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BACKGROUND OF THE INVENTION

1, Field of the Invention

This invention relates to a medical diagnostic device
that includes an element for contreolling 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 biclogical 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 biclogical fluids for glucose concentration. In fact,
reagent strips have become an everyday necessity for many
of the nation’'s estimated 16 million people with diabetes.

Since diabetes can cause dangerous ancmalies in blood
chemistry, it can contribute to vision loss, kidney
failure, and other serious medical consequences. To
minimize the risk of these consequences, most people with

diabetes must test themselves periodically, then adjust



failure, and other serious nedi cal consequences. To mnimze the risk of
-t hese consequences, nobst people with diabetes nust test thensel ves
periodically, then adjust 2 0 SEP 2004 WD 01/ 74242 PCTI USQO /095107 0 SFR boi, r
gl ucose concentration accordingly, for instance, through diet, exercise,
~and/or insulin injections. Sone patients nust test their blood glucose
concentration as often as four tines or nore daily. One type of glucose
measur enent system operates electrochem cally, detecting the oxidation of

bl ood gl ucosgoopnizg dry reagent strip. The reagent generaptyukdifobigles an
enzynme, such as glucose oxidase or glugose dehydrogenase, and a redox
medi ator, such as ferrocene or ferricyanide. This type of measurenent
systemis descHi®iEd 9INCESS cengentration ao®rdiagird oor Saptender 23, 1980,

to Nakanura etthsbugh andtl. éce:p@ﬂse, aﬁéa’amr?’aﬁzsdlﬁﬁu?gjQ&l%ObeE‘,mﬁe 1985, to

H ggins et al., |ncorporate herein é reference. Hodges et WO 9718464
A, publ i shed BfFIH-S2ust 15est tdieda) Bieed g usiceet ¢%¢mﬁ@é|loaea/$ ce for

measuring bl oogteH %Oiaufh@iméélfaru%.%etm §Et al l'i zed pol yet hyl ene
t erepht hal ate (PET) ¥ers sandvm chi ng an adhesi ve-coated PET internediate
I

| ayer. The netalli zoé’(f &P8r o BHRSE PRSI, fSERR AREYALESt r odes, and a

cutout in the eb&msaochemﬁomnd. lqerect dag i vas oa:ﬂdet@@ﬁrmlmrasba 16&dde The
cell contains r} ea ent thatt reacti with th gl ucoseié% n a:L | ood sanpl e.
The device is @ Sh§ated S aRd tHe Panpl e ixFa9eRE SaRCEH 1% BF1PAPR 3TN one

of the | ong si efemymeTheuch eas raoivesiec akidind ees gl ocose amhyvidrggbhaes], gl ucose
that are descrifed LRsbRe N AYS GLEEL20WN80cd8e or ferricyanide.
This type of measurement system is described in U.S. Pat.
4,224,125, issued on September 23, 1980, to Nakamura et
al.; and U.S. Pat. 4,545,382, issued on October 8, 1985, to
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) layerg 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 paténts 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 channelg
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.



wel | as other nedical diagnostic devices used for neasuring analyte
- concentrations or characteristics of biological fluids, generally share a
need to transport the fluid from a sanple inlet to one or nore cx(ngEp 2004
sections of the device. Typically, a sanple flows through capillary

- channel s between two spaced-apart surfaces. A nunber of patents,

di scussed bel ow, disclose nedical diagnostic devices and i nclude
descriptions of various nmethods to control the flow of the sanple. 2 0 SEP
2004 WO 01/ M@4R742GT/ USO /0”10 3 U. S. Patent 4,254,083, i'éf/tﬁgﬂ oMarch 3,
1981, to Colunbus, discloses a devicesthat includes a sanple 1nlet
configured to facilitate novenent of a drop of fluid sanple into the

devi ce, by causi ng % toR5tERE Aetisd8s t bsturdnanMarhb r ciP81,Ste al so U. S.

