M CROFLUI DI C ANALYTI CAL SYSTEM W TH POSI TI ON ELECTRODES
BACKGROUND OF | NVENTI ON [0001] 1. Field of the

I nvention [0002] The present invention relates, in
general, to analytical devices and, in particular, to
m croflui dic anal ytical systens. [000312. Description
of the Related Art [0004] In analytical devices based
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[lﬁﬂgi tori n%’hg Sttr?:) €. g transportatxon, position detection, flow rate
determination and/or volume determination) of small volume liquid samples within
micro-channels can be essential in the success of a variety of analytical procedures
including the determination of glucose concentration in interstitial fluid (ISF) samples.
For example, obtaining reliable results may require knowledge of liquid sample
position in order to insure that a liquid sample has arrived at a detection area before
analysis is commenced. The relatively small size of the liquid samples and micro-
channels in microfluidic analytical devices can, however, render such control

problematic.

[0006] In the context of analytical systems for blood glucose monitoring,
continuous or semi-continuous monitoring systems and methods are advantageous in

that they provide enhanced insight into blood glucose concentration trends, the effect



that only small volunmes of liquid sanple (e.g., an I SF
liquid sanpl e of about 250 nanoliters) are generally
avai |l abl e for neasuring a glucose concentration. In
addition, it is difficult to transport small vol unes
of liquid froma target site to an ex vivo glucose
monitor with a controlled flowrate and in such a way
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The mcrofluidic analytical systemalso includes a
meter configured for neasuring an electrical
characteristic (e e L j stance) of the
position el ectro§gwwgggﬁimxfﬁfﬁe net er may
measure an electrical characteristic (e.qg.,

resi stance) between two ends of a single position
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ange 1n ance
invention includes an analysis module with at least one micro-channel for receiving

and transporting a liquid sample, at least one analyte sensor for measuring an analyte
in the liquid sample and at least one position electrode. The analyte sensor(s) and

position electrode(s) are in operative communication with the micro-channel.

[0010] The microfluidic analytical system also includes a meter configured for
measuring an electrical characteristic (¢.g., impedance or resistance) of the position
electrode(s). For example, the meter may measure an electrical characteristic (e.g.,
resistance) between two ends of a single position electrode or measure an electrical

characteristic (e.g., impedance) between two position electrodes.



dependent on the position of the front of a conducting
liquid sanple in a mcro- channel wth respect to one
or nore position electrodes. [0012] Since mcrofluidic
anal yti cal devices according to enbodi nents of the
present invention include a neter that neasures an

el ectrical characteristic that is dependent on |liquid
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FIG 6 is a siBRIEFDESCRIPTION OFD)RAVAINGS t he
sanpling nodule of FIG 5 being applied to a user's
skin layer, wth the dashed arrow indicating a
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irpptiorc&ill otaiingd By fdféreice to the following detailed description that sets

forth illustrative embodiments, in which principles of the invention are utilized, and

the accompanying drawings of which:
FIG. 1 is a simplified cross-sectional side view and schematic representation of a
microfluidic analytical system according to an exemplary embodiment of the present
invention;
FIG. 2 is a simplified perspective view of a molded plug of the microfluidic
analytical system of FIG. 1;
FIG. 3 is a simplified top view of a micro-channel disc of the
microfluidic analytical system of FIG. 1;
FIG. 4 15 a simplified bottom view of a laminate layer of the
microfluidic analytical system of FIG. 1;
FIG. 5 is a simplified block diagram depicting a system for extracting a bodily
liquid sample and monitoring an analyte therein, with which embodiments of

microfluidic analytical systems according to the present invention can be employed,



FIG 7 is a sinplified schematic diagram of a position
el ectrode, mcro- channel, anal yte sensor and neter
configuration for use in enbodinents of mcrofluidic
anal ytical systens according to the present invention;
FIG 8Ais a sinplified cross-sectional and schematic
diagramillustrating a manner in which a position

el ectmQdeiCAdmpsifi it QiaBraf) 6f e M ml
enbodi man% S o?ﬁm gerfg%%ﬁgg{: glagr-ﬁ} §{t?18§ y ehgule of FIG. 5
baingapplietttotacusetie sliin émyentwitinthe dhshed arrbwGndi8Ringsa mechanical
.sinpl.i fied cross-sectjqpal and schematic di agram .
interaR4er and the solid grEmRIndicAtn FHTaM pbavhengasasiaied Wish glement
: f4,pd. 0- channel by an insulating |ayer
z?ﬁ’ﬂgéwﬁﬁo@ﬁﬁg%??%fg m ¢rof | ui dic anal ytical systens
accoFiGnyistasimblfiepschematic diagani 6Laposktidn eléctiode, micro-

[ rrpl ified schematic di agram of another position
0@1“5’8 » ABRI¥te SAnsor aud pisten senfigusshanforusedn sebodimenteefr

] I, gur At ' ' ts,of mcrofluidic
ng%g 3%?*’2{3}3{ %rsrrts? H%(?dg%&r}gfﬁgggﬂl gﬁ‘ﬁsgnbllngglg}ﬂn,i nventi on

i |1 UFIGABA ina simplified EfosLY¥ectibhalAnd setRialtic Aagisth SisBhatifAR
be in electrical conmunication with an anal yte sensor;

manpgr i Whichg positienelsetradewan be axpageditn amicyechanms er

AR 5 A O 50t
m cr pi¢.8Blisca simplitied Erdks-Sa¢EbIand sRdtiP iasPank Nfustrating a

present invention show ng the use of thre€ position
mangertip gdueh a pesitiomeledtends ingspatatedfrase la emfaro-chadneldryaam of

. ition. electsod in m.cro- channel, branc
il BBE B nSSroulznits o ERIcBo e Gl ia avotirmneigiiiag fohe
pfe8ént WH@ntifn; enbodi nents of m crofluidic anal ytical
systens according to the present invention, FIG 12 is
si mpFIG.i &g sinaplifiest scherdatingdiagramfof anatherepositiasi dléatrode, micro-
el ectrode, nmain i cro-channel , branch m cr.o-channel s,
cmﬁwﬁgs AEBPT HUMRIEE &9 tgblrﬂﬁoalf?ralﬁeaﬁe%ﬁdlmts 9fp
Sai k1 i £ 1 Gigh LvLi .
accor I((JII i ng tole{l hsgktg{ng%ﬁr&ﬁ?&&cﬁﬂ%p\é&gbﬁﬁﬂ@ﬁ&jﬂ?ﬁr agng a
mghmgs(biyfwlach a pbsitien detedomaandein EleetricalsioimmimicdtReit witlilgn
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aCCOFH.NG sifipfifi&s RhERSTE dib P4V yRPandther position electrode, micro-

channel, analyte sensor and meter configuration for use in embodiments of

microfluidic analytical systems according to the present invention showing the use of
three position electrodes;

FIG. 11 is simplified schematic diagram of a position electrode, main micro-
channel, branch micro-channels, analyte sensor and meter configuration for use in
embodiments of microfluidic analytical systems according to the present invention;

FIG. 12 is simplified schematic diagram of another position electrode, main
micro-channel, branch micro-channels, analyte sensor and meter configuration for use
in embodiments of microfluidic analytical systems according to the present invention;

FIG. 13 is a simplified schematic diagram of a position electrode, micro-
channel and meter configuration for use in embodiments of microfluidic analytical

systems according to the present invention;



FIG 14 is a sinplified schematic di agram of an
equi val ent electrical circuit for a portion of the
configuration of FIG 13; FIG 15 is a sinplified
schematic diagramof a further position el ectrode,
m cro-channel and neter configuration for use in
enbodi nents of mcrofluidic. analytical systens
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DETAILED DESCRIPTION OF THE INVENTION

[0014] FIGs. 1-4 depict a microfluidic analytical system 100 for determining
an analyte (e.g., detecting the analyte and/or measuring the concentration of the
analyte) in a liquid sample according to an exemplary embodiment of the present

invention,

[0015] Microfluidic analytical system 100 includes an analysis module 102
with a micro-channel 104 for receiving and transporting a liquid sample (e.g., an ISF
sample extracted from a dermal tissue target site), an analyte sensor 106 (e.g., an
electrochemical analyte sensor or photometric analyte sensor) for measuring an

analyte (e.g., glucose) in the liquid sample, and first and second position electrodes



5 108 and 110. In the enbodi nrent of FIGs. 1-4,
m cr o- channel 104 includes a pre- sensor m cro-channel
portion 104a and a post-sensor m cro-channel portion
104b. Mcrofluidic analytical system 100 al so includes
a sensor chanber 105, within which analyte sensor 106
is disposed. [00161 M crofluidic anal yt| caI system 100
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capacitive effects prevail in determining the measured impedance. The pure resistive

component can prevail at lower frequencies while the pure capacitive component can
prevail at higher frequencies. To distinguish between the resistive and capacitive
components, the phase difference between the applied alternating current and the
measured resulting current can be determined. If there is zero phase shift, the pure
resistive component is prevailing. If the phase shift indicates that the current lags the
voltage, then the capacitive component is significant. Therefore, depending on the
frequency of an applied alternating current and position electrode configuration, it can
be beneficial to measure either resistance or a combination of resistance and

capacitance.



be beneficial to nmeasure either resistance or a

conbi nation of resistance and capacitance. 6 [0018] In
t he enbodi nent of FIGs. 1-4, inpedance neasurenents can
be performed by, for exanple, applying an alternating
vol tage between first position electrode 108 and
second position el ectrode 110 and neasuring the
resulting alternating current. Since first position

el ectrode 108 and second position electrode 110 are a
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net change in the liquid sanple's properties due to any
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are dependent on the onset of electrolysis or electrochemical decomposition of the
liquid sample. In the circumstance that an alternating voltage is employed, the
alternating voltage can be applied, for example, at a frequency that results in a
negligible net change in the liquid sample’s properties due to any electrochemical
reaction. Such a frequency range can be, for example, from about 10 Hz to about 100
kHz with a voltage waveform symmetrical around 0 Volts (i.e., the RMS value of the

alternating voltage is approximately zero).

