WO 01/ 74242 PCT/ US01/ 09510 1 CAPILLARY FLOW CONTROL I N A MEDI CAL

DI AGNOSTI C DEVICE Cross-reference to Prior Application This application
rel ates wopending U.S. Application 09/333,793, filed Juper/U801/bS99.
BACKGROUND OF THE I NVENTION 1. Fieldiof the Invention This invention
relates to a nmedi cal diagnostic_device that includes an elenent for
controlling fluid flom/throG@ﬁILPﬁngEQ?@eCOM%ﬁgbp%Wt%cularly, to a device
that facilitates
Rel ated Art A variety of nedical diagnostic procedures involve tests on
bi ol ogi cal f1 uids,

anal yte conggaggagéggréﬁcéh@bfﬁfgék e rAcedures neasure a variety of
Tameters - mecnani cal, optical, efec

physi cal para
bi ol ogi cal

fluid fl owmvyebBronghpaastiopriadnstveome 2. Description of the

such as blood, urine, or saliva, to determ ne an

s - anica etectrical, etc., - of the

f 1 ui rimnprgl i@t el W&tq‘ﬁ & GAENY (e SP0ld cgitdeBse,  and

dry phase r@ggggg sbti gy HgOFRYY afd ng Lzynme- based conpositions are used
extensively in clinical Taboratories, physicians' offices, hospitals, and

hones to test sanples of biological fluids for glucose concentration. In
reagent strips have BReRAERy Deagry%gy:@@§@§§5 y for many of the

natlon s estimated 16 mllion people wth etes I nce di abetes can

cause dangerous anonalies in blood chemstry, it can contribute to vision

kidne¥_ fagkgig,Ognghgtfgéeggg&@us medi cal consequences. To

This invention relates to a medical diagnostic device

fact,

| oss,

that includes an element for controlling fluid flow through

the device; more particularly, to a device that facilitates

fluid flow through a stop junction.

2. Description of the Related Art

A variety of medical diagnostic procedures involve

tests on biological fluids, such as blood, urine, or

saliva

, to determine an analyte concentration in the fluid.

The procedures measure a variety of physical parameters -

mechanical, optical, electrical, etc., - of the biological

fluid.

Among the analytes of greatest interest is glucose,

and dry phase reagent strips incorporating enzyme-based

compositions are used extensively in clinical laboratories,

physicians’ offices, hospitals, and homes to test samples

of biological fluids for glucosgse concentration. In fact,

reagent strips have become an everyday necessity for many

of the

Since

nation’s estimated 16'million people with diabetes.

diabetes can cause dangerous anomalies in blood

chemistry, it can contribute to vision loss, kidney

failure, and other serious medical consequences. To

minimize the risk of these consegquences, most people with

diabetes must test themselves periodically, then adjust



mnimze the risk of these consequences, nost people w th diabetes nust
test thensel ves periodically, then adjust WO 01/ 74242 PCT/ US01/ 09510 2

t heir gl wose7€2encentrati on accordingly, for instance, thCDU§O/W5HL,
exercise, and/or insulin injections. Zome patients nust test their blood

gl ucose concentration as often as four tinmes or. nore daily. One type of
gl ucose neagﬁ?éﬁnﬂ%u§9§?eﬂ??ﬁﬁﬁ%ﬁ%ﬁ%oQﬂ%ﬁﬁ9§§;ﬂﬁﬁ%ﬁﬂﬁ%ﬁ ESGng t he

oxi dation ofnpbegd @iseOSExed Fe drand ngessStiti fnjEre ilgrgentsogeneral Iy
i ncludes an enzyme, such as glucose oxi dase or glucose dehydrogenase, and
a redox nedPat&eltsuEnshst el rioeehe RICIRIFIUSRET FERCERS tiPPe o6f

measur enent o gysh ey i BoGeSeihde bt mddS.gdaty. 4, 224,125, issued on
Sept enber 23, 1980, to Nakanura et al.; and U S. Pat. 4,545,382, issued on

Qct ober 8, 1985, 0R6 LIPHQPASTILECAFS MEFRGIIRHL e Heaei W HAUSE er ence.
Hodges et aélec¥¥bgﬂé§%@£1f9; fabd bshed e My £d i onl B p1dosc Lagessan

el ectrochem cal device for neasuring | ood gl ucose that includes two
metal | i zed ol §edhy| spedenterephihal aflee (IREDeNa@ane rdddiv ictslvglegn an
adhesi ve- cogt e PET Lt WEQE | Qy&iasThe- et lddZ I%QM%V canstitute
first and sg%o eéle%%ro%%s, an %.cd%éﬁ?ain gﬁé aé%e§g3 - 08%?E§ I"ayer
defines an ashécaroefien vaflizedt,. Jieh oo |femmmaianson fenwayemidehat reacts

wih the gl hgese i, a e blood. samle. o Jhe davl el 6longl el ang.the
sanple is introduced at an inlet on-one of T1he 1ong sides. The
el ect rochemt cab4 devt cess$oed neastepignidoaB, dglagnsed MNetkeameradescri bed in

the patents sited abue: As VE!Lsd% Mol ool dlhagngetd o dey ceg used
Higgins et al., incorporated herein by reference.

