| NTEGRATED LANCE AND STRI P FOR ANALYTE MEASUREMENT BACKGROUND OF THE

<l NVENTI ON CROSS- REFERENCE 100011 This application clainms priority to
Provi sional Application No. 60/458,242 filed March 28, 2003, which is

i ncorporated herein by reference in its entirety. Field of the Invention
[ 00021 The present invention relates, in general, to |ancing elenents for
use in drawing bodily fluids out of a patient and, nore particularly, to

an i nproved | anci EAER FQ?QQWE i oned
relative to each other sucﬁlfﬁgtb'gn II’ICISIOI’I orned by W@FWE

I's held open by the second elenent and bodily fluids are pulled up the

| anci ng el enent by surface BACKIGROUND OFETHE NVENTIONcond | anci ng

el enments. Description of the Related Art [00031 Integrated skin |ancing and
body fluid anal ysis sanplers are REFERENCH T One such systemis
described and illustrated in WO O e I ntegrated system descri bed
in WO 02/ 49[99091] ncl udé’hlsapplmammglaamemﬁtym Proarisiomal Apﬁmhom Bloab0/asg)24R t o
or integrated w oS ted to ure.t uantity of an

anal yte in bodi Ibﬂ’fjaﬁaﬁ?‘&s 5@931? ?%PW%%%@“‘&‘H?V&E@%"F%H‘E‘W

bodily fluid. Usable bodily fluids may include, for exanple, bl ood or
interstitial fluid (ISF). The lancing elenent is used to make an i nci sion
in the skin and thF bodily fluid is drawn up the lancing elenment to the
test strip by, en illary action. Such integrated sanplers may
be conbi neo[ﬂﬁm]h formmﬁnemvammraiehws,rmcgeﬁémbad hﬂ@hg&leﬁi&ﬂtsﬂ&fw"eﬁﬂd to as

nmonolithic or inssitu s dev ces, 100041 Man C|ng devi ces have
been devised to 4‘3}“’%'???;]&%0%8 F Bt @Hhﬂdemoﬁ%mrfl lqrfy, tQyan mgprgeed,i t hdr awn
from those inci sfidifig ﬁﬁﬂehﬁxkﬁﬂﬁgtﬁmaﬁﬂséb%ﬁdek&eﬁﬁ%su@&dfé%h%‘edc the
skin to allow bodily fluids to escape to the surface of the skin ere

they can be sanpother wh thabapincision formed byetha Siett slemenhis eldeapen by ¢hswerend hat |

crough 114 1< sihagaad tARILEy S e i OGBSI

fluids from the first and second lancmgelements
Description of the Related Art
[0003] Integrated skin lancing and body fluid analysis samplers are known in the

art. One such system is described and illustrated in WO 02/49507. The
integrated system described in WO 02/49507 includes a lancing element or lance,
which is attached to or integrated with a test strip adapted to measure the quantity
of an analyte in bodily fluid or, alternatively, some characteristic of the bodily
fluid. Usable bodily fluids may include, for exampie, blood or interstitial fluid
(ISF). The lancing element is used to make an incision in the skin and the bodily
fluid is drawn up the lancing element to the test strip by, for example, capillary
action. Such integrated samplers may be combined with, for example, an
electrochemical meter and referred to as monolithic or in-situ sampling devices.
[0604] Many lancing devices have been devised to form incisions and to enable
bodily fluids to be withdrawn from those incisions. Solid lancets are used to open
an incision in the skin to allow bodily fluids te escape to the surface of the skin

where they can be sampled by the patient or the doctor. In order to ensure that



the incision for sanpling purposes. However, such solid needles generally
‘rely on the size of the incision to ensure that enough bodily fluids are
expressed and are not used to facilitate the flow of fluids to the testing
.apparatus. [0005] Hol | ow needl es have also been described for use in
“drawi ng fluids out of the body for testing purposes; such needl es may have
a pointed or beveled end to facilitate opening the incision. In such

needl es, the i ncemsiugh flusd iseéldm;lefmrbyhdiheismmmeh solidlmtiag eleinehiBaraneedl e to

facilitate the fl ow bodi ]y f|UIdS i pci si.on _and the bodil
fluids are dramgﬂﬁraﬁ{%'el%%’&lqéa@ﬁeﬁg’r ta&@@*&?ﬁnwg“r"fﬁ fent SY fluids feown )c/)n
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devi ces have been descri bed wherein'the lance is a flat or
curved pi ece whi tih51mcalfltiweacmlnn¢@emm¢lémhmougbb0¢dy Hiidg arfel expotssed G tahe

sharpened tip to_the nmeans .of , for exanpl e,

surface tension %fﬁla‘i‘g{"ofxé%{ﬁ%ﬁ ‘2‘?37%? ‘Hds %’L}@ﬁtqséﬁgﬁﬁp%ﬁt%nts are

advant ageoumgbscause Heflow heedésSitavelalsatieeh dedcHbed RPdsd fﬁ&lr@@ﬁ:? fidfds out of

mtegratmgthegh{mgtg 7ff(r‘)rrﬁsh‘exarrple a lérlesh]@StrI%’ in orgiegr bofacelmljliltate

bot h I anci ng an gaY e PE PRIPYSS ﬁgq csfisprmay havep peiated o bealed to

el ement is a fl fﬁh@ﬁg&@s ifdi&bn Pirflih HRLAQ, IHBILAULEH iAPBRA nyGHanne!
i di [ sIb or t o ?

for guiding flui ges e 1 nclsi ose on
the channel, fudnitg-/r chamgtamﬁthb hgedié m:ifacnh@td:timftdmaoﬁnidﬂgrﬂhdsrwve%eng bodi |y

fluids from flowng to,th L0 of thec limting the

anount of fluid WRAF ég??etfq%bl%)ﬂuﬁsoﬁfe B‘Fﬁ“frb"‘b@e 38? etﬁﬁgﬁ?]va‘?"t“%

therefore, be adupnlAP8aiés or By d&ShibinaRichdf Ghd@nridd GpilheiRiohhe | an0I ng

elenment is a flat or aartlally curved piece including an qjhpen channel and
i

t he | anci.nd080@ment @Eﬂlﬂé@nadwsa%wp@ﬁcreﬂvéﬁ%bﬁd wheteinghedlapgs is adlat ori si on
open when the I es of
t he incision rom cﬁ&uﬁlegrfg%et‘h@c* gh%ﬁl%aﬂfe?'d é&yp%ﬂh h%ﬁ]’@qgorrg

bl ocki ng the operlnaxpchahmeto the prqmabbdd@fahh/lameagemmsw@ fdesiagiplag Sb!fmﬂ ng
devi ce wherein tthe se (gatail n elc {(r)ené is 05| ;e ned sl |‘%ﬂh§§? roximal to
the sharpened ti B of" TFAPRRT 158 H%}h 18 © g&‘i bt i05F245E ¢ he
|l ance into the sifithe edsé ofvrahifaéturd dirlthe ease of integrating them into, for example, a

test strip, in order to facilitate both lancing and measurement in a single element.
Where the landing element is a flat or partiaily flat piece which includes an open
channel for guiding fluid, it is possible for the edges of the incision to close on the
channel, fully or partially blocking the channel and preventing bodily fluids from
flowing to the proximal end of the channel or limiting the amount of fluid which

can flow.

