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erroneous. conditiqgns, related to insufficient, or
uns?@ﬁpeemgqgr%eé edical (5ev1ces can be employed, along with an associated meter, to

monitor various analytes, including glucose. Depending on the situation, biosensors
can be designed to monitor analytes in an episodic single-use format, semi-continuous
format, or continuous format. The integration of a micro-needle and biosensor
simplifies a monitoring procedure by eliminating the need for a user to coordinate the
extraction of a sample from a sample site with the subsequent transfer of that sample
to a biosensor. This simplification, in combination with a small micro-needle and a

small sample volume, also reduces pain and enables a rapid recovery of the sample

site.

[0005] The use of integrated micro-needle and biosensor medical devices and their

associated meters can, however, decrease the ability of a user to detect deleterious
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biosensor medical devices and their associated meters.

[0008] A system for piercing dermal tissue according to an exemplary embodiment of
the present invention includes a skin-piercing element (e.g., an integrated micro-
needle and biosensor medical device), at least one electrical contact (e.g., an electrical
skin contact) and a meter configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) existent between the skin-piercing element and the
electrical contact(s) when the system is in use. The electrical contact(s) can, for

example, be an electrical skin contact that is integrated with a pressure/contact ring of
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BRIEF DESCRIPTION OF DRAWINGS

[00012] A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings, of which:

FIG. 1 is a simplified depiction of dermal tissue and a system for piercing
dermal tissue according to an exemplary embodiment of the present invention wherein

a skin-piercing element of the system is out of contact with the dermal tissue;
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IIustr ting-a sequence 0 Ina proce
accor di ngFIG. 10 is a simplified deplctlon of the system of FIG 9, wherein the skin-

piercing element is in non-penetrating contact with the dermal tissue;

FIG. 11 is a simplified depiction of the system of FIG. 1, wherein the skin-
piercing element has penetrated the dermal tissue;

FIG. 12 is a simplified electrical schematic and block diagram depiction of the
system of FIG. 9, including various components of the meter; and

FIG. 13 is a flow chart illustrating a sequence of steps in a process according

to an exemplary embodiment of the present invention.
[00013] DETAILED DESCRIPTION OF THE INVENTION

[00014] FIG. 1 is simplified depiction of a system 100 for piercing dermal tissue D.

System 100 includes a skin-piercing element 102, at least one electrical contact 104



to an exenpl ary enbodi nent of the present invention.
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[00017] Working electrode 240 and reference electrode 250 are oppositely spaced apart
by divided spacer layer 280, as illustrated in FIGs. 2 through 4. Divided spacer layer
280 serves to define, along with working electrode 240 and reference electrode 250,
the boundaries of electrochemical cell 210. Working electrode 240 and reference
electrode 250 can be formed of any suitable material. The reagent composition
includes, for example, a redox enzyme and a redox couple. The reagent composition
can be deposited on one or more of the reference and working electrode by any
conventional technique including, for example, screen printing, spraying, ink jetting

and slot coating techniques.



280 serves to define, along with working el ectrode 240
and reference el ectrode 250, the boundaries of
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working electrode 240.

[00021] Although medical device 200 has a working electrode and a reference
electrode that are configured in an opposing faced orientation and in separate planes,
one skilled in the art will recognize that medical devices wherein a working electrode
and a reference electrode are configured in the same plane can also be beneficially
employed as the skin-piercing element in embodiments of systems according to the
present invention. Such medical devices are described, for example, in U.S. Patent

No. 5,708,247, U.S. Patent No. 5,951,836, U.S. Patent No. 6,241,862, and PCT
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evapiAdon@hctARAnfEHARA oRlek B éraBle thd RAA¢ Incnembitl dfad electrical
inthe art wll recognize that electrical contact 104

can derdctaristicl existingbawnduthe iskia-prercimg @epmq:rﬁ apd therelgagrical contact.
en abllﬂ%cttrirc]gl c%%%‘cj:%/ 10F &P ornqéd 19r(f)maarr]1y %1'11%%1&5 clelggtlrically conductive
material, for example, a polarizable electrode material such as Au, Pt, carbon, doped

tin oxide and Pd, conductive polyurethane, or a non-polarizable electrode material

such as Ag/AgCl.

[00025] In order to provide a system that is compact and compatible with integrated
micro-needle and biosensor medical devices and their associated meters, it can be
beneficial to integrate the electrical contact with a pressure/contact ring of such
meters. The integrated electrical contact and pressure/contact ring can then, for
example, be electrically connected to an impedance measuring device located within a

housing of the meter.



characteristic existing between the skin-piercing
el ement and the electrical contact. Electrical
woami4#8030804 can be forned from any suitable PCT/US2004/003142
electrically conductive material, for exanple, a
pol ari zabl e el ectrode material such as Au, Pt, carbon,
doped tin oxide and Pd, conductive pol yurethane, or a
pol ar
B3G50, 2 DKo 5 208 PRI comEod xR Ghvct ring hve
and benpatglated, wlectthcalnbﬁtyc‘al(Elcbanrhe@pphedimdieﬁnalrtltsue D at a pressure
bi osensor nedj cal devices and_ their associ a%ed gqe
u1ds "An

it c%fcﬁ@xalﬁékfe@ PP A1 Ryndsiofgrilifate theeemseet Pod
cont gg %legn%l SRMEES ‘El%&s%ﬁfe/croh&gt b g SHOLve B BEsin gl a

The T ntegra rlca cont act ?essure/conta

ri ngdiemstet hefe rdme of @0 hﬁn td €0 ﬁinec Smohca:li 1Iny3gm¢mae¢tﬁchl contact
to an j npedance measuring device |ocated wthi

hou Sﬁi r@?fsu{e#@nfc?@f @pg helppcitipig tppgdge of fluid egress from the dermal
PCT/ ﬁé %f‘équ%é' 41%1 %%(? %Prln[i]or{l{&?ing /alrl %Mc@ﬂ&ﬁr&c‘?ﬁ{s‘uc to ensure

t he COI’] ressur contact rin

beensuffitiety. sktrﬁphne&ht@ﬂi, ﬁ)bﬁem}atlsﬁ) siabidity &Qﬂoﬂ:@ﬁfﬁﬁeﬂﬁbﬂud@ﬁ:e time
to dermal tissue D at pressure_  of, for exanple, 0.5

to 1(dsrasienherkthe élﬂﬂazz@ncmg&ﬂ@nqrﬁ itk theslenpaliisang. y

fluids. An integrated electrical contact and
pressure/contact ring can have, for exanple, a

[0d027Et er The st nbPMgRErAfonfdITaERe dedifitd] @odfdctiny anducttedtre/contact
integrated el ectrical contact and pressure/contact

ri ngrirgispHustratad intFd@eS+ RES-H depidigambexommnlany catpodinent phasystem 500
the g)girpﬁ:%clm%ﬁé%}sa&f?stu%r %%I te |§0% agdéssa gr?glte?cqn%& ement 502 (i.e., an

noni rrca arac erIStIC

suf f ingdoeitéd Mlidro-neediebh@tlebtfochpie@il te3t $tAP), ah adtbgrated electrical contact
and/or a sufficient residence tine (duration) of the

ski nansi pepssiedroatastiang SO end ;mekes SHe feraneaspgrg enpedance between the
[ Oooé%%—p;r@cﬁ%g gltﬁl Oﬂf"‘%oi tdeti;ie fﬁte&% leg&%aleéo%‘facf E&ﬂressure/contact

cont a pr essure

i 1] ugshg 80P dsébrﬁlnﬁvhétheﬁlﬁic@nﬁikﬁi ﬁdll%traibrﬁlmm%@ﬁolneved The
enbodi ment of a system 500 for piercing dernal

ti ssmeter SgnietednisbiE.i5is |alm@§1 raodifapatiop;oftleg mgter deseihed in

2|0§C§1F%®%%86§%?6,t ggg § { TS olc?gi.llgal %%%ggr a@?e t10 ev1ces atrd Methods of

cont Bsihg t1aShni, e GAiUhes ﬁ@t@bﬁlﬁicofpoﬁ@ecﬁ%uﬂlw rafef’@be r ObEapprised of
for measuring i mpedance between the  ski n: pi ercing

ele nréampr@@mt wéloswe onp skifechinetfe artavitl rpeognize dhat acangiyef
pressure/

suf fPEFER Coglkef ﬁ HB%%%atrg%etslo% t ?edawge Eéltﬁ %ia?cczﬁl I éVe % ?gcﬁ_ﬁor use in

embodiments of the present invention. Examples of such pressure/contact rings are
described in U.S. Patent Application Publication No. 2002/0016606, U.S. Patent No.
6,283,982, and PCT Application WO 02/078533A2, each of which are hereby

incorporated in full by reference.

[00028] Referring again to FIG. 1, meter 106 can be any suitable meter known to one
skilled in the art that is configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) existent between the skin-piercing element 102 and the
at least one electrical contact 104 when system 100 is in use. Meter 106 can measure

the electrical characteristic (e.g., impedance) by, for example, applying a safe potential



nmeter depicted in FIG 5 is a novel nodification of
the neter described in US2002/0168290, entitled
woORmsgisedoogi cal Sanpl e Col | ecti on Devices and ReEThS2®4/003142
of Using the Sane,” which is hereby incorporated in
he present

full reference e apprised of .t .

di s @ngs PETens Gubich T R Reriond Ritonip tots SyRFemplifgde and

a vall r t L AOS: [ r

i { BgEtlydonecR RS/ O B b ROPinE UnR B R B CR Rl contact
t he vitepga§ysieny Brih uen. Fdoeanmbles thefelestridal characteristic can be measured
pressure/contact ri nlges are described in U S. Patent

Appheatthoskippiriag leginheProashes, otkes g Pencgating cijpct with,
No. 982, . . i cat
s e e T

r ef etRnil cR0:23}ic Rad b reagirabesnmintioushy Brodghotmethe aforementioned
106 can be any suitable nmeter_ known to one skilled in

t he uge-t Int thigtexpmplasn sirgumssance glermaliissps penedatien By theiskip-piercing
char eristic [ | The : ot
RN A ol sg S SN PAA S, LEHRIEED et
at l(egsimpoRned)ettrabtial ofthetlastpictfidg elrarens fsinaiie H6Ghdl sissue can
in use. Meter 106 can neasure the electrica

ch abggie@ctegthaged(@ @signiflﬁggdw@e@y irbgh’e efgstrical gl",}pfgqué@‘istic, the duration
L Tt A T ——

des GdbRgas chiibé B&ected Paste bASludfuatotisialic elemtitdlutieraaeistic. The

frequency ranges, below) between the skin-piercing L
ele Sfmpemwt M%@heth@mﬁen allangd/on euEnt isgnphicd pan by ¥arise tp gninimize

" Yefele S ELBE b g acter ot e ean

approaches, makes non-penetrating contact wth,
penetrates (e.g., pi erces?;‘l and is retracted fromthe

[00029%ral t iFHSu6 semmey toHertherridustratea swfablerpptepfor use in system 100. In
characteristic ¢ b e nt.i | ughout
t he tgef 81}%?,@%{6%?1%3(} 68 %ﬁ&%ﬁ#ﬁ?@‘%ﬁé‘@@%?%,Si{’lag’rg(ﬁ’ 218 % ontroller
Cl I GHOS 6@4‘,?&%%&’1@?&@%1’%&2&5 SR eRENEYDIE0O AnRinpl iR 608, current-to-
skin-piercing elenment can be detect ed based on a .
si gnioltagaennvarertd Asbatieny VB AT 620,20 A C chragrisowce 622 end a switch
(e.q.., Lnpe ce refraction. of the_.skin:piercing
ol ezt MRS Mt TSty R e EE b fug goment 102
on gndieldtridiCadtiack 164 CRA8RNIsWitth §2£12989et ¢8¢., on), the meter 106 applies
characteristic, the duration of penetration can be
det emm@edrras wavefarinrhetwesnvakenpiomieg ¢lamennl 02raid electrical contact

1 ucl0adPT Bhgttivss REarutnd HER e PEePEp R B Hyg ring the current

fr eqpen@h@boliah ¢V 4416sshRé SRhipRdrciab dlctfent Mid 1BEtritAl contact, the
appl1’ed can be varied to mnimze

impedance (Z) can be calculated using Ohm’s law:

Z=V/1

If so desired, either resistance or capacitance can also be determined from the

impedance value.