Hodges et al., WO 9718464 Al, published on May 22,
1997, discloses an electrochemical device for measuring
blood glucose that includes two metallized polyethylene
terephthalate (PET) layers sandwiching an adhesive-coated
PET intermediate layer. The metallized layers constitute
first and second electrodes, and a cutout in the adhesive-
coated layer defines an electrochemical cell. The cell
contains the reagent that reacts with the glucose in a
blood sample. The device is elongated, and the sample is
introduced at an inlet on one of the long sides.

The electrochemical devices for measuring blood
glucose that are described in the patents cited above, as
well as other medical diagnostic devices used for measuring
analyte concentrations or characteristics of biological
fluids, generally share a need to transport the fluid from-
a sample inlet to one or more other sections of the device.

Typically, a sample flows through capillary channels
between two spaced-apart surfaces. A number of patents,
discussed below, disclose medical diagnostic devices and
include descriptions of various methods to control the flow

of the sample.



anal yte concentrations or characteristics of biological fluids, generally
share a need to transport the fluid froml a sanple inlet to one or nore
ot her seswoons2ef the device. Typically, a sanple flows theDUgh/®aw || ary
channel s between two spaced-apart su¥faces. A nunber of patents,

di scussed bel ow, di sclose nedi cal diagnostic, devices and _.include

descriptions of VaPi oB@CRBENBdS°T o’ EontTTTUeheT MAF Shof + He' Sdambi®e. WO

01/ 74242 PCE6USRBHO9540scBodeS. a Redeide 412R4,1083 udssstedhip1Marnghed, 1981,
to Colunbus, discloses a device that includes a sanple inlet _configured

to facilitafenfbyerest tof LaCHHiPtd TIREamfl @ i Afthd 1ddd Samppy

causing a coRpoUAHe BB SEHS H@ ENIM RN 5 thenHaR wPasAlS @ UrernPahent
5,997,817, issued on Decenber 7, 1999 to Cfisnore et al.) U S. Patent

4,426,451, FBsudHoBn JAREardlay Uid8LatentcH Audl i d8<5$€s ©8 nul ti - zone
fluidic devhgeetBal hasiopsessuserardratably neans for controlling the flow

of fluid between the zones. H s device nakes use of pressure bal ances on
a liquid neniscu¥d.at Pakenhtértacetbet wesgied dn rnuadie lahd 1#8¢egend zone

that has a Qbi{%ﬁﬁﬁé‘ﬁ G4 8880s86CH | A ¢ SN, DOt e, fderﬁ[cbea% atepand zones

are at atnospheric’ pressure, surface tension creates a back pressure that
st ops t he | bgesdunenistustilpben prasedingorformhlting fihestf loonett §luhe
" is such

that the 1 Repa-cl AR PRpE n AL A e O RO ot e

ext ernal | y hehenatedoprassiqeid ondhissdusuatd tihe tik driflaste bedmeenhat i s

sufficient %grggsgoﬁgean nésgégbﬁé“é%ﬁé“%hat has a different cross
gection. When both the first and second zones are at
atmospheric pressure, surface tension creates a back
pressure that stops the liquid meniscus from proceeding
from the first zone to the second. The configuration of
this interface or “stop junction” is such that the liquid
flows into the second zone only upon application of an
externally generated pressure to the liquid in the first
zone that is sufficient to push the meniscus into the
second zone.

U.S. Patent 4,868,129, issued on September 19, 1989 to
Gibbong et al., discloses that the back pressure in a stop
junction can be overcome by hydrostatic pressure on the
liguid in the first zone, for example by having a column of
fluid in the first zone.
U.S. Patent 5,230,866, issued on July 27, 1993 to

Shartle et al., discloses a fluidic device with multiple
stop junctions in which the surface tension-induced back
pressure at the stop junction is augmented; for example,
by trapping and compressing gas in the second zone. The
compressed gas can then be vented before applying
additional hydrostatic pressure to the first zone to cause

fluid to flow into the second zone. By varying the back

pressure of multiple stop junctions in parallel, “rupture



second zone. U. S. Patent 4,868,129, issued on Septenber 19, 1989 to

G bbons et al., discloses that the back pressure in a stop junction can be
over come Wy ohygunst ati ¢ pressure on the liquid in the firBCT/D8me9sfoor
exanpl e by having a colum of fluid4n the first zone. U S. Patent

