FLU D TRANSFER MECHANI SM BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention [0001] The present invention relates generally to fluid
transfer nmechani sns. Exanpl es of particul ar enbodi nents of the
invention relate to nedical fluid testing nechanisns. 5 Related Art

[ 0002] The design of sone sensor strips requires two or nore chanbers
wherein fluid can be introduced into one chanber then transferred to

a second chanber or additi onBFUEhERASSEERMBEHANIPM det er mi ned ti ne.

In particular, imunoassay strips as disclosed in US Patent
Application Nos. 10/830,841 and 11/284,097 had at |east two chanbers,
a first reXGIBRUIBOERERBYENERN a second detection chanber. In use,
the liquid_ was first introduced into the reaction chanber and held
there for && {{¥ed-ti ne whil e i muno- bi ndi ng reactions
proceeded, then transferred to the detection chanber. This tined
transfer was!®OHi eved 5§ PivsRAf HyetiRe repds ety i Rudbarsis pericrg™eo t he
reaction chanber but unvented initially, such that when the reaction
chanber f i Fraatlesohparépdmcnpedisentihe terapestionnslateiamsdical (k! teytisg gchgpipms.
by the liquid. This 15 trapped air in the detection chanber prevented
it fron§fﬂRﬂE&@@ﬂtt1liquid. Wien it was desired to fill the
detection chanber, a vent was opened at the end of the detection
chanber renof®0%lr om t hErerdesign pisame brapdystrips teguizds o Prymeye pleamberisiigiergin

| ayer, whereupon liquid transferred fromthe reaction chanber to the
det ect i on @Hdpdyere etiadhend iga phd Akinier dirpp tpnafegret! brea seeersitchambes hinadddionadr
drawi ng sanple froma filling reservoir. 20[0003] The net hod gi ven
above has demberbefter oprep@teaninedlimdi haduantagesunokdsacampsiye disclosed in US

Patent Application Nos. 10/830,841 and 1 1/284,097 had at least two chambers, a first reaction

10 chamber and a second detection chamber. In use, the liquid was first introduged into the reaction
chamber and held there for a predetenﬁipédftime while immuno-binding reactions proceeded,
then transferred to the detection chamber. This timed transfer was achieved by having the
detection che\lmber opening to the reaction chamber but unvented initially, such that when the
reaction chamber filled, the opening to the detection chamber was closed off by the liquid. This

15 trapped air in the detec;ion chamber prevented it from filling with liquid. When it was desired to
fill the detection chamber, a vent was opened at the end of the detection chamber remote from
the reaction chamber, usually by puncturing a layer, whereupon liquid transferred from the
reaction chamber to the detection chamber either partially emptying the reaction chamber or
drawing sample from a filling reservoir.

20 [0003] The method given above has a number of potential disadvantages. It can be
difficult to close the entrance to the detection chamber in a reliable manner across the range of

viscosities of samples encountered when testing whole blood. This means that differing amounts



difficult to close the entrance to the detection chanber in a
reliable manner across the range of viscosities of sanples
encountered when testing whole blood. This nmeans that differing
anounts of liquid can enter the detection chanber during filling of
t he reaction chanber, which can add to the variability of the

response. Al so,..the reliability of a punct.uri nmet.hod can be
G rrcurt + 8 gug e g bRk op QB A et RO GeRRR B e g o
for a needlg or. bl.ade.to beco bl.unt. wi.t h .repeat.ed use, | I
ther f or e bg° REEPPAT ECEPaEs eap 14 MHEPHBATF BPoar reRtryea vt Rt o
THE | NVENT! BRETB00 A6 B e oF L PaBLRE FEATBr" BRG ' RUSHE PR
seeks to provide a reli e and robust nethod for transferrin ma| |
Vol umes_of - IPEE bd Vb SrARIE ST i iