and, thus, is designed to be
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circular, dianond, triangular, star, etc. Additionally, the skin-piercing
element may be tapered or nmay otherw se define a point or apex at its

di stal end. Such a configuration may take the formof: an oblquF @Pa%e at
the tip or a pyramd or triangular shape or the like. [0064] Thel hsi ons
of the skin-piercing elenent may vary depending on a variety of factors
such as the type of physiological sanple to be obtained, the desired
penetration depth and the thickness of the skin layers of the particular
patient being tested. Generally, the skin-piercing element is constructed to

provi de skin- Qhﬁl&érﬁ%\/@ﬂﬁ%t% WiitH st@%d FrdeitioANnioUna twi iR avldrork BitSskid. S desi gned-
to be 18 LFS-157 0 ?006 sufficiently robust to withstand 1 nsertion

into and wi t hdryawallyf toaerernplishkthese goals, thel tayyg of thegenetmtiondengtinéddingdal s, t he
rati o of--the tra ion length ( d the distance hetween. the base
of the skin-pi é(rﬁ § % aBF%R@WFg’éﬂW t?aﬁgOgﬁ’ftsgllyﬁlfa’i‘}}n&?Jema?taﬁﬁ’gt‘@rd“(t%{?béo such

di aneter is nMegsy RRse t er Yol S from
about 1 to 1, usuélglfj(;/@aef)%ﬂ%h et@f’fmnrg%gx?}&ggg o3 %%%tpegi]?gﬁé}%)&g 10 to 1
and oftenti rreseldﬁﬁbntths Troni GQGE5] ta' heummllylabblﬂrﬂgbh efore heuadliyiabeyt 10Cl 619

el enent s genergl é 31 es fron@about 1 to 30,000 mcrons, usually from
about 100 to 18, 9860HOtEBHEeSA Y Grbre usual Iy  from about 1,000 to 3,000

m crons penetr i t 1y
ranges f|[ bout iﬁ{eé&gl ﬂeg%dgrtg%ssﬁlnf%%g#gy Eo %%ﬁaﬁbq%%gwgﬁugns and
mor e usual I y dhoB0d ODOQﬁmtOMS,Zlfbﬁ@llyrfmerﬂ&ut To@tohE), @0 mévrons dhidakore sisudlfy

ski n-piercing el enents | east the thickness of the distal

d
portion of th&o8kihRY 1&%@?&3 OQPéWémns thig iPeBgtrajiop Aengdls of the SKIRHUERCINE t 0 1000
mcrons usual, 1%%5%@&%%&%%&99 dﬁ%%éoﬁﬁ&o@raﬁiwoh%éd mabout 50

( 250 microns e oute ter al. the base € ranges from about
1 to 2000 m Gommcmﬁmaﬂdmoaabmhlly%@ﬂodtdOQ@&{JQOGOQhMSaﬂmen‘Erthmsual ly from

bout 500 to 1000 t th t di t f th
Gi'stal tip  QBREHEST ol HSERioHITE EREEET ABBLAC, FOI5H BY BNGTRRPIGE Gaifbr al 1y
less than abaff’ﬁﬂ%g of TSGR g TRInfent UPHiEALy YanbESForh ABBuAPRU004 M CTon.

However,
microns, usually from about 10 to 500 microns and more usually from about 50 to

250 microns. The outer diameter at the base generally ranges from about 1 to
2000 microns, usually about 300 to 1000 microns and more usually from about
500 to 1000 microns. In many embodiments, the outer diameter of the distal tip
generally does not exceed about 100 microns and is' generally less than about 20
microns and more typically less than about 1 micron. However, it will be
appreciated by one of skill in the art that the outer diameter of the ski'n-piercing
o -element may vary along its length or may be substantially constant.
( [0066]- Each of the skin-piercing elements of the test strip devices of Figs. 1-4 has
a space-defining configuration or structure therein which, upon insertion into the
skin, creates a space or volume within the pierced tissue. This space serves as a
reservoir within which bodily fluid is caused to pool in situ prior to being
‘transferred to the biosensor portion of the subject test strip devices. Generally,
the space-defining configurations of the present invention create or define a spaée'
within the pierced tissue having a volume at least as great as the available fluid

volume in the reaction zone of the biosensor. Such pooling area volume ranges
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appreci ated by one of skill in the art that the outer dianeter of the
skin-piercing ¢ el ement may vary along its length or nay be substantially
constant. [0066] Each of the skin-piercing elenments of the test- g L 06
devices of Figs. 1-4 has a space-defining configuration or stru g éJ

t herein which, upon insertion into the skin, creates a space or volune
within the pierced tissue. This space serves as a reservoir within which
bodily fluid is caused to pool in situ prior to being transferred to the
bi osensor portion of the subject test strip devices. Generally, the

space- def i ni ng sGARLbAH AMDOHL, LhEnRE ARy AL R30%6 930 RLOKudRT  ne a

space within the pierced tissue having a vo une at | east as great as the

avai |l abl e fl ui dolunxd ovvepien atshbstamad poaonzadnke aftirt heluhieomemsied by Bucdkipool i ng
area vol.unme ranges. 19 LFS—157 NOV 7006 from about 10 to 1,00Q nL, and nore
usual |y from aBéiengGlarrmsmdianges fram bl n oty aad moss welk{iof porti on

of the entire 0 es from
Sbout 500 t o 0B REF 1l eierhide LI o BLAEE LD LB Bltcin B8N OZS T
vol une oc¢eqw7ed by t'ﬂWo&kempMC@iﬁ@rﬁicﬂlﬁbmhe mfk@&l‘ébdw\wtm@ewnary

configurations of the nlcroneedle of the present invention are il|ustrated;
however, such &XRipRaregil BStF?é?dalhﬁtv@H@‘eﬂucthcﬁ?%@PllqsrﬁTQ pefgntended fohedinitiaged in

o, 1,and 2 ARuLSLenangl g AR iRestSLINLNG, SO0LLONIRL Lo Atalhn 500

20 or 94 within a sur sur ace I'ng SCruct ure

6 and 86. |n mnEdRys wbp%w&hmsa slrreabeS@%mh%Qop@@kf&é Sfskén-piRPERY Structure 6
configurations wherein the depth of the recess is in the range from about 1
to 1000 m cr ongnéAe- W@eye@@admem% HPACBISE 3P as@%éla%@pw& 1guRAtiopgneed! es

6 and 86 may f Whtefkﬁ thetlf'e ﬁpgf tﬁ?&&feé{ﬁqnpyu 18 at%ﬁutzlztoaﬂﬁ)o%ltc ons and

res ectlvely, in onee ruc er expose e pooling

area defined bynd’reoﬁ&flilyZﬁnﬁlaﬂoﬁGOttﬁ ztsbenlcmmts.slvﬁero@awlémﬂiiin6 miak direliey
i ncreasing the volunme and flow rate of body fluid _intq the pooling area.
[0068] | n ot hePtERHBeIFTBSHL Y arhepqoing 31 ard &) respertivpdy, mtheqgicronee

ng‘gﬁ dgeI 'r thgetﬁﬁﬁme tQ%ﬂdér%Qﬂbs% tﬁ@pQ&ﬁ{E 41€a é%%eﬂrb‘}r% %% 213&28?6 ¥e! v, which
ski n- pi erci ng eh‘eniermmr&ﬂﬂexanﬂleﬂeb& 1ncreasmg the volume and flow rate of body fluid
into the pooling area.
[0068] In other embodiments, as illustrated in Figs. 3 and 4, the space-defining
configuration is an opening 104 and 124, respectively, which extends transverse
to a dimension, e.g., width or thickness, of skin-piercing elements 102 and 122,
respectively. In skin-piercing embodiments having more anmular cross-sections,
such opening transverses a diameter of the skin-piercing element. In the
- illustrated embodiments, openings 104 and 124 each occupy a substantial portion
( : of the width of their respective skin-piercing elements 102 and 122, as well as a
substanﬁal portion of a length dimension of their respective test strips 100 and
120. Openings 104 and 124 define sidewalls 112a and 112b and sidewalls 132a
and 132b, respectively, of microneedies 100 and 120, which have a thickness
sufficient to maintain the structure of the microneedle when subject to normal
forces.

[0069] The recesses 20 and 94 and openings 104 and 124 each define an open

space or volume within the overall space or volume occupied by the respective
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respectively. In skin-piercing enbodi nents havi ng nore annul ar
cross-sections, such opening transverses a dianeter of the skin-piercing
element. In the illustrated enbodi ments, openings 104 and 124jed¢hidccupy a
substantial portion of the width of their respective skin-piercing el enents
102 and 122, as well as a substantial portion of a I ength di nension of
their respective test strips 100 and 120. Openings 104 and 124 defi ne
sidewal I s 112a and 112b and sidewal |s 132a and 132b, respectively, of

m croneedl es 100 and 120, which have a thickness sufficient to maintain the
structure of i ] The
recesses 20 a%gﬁ 4]gﬁgﬂggg%?hgﬁﬁﬁSgﬂgﬁgg%%%ﬁgg%ﬂggéf?%ébgﬁﬁggéﬁﬁgg%ace or

vol ume wi t hi n vohenowehal dkirs fissoe upon paletmagowintel feasitiy ywiitteadtespesiniple 20

LFS- 157 5 NOV ?00F _skin-piercing el ement. Such space or volunme creates a
cor r espondi ng fdpheqllesHon geseryRE Wherein fludk released upen ppsHapenisicaisdoritiiat o t he
skin, which a Ui ' r j: is | ui d

rel eased upon%%§%%??2§?%ﬁR%§gg%%ﬁggs%ﬁ%ﬁﬁ%&hgEgegggéégﬁé%%ﬁgégﬁgFéﬁration is
advant ageous e¢edle£@RY @Mollewalee8liorobt BaEnEE cldzee SLRs sirface defigingal ow needl e
or one having a closed outer surface defining an internal fluid transport

| unen) whi ch agemal flyidgrangpest lueness evhigdsnorsrally plugretlesednosh o8 riersed | ari es