5,230, 866, issued on July 27, 1993 tqo Shartle et al., discloses a fluidic
devi ce wi t hIPRFEIPRY Q6§ Wiritisshs Hay i dPvicke TS PPEKsi on- i nduced

back pressygres@trdhe stop junction is augnented; for exanple, by trapping
and conpressing gas in the second zone. The conpressed gas can then be

vent ed before appl§i nBateddi? i b 6 Wydridstuad erplessioen &t RE9Fi £8t zone

to cause fhuidute; flow ifQ, the secandZeneo By Mar yisng h beehagknpressure
of nmultiple stop junctions in parallel, "rupture 01/ 74242 PCT/ US01/ 09510

4 juncti onsterlbnl Hegdbrimece Hav i AUEUOPms e iongh PasiesupeedsupeStOPS.
Pat ent 5, 47 . 1SS 5,119 emori,..(see also U S.
18(21%01'1 ; I?nflwg%s, thje %a.énigﬁ O?l'% qj% at(

Patent 5,62 di scl oses using ™ centri rce to overcone the back
pressure i nnemsspperianeréessuraNEns lsowesttopdudgeid yf beserasad is at
at nospheri c S. entrJ e . u that is |ess
t han t he pr%gé%ééf%g%%#el t%e%vﬂéaﬁ%l%%gﬁepgg t}fef%.a %‘ﬁe second zone
is at at nospaecowre priessaek hegssume flhewseaddict izomal iscent ri f ugal

e over com ng _t.he. meni gcus back

pressure is ap lied to trheesfirs:t zope, . Qvercqomi ng | gltl L

pressure. The g%%%%ll%o%e FHrfmi ns ot ATHSpRere presSdrE:
centrifugal pressure is applied to the first zone,
overcoming the meniscus back pressure. The second zone
remains at atmospheric pressure.

U.S. Patent 6,011,307, issued on December 14, 1999, to
Naka et al., published on October 29, 1997, discloses a
device and method for analyzing a sample that includes
drawing the sample into the device by suction, then
reacting the sample with a reagent in an analytical
section. Analysis is done by optical or electrochemical
means. In alternate embodiments, there are multiple
analytical sections and/or a bypass channel. The flow
among these sections is balanced without using stop
junctions.

U.S. Patent 5,700,695, issued on December 23, 1997 to
Yassinzadeh et al., discloses an apparatus for collecting
and manipulating a biological fluid that uses a “thermal
pressure chamber” to provide the driving force for moving
the sample through the apparatus.

U.S. Patent 5,736,404, issued on April 7, 1998, to
Yassinzadeh et al., discloses a method for determining the
coagulation time of a blood sample that involves causing an
end of the sample to oscillate within a passageway. The
oscillating motion is caused by alternately increasing and

decreasing the pressure on the sample.



U S. Patent 6,011,307, issued on Decenber 14, 1999, to Naka et al.,
publ i shed on Cctober 29, 1997, discloses a device and nethod for anal yzi ng
a sanpl e wdat/742mxl udes drawi ng the sanple into the devi ceRCbhysSewm®sioon, then
reacting the sanple with a reagent inSan anal ytical section. Analysis is
done by optical or elegtroche s. In aJ]ternate enbodi nents, there

are nultiple an%‘P??lﬁ tRectt %‘Fﬁﬁ 15g SN met99%f e % | ow  anong
these sectigagiés balanced i fhedtcibsing 310D a jdHgt Hems:t1YUnSthBat eat

5,700, 695, issued on Decenber 23, 1997 to Yassinzadeh et al., discloses an
appar at us f BRIBHET et i e %ﬁﬂWrﬁ%ﬁ%ﬁH%ﬁq-ng a biological fluid that uses a
"thermal pressure chanber” to provide the driving force for noving the
sanpl e through the apparatus. U S. Patent 5,736,404, issued on April 7,
1998, to Yassinzadeh et al., discloses a nethod for determ ning the

coagul ation tine of a blood sanple that involves causing an end of the
sanple to oscillate within a passageway. The oscillating notion is caused
by alternately increasing and decreasing the pressure on the sanple. WO
01/ 74242 PCT/ US01/ 09510 5 None of the references discussed above suggest a
device in which a flow channel has a stop junction that is angular in the
flow direction. WO 01/74242 PCT/US01/09510 6 SUMMARY OF THE | NVENTI ON Thi s
i nvention provides a nedical diagnostic device



for measuring an anal yte concentration in a biological fluid. The device
conprises a capillary flow channel wthin the device, in fluid