[0021] As depicted in a simplified manner in FIG. 1, analyte sensor 106, first
position electrode 108 and second position electrode 110 are each in operative

communication with micro-channel 104. It should be noted that position electrodes



position el ectrode 108 and second position el ectrode
110 are each in operative comunication with

m cro-channel 104. It should be noted that position
el ectrodes 7 enployed in enbodi nents of the present

i nvention can be forned of any suitable conductive
material known to those skilled in the art, including
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af orement i oned’ m cro-cha sensor c
caibucted bpddr example,ihterfaciop aticrelchdirset dikt @ 16 mdthud@snate layer

istrati.o ol e 126 (see, for exanple, FIG 3).
1{%%?3?‘°@5ﬂ‘?ﬁ’&@‘*& ayer 118 includes an access hole 128,
a nmenbrane valve 130, and in the enbodi nent of FIGs.
1-4, the aforenentioned anal yte sensor 106 and first

[0923] seconMaldei plug h14inehideoseinlet @Rararl130Lshd 4 RBRRKtion pole
cro-channel 104 has cross-sectional dinensions
Usre rMissercaymet disg 116 isiopfigured ko define)(aloag mithiaminate layer 118) a

.hei ' . of. about. 10, m croiret e
s SR sk Oyl R A SRS o
andodensor shambére] 05anal b@dltibm, riicfo-eHanel disc 116 includes a registration
hole 126 (see, for example, FIG. 3).

[0024] Laminate layer 118 includes an access hole 128, a membrane valve
130, and in the embodiment of FIGs. 1-4, the aforementioned analyte sensor 106 and

first and second position electrodes 108 and 110,

[0025] Micro-channel 104 has cross-sectional dimensions perpendicular to a
direction of fluid flow (i.e., height and width) in the range of about 10 micrometers to
about 500 micrometers. Typical liquid sample volumes to be handled in a micro-
channel(s) of embodiments of the present invention are on the order of about 10

nanoliters to about 10 microliters. In this respect, the term “handled” is in reference to



channel (s) of enbodi nents of the present invention are
on the order of about 10 nanoliters to about 10
mcroliters. In this respect, the term"handled" is in
reference to 8 the transportation of various liquid
sanpl e volunes including, but not imted to, isolated
liquid sanpl e volunes extracted froma target site

tl(é?trﬂ}s?oﬂta‘-l%%f%yﬁg IS sdrfble R/Qﬁnfe?u uddy %%Qt HJ()} ILrﬁltéptg

he mininmum|liquid sanple vo uire
lmlma@/h@lld emple V(Glmnesma'aq:tbé froba tatget sien@.d. Hisolhtet arblumes in

u that is, conducted through a
e P a5 250 anglﬁé‘m’mé‘ﬁ’é ligEreamplS Yl EaHreq by an
aI
Ryt f’f‘f E AL YI0 1P ap§ Yt 18 il AR oy Bt
cémglc&'kirthmug]n apaibe-di2ane fthronglshed thel usgful lifetinte efixhityefhidic
r| n fI@act uring of mcrofluidic, anal ytical syst em
ﬁ‘l? kj stactotal velumenf approximately d@imicrortiiess))

of nol ded pl ug 114 and m cro-channel disc 116. For
exanpl e, such alignnent nust insure that anal yte

[80265or 10Registratia@r pole 122 yf mblded pthgn 14his s@PisYed dehA
105 and that first and second position el gg;??odesﬂg;gS

Irma aitmna o€ MHeTOfHiskic arwlxtwakmmsmste [ensHre nd:eq@mmlmment

(RS B b TR R g A 6 R At S

anggneﬁ st MRufe@BAt AhSItel sehdor 106 i Jperdtﬁmmigﬁed At lsershP
nd/ or m cro-channel disc 116 (not shown) by opti cal

cmbqrﬂeaﬁmbﬂlat fiot 2 serend pesitian @pptmd»e@m&mcbno are ahgned

Ci &)(r: tsceﬂ ° (glcﬁaglyf cﬁn éqgﬁf c:bed 3 '{aj%/gff-]ﬂng, lammate layer

18 5a[rﬂjd3ah B@kvﬂﬁlrﬁiérolé&nnBQﬁécsltl%%ir%% iBRatfonlB AR $nduded in

shape and size that are conplenentary to registration
lawgnate 19yt 1 thansd/onmiswi-changeldisc hiéanot shoam et byloptical 16 t o
ely interface with the nolded plug 114, as
%@gﬁa@f’%d in FIG 1. The use of half circle shapes for
both registration hole 126 and regl stration pole 122

ficia ] f a .
mnﬁ ned klegla!r%lm P%létﬂg% T cr §- &ganneﬁS%aPlgﬁedﬁg?vmg a
hdlf cisdiestiape land Bﬂﬁeﬂding bﬂﬁrel%ﬂthﬂf gﬁfrrhm% -SHAARE Hiset NG ReplREBtion

half circle can al so be use [ 0028] Al though no
P‘ﬁéé?% hasp shepspud sizq thet ane&mmbmenwwmregmaumhud d36, thus

0 ng elec C ect
PB4 o SORSEA R 155, S SFAL bt RS Foudd e
ask:)dlilptd\}v)éﬂ lhlﬂ:gGde The ugSofdRHCdilcRANRapistBr bR RPESLtrdtdn b2 126 and
el o an
registration pole 122 beneficially limits the rotational freedom of a combined molded
plug 114 and micro-channel disc 116. It should be noted that altemative shapes other

than a half circle can also be used.

[0028] Although not depicted in FIGs. 1-4, laminate layer 118 includes
electrical connections to electrically connect analyte sensor 106 to external apparatus
(such as a local controller module as described with respect to FIG. 5 below) and to
connect first and second position electrodes 108 and 110 to meter 112. Such electrical

connections can include, for example, conductive traces and electrical contact pads.



connect first and second position el ectrodes 108 and
110 to neter 112. Such electrical connections can

i nclude, for exanple, conductive traces and electrica
contact pads. 9 100291 It is contenplated that a |iquid
sanmple (e.g., an I SF sanple) will be transported to

i nl et channel 120 by suitable neans, such as a sanpling

| . ! e e :
O G (L eSO il S RREE ai) Sy bbbty will 8
teaospioret] kethldtchaerebi 201ky suitable s, such 899 sreip g modwle as

ha] er types of valves, besides nenbrane val ves,
e belzucp i et oW o6 ligwe sSrpld tBrpugh slFchanne

de

: t | ve
190} oL 0T} BePbr RN siholiofe sbped BRI
valves) bdsides mbapeine Vil es, eeirbé ased andlawewdIBRnd v t@Bne skilled in the
undef ornmed condition, a liquid sanple may fl ow past

nbrane val ve 130 and fill pre-sensor m cro-channel
portion 104a. However, when nenbrane valve 130 is
initially defornmed (for exanple, by the application of
[0030FSUr € Fhi b samlﬁemifﬂaZﬁ)memlsran@@mémﬂﬁlsld@k&tnable and
channel 120 and prevents | i qui d sanple fromflow ng
made oé e elgstgmeric matertdin 4 deme shapeh dYhenahembmne valvefl 30 is an

uFIBIrEREohibh, & R P e bt TR PA0 AR anene VA Lafa il
pERSRBG mitBRchahinél SeYa, IRfwdvief] Wlﬂn%‘t’éﬁi’&r@n@@aﬁ{re 130 is

menbrane valve 130 (i.e., frominlet channel 120 t
iptidsdatemred (forcxampleahy e applitation of Prkajure aia dveess hole 128), it

rol.l unt of, pressu a ed in
ofdiis st g 2 P B en S sgRi PSR Haytioe heppshrpush. In
aldifvh, raies |
S0 RS de R mallof D ERBAAS vaivt 130 Buches Palys ek R Er e
preesensorimigteechah@eél3bitidni 104a and dnte sensoriclpmsbier 105, The movement
Eﬁe rod 108 and 110, algng with meter 112 can be
ayd sgm tpéf'trﬁ'“i’}'é brapg valye L3¢ l§arﬁar@ shamnsh 13§ topra-sensor
r aﬁ&ﬁ
TG 2R B0 op, {94 e Be bty in by ISk S8 IO feg iy
deforrhmglm&dﬂaaniemles X ]0)) nryqflcammﬂaalﬁapleaﬂlme ral@élntd ﬁudr§-channel
@fnef|0|al to %@tern1ne |iquid sanple position in
gr&rn the raugeefiabput 1jranokitess par minvtate apaut d P09 naneligers per
| e has been collected into analysis nodule 102 to
Initiate analyte determination. It can also be
beneficial to determine |liquid sanple flow rate and/or