Problem to be Solved

[0007] It would, therefore, be advantageous to design a lancing device where the
lancing element is a flat or partially curved piece including an open channel and
the lancing element includes a separation element for holding the incision open
when the lancing element is in the wound and preventing the edges of the incision
from closing on the lancing element and partially or fully blocking the open
channel. It would be advantageous to design a lancing device wherein the

separation element is positioned slightly proximal to the sharpened tip of the



,be advantageous to design a | ancing device wherein the |ancing el enment and
“the separation elenent are fornmed froma single netal sheet. It would
further be advantageous to design a |ancing device wherein the |ancing
.element and the separation elenent are positioned opposite each other such
that fluid is pulled up the lancing elenent and into the open channel by
surface tension between the fluid and the |ancing el enent and separation
el ement, thus f akb¢ing glemegt toHacilitats insertion of thedanogapiadhe skin. Hovould her be
advant ageous to desj | anci ' M Lapein | and
t he separation egee vﬁ{’nmg?oé]g{%{ri%ggpﬁ/aégﬁ §dé?ﬁ%ﬁjg@mg'ﬂglgtﬁ%%%%fﬁF&%?I fd to
position the Sep@ﬁﬁaﬁ@:ﬂel&hﬁﬂﬁj& ferppadtdre atshegld meal stget. et eorld fubertbet hat the
proxi mal end of the lancing elenepnt and the separation, element form an
open channel . | tadyaniagedus ie fesignylanging dexige sihsreinthgdanemesiement apddhg anci ng

devi ces descri be £l | - Site i BL e Hhi i ng
process. SUM\/ARYQ&Q& ﬁlﬁbiafmf &E{ﬁ [18 08 Iteancg%z?%t%]{cgitﬂ%tr}?%&)gsﬁgﬂ %@ggent

i nventi on i ncl udde lancingrelénmat ehdintmthe dpguichannal by swfacs kemsiosbetiveendhgoi nt, a
separation el enept, hayi.ng a.second = sharpened end poj nt erein. the. second
shar pened end po/ﬁ'[l]‘Hfl @it}ﬁggﬁ“'ﬂ‘?%ﬁ@a"'“ _B)?Fﬁfﬁ'f‘tl?rbfﬁ?'ﬁﬁﬁf ﬁhpgfa\g@ﬁata%ﬁqgﬁﬁg}gd
point, a connectGnheOMRAL INFodd FuRkdrivRladvaftideo@iitofesizh @ thndifg déviaCi NY

el enent to a proxinal geort ion of the separation elenent, the connector

fornmi ng a channewher¢in the faneing elemenbanyl e sepasationtedernent geeformed, {remd wrgle t he
separation el enent i 14 . ;,a,_,rég : ks I t. In a
further enbodi msr?%etooﬁnfeg%r%frl%slg t"%‘rﬁ’@g’%u hﬁ?hlge]lggﬁgél (ﬁ%%g&g[r?gr%t, he

separ at i on el emasémen duéthhatctha pradimal endf adtheelinding elemest angll the sdpasittionf net al .

In a further enbhodi nent of the present i nt.i o space hetweep the

| anci ng el enent SR ‘Pfé"g’b‘b%ﬁnﬂ"‘aﬁ‘ﬁé'e e‘ﬁ%‘ﬂ%(?‘frb?ﬁgé ﬁ‘?"d’ﬁ EeRUFO IR asi ng
in size proximalihé Pnkig deFieSOddcShal Redlf dsinig Plor bXxaniplé, W héral fopmiipdirment  of
the present invention, least a portion of the channel is treated with a
hydr ophi i ¢ sur f4H@PIBHRICEY: In a further enbodi nent of the present

i nvention, at |east a portion of the lancing elenent and 3 at |least a

portion of the separation elenent are coated wth a hydrophilic surface
SUMMARY OF THE INVENTION

[0008] A lance according to the present invention includes a lancing element
having a first sharpened end point, a separation ¢lement having a second
sharpened end point wherein the second sharpened end point is positioned
proximal to the first sharpened end peint, a connector connecting a proximal
portion of the first lancing element to a proximal portion of the separation
element, the connector forming a channel. In a further embodiment of the present
invention, the separation element is positioned at an angle to the lancing element.
In a further embodiment of the present invention the lancing element, the
separation element and the channel are formed from a single sheet of metal. In a
further embodiment of the present invention, a space between the lancing element
and the separation element forms a gap, the gap increasing in size proximal to the
second sharpened tip. In a further embodiment of the present invention, least a
portion of the channel is treated with a hydrophilic surface coating. In a further

embodiment of the present invention, at least a portion of the lancing element and



,coating. In a further enbodi nent of the present invention, a proximl end
of the channel is integrated into a sensor strip. In a further enbodi nent
of the present invention, the sensor strip is connected at a proxinal end
.thereof to a plurality of additional sensor strips BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0009] Wil e the novel features of the invention are set forth
with particularity in the appended clains, a better understandi ng of the

f eat ures and advaileasgaeporiontaihe separation elementare opated Wwith dydinphilivesdriage

reference to the follown i description. that .sets fart
illustrative enb ?lﬁlé‘nm? ﬁ}fﬁ%&%ﬂhﬁﬂgﬁﬁ?ﬁthﬁgﬁe&%énv(;}fm?rhéx pr?ﬂg'@ﬂrgrfdoqf the e
utilized, and thehJngaeldsnaeptated imo avemosstep. Wi Glthel BRABOdinfehOsF tBe prekcnt@
perspective view of a lancing elenment and strip according to the present

i nvention. [0011nveRtipms esensor atripds soneeted at 4 prowiredl epd gherend to aphralgy of

| ancing el enent apgh St EdnPoAGSey di ng to the present invention. [0012]
Figure 3 is a perspective view of another enbodi nent of the invention in
which nultiple strips forman array of sensors for use in a cartridge
format. DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI NENTS OF THE | NVENTI ON
[0013] Figure 1 is a per BREFRESCGRIGTIIN QR IHE DPRAWINGSor strip 100

according to the present invention. In Figure 1, lance 15 is connected to
sensor stri 0. S r stri 00 may. be, for exanple, a glucose sensor
strp i cHOREES ol colPOE AR Gape R A e SEnsh oy B PHEGYErDiin
bodi Iy fluid, susbaggendédélain®sabRia unab@RadiRE of tHeSEsthiel had advatiales of the

Addi tionally, sensor strip 100 may be, for éxanple, a coagulation sensor

whi ch nmeasures aPrpippsinyentionillherabtained by rsferenceéeithe follewingsgafleds

Vi scosity, capacj | eﬁg, j ' e Jan 15
further incl udesdngﬁgﬁﬁéﬁagﬁéeﬁgﬁrppg?san ctsegg)glriﬁéshhgrgfﬁgﬁe @iﬂm %ncgf’cawe strip
100 further i ndnuehtionfaregilized.cnttideccompigitg dr@wired o€ sihich: | ayer 11,
conducti ve trate 12,..vent _hole 13, second electrode contact, 17,
oaulat | g RRL T 50 & Haen i EPsmPR e My R SR B R TR A sh o 813 o
wor ki ng el ect r odRe pesent invefitigbodi ment of the '