communi ca¥oon742r h a sanple inlet, the flow channel a) apP@pwsel/ 60
conveying a sanple of the biological6fluid in a first direction, froma
first region, proximate to the saqgkﬁpinlet to a second region, distal

to the sanple inlet, the firsﬁUMMﬁﬁ tﬁﬂﬁrﬁ?@?NEEGWilary dinension in a

second direction, substantially perpendicular to the first direction; and
b) having a stop %unction, ponprisigg%a boundary region that_ i) separates
the first and secBh8@ +BYFBREOD PFYV Saf‘ﬁ?%%l’éfaéf AifERATeEh S Sen t he

second diregbi-ofehbakihg &% eatLTyidatodddhe £aRIdd] ahy digRnggargiand iii)
forns an angle‘that points toward the first region. Note that .in the
present speéifidatiBrcapAvidR COTREHERS a011ldkbws e shemmsBounded by

parallel platiesiy {hetfabicase;n tHr,{$ecantudidAGd ORI chdas the
capillary dinension, is uniquely determned. Alternatively, capillaries of
t he inventidnlebul dhoeflewy|¢pmpiuehl . In that case, the second direction is

i rection of 11yl d Tl o DeUTRes of The orSant el ior pray de. in a
fl ow channel ofbibécdévateflwidtop § ubtrsorditentian arfipdmare ifirsthe f1 ow
direction. Such geSESH,jﬂPgﬁiﬁgtga@ob@hgqgéégfgiinlet, to a second
region, distal to the sample inlet, the first region
having a capillary dimension in a second direction,
substantially perpendicular to the first direction;
and
b) having a stop junction, comprising a
boundary region that
i) separates the first and second regions,
ii) has a predetermined dimension in the
second direction that is greater than the
capillary dimension, and
iii) forms an angle that points toward the
first region.‘
Note that in the present specification and the
figures, capillaries are shown bounded by parallel plates.
In that case, the “second direction”, which has the
capillary dimension, is uniquely determined.
Alternatively, capillaries of the invention could be
cylindrical. In that case, the second direction is radial,
in a planar circle, or disk, that is perpendicular to the
direction of fluid flow.
Devices of the present invention provide, in a flow
channel of the device, a stop junction that is angular in
the flow direction. Such a stop junction can be designed

with readily-controlled break-through pressure.



with readily-controll ed break-through pressure. WO 01/ 74242 PCT/ US01/ 09510
7 BRI EF DESCRI PTION OF THE DRAW NGS Fig. 1 depicts the operation of a stop
juncti onwaor742medi cal device. Figs. 2 - 5 depict the fl oncDUS@/@FWi d in
part of a device of this invention Fig 6 i s an expl oded perspective view
of a device of this invention, pl an view of the device of Fig.
6. Fig. 8 is a cross secFRSHFtHF%G ﬁPTH@“d%@|¥§F(ﬁR4ﬂ%F'E?. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON When fluid fl ows through a channel, a

di scontinuity in channel cross section can forma "stop junctlon " which

can stop tHeIfILi PRI B FRRFIBR i9f B StoPatERCE 108 49623451,

5, 230, 866; @04i&aPlZe134: . i ncorporated herein by reference. The stop
junction results fromsurface tension that creates a back pressure that
stops the fluid neniscus from proceeding through the discontinuity. The

stop junctponsis; weakensd; and,d | 0w} her %bﬁl%ﬁﬁaﬁﬁeﬁar‘ﬁ’“%@ bheevhigadi ng

edge of the neniscus encounters the vertex of an acute angle and is then
stretched a@ﬁn@h1$euawﬁ®txﬂnthe angle. This nmay be descri bed as the angle
"pointing” in a direction opposite to the direction of fluid flow This
invention relates to a nedical diagnostic device that has a fl ow channel
Wi th a stopFjanction. aThexsteged jpectdartive aigwl @f Bndelvdcdi pécthém of
flow, mhlch peL fluid in the channel to break through the stop
junction mﬁen there is a predeterm ned pressure difference across

-Fig. 7 is a plan view of the device of Fig. 6.
Fig. 8 is a cross section through the device of Fig. 7.
DETAILED DESCRIPTION OF THE INVENTION

When fluid flows through a channel, a discontinuity in
channel cross section can form a “stop junction,” which can
stop the fluid flow, as described in U.S. Patents
4,426,451; 5,230,866; and 5,912,134, incorporated herein by
reference. The sﬁop junction results from surface tension
that creates a back pressure that stops the fluid meniscus
from proceeding through the discontinuity. The stop
junction is weakened, and flow thereby enhanced, when the
leading edge of the meniscus encounters the vertex of an
acute angle and is then stretched along the arms of the
angle. This may be described as the angle “pointing” in a
direction opposite to the direction of fluid flow.