t he total —anmount of |iquid
[0031] First and second position electrodes 108 and 110, along with meter 112,

can be used to determine the liquid sample position within micro-channel 104, the
flow rate of a liquid sample and/or the volume of an extracted liquid sample to help
control the depression of membrane valve 130. It is beneficial to determine liquid
sample position in order to ascertain when a minimum amount of liquid sample has
been collected into analysis module 102 to initiate analyte determination. It can also
be beneficial to determine liquid sample flow rate and/or the total amount of liquid
sample that has entered microfluidic analytical system 100 in order to control
membrane valve 130 in a manner that facilitates semi-continuous stopped flow
measurements (i.e., measurements taken with liquid sample flow momentarily halted

and that result in a predetermined number of measurements per unit time [typically in
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sanpl e that has entered mcrofluidic analytical system
100 in order to control nenbrane valve 130 in a manner
that facilitates sem -conti nuous stopped fl ow
nmeasurenents (i.e., nmeasurenents taken with liquid
sanple flow nonentarily halted and that result in a
predet erm ned nunber of neasurenents per unit tine

thd ﬁéﬂ%&@f 4 id‘m%%ﬁ}%ﬁe(%ﬁl?%oﬁ{] l‘éllhérqhglp a ge&rllﬂ Fi%ﬂf)ﬁ%%@%s%g@tﬁént)

our] rather t nuous neasur e
opereipredetaimiaed timepefiods. df addition,albrinindAg ligeideaRiblY @y rate
I i qui dmiarrple flow rate and the total anmount of |iquid
ag%ﬁmt ameynof ighidsampleenables senser lag sgompensatien.nBurthermore,

Ltive to flow rate.
S ShR0R 08 oy SN VTS By 0 B
sedond posites crotodeetad mkle? 1L lallvss Systdn® MDA ROmbr: d¥ehditely
accurately determ ne an anal yte over an extended

delerming ap analyieeovsramexiendet periek afitbine suchiasufor gxamplgr shout 8
h%‘gsm In the enbodi mrent of FIGs. 1-4, anal yte sensor
"is disposed within sensor chanber 105. Anal yte
sensor 106 can be any suitable sensor known to one
skilled in the art. For the circunstance where the
[033] yt e ofin thetembodiméns of FliGnd &, analptalsynser $06 sadispodéd within
be an el.ec chemni cal I se sensor,that neasures a
S@SPY *‘Qﬁwbebﬁ@%og{%ﬁa?@ﬂ%éslfﬁg ERILsAny SHitahie sepsphknovigyfogne
sEfEd irtb aft! Yor MRRindhRsaRSWherd 8 dn3Rtd’SF inteb is?ﬁ?&me,e’
an el ectrochem cal glucose sensor that neasures current
agpite senspp pPfechn e avelextrodhémipalsglidose sensdt that madsnsesa cudrent

PRGN 404957 i a At MbE o s3larks. ahite sonspr Lkt
frRRERAPE, A kctiEihe fal gﬁs&e'sﬁ?s%ifﬁﬁ%ﬁﬁﬁﬁés Qrrehf Enddk SRHPLd

i nvention 1 nclude, not mted to,
fleweonditiohe(iies dlovbmsmdit annkap bero diFing nicahaementiasd Wit glucose
sensors. El e&é_aochem cal - based_  anal yte sensors

being copsumed yyithin sensprchambse | (el ¥amplesnftanalyteoiensars thahmay be

i ; Li anal yte
e L R L
eleetfdohemivatbased ahd phomineiric-bdsbd MiayTe bérisers. F@lticRhéhaBhided

absorbance analyte sensors. 100331 After an analyte in
analyte sensersdneipde forexampls amperometrits gotentiemetrigtand coelnmstric
| iUl [ nsporit t ost - sensor
axg%@)g? (s)édg rash r@ﬁiog%em%s%d f%%%{e%en Ors 1n§l(1]|1de,(}'op ¢Xxample,
transmission, reflectance, colorimetric, fluorometric, scattering and absorbance

analyte sensors,

[0033] After an analyte in a liquid sample has been determined by analyte
sensor 106, the liquid sample is transported to post-sensor micro-channel portion
104b.

[0034] One skilled in the art will recognize that analyte monitoring systems
according to embodiments of the present invention can be employed, for example, as a
subsystem in a variety of devices. For example, embodiments of the present invention
can be employed as an analysis module of system 200 depicted in FIG. 5. System 200
is configured for extracting a bodily liquid sample (e.g.,‘ an ISF sample) and

11



100341 One skilled in the art will recognize that

anal yte nonitoring systens according to enbodi nents of
the present invention can be enployed, for exanple, as
a subsystemin a variety of devices. For exanple,
enbodi nents of the present invention can be enpl oyed
as an analysis nodul e of system 200 depicted in FIG 5.

r@fge& ?%é (egngmuée%ﬁggaa gg#é@%gg M1 faedadlinh bsibl

canmdgw&t(enc(omlgssedghtm:i) sie) dahea) i), a 19yl icBfitralf} mdtiulld/ZRFand
a di sposable cartri dge 212 (enconpassed within the
adﬁ%‘ﬂ@&%@%‘“’%"q"&%ﬂ .control ler nodul e 214 and a

renmote controller nodule 216. 100351 In system 200,

di sposabl e cartridge 212 includes a sanpling nodul e

[cmes] f or eXii 5ytdnh 0O, obm tattridg@ Qi 2l irfehiaek @ shRPEY ModdR
npl e) froma bo for exanple, a user's skin

2|1 &Wre}ﬂraﬁmgathe hﬂ@lbylsmgg ﬁ%m?lb énapaxdy, faprISFearsple) frglrambody (B,

R, b lag 36 vt sty 400 MboRers R RbRAATte
(ite, glﬁEb%S) 1ﬁfth§15<bd11y fluid.t sﬁnﬁﬁﬁg[ mwimle 018881 tShry kSartpfing

can be a microfluidic analytical systemaccording to
modblsdinowmite thyfse o ekiirie therart, winile analgsis modulerA0ean bt a

PR ARl i i o emeRtmen S e prssent aviations

E¥¥in] Pf%é g?lﬁgﬁbﬁos hﬂ gigodgge% a?e\?\ﬁgé K‘bﬁqn Eﬁ ?rngP @rﬁa‘f ﬁtp\yhcatlon

App
PCFF @B@Hﬂéﬁﬂc{phbhshed abWo Qﬂéﬂéﬁﬂ:Al onHquErZOOthﬁy@ISe Patent
i gured to be di sposable
AgphuagSpfeo 1@%5%% SRS hie Eb eemroratad herery refepence.

1
*‘89%%?‘“’%“%%’8".‘1 %*ﬁf"‘h%b%‘ggzﬁ Kool A pOtbe St thee i
rsaaqmmuncmtof@hspnmlﬂmcar&ﬂgemz penetrating a target site

(TS) of body B and extracting an |ISF sanple, a
| aunchi ng nmechani sm 224 and at | east one pressure ring

Sa
(08381 aout 2peRin FIG  oheaBbR o PR S eRa0pdr o
ISPoainipding 2fbduly thhhiachdes 4 penefatidremember 226 tn@gla target
Jreasur 4%% of an analyte (such as glucose) in the I
Sl?a@%l) and exfrackige asésﬁﬁar@lstaelmmmsg 1peghanisat 224and at

ingse a ite

e IP“% °iig 25 serrubeang 28l ac%p%ﬂ?gprqviéﬁmmuous
omaﬁaanﬁmoaa flow TIBF b enRysid M68110220 Fordhe ﬁéﬁu&ﬁlgﬁz

froma user's skin |layer, penetration nenb
concentration measurement) of an analyte (such as glucose) in the ISF sample.