[00030] It is beneficial if the amplitude of the current source is limited to values that

can not be sensed by a user (e.g., less than 10 mA) but large enough (e.g., more than 1



dependence on variations in skin type and condition.
[00029] FIG 6 serves to further illustrate a suitable

woRb@rogéos use in system 100. In the enbodi meRCTAR2064/@3142
6, nmeter 106 includes an LCD display 602,

m cro-controll er C) 604, .an analog-to-digital .. )
ConBR) BT TEAP ByEoBH 6 Eha ARiE P A0 R B REFHRRq ment of his
vol ;a8 HoANME hRbntEQuekdtit BEWebY BARINAR A, MaY, Hbere the low end of
current solirce 622 and a'switch 624. Meter 106 is

adaphe fretjoenel; eatze privends ugeri ditoenffait endiltterhighk enit @i the &eggency range
el ement 102 and el.ectrjcal contact %}84. When switch
624 TPEURYZSS é"éay((faP%‘?lt,anBeh#?mtkf%n%?aewr 6 applies an AC
current waveform between skin-piercing el enent 102 and
el ectrical contact 104 for the purpose of neasuring

[000338 danc eTlidaeshamveae of inByedameisingrgmedsarsdud € enttage(dnd current
and the vol tage (V) aclréyss t he ski n-pier ci,ng1 el enment )
and teadatéiquaily squisghp &st - Pﬁ@nvqrwb@&bﬁt@@r relyivelypxpensive electrical

cal Céﬂ)'nﬁato%gnty.s i—l%gve%lj@ﬁteln‘?svﬁccgrﬁ}ﬂg to thd %li%geéﬁi Eqéjeﬁt%h can also provide

ei t her *resi Sstance of ‘capacltanc€ can

det eforimgsiiah¢comedsiementpeianehtivalyitexpk 8003 hditudsslescribed in
beneficial if the agl itude of the current source |

| i niReaging@rphealiens UnatPateahArplication SsEnlshie W@a@éﬁ%d on

e B2 200 BT0e e RIBATPENETISR. BaposFRos Giedon

cr eatlevemt@gn ad, B0gNahch of which és edébyoincdrpodtedeyasfereicy.
enbodi nent of this invention, the current frequency
is between 10 KHz to 1 Mz, where the |low end of the

(0D 07" VetcE IR R SRR A bn P SIS Rbler i ctbfin B dormal

of the ency ‘range m

capagdshé@Dcmdlcldridabtdifadi® a8 trabe cik@dddhlce THe the skin-piercing element
measur enent of | nﬁedance usi ng a neasured AC vol tage
i G

and i8 gpt efpontact with dpewad tisguer 2 g rig obinfegutactayith the skin layer of
{ . t | I j. i .
o B AU o SR O PRSI REEhERL e s

| NV eibicRip dléfertlaf® tHe ddsttieal chbicti(WhRHds fecomeas Withiknbdster skin
using relatively inexpensive techniques described in

pendeyey ofdptniad sissusrld) i twicablytgsenterAppt 1 GMQ.oH syl e noted,

No. .10/020,.1 (filed an cenber 12 001) ..and_ U. .

Pai HEvAGDITR I iR dr R on Gp A B o fEdfpe Hectronics used
Nov eiRE méRr ar®@dblmagd@tlle 6f anyhbaitagt surlkar.eby

i ncor porated by reference.

[00033] FIG. 7 is a schematic showing the spatial relationship of skin-piercing element
102, dermal tissue D and electrical contact 104, for the circumstance that the skin-
piercing element is in non-penetrating contact with dermal tissue D at the center point
of the circle formed by electrical contact 104. For this spatial relationship, the

impedance between the skin-piercing element 102 and the electrical contact 104 is

typically, for example, in the range between 15 k€2 to approximately 1 M£2.

[00034] FIG. 8 is a schematic showing the spatial relationship of skin-piercing element
102, dermal tissue D and electrical contact 104, for the circumstance that the skin-
piercing element has penetrated dermal tissue D at the center point of the circle

formed by electrical contact 104. For this spatial relationship, the impedance between

10



[00032] FIG 1 depicts a spatial relationship of

skin-piercing elenent 102, dermal tissue D and
wehewtosiwal contact 104 for the circunstance tRar/uSkm4/003142

skin-piercing elenment is out of contact with derna

t | Ss ch[lfél} Hﬁ%m{lg g@{}lgﬂb@t qijg:}h 6% ﬂ?étgg%} é\gp f i(gll ‘5? &%WF%?Y no more than

t he 1090 6¢ ﬁ{éﬁﬁ-1 PR&INME 8t thélaraifﬁs@ance ek S \FibR e1e1@1ent is in non-
the electric contact (which i1s in contac

out grensteating domyaet wah ddandﬂlﬂssuﬂ Bsitas ﬁ)stu]steﬂywlth@ltlbgzmg bound, that -
greater, than 10 M It  shoul d be noted, owever, that

the t?‘”n‘d%@ﬁﬁé@&?d’ﬂ iePedaRcs/dpe &%ﬁ%@lﬂ@%& ﬂ@%lénrtegwe&f skin bemg
el eghn : i Hak Udlerchiz el

oy PR 3BTy chRc S R 1 ARy oGSl et
sh owha geztnlna& tispatiegbnd b atico iy ypdadessmpadapice sighifigantly.