This invention relates to a medical diagnostic device
that has a flow channel with a stop junction. The stop
junction is angular in the direction of flow, which permits
fluid in the channel to break through the stop junction
when there is a predetermined pressure difference across

the stop junction. The advantages of such a controlled



the stop junction. The advantages of such a controlled WO 01/ 74242

PCT/ US01/ 09510 8 break-through stop junction are apparent fromthe

descri ptivoaot/nas2 fol l ows. Fig. 1 depicts part of a nmedi cabCOUsS@MOStO c strip
10 that is a nultilayer sandwi ch. Top |layer 12 and bottom |ayer 14

sandwi ch internediate |layer 16. A cutout in__internedi at% | ayer 16 forns

channel 18.PYSHESHPUF TR e tEest 8FS APBAERE TSP 56r f ace of |ayer

12 and for ndder ghainel tHf stpduanctions 21 and 21A, respectively. Thus,
sanple S, introduced into channel 18 at sanple_inlet 22, stops when it

reaches stop juntiyon! 2Py Pariaf 3 assiicel ReapRrEtdr gtdai ¢8|

di agnostic cigdt i s of ki da)dy Wil ishop iepctibgas 23 and BdAchave been
nodi fied by adding serrations 24 and 24A, respectively. Serration 24 forns

an acute anfteeRA Yhatandwpihtintaaeeidteanglen Alet 22CUFPYS. 12 and 3
depi ct sanﬂh&ﬁé&@ét@ﬁfa@j@r and ddisls dhbehelt 1Er.ea£%ntear 04ghnst oA

junction 21, respectively.” Note that the breakthroug occurs first at the
vertex thatapoisgereppdsia ehe hatdomlisugdeicen o8t 1aveird 18] end frem in

ef fectivene S td i angcj4n | o t opnj,unction
in a capil ng?%%%%gﬁnegcg%pje%stlod}{%g %?1181 glgﬁdwfﬁggﬁg%gﬁﬁygf It%llelgl'egs
t hat form téemmigl . FHerahutddrintse chegineladd ehesbopder inilpe Régs, the

g;}gat ﬁr thesg%%gc‘mevr?r&ecssreo C}HEQ ﬁs;cegjré)r 3%%1%%1%%&%’ if the angle is small
e |legs ng, only a sma ydraulic pressure differential across the
scored region widscausend e Ganpite the fdaow tifr euglediicalPdebgnabltyc angl e
Als less té@%&gQ&HFFﬁg.%P%J%Rﬁﬁ%%i%ﬂ%% %%%%%H%%siﬁl and 21A have
been modified by adding serrations 24 and 24A, ,
respectively. Serration 24 forms an acute angle A that
“points” toward sample inlet 22. Figs. 2 and 3 depict
sample S just before and just after it breaks through stop
junction 21, respectively. Note that the breakthrough
occurs first at the vertex that points opposite to the
direction of fluid flow. The effectiveness of the serration
in enhancing flow through a stop junction in a capillary
channel depends on the angle and the length of the legs
that form the angle. The smaller the angle and the longer
the legs, the greater the effectiveness of the serration.
Thus, if the angle is small and the legs long, only a small
hydraulic pressure differential across the scored region

will cause the sample to flow through it. Preferably,

angle A is less than about 90° and its axis of symmetry is
aligned with the direction of flow in the channel.

Stop junction 21A has an angle that points toward end
26 of channel 18 that is opposite inlet 22, and it would
have reduced resistance to the flow of sample that entered
end 26. If the stop junction is to have reduced resistance
to flow that enters either end of channel 18 and flows to

the other end, then preferably both stop junctions 21 and



aligned with the direction of flowin the channel. Stop junction 21A has an
angle that points toward end 26 of channel 18 that is opposite inlet 22,
and it wowbddl/742axe reduced resistance to the flow of sanppPeTwka@tiodsnt er ed
end 26. If the stop junction is to ha¥e reduced resistance to flow that
enters either_end of channel 18 and flows to the other end, then

pref erabl y Bbt RRYBPPERCHIYRLA SHHFARO B/ PASH 3CHRESHLABS510 9 21A

have nore thain©eney SekraddiontiMddit (LAShARE 1P PiRld .NG lamaeash direction
(as shown in Figs, 6 and 7). Figs. 4 and 5 depict the flow of sanple
t hrough channel H83%fterand hadehrdkdha Hrlaig s tHrgiendtieona®™. In Fig.