[0011] Figure 2 is a perspective view of the top layer of a lancing element and

strip according to the present invention.
[0012] Figure 3 is a perspective view of another embodiment of the invention in

which multiple strips form an array of sensors for use in a cartridge format.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

[0013} Figure 1 is a perspective view of lance 15 and sensor strip 100 according
to the present invention. In Figure 1, lance 15 is connected to sensor strip 100.
Sensor strip 100 may be, for example, a glucose sensor strip which uses
electrochemistry to measure the amount of glucose in a bodily fluid, such as, for
example, blood or interstitial fluid. Additionally, sensor strip 100 may be, for
example, a coagulation sensor which measures a physical characteristic of a body
fluid such as viscosity, capacitance, resistance, and the like. In Figure 1, lance 15
further includes lancing element 22 and separation element 24. Sensor strip 100

further includes first electrode contact 10, adhesive layer 11, conductive substrate



i nvention, sensor strip 100 may have an approximate wi dth of 0.22 inches
“and an approximate. length:.of 0.55 inches. [0014] Figure 2 is a
perspective view of |lance 15 and the top |layer of sensor strip 100 for use
.in the present invention. In Figure 2, the top | ayer of sensor strip 100
"and lance 15 is formed from conductive substrate 12. In the enbodi ment
illustrated in Figure 2, conductive substrate 12 includes vent hole 13 and
regi stration holk, et hole i}, gegondzlecirade eont&t i Rohsidasing sanbet‘rmgl&limmmgzz

separation el eng ﬂéd sén?mra& Ah%lg%gpglwogﬂ]%[egg&@e 3(gnelpen’no th‘Snt o

| anci ng el enent use i

may be descri bednwmhnrsehewre;nqﬁlﬂa)mEy buveesm dppriximate wlﬂthtckf@.mhbﬁaﬂlaﬂ&aﬁ
illustrated in Figures 1 and gg r strip 100 includes first el ectrode
contact 10, wher¥® W”Fmﬁ@te@tléew &%eht act 10 may be screen printed on an

insul ating pppAtrate Iilgurc@rlg aPeRBEQNA vidwof AL &@ttﬂgtoﬁéger%?éﬁglgstﬁ cond

el ectrode contact 17 c rises a portion of con uctlve tra i ch
is contiguous Mﬁormeenmewhewcmdm HﬁFwtmeﬂahc:mpﬂﬁyerlaﬁ sérizer ﬂﬂbodﬂ) ment

of the |lancing e sen or_stri es 1 and 2,
the orientation aB % 88]3°° (SiHFtévc?ts“Eﬁméena#egl&}Bﬁ E‘F%de cont act
17 are arranged lﬂm@tédhﬁﬁ*“lg@élZ%b%HMétﬁe@BM@m?iﬂEluH@&?én’t h§léq|3 and. for
exanpl e, a glucose neter inot shown) can establish electrical contact with

sensor strip 10@cgistrationdoiq 23, sinFigurs 2, lager i} includes lnneing element 2% depargionact

10 and second e'eE%Jn??gaﬁ@ﬁl Errnl:hf‘re arranged on the sane side of
I nsul ating substrate to cilitate contact of both electrodes at the

di stal end [@ﬂlﬂensor Grterangbotiiifent [of @ 16icirgprisment atd sqnsdﬂﬂrip suxmhluﬁoﬁﬁidjhed
usi ng adhesive la

attach, insu ubst rat o tive
aubstrate 12, ARyt iydafi 887 be ERHbE MR bR iroiEs habr e umy s,
i ncl udi ng usi ng epibedinent iR Rrated m/mgﬁ&rsaranalz senBSBtriR ¢O0 iRhdes filkt 8edtidde OF
WV cured doubl e sided adheswg nglp? Conductive substrate 12 nay be,
for exanple, a SPRat 10 wherstn hisst ‘ded%‘?a%‘tmﬂ@amm%P@MPn% gol d or
plated stainl eS&sﬁtaﬁﬁhqumtmoaﬁa 5yec%aeﬁeﬁa&tdoxﬁcﬁpwﬂe?&fsekaﬂaﬂy be

formed by, for exanple, stanping process or photo et chin
enbodi nent 5 electrode contact 17 comprises a portion of conductive substrate 12 which is

contiguous with reference electrode 37 and lance 15. In the embodiment of the
lancing element and sensor strip illustrated in Figdres 1 and 2, the orientation of
first electrode contact 10 and second electrode contact 17 are arranged such that
an analyte measurement meter, such as, for example, a glucose meter (not shown)
can establish electrical contact with sensor strip 100. In the illustrated
embodiment, first electrode contact 10 and second electrode contact 17 are
arranged on the same side of insulating substrate 18 to facilitate contact of both
electrodes at the distal end of sensor strip 100.

[0016] Sensor strip 100 is manufactured using adhesive layer 11 to attach
insulating substrate 18 to conductive substrate 12. Adhesive layer 11 could be
implemented in a number of ways, including using pressure sensitive material,
heat activated material, or UV cured double sided adhesive material. Conductive
substrate 12 may be, for example, a sheet of electrically conductive material such
as gold or plated stainless steel. The geometry of conductive substrate 12 may be

formed by, for example, stamping process or photo etching. In the embodiment



illustrated in Figures | and 2, lance 15 may be manufactured as an integral
part of conductive substrate 12. Vent bole 13, may be -forned by, for
exanpl e, punching through conductive substrate 12. Vent hole 13 is used to
facilitate the transport of bodily fluid up | ance 15 and across wor ki ng

el ectrode 36. Registration hole 23 may be forned during the stanping
process of nakina conductive substrate 12. [00171 In one enbodi nent of the

i nvention, an anBlusted BhEightgs | 2pd 2, laage btmay e maapfaepired asaargintngo@@m@rﬂsi ng
| ayer, i ncI udi ng, f naI
.sensing | ayer (no(%fmél %@e ?))%le era%@%%wgén{lg%gg%pé \RB?}ﬁ

el ectrode 36. V%ér@ghmoamadtr)v’ceulmram iy Vemyholells me&ﬂl tbcfadHta&Cthe tragsport of
presence and con i on . of se in a bodil | east _a ortlon
of glucose sensﬁg‘ﬂg1lt fﬁv‘éflp!ﬁ'@% % ‘iaﬁ’rﬂsst‘ﬁ%rkli‘(gcﬁlq ijF fjdkgﬁﬁ"'f‘%‘“lﬁ‘%l

convert the gl ugapBe fRieaALEiAE tHRStAYiAg BACEIs?A ke éaﬁdwamusﬁra?@{%m er

which is proportlonal to the ?I ucose concentratlon I n the sanple 018)
In the enboti0kEht i |lnsnegmbed rltpétheesvelﬂtlamdmz;lalymsmglm“mydbes{bal and
proxi mal end and_the, pr n ated withr ence el ectrode 37
and the distal cexrzllﬂ’l"'llérgcIguu ggcss Slg'ﬁéarygﬁr s gélf%%a%?"ﬁyﬁ'éc &%éﬁf ﬁ& % aci ng
el ement 22.  Langedidtor.nAM ahflyfeaenginlg Riyet (A8t HoORT BfayPrefotbIPbd\depdtited on
photo-etching a conductive netal sheet. Photo- etcﬁ | ance 15 is al so

beneficial in fdepPPfwatkipgel e?‘F@cr?ém}VB%‘FGFé“@Y“’éemsaﬁ& aygr is|userbiordeieni bR has
a sharp |ancing ﬁk&ﬂ%@&n@%atn%ﬁ%ﬁéﬁ%bé&g% BRI u at leheed pRHRRGAUCN!

process step, lance 15, lancing ele , separation-el enent 24 may
be bent to formglucog Smlﬂgllﬂyﬂsldépeldcmhahmmdllthmdrmdgslasdmmventlthdzl gure 2.