[0037] During use of system 200, penetration member 222 is inserted into the
target site (i.e., penetrates the target site) by operation of launching mechanism 224.
For the extraction of an ISF sample from a user’s skin layer, penetration member 222
can be inserted to a maximum insertion depth in the range of|, for example, 1.5 mm to
3 mm. In addition, penetration member 222 can be configured to optimize extraction
of an ISF sample in a continuous or semi-continuous manner. In this regard,
penetration member 222 can include, for example, a 25 gauge, thin-wall stainless steel
needle (not shown in FIGs. 5 or 6) with a bent tip, wherein a fulcrum for the tip bend

is disposed between the needle’s tip and the needle’s heel. Suitable needles for use in
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can be inserted to a maxi numinsertion depth in the
range of, for exanple, 1.5 nmmto 3 nmm In addition,
penetrati on nmenber 222 can be configured to optimn ze
extraction of an |ISF sanple in a continuous or
sem -conti nuous manner. In this regard, penetration
menber 222 can include, for exanple, a 25 gauge,

5
P e L PR n AR RAR 0SS 65
(pahliched as [d5 20030060784 Weleon Maschr2¥e 3068)s Fuitherande, tfhﬂher details

needl e' s he Sui l.e needl sfor use in 12
T pe W%‘ﬁgh%ﬁ’fﬁélli? rkat ‘H’éﬁPP igatton Np. 1051881 8ent
Application No. 10/185,605 (published as US
2003/ 0060784 Al on March 27, 2003). Furthernore,
[lMleSﬂ her déh diel esnbodergerntaif IFH3§ V4, iRt260 sedoddipdsitioelectrodes
t ent Appl ication No. 10/718,818. [0038] In the
18 1 Ho#id pter | Biare configyred suchdhat bottvtba dirg@sd seeond position
t 2 are onf.l
efeE 300 ouisHefRof AP RO en T 06 vt reBhs P S thihet 104,
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Hﬂv&@éﬂ' oftes siitable’ chafigalatieny dan Ve caipddpet e FoLamipld FIGM7 tida
respect to mcro-channel 104. However, other sui tabl e

Smmeéﬁff‘léﬁm%mil%ﬁﬂiﬂb@ agapition electreds; misraraharnel Finalytersensor

ofy ik B R BT, e ARG AR Bl F BB anyisa

symﬁs ﬂiébﬂﬁmgla; tﬁ@PreE&{t itERtibm Gmﬁﬁﬁiﬁtﬁ)m&ludcs first position
mcrofluidic analytical systens according to the

elseiaadaiol; mnd pesitiorcela¢trasier3fdi dectdod lllrlpcdandemetar 366, timer
Siti o 0 sec oSl tI ect r

Bt Re NG Builx epos it Bihe porttipgaron ofHE. 7 wivy

1 r

IReprasRL i 05, R Mok AR, ot Wi g

r@gppp|lgu(cbsag1p,le)amthlsmlclbl-amm;nel die.ne, plasma, serum

buffer or reagent liquid sanple) within mcro-channel
310. [0039] Configuration 300 can be used to determ ne

[0039] POsi t Cﬁﬂﬁgﬁra{ﬂ)ﬂ)%d @a{nﬁoeq{sed det ] 11‘ije ﬁl@?ﬁl‘)iﬁpféﬂr flow rate of

m cr o- channel “3 10. con I gurati
a liguidysampleeinsuicro- ﬂfnﬂnelS?u 100 dathedohfigiratimeef FIG. 7sdnalyte sensor

si.tion, electrode 302 and second posjtion el ectrode
B logateskiprYetaieen: LirstRpsiiion chestane é@ﬁanfksea@abpwlmlectmde

et e R O AN

impeesiancechepnéenciist fissitincdeiiods BeYlakysechmd cletasde! 4. Such a
e | oying a, voltage source to inpose either a

§ThERS Gan b agpomplishad bygfar@pcalag@ erep g af\rcﬂtlgge sour((:je to
t {
*@%}E sl oA o Aerma @l v IEEF PrivseF b P R istbidh 02

and second position electrode 304 such that an impedance resulting from a conducting

path formed by a liquid sample within micro-channel 310 and between first position
electrode 302 and second position electrode 304 can be measured, yielding a signal

indicative of the presence of the liquid sample.

[0040] Furthermore, when electrical impedance meter 306 measures a change
in impedance due to the presence of a liquid sample between the first and second
position electrodes, a signal can be sent to timer 308 to mark the time at which liquid

is first present between the first and second position electrodes. When the measured
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path formed by a liquid sanple within m cro-channel 310
and between first position electrode 302 and second
position el ectrode 304 can be neasured, yielding a
signal indicative of the presence of the liquid
sanpl e. [0040] Furthernore, when electrical inpedance
nmeter 306 neasures a change in inpedance due to the

i@g&ﬁiﬂ@&ﬁldﬁfate@ that ‘ﬁéﬁi lg%ltﬁ@g%ﬁe@e Bgst I\@(g{édttnee sefci)%&e; f)%sgtﬁc?n glectrode,

econd position srgnal”can _ _
ahothierr si S8 carobersenk to tiaert 3088 Thie didféretice!ih Gitietbetweed Whéd a liquid
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sampleds HesbBresgit dstvraca thebestiandpesond prsittparriectiodes ak when the
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sdthpledloiwf Rte(@denikhoWlddige BEtHaBRMUMNE mtrd-Chdting] 3 KABBMEerl the

first present between the first and second position

fisytapd sesqnd pasitionplerirades). Furthgrmorsknovdedgsaofliguid sample flow

it [ d d s
R0 RETD SEPe Poiba PTG SR n Bl R ure
voluni¥. ah additisnneligrbl deRAIngIRSIpdiREn tinhd Stwiadfa ﬁggi‘ar&gmple

position el ectrodes). Furthernmore, know edge liquid
agHiep peseppnslpositinneelentpde 304 capuiled basapl to plosalidoatroiermbdule

i aebnEi T 2l earmcys) fe S crmising hegions cn

défohheistearmbMbraAk VaNg8936! Second position el ectrode
304 can al so be sent to a local controller nodul e

| ocal controller nodule 214 of FIG 5) for use

(e.g.,

' eter i t he .prape deforned state for nenbrane
il 130F1G o2 %ﬁeﬁﬁgicqogs-zccgpwg g shigmatic diagram
iIRfsRSHgSLnmbhRAH whlts ﬁf&:‘ltél%trGHé‘ in'olp%fﬁ?l% b hBdnfation

manner in which a position el'ectrode can“be in
with@maicioehanoelnm rimbatlincents of ierafluidic analgfical s@terhdaccording to

enbodi nent s, of pjcrofluidic analytical systems
S PEGSERN TEentisn: Flle: A demife ampisEnehapnel 10En Gpsswgiionsa a

G R P H8E 332 A bl P ARPag 864, aihipaft Jafly 5B o Bt

3 3% @nahelcanfigatation 0358G. 84} gobigiofi @Rkirgdy 384 i8in Bperitive 8A,
osition electrode 354 is in operative comrunication
COMPHICAROMYER Hlechisrenangsld S sph thatie serfase 368 o€ pasionf

1B dbi184 ; : ' 0 to |iquid samml.e .
PR SRR P R s e
midredcharsieb®sel 350. [0042] In the enbodi ment of FIG 8A
(and ot her enbodi nents of the present
[0042] In the embodiment of FIG. 8A (and other embodiments of the present
invention), micro-channel disc 352 and laminate layer 356 are made of electrically
insulating material such as, for example, polymeric insulating materials (e.g.,
polystyrene, silicone rubber, PMMA, polycarbonate or PEEK) and non-polymeric

insulating materials such as, for, example, glass.

[0043] FIG. 8B is a simplified cross-sectional and schematic diagram
(employing the same labeling numerals as FIG. 8A) illustrating another manner by
which a position electrode can be in operative communication with 2 micre-channel in

embodiments of microfluidic analytical systems according to the present invention.
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i nvention), mcro-channel disc 352 and | am nate | ayer
356 are made of electrically insulating material such
as, for exanple, polyneric insulating nmaterials (e.qg.,
pol ystyrene, silicone rubber, PMVA, pol ycarbonate or
PEEK) and non-polyneric insulating materials such as,
for, exanple, glass. [0043] FIG 8B is a sinplified

081 ~ [ ' ' . L hg. t
G088 Sl et SN TRL EO0, s p IR Ra,
position elebtrodedt4;  laninateilayep 856 hata etk 368N Ib@eicBnfiguration of
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Bhiipreitios elsrtradecd sk is in epegatiseopmunigatiopsyignthe micro-channel
' , i ion. .14 FIG 8B depict.
S0 0L o Bl e 23 BY b s Ty of

1ﬂhﬁﬁteagﬁ@r 386. PAsenkfiOsT thé Aahhdepidked in FIG 28R Rah& th@f)sg&b no
a

356 an neter 358. In the configuration of FIG ,

dirssti qonigat atween baiid s8upledn microsbannel 350 awhpasitianatlearode 354
LA L P e o A

sifplei 8 tOpositigiElBatRiel 3% hn 3xkr. A benefit of the manner
depicted In FIG 8B is that there is no direct contact

between liquid sanple in mcro-channel 350 and position
trod 4. .and, . iy, | ectrolysi

BT ¢ ocnaioais opufRbERERat Shbumtofamgticamidariegictue

ahflyRQShdor 8Ad BB aé&oﬁééoﬁgﬁgg&gmo foP R4 oKy 'rﬁerigof

simplified schematic diagra not her m cro-chann
nacrpilypidic srmgizal settnpescdrilng te theqiresed eincentidng WCatfigaratibq @00
.for use in enbodinents of mcrqfluidic analytical
1%@%46@ t20GPRP I TodF ‘f%sweé BPfItioT¢eFirqds #04, electrical
; [ ' i S f it t4,6d
G ah Gk 0, K 0B ISt b PR DAk 2056 41370 he
comfmuiztivna fifEGe?, WG, lies depictdRquidrsansie (0 a0 ae [SH bba drine,
nal yte sensgor 412. In the configuration of FIG 9,
p JeryR<butep o Feagentiliguidpampig) wdthin micro-channes#10.p| 0od,
urine, plasma, serum buffer or reagent liquid sanple)
wi t hin mcro-channel 410. 100451 In the enbodi ment of

[0848] O, Db thefenitRiirias iof FIB £ betifiradssiida cdttrodane ¥ie
sensor 412 are in operative comunication with |ocal
analyte senspef hirgdn eperative commuticationewitielocalj qontroferghedwe214.