Patent 5, 997, 8¢d1urisisd|edi 8010586 ATRN 1 Ze é&%@i&%ﬁ&é?@r&nﬁh akn%ep' S.
Patent 4,426,451, -issyed on January 17, 1984 to Col unbus, discloses a
mul ti-zone fl ufgt Qﬁ.;\ﬁ%céot Fagt Hdeteppavament. o€t gaduop o frefdng df sample

control ling thenfd ameotieklived b)betrdu%eﬂgtm:&ﬁ;&%d fbsisa ¢ FBkRSoyise of
pressure bal aglges on a | gig menj scus at the interface between a first

zone and a second Fwe tﬁﬁg % P f BRETRE Or 89 83 BctisAedRBN both the
first and secobecedmees 7ar 298¢ talormsmbes i€ p1essure, surface tension

rom the first zondth CRESBECrP-HE: UIRUSUPR: PERUERY hi SOPRTER ace or
"stop juncti onColhgnmschdtibatogddre d moltt-zdleofAvidie ddeicsechad rase only
1l‘Jip(r)rs]t appl i cati o Of, 3N ERL LA Ik aHE n?élatc%%te‘rofffxlilé G MG LEay g4 n the
between the zones. His device makes use of pressure

balances on a liquid meniscus at the interface between a

first zone and a second zone that has a different cross

section. 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

thig 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 tc push the meniscus into the

second zone.

U.8. Patent 4,868,125, issued on September 19, 198% to
Gibbons et al., discloses that the back pressure in a stop
junction can be overcome by hydrostatic pressure on the
liquid in the first zone, for example by having a column of
fluid in the first zone.

U.5. 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 tensiocn-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



zone that is sufficient to push the neniscus into the second zone. U S

- Patent 4,868, 129, issued on Septenber 19, 1989 to G bbons et al

di scl oses that the back pressure in a stop junction can be overczﬂéEBQﬂm
hydrostatic pressure on the liquid in the first zone, for exanple by having
+a colum 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 nultiple stop
junctions in which the surface tension-induced back pressure at the stop
junction i swagmensed, for exanple, by trapping and conpgessigesgfs i n the

second zone. The conpressed gas can tjyien be vented before app ylIng

addi tional hydrostatic pressure to the first zone to cause fluid to flow
into the secoﬂd‘nféh@nS'ByCaFarbpl figrméd Bevingpiessumecdimumubacil e st op
junctions in paeaklglk, *,rupture 2 0 SEP 2004 WO 01/74242 PCT/US01/09510 4
junctions" can be forrred havi ng | ower maxi mum back pressure. U.S. Patent
5,472,603, | ssued YnSDRafREr 55472 088 3 ssSeficarPeqederabs 01395 toPat ent

5,627,041), disehkefBes UsddGh1s6ePs] fm@htfgrgﬁqtﬁﬁveﬁgggﬁogé‘ﬁ \Rﬁ‘ﬁp
pressure in a stog}gbunctlon When flow stops, the first zone is a

at nospheri ¢ pCEBEEHELUFRY L orcee ke r PYaKFaMey thR nkaal é?i—’esﬁrlegsme‘l tH®P i s | ess

than t he presguhetrieﬁ]ur rvtbri Qloﬁvﬁftﬁiymthﬂefbﬁé;ﬂ( FYrRS34rgr The second zone
is at at m)sph% pressure. sume flow,  additional centrifugal

pressure is appf“roaﬁ o r?ereIBiBF’s'? l%Jti’r'F’e"" CEOEFLENEHG ¥t HEDEERFeLUs back

pressure. Thepsesente Zdme: is less than the pressure required to
overcome the back pressure. The second zone is at
atmospheric pressure. To resume flow, additional
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. BAnalysis 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 5,700,655, issued on December 23, 1597 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
ozcillating motion is caused by alternately increasing and

decreasing the pressure on the sample.