Fill channel nci el enent and separation
el ement 24 to \Mﬁﬁ'{oﬁg&e &qg%é{" it ?@élgwﬁ%%edg?rgﬁeﬁ%dv s L one
enbodi ment of tr;ﬁogwr&amtotha\gmwsmnc‘emldmﬁa:lesmﬁlwf | acing el enent 22
and separat| tip 4Q of se atiaqp ele re of fset by about = 0.005
inches to Cfog% i nch Oh @B’g‘% éﬂ % %f @‘dl 1?‘%°°a'ééﬁ§é&'¥%%re
effectively cut psdfxxﬂlammrﬂtae p@hﬁﬁﬂ%dhﬁafélgmedomtmrefeienl:@a&me%b nt 22.
As illustrated in Figure 2, with separation tip 40 offset distally from

sharpened tip 38hfoqh~°»@l enfbineludes sharpened tip 3%t thejfistah end afilaging|elament 23
conprises only ghgep Eflﬁgytble f?or?i%d"l@’ thid piiRdss be st%n%ﬂ{gyorsghﬂcp-etchmg a

conductive metal sheet. Photo-etching lance 15 is also beneficial in facilitating
the manufacture of a lancing element which has a sharp lancing element 22 and
separation element 24. In a subsequent process step, lance 15, lancing element
22, and separation element 24 may be bent to form a “V” or “U” shaped channel
geometry as shown in Figure 2. Fill channel 21 serves as a conduit from lancing
element 22 and separation element 24 to working electrode 36 and reference
electrode 37. In one embodiment of the present invention, the distal end of lacing
element 22 and separation tip 40 of separation element 24 are offset by about
0.005 inches to 0.020 inches.

[0019] The design of lance 15 is adapted to more effectively cut skin due to a
sharper leading point of lancing element 22. As illustrated in Figure 2, with
separation tip 40 offset distally from sharpened tip 38 of element 22, the extreme
distal end of lance 15 comprises only sharpened tip 38 which may be a very sharp

point or edge to facilitate the initial incision as lancing element 22 enters the skin.



.point or edge to facilitate the initial incision as |ancing el enent 22
"enter& the skin. 6 In contrast, if lancing el enment 22 and separation

el enent 24 were coincident, the |eading point of |lance 15 would include
-both sharpened tip 38 and separation tip 40 naking the conbination |ess
sharp than the enbodinent illustrated in Figure 2 and requiring nore force
to create the initial incision. The offset of sharpened tip 38 and
separation tip 4B ¢eakast if neingslerpent 23and seRaratiogisicanant 4 weee coingidenicds  t he

i nherent al i gnmeptqidb bhint h&S19 RolidiRdi LR .:QQ f_lancin
el emrent 22 and %g%lggiylno#%*enent ogf lﬁ%‘f%@gt}l nfgggcé'?%fjgg?m%'?'hn ach
other. The enbot mekingatie ¢ombinatiomriessoharpltharsthe ambddimentillgstrated in Bigdre2 i S

further beneficial, because if enhances fl ui.d egress_by hel ping to spread
and hol d open th"ﬂ’dsrﬁﬂ‘?f““%ﬁl?ﬁ‘a}oé‘fetté’rcr?a}‘i%threh‘?‘f‘g]dpg?‘ﬁﬂi o Atipet qﬁag@'peqqql ithe

enbodi ment i || usig afedphdtiéi GP'A6 hakk 18R€ 18 mdrdfah@aGErabl %&5&4&'%{ {e!dHEJSUdeS

reference el ectrode 37 and second el ectrode contact 17. ternative
enmbodi ments nay thedhgrrat falignmeny difficuiies imbringing the sbrsp poit of kneinigredmhent

contacts on ins ting substr - [10020] In the enbodi nent, of _fhe

i nvention ill ustgrzg%“é’dggPﬁ |“g?}fg%égrbt,]£ﬁ lgir?caglgﬂ'&emi KEPTEW ?a}%‘?‘%ﬂn €21
wherei n the seardmtsilimentnstithé DReténlREAtdEIn RGN DanE? RTaftherFendfidial
separation el enent 24; and fill channel 21 facilitates the flow of body

fluid from the ViSGRRSCHFIRBRES HBidagsess Oy dielpi to spread prshbold ppen the skinani ess

transi tion bet Wegsdifhcl ARGHS RLSITR nAd. BARCEAbIMR! BT Pedh ﬁggrrgi 1]

channel 21 prevents the introduction of stop Junctions can ede
the capillary flloand 2,shedande 15 fyither inelrdésasierchioe elgctirariecd 7opndrsetond dietrodases

the likelihood tha I Qi .sa Y] uf.fi,.chently cov rkin

el ectrode 36 and op{élfglr‘}énggc‘gf’té?: ‘gg edl%hé Pﬁﬂg&%}ﬁ%@ﬂgﬁqﬁgﬁﬁ%ﬂ%ﬁfu St he
| ance 15 above aihdkicovudd duataision insulmibg sabsteaen8.i f [ ance 15 lies

hori zont al | ffset fromthe wound.. In certain enbqQdi ments of the

i nvent i on, léﬁﬁ'ﬂl e carng¥ %’E‘fﬂdf@ﬂ‘_tt"(gﬂf"d@"gﬁt‘% ’@%S“P'ﬁaé’éﬁﬁ!ﬂ“r%_ﬂﬂ&e Bhan j ust
the proximl engipdesfandmnddd 20 héte R (RY idfitess wafdfiond BaweH! ihdNabnd0S! Ng
sanple onto sensor strip 100 after a site has been | anced separatwely.

[0021] In the erismanidAendieppraton aleaient 2t apd fillshanneba! fagilitatgs the flow ohe gap
42 between | angj,id nGlEER theAtoitidtoSFRRIG blelRof FTCRIaidShAY! ARSR0ML! ¥

fluids into
transition between the lancing element 22, separation element 24 and fil} channel

21 prevents the introduction of stop junctions which can impede the capillary flow
rate of liquid samples. The unique geometry increases the likelihood that a liquid
sample will sufficiently cover working electrode 36 and reference electrode 37
regardless of the height of the lance 15 above or below the skin wound, or even if
lance 15 lies horizontally offset from the wound. In certain embodiments of the
invention, sample can be applied to the side of Jance 15 rather than just the
proximal end of lance 15 which provides a user the option of dosing sample onto
sensor strip 100 after a site has been lanced separately.