4, the sanplgahSeBtOPPLEL&t £ Ohd WIRIKEN tdkdud stiddd junctiampbe has
passed through stop junction 21A at its. two ends. The breakthroughs occur

there, becalis®- aft hoghsanmke skl LorRed I/d ShoPendRcaiengRdat-er Ithan 90,
they are sppkles t%ﬁ%ﬁé‘%@é‘%aﬁsééd Ehrddh %12&%? SRR 10f, bRe arglieg that

poi nts toward 26) at e center of serration A short tine after the

sanpl e reactes eps posThe drrsHovirdughsFiqgos; thiegssafsicausid lBlaeugthr ough

stop junctiglgl 21A . across the entire w.dth of channelrjt é%o F!i%lg. 6_depicts an
cbn

expl oded vi W ot VT et 8 T SRS r?dfetaﬁgra%gtﬁay ent ratTon of a
bi ol ogi cal &hal Ter tiledn i ticorpofat esl & .capidd aupllemsgnthaiehe3@nane st op
junctions 3 nd 32A of the present invention. T i nsul.ating_sheet 34 has
an el ectric %/ E%m%t??/"éa%cgr%éc@t e \ﬁrﬁ“%ﬁ“i Q%Pf&rgé‘itlly?naz ‘al 2 pl ated
on a surfaceneft sl aftdry heedandfl dyreaHesMURP@Tiitabn SPidkieiinng,
el ectropl-ating, or any other sujtable nethod for providing

Fig. 5, thé sample will pass through stop junction 21A

across the entire width of channel 18.

Fig. 6 depicts an exploded view of a device 28 for

measuring the analyte concentration of a biological fluid

that incorporates a capillary flow channel 30 and stop

junctions 32 and 32A of the present invention. Top

insulating sheet 34 has an electrically conductive surface

36, which is typically a metal, plated on a surface of

insulating sheet 34 by vacuum deposition, sputtering,

electroplating, or any other suitable method for providing

a conductive surface, well known in the art. In from the

longitudinal edges of surface 36 are scored insulating

lines 38 and 38A. Scored lines 38 and 38A extend through

the thickness of surface 36, on the underside of sheet 34,

to provide gaps in the conductive path across the width of

the device.

Intermediate insulating layer 40 is sandwiched between

conductive gurface 36 of top insulating sheet 34 and

conductive surface 42 of bottom insulating sheet 44.

Intermediate layer 40 is preferably a thermoplastic sheet

with adhesive on both surfaces for adhering to sheets 34

and 44. Cutout channel 30 in intermediate layer 40 provides

- between conductive-coated sheets 34 and 44 - first end

46, second end 48, and an electrochemical cell 50 that lies



a conductive surface, well known in the art. In fromthe | ongitudinal
edges of surface 36 are scored insulating |ines 38 and 38A. Scored |ines
38 and 38¥oextemd through the thickness of surface 36, oRCT/HS0wWMEEY si de of
sheet 34, to provide gaps in the conductive path across the width of the

device. Internediate insul ati | ayer, 40 i s, _sandw ¢ched hetween _conductive
surface 36 BFCYBRD E‘ﬁl’é‘ﬁ"?nﬁnggeevﬁ'%hlrérﬁ?p ctq%\?é“ée& 9ce 2495YF bot t om
i nsul ati ng sbegénf4coat theraedi @diesd fyaig H¥ il emnatda @t hemgopl asti ¢

sheet w th adhesive on both surfaces for adhering to sheets 34 and 44.
Cut out chanfBFY®B: i #Si REVHER APFUG I ACE HiGAUSS - - Adiskdarively,

conduct | Ve'?:@éélgéﬂtsé@ﬁtﬂin 44 @aneb it -od IdSdo BNt d 4 S8R i8R A8raRd an
el ectrochem cal cell 50 that |ies WO 01/ 74242 PCT/ US01/ 09510 10 between

the two end3® ¥eeheadcapi | Phar i 3RHHeloB30-0 a YHsfadeedFent coating 49,

consi sting picbpfbehemiBa aLOT) BN 5 SIMY MRagiich SRAW PRGRAAUGHI ve surface
42. Alternatively, reagent coating 49 coul dgbe deposited on conductive

surface 36MPASHESd @f, cbecirlcallindwrneter U fdwe Yaid/meegardcheni cal
cell 2015 LOSHLAGEADn W LOhD NObEMh |5 JPASHIAL, AL RIAR! HIL Aoharanet er of

the fluid/reagent conbination.” The region In he reagent Is coated
general |y, @etenetlneckssandt yneerysasplondsanyradponst [to B0e CEld Hhfagent

and bet weent dor Saopibetrdee TR PRACRAHE o v S bt Bt Tng

. y, "t he reagent coati ng
(and cell) bhy regiendwbvieintdmammtl 30 cutd e tvegirors dvetage dr rielse 38dges  of
the deVice'and 38A. Alternatively, the reagent coating (and cell) may
extend over the entire cutout region between the edges of
the device.