remai ns at atnospheric pressure. U S. Patent 6,011, 307, issued on Decenber
14, 1999, to Naka et al., published on October 29, 1997, discl osed U=SEP 2004
devi ce and nethod for analyzing a sanple that includes draw ng the sanple
into the device by suction, then reacting the sanple with a reagent in an
+ anal ytical section. Analysis is done by optical or electrochem cal neans.
In alternate enbodi nents, there are nultiple analytical sections and/or a
bypass channel. The flow anong these sections is balanced w thout using
stop junct wone74k42S. Pat ent 5, 700, 695, issued on Decenberci?Bso1d89v to
Yassi nzadeh et al., discloses an appar&tus for collecting and manipul ating
a biological fluid that uses a "thermal _pressure chanber” to provide the
driving force for NGPENGE Cho SSIABFRCtRIGRGVAERE 2P £999°5E, € Pat ent
5,736, 404, issdsdceniApwhicly,a ¥368, channelasaisnzagedp afunationdtls€d dses a

met hod for deter mlgirngnt e %%ggl. ati onrgi me of a bl ood sanple that

i nvol ves causing an- &nd of e séﬁ%?tél?o' oscillate within a passageway.
The oscillating notion is caused by alternately increasing and decreasing
the pressure on the sanple. 2 0 SEP 2004 WO 01/ 74242 PCTI USO /09510 None
of the references di scussed above suggest a device in which a fl ow channel
has a stop junction that is angular in the flowdirection. I 2 0 SEP 2004
WO 01/ 74242 PCT/ US01/ 09510 6



SUMVARY OF THE | NVENTI ON Thi s invention provides a nedical diagnostic
device for neasuring an analyte concentration in a biological fluid. The
device conprises a capillary flow channel wthin the device, in fI}Us{pzmu
communi cation with a sanple inlet, the flow channel a) adapted for
conveying a sanple of the biological fluid in a first direction, froma
first region, proxinate to the sanple inlet, to a second region, distal
to the sanple inlet, the first region having a capillary dinmension in a
second dlreghjgmulusubstantlalIy perpendi cul ar to the f|r w%bﬁ?&ﬁbon and
b) having a stop junction, conprising g boundary region Separ at es
the first and second regions, 1ii) has a predeterm ned dinension in the
second direction that is great &UMMARY OheTHECAPVENAIGN di mension, 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
paral l el plates. [Thrishanveasion tyevidesondnadiicedt dbagnosthicidelvaset he

capil 1 ary df refst GRachs 14! U 1det et actbher 3 hyehkosegpl | aries o

the invention could be cylindric at case, the seco Irection is
radial, in a plushr ShecPevics compkisena dapigdepentieulichennelt he

direction of fiirdsf kaw. abBevdLes 01408 RimReAkat DU QD aDﬂsfambﬁe ina

fl ow channel of the device, a stog junction that Is angular
inlet, the flow channe

a) adapted for conveying a sample of the
biological fluid in a first direction, from a first
region, proximate to the sample inlet, to a second
region, distal teo the sample inlet, the first region
having a capillary dimension Zn 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 uniguely determined.
Alternatively, capillaries of the invention could be
cylindrical. 1In 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.



the flow direction. Such a stop junction can be designed with

readil y-control | ed break-through pressure. 2 0 SEP 2004 WD 03/ 74242

PCT/ USOL/ 09530 7 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 depictsy 5\& 2004
operation of a stop junction in a nedical device. Figs. 2 - 5 depict The
flow of a fluid in part of a device of this invention. Fig. 6 is an

expl oded perspective view of a device of this invention. Fig. 7 is a plan
view of the device of Fig. 6. Fig. 8 is a cross section through the device
of Fig. 7. JEiM&LED DESCRIPTION OF THE | NVENTI ON Wen f'?k’f‘fugh%‘?ﬁot hr ough
a channel, a discontinuity in channel scross section can forma "stop
junction,”™ which can stop the fluid flow, as described in U S. Patents
4,426, 451; 5,230, 866; and BRIEP, DBACRIRTIONPOF afHR] DR&WEN@ESby ref erence. The
stop junction results fromsurface tension "that creates a back pressure
that stops the fluid nmeniscus from proceeding through the discontinuity.
The stop juncFi®n i sepégkends anedakiow eher efpreivreicea iwhén t he