[0021) In the embodiment of the invention iflustrated in Figure 2, the gap 42
between lancing element 22 and separation element 24 guides bodily fluids into
fill channel 21. The increasing separation between lancing element 22 and
separation element 24 as fluid moves distally towards fill channel 21 facilitates

the drawing of fluid into fill channel 21 and from fill channel 21 to sensor strip



fill channel 21. The increasing separation between |ancing elenment 22 and
"separation elenment 24 as fluid noves distally towards fill channel 21
facilitates the drawing of fluid into fill channel 21 and fromfil

-channel 21 to sensor strip 7 100. As gap 42 narrows towards a distal end of
‘separation tip 40 of separation elenent 24, the surface tension between
the bodily fluid in gap 42 and the walls of gap 42 increases, thus bodily
fluid is drawn ndP@ %ea@n #2 namews tpyrrda distaliendof| sapgratioe tipdh0 o§tscpapatmo Gap

luids into 1111 SRRt il knsioHedsA Guddif A il Runchali?st

positioned to thgalswﬁlcm‘asd;amuéaodﬂhﬂaldamHﬂmimq-etrbﬁlwiyﬁ) 4Wm:ﬁhl iR Or
strip 100 may be used to gather bodily fluids. [0022] Fill channel 21 may
facilitate the fF“d\ﬁP‘bﬁmbé | Gap f2iigalsp gdvapiagequsindhat 1t facjjitates the igrodussion| ar y
action. In the egpggli &ﬁﬂﬁ il B DpT R annel 21
has an open geonetry (ﬁ bam\% at elstthg wuiéaﬁlﬁ]mapgﬁggfggjsl}ggﬂgl es and
provi des for si npositioneene fhecider ofigaptde thms quivscing ¢ie waysiavddchsensorctris ed

capil l ary channel For certain.e nts of the invention, fill channel
21 may be coat edléﬁﬁﬂﬁygﬂg{ﬁdﬁg@?ﬁﬁ%i}%ﬁfnﬁ W8Sor undergo a hydrophilic surface
treat nent Lgmzm:r eas eFfiNGafi) 211 Inddy fabitae thel fidw oF Bddilly e for2kampre!
certain dinments of the invention separation_ el errent "and | anci ng

el ement 22 may Wickingareapilannhacsiony dn gheremhodiment r-lh@treﬁeduhﬂwn@é lrﬁyxdﬁerfm lic
surface treatmeniy b ge; 71 mﬁ E@&@ﬂ %@ﬁzfaciﬁtg%gy@r&,eb}qﬁgfo?bﬂc&ﬁemﬁ les

Addi tionally, the open geonet channe facilrtates the cki ng
of sanpl e becausand propﬂea/ﬁanSBnplhanalﬁufamxﬁmgmchlﬁqlwsmmnmphmdkmthlaiosadcl osed

channel geonetry |II nlet can, hecone itioned
too close to the® alﬁ &é?ﬁ%‘"ﬂ?ﬁg' ?fgh? ﬂﬂﬁ“dté ﬁ*’rCB P27
facilitating themhy B&Vc&ftetﬁﬁﬁma%uff@ct'faﬁt&oﬁﬁﬂg d)ﬂ mﬂyrgoWﬁﬁrdﬂnﬂlmaace geonetry
of fill channel 21, the proximal end of |ance 15 can 05|t|oned

arbitrarily cl osEamertie nsmase thegrapillagy Bﬁr%‘ﬁldéfﬁémeﬁhaﬁwlﬁz QU‘FW ent f il

of sanple. Int %&%@ﬂgbﬁﬁﬁtxn@nnbﬁ%eﬁdmﬁﬂtél%mbﬂ%n@l%ﬁ@i SRMRN i1l
channel 21 has t capacity to hold a larg ;;E' e volu than t
©

m ni num sanpl e v detvath a:sm‘é&ctaﬂéf:@mmw uedttrs@ hyidteplglic amﬂaoamekmwgt to
el ectrode 36. Thec%%%ﬁhggﬁnﬁiryhoqj foréé \Lnthm gap 42. Additionally, the open geometry

of fill channel 21 facilitates the wicking of sample because it prevents the
formation of a vacuum block. In a closed channel geometry, a capillary inlet can
become plugged if it is positioned too close to the wound or inside the wound
preventing air from facilitating the flow of sample to the capillary. With the open
geometry of fill channel 21, the proximal end of lance 15 can be positioned
arbitrarily close to the source of the blood and allow for sufficient fill of sample.
In this embodiment of the invention, the open geometry of fill channel 21 has the
capacity to hold a larger sample volume than the minimum sample volume to
cover reference electrode 37 and working electrode 36. The open geometry of fill
channel 21 thus allows excess sample to accumulate along fill channel 21 which
helps leave a cleaner wound site.

[0023] In the illustrated embodiment as shown in Figure 2, the geometry of
reference electrode 37 may be formed during the stamping process which

effectively embosses the surface of conductive substrate 12. The stamping



. i ndex

channel 21 thus allows excess sanple to accunulate along fill channel 21
-whi ch hel ps | eave a cleaner wound site. [0023] In theillustrated

enbodi ment as shown in Figure 2, the geonetry of reference el ectrode 37
-may be formed during the stanping process which effectively enbosses the
surface of conductive substrate 12. The stanping 8 process nmay provide the
pressure needed to create a recess in conductive substrate 12 which can
hel p define the Rroeasamay psevidets presseedigededdp sraateoairecess inpondustivksubgtrate

el ectrode 36. Fo I 1 3] ' IO f ri.hed inv ion, it may
be advant ageous {zo&glgfr’\t% ?@p&?ﬁéﬁﬁ; ;ﬁr'r:szaelp éa%%egﬁ??fg 3?%%8%“%@%@3% 37 and
wor ki ng el ect r odgorkingectiodo 36 Fpr certait apphaatisndsit thetiésciiBed Mivbmash, Rimay
controlling the thickness of adhesive |layer 11. For other applications of

the described ihBfAsxantageous fo gapprolthe digfancs betyrren defstrace elepispdectiands t he
conducti ve subst | i ne
geonetry of ref e%@%@g%cg?ta ?3@2?3??%?%%20{4 dﬁﬁﬁ{ehggbgr %é?ﬁng%agg) cé}ghoglgnrg
strip 100 il | ustthathdckniess dfiagbesevellayérnidul Far iothgr applivationstof tHBdesoribddst s of

material such as _polyester o ergm c_on which a, conductjve material can
be printed onto ’Pﬁ%’&%ﬁ’t’f H’@yé[?B(éFPaY@%i%eoPﬁP&?éﬁ@P?%ﬂe E?;"_fdé’&ﬂ'r’?lﬂ-‘, strate 12
sputtering, or ein8tké siHeive lzﬁeppﬁtdh&?dsﬁ%lﬂ@@&éxﬁ&rf@ﬂr@fér&ice@f&%ﬂé?ﬂ on
i nsul ating substrate 18 forns first el ectrode contact 10 and wor ki ng