el enent 102, dermal tissue D and el ectrical contact

104, for the circunstance that the skin- piercing

002056 o Sl B AFARLRARER B0 Rt AR MRtoma of he

el thfpedﬁiceQ:@ﬁﬁ@ﬁ&hdﬂdn—pE@cﬁng blemeapald tab eleefrizbi conglot while the
the inpedance between the skin-piercing elenment 102
and SYREMels dit B9q Rrayidenst wdicationof skin penstiatipn.as wedyas, the stability of

exa%gjgﬁ%@ﬁg ﬁx%?g%ﬁ&cs‘r’]‘@r@}g s"tém';shqnét%r ga%tpcke?@&lt g&{e@a o&

r el aienefsiunstailiseind pphefation duttienEis., sajlrﬁﬂfe exigiction and transfer
tissue D and el ectrical contact 104, for t he
ci r casigensedEne) hameaaiagthe iImpedangs (1 resigon) betgen the skin-piercing

peENe lgrgérﬁqlng %ﬁ&égﬁ UG8, %h&{]@ ﬁllt O ] é’[} %‘c ggll?e%rates into the

C|rcef rlcal

spatdednal #dsaé,i tﬁé\ﬁebismncé beinipenada et e&ﬁibiﬁﬂigmﬂi@aﬂl‘ﬁlange.
2004/ 080306 PCT/ US2004/ 003142 skin-piercing el enent
102 and the electrical contact 104 is low, typically

[0@I } re t gdef'r]tgtﬂgs? n a{ngle ngc Q’%Eﬁﬁ eglg)[r ée (ﬁ{ferencels on elerclztncal

unst a I'ercing

penedhagictanigti€ alRhasémmts, pl@[rangi oﬂdl&ﬁtl@l Bontdts t#h be employed. In this
postul at ed, without being bound, that this |ar

c hargieumstanapedaddisional r@wune@lenh@f theplseiricyl @xaralc%@suc between the
e pi geg?ac%gal glé%t%‘%&ﬁ bgel nsngi noﬁr'?a i g%@lﬁsreqﬁ%}f %{eaﬁfrements between the

pene fon o I'n-pi erc

el engédtriéd)icontatth an@ﬂfemain-pmﬁ:ﬁigeelaﬁmn d\lﬂbﬁgl@b)ﬁdselﬁuﬂl@t@f electrical
reduces i npedance si gnl ficantly. [00035] Based on the

di scaeatictiranbeeaploved; ©r theisglonof simplicith syviem QP efEHE. 9 for piercing

O e B PAES RS O RIS DB SRl 70 s

g; OVei ﬁgﬁ-g{ﬁg%flg @leﬁﬁht 02, @ffirsthel ddtdk@D ediitadt 708, a éia‘éoﬂhﬁéléctncal contact
705 and a meter 78/6 configured for measuring an electrical characteristic (e.g.,
resistance and/or impedance) that exists between the skin-piercing element 702 and
both of the first and second electrical contacts 704 and 705. The use of a first and
second electrical contact allows the detection of penetration to be less dependent on

skin type and condition by providing for differential electrical characteristic

measurements between the two electrical contacts.

[00037] Dermal tissue impedance can vary due to humidity of the environment or

sweating caused by high temperature or exercise. In the embodiment of FIGs. 9

11



this penetration. In other words, the systenmis neter

can detect penetration, penetration stability and
woematosetos on duration (i.e., sanple extracti onPamaS2004/003142

transfer residence tine) by nmeasuring the inpedance

r m :
{ne. R Te 0 RURYSTL TRan y REP=CHerTeot Urich A B BRaitred ar

penefhbad @e?wb{]‘f &id- Eﬁercn‘if 1R bnt TOSHA! ﬁrEtrk%d'tﬁéﬂ %51%&&670@ l'and between
I mpedance w bit~a significant change. [00036]

| n oskdepicrcing ekﬁfent HiPyanidrsperetd ebdetisdal nomteﬁlwﬁamag@veragng impedance
di fferences on %ﬁect rical char.acteristic

measUA&reRgasured bfwren the sfinspiepting element anddnth thedirgtapd second
be e t di

roasrehgd tonaBe e Bpi tfﬁgéﬁﬁéﬁé%%@?gﬁl?% g Rplstion i

t he ingirewdd: ilnatiditiontmetsarcarntshe thisieabedansedrembanztie skin-piercing
subsequent mneasurenents between the eI ectrical

cont dementrng boHkths kirst 2ps escond gopeREHt be APHbIRgR dafsymination as to
nu nb\%fl tﬁér ln%f {Jﬁlllf }%regs(a&t 25iRe %%)1%? tiff%ll ﬁ%te%xélrse%nd electrical

thes sstem

pi e rcﬁjnlt@ts Cﬁﬁ'ﬂiﬁi‘mcbﬂesﬁel de@mmatﬂ@pomﬁeiha&rimc lnmidbrAgpressore has been
el ectrical contacts. System 70Q incl udes

ski manptied eamepitiganibarisik 0bposifiqnipg fheekipiercig clemem ga¢h that it

704, t

e L e R S

( e. GembodifehisdfaGe. Qamﬁdugh lil repgdeysae) ddvaticasosthcs, it should be
bet ween the skin-piercing elenent 702 and both of the .
f i r sappagsiptedighenceykiiadrin dhy arkepitld alsg emplosamarehan twpglectrical

use cg)n{ca%(t;s{ r:h{ds {he g ﬁl&rgx‘;et ﬁgcﬂuit%ﬂsﬁrh&? 8§lern’? Bﬂlg ?5 ]?h ?é@@mg element