| eadi ng edge ofe&he1maRL,SEYS encounters the vertex of an acute angle and
is then stretched along the arns of the angle. This nmay be described as
the angle "pointing” in a direction opposite to the direction of fluid

flow. This invepdd on rekahesid© dhdibgabs H a009at i SeM G af Babidas a

fl ow channel with a stop junction. The stop junction is angular in the
direction of fPoviPighil8NepEIMts fluid in the channel to break through the
stop junction

Fig. 6 is an exploded perspective view of a device of this

invention.

*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 CF 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 stop junction results from surface tension

} that creates a2 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 desﬁribed 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 brezk through the stop junction
when there is a predetermined pressure difference across

the stop juncticn. The advantagés of such a controlled



when there is a predeterm ned pressure difference across the stop
junction. The advantages of such a controlled 2 0 SEP 2004 } WD 01/ 74242
PCT/ U501/ 09510 8 break-through stop junction are apparent fromthél SEP 2004
description that follows. Fig. 1 depicts part of a medical diagnostic strip
10 that is a multilayer sandwi ch. Top layer 12 and bottom |ayer 14
sandwi ch internediate |ayer 16. A cutout in internediate |ayer 16 forns
channel 18. Lines 20 and 20A are scored into the bottom surface of |ayer
12 and for mydg;shannel 18 stop junctions 21 and 21A, respef)bw% ¢ Thus,
sanple S, introduced into channel 18 af sanple inlet 22, stops en it
reaches stop junction 21. Figs. 2 and 3 depict the part of a nedical

di agnostic stiigrkothEpgsh Istiap yhinchisth gpry eppbirens Pdommde21A have been

nmodi fied by adgiflg;SesLati 4 24A, respectively. Serration 24 forns
an acute angle A tﬁgt " po}:'ijaﬁttssﬂ'%J tl%\?\’gfd sanple inlet 22. Figs. 2 and 3

depict sanple S j¥$8-befderichw prust obfa eredicabr dakenadtricughrsp ol
junction 21, ragpeqli yehyst £ Bahab 1§, bregkt ?é}%’lgrh& fﬁﬁuﬁépr%&érﬁs" at the

vertex that points opposite to the direction o OW. |
ef f ecti veness GYerhd4 seardfidh intareadiatd AgYErove ¢ hFowyiiortsibp junction

in a capillaryprchapaghs NGRS 1@ sbhks aEheeands t he, i RRObE hativn | €gs

that formthe angle. The smaller the angle and the longer the legs, the
greater the effEctreERdsyiat thsebebirmatrsigifaceThlisl aveT tife 2aRAgF @M S5 mal |

and the |egs |dm@nednty S Bhincthyds aul iandPbeAs Urdsplidieeedl | athasr oss the
scored region . . .

sample 5§, introduced intco channel 18 at sample inlet 22,
stops when it reaches stop juncticr 21.

Figs. 2 and 3 depict the part of a medical diagnostic
strip of Fig. 1 in which stop junctions 21 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. Figé. 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
hydrauvlic 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 tc have reduced resistance
to flow that enters either end of channel 18 and flows to

the othexr end, then preferably both stop junctions 21 and



wi |l cause the sanple to flow through it. Preferably, angle Ais |less than
about 900 and its axis of symretry is aligned with the direction ofz(q@Eg\gW
in the channel. Stop junction 21A has an angle that points toward en

of channel 18 that is opposite inlet 22, and it would have reduced

- resistance to the flow of sanple that entered end 26. If the stop junction
Is tc have reduced resistance to flowthat enters either end of channel 18
and flows to the other end, then preferably both stop junctions 21 and 2 0
SEP 2904 } W iklkid4242 PCT/ US61109510 9 21A have nore thpggggoqmg%&ration,

with at | east one pointing in each digection (as shown in FIgs. and 7).