C I both as a posjtion electrode and, as
R pRieE AR BoRRbY Plstidet iR P Bole s espion ediged i iy
référeiicerdl@dtioke f e é&iﬁorlmqlﬁhsmﬁhr%?hﬁ%asfe &aborRA28€an

anal yte sensor). Furthernore, it should be noted that
e]@p@,%lpmmﬂ-based analyte sensor). Furthermore, it should be noted that electrical
impedance meter 406 and timer 408 may be incorporated into local controller module

214.

[0046] An advantage of the configuration of FIG. 9 is a reduced complexity
that is achieved by using the first position electrode as both a position electrode and a
reference electrode for analyte sensor 412. In the configuration of FIG. 9, first
position electrode 402 can, for example, be manufactured of a material that results in a
stable electrical potential between the first position electrode and the liquid sample.

In the circumstance that the liquid sample is an ISF liquid sample, the first position
electrode can be formed of chlorinated silver (Ag/AgCl).
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i npedance neter 406 and tinmer 408 may be incorporated
into local controller nodule 214. [00461 An advant age
of the configuration of FIG 9 is a reduced conplexity
that is achieved by using the first position el ectrode
as both a position electrode and a reference el ectrode
for anal yte sensor 412. In the configuration of FIG 9,
first position electrode 402 can, for exanple, be
manufactured of a material that results in a stable
[804531t r i calFIGol @ista siinphfiedshembtiedibizast ofy@s hiidthér position
Iec&rode and the liquid sanple. In the circunstance
elerupds: H@@r@\}%ﬂ sHRBite sensorgnd myten GogfigeratiorAd @ foriuge in

j (] : f chl ori.nat ed
cllop im0 B il ahi1hl SAkrCack T oS st hfien.
CGonfigamtion 450 Bghwes Gfst,wetordnmd kird pesitidd &8ctradles857, 488 and

micro-channel , anal yte sensor and neter configuration
4a6esnsetively anpnalytassasardd B sangtleatiieal impedantematen HG0,itimadr

. AC ' t e present invention.
BL B ieREGROAYI S, Biocfeal iciBbed BUELROF B sgntimrpdyo
nEasirt tereledtead inpatndbBotwébfadtio of B0 firsE SB&miana third an
anal yte sensor 458, an electrical inpedance neter 460,
pesitien cleggrlesand i cro- channel 464. El ectrical inpedance
nmeter 460 is configured to neasure the electrica
i npedance between any two of the first, second and

[mhis¥ d  pogiohtigiraBbeass @R frdf QoRderraidis 300 t%ﬁg 400 firfhat

differs fromconfigurations 300 and 400 in
cenfigurajionatS0ancluds three positien tlectemlep.oThe inctusidnesfithred @esition

The inclusi 03. of three %si.ti on el (ictrode praqvi des
elegFodes PrOYISS. etem BRrpYer byt 42 ahearalsly defepidbe bpsiion and flow
r 081 4 liQid 38slphe! oItk i labSUi6E SRS 1 4

m cr o-@ﬂanne?fezg%m égél%exfgnnlgﬁlg@t ESejr use ?)%ﬂi{év\%éé of two
ppsyon ¢lectrasles enabdetabe detedtionofialsmgtichalas {ien thd vaumi Rghi@ined
. bol us %h.e.l t he vg{une contai ped .in a mcro-channe
IR POy e Died Ve position eleglaedss). Hpwexesy the uprof heee
O o RVt B s bt e o B AL i
sagwyrel sevjuicatiidl ly prases else thive (bhmer) positiomeR trgfes] ti on

el ectrodes. [00491 FIG 11 is sinplified schematic

di agram of a position electrode, mcro- channel

ri se f I R: 47 - nel and two..branch .
R B8l g Sl T B 0o, mico-
clannéli(gompdisedrof 2GRaih Aicrdsehaiuie] @AY 66 BRASmXro-channels), analyte

m crof | ui di ¢ anal yti cal
sensor and meter configuration 500 for use in embodiments of microfluidic analytical
systems according to the present invention. Configuration 500 includes a micro-
channel comprised of main micro-channel 502, first branch micro-channel 504 and
second branch micro-channel 506. Configuration 500 also includes first position
electrode 508 (in operative communication with main micro-channel 502}, second
position electrode 510 (in operative communication with first branch micro-channel

504) and third position electrode 512 (in operative communication with second branch

micro-channel 506).

[0050] Furthermore, configuration 500 includes a first analyte sensor 514

{in operative communication with first branch micro-channel 504) and a second
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systens according to the present invention.
Configuration 500 includes a mcro channel conprised of
mai n m cro-channel 502, first branch m cro-channel 504
and second branch m cro-channel 506. Configuration 500
al so includes first position electrode 508 (in
operative comuni cation with main m cro-channel 502),

oDBGNnsoR 376 (B R EE bORRE AR hilh BB Bt migtpashnnl
5086), adngrersI 1181 and tidhed SROONLt& 1A 8(i$ ForTiRAred!th Weasure an electrical
comrmuni cation with second branch m cro-channel 506).

Ch@@@eﬂstmlﬁﬁ»émmcekhﬁwwguhafm pogiton ¢lactredtemdzither ofithe

n operative conmunication with
S?#’?s F}gﬁdﬁo%mo& iecé‘f%’gﬁ%a 504) and a second 16 anal yte
sensor 516 (in operative comrunication with second
branch m cro-channel 506), a meter 518 and tiner 520.

[Qax1Er 5181I%is enmmngbﬂeﬁcmﬁimn 580 avill bk enpidyedlin a device

h b f
o BT P JPE RS B PR i Bl e
nmfshﬁéreréhﬁh&? Bo%eﬁthawpéél arld seb&léﬁ%h&ﬂ rgfb‘?@ cﬁmgﬁ 504 and
configuration 500 wll be enployed in evi ce t

SPéic Eateples ofimict quanﬂdiandlgngrmam ihdnds dueareinoelimited to, active
dlgrectl n I i qui glpl e from main mcro-channel 502
vilses Pasrite Bives; Sapillany Beaks, sk @roseun SRmercansl yemhebis poish

and 506. Exanples of such |liquid handling neans

i nclude, but are not limted to, active valves,

[qnsalsu ve v&lonfiguratiaw500 canybeunailbfed taidetepr e ;uglﬁoﬁ) af 4 lighid

dléhyd,ropg,lobl c patches. 100521 Configuration 500 can
r%*&f?d?éh@&lﬁfﬂrﬂ@ﬂ%épﬂ (@eraplogingmgiers 1 8<ampsiagure

a.h Qle@ﬂn{cgletfgatdcfeﬁgnpﬁa%gh ﬂ}s? 831 rl ca(fq.l' d%%g%{’éﬁ?‘%‘?‘ %sﬁ‘l Sn

nmeasure an e

eloetrodzct1 0) of sacop@srahcmmmbeﬁmu S06DY enijfloyiRe fHetkr 518 to
positi on el ectrode 510) or second branch m cro-channel

meagire gy clepipicahshamctonistic besween first pesition dectrpde|568 1and thitd

t Siti l.ectro
pESRAbARE 51 2) "SR Relibh A SO Bondhl g Caipt
flow aadmheodetetntiRativarnifianlankly@Uh %eslitﬁiid Sampilb OV ARG ﬁrg'leanalyte

deternmination of an analyte int |qU|d sample b
seEsemhyl4 ariseeandamalyia ssnsadibor 514 or second anal yte
sensor 516. 100531 FIG 11 is sinplified schenmatic

di agram of anot her position electrode, mcro-channel
[0088Dr i S eldm‘.)fl 13 SR80 GERNEIR WrarR O ah MRt PRAGA electrode,

m cr o- channel s
micro-channel (compnsed of a main micro-channel and two branch micro-channels),

analyte sensor and meter configuration 550 for use in embodiments of microfluidic
analytical systems according to the present invention. Configuration 550 includes a
micro-channel comprised of main micro-channel 552, first branch micro-channel 554
and second branch micro-channel 556. Configuration 550 also includes first and
second position electrodes 558 and 560 (in operative communication with first branch
micro-channel 554), and third and fourth position electrodes 562 and 564 (in operative

communication with second branch micro-channel 556).