t he ess
ski nistbging a@pﬂectmmdpehp@ﬂldnyarmmadl ng for d| ffer enti aI
el ectrical characteristic neasurenents between the
two electrical contacts. [00037] Dermal tissue
' dance
[Ogg‘?ﬁs weat F%rgtpegégéeé @%qgea}t%ﬁ)reﬁ lllrgégdatn& ?ét\x;eg i ’Fh%g}/rgtr a%la'gg&tnd electrical
I n t (mtRpauiberiRtd of noﬂn@ze 1&peﬂéndé®aﬂﬁ@ﬁi&&ﬁ@@66tween the first
PCT/ US2004/ 003142 through 11, two additional
i npedlenitieal veniaci b skingicEeing slemset, 36 wiellgs batvegen the second
t hos ectﬁ% \ﬁ%gﬂtag '&t%%&r? g@mﬁégﬁﬁ{&t '@ge I?c;}g'la 1Eéci51tmpedance R can be

elec Fiest “Con ween i n-prerci

el engiidul A2 ahd folesping: el ectrical contact 705. By
aver agi ng i npedance val ues neasured between the

ski n-pi erci ng BFBp®pt and both the first and second
electrical contacts, the ability to accurately detect
der niherei ssue penetrat|on is inproved. In addition,

reasur eme t S 816 1t n edangg %gt%v%(e:r? thbees'iﬂn-plercmg element and either the first or

ski n- pi er mpe
t e second electrical contact or, alternatively, the average of the impedance
between the skin-piercing element and each of the first and second
electrical contacts;
and

Ry, is the impedance measurement between the first and second electrical
contacts.

[00039] FIG. 9 depicts a spatial relationship of skin-piercing element 702, dermal
tissue D, and first and second electrical contacts 704, 705 for the circumstance that the

skin-piercing element is out of contact with dermal tissue D (i.e., is not in contact with

12



el emrent and both the first and second contacts can be

a basis for a determnation as to whether or not
wanbdmseopr essure has been applied to the firsPCamg2004/003142

second electrical contacts Furt hernmore, the

dete atj on her not .un sure

beenesbi gg & & TSy P08t FisbaRE R g oatrgal contact
ski n74,ens 'a?@tn@ﬁlﬁﬁﬁﬂ%on’ﬁ yﬁélaﬂottet ahd sepRENEI R4 ﬁﬁtatnB@Ll as illustrated
dermal tissue in a non- per pendi cul ar manner . hough

t he inghiissdd mtavnugtoil FDGtncOLA hie typighllxt in thmnérrgy:&f ()\/Scmm to 2 mm, when

one. bk Feeilas A Sep! 2B rtin S GBSl cordlerianlcaptacts 704,
el ect(3.CRdr the %ﬁ?ﬁeﬁtﬁﬁ%tp bhercey e 1%%8%6 rb@ﬁ»@eg tt]%tér)]ésiin-pie:rcing

when determning If a skin-piercing elfenment 1s
appl éleshenn7G2 qmlrthe fidit elettaicalmntaet 704 8Q0EBYeen the skin-piercing element
t he neasured i npedance between the first

Furth :
aﬁgt %@i%rosﬁ%eﬁmlfi.e&&tﬂca&mt%& {9 sdwpisallygeetes tan 10 MQ.
nor Mgy %PM% ﬁl?egfg@%dx el’b%ﬁ)v qﬁé"trefé%tl?&ﬁ @@rﬁ?ct%g aL& Ehset second

el ectrica the p1 erci
wel | elaaribgitesaent shefirircand ty}ﬁbzﬂ@t 1hltﬁe’ifan§@BétWéén 2§ t—t@t e
ski n-piercing el enent. The normalized i npedance R can
be areuatdyil a4 he following: R=R'/Rb where: R' is
t he i npedance between the skin-piercing el enent and
either the first or the second electrical contact or,

[0BDA®" nat | ¥RE VL0 ik Q%cl?e\f@d’cﬁgﬁoﬁfn ttﬂ@sﬂa@fﬁﬁ@%% ﬂshlf?%f YGh! E‘)mrcmg
t he "ski n-pi ercing el ement and each of f1rst and
secoeldmentetd2; deraial tisvwe A orsd firsharl Rbomdseledztscalrcpmaam @64 and 705, for
nmeasyr enent bet ent e first apd secand el ectrical
cont B EEe st e bifsting EEmeE g penettating contact with
rel agdiaphidie ¥ Bt thisBpAiat tﬂﬁloﬁkﬁﬁeﬂk 11¥1§gdang§f)5’€§Jeen the skin-
tissue D, and first and second el ectric contacts
704, pigtding eemtite’ 02i and mlnn;ﬁlahdectnhsdtcontaet 7k h@t\eareuni thegyskin-piercing
el e cont with der

is n fzmplﬁtsz.pg g{te secopd e i@n% cgéﬁg%g wlca?ly, fo(r example in the
PCT/ {3 %99&%91?’ 1‘? 49 tg%gﬁ%”‘g%%@%grhﬁ ﬂ@&lﬁ%alyé ﬁfeqﬁllp@iance between

In system 700 I'rst ctric
first electrical contact 704 and the second electrical contact 705 is a finite value

typically in the range between 15 kQ to approximately 1 MQ.