Figs. 4 and 5 depict the flow of sanple through channel 18 after it has

br oken t ht oughe’$t dVEUReT ¢ e onensefiarios, whehsawpleadts caeopped at st op

junction 21A ddintkhg iR eS8 i€eBRS-PABSE o] stop J unction 21A at
Its two ends. The b?eakt?\rougﬁseogcﬁr f%e%g%%e%gn%l £ téhc?ﬁéhwt he angl es
at the two ends ar &*gFeaf e#nq [Fadlepdot threylgmweofsnahplber thramghhe angl e

(... the supplement19fstis 3R0hes bRAPOhBLSSh ONALS 20kedbnlbp cgnter of

serration 24A._A short tinme after the sanple reac t’he posi own in
Fig. 5 the sdms-eni FPeSR®lenisugtrrRRSSh atuREEP oA cna@ldss e entire

wi dth of chanrmig.18, Eifpld HEePbaESeRNB¥RLAdEE Y] &fioga dexi ge 4§ for

measuring the t%%alex%le co_Pg:ent ra%gon of a brological flui t hat

i ncorporates a capiPFary ™9 SEeERERTHRISER) o5RHT stRpFe § BREvERs a8haush 32A of
the present imtenthgles THP tHeNSWhaéhdl) sHegleddePashAD RFGiHHCRLLY

conduct i ve Su%&%ﬁ?er than the angle (i.e., the supplement of the angl
.e., gle
that points toward 26) at the center of sexration 24A. A
! short time after the sample reaches the position shown in
Fig. 5, the sample will pass through stop junction 21
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 a2rt. 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.

Intermedizate insulating layer 40 is sandwiched between
conductive surface 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



36, which is typically a netal, plated on a surface of insulating sheet 34
by vacuum deposition, sputtering, electroplating, or any other suitable
met hod for providing a conductive surface, well known in the art.?088FEF ggitn
the longitudinal edges of surface 36 are scored insulating |ines 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 wwdth of the device. Internediate insulating layer 40 is

sandwi ched M wweBm2 conductive surface 36 of top insul ati rgrebaebsi84 and
conductive surface 42 of bottominsul athi ng sheet 44. Internediate |ayer 40

Is preferably X! ther | astic_sheet . th adhesive on both surfaces for
adhering to sHeaTE34 Bgn wa 4 éﬁ?ﬂgﬂdﬁﬁﬁﬂ' ﬁh?ﬂ?%¥ﬁ¥h|3t§rYayer 40
provi des - bedaugamtccnduiﬁgv&yxummwsdssh@@tdf1&%f&aﬁ,4ﬁedléﬂd&staﬁﬂd 46,

second end 48, %Iggé cq§n1cg gell SO$that®é g% 04 WO

01/ 74242 PCT/ 951 Tweeh the Yo Bndse Wt n eé‘ﬁ‘l r"a? channel

30, a dry reatwrﬁem;oapahgng%B comsdsbe ndemwfs inelf en, cnmihcaimne sanflrceenzyne,
|5 shown on coduldueasyef age 42-cAlLe50AL] vgh&;acgeéﬂent coating 49 coul d

be deposited on conductive surface n addition to,
surface 42. Hlaatrechemical @} 5501$sth¢u¥agagnowlmh1¢nwhthlch i s

measur ed an el@idireal JAARAIELRICR phhendidl Usr eagertu saRILRALT on. The

region in which the reagent is coated generally, but not né&cessarily,
corresponds t FXWETEERPN50. Therediergbnt Witk dbscteagsmniisalcostes 50 my be

limted to tRede28h10f, Wi fbiChRRR8La 3D ANEROLYBEAAS G @bl LBES R
The reagent and electrochemical cell 50 may be limited to
the region within channel 30 and between scored lines 38
and 38A. Alternatively, the reagent coating (and cell) may
extend over the entire cutout region between the edges of
the device.