Wi thin skin upon .penetir.ation.in.such a .t hat dy fl.ui cannot be

ext ract ed i POoRaRAsgg wiiel it ich Robtat B R v edodT T he® ot ner
hand, the opepafabedxactéPRRREIR feeditigspinsens RiIBinthé 8&hUORShObtHehe
present invention create a free or open vol une inside the skin which

exposes a si ghitd, demepenpipacedomicspnasiisognbgpiatipag ansksipicwrescef thy pregent

m croneedl e ti .eferenced as 24. 9 106 and .126.in Figs. 1-4.

regpect i vel y. 1&@2%%@%@9 S ‘?P_SBiVPﬁJE‘%F ips T ol i vl P e ui d
can—be provi dggrtitintdf biodd dapilfadies pfercdmlyl tBe nafdheddiS B RIerdcb@as 24,02yent i onal
m croneedl es, thereby reducing pain. The greater availability of body fluid
al so resul ts iLP6 and 529 eyFigs| I-boesnsatiyedy eApsuchaths|avadabilgampdlacgreten d

Extraction Channel s an b:; Channel s. [ 0070]  The subj e est_strip.devices
further incl uﬁgﬂ esoéﬁ)ﬁgg%ﬁf%??%?%ﬁgpgg Wd&‘]a tp fha? Wit bibe ssharpepth
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

C , ~ microneedle to within the biosensor. At least a portion of the proximal end of the
pathway resides within the biosensor portion of the test strip device. The distal -
end of the pathway may terminate just proximal to the microneedle structure (see
Figs. 2A and 2B) or may have a portion which resides within the skin-piercing
structure (see Figs. 1A, 1C, 3 and 4). In the latter configuration, such distal
portion may be exposed to the outside environment. '

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

of pathway 10 resides within bottom electrode 3, specifically within reaction zone

21 LFS-157



extraction pathway or channel, referenced as 10, 88, 108 and 128 in Figs. 1,
2, 3 and 4, respectively, which extends fromthe open space of the
respective ¢ mcroneedle to within the biosensor. At |east a go@,lm@] of the
proxi mal end of the pathway resides within the biosensor portion of the
test strip device. The distal end of the pathway may term nate j ust

proximal to the mcroneedl e structure (see Frgs. 2A and 2B) or nmay have a
portion which resides within the skin-piercing structure (see Figs. IA |

C, 3 and 4). In the latter configuration, such distal portion may be
exposed to th&, adtspattornydisairrdlOb pDPatiyvay hO réstddsesthis kkingpieteingce of Fi g.
1, bottomelectrode 3 and mcroneedle 6 . host a sanple fluid_transfer

pat hway or ch&SRERt AStUgHEE 8 wimHA B colarivas e st $1OR degice SROAKAS 210 resi des
within-botto rzg@olaqj 1eirS. i: i I i £ hi i FS- 157 Plov
z60b 9, andn%%sgrrg%ei on 51% kgf g%g‘{nfl%g\%lnf&%og%gt uﬁggyfgé}ré%eﬁ&vﬁa%%

ski n- pi er ci ng88|wiierein the piximial dnde8sa of Phifiinlagrsiyresi6ed WwithiBubiteatd 85t strip
device 80 of Fig,_ 2 substrate 82 and skin-piercing elenent 86 host a fluid
transfer pat hirsfifisallymatpematggss WHersver, umikanasiramnl0.dheids@hont obat hway 88
resides wthi . i;f.rcal |l v wthin trd 4. . ver, unlike
pat huay 10, ¢ RuiRE S Pcdhiites pRRERM b SRprptekhis U Bp B 6, e igyib BARER

ski n- pi er ci ng1@0 XEIN0 SOFigd 5ind, répe 'dﬁqa%st 108 pamshal2Q09bndi1zs. 3 and 4,
respectively, host fluid Eat hways 108 and 128, respectively, of which only
the di stal entsPati8BlyapfivhEbtondy thedisialsinds L8k ared 135boage sisiblahethgi st al ends
108b and 128b.e ne~ W £ hjn tio m. craoneedl es ..102-and 12

respectively, F%i%%t ﬁglierdlg%ﬂsetngf Qg%be%qdqnbgbl engnvg lgﬁ,pofté%np%fcﬂl%c\%l?eﬁgles

termnate at ags&d BI%despp@iiengand BéiadictaldbnidddQ18]andh80prtfresyelyor
chéannel s of the present invention are.preferably _dinensioned so as to exert
a capillary fsramagnatiasfcipted epininasH&4pedIlzAg area defined by the open

space pojgon of L. bl A0l A0dr BLANE. BT ML GKS, RIYSLOLRYI cal sanpl e

to withi e reacfioh zon FixX ar 1 0Seénsor. “As such, the
di aneter or wiighdhsioheds® @l exeftlaliagilabafored o fluidadiMathélpesingairea €xceed 1000

merons and V\'glelflneg%l;l@dlqé gpet}lespigg g(grti]ég%f ttl?e rﬁggonngeglre?gxfd cllrgwg io? &?ctzlgsr '
physiological sample to within the reaction zone or matrix area of the biosensor.
As such, the diameter or width of a single fluid channel or pathway does not
exceed 1000 microns and will usually be about 100 to 200 microns in diameter.
This diameter may be constant along its length or may vary. In certain
embodiments, the fluid pathway may further include one or more agents to
facilitate sample collection. For example, one or more hydrophilic agents may be
present in the fluid ﬁathway, where such agents include, but are not limited to
' Q : types of surface modifiers or surfactants such as MESA, Triton, Macol, Tetronie,
Silwet, Zonyl and Pluronic.

[0073] As illustrated in the devices of Figs. 1 and 2, channel 10 and 88,
respectively, may further include one or a plurality of sub or side branches or sub-
channels 15 and 96, respectively, which laterally extend from the proximal
portion of the respective channel to within a portion or the entirety of the reaction

zone 9 or matrix area 94. Such sub-channels 15 and 96 are created by forming

ridges or ribs in the respective substrates 4 and 82, and/or the metal layer 3 which
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This dianeter may be constant along its length or may vary. In certain
enbodi nents, the fluid pathway may further include one or nore agents to
facilitate sanple .collection. For exanple, one or nore hydrophilic agents
may be present in the fluid pathway, where such. agents include, buty gmness
not limted to types of surface nodifiers or surfactants such as MESA,
Triton, Macol, Tetronic, Silwet, Zonyl and Pluronic. [00731 As illustrated
in the devices of Figs. I and 2, channel 10 and 88, respectively, nmay
further include one or a plurality of sub or side branches or sub- channels

15 and 96, 1 eSpek bk clationl 3| A Riblneniicd ¢ sff,0m ig*r;ﬁ%f:g@géé St port! on

of the respective channel hin a portion o

reaction zonefd®med dmabg the miceme8dle nSomifataidatichproaedss Id fesabidips eReodd eat ed

by form.ng ridges or ribs in the respective substrates 4 and 82, and/or the
metal |ayer 3 WAFIERS 290YSrgventhesidges fp fpgmisub-chinpsisoor t Ymikerl¥cinried st of

el ectrochem ca i i e fornmed duri t he

m croneedl e m %:Org?e;%‘ra I c%lg?léﬁang:%ggg&é%& %%ﬁ%?oceigbl g‘g{l)rb?cﬁs%ae?vee(r: }’%r(r}ge 5 acts as

a cover over thégesit6lgam dubd-dHnMRISYE: SHBRAMRISIS and 99 dRhhMve diamdeREs Strip
80, the matrix nenbrane or a clear film (not shown) acts as a cover over the

ri dges to for muhieertiapreiide 9ecapilaty-fotrarmndiud 165iding withirechahn¢la e adi 88et er s
sufficient to provi.de a,capil lary,force.opn fluyid residi i.t hin channels 10
ond 88, - espeietioiny nE AR HY Y Bafite et G BEpe of fablivhethe g o
reacti on zone Qa@fkthred'®4 Witk R SnSldd Phaldd Jubechaanal 85l ahd 96 HaveBschannel s 15
and 96 have cross- sectional dianeters in the range fromabout | to 200 -

m crons and nofeetieonal diameters intheabage fro0 aboutslotorA0®miesonsiand mivee ubualiyt r at ed

enbodi nent, capillar anches 15 and .96 extend rpendi cyl arly from
cha@riel 10 angg%rg,a%?%tszg&égﬁ)\}g}cﬁnshdﬂ&ﬁ usu??‘fﬁ?“h‘i@”‘%??@?ﬂ“%ﬁ&ﬁ%ﬁhﬁ/ from
thei'r respect i MeafdFeX@e pePy&idedtBarly ROhthadie] 1B2hE SRedsHRAVEY; hdigevetb] ect
devices may be used in the context of a subject system whi cg general ly

i ncl udes a systheymey satsné angulatly diom thgiraespgtiys ailanggleal sanpl e and
determning a property of the sanple, where

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.
C Accordingly, as illusﬁated in Fig. 5, the analyte concentration determination

system of the subject invention includes at least one test strip device 60 (having

- either an electrochemical or colorimetric configuration as described above)
having at least one subject skin-piercing element 64, as described above,