[00041] FIG. 11 is a schematic showing the spatial relationship of skin-piercing
element 702, dermal tissue D and first and second electrical contacts 704 and 705, for
the circumstance that the skin-piercing element has penetrated dermal tissue D. For
this spatial relationship, the impedance between skin-piercing element 102 and either
of first and second electrical contacts 704 and 705 is low, typically no more than 10%
of the impedance for the circumstance that the skin-piercing element is in non-
penetrating contact with dermal tissue D. Additionally, the impedance between first
electrical contact 704 and second electrical contact 705 is a finite value typically in the

range between 15 kC to approximately 1 MQ.
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704, 705 are insulated fromone another and separated

by a distance L1, as illustrated in FIGs. 9 through
wa2oo4Dsewance L1 is typically in the range of 8CHUSR0U003142

2 mm when LI is defined as the closest gap between

first second el ical contacts 70 705. .
10pf1; e BB HaPERe tn RuRnTih e ERADE tete NG HEdRHestom 700
bet WaeNn{118esSitAb R IR HbAY goﬁ%@ﬁ@ﬁg fof %aﬁﬁﬂwﬁt Pe18dtfiSl characteristic
el ectrical contact 704 an tween the skin-piercing

el eninf imp@anes) dbetvlf&nsskmqnelrciaigaid:mé:IItﬁl()Z @od taledr of Gitstiand second

[ h [ 1 . .
| ypé%%‘m:a%al Baragenof ra70) Vet 7R deBintabp Hial Aainliging an
I
i‘c’ ﬁc q;@D éft'{?gg QIIm&%gécﬁégérs(g@) %Q%Latg%n@ I‘I? i %%&Ideﬁer (A/D)

[ 000AQ) a Eﬁi’ieﬂ;@ZB SculreBEReVEiabe coiewenT3 ib@tt@p@VB@IT) 732, an AC
rel ationship of skin-piercing elenent 702, derma

ti ssusrent weﬂ% anchin st s iseltl7 24 @t & sesand ewighat40s M@f&r 706 is

and 705 tane [
ol er%)ﬁfdt vgﬁl conf ﬁ (I;xgﬁcé i1 pl1%rgfﬁg EI% ttIIGLf‘IIé p%@étﬁ&ff cglgtact 704 and
ti ssddBord el&@ficdl RbtasiASS] aVhérehiat §0ingT 3% is theed (REdaNsEd second
bet ween the skin- piercing element 702 and the first

el ectwitchal40dpapanct.c7 off).dheimister weidies i e\ S Ritrens veveiony between
I I 5
el e sgg?r}dyge(ftg?zﬂ é;gg%ﬁsﬁﬁo nﬁ fe e‘fecInca?corgacirI%& tfor the Ryou%ose of

typi range weén 1

t o apedsaxhgBh ?édénée iMercbosideh | W}@hIﬂtst siiRhi78P eden®end second switch
between first electrical contact 704 and the second

el ect40iis alosedb theameter applies an AG enirtant waveform bypyyees skip-pigreing

e ISRy TR BT ok 0

r el ahbRpstiictn. oW IRk IbBPARE Sbifdh 738l RARBEonAGHitcHEMTRLe 0 &)en the meter
tissue D and first and second el ectrical contacts 7

and 7®5anfeused, er examplarie Bvawire st outpie asdiepspivaluei ng
el enent has penetrated dermal tissue D. For this
spatial relationship, the inpedance between

[08643)- Pi ergiaNa3ed £ABHchiAAandtifs b B&fuen® offstdpstin @Pebcess 900
second el ectrical contacts 704 and 705 is | ow,

t ypi asabidingrio amexempleaynembediment efithe pm@d anieeatipwr Progess 900

circu ance,t hat ,t he n. non

pen e'PI;IIi{EI?SnCé’nI:a&HP% El?rr%l ?ﬁsug e"? %(IIIﬁ?E}SE Qe glnemcal conIact as set forth in
Addi dd PR dnd inkding ABIEHFNGEInD IR (d.4.1 §ﬂ intéprA6d fiGdIneedle and
contact 704 and second el ectrical contact 705 is a

f i niiesensdr)énto yhwi deminhltissne, tah ect forh grestbe PYb eRuNBE e insgrtion, an

appre%(émrrga ckéé*agtenstlc e.g., res1sqgrﬁ:/eoo§ 91%89@?10 /eI)glss%enQ%/etQN%ng 4he skin-

piercing element and the electrical contact(s) is measured. The concept underlying
process 900 is that the changes in the measured electrical characteristic can indicate a
sufficient depth of dermal tissue penetration and/or a sufficient sample extraction and
transfer residence time (duration) and/or the stability of skin-piercing element within

the dermal tissue.

[00044] If desired, process 900 can also includes presenting a user with an indicator
(e.g., a visual or auditory indicator) of a dermal tissue penetration depth of the skin-
piercing element, an indicator of a dermal tissue penetration stability of the skin-

piercing element, and/or an indicator of dermal tissue penetration duration (i.e.,

14



[00042] FIG 12 serves to further illustrate a

suitable nmeter 706 for use in system 700 that i ncludes
weuhi4as0we el ect roni ¢ conponents for neasuri ng BAT/US2004/003142

el ectrical characteristic (i.e., inpedance) bet ween

skin C eIe nt 702 and eith irst and

S SC ORI PR ioR 00 Bapire fe adeies tanes o5 s ki sregement with said
depi ghiRd:ok Belﬁgﬁﬁ (ftﬁe h[é%é&fé’d 88ctRBal dubRcfbispd ay 722,

a mcro-contr 24, an anal og-to-digital

converter (AID) 726, anpllflers 728,

current-to-voltage converter 730, battery (VBAT) 732,
[09A4AC i slonld b ypéastpad thah rrrioys pitPptivgste &b czaepdiments of the

a Seﬁl@&ﬂgﬁ%@%aﬁrﬂ é‘h@relﬁ/ﬁﬁ oe ég‘lg dg%d 119}91%8%%1&1%’ ;ﬁ{regl?ventmn. It is intended

connecte I n-pi1er |ng

el ecthef thalfolkerihgclhinfddefardhe s@po bﬁttelmmm]jonahd dmmtsmxttures and
705. Waen first switch 736 is closed (i L
secomgthodsyvithin the scaps of fisse ¢laings anddh?l)’ eqw@lewé 3 .covered thereby.
applies an AC current waveform between second

el ectrical contact 705 and first electrical contact
704 for the purpose of measuring inpedance