Fig. 7 is & top plan view of the device of Fig. 6. It
is clear from Fig. 7 that scored lines 38 and 38A divide
conductive surface 36 into three regions - 36A, 36B, and
36C - each insulated from the other two. The purpose of
scored lines 38 and 3B2 is to permit electrical monitoring
of the filling of channel 30 by an electrically conductive
biclogical 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 38R 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 4B of
channel 30. Thus, unlike the “single’ serrations in stop
junctions shown in Figs. 2-5, the serrations in stop
junctions 32 and 322 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. BAs is clear from Fig. 8, scored lines 38 and 38A



and 38A. Alternatively, the reagent coating (and cell) may extend over the
entire cutout region between the edges of the device. Fig. 7 is aatq)ggp @Q
view of the device of Fig. 6. It is clear fromFig. 7 that scored

and 38A divide conductive surface 36 into three regions - 36A, 36B, and

- 36C - each insulated fromthe other twd. The purpose of scored |lines 38
and 38A is to permt electrical nonitoring of the filling of channel 30 by
an electrically conductive biological fluid sanple. By nonitoring the
electrical wggRhance between adj oi ning conductive regi og guch as 36A,
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appear in copending U.S. Application Serial No.

(Attorney Docket No. LFS-83), incorporated herein by
reference.



alternatively be any other conductive material that does not react with
the reagent or sanple and that can be applied to an insulating surface.
Addi tional details regarding electrochem cal nonitoring of analyt@ 0
concentrations, using the device of Figs. 6, 7, and 8 appear in é@%a]hg
U S. Application Serial No. (Attorney Docket No. LFS-93), incorporated
herein by reference. 2 0 SEP 2004 WD 01/74242 PCT/USO /09510 12 1 Caim
1. A nedical diagnostic-device for neasuring an analyte concentration of a

bi ol ogi cal %hﬁHgééconpr|S|ng a capillary flow channel %E Usgfgagevice,

in fluid co tion with a sanpleihnlet, the fl ow cha apt ed
for conveying a sanple of the biologic¢al fluid in a first direction, from
a first regiancipiaximte to the sanple inlet, to a second region, distal
to the sanple inlet, the first region having a capillary dinmension in a
second direction, substantially perpendicular to the first direction; and
b) having a stop Jmﬁﬁétﬂﬁﬂal ERmoSt DY - ev RAUTAT Yreb €O OHg té}atc.ﬂal)ytsepar ates

the first and det d_di th
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forns an angl élthathpatall svittbdar dheh@evice, in fluid communication with
a sample inlet, the flow chanmmel
a) zdapted for conveying a sample of the
biclogical fliuid in a first direction, from a first
region, proximate to the sample inlet, to & second
region, distal tc the sample inlet, the first region
having a cepillary dimension in z second direction,
substantially perpendicular to the first direction;
and
b) having a stop junction, comprising a
boundary region that
) separates the Zirst and second regions,
ii)  has a predetermined dimension in the
second direction that is greater than the
capiliarxy cdimension, and
iii) forms an angle that points toward the

first region.

. 2. The device of claim 1, fuxther comprising, in the
second region, 2 measurement area, in which is measured z
physiczl parameter of the sample tkat is releted to the

anelyte concentration of the fluid.