Fig. 7 is a top plan view of the device of Fig. 6. It
is clear from Fig. 7 that scored lines 38 and 38A divide
conductive gurface 36 into three regions - 36A, 36B, and
36C - each insulated from the other two. The purpose of
scored lines 38 and 38A is to permit electrical monitoring
of the filling of channel 30 by an electrically conductive
biological fluid sample. By monitoring the electrical
resistance between adjoining conductive regions, such as
36A, 36B, or 36C, 36B, one can determine when the sample
bridges the scored line 38 or 38A that lies between the
regions. Scored lines 38 and 38A form stop junctions in
channel 30 and would stop flow, as shown in Fig. 1, but for
serrations 52 and 52A. Note that serrations 52 and 52A form
angles that point both to first end 46 and second end 48 of
channel 30. Thus, unlike the “single” serrations in stop
junctions shown in Figs. 2-5, the serrations in stop
junctions 32 and 32A each facilitate sample flow in both
directions; i.e., whether sample enters first end 46 or
second end 48.

Fig. 8 is a cross section along the line 8-8 of Fig.

7. As 1s clear from Fig. 8, scored lines 38 and 38A



Fig. 7is atop plan view of the device of Fig. 6. It is clear fromFig. 7
that scored lines 38 and 38A divide conductive surface 36 into three

regi ons WQ@6K74286B, and 36C - each insulated fromthe otpPer/usemn9sibhe

pur pose of scored Iines 38 and 38A 18 to perrrit el ectrical nmonitoring of
the filling,of channel an electrical conductjve biological fluid
sanpl e. By FTBF?FB‘?P‘FIQC?% u‘é B rfediacs &9 %jéjnc,eé"‘ adjn&i“ﬂia% ng
conductive EREEONS4. SUCBn@Sct BEA, 51 30BicaPr3 366 38B.caaNg epilajebanm ne when
the sanple bridges the scored |ine 38 or 38A that |ies between the
regions. ScEPREUFFHES IBTERCF IBA ¥R UM Y Pifassel ¥6Yand
woul d stop él@&né@r&@?%’nbé Na Ay gatﬂer Rn it iveer hfde@n$1521ard 3224 Note
that serrations 52 and form angles that point both to first end 46 and
second end B8toFeaghatibel BEe MPARCILMY KEHE Sdichdihet €& 86 ons in stop
junctions shownitd £598n J?néala{{h%gﬁeédﬁal&ns 'Ar&iﬁtt%nallu%tt'a(i'i% 32 and 32A
each facilitate sanple flowin directions; i.e., whether sanple
enters fi rsregmdmgoqale@@é@@@lewhsnom@r@q §fa a@radé’s*resectl on al ong the
line 8-8 of . S ddines nd 38A WO
01/ 74242 PCT %%% né 11 %ﬁ?éergr}a%[aéé}o% u%tfl \S/Eg%rssﬁrféacgeSéj%gn% extend into
i nsul ati ng aspe@r 4. coperditnd Vié- $Surfrle 38 Gion t%ﬁml@él Ny .gol d, _and
conductive al I a ernatively
be any ot he?ﬂégﬁgﬁ%?l véééké g&rklgalﬂél _ggt% ofogLstH L%aetgac Wl%ﬁ-nt %&Ireagent or
sanpl e and thétreanebe applied to an insulating surface. Additional
details regarding electrochemcal nonitoring of analyte



concentrations, using the device of Figs. 6, 7, and 8 appear in copending
U S. Application Serial No. (Attorney Docket No. LFS-93), incorporated
herei n bywopefesence. WO 01/ 74242 PCT/ US01/ 09510 12 | Cparmwsd/oo¥nomredi ca
di agnostic device for measuring an analyte concentration of a bi ol ogical
fluid, conprising a capillary flow channel within the device, in fluid
connunicatiancaﬁgﬁ a sanple inlet, the flow channel a) adapted for
conveying a sanple of the biological fluid in a first direction, froma
first region, proximate to the sapple inlet, to a second regiaon, distal
to the sanphe i nPeledifiglffiagneeli@rlehts P TeRAYTIAY it PIS® in a

second diregbheBnrratbshanti albyopsynendieuldy, tmhe fidsta dfaati9q, and
b) having a stop junction, conprising a boundary regionthat i) separates
the first ahdoYeebpanebgVordin the drisicee pricudtlierid meminisiadilion v thhe

second diregti at r capillary dinension, and iii)
g ggm%w {nl &t greal ef1 dhat ddie 1

forms an angle that points toward the first region. 2. The device of claim
1, further conprisinga)in efeptedchbod ¢egvening aesxwlkeept Hiea, in which

e o PAYPAGBLRR AUELAT e eSOl 0 5 o i 1
region, proximate to the sample inlet, to a second
region, distal to the sample inlet, the first region
having a capillary dimension in a second direction,
substantially perpendicular to the first direction;
and

b) having a stop junction, comprising a
boundary region that
i) separates the first and second regions,
ii) has a predetermined dimension in the
second direction that is greater than the
capillary dimension, and
iii) forms an angle that points toward the

first region.