t her ebet ween. VWhen first switch 736 is open and second
switch 740 is closed, the neter applies an AC current
wavef orm bet ween skin-piercing elenent 702 and first
el ectrical contact 704 for the purpose of neasuring

i npedance therebetween. When both first switch 736
and second switch 740 are open, the neter 706 can be
used, for exanple, to neasure and output a gl ucose
value. [00043] FIG 13 is a flow chart illustrating a
sequence of steps in a process 900 according to an
exenpl ary enbodi nent of the present invention. Process
900 includes contacting dermal tissue with at | east
one electrical contact, as set forth in step 910 and
inserting a skin-piercing element (e.g., an integrated
m cro-needl e and biosensor) into the dermal tissue,
as set forth in step 920. During the insertion, an

el ectrical characteristic (e.g., resistance or

I npedance) existent between the skin- piercing el ement
and the electrical contact(s) is nmeasured. The concept
underlying process 900 is that the changes in the
nmeasured el ectrical characteristic can indicate a
sufficient depth of dermal tissue penetration and/or a
sufficient sanple extraction and transfer residence
time (duration) and/or the stability of skin-piercing
elenment within the dermal tissue. [00044] If desired,
process 900 can al so includes presenting a user with
an indicator (e.g., a visual or auditory indicator)
of a dermal tissue penetration depth of the skin-
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piercing el ement, an indicator of a dermal tissue
penetration stability of the skin- piercing el enent,
wanw4msozan | ndi cator of dermal tissue penetrat PON/US2004/003142
duration (i.e., 14 WO 2004/080306 PCT/ US2004/003142
I€(§?%$ﬂ%53§n and transfer residence tine) of the
‘ement, with said indicator being
based on the nmeasured el ectrical characteristic.
[ 000451 It should be understood that various
al t el.nat i deystem fohpicampdirmehtissuefthe bstent nweptisiog
descri.hed. herei be enpl oyed in practicing the
i nvehtifiBwicrripge Ee ‘ended that the follow ng clains
deflﬁqup§m§&9&ﬁzggoﬁga Lpyention and that structures
and nethods mntﬁln the scope of these clains and
t hei @ metpn icviafi @meds foo meawﬁrgem ctl dodri eplh yhardGenMlic existent between
2004/ 080306 PCT/ US200 3142 VHAT. | S CLAIL MED | S:
thﬁ\SWsPtl%ﬁﬁng& g F’&‘f&@ sepne elestrial cqniaet sheh &b SYStem is in
uonprising a skin-piercing element; at |east one
el ectrical contact; and a neter confi gured for
nmeasuri ng an electrical characteristic existent

between the skin piercing elenent and the at. | east
one 2l ect Th%%}fsteebﬁf r?lﬁéhes%ﬁéeaéhweselﬁﬁm%}e@ntagt is an
elg—{%ﬁca?ﬂé &fc claiml, wherein the at | east one
ectrica cont act is an electrical skin contact. 3.

The system of claim1, wherein the nmeter is configured

to neasure an el ectr| cal characteristic hetween the
ski m-pi er thgysErbpksliimhavhsien die Peksts GRESUEH & PrepRiEp an

el%%ﬁé%%ﬁa&g@ﬁ%icsoehggé CAL lslylﬁ (i’érc g r@x%men% bﬁéfh% j‘t le_?ﬁteone

enetration i h: pl ercin ement
elsqtﬁta& mamﬁciaheu innliicatire bederntahdssue petetiation hyfthe;}shixepietrc:ing
measure an electrical characteristic between the
eleme®. pi ercing el ement and the at |east one electrical
contact that is indicative of a stability of dernal
tissue penetration by the skin-piercing elenent.
4. The system of claim 1, wherein the meter is configured to measure an

electrical characteristic between the skin-piercing element and the at least one
electrical contact that is indicative of a stability of dermal tissue penetration by the

skin-piercing element.

5. The system of claim 1, wherein the meter is configured to measure an
electrical characteristic between the skin-piercing element and the at least one
electrical contact that is indicative of dermal tissue penetration residence time by the

skin-piercing element.

6. The system of claim 1, wherein the electrical characteristic is the
electrical resistance between the skin-piercing element and the at least one electrical

contact.
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5. The systemof claim1, wherein the neter is

configured to neasure an electrical characteristic
woebmmsesos he skin-piercing el enent and the at PeagiS2mme03142

el ectrical contact that is indicative of dermal tissue

penetr at i reside A by.the .skinspiercing. .

b ordnt. e e T Sl P iRl Bhefhdieio is the
eleb@hlNihipRlareh BERER thesdkitplefeihd BlemBhefid the & least one electrical

resi stance between the skin-piercing el enent and the
c@attadteast one electrical contact. 16 WO 2004/ 080306

PCT/ US2004/ 003142 7. The systemof claim1l, wherein

the electrical characteristic is the electrical

| mpegdance TReLWREH of BRins i1 AnBLeI 16 Bdcak SHEB ARG dohscAl

| east one electrical contact. 8. The systemof claim
intludeh e fiedt slectrzabtontahasnd asecoell eketiriceladontasht act

includes a first electrical contact and a second

el ectrical contact. 9. The system of claim8, wherein

the OBter rhe ofoih BPEIafR B WAUERANE Hejor FEARMEL ohBlired for

el ectrical characteristic existent between the first
maeagirmgaarttceicat tharaadristic eristent betwién thEHestaypdtsecnndfelectrical

claim1, wherein the neter includes a pressure/contact
CdS-and the at | east one electrical contact is

integrated with the pressure/contact ring. 11. The

system of claim 1, wherein the skin-piercing el enent

IS al@d cr @he syseath of claizn 1 Whersinsthemetd imdladesialptessure/contact

Wherein the mcro-needle is a conpopent of an )
ripg, %g?hgtawa?ﬁ %P@?%écaf EOTdR lwﬁg@ﬁ%wtﬁ&ﬁ RIgFSuERicAntast ring.
13. A systemfor piercing dermal tissue, the system
conprising a skin-piercing element; a first
el eclt.i calThe systae bf clains @ cwheleml the skin-@idreing Ricandnt iseauthicao-
nmeter configured for neasuring an electrical
n¢edlf acteristic exi stent between the skin pi ercing
element and the first and second el ectrical contacts
when the system
12.  The system of claim 11, wherein the micro-needle is a component of an

integrated micro-needle and biosensor medical device.