~ associated therewith, and a meter 40. The subject test strip devices, whether
electrochemical or colorimetric, are configured and adapted to be inserted into
meter 40. More specifically, as illustrated in Fig. 6, test strip device 60 has a first

end 62 and a second end 66, wherein the skin-piercing element 64 is associated
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determ ning the property of interest may be acconplished automatically by an
automated device, e.g., a neter. The subject systemis nore particularly
descri bed herein in the context of analyte concentration determ nation. c
Accordingly, as illustrated in Fig. 5, the analyte concentration 3 j0V 2005
determ nation systemof the subject invention includes at |east one test
strip device 60 (having either an electrochem cal or colorinetric
configuration as descri bed above) having at | east one subject skin-piercing
el ement 64, as described above, associated therewith, and a nmeter 40. The

subj ect test st.ri evj ces ether electraogchem cal or_.colorinetric, are
configured and’ 1&6@‘5?3@ %a@eﬂﬁ?ﬁgﬁ’?éﬁcq“ﬁteﬁd 6%5‘? é?nf%‘.remén?fﬁw ol 1y, as
illustrated i mdrdQo 6, test strip device 60 has a first end 62 and a second
end 66, wherein the skin-piercing elenent 64 is associated 23 LFS- 157 NOV
2006 wi {0075]r st edMdetei24Gprtfatblly dasin etzensmmatig-desngn&bhisingotX hayinged f or

insertion intqg.a neter 40. 150075] Meter, 40 preferably has an,

er gononi cal | ySyB&isins v iReallowy 1149 b somfRytably held end menipilaied withgrebend.o pe
confortably h ; | i { I : e of a
metal, plasti éﬁogrs ﬁg?' %g}r?&slgﬁng%‘?gf er%{egrlﬁg%tlggo? g’%hgrr g@llrh}w%%fe%%tamg?rggﬁ?ght

wei ght but subhé tHaeistlight sheighiobet suTfid et s d@rhbleo Mhie @istdl podti oSBT ghsing?2

provi des an aperture 68 through which test strip device 60 is translatable

from a retraf?eEpeRsian apartwfeas thraweh arhigiptesiostap deviee AR Esdrapskablofomher ei n
Lon2 . erer ;
i starty fr o adfedtloch  B%h il b B1H ARG BodbE BB AIEAERED

whi ch test st pbpiodefitigetedGiiis midroseidieektidshi distandeaBitaliy flof dpRe@e/6819
mechani sm 70 of neter 40, Test strip device 60 nay be inserted into neter
40¢by renovi nPidalqoation et Sirfhgr definds rehamber wrivhipb test sigp4eviga@Oiihser ti ng t est

StHip device BOCLINLATh O LR LaSShYGRIRERTR T e L0k ALPLARUEVELY.  tos!

strip device € i nser n recei ve I'n mechani sm

70 via apert uce nk§.beRhafredatmbymetel 40 B réd@iish NdisROhbusHip SAtibS 56 ffoanspar ent  or
sem -transparent to allow the user to visually confirmproper _engagenent
bet ween test Beusing Heimd@sgting test stapdieyica§0antedest otripricerlving neeshauisEy ng

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
C test strip device 60 operatively engages with the meter’s testing componerits. In
other words, with electrochemical test strip embodiments, the electrodes of the
biosensor operatively engage with the meter’s electronics; and with colorimetric
test strip embodiments, the matrix area having a signal producing system is
operatively aligned with the meter’s optical components. The meter’s electronics
or optical componentry, upon sensing when the reaction zone or matrix area,
respectively, within test strip device 60 is filled with the sampled fluid, supplies
an input signal to the test strip biosensor and receives an output signal therefrom

which is representative of the sample fluid characteristic being measured.
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t he anal yte concentration assay, as well as to visualize the test site and
to visually confirmthe filling of strip 60 with body fluid during the
assay. Wien test strip device 60 is properly seated within receiving
mechani sm 70, -the biosensor with Ctest strip device 60 operativelypengages
with the nmeter's testing conponents. In other words, with el ectrochem cal
test strip enbodinents, the el ectrodes of the :biosensor operatively engage
with the neter's electronics; and with colorinmetric test strip enbodi nents,
the matrix area having a signal producing systemis operatively aligned

he mt a_havi : , ati vl y al i gne:
componont [ Tlpon. SGher e ahen s iogad frdlf ftonte By SERPRY S pnf 50! °F

respectively, uistahburfdcesif witich i9 a@pNédCto thOsKis ahdl bhaet1oW thé pichéing sitplvadin | ui d,
supplies. an input signal to the test strip biosensor and receives an out put
si gnal t her ef r Bgskinluemg; sstestsygrrroeqduze. | The esmpragsiaprpssard ¢xgrtad ohsheadder i sti ¢

about aper t ur e8P ETE SEAMUGRS e surfighofbeHiE Al e slRitiite T

applied to thetigké Bn@itd teameier 6F QschtNBd RtEE&st BgipdelReWot hin - the skin during
a testing procedure. The conpressive pressure exerted on the skin by

pressure [0AY 58 f aPistdltheueing phviomdbtriadtseldm wbvideynddgaindst Wit metdrelO
surrounding tissue d, the.transfer, of such flyid jintq test strip device
50, (0077 i st AR ERoE e Pkt il s ety gl S ¢
meter 40 wherghBinghisdlakiURBgaR OB étkR8n @kt ﬁoﬁih%géﬂtmntsﬁ%é kgt abl e or

depressible along the |ongitudinal axis of neter Bet ween di stal housing
portion 56 andprokienal pogximahopeingi4@nisefprbssust segset 34 wisch spsesaud gaugensor 54

whi ch senses and gauges. the anount of.. pressure exerted on distal . housing
porion 56 whe e@%ﬁﬁgte%fﬁrﬁﬁurep‘?xggg FB d}#)‘ﬂ OBINgG partipL;S O WRFNGOMPreSSgs sur e

sensor 54 is af.&hackhd 9@5%511\{&%&@&&0%%%& cdhsBRY4 ﬁeainc%eétﬁ@al l&?&%ﬁﬁ%ﬂ:‘) nly

known in the field of electronics. Pressure sensor 1ndicator ,
el ectrical comvbichozayi terofthe kindreessurdy keosoin 6, fickd of elpctmnicieBressure ndi cat e

(e level of prssurg eing Sphlled (o dlstal, holain orilen .pe o that
order to appl Y,:80ide@td Malcaly 1Be flefof 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 1s ﬁsed to retract test strip device 60 to a loaded position within
( meter 40 and thereby pre-load a spring mechanism (not shown) for later, on-
demand extension or ejection of test strip device 60 from aperture 68 by means of
depressing button .48. When distal housing portion 56 is properly positioned on
the skin, such ejection of test strip device 60 causes microneedle 64 to »
instantaneously pierce the skin for accessing the body fluid therein. Buttons 50
and 52, when depressed, input signals to the meter’s processing components

indicating whether the measurement to be made is for testing/information
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[0078] In many enbodi ments, meter 40 has a display 44, such as an LCD

di splay, for displaying data, such as input paraneters and test results.
Additionally, meter 40 has various controls and buttons for inputting data
to the meter's processing conponents and for controlling the pi ériiinglh
action of test strip device 60. For exanple, lever 46 is used to retract
test strip device 60 to a | oaded position within neter 40 and thereby
pre-load a spring nechanism(not shown) for later, on- demand extension or
ej ection of test strip device 60 fromaperture 68 by nmeans of depressing
button 48. Whepurdostsdandhionsicogenpmy the tast BBultsirpmepaemhyryposirtsiwitigd tln  t he
skin, such ejectjon gg t est stfri devjce 60 causes [ crdneedle 64 to

i nst ant aneous| JEI5T &S TORIES KK HTE TR dRIER TGS CFRECHEEWY T | ui d t her ei n.
Buttons- 5 nd 52, j j I - I.S;f ocessi ng
corrponent®07|91ndi cat Pﬁg%@?ﬁ{éﬁ? ﬁgﬂaﬁ}lfaﬂgg%rel?rée%?l %tggreggo %r%gg}g?atsnafr 8tralrpg

t esti ng/ i nf or neplaceaRS cdrkSiot Tontalivh g/ Phuralpuibp eiraabjeandstfsaip dedeaserdfeg t he
test results froma nmenmory means within the neter's el ectraonics). or for

cal i-bration putpesaiest st gercevastsr 40 may ojthaysiqob g uysyd taskstep fupal figy f urt her
be confi gured ' ' -ace i jning a
lurali ty of tHaeESESE ! Shilsdl & s EELACTST CHALLINS GRRNELD, §

devi ce, meter the nedesslyhaedling dtést bipshedby aghingting Bhd Hieshihobe of dBhege Or
store themfor disposal at a later tinme. Such a configuration elimnates

the necessary tdhelpringngfinadysiteniinppsto th\petiony Fariiemngronjeeanse mareali hood of

damage to t hehasn"[%igiﬂg Pf‘ﬁg té%f ?{;’l\ﬁ)e rl% eqlnrxgunlat{éliiu t%lé té[s? st%irﬁ? nﬁatbie%%}detrﬁlg&{ %rg%rl er re,

because manual I ng O est str S SEPE Mnatéd, Strips

may _be made nmugbresyaédueing thhemetin JresiteingrdghRe@pRonitingfa 0vat @Fvirks required,
pr(iw ding a cost savings. 100801 The neter disclosed in U S. Patent

Appli cat i18A88er i al Rae meter diselossdeinn U6t Ritant ApplisedoPeriddld-yt e Test System "
having attorne él?l%& K& hiniQi grc%‘clseﬁgr‘e%xf'aé%?3e£t'(§y%%ggm\}}é\{r}ﬁg ?ﬁgr%ggg&ﬂ?ﬁgw th, is

of particul ar Téel'évanceé an Sui | éct Tnvention.