2. The device of claim 1, further comprising, in the
second region, a measurement area, in which is measured a
physical parameter of the sample that is related to the

analyte concentration of the fluid.

3. The device of claim 2, in which the device comprises a
first layer and a second layer, separated in the second
direction by an intermediate layer, in which a cutout in
the intermediate layer forms, with the first and second
layers, the sample inlet, measurement area, and flow

channel .



3. The device of claim2, in which the device conprises a first |ayer and
a second | ayer, separated in the second direction by an internedi ate

| ayer, imwohi/tdr4m cutout in the internediate | ayer fornsPCWUSHL/®OR® fir st
and second |ayers, the sanple inlet, 1 3neasurenent area, and flow channel
WO 01/ 74242 PCT/-US01/ 09510 13 4.  The device qof claim3, in which._.the
second regi n hagheadﬁVﬁ%ﬁs?%nc}%l$h%'§€Edﬁ&9ﬂréﬁﬁi%ﬁFQQQnrqgion has

subst anti al hygihsessafnei dsthdes&aphd | @dedi MBIt 1% sUmwdedica19f claim
4, in which the boundary region _conprjses a pattern scored into the
surface of Fhe $aPgtas|Bhercamllie WS claim 3, in which the
biological fluid is electrically conductive, the first and second | ayers
each have a conductive surface adjoining the internmediate |ayer, which is
an insul ati hg | aJee, dandcehef f fhav®hannEr Wiigh Here dndasss @oivmdry

reagent on I:Bx‘?rpf?é‘é’é‘céiﬁ!ﬁtéé‘fﬁ acERlq A& Ahd MR ANRS S Uhd €8GNg Wi th

the sanple to "yield a thange in an electrical paraneter that can be

rel ated to Lageanal yte concentration of the fluid; and b) an

el ectrochem cal cell, within which the electrical parameter is measured,
and the stop junction conprises an insulating pattern scored into the
conduct i ve §urfa€eeoflevheeobft hbalmy®r sin wher@bythes driplleogival filovsl acr oss

the pattern;proyi des; 8,1 F9NIYRALYE:PEL Nld A ANE J1d Hodc§l A9 he second

regi on.
each have a conductive surface adjoining the intermediate

layer, which is an insulating layer, and the flow channel
further comprises
a) a dry reagent on the conductive surface of
one of the layers for reacting with the sample to
yvield a change in an electrical parameter that can be
related to the analyte concentration of the fluid; and
b) an electrochemical cell, within which the
electrical parameter is measured, and the stop
junction comprises an insulating pattern scored into
the conductive surface of one of the layers, whereby
sample that flows across the pattern provides a
conductive path from the first region to the second

region.

7. The device of claim 1, further comprising a second
gsample inlet, for introducing sample to a third region of
the device, the third region being in fluid communication
with the second region, whereby fluid introduced into the
first sample inlet travels in a substantially opposite

direction to fluid introduced into the second sample inlet.

8. The device of claim 7, in which the boundary region
forms a serrated pattern, having angles pointing toward

both sample inlets.



7. The device of claim1, further conprising a second sanple inlet, for
introducing sanple to a third region of the device, the third regi on being
in flui dwonrmmnzization wth the second regi on, whereby fPar@semsmduced
into the first sanple inlet travel sl#tn a substantially opposite direction
to fluid introduced into the second sanple inlet. 8. The device of claim
7, in which the boundary region forns a serrated pattern, having angles
poi nting toyard TROtHesod®| &F | &l £118 . 6 W B AR 4 l/sWsll :0920ndl4 9. The
device of claim®6, further conprising a second sanple . inlet, for
i nt r oduci ngS¥ENE el Rl tFRF dLHEHRBIF T P lGeroce, et Fepdoregion.
being in fluhd gopTRMmi Catd Othi v thedieh $REORM ikegnend waekebyY chkubd _
introduced into the first sanple inlet travels in a substantlalté opposite
B

di rection t@iEhuile i sReduiicerpitho HhRr e digishapiteodnced. intg. thRe devi ce
of claim9, £ psphich1dbe; boundary d189i:0D o f QIR Ar3GNN3t edpRRtkern, having

angles pointing toward both sanple inlets.
direction to fluid introduced into the second sample inlet.

10. The device of claim 9, in which the boundary region
formg a serrated pattern, having angles pointing toward

both sample inlets.