13. A system for piercing dermal tissue, the system comprising

a skin-piercing element;

a first electrical contact;

a second electrical contact; and

a meter configured for measuring an electrical characteristic existent between
the skin piercing element and the first and second electrical contacts when the system

is in use.
14. The system of claim 13, wherein the electrical characteristic is the

electrical impedance between the skin-piercing element and both of the first and

second electrical contacts.
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IS in use. 14. The system of claim 13, wherein the

el ectrical characteristic is the electrical inpedance
woebmmsosos he skin-piercing el enent and bot h of PCNAIS2004/003142

first and second electrical contacts. 17 WD

13, Wher oithe CRATIS SRR Cy Udeimdi Mo RS udspine et

rifb BAd ﬁféqirﬁtrh%dfsb&cﬁid i eanstehRahicbhfld wRpIRCLS are
integrated with the pressure/contact ring. 16. The

peyparenodicteingi m 13, wherein the skin-piercing el enent

is a mcro- needle. 17. The system of cl ai m 16,

wherein the mcro-needle is a conponent of an

i nteggate

18, The oot o o OE Pl 1A 0k p e Blenft s finicro
neddbztrical contact is a first electrical skin contact
and the second electrical contacts is a second

el ectrical skin contact. 19. A nethod for piercing

der ti ' r

wihht | e SaTeE ks SRALATH B OTERL i d Blonent of an
imégratep irderoimegdle laadbitisensor metifval deticenl ti ssue whil e
nmeasuring an electrical characteristic existent

bet ween the skin- piercing el enent and the at | east

one ect 0 I

(lostt 20 Srshom el 1 VERERY nRgs AR oLilEe AL B
e]l‘ebtﬁcsltskm @Jﬁltqct asbtheisagnd elestical voritdvtads al sechrrisdleviried slain
dermal tissue penetration depth of the skin-piercing
cf@tent, said indicator being based on the neasured
el ectrical characteristic. 21. The nmethod of claim 19
further including the step of presenting a user wth
an i b@li caA oretlafd far gierding dérhestissupeombrisihpon stability
of the skin-piercing elenent, said indicator being

based on fHNAGHEgSIGrBY tspuscvith atleast RBg sleetsicalqontact; 22d
The net hog gt cLajm- V&J@ﬁﬁ%&ﬁﬁ%ﬂt 1Ht8'tH9&§}91 i D& ,%Rxﬁﬁneof
er

presentlng a u cator o erna tIssue
mpasueihp ah ielzotricebeltheavteeistic BRisehit bdt@eakihn skingsieiciig element and

the at least one electrical contact, thereby penetrating the dermal tissue.

20.  The method of claim 19 further including the step of presenting a user
with an indicator of a dermal tissue penetration depth of the skin-piercing element,

said indicator being based on the measured electrical characteristic.

21.  The method of claim 19 further including the step of presenting a user
with an indicator of a dermal tissue penetration stability of the skin-piercing element,

said indicator being based on the measured electrical characteristic.
22.  The method of claim 19 further including the step of presenting a user

with an indicator of dermal tissue penetration residence time of the skin-piercing

element, said indicator being based on the measured electrical characteristic.

18



el ement, said indicator being based on the neasured
el ectrical characteristic. 18 WO 2004/ 080306

WOCH49821064/ 003142 23. The met hod of cl ai m 19pCTiuse@®itn03142
the inserting step includes inserting a mcro-needle

ski nypi ercin | e .. he.nmgt hod of ¢l ai 9, . )
oher 20t pe et EiNhainlth, whakifRE e Ble foiipthicRs inserting a
niftrotiedie afinepigfoifblémbRgr at ed i cron-needl e and

bi osensor nedi cal” device. 25. The nethod of claim 19,

wherein the inserting step further involves neasuring
the el ectrjcal characteristic prjor. tg.contact hetween
the 2 n- phEmstir ofaTamelst et 198 s ot Godes Rpghne 2
i8-8 P b 1L A58 MAPRAInAS af@ chﬁgﬁs%gnfeﬁﬁsal asqael

ti ssue and when the skin-piercing el enent has
penetrated the dernmal tissue. 26. The nmethod of claim

19, erein the neasur.i is acc | i shed by ppl yi ng
a cufrent ITP‘F’\ n%aﬁ]%?drgﬁ?gaémg]%’ T’%ﬁﬁui @‘g%@)seﬁﬁl.g 5P involves
nfé@&ﬁ‘ﬁﬁ%ltﬁ’é hlE%tﬁbﬁﬂ chracltR8t Ehrib: it l@orﬁgﬁ%‘éfvbé&ﬂ the skilﬁ-gierrcaiﬁé o

acconpl i shed using a potential frequency int

elomefOandHiae tandal kikle, when the shia-fievingredenadnt hhecontacted the

frequency prevents user disconfort and the high end of
gl Py Gaf &‘ﬁ"eﬁiﬂn‘ﬁ Ty Birdng dymepiis ppredréed the S tiggpe-

measured. 19

26. The method of claim 19, wherein the measuring is accomplished by

applying a current in the range of ImA to 10 mA.

27.  The method of claim 19, wherein the measuring is accomplished using
a potential frequency in the range of 10 KHz to 1 MHz, where the low end of the
frequency prevents user discomfort and the high end of the frequency minimizes stray

capacitance from being measured.
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