Addi tional |y, R @4 amspeabs tef santtedayfHenstiig iodf gayti@flarreleifcesmdtiabl e for
use with the subject systens are disclosed in_ U'S. Patent No. 6,193,873, as

wel | as in copaifablgdor @s@ﬁﬁaﬂhqhy spygeidnygngon. Additionally, certain aspects of the
functionality of meters suitable for use with the subject systems are disclosed in

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

which are herein incorporated by reference.
Methods

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

determining a characteristic of the sample, e.g., the concentration of an analyte in
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Application Serial Nos. 09/497,304, 09/497,269, 09/736, 788, 09/746, 116 and
09/ 923, the disclosures of which are herein incorporated by reference. O
course, in those enbodiments using a colorinmetric assay system a
spectrophotoneter or optical neter will be enployed, where cergag@[aﬁpects
of the functionality of such neters suitable for ‘use are describ (', for
exanple, 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,

bevarn irsor hofaptfife The S04 MR SOl A Bk Bl EH ARNGRY, V0! O] are

subj ect i nvent idofferpiitevblyescometitedont Okhere edprésthating a@al?ﬁé@ﬁ@@ﬁ&r% &ddse, of the
sanple, -e.g., the concentration of an analyte in 26 LFS-157 SI NOV % 006 a
sanpl e. The sutspelesterobtlpeiats, alpehpliand the likeelngeawy embedimsntsothegubjgeti ety of

di ff I ' i Ve. I . i ncl ud
ol ucose,  chol SRR PERRY A g AP ole R SRR el i Al e .

the subject ngihpds are enpl oyed to deternmine the glucose concentration in
a physiological sanple. [0082] While in principle the subject nethods may
be used t 00®&1 er mi néVhikein prngude thessubjent wethads suanlbytueed to detersninethy of

di fferent physiologjcal s | e such a rine, tears, saJiva, and.the
li ke, theypa?/e_c%ﬁﬁﬁ{r%ttﬂna?f f’glp %’Gﬁ{t%ﬁl ’1‘8‘_?“%%8#?11#%6%? Bﬁ 1?1110&_&2{ ﬁaﬁg’l%soﬁ‘_ff@rﬂsr ation
of an anal yte pyfndhesd sﬁﬁvéé'aﬁ(‘[i’gbé(slgll?é}me?%e%@rﬂgulgﬂ Suildf fot G4 Rrde¥ermidinghol e

bl ood or interstitial flui Thé. subj ect thods will now be

described in déteaioncenttation ef en enalgtetin bldeidguibémd fravtipngand miorg ptitieukrlyj ect
o o ded, “and” I MRF SO aRSTeBal 896 1 Pereof Ts tnserted into a target
area of SKjgas) TYPi cahb ubibhenalbdy WIlEi ) BYJE.ATE M detail RIBLERFNOEP the skin
of a finger or forearmfor about | to 60 seconds, usually for about 1 to 15
seconds and nbigsress dmptagtifiog thdsuhject methdslssadenstisne Dépen tishgripdetvioeas ype of
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 I 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
comeum, but in many embodiments will penetrate no farther than the
subcutaneous layer of the skin.
~ C [0084] While the subject test strips may be handled and inserted into the skin
- manually, the subject test strips are preferably used with the hand-held meter 40
of Fig. 5. As such, a test strip device 60 is either initially inserted into test strip
receiving mechanism 70 either through aperture 68 or by temporarily removing
distal portion 56 of housing 42 and placing the test strip into receiving mechanism
70 of meter 40. Alternatively, test strip device 60 may be provided pre-loaded
within receiving mechanism 70. Still yet, as mentioned above, test strip device 60

may be collectively pre-loaded with a plurality of 1ik¢ test strips in a test strip

cartridge (not shown). In such an embodiment, the cartridge is removably
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physi ol ogi cal sanple to be obtained, the subject skin-piercing elenment 6 may
be penetrated to various skin layers, including the derms, epiderms and
the stratum corneum but in many enbodi ments will penetrate no farther than
the subcutaneous |ayer of the skin. [0084] Wile the subject &8t iWrips
may be handl ed and inserted into the skin manually, the subject test strips
are preferably used with the hand-held nmeter 40 of Fig. 5. As such, a test
strip device 60 is either initially inserted into test strip receiving
mechani sm 70 either through aperture 68 or by tenporarily renoving distal

portion 56 of LWPg vhidh ABfrBhac ] bR : i Hg mechani sm
70 of neter 4(()3?@%%“2% na?li%el f/?bt ?5?&2%1 ?B{ eviaégaﬂé%dﬁgggg g%?(%’l %‘é'd

pre-1 oaded wieithérejecdtakiromrthe metdranidspostted ir$b klskpayate coapartmehi witkid thdbove,

test strip device 60 may be collectively pre-lgaded with a plurality of
like test strCEdnqse, algep uspRqddest Shin 1siaytumativakly semenmes. fram the eRridge

enbodi ment, they { j.S: ]fg[;rﬁ. - 157 9 NOV 2006 engageabl e
with nmeter 40. ﬁUsﬁggﬁésc% gl?%gécﬁglgl eggz?}éﬁé{%}%gﬁl y di sposed of, e.g., either

ej ected {0085]t he n&ee text stippiesidessd ik Ptapedly s&Rivedtva tidn MpRhini®AT70WM t hi n t he
cartridge, while an unused test strip is automatically renmoved fromthe
cartridge an®schausmdd ma bep bespynsmilpadeder cogked byrpreans gfeverddssd] Once t est

tridge andisd PR gadi fECers QUSVO6Es] Once
Then’ be spr  ng i Gatod hen b SRR I b PRGERARS D I FERRRERS "Cuch

~nmechani sm 70 gogdtiof.hMtdreiStis SehigostiRvied sutsntihlsy pétpendi@ilimetigsitargasd tion.
Meter 40 is then positioned substantially perpendicular to the targeted

skin surface wkigserfacevhersin digakhowgingaorionSGend are sprceiicaly presserl | y
Db besi ve pPodd BB o Rl st e el R PP ey .

copressi ve pressuré na € hanu KTn

by “pressi ng t bentingild) apptidd @b tiEahkt sl argal AWy pressidaihglistsllent oeder t O
ensure that skin-piercing element 64 is properly inserted into the skin. By
appl yi ng such4ppgaissitie tasges skintasea, toersurehassken-tieseing clemsusdhi pseparhion 56 to

e back UDGRRLENSHEE RATI0 il 8 oL sy o Pt SELbScBRATT (10
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 dispiayed 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 penetratipn of skin-
piercing element 64 into the skin creates a fluid sample pooling area (defined by
the recess or opening within skin-piercing element) adjacent the fluid pafhway, as
described above, within element 64. Sample fluid enters the pooling area via the

open-space configuration, e.g., recess or opening, within skin piercing element 64,

and from the opposite side of skin-piercing element 46. The pooled sample flmd

28 LFS-157



and di spl ayed by pressure sensor indicators 72. Preferably, the anount of
pressure applied should generally be in the "normal" range. Indicators 72
inform the user as to when too nuch or too little pressure is being
applied. Wien indicators 72 indicate that the applied pressure gﬁgvgmgnaVZ
the user may then depress the spring-release button 48. Due to the spring
force rel eased, receiving/carrying nmechanism 0 and test strip device 60
are caused to thrust forward thereby causing skin-piercing elenent 65 to
extend fromaperture 68 and puncture the targeted skin area. [0086] Whet her

b | b fpeter. 40, th tration of skin- pierci
el ement 64 1 D PHeTERI g dn eI PRy B e goupriHeY Srsetestian e by

the recess or dmun@id%m fRadtonyoRk OF flafitk PARHEMAE biREhRE 8/Mhetibl sflHi d
pat hway;. . as scri bed above, within elenent 64. Sanple fluid enters the

pool i ng area vieyieed. Apennigredabovn themasfired flusd gay be dedlss faviliopeitiyng,

W thin skin pi erc%hel enent .64, and f.romt he.cigposit side of. .

ski n- pi er ci ng ¥ Y2 RIS (SR PRSHI ST ISR R Y TBUREEe Pneteatiganiisone | s
then transferr j Lo I ] rce exerted
on the pool ed}%?rlné%ngs %ﬁéﬁr&%ﬁﬁﬁg@?%ﬁ%loﬁgﬁgﬁ glltcg%\{\nﬁt@%nr‘{g? Eéeés‘%l?osensor of
the test stri phraehitbefl6d chasnartrrétoneduahnmesthe bbéy flnminbesedab tlid distl maybe

further facilitated by exerting.physi.cal positive pressure . :
ci rcunf er ent i aNdPTARGHENE hglﬁéﬁ%é)?@ﬁﬂ%ﬂlﬁﬂ‘édB?thﬁﬁé(r‘?@eé?m&’ thedisdtlre ring 58

b | yi : i i 3 I ,
Cher oby vanuuh oL BE pAlRS R 48 BEERRLERS Ky REBHAN FR% G Uy SpplAC 1
The fluid ent erdcogntphesstidel taiwithinthaproxihglroriiod of thb @athivailyathiclpassidesn of t he

pat hway first and then proceeds by capjllary force (or by applied_  vacuum
préssure) to wWHPALS Kactnaanger thsgpatigmres  Thclydinthsy caised fo franslaes
within the reagiiafy &R e fchtidMPldk br il alhGid dlll dhabrl 5By 68uSed to
translate laterally th ougeh e reaction zone or natrix area via

sub- channel s Ibspetti®dy, whasipabé emirk vyailsbéy wolome vethdn thereaqivaizoabbe vol une
within the reaction zone or _ matrix area maybe filled wth the sanple fluid.
[0087] Once mebdlFxArademybe ilehvithibe saaple iK- zone or matrix area is

conpl et el [5087] 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 altemnatively or
additionally include means for automatically retracting the microneedle strip from
the skin once the reaction cell is filled with the body fluid sample.