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

channel



first region. 2. The device of claim11, further conprising, in the second
region, a neasurenent area, in which is neasured a physical paramet@r E@f
the sanple that is related to the analyte concentration of the fl ui | SE8. 2004
The device of claim2, in which the device conprises a first |layer and a
second | ayer, separated in the second direction by an internedi ate |ayer,
in which a cutout in the internediate |ayer forns, with the first and
second |layers, the sanple inlet, neasurenment area, and flow channel. 2 0
SEP 2004 WOwailé/4242 CT/USQI/ 09510 1}3 4. The device of ek@inguidesien which
the second region has a dinension in ishe second direction that is
substantially the sane as the capillary dinmension. S. The device of claim
9, in which tHe bolffalffViEgi oh ol sé’ Whigdl tdenSeEreF IHDB tRdé
surface of thes fdingnsibavesn. tife rendeMieecoforfkam 3 dbwhirkathe

bi ol ogical flui,d is electrically conductive, the first and second | ayers
each have a confuctiFe28uFPacERId 6T ¥i A4 It er medi ate | ayer, which-is
an insulating |ayer, and the flow channel further conprises a). a dry
reagent on the condycti.ve.surface of one of the layers for reacting with
the sanple toes Vi eﬁgleadgﬁéﬁaeo?rf%ﬁmeﬁeci”?i%‘:}béﬁ’ﬁnﬁ?‘é’?éﬁ’ﬁ’atn@éﬁnbe

rel ated to theamaligke eopeetdrratdcemeaf§ itthe fHelisdyface 4 e first

el ectrochem cailavcee_‘rl |, within which the electrical paranmeter is measured,
and--the stop ™ - ' ‘

6. The device of claim 3, in which the bioclogical fluid
is electrically conductive, the first and second layers
each heve a2 conductive surface adjoining the intermediate
layer, which is an insulating layer, and the flow: channel
further comprises
8). a dry reagent on the conductive gurface of
one of the layers for reacting with the sample to
yield & change in an electrical perameter that can be
related to the analyte concentration of the fluid; and
b) an electrochemiceal cell, within which the
electricel parzmeter is mezsured, and-the stop
junction comprises an insulating pattern scored into
the conductive surfzce cof one cf the layers, whereby
sample that flows across the pattern provides a
conductive peath from the first region to the second

region.

7. The device of cleim 6., further comprising a second
sample inlet, for introducing sample to z third region of
the device, the third region being in fluid communication
with the second region, whereby fluid introduced into the
first sanple inlet travels in a substantially opposite

direction tc fluid introduced into the second sample inlet.

8. The device of claim 7, in which the boundary region

forms a serrated psttern, having angles pointing toward

both sample inlets.



junction conprises an insulating pattern scored into the conductive
surface of one of the layers, whereby sanple that flows across the pattern
provides a conductive path fromthe first region to the second 7d{e3§Poiii 7.
The device of claim6., further conprising a second sanple inlet, for
introducing sanple to a third region of the device, the third regi on being
in fluid communication wth the second region, whereby fluid introduced
into the first sanple inlet travels in a substantially opposite direction
to fluid ingpedyesd into the second sanple inlet. 8. The dg ng@-”@gmcl aim?7,
in which the boundary region forns a,gserrated pattern, haV| ng angl es
pointing toward both sanple inlets. 2 0 SEP 2004 WO 01/ 74242

PCTI USOL/ 09510 14 9. The device of claim11, further conprising a second
sanple inlet,gfor intr ng.s to ird | on. t vice, the
third region. be| ngﬂ% nd) Et!edgcor@f?ruginr?clat |i§lnrttﬁlle& ﬁ&tﬁﬁ%?%é%%nd Si%&?%n wher eby
fluid int roduéé‘(ﬂplmtmltdte Ibrrsntsmqﬁielg Feepler by ed sthiird reghionanti al | y
opposite dir to flwyid o_gysﬁ t SR t

The devi ce ofé\ﬁ a?gr'rkl’lQC% i ﬁ%\lﬁhf% h %%nyétlgg ot ﬁﬁSEPt?jgcrms alg:glrtrgg’?e
pattern, haV|ﬁgthn‘§?€e§q¢@lnﬁt rﬁgl@:@mwlderebm ﬁlga irtyeduged into the

first sample inlet travels in a2 substantially opposite

direction teo fluid introduced into the second sample inlet.

10. The device of claim 2, in which the boundary region
forms a sexrated pattern, having arngles pointing toward

both sample inlets.