el ectrode [8824]| nsul dnithpembgdiment®f seRsop stripflOP idysinysddn Figure dringatinged t o
forma boundary | | o trode 36.
[ 00251 Figure 3 Slnéa{ft{)iegr é%ngﬁsﬁ@éﬁé\?%&lﬁgéﬁ gs;F;r?(]) %tg?gg?%%&l%nen ﬁ%ﬁ%t he

i nvention in wrosductive tiapral edm beprinted ontarinsatating sastatenkothsodghrsilise i n a

cartridge formal . Such an arra e i,nserted jnto a neter (.not.shown)
avi g Stri p cisEBENOBPRREde. BLRFaHo-fR BRI Re CoPadHae TRiEa BRSSO, ¢ hi s
embodi ment  al | 0w idsul RiigQhibsifatd ESforing fiv& ele@tré@dcdntach 108N KoriGhgble@fode® an
accordi on wherein several strips simlar to sensor strip 100 in Figure |

are attached t ogbt hesulasingdavenr? ayditeltr cxamelR. screpinrinteditadommappunds® i n a
cartridge. In F'f%:‘?té?cthaQ?HﬁttaétVﬁlﬁlHQ@%} t Rlekfolié3gt anped in a

progressive manner to tormlance 15 suc at several of themare chained
t oget her i h0@2Si es. Thgure Bandberspestive vicw offanothatieobodimentdfdhe mventiod ifor ns

which multiple strips form an array of sensors for use in a cartridge format. Such
an array may be inserted into a meter (not shown) having strips dispensed in a
serial manner, one by one. The format of this embodiment allows a row of strips
to be folded in a manner similar to an accordion wherein several strips similar to
sensor strip 100 in Figure 1 are attached together on an arrangement which
facilitates their use in a cartridge. In Figure 3, conductive substrate 12 is stamped
in a progressive manner to form lance 15 such that several of them are chained
together in series. The stamping process of conductive substrate 12 forms index
hole 31, neck 32, and contact hole 33.

[0026] In a further embodiment of the invention, a second electrode layer (not
shown) comprising an adhesive layer and glucose sensing layer would be attached
to conductive substrate 12 as illustrated in Figure 3. A contact area for a
reference electrode for all of the strips within the array may be formed using a
single area within conductive substrate 12. However, individual contacts must be

made for working electrode 36 for all of the strips within the array. In the



hol e 31, neck 32, and contact hole 33. [0026] In a further enbodi nent of
‘the invention, a second electrode |ayer (not shown) conprising an adhesive
| ayer and gl ucose sensing |ayer would be attached to conductive substrate
.12 as illustrated in Figure 3. A contact area for a reference el ectrode
“for all of the strips within the array may be fornmed using a single area
W thin conductive substrate 12. However, individual contacts nust be nade
for working el ecembatimad dfdhis @ventién,tildexdtoleé Pkiswisedionindéxethe stripycarttidgd e 9

enbodi nent of thjs, .invention. index hole 31.is ysed. tq index .the stri

cartri dge so 1 nR it PAEBRvER TRt St pasiidf Nk azis puhed brbervennd a2 | s
punched in bet wegacdn@HiFS etfe filrpose Hf nddkS VMNP R Vit (EGHD Bendi

facilitate the stri p“ben%?n at the Inocation of lrgeclz 32 pI n (l)l?gd{let?h??c or the

strip to be exprlesaon ofneck 3% aln erderder thestrip tehsiexpiessedduch that sbser pari s bent

downwar d and nec facil i 2 ' t L ped. | ocati.on. Contact
hol e 33 on conduié»’lp %%]0%6%4[ értgbzﬁl%?gﬁ i {o}vvsar%eﬁ"gé’te?l?égﬁacgl%ﬁ? MeftBe nade
with a working edefined idatian Gontadiolesd3 orgcondbiveaubstrald PPl ows it hod of
| ancing in accordance with the present invention, a lance simlar to the

enbodi ment s i | | fOPRst WcPeimads; with & workipg elseigpdeson an igsulatingsybsiealg-ng a

| anci ng el 22 W | | . t avi ng
a separat f{gﬁﬁq]i p 40 I%ltsl %Eﬁ?gﬁgﬁg%ﬁdo%cgn%m%o@g g{cgjtéénsg 1’? }I%H% ’.aﬁﬁc%ne
enbodi ment  of tsmilanto¢het ¢énalrodiments alpnstrated omFigues4CGhromgh Bés prosided baeidg a

bet ween appr oxi nat el . 0 I .nch and ..020,, nches proxim shar pened
Cp 38, A et hod e e 22, ShdRen 16 48,8 SHrasfn At 24 Frdnis ¢ ne
step of providi ngpaatienie40 Brposnibﬂfmpmkh@lttdﬂeb@?mﬂ apI38e Ml ofd erhSdWsinBst

el ement 22 to the proximal end of . separation el ement 24 wherein the
connector forns % the ipyention the-separptign tip 40 imny derpagiionedbeivess srproximately

lancing el ement &g @bikstah@ .0200%E B broXidlainb shapaiald LR, £ tacédh
wor ki ng el ectrode 316 ofS sensor stripf) iOO. 'I§he met héﬁ% urt her ﬁcncFE@itﬁg t he

steps of i nsert ithgpreseat inypetionyfusthenipeludesthe sieR ofi proyiding avemmedtari si on,

L0 SRS AP0 il A 27,
el ement 24 in t separativinslamenti2i|vehelpdin tiet connextréreforthoalfill ¢hirnel 2iexaemiig awn
into a gap 42 bq’ltomnllet 2 pg'gxei\mal end of lancing element 22 and the proximal end of separation
element 24 to a working electrode 36 of sensor strip 100. The method further
including the steps of inserting the lancing element into skin to form an incision,
iﬂserting the separation element 24 to further open the incision and niaintajning
the position of the lancing element 22 and the separation element 24 in the
incision while blood or other bodily fluids are drawn into a gap 42 between the
lancing element 22 and separation element 24. The method further comprising
the step of drawing the bodily fluids from gap 42 into fill channel 21.