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

measurement will measure charge (coulometric), current (amperometric) or
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filled wth the sanple of body fluid, the neter electronics or optics are
activated to performanalysis of the extracted sanple. At this point, the
nmeter may be renoved by the patient fromthe penetration site or kept on

the skin surface until the test results are shown on the display, Mter 40
may alternatively or additionally include nmeans for automati calfllf@]\/ 2006
retracting the mcroneedle strip from the ski-n once the reaction cell is

filled with the body fluid sanple. [00881 When the bi osensor reaction zone
or matrix area is conpletely filled with the sanple fluid, the

concent o ol AFGRIANNAE, B, LIUSLSS 4 BTG BRBLER FDELA

det er mi nat i on intésh@yon &o Eleaeidiion e, MVIEthIRASHTRAIERE theboRGests b
counter/.reference and A worki ng el ectrodes. The el ectrochem cal neasurenent

that is nade gEptroghgnicyspeasaicAynbarefdhgalesirhedan thatRatentdfosthe assay and

the test stri it Wi e chem cal .test strip,is enployed,
e.g.,.dependi %&\yg'hl éé%@?%?,haéld?séb};fﬁg as s |38r‘%§}%?@?“%‘}?@8?t8%t ric or
pot enti onet ri ubLRARNAWE 97/1826ShEEWQODLIEA! the gg%%gﬁ&%%hwake HEasUr e

charge (coulometric), current (anperonetric) or S-157 ~ Nft') /006
pot enti al ( poimerpaated bycferanseiaFdNovongdetectow efithpetdctdcheimitalne f ol | owi ng

sanple introduction into.the reactjon. area.. Methods, for in he above
doser i bed e GUEPUETEN Ui CHLES T HLM Ay SeHOR EES S CTITROTS T S, Pat ent
Nos.: 4,224, 18pssefocthd/or 38ncenttdtich gﬁtﬁe%ﬁﬁgt Wik n 1%% s%rﬂgl'e@ﬁt%diﬂ&& 9?8" .
Patent Publi cations WO 97/ 18465 and WD 99/ 49307; the disclosures of which

are herein i teaepdicatzede bytherfeteeniaed biFotlhting thg eletrechdnoinaloigiaht the

el ectrochem cal ne urfrrent or signal generated in the reaction zone as
deé;:’ri bed abof®OURHRY ANt Res®RIFor concentration of the anal yte present
in

he SpiRbp | Nt eds eMiokffeic sithotGAGH : losni} 190 dERHAMABEd PY
rel ati ngﬁ{ﬁﬁe}eel ect rochemocgr]te SQI g a0 (tﬁg Hﬁceéﬂa m)urlllt é%# anglgyt e I{EH t he sanpl e.
[ 0089] For a esshprdanpie applied tphsilpesttest stramaloyé epifitalipte atdaotioeteeofii nat i on

ssay, samle opPLLed L0 SaUbl el LRt By ToLS pecl Sl o p
produci ng sysi£eRERESAone 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
C 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 suéh colorimetric or
photometric reagent test strips suitable for use with the éubj ect invention include
those described in U.S. Patent Nos.: 5,563,042; 5,753,452; 5,789,255, herein

incorporated by reference.
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in the reaction zone to produce a detectable product that is representative
of the analyte of interest in an anount proportional to the initial anpunt
of analyte present in the sanple. The anmount of detectable product, i.e.,
signal produced by the signal producing system is then deterngﬁﬁpﬁmgd
related to the anbunt of analyte in the initial sanple. Wth such -
colorinetric assays, optical-type neters are .used to performthe above
menti oned detection and relation steps. The above described reaction,
detection and relating steps, as well as instrunments for c performng 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, 528t $&% DevReF Bt atian MOnBae: 5. 753, 429; 5,773, 452; 5,780, 304;
5, 789, 255; 5, , D, , . 5, , and 5,972, 294; the disclosures of
whi ch ar 08 ei n i ntompoteneddibbye, thd srnepiecingEekmentso fahe presént iotentibmet ri ¢ or

photonetric reagent test. strips suitable for use with the subject invention
i ncl ude thos@r%@rseg‘??tﬁ@cfal?rffaﬁ%éf’l%éic%’ﬁ?SpﬂB ng sepsiate (orcoleyimelsic 5o

5,789, 255, hergiyddirhQ89' R bk DMk ERGEnati ;%% ‘2006 Test
Strip Device E%briéati n N@thodsg%bog%%rAs n%ﬁgﬁéhg 1a osggy?ﬁe

ski n- pi er ci ng eelbedendrss)ods 4 biagier esieny pieow endthueture ané nade bé tiebdaynef abri cat ed
with a correspong[%?ggéiubst.r ate (for colorinmetric enbodinents) or a
substrat e/ el ed®HEH AdFHIANAE Yo HIC(SKEN PisTaRs tle@pRiERay be BANHATHERA?S) | as a
single, unitar ! | ' terial.

Al ternativel ys)!]%agéét@ggrlnﬁ[) Ipl)ig%% gl:: %E%I‘gﬂg}ﬁ?%qrﬁ}%@;fgggﬁgﬁ%@%%e% as separate
conponent s or cpirespeadingisabsteateot fidstrabicoxddtios 1akt esthigidation by argosuitasleondi ng
substrate or substrate/c%gductive_layer conbi nati on by any suitable r neans,
fof exanple, FABUHESTXAMRBARANGSIUSEPIMANDHSeditthe aF  [0091] The test
strip deyg may f j i . . £35S, i ] . 11Si ng
any. conv B8R T e e ST ST R R BBRed oA G B The pINEN ROl O

t echni ques i nakigiang comyenddnt tachmisjuds imgludpipo but-reh émitedl to ahichorapli¢aHOE) |

techniques including injection molding, photo-chemical etching (PCE),

microstamping, embossing, and casting processes.

[0092] Because the test strip devices of the present invention are planar, the

devices may be fabricated from and processed on one or more webs, films or

. sheets of suitable material. Such web-based manufacturing of the subject test
strip devices provide significant cost advantage over more conventional methods
in which test strips and the like are produced one at a time. Figs. 6A-C and 7A-C
illustrate such webs of fabricated test strip devices having electrochemical and
photometric/colorimetric configurations, respectively.

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

channels within the reaction area of the subject test strip devices.
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m crost anpi ng, enbossing, and casting processes. [0092] Because the test
strip devices of the present invention are planar, the devices nay be
fabricated fromand processed on one or nore webs, filns or sheets of
suitable material. Such web-based nmanufacturing of the subject te§ty /Btrip
devi ces provide significant cost advantage over nore conventional mnethods

in which test strips and the |like are produced.one at a tine. Figs. 6A-C and
7A-C illustrate such webs of fabricated test strip devices having

el ectrochem cal and photonetric/colorinetric configurations, respectively.
[0093] While the follow ng discussion of the subject fabrication nethods is
in the context of web-based manufacturing, the techni ques discussed may

al so be used to make,sineWl At EYershi-LPTAe Y, vibgdi tionally, while only
certainutabrication—'T@é%ﬁTﬁ%%s*are*ewp%asrzedﬁﬁéﬁvsg skilled in the art
w || recol@ibsle that The blectrodhemienl tabstiripaleiioa webbingi 200es Pigsy 6 Al-G dndbededs ed
whi ch enabl e | ow cqost _manufacturing when desiring to formsnall_ structures

havi ng i ntri ca®Bluradiy of welividual dest sisiprdeaicss 89 birbewndullyasemblsddn b \¥E)and t he

sanple fluid c : ub-. I ithin t eact | rearof, the
subj ect test sﬁ@ﬁ%ﬁ egﬁ%ggé“gTdﬁgégﬁﬁﬁaﬁwkangi?ﬁﬁ@*ﬁﬁé%g?gﬁFgoﬁgb

El ect rochem cafestlsp dSticd 20 10 Iudes tWdGRdEd-ihet baeddedRtdhtakbcttRBL208t i p
devi ce webbi ng 200 of Fi 6A-C includes a plurality of individual test

S.
strip devices az@ﬂopglﬁémgﬂr 204, ynd 98 ensvlasialg ispaceilgyer 80P there betivean-e8paasr a

side-to-side afr nt t he h,of -t he.webbi.ng; Eac test strip
devi ce 201 incl: erhg)% {HE &Ba§§%§‘é f’éﬁ%? #@%&%@r‘%&ggf thBS?atcgﬂgéPréec?fkr}Bae 202 and
top el ectrode ¢@érochadlicaNbiob&isbatdriinmpaceddexaterd @9stémeemabi@arn 2 13pacer
| ayer 206 has a cut-out portion 208 which defines the reaction zone of the

gllgét r ocr:]hem' (r:] aﬂf{obﬁnd@éfh%c?; ?@(ﬁﬂﬂﬁtiﬁmﬁgﬁﬁi}ﬂﬁ@@@? of téﬁgtémedéﬁ/?ﬁ?e@ﬁ Figﬁ-lrﬁf‘cire‘éd;ee]gl e
212, shown i Aceantl S Tkl k08288 EyshangRfs, 22 0
Formed wi t hi n @ortiewbi bafon® t1eb®bder0264rRIcd Frofinad PIrtimth faniefétdiBR 12y 4 i on of
m croneedl e 212 is a channel 214 for transporting fluid pooled within the
openi ng of mi ctheneddlé forjtpansporting fluid pooled within the opening of microneedle 212.
Extending laterally from both sides of channel 214 are a plurality of sub-channels
216 for facilitating the transfer and distribution of sampled fluid to within the
reaction zone of the electrochemical biosensor. |
[0095] Electrodes 202 and 204, as well as the associated microneedles, may be
made entirely of metal or may be made up of an inert substrate or a support
structure covered by a metal layer. Where the electrodes are primarily made of
metal, photochemical etching (PCE) (also known as photochemical milling,
(\ chemical milling and photoetching) or microstamping techniques are suitable
fabrication techniques.
[0096] With photochemical etching, suitable metals include, but are not limited
to, aluminum, copper, gold, platinum, palladium, iridium, silver, titanium,
tungsten, carbon and stainless steels. Fabrication may be done on sheets or
continuous coils of metals. Such sheet provides a thin metal base for the etching
process and generally has a thickness in the range from about 10 to 1,000 pm and

more typically from about 50 to 150 um. A photorésistant layer is then applied to
one or both sides of the metal base as desired. Next, lithography techniques are
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Extending laterally fromboth sides of channel 214 are a plurality of
sub-channels 216 for facilitating the transfer and distribution of sanpled
fluid to within the reaction zone of the el ectrochenm cal biosensor. [0095]
El ectrodes 202 and 204, as well as the associated m croneedl es, naybe nade
entirely of nmetal or may be made up of an inert substrate or a s$§@fﬁ@‘
structure covered by a netal |ayer. Wiere the el ectrodes are pri Yy made
of rmetal, photochem cal etching (PCE) (al so known as photochem cal mlling,
chemcal mlling and photoetching) or mcrostanping techniques are suitable
fabrication techniques. [0096] Wth photochenical etching, suitable netals