[0054] Furthermore, configuration 550 includes a first analyte sensor 566 (in

operative communication with first branch micro-channel 554) and a second analyte
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anal yte sensor and neter configuration 550 for use in
enbodi nents of mcrofluidic analytical systens
according to the present invention. Configuration 550

i ncludes a mcro-channel conprised of main

m cr o- channel 552, first branch m cro-channel 554 and
second branch m cro-channel 556. Configuration 550 al so

sbﬁ’s%l' ?@?ﬁn fogéﬁflvé‘%m afcash ViR %éé\(l)mﬁ{f Rﬁ%p‘éﬁ;r[ &gr 1 ra}.étg@% 5§8)d a

I n"operative conmuni catl o

nmtm'ri?{)@ind mingdr 5334 MetaridOtiheodigard tb envabilie AR idcirival
| ectrodes 562 and 564 (in gperative communication

cdgicdRE-Bmprdance) hetbeerithipeef the f)st apd gmand position
e@%g&raggéﬁemﬁgr}%ggm o%ﬂlo% cﬁgg%udes a first analyte

sensor & Comm Xion with first
branch m cro-channel 554) and a second analyte 17

sensor 568 (in operative conmunication with second
[5%hch ni dtis cevisioned thebeynfiguration 560 will be ampplayieddn a 8Fvice

d | |
o ncRd ol RN MR EecIRRT Bu ot i Simele frome
nidin fficratfasts 952 t@thef bOfrst ﬁidegéhéﬂﬂﬁﬁn@}nﬁlcfr&%hmersds saneld

fourth position electrodes. [00551 It is envisioned
55ﬁaEX®DNﬁS glisughilignidisndling ety incipdopatiaremotlinkited ¢wg active

AP AL SR Gl g

to either of first and second branch m cro-channel s 554

and 556. Exanples of such |liquid handling neans

[0056] ude, Klonfigurationms50 can hee&mployedaotdieteet the pbsitsn of a liquid
plllar air._ pressure_ barriers

é’mﬁ‘s" V%‘ﬂﬁ‘-‘%‘:ﬁ\éﬁ%&mﬁgt@ﬁ@sc 5535 (b emPplguingimeler Skfomgasure
a@@le@ﬁ'i&h%ﬁcfe‘?wﬂﬁﬁ&%ﬁﬁ ﬂf‘st Qs?ﬁ d agctfgdggih (agﬁ' 'chonﬁ%ﬁB'nSn

in either firs ranc anne
eleetrate D) ot secomdibranch nmroe:hﬁntel psa(byahgsleyihg friedrisq0 to

bet ween first position el ectrode 558 and second
"15‘6§F? Al ec@s@sﬁia@a@ns% e B =g ST et

a?lggt erl St [ C vveen Pﬁg@)déa?l berg Jr)#,egtgg?lftggg lggs

ﬂbwumtl lthe dmatmmtmnejfaﬁtahﬁlg*e 15%) llqlﬁill §dingsle b9 eith@¥irs) an‘a‘lB‘ﬂe
oyed to control l1quid sanple flow and the

be enpl
sfseTet r% HAEe FelylgseasmlSpbe A bsnpﬁtaoﬂ qoqﬁgwaggnﬁﬁ@lsuyat the

fift Ak bechid BosARELKdoacd FSHIL 83 Bira3RATRGUTENAEE ¢ e
elettraiespoad HegoemidneDRI4dtively bse Gbdedite %o émle/@chraee% the

third and fourth position electrodes) can be

msasiremesieaf relatiyelnhighyelestoed chagetetistics(og e rdativelakighr at e

impedances) therebetween.

[0057] FIG. 13 is a simplified schematic diagram of a position electrode,
micro-channel and meter configuration 600 for use in embodiments of microfluidic
analytical systems according to the present invention. FIG. 14 is a simplified
schematic diagram of an equivalent electrical circuit for a portion of configuration 600
of FIG. 13.

[0058] Configuration 600 includes a first position electrode 602 and a second
position electrode 604 in an interdigitated configuration. Configuration 600 also
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measurenents of relatively high electrical
characteristics (e.g., relatively high inpedances)

t herebetween. [00571 FIG 13 is a sinplified schematic
di agram of a position electrode, mcro-channel and
nmeter configuration 600 for use in enbodi nents of
mcrofluidic analytical systens according to the

iﬁ({lg(feg r&tmfcﬁb\fm&%%gngﬁtn%%pie@f i lﬁllgpglﬁ s;elggeﬁ(qu pqssgtpoe n&nta(i:tgodes

gram of an equiv

602 ahd 604 edchdRRinggilaklin ofeiitro@é pbitihs thit ark P84 substantially

Configuration 600 includes a first position-electrode
pamhlebindand igadiemating susicessim withs cactootberd®4z.,iin anmlternating,

"Rk ke baRiny & onad L Fic 3R R SapHBtEty Sinoscn: Pt lssitpde
PBATB GorRSH drid¥acdgsdsitRA fectrf@a P hnG 04 %gcfﬂ aﬁg\@bﬂa a

plurality of electrode portions that are ace
respbeiivehi iaed illystrated il HIE. 13.0Thaimterdigitatet etestrdodeportions are also

successi Qn wWith, each other (e.g., in an alternating,
ref??ﬁ‘gé’r%ﬁ RESpattern as depicted in FIG 13). For

expl anat ory purposes, four electrode portions for

first and second position el ectrodes 602 and 604 (602a
[€059] 604a, The opition leetrygesaf embbdinrhtsatfekt presdnk mvedtion and

The i.nt rdigeitated | ectrode portions are al so
“Peesﬂ’é?lP%g’ef‘ﬂ’ Lyeonsqap ge ok any sui@bls dimensions shdyagageously, an

_ _ : ; verti on
SRSy ST T Bl 0, B U ABAY,
ank e iFOG. 1) dkatatlageoritheyneasurement elicgidabp@ferties of a

onfiguratjon_can be enployed with di nensions (e.g.,
r‘ﬁﬂtﬁ@ﬁbs%ﬁﬂlwdsanalevw of FIG 13) that allow for the

measur enent of electrical properties of a relatively
small liquid sanple. [00601 In configuration 600, each

[0060nger " traconfipdenion$e0] darh MaNgraca idliépelentiyhavB @ width W,
.range of, for exanple, fromabout 1 microneters to
pihe fange DB fonexammetfean about anisegmegters toabdawus it SREmicrometers.

i . f | [ h
Tt SEEREE beind e irpde Hnel (Wi et THFBmBls e Tange
bétivebr dRIue 0. milliRetehd £IANBSG metlﬁ&efé?sl? | THeRickRER O iRARSition

is sufficient to support a desired electric current.
clesteadsh i spfficiensitn sepnost 2 dasired éloctrie xanpite Exempldne thickageses

RS b SR B L R Gh  himecrs
configuration 600 can have any

[0061] Interdigitated configurations such as configuration 600 can have any

number of “fingers” that are sufficient to provide utility, e.g., providing contact with a

liquid sample and to measure an electrical characteristic. An interdigitated

configuration can have, for example, from 2 to about 100 “fingers.”

[0062] Configuration 600 can be employed to detect a liquid sample bolus(es)
flowing through micro-channel 606. With such boluses having a pre-determined
volume (such as for example 250 nanoliters) defined by the height and width of
micro-channel 606 and the distance W,. For example, if micro-channel 606 has a
height and width that are both about 250 microns, W. is about 0.5 millimeters and W,

is about 4 millimeters, then when there is no liquid sample bridging between any
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nunber of "fingers" that are sufficient to provide
utility, e.g., providing contact wwth a liquid sanple
and to nmeasure an electrical characteristic. An
interdigitated configuration can have, for exanple,
from2 to about 100 "fingers." [00621 Configuration 600
can be enployed to detect a |iquid sanple bol us(es)

ﬂdg\@/ﬁl’\bl&%sfdﬁh ﬁ'om: Gﬁ? ﬂ ne@&?mdg\ﬁw tﬁ’ fishRLys Ween

eterm n or exanple
&Glertrode ﬁﬁ}smﬁ:) sederfid éied:rdﬂijt GOHQS eergiatly dmfhiv, Hdwdler, if an ISF

m ¢cro-channel 606 and the distance W. For exanple, if
it Greieiades GO0 malsroxchanel g6 Daveeein s Faeeraf dicish

PR, iepofl e sl Fnk s IR erlhndRten ECHRER (F Rluftance

deﬂlﬂteld@ybﬁa\@'ghﬁg iDEIG\E8)) aaheasdi@d &étﬁﬁ@ﬁlsﬁﬁcmﬁ&édr&ﬁcs to a
el ectrode 602 and position el ectrode 604

iquid resistance Riafbayt 37 KOBm. | ect rode 602 and second
el ectrode 604 is essentially infinity. However, if an
ISF liquid sanple bridges (fills) mcro-channel 606

[beg3peen t esHouldHe ddteDmMat 19fcohﬁgu£ﬁér§600 BRSledis@Ace of each
el ectrode and the first finger of the Second position

f@EércRerlé snuchdess |th=mJﬁIEera’ﬁ mst ‘c’dbept a:faetd)r of tena\As thicn@shammel 606
nce RT decreases_to a

13
st St i BT Biple e Srsatired et aes JobEry Sorcst o
pbﬁnaﬁkﬁsué&aéozl aiﬁd%@&*fdd%&ﬁbh Qrbcé%la 6(54%[1@&?&%&%6 g

each finger RE is nuch less than R east about
decreasetin totalfmeasnred Astahiesistanod Renceel chﬁﬁﬁterrfzed bgtifeur t her
Wltha|l‘%le sanpl e, the neasured total resistance RT

firs L é“ﬁﬁ% e a a
pos*??%n eiengggi %ﬁ urtﬁhkagegégégeggﬂ%ﬁ%ﬂﬂgecrlase
n_t ot al asured total resistance RT can characterized
dwﬁg‘ﬂét‘%‘h &t 1sarrteplaclyuseful when Be 15 mughnlesstham By f ngers
“bridged" by the liquid sanple. n Configuration 600 is
particul arly useful when Re is nuch | ess than R1.