[0028] A lance 15 constructed in accordance with the present invention is
beneficial due to the seamless transition between the tip section and the capillary
section, and because the tip itself is a type of capillary. The unique construction
of this design better insures that bodily fluids enter the fill channel 21 regardless
of the height of the tip above or below the skin wound, or even if the tip lies

horizontally offset from the wound, where the lance acts as a conduit for the

bodily fluids.
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Jlancing el ement 22 and separation el enent 24. The nmethod further conprising
‘the step of drawing the bodily fluids fromgap 42 into fill channel 21.
[0028] A lance 15 constructed in accordance with the present invention is
-beneficial due to the seanl ess transition between the tip section and the
capillary section, and because the tip itself is a type of capillary. The
uni que construction of this design better insures that bodily fluids enter

the fill chi03®l 21 rAgsnseredyp 100conpaugied apRerdyme to e Prepenh MyGRLQY is parew t he
ki n wound, or e ' | ' ' I f, t pa nd,
ski u URily bg n‘izﬂﬁfalchxgﬁc? t grc'ngﬁg zﬁag.ggxl chay(s ls{rﬁf" chg}g & 2%

where the | ance act S a co ur-ds.
sensor strip 100memnufa¢tnredtbydfaxesampienipjection melging sertiossing,erichamicals nor e

easily by manufactured than .a ¢l osed channe ensor strip..Such a strip may
be manufactur e&tﬁgf?gf%rev%rk%f_ _%',na?etHP'_élét R@Hleﬂﬁ? ﬁiﬂﬂl&ryéﬂ‘ﬁgé’g%@m&h%m cal
etching, or evenpay BEwealsr €™ AGnpatkulé lobdiechamidl th e aks§ Bante ARrcdRRN
channel rmay be weaker than a conparabl e cl osed channel, the weakness can

be overcone wi tWith He ussef.dor exagmple, hydrapailicpefaesgrainents ar sustactant eoatingsnt s
or surfactant coati .l i.ng - 80 Clg0 i . Ghem cal
Co., St. Louis, 1&])%)1_\1?&§é’;‘g§%+§6{6%ﬂ gd %—%gglcg?’%o?&@%@c N %fuis‘?r F’gg,g" %‘é‘:{s‘ﬂc

Pat erson, New JaDTayprodiiBReSCHtec Indusoits CWestFHatetwneNew Benssytr JBIG 5 By pradieany
of Saukville, Wsconsin; and N aproof a_prodyct .of Sigma Chem cal Co., St.
Loui o, M. [ 0030} JeneibRisshrtacean Sompeny af Stukydlee Wisronsina PHyNEBTeOh & PSS nt
I nventi on may I}ﬁ’\g-}‘gmﬁrmhef{lﬁg] toagsfiguidmperti es because the invention
descri bed herein prevents the creation of a vacuumblock in fill channel

21 that wouP83@r eventA sénspristtipd AP capsifustpdiapeasdigs ta the present ipkentionimay]l and
onto the measur j L] ] t . must
be positioned o?’qgggsrflg%g%d%%%%ﬁ%&? at c%&?ﬂfé@hy\%}%hﬁg{/en ie’%‘e'{‘nrF[c%!?ﬁ%i‘"FseeI y
entering the caphe tmatyordofrd vagutmerisdkan fillhthantdi 21 thea swoubhprevent lulafronthus, in
a cl osed channel syst ILf .t inlet.is positioned too close.tq the wound
or even inside iql?vylwﬁ&%ﬂyhggﬁ@g?ﬁglan@pmgﬁlmgﬁwwﬁp ev%ﬁb’rl‘l;\“??ﬁannel
of a sensor strichagis cgiiBaly] the aleOmdane powtibiied dtdefipReiotenbuly gt hie & not

however, the inlet to the channel can be positioned arbitrarily close to
t he source prevented from freely entering the capiliary during transfer into the méasurement

area. Thus, in a closed channel] system, if the inlet is positioned too close to the
wound or even inside it, flow may be disrupted or stopped. With the open
channel of a sensor strip designed in accordance with the present invention,
however, the inlet to the channel can be positioned arbitrarily close to the source
of the blood.

[0031] Another advantage of a strip in accordance with the present invention
including an open channel is that such a strip has the capacity to hold a larger
volume of fluid than the minimum required to fill and initiate transfer into the
measurement pad. One embodiment of the present invention the minimum
volume required to fill the lance such that the column of fluid reaches the
measurement pad is approximately 230 nL. However, lancing may produce
quantities which are greater than 230nL. Because of the open channel form in the
present invention, the excess blood that is presented to the lance will continue to

accumulate along the lance channel, forming a bulging drop of blood. This
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of the blood. [0031] Another advantage of a strip in accordance with the
.present invention including an open channel is that such a strip has the
capacity to hold a larger volunme of fluid than the mninumrequired to
fill and initiate transfer into the neasurenent pad. One enbodi ment of the
“present invention the minimm volume required to fill the lance such that
the colum of fluid reaches the neasurenment pad is approximately 230 nL.
However, | anci ngPraBgFtypis serfukin thatatelears awayprceps klped froanthesking leavingenL .

Because of the oggn.cfy gg\%ﬁ]cprm in the present invention, the excess
ed to

bl ood that is presen e lance will continue to accunulate along the
| ance chann@032]f or m ngnathdriadgamagechfape openldhamet] dédigs il dccprdaped with i usef ul
in that it clears away excess bloqd fraom.the skin, leaying a_ cleaner |ance
wound. [0032] ArRSRSREF INSERHARIS it 8 Aran el TN FARdpaRplied fo e i of thiclaBieance

with the presenhnbnmeniusPa thetip bRihedasteQRe.qh atlditd chamePBerPh iHndo the
side of the lance rather than just at the tip of the lance (i.e. In a

cl osed channel tadmawhdre figidiinystiba@reseated fo bihdnawnfinig the papillatye Mamgle nted to

be drawn into the gcapill : nual lJj.cati.on pf bl aod m gh required
'f the bl ood corheRtitpismet blbop FRBHe RBRAE R ol eortisdfitp Rl raf sl
using a sensor Heén Rind@biepattly. TGS 0SS Censwt dtfip dedignedl mSCESrdardy &AtH ON,
provides the option of 'side' filling increases the user's options. [0033]
I n one enbodi merthe pResqn invEREA ﬁfmﬁlﬁiﬁ?gm pRSten af hede tfalpg increasey the pser’s
conductive substfgbg 12 could al so serve as a working or counter el ectrode.
A uni que aspect of the sheet netal design used in the present invention is
the fact t[A633]it al doon¢ tmbhediment ofgbe piskent invehdow.dhe strmpedthetal oh fi r st

el ectrical contagt t e 7 e.s si de of
the strip. Thi s%é?%“;cg wa/gﬂ%frgrr%ﬁ?% 3@ aﬁﬁoege?%qaﬁﬁﬁgm&fcgggtﬁ%?ﬁ%ﬁggr‘?t acts on
a nmeter because vhiynduaspecvef ths szt matad ddgrowseg in thepreseaviniventivdrisl thetfadt

allowing electrical contact to be .established fram both the top and bottom
si de of conduct it%l@gﬁ&‘&’&s ‘_?L?g,se‘ﬁh r'8i COI]S}I}@C%I&I& g@&f’“&‘ﬁﬂd’ﬁ ‘ta?‘v&’
substrate 12 is ;g sddofid SRERodd cbAta2b 17 6F tHeGaRleSfde/df ¢ strip. This greatly

simplifies the requirements for mating contacts on a meter because conductive

substrate 12 comprises a solid conductor allowing electrical contact to be
established from both the top and bottom side of conductive substrate 12, wherein
the top side of conductive substrate 12 is on the same side as second electrical
contact 17 and the bottom side of conductive substrate is on the same side as
reference electrode 37.