I ncl Ud.G’ but ds%ﬂ?ﬁ?Erséc s@gﬁfe(?itnettﬁ)e %ﬂtﬁht Vgﬁplpeeétchegigdagnalg) 1%%3 ) mthe

pal | adium iri Pt ant sten,” car al vl°ess

steel s. Fabri cAtidehamys et dﬂrmbwmaﬁrﬁbeetm @ etchedtbmplettsy t@blgh, ofy. e al s.
Such sheet provides a thin netal base for the etchin ﬁqjocess and general ly
has a thi cknes@paningshe thegpigeoreedlgs.dhometa basco Speoidically,d basmféaltlypl cally

from about 50 t hot Si st t hen one or
both sides of Yhi C%ﬁgltyé?nasgg PCﬁggre?se‘?irnt%ﬁgﬁa }?I?Iﬁﬁrﬁflgﬁﬁ{/)@ ‘:ﬁjiﬁ\ﬁlécg are 32
LFS-157 GV "2 él;@bsea;%@ﬁofttﬁeafe@ﬁlv@ﬁ&war@%be%tche@. geonetries that will be

et ched partlally into, e.g., the fluid channels 214 and sub-channels 216,

or et ched089Hpl eteII}tChmgosugwoneﬁhgh@d bhan eleptemihegscal dissdletion pmn@edl es, the
met al base. Spegificall he base eI e t| vel rot ect
areas of the r’?ﬁ %{FIWQ‘,}#%\E’ 12h5} ‘staBgﬁ%‘P{é’ttbﬁé‘éf %ebaégagez@aa é‘a?él Gft t he
netal which arg cBﬂdLQ?ethfUh%ﬁ thd QBT ITR &RLOSF the ni’éiﬁ%ﬂﬁ*aée%bﬁi@h%eﬁ&

el ectrocheni cal dissolution process wherein an acid substance is applied to

t he surface ofmasked laetstdaemrétsacblvembly thecagrd. efter t]nesetchmg sepettie photouggist 1dyer et al .
The _areas of t.he net

(e aci d. Aft o SEREGITH 15 SHEp, Ol R TS PBR o NESEred i 1 B8 r o
the surface 0f360r}%m'ﬁﬁfsq1lav1|?@ratser1€s”9f ccﬁﬁplbﬂe WEbfi &@(flrrhﬁoﬁéeﬂles%mtaﬂﬁ sheet 300
remai ns having a series of conpletely fabricated m croneedl es 302 and
associ at ed spaaseociaed spangdcﬁnlfrggwnﬁgmmhens&’mz,, fil dsrghsfar ahafrets Wdeandesus- 304
and sub- channels 306. The portion 308 from which the bottoms substrates are to be cut,
remains a continuous area of metal while the area 310 of sheet 300 has been cut
etched away completely.
[0098] Microstamping, another technique suitable for fabricating all-metal
electrodes or those made out of a very strong plastic material, involves the use of
dies which have been precisely machined such as by electro-discharge machining
(EDM). Long sheets or webbings of a substrate metal, such as those metals
commonly used in PCE processing, are continuously or semi-continuously fed
{\, into a stamping press between die sets to selectively blank (i.e., punch holes in),
’ coin (i.e., deform one side of the metal) and/or deform the metal substrate from
both sides. This stamping process can performed at a rate of 1,200 strokes per
minute and can produce multiple electrodes per stroke.
[0099] Where the electrodes 202 and 204 include an inert substrate material, hot
' embossing and injection molding techniques are suitable for fabrication of the
subject devices particularly when the substrate material is a plastic. The substrate
material is sufficiently rigid to provide structural sﬂpport to the electrode and to

the electrochemical test strip as a whole. Such suitable materials include
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channel s 306. The portion 308 from which the bottons substrates are to be
cut, remains a continuous area of netal while the area 310 of sheet 300 has
been cut etched away conpletely. [00981 M crostanpi ng, another technique
suitable for fabricating all-nmetal electrodes or those nade out of a very
strong plastic material, involves the use of dies which have, ﬁ@@nmpre0|sely
machi ned such as by el ectro-di scharge machining (EDV. Long \éet's or

webbi ngs of a substrate netal, such as those nmetals commonly used in PCE
processing, are continuously or semi-continuously fed into a stanping press

between die s 91-5? a?t%s?i‘i?& glr?%aglﬁgffengl's’su aehagl @ér%fn[f'«% gasgodnﬂ i - €

def or m one si ormthe neta from both

sides. This stldwp&gab]reqmdaaﬁersmhpm farexedpRy palyeate ef, pbly20yiaier okes per
m nute and can produce nultiple el ectrodes per stroke. [00991 Wiere the

el ectrodes 202¢cisabthalse (PAClugecdimedided palythsianstieephthelpiedPETROT  enbossi ng

Subj oot - devi b pas Rr sty E R AR o RY EBERed e e, e

substrate matglliRke) SusthdteChENtley, og. gp&wlﬁym\mﬂdéepeiﬂﬁmbutbﬁy aR@pport to
the electrode and to the electrochemcal test strip as a whole. Such

sui t abl e mat erﬂ@mateﬁ@th»d@leasonﬁan@po@on@SA igupmeny pglyemide;, pleastilasg, and

t | dt t abl
ol yers. i ol Juieh 667 HEbartd, BViop g aub eSS el RGP EnT e ac e
(PET), glycol lm@psmr@%wpwﬁaﬁ dn@iRRBPIRLRLE pe%Ie@ylpexﬁ@{eypmydﬁ)yle g.,

pol yet heri m de; pol ycar bgnat e;” “cel | ophane (regener at ed | 0sé)

fluorinated p@h!,ﬂmaﬂle ang ifg COP@‘MWZVS pylystlforsy pdb’Vlr{yédenmdﬂ@“add@lﬂytSand
fl ted ethyl | d |
ot 0 R S SRS k EORCTE s AT s ™

polystyrene andprefdrfedCARRHYIRE Sie ROLYRE QY MBI pRifcifi®. copol yners;
pol ymet hyl| tene olyvinyl chloride and its copolyners pol ysul f one;

pol yvi nyll9 é chl\Withdet emblossing, a@m@rsym@naéﬁ@hmlawﬁable drapmoplastic
el nf or oed Wl L AL 0eLal S 5 IR RRIALE LS rafhoPIrShSLI Ao T ShicRlns! O he
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
C seconds, usually for about 0.1 to 100 seconds and mbre usually for about 0.1 to 10
| seconds. The compression force is usually applied in the range from about 1 to 50
GPa is used, usually from about 10 to 40 GPa and more usually from about 20 to
30 GPa. The compression force is applied for about 0.1 t0100 seconds, usually
for about 0.1 t010 seconds and more usually for about 0.1 to 1 second. The heat
and compression force may be applied at the same or different times. After the
material is cooled, it is removed from the apparatus, and post processing may then

occur.
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[ 001001 Wth hot enbossing, a precursor material such as a suitable
thernoplastic precursor material having a thickness in the range of about
25 to 650 m crons, usually fromabout 50 to 625 microns and nore usually
from about 75 to 600 microns is placed into an enbossing appagatysygwher e
such an apparatus includes a nold having features, often tines a negative

i mge of the features, of the skin- piercing elenent The precursor nmateri al
is then conpressed by the nold under heat and a suitabl e conpression force.
Usual ly, a tenperature in the range from about 20C to 15000 is used,

ear i3 d0BIT0a T or Ao TBPE Has G06s TR sl e PTHARL aflifion”s Lo

100 seconds ardibsteiteardshi@hllived By vahaut sghitérih oﬂ&re@qs‘rﬁmgacmau&%presm on
force is.usually applied in the range fromabout 1 to 50 GPa is used,

usual |y from deygof ;lm%tal@V@S@éumtmﬂée@gn@wweﬂmmb@mensz@o cever 8@ GPa.
The conpressiaon. forc ed f about 0. 00,.seconds ually for
about 0.1 to %1050@88%18@5?%%%%5& gfellymf%lreeilﬁéfglf RSNy gs Iiarg%fégﬁd The heat
and conpr essi qRsdcpftérelBBYodee MORIshedfiadll f}l e @iBelttrdthbhnfdaBlosédsBES . Af ter
the nmaterial is cooled, it is removed fromthe apparatus, and post

processi ng nmpmb‘mdnnelm;dhq: corgircliFeSmasTiaPsh 'is cﬂep@smgd)@fﬁ@a]l INeikgubstrdie upper

side of the bottom suhstra d the unders de of, the top substrate are
o Tl 2o oy o SOt SRt eats A0 gPeirRaRIhs SemHg TS biRuaY PLeapel ar of

metal over suGhcisRS HAldlon P heCORLELd d8n ﬁi/c‘?ﬁ% R eBXnenich thOH t he

m croneedl e(s) 212 and, as such, the mcron functions as part of the
associ ated el qxathwa}eextdvﬂs eSspﬁﬂe frietdd foy the cmndea:ti\&llayﬂhmiudmp;ﬁkadnmal

bi gsensor enbo nts the co ductlve mat eri al i,ch is deposjted ver ah
"nért subst r at PEOPBFLFFroR BB RIS Lraandlole Bt e ote 85

fluird pathway Qindritardesbd t1h'8‘kidédbﬂ91rl§dhee chh&"JbtleE %n%ﬁcs%' Abrefbrl! n

piercing el ement into which the’ fluid p hway exten Swtable netals for
t he conducti venibagimnent,rthb umalpayelraﬂallecmrode@lmz mg@lﬂlandme mefallyer i ri di um
stai nl ess stee r a et :11 suc as indi ume%ocloed tin

t.h
o Co0 o P alece ) S0 Saefipn At RS ang hyreray e g

top of this conductive layer which exposes a precisely defined pattern of the
electrode.