[008aP41 | n I eotiflggeatidhicon, ﬁ%—cﬂrﬁé%ﬂ@’i@ﬂsﬁbteﬁ% phsing (i.e.,
depi cted as passing (i.e., com@gelnto operative
CRIBIgURtOCPETabiye \ﬁpmn)un@annn wlithy eachedectrode Bngd GP22 onetime.

e, S et BOS K R B et o uc
thait ficro@hamiee 60O PLssensoR SlebRedt MREbORALHILINIEHE BReE Such a

pluraljty of times. Such a configuration can enhance
cwnf@uaﬂilmuoay enlanee el apility sotasdy resbbreireletively smhll ligiigisachple

vg'leH%s ?c.g., liquid sample volumes of less than 5 nl).

[0065] FIG. 15 is a simplified schematic diagram of a position electrode,
micro-channel and meter configuration 650 for use in embodiments of microfluidic
analytical systems according to the present invention. FIG. 16 is a simplified
schematic diagram of an equivalent electrical circuit for a portion of configuration 600
of FIG. 15.

[0066] Configuration 650 includes a single comb-shaped position electrode
652 with eight “fingers” 652a, a micro-channel 654 and a meter 656. Electrode

fingers 652a serve to define electrode segments therebetween with each segment
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volunmes (e.g., liquid sanple volunes of less than 5

nl). [00651 FIG 15 is a sinplified schematic di agram

of a position electrode, mcro-channel and neter

configuration 650 for use in enbodi ments of

mcrofluidic analytical systens according to the

present invention. FIG 16 is a sinplified schematic

B R AR DI R 60, 7 o B EHG B 1R dimensions

Wonidi W o 6F ol 668380 be tied sachess described pree imniblyshigtprepect to
osition ectrode 652 with eight "fingers" 652a, a

C%%%@tmﬁﬁa 654 and a neter 656. Electrode fingers
652a serve to define el ectrode segnents therebetween

wi th each segnent 20 having a resistance R (as

[eD§T] ct ed Wihdnl thereiSho lifjhidshmpledn Biciaaitating] 634 befeeen any of

di nensjons W) and W of FIG 16 can be the sanme as
therightifingars o, ayneasyradtotal resisisnes of pesitioareleciioda 652 ks the

. 2 i i i lejn .
siOTRO R b i 1elfodd BubbpdReTRer pldtesigapes ofa
elebizode dleiendts togethet)0 Hwdves ot HguidsapRitekRA 1€ HfGhicRAe

652 is the summation of the resistance for each

chanagl 6 et eqpanytof fimgerns 6623, thywersusiddotahtsistence Rir decreases

I | . h Ho I qui
sBLEA LRSS R BT hBRIETE R TG s 2T bl
whithtegiett 16 23afigirhRorETS tiedesibiah@l ofle@SH SbARIR sEBPment R, is

decreases since resistance Rl is created in parallel

signifrantlysgreater Ban Rg)preferablyHdboubefacter of tenhatgreatért h
respect to configuration 650, the resistance of each
el ectrode segnent Re is significantly greater than R1,

[0068f er abl Fidy1 7B 9utmtifi G REm M digafiord Bh-eldcBgd!]
F 17 is a sinplified schematic diagram of a position

mi¢recchametd and mieter configmnatisin ZH0dometedn embodingmtsodfimierofidic

m‘i«?@{cﬁﬁ@si n enbodi ments of mcrof|uidic  analytical

COSACETTHIE S thaRressnk tpRtiqn, Leqntfigyration 700 includes a
. f.i '_ I .F i i -
STRER PRl Qe Rl eding? 105 il SRR G REEE ros.
706. [0069] It should be noted that the dinmensions W
gg W of I;kﬁ? 16 can be the sanme as descri bed
103' i ous! ¥t shpyld be selsd dhatitle dimensigny Wiand Wouf FIG0 b o4n be the

sdihs deloribeabreViohy Wi fes6t S5 Bbsfin ARG OF @ position

ectro

[0070] FIG. 18 is a simplified schematic diagram of a position electrode,
micro-channe] and meter configuration 750 for use in embodiments of microfluidic
analytical systems according to the present invention. FIG. 19 is a simplified
schematic diagram of an equivalent electrical circuit for a portion of configuration 750
of FIG. 18.

[0071] Configuration 750 includes a position electrode 752, micro-channel
754, bypass electrode 756, and meter 758. Position electrode 752 is a single comb-
shaped position electrode with eight electrode “fingers™ 752a. Electrode fingers 752a
serve to define electrode segments therebetween with each segment having a

resistance R, (as depicted in FIG. 18). It should be noted that the dimensions W and
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m cro-channel and neter configuration 750 for use in
enbodi nents of mcrofluidic analytical systens
according to the present invention. FIG 19 is a
sinplified schematic diagram of an equival ent
electrical circuit for a portion of configuration 750
of FIG 18. [0071] Configuration 750 includes a

kt , - . .
B e S e B AR it Pepect 8 BiTigyration
680si ngl e conb- shaped position electrode with eight
el ectrode "fingers" 752a. Electrode fingers 752a serve
to define el ectrode segnents therebetween with each

nt hayi i : ' [ .
IGESE b URyofench B usy RIS ol IRpARE a6 K fspricatly
fating. HovGevel.Switara liquid senpleiepresent baoet esb poveive! v

i th respect_to configuration 600. [0072] In the )
clesedrBnesrs 253, Pyget eiclendsiTas besapeesa Rariedithogiecurbispicted in
j 4G . 0t : er, when a liquid sanple
F?‘E'ﬁ@&éﬁ%%%?‘%é%ﬁ“ﬁgﬁ%‘%%t ive electrode fingers
752a, bypass el ectrode 756 becones a part of the
circuit depicted in_ FIG 19 and is characterized by
[0093] st anc Asrymingghat Ry insignificantlyt lasstth@bRi’ €i.6 ) Gairésitanvelof a

J ess 1 ' (i.g&.. th i st li quid I
o0t e ok 05 By lecoabl BB SR o
ﬂBWtﬁrdﬁE,h KR Byp¥ks dlectlolde thantheOBGNd LARpIRY ARSR 6tk SOntigdRtion
than the liquid sanple. Therefore, configuration ~/50

75 @ isthenefidiali whenused inieumbinationomith highiresistivietlfquid samples since
hi gh-resistiye  iguid samples._sinc bypass .el ectrode
ofRel slpiEde et N e RRR?. s Shawm ieavn Ly 19

FufthdrhiGre, b8ee agpristd\6F ﬂ@g?qserﬁrlﬁ:s%lcﬁﬁﬁf bﬁt[efiql@éd inifie B @\ﬁﬁ nt
[1e at

di scl osure, one ski in the art' w recogni ze 't
regopypatiet 2bymss edettade(s) &an besisiilarly didpysedi teposstichdsitioneen

posijion, electrode r between electrode fingers in a
e 8iFodss 91 bVt clerioors (B1g6rs 1 dranFii SlorGpde eapdipradion Har
£ 1L, GHE é&ﬂﬁegﬂfatfa%s 6 Fs. 7, 9- ot al
erreagsured resi st ancef:?l}‘\ans ?hgeg%%rzdsgpcg}%%ucg%rtéﬁg |\ﬁ/1é€{dy
rdsistance asthe presendeiofairelatiestp high-rpA§A4]liquidsangflei s a

sinplified schemati c diagram of a position el ectrode,

m cro-channel and neter configuration 800 for use in
[Wbdi menFY5.20 ish sinaplifisidgichematicalisgramaif appsitienslectrode,
m?c%g-l%fl}%ﬁélgg %rﬁcp mte&'e? Bt glsl?aq}onlg?)ﬁ%glt use i ergggéilngelﬁ{sac} n?ip:ro u?dic
analytical systems according to the present invention. Configuration 800 includes a

position electrode 802, micro-channel 804 and meter 806. Meter 806 is configured to
measure a continually changing electrical characteristic of position electrode 802 as a
liquid sample (depicted by the wavy lines in FIG. 20) passes through micro-channel
804,

Example
[0075] An interdigitated configuration similar to that of FIG. 13 was tested by

employing a phosphate buffer solution as a liquid sample. The first and second

position electrodes of the configuration were formed from Ag/AgCl using a screen
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position el ectrode 802, mcro-channel 804 and neter

806. Meter 806 is configured to neasure a continually
changi ng el ectrical characteristic of position

el ectrode 802 as a liquid sanple (depicted by the wavy
lines in FIG 20) passes through m cro-channel 804.
Exanple [0075] An interdigitated configuration simlar
PRBA R i ind St 0 o RO Aol JESAILE
cketodaiwerpaspdratod b halistancd 8¢, aff4 milimemnd.i gur ati on were
formed from Ag/ AgCl using a screen 22 printing
technique. In addition, the first position el ectrode