[0034] On a conventionally constructed electrochemical strips using a facing
electrode arrangement where both working and reference electrodes are printed or
applied onto an insulating substrate, the electrical contacts must be positioned on
opposites sides of the strip making the meter contacts more complex. If reference
electrode 37 was printed or applied onto an insulating substrate, conductive
substrate 12 would be insulated on the top side preventing electrical connection to
be established from the top side. It could be possible to establish electrical
connection from the top side if there was a partial removal of insulation from
conductive substrate 12, however, this would add additional complexity to the

manufacturing of the strip.
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contact 17 and the bottom side of conductive substrate is on the sane side
"as reference electrode 37. [0034] On a conventionally constructed

el ectrochem cal strips using a facing electrode arrangement where both
~working and reference electrodes are printed or applied onto an insulating
“substrate, the electrical contacts nust be positioned on opposites sides
of the strip nmaking the neter contacts nore conplex. |If reference

el ectrode 37 was printed or applied onto an insulating substrate,
conductive substrate_12 would be insul ated on the top side preventing

el ectrical [Q938kct i onFinally.hecause shqct Bt farming eanderdope a5 aprogressivedied be
possible to esta e t here was
a partial remva%ﬁn‘ﬁhilg {léﬁéél reg(r?nﬂg%%%ld ?&g@?ééu%gieﬁigﬁ'é{l‘g& ﬁé%vever

this would add adﬂmmmmaalncmmimdmgctheouﬂeﬂes marmufdalcﬂpusmb@ tofcohsimcsan i p. 12
[ 0035] Finally, because sheet lorm n be done as,  a progressive
die stanping, i ey & tt?ﬁtﬁe‘ﬁ%l‘g‘ﬁbﬂs’i“ﬁc a% renge: thus KaWEngdesi P76 nvent i on
with individual dgpees chained together in series, it could be possible to
construct an array of test sensors with a single, common reference thus
requiring j[@86bne clomibbe recpemw} thiag eqmwalcnbetmm;:;maxécl subssituted)for il ent
structures may be _substi.t ut dfo tructu | l,ust. ed, and descri bed
herei n and t hat ?%HEH"&%&S%IP %’jt %d r#)d (rar%cr(@ ot “q %tgdtlt?l“\”/gﬁ c“%ﬁ& elglb%&}?e%?conl y
structure which ima¥nWeati®nisnoyte only stﬂnhmntchtdi@ becﬂxmwﬁsa tolimpRimeanthe| N
addition, it should be undersfood. that e structure descri bed above has
a function and stlaiediR{FRiAR-e ‘éF‘é‘ﬁﬁ’ “F‘E?r%go%‘%ﬂb%‘ﬁg StfUBer f or mi ng

that function. [@é;é?ﬂcd\éﬁbt.@haerﬁ]ﬁéﬁ&dana%b&mtﬂﬁaﬁécﬁibé.la?er%%%ps nleBy €Nt i on

have been shown and described herein, it will be obvious to those skilled
in the art that fonptrformmptahinedonr e provi ded by way of exanple only.

N 0, VARSI O0, BB SHBHL I, Bl RGEM Wph25e, |
be under st ood t haid desgribed hewirt, dtrwidlt bevabyicdue td theseeskidbel inmelnt art tfat fueh

embodiments are provided by way of example only. Numerous variations,

changes, and substitutions will now occur to those skilled in the art without

departing from the invention. '

[0038] It should be understood that various alternatives to the embodiments of the

invention described herein may be employed in practicing the invention. It is

intended that the foliowing claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be

covered thereby.

13



Jinvention described herein may be enployed in practicing the invention. It
Is intended - that the followi ng clains define the scope of the invention
and that nethods and structures within the scope of these clainms and their
.equi val ents be covered thereby. 13 ELEMENTS 101 at el ectrode contact
1ladhesi ve | ayer 12Conductive substrate 13vent hol e 15Lance 172 el ectrode
contact 18insul ating substrate 37reference el ectrode 20i nsul ati ng | ayer
21fi 1l chanBEEMENTS\ci ng el enent 23Regi stration hol e 24Separati on el enent
311 ndex hol e 32Neck 33Contact hol e 36Working el ectrode 38Sharpened tip

1 At 10 an.. 10N ~Ancnr ot v~ | a .l -
40Separ at i gr—+4 RS & PR A A o Al M5 WHAT | S CLAI MED | S..
11]adhesive layer
12| Conductive substrate
13] vent hole
15] Lance
17| 2™ electrode contact
18| insulating substrate
37| reference electrode
20| insulating layer
21| fill channel
22| lancing element
23] Begistration hole
24| Separation element
31]index hole
32|Neck
33|Contact hole
36!Working electrode
38|Sharpened tip
40|Separation tip
42|Gap
100|sensor strip

%



1. Alance conprising: a lancing elenment having a first sharpened end
‘point; a separation el enent having a second end point wherein said second
end point is positioned proximal to said first sharpened end point; a
_connector connecting a proximal portion of said lancing element to a
proxi mal portion of said separation elenent, said connector formng a
channel. 2. A lance according to Claim1, wherein said separation el enent
is positioned at an angle to said | angi |l ement. 3. A lance according to
Claim1, wherein said |lancing elenment, sald separation elenent and said
channel are fornmed froma single sheet of nmetal. 4. A lance according to
Caimil, whergATIscpaneEesween said | ancing el enent and said separation
el enent fornms a gap, said gap increasing in size proximal to said second
end point. 5. A lance according to Claim1l, wherein at |east a portion of
said channel is Jtn%mMMEhmmpﬁmnghydrophiIic surface coating. 6. A lance

according to Caimb5, V\herﬂagaﬁg rthgwg%?}e—lhsgﬁ?ﬂé n%ﬂieqdk:g@?' ng el ement.

and at | east a portion of sal eparation re coa 'with a
hydr ophilic surface coati riyseprratianiclgmsat having:¢ sacand eed mlﬂhwhgr@ﬂﬁﬂlll wher ei n

a proximal end of $&@bfdehd Oﬁaat is 7§0%1tioﬂé&ﬁﬂ’oﬂhﬁﬂ tb i@ fitst SRAAP&ed Thd bBint;8. A
| ance i n accordance with nsor strl I S coTnected at

a proxi mal end thereof to aac%"ﬁ?tgfF?'f”ggtf“gaa(ﬁoﬂnﬂfﬁgf’“?é'ﬁgé?' daneingelerment

to a proximal portion of said separation element, said connector forming a
channel. .

2. A lance according to Claim 1, wherein said separation element is positioned at
an angle to said lancing element.

3. Alance according to Claim 1, wherein said lancing element, said separation
element and said channel are formed from a singlé sheet of metal.

4. Alance according to Claim 1, wherein a space between said lancing element
and said separation element forms a gap, said gap increasing in size proximal
to said second end point.

5. A lance according to Claim 1, wherein at least a portion of said channel is
treated with a hydrophilic surface coating.

6. A lance according to Claim 5, wherein at least a portion of said lancing
element and at least a portion of said separation element are coated with a
hydrophilic surface coating.

7. Alance in accordance with Claim 1, wherein a proximal end of said channel
is integrated into a sensor strip.

8. Alance in accordance with Claim 7, wherein said sensor strip is connected at
a proximal end thereof to a plurality of additional sensor strips.
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