[00102] By means of any of the above fabrication techniques, bottom electrode(s)
202 functions as the counter/reference electrode and top electrode(s) 204
functions as the working electrode within the electrochemical cell. After
fabrication of the electrodes, a redox reagent system is selected and deposited
within the reaction zone 210 of bottom electrode(s) 202. Such deposition may be

(' accomplished with slot coating, needle coating or ink jet printing techniques,
which are well known in the art. The redox reagent system may also-be deposited
within the sample extraction channel. Optionally, the conductive surface of
electrode 202 may be subsequently treated with a hydrophilic agent to facilitate
transport of a fluid sample through the sample extraction channel and into the
reaction zone 210. Suitable hydrophilic agent components include, for example,
apoly(oxyethylene-co-oxypropylene) block polymer having the trade name
Pluorinic™ F68, sodium dioctylsulfosuccinate having the trade name Aerosol™

OT 100%, octylphenoxypolyethoxy(9-10)ethanol having the trade name
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enbodi nent, the netal |ayer of electrode(s) 202 is gold and the netal |ayer
el ectrode(s) 204 is palladium An additional insulating |ayer may be printed
on top of this conductive |ayer which exposes a precisely defined pattern
of the electrode. [00102] By neans of any of the above fabricatigq 0y 9008
techni ques, bottom el ectrode(s) 202 functions as the counter/refer ﬁdé*

el ectrode and top el ectrode(s) 204 functions as the working el ectrode
within the el ectrochem cal cell. After fabrication of the el ectrodes, a
redox reagent systemis selected and deposited w thin the reaction zone 210

of bott | 202 Such deppsit b lished pith slot
coati ng, mecdl BUASEE TR O i P T RRRE R B e s e M e el |
known in the &ate TWEENTOX), 8298 Rbx PARLIRDMYorBlEP rRBIRRLTYRG thv thin the

sanpl e extraction channel. Optionally, the conductive surface o el ectrode
202 may be subizdqueme| HWEESSD, and A-reerbapdoatipdriekulforagend, sodivhacili i t at e

transport of jd sanp].e through the sanple extraction channel and into
the reacti on?M&lﬁ.ﬁE{W% g lﬁWF EFSH?‘F%C%QWHF%’B%%QFR%“?%@ tgﬁe, for
exanple. = apPolys OYFLAY | engy GO RoRY etk AlaGK AL YBR o NP g Lhe L1 ade

nanme Pl uorinicTM F68, s i octyl sul fosucci nate having the trade nane
Aer osol TM  OT bb&6#f lapert20l (tyethe xyme dymdshtnyte Qmidi)eet Thagohndibatientholdhrerit made
nane 35 LFS-157 NOV 200 TRI TONTM X-100 ol yoxyet hel ene(20) sorbi tan

monol aur at e hA%SYEIRE ¢ spariedToRErNrplestiodesne. on layers 202 and 204

pol yoxyet hel e i t I nanme TWEENTM 80,

and 2- ner capt %géﬁ%&r%%%%%?%%gf ,a?e?o F%%QHQ%Q%E‘Q?%%{& : ‘?1 n anot her

enbodi nefo0rostiox reegmahticnedtaboverrideerode il dnd@oat(andieirtiregpecti echetae, . e.

| ayer 204 at the area corresponding to the zone 210 of the bottom |ayer 202
by(the same dépoisPeiasH mé%mﬁcaﬁl@wg%%y@% Weh 6f Fesh PABSdRYRBHROSHIONERGOX syst em

can be, deposi Ledk by ELEOLE RS 100 3y 108 bEKEIS A2y R0GrEResal | gned so

that the "reagent coate emstries face orie another. ment i oned
above, el ect r Gpaser2der 406 n2Ybe( abdcdtbiromradyrentdment wediajal, whiee Separ at ed by
a spacer |ayer 206, or a web of s%h_ spacer_|ayer, positioned or
: representative suitable matenals 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

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

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

test strip devices 221 have a metal substrate configuration as described above with
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sandwi ched between el ectrodes 102 and 104, or between their web structures.
Spacer | ayer 106 may be fabricated fromany convenient nmaterial, where
representative suitable materials include polyethyl ene terephthal ate, glycol
nmodi fied (PETG, polyimde, polycarbonate, and the |like. Both surfaces of
spacer |ayer 106 have an adhesive to allow it to adhere to the respegg 8

el ectrodes. By process known in web-based manufacturing, all three | ayers
are aligned in a stacked relationship and | am nated together into assenbl ed
web 200 which is then cut into singulated test strip devices 201.

Fabri cati on of Photonmet.ri ¢/,Col.ord ric Test rip, Devices . [001041 Many of
t he IsameI t echni'§IEEt tgﬁégslp%@‘c@’éjg@'?ﬁtﬁ”%xgsg’&cfllgﬁB\l/éPn‘f%]lron t‘?ﬁﬂ&‘i‘@éﬂsﬂg thg
el ectrochen calan@&b phbldnfetHeWst &8ip AevicBEnPh ESBIRE rh ANSN LA ARY%sal SO be

used to fabricate 'thée photonetric/colorinetric test strip devices of the
present i nventdesaribefl@bdositReéspecti tndigro®AtandRiBys. 7A-C, the fabrication of

t he photo ric/ cqlori.netric devices of the esent. j nvention i

descri bed.ri[&i}. bbi ng 2‘%‘6“%?%%&%@8% I3t %e@{a@grsp@sflq%p%ﬁg@ Sélgﬁ}'fiﬁ‘? ality
of i ndi vi dual ri ' rq ' Ldes '

arrangenent al téﬁgé‘tzﬁg’%’g’ﬁg‘?ﬁé‘%ﬁﬁ \?\éb ﬁﬁgﬁgzdg.ﬁi@%ﬁsg%édrhtdggfwgﬁy %%%e@?rges 221
have a netal subbstacat ®oubid-sided adliesivedsyetl @36 hiechtaduo portisntA283chitrFidds7 ' 1

NOV 2iJlif respect to Figs. 4A and 4B. However, the subject fabrication
t echni ques al s&lgb%\wn%ﬁax préto Nt thepholemeichigsensoy vdueh epnfainga sigark

mat eri al subst : C ipﬁ"ﬁg .wﬁ 1 L: 2A and 2B.
1001061 Webbi n&%o%%m%isy}g%ﬁﬁeé 0 lzli eag{ﬂn{eﬁc}léﬁ?ﬁ%@gxﬁﬁ%&@%éetS, a netal
substrate sheebn2@Zatien sietilar anthasdbficraédrNA2af Goisbh 4-ad dd] cadhé siowe | ayer

226 there between. Doubl e-sided adhesive | ayer 226 has a cut-out portion
228(whi ch al i 84 2l RlApar e tivabeirate shes 2230 FeimediwitRGRATESR PLeashosensor

Shown havi ng a e o 4ft SUELE DR SR by oo b Sl El BORE 20
and 4B, ext end thnguutisnfluidrobddawalinwhé bpenitis2 3406 feasihagtrordsile E3.med wit hin
a portion C_)f e%():i’pending 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 pm. A photoresistant layer is then

applied to one or both sides of the metal base as desired. Next, lithography

techniques are used to precisely define the geometries that will be etched partially

into, e.g., the fluid channels 238 and sub-channels 230, or etched completely

through, e.g., the openings 234 in the microneedles 232, the metal base.

Specifically, the base metal is selectively masked to protect areas of the metal
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substrate 222 and a proximal portion of mcroneedle 232 is a channel 238 for
transporting fluid pooled within the opening 234 of each m croneedl e 232.
Extending laterally fromboth sides of each channel 238 are a plurality of
sub- channels 230 for facilitating the transfer and distribution of sanpled
fluid to within matrix 236 of the photonetric biosensor. 100107%LyAs)|is

menti oned above, substrate sheet 222 as well as the associated m croneedles
232 are made of netal, but nay be nade up of an inert material. \Were the
substrate nade of netal, photochem cal etching (PCE) and mcrostanping are

sui tabl e fabri [ i i I 1: t strip
devi ces, sui taﬁ’?gh%g? g?[gg;ﬂ)lg%@%% afﬁ%ho‘é‘%p%g%@nl%ﬁg)ﬁ%%ﬁ%%lﬁﬂé?@&ﬁ&@% imted to,
C al umi num cogplsd. Tl electplchtmivahdisgpdbti Aprodessiof slkiet DP2 Bids\describett ani um
tungsten, carbon and stainless steels. The netal sheet provides a thin
netal base foraBoye Wlé‘tI@ﬁp%tqotﬁle@bffgomlg@ﬁe&tamwdm@s@fgmsCﬁfhééé in the

ange 11m 200uhalob 8 B AL DYRGRL SR Ao 20, 0150 gm

A phot or esi st S en= a es of the netal

base as d@eiegd. Newtherd iHeRBKtARNheet BDNRIEIYE AL O HS BtriRbRIRE Inafina) def i ne
the geonetries that wll be etched partially into, e.g., the fluid channel s

238 and sub- chanireibossigg andmjestioheebdimgpedmedues, ashiesurdied aboye with hespegieni ngs

234 in th i dl . 2, .th tal . b . S i ficall he .b t al
"5 sel et vel yerAgRaon o Bt hFabel 67 Fin arBEc msy deeded b TR e ot
to be etched aght Suig¥APnBtoricRaS tedf sthif deteta! TH BB AE SatRiaP R suefiGhas, The

el ectrochem cal dissolution process of sheet 222 is as described abdve with
respect to theighdeproedesiiucairatsapporsta ihe etfetriodesndfo the glectréohesikal tgst oduci ng

a sheet having the confi atio f.sheet 300 of Fjg. 8. [00108 ere the
Subetrate shocrpastrdold HEhsileleimearank Sumekiigetba BErate i
enbossi ng and 37 @6kl Bui®t dbiEmites BHpAYSRind e desilidibadnahove with respect
to fabrication of the electrochem cal test strip devices, nmay be used for

fabrication afolyprepglans.otysphenargrolyestersst strip devices. The substrate
e ol A LS LA SR SRR Bt
inert materialgolgfis 5EKEBE asd 8RRk eSWREI BE@xSI¥®CSuch deposition may be
accomplished with slot coating, needle coating or ink jet printing techmques,
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 mentionéd above, substrate sheet 222 and membrane sheet 224 are
Q separated by a double-sided adhesive layer 226. Double-sided adhesive layer 226
may be fabricated from any convenient material, where representative suitable
materials include polyethylene terephthalate, glycol modified polyethylene
terephthalate (PETG), polyimide, polycarbonate, and the like. Both surfaces of
spacer layer 226 have an adhesive to allow it to adhere to substrate 222 and
membrane sheet 224. In embodiments where substrate sheet 222 is made of an
inert material, a spacer layer is not used. Instead, the side of membrane sheet 224