IG78) S P Wi 366Ny SRARE P nd foctng
pugitief elecrodes withph ifiequdiel w0125 NMHZ fin' fiiplidt S0 volts, and a

position electrodes with a frequency of 0.25 MHz, an
RMSPf P vkt Based on the resyltinggyrrent eafthofitsy hnd se@ard gosition

S ' wee e firs nd, second
cledfodef sl Bl e BlandEREGR IO Gpplrbl afBUAREE VR anc
chleilaled TR 8541168 Be agidl thANG e . M8l vetthd %E;@Hir

be not g% that AT = 1/ Rm'clf )Wﬁﬁamgllgghl?v\s t fgiﬂat%let e & total
admaticeAr imraises labaily haneeeRivellioidaggte bolasapays éush of the
successive |jquid sanpl e bol uses pass each of the
clertgede fgsrs oftheeanfiguration. confi guration. [0077] FIG 21
illustrates that each successive bolus was detected as
a change in admttance. Therefore, boluses can be
[000ant ed bFIGf21rillQxP® that dABINEUCREISIE boRis wakRickfedi 43 aldhGnge
_derivative of a neasured inpedance signal versus tine.
iy glyrgpnge; Theeaforg, hrduses den be ewuitadiat foraxiamplke, monitoring for
Spal(éselﬁ_rl@et i ves. .to }he enmbogdi rreegt s of he i _Q.venti on
sSSP THANYST B Wa%ecgﬁﬂ SR8 SIERADYARS g t he
invention. It is intended that the foll ow ng clains
define the scope of the invention and that structures
[0G78hi n t hE showddeuhdernstose that sansusaltematiessrto el énabddiments of

be covered thereby. 23 CLAI TISCAMDIS |, A
Pt A OGh Bryin Y STYuPlgNsd riieinedhs Fyeapon. 1t
indéhdkd it the fB11bwiigicthims define the scope of the invention and that structures

within the scope of these claims and their equivalents be covered thereby.
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sanple, the mcrofluidic analytical system conprising:
an anal ysis nodul e i ncluding at |east one m cro-channe
for receiving and transporting a liquid sanple; at
| east one anal yte sensor for measuring an analyte in
the liquid sanple, each of the at |east one anal yte
sensors being in operative conmunication wth a

' channel ; and at | east one position el ectrode,
each of the at |east one position electrodes in
operative conmmuni cation wth at | east one
Vghé§%$%5§gﬁgh'l nd a neter configured for measuring an

ti Dicteristic of the at |east one position

el ectrode, the electrical characteristic being
dependent on a position of the liquid sanple in the

m cr & chadnmicrofluidpemalytivel spasmfor @ohitdrihgnt dhalyieinad liquid
| east _one posjtion electrode for which an electrical
suTBlpetie appiofipidic anabeical SYEEM OMPFINgH or of | Ui di C

anal y} L& sisc%%ﬁ&f@iﬂélucﬁh iml further including a tinmer

in operative communication with the neter. 3. The

mi crof | ui di leastpak witroadhamied i Te@fiviig ahdirdnspdRBigai lgdidhe
position electrode is in operative conmunication with
sgmRlehi cr o- channel such that a surface of the position
el ectrode_j to the.mcro-channel . 4. Th .

i or of Lui & %“Z:?ﬁ??‘?ﬁ%‘ﬁﬁ%ﬂ%f% PR gty indPeTinvidh e
sinsle ! dadh oLl Gl [dﬂﬁ’tﬁnne'aﬁal?d’é SeRRIPbdiNE rCaIEHVe CBRinAlhi dtbR
t he m cro-channel such that an insulating |ayer
withsanigreshannel; padi t i on el ectrode fromthe

m cro-channel .. 5. The m.cr.of] uidjc_.gnalytical system of
Claim 1, GhieessoRe prsiion cipeiade, ¢ach of s {5astoneinoSition de

elebtedded 8P operativedontRiitdtdn vAHER1ERI6n AR A cRGMEN Snd

position electrode 24 wth the first and second
posi & imstersbriigured &z measueg @t ¢lewrical charactersticoos the Ateast one
first i ¢f 0z chanpel - .and wherei.n the ter is .
PRSI gJesteeges the efretrcal shagactemistic being depandem an arasitionqfdhe
198l $&RpletiR the thic?d- ' hicl
U SRAPICH e i ckd-o 37{ ﬁ“?gﬁ‘e“%@?%“m“ﬁoa#‘kéﬁﬂ? ‘?ﬁktgﬁﬁ%g‘?aesf e
pesitzoreeledtsade ferewkioh an slectrical characteristic is measured.

2. The microfluidic analytical system of claim 1 further including a timer in

operative communication with the meter.

3. The microfluidic analytical system of claim 1, wherein the position electrode
is in operative communication with the micro-channel such that a surface of the

position electrode is exposed to the micro-channel.

4.  The microfluidic analytical system of claim 1, wherein the position electrode
is In operative communication with the micro-channel such that an insulating layer

separates the position electrode from the micro-channel.

5. The microfluidic analytical system of claim 1, wherein the at least one

position electrode includes a first position electrode and a second position electrode
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di sposed between the first position electrode and a
second position electrode. 7. The mcrofluidic
anal ytical systemof claim5, wherein the first
position electrode and the second position el ectrode
are downstream of the anal yte sensor. 8. The
m crofluidic anal ytical systemof claimb5, wherein the
- s o ¢ _
Pl Hirkahy s AU R6LFEh Plebfioded ifbpcrR poliuitari with  firt
mececthaodelsaahd a resi stance between the first and
second pqsition e| ectrodes. 9. The mcrofl uidic o
anal ythesen themeterissontigupdfor mepswing an electrigal charagterisire
L .S 10 Lye comuni cation with
b?ﬁgécgna i;}lgte&g&eﬂnlgg%o@épaﬁlﬁ}gg{%%%ﬂ ui di c anal yti cal
systemof claim5 further including a third position

el ectrode in operative conmunication with the first )
m @r o- Eeaniserfluidig anglytiealsystemn of pleire 5, Whergisvthe gualplg seasor is

ASpESbeRedn® LB B s RIR S B PSR iR 117

The mcrofluidic analytical systemof claim1, wherein

the mcro- channel includes at |east one main -

m dr o- Ehamepiluréc analytisaktystgnyfoficlaimah avhgreie therfirst position
ranchi ng.m cro-channel, 12  The mcrofl ui dic

oA e 5B BPBROE per e ingheieam afefs fnatus seosghe
position el ectrode includes at | east one position

el ectrode [n thg'nain nicro-channgl, at Least one
pos$i t i dhe sligoflnglitranatytichlsystemsaf claimr; Whergimiteralectticahnel

B3l o0 Son B b AR St ek R 580 osiin
IR ARSI EHd Atefhttide UehbendhOfiftf hind ée%Bh@p(%?ﬁMﬁTchtf S..
I d h annel and either

position electrode in the main mcro-c
of the position electrodes in the first and second

b hj ' -ch Js. 13. The.m fluidi
andhy TBAmIe AR Sbca) syein oL Tck MEFRR H 3t et onne
R A R L R

| east two position electrodes in the second branching
m cro- channels and wherein the nmeter, neasures an

el ectlfi calThermaireniluidic analytiqabexsicanokslpines furger nedudipga third
i : ; e . ;
pRAEbh bRREAARILBARS . | Skl chid P it Wil Afbro-channel and
wherein the meter is configured for measuring an electrical characteristic between any

two of the first, second and third position electrodes.

11.  The microfluidic analytical system of claim 1, wherein the micro-
channel includes at least one main micro-channel and at least a first and a second

branching micro-channel.

12.  The microfluidic analytical system of claim 11, wherein the at least one
position electrode includes at least one position electrode in the main micro-channel,
at least one position electrode in the first branching micro-channel and at least one

position electrode in the second branching micro-channels and
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position el ectrodes in the second branching

m cro-channel. 14. The mcrofluidic analytical system
of claim1ll, wherein the at |east one position

el ectrode includes a first and second position

el ectrode configured in an interdigitated
configuration. 15. The microfluidic analytical system

of claim Wheré’iﬂ BeShbtef haddres! didbdc céléa??cg%'{e%g%gtwe[:ﬁ é‘.he

el ectrode 1's a serpentine position e
pmluoméleutmtlecmalenyﬁn mitro-slydinelandfeitberd fithd pbditidhelectrodes in

| udi pass el ectrode. 26
the rst an second ranching micro-channels.

13.  The microfluidic analytical system of claim 11, wherein the at least one
position electrode includes at least two position electrodes in the first branching
micro-channel and at least two position electrodes in the second branching micro-
channels and

wherein the meter measures an electrical characteristic between either
of the two position electrodes in the first branching micro-channel and the two

position electrodes in the second branching micro-channel.
14.  The microfluidic analytical system of claim 11, wherein the at least one
position electrode includes a first and second position electrode configured in an

interdigitated configuration.

15.  The microfluidic analytical system of claim 11, wherein the at least one

position electrode is a serpentine position electrode.

16.  The microfluidic analytical system if claim 1 further including a bypass

electrode.
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