which is to contact substrate sheet 222 is provided with an adhesive coating,
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222 include but are not Ilimted to polyolefins, e.g., polyethylene or

pol ypropyl ene, 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 nmay be acconplished with
sl ot coating, needle coating or ink jet printing techniques, which are well
known in the art. The signal producing systemnay al so be deposi't 8&/ Wit hi n
t he sanpl e 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 sanple through

the sanpl e extth@eby ollowianeladBaR 1936hdhatshbeMBIRY Xroddles LRARR wés

menti oned above, substrate sheet 222 and nmenbrane sheet 224 are separated
by a doubl e- sitteed mameestvang, aldeyass.c. Dvoblheecsirdecread iestase magyher a226 nmaybe

fabricated from any. conveni,ent ..materi al,, where representative suitghle
material s i nclA/§8° @I@ﬁg?ﬁvpéaétl?‘@&‘@pﬂ}adﬂéma&de@g &1 IFL st nRE Iyt elhy | ene
t er epht hal at e iIBE] @thePOltYhtd ulﬁﬁméﬁg??tt&t_sﬁﬁﬂd i&shhle. Both surfaces

of spacer |layer 226 have an adhesive to ow it to adhere to substrate 222
and nenbrane sheet 224. In enbodi nents where substrate sheet 222 is nade of
an inert materjal, a spacer layer is not used. Instead, the side of

menbr ane sheet 4 which is to contact substrate sheet 222 is provided with

an adhesipy atingys3 Fak R/ : OWL NG -1t - bstrate
sheet 22£.ﬁé§?pr ocesgegrﬁoﬁn@ trk]xE%?&%ﬁ?@h%ﬁ%ﬁ?gﬁoh?Is%glfb‘?éﬁ?ﬂd a@gr s, I.e.,
two, three or snigeet msthode Thakés ohtHeesubreeinvaltiopriacdudaatlesst aak athjetltast i onshi p

and | am nated together intp assenbled web 230 which_ is then cut into

si ngul at ed phé Vﬂqee:O%t%@%m%St%Plsrad@oPE@gt sprop dewaegss whersghe a4 leagt 98¢ fsbyi ded
by the subject .t ' ' LUse i.Ci : j ect ,
methods. The tﬁﬁ@ﬁgﬁ%‘ pg%g? gﬂcl%%t%{\;glf# ?ﬁ;%ﬂcﬁﬁgﬁi%g%dtatﬂgéﬁgg?n y ngéysubj ect test
strip device, infladed feneablaopdispasableynatr thetghapbe ugeddeith dBposableaests bthip at

| east one test, st ri\& devi i:e conprises at | east on skin-piercing el enent.
The kits may AP%gesi WhrFyagurahiy pddest sirigrdericep seapy dedehey maKie nay be used

with dis posablc@lléc%%%ﬁl p%t:ﬁz;g%d within a cartridge, which may be reusable or disposable.
Certain kits may include various types of test strip devices, e.g., electrochemical
and/or colorimetric test strip devices. Such various test strip devices may contain
the same or different reagents. Finally, the kits may further include instructions
for using the subject test strip devices and meters in the determination of an
analyte concentration in a physiological sample. These instructions may be
present on one or more of the packaging, label inserts, containers in the kits, and

the like.

[00112] It is evident from the above description and discussion that the above
' described invention provides a simple, quick, safe and convenient way to obtain a
physiological sample and determine an analyte concentration thereof. The above
described invention provides a number of advantages, including ease of use,
decreased testing times, efficiency and minimal pain. As such, the subject
invention represents a significant contribution to the art.
[00113] All publications and patents cited in this specification are herein

incorporated by reference as if each individual publication or patent were
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devices. Wien a plurality of test strip devices is provided, they may be
collectively packaged within a cartridge, which may be reusable or

di sposable. Certain kits may include various types of test strip devices,
e.g., electrochemcal and/or colorinetric test strip devices. §Eﬁ@? rious
test strip devices may contain the sane or different reagents. "Finally, the
kits may further include instructions for ustng the subject test strip
devices and neters in the determ nation of an analyte concentration in a
physi ol ogi cal sanple. These instructions may be present on one or nore of

t he packagi ngspecHieally bné ardi sdugbninaicardso baifddepdeates by aefdrenthieThe ke. [ 00112]
It is evident fromthe above description and discussion that the above
descri bed i nvelfation®f gpyppblécatian d5 fppite disglaseie privafe thedfdinegtniemeouitay t o
obtain-a physi.qlogical_ss |l e_and d m ne_an_anal vt oncentration

t hereof The a %t\cjoee C%ng;tg%:erd i a%gfg alﬁﬁl\}sesﬁ?r} %‘tﬁ{s%? 853.58%5}“%"'“2 OﬁﬁgP&oefn%gla%ont ages,

i ncl udi ng easgntedatéisi®h puBEEAtRAIBIviEas bf port inb@ionef f i ci ency and mi ni mal
pain. As such, the subject invention represents a significant contribution

to the ali0114]00113\lthprghyilibifercaeingnsvesiidn pas beenglegérited ih sompidstadderci fi cat i on
are herein incor ated by reference as if h.i ndi vi dual ,.publication or
et vere 586 RIS ortid St pifhortn i dkty RO e B N b he

i ncor por at ed RYdilehRIa00E o thbE of SidiRl %mlqﬁ IRt ﬁtlbéﬂtt) 6§¥H6Q9acih§1gfcsi%ﬁ' tHik S

di sclosure prior to'the filing date and should not” be construed as an
admi ssi on t hainvedteonghatseentain ¢hagges amd redifiottiomnmiay kedmade tharstewaheutsuch

publication by virt of. pri.oy inventjion. [00114] .Al though the foregoing

i nvention has&ﬁ@gﬁuﬁégﬁﬁ@gﬁﬁn{?f%BH%O%§F§P$Q%§&C&HV&Of illustration and
exanpl e for purposes of clarity of understanding, it is readily apparent to
thpse of ordinary skill in the art in.light of the teachings of this

i nvention that certain changes and nodifications nay be made thereto w thout
departing fromthe spirit or scope of the appended clains. 40 LFS-157 G NOV
ZO0S d ai ns:
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1. A nethod of fabricating at |east one test strip device for collecting a
sanpl e of physiological fluid and measuring a characteristic thereof, said
met hod conprising: integrally formng a substrate and at | east one

m croneedl e extending planar therefrom and formng an opening within said
at | east one m croneedl e usi ng photochem cal etching techni cﬂjg% Wher ei n
sai d opening occupies at |east a portion of a width, dianeter or Iength

di mensi on &43a18BE d microneedle. 2. The nethod according to claim 1l wherein
said substrate and said at | east one microneedle conprise a netal nmaterial.
3. The nethod according to claim2 wherein said substrate and at | east one
ni cr oneed! ¢. conprmethodof fabeichtinpedtdedsbdne tdst sﬁiﬁdéﬁ&déﬁﬂc@t&ﬁhgh@&nﬂé oflaiml
to 3 further conprisi formng a fluid pathway extendi rom said recess
to a | ocat Plialpgiral rﬂ‘%‘g?@i wwmataéha@ctemﬁ@ ‘ihé‘teﬁﬁdalé.‘d@@h FMPGESiBE i m 4

conpri si ng; rnﬁH% thway W t hin
sai d test s&%gﬂ);c}% Vi C §%ﬁ§¢ﬁé%ﬁ§ﬁl@%@a§%3¥%ﬁﬂﬂd ?nfd“‘?#}%a{?o 5 conpri sing
usi ng web- bﬂﬁﬂbnﬁ alndi cati on techni ques wherein said substrate and said at

| east one microneedl e are formed froma web of suitable materjal. 7. A

- met hod of fommgcamm’»gmas withinapidiay legpt anegricraneedle yaipe phatochunigalie In@gj
conpri si ng; dj I
phot ochemi tceg & {Vﬁgreﬁl Shd %éeﬂﬁe%cyﬁlg?pgb?& Q%Pgt}dgfénfga\g %ﬁ te h| n said
first sheetengﬁhehmexmsl&aoﬂsapdtﬂic&bnéeylleof ski n-pi ercing el errent S ext end from
and are in the sane plane as the said first sheet of material, wherein each
of said skin-piercing elenents conprises an opening occupying at |least a
portion ofsa W - ar. . |.eagt e
ski n-pi er CI ng e’?ﬁ%%lﬁ?bﬁﬁ&%ﬂﬁ%&o&ﬁ%ﬂ lgy%g&gﬁg:g%fg%ﬂbgeaé%ncfp eet girlné/natl ng
t oget her smaidoddedktcoapdise @astal msateddls; and

3. The method according to claim 2 wherein said substrate and at least one

microneedle comprise an inert material.

4. The method according to claim 1 to 3 further comprising forming a fluid

pathway extending from said recess to a location within said substrate.

5. The method according to claim 4 comprising forming sub-channels extending

from said fluid pathway within said test strip device.

6. The method according to claim 1 to 5 comprising using web-based fabrication
techniques wherein said substrate and said at least one microneedle are formed from a

web of suitable material.

7. “A method of fabricating a plurality of test strip devices, said method
comprising;:

providing a first sheet comprising a metal material and photochemically etching a
plurality of skin-piercing elements within said first sheet wherein said plurality of
skin-piercing elements extend from and are in the same plane as the said first sheet of
material, wherein each of said skin-piercing elements comprises an opening
occupying at least a portion of a width, diameter or length dimension of said

respective skin-piercing element.
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Cutting said | am nated sheets to provide said plurality of test strip
devices. 8. The nethod of claim7 wherein a redox reagent systemis applied
to said first sheet. 9. The nmethod of claim7 wherein a signal producing
systemis applied to said first sheet. 42 § NOV 2006

Providing a second sheet;
Laminating together said first and second sheets; and

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

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

sheet.

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

first sheet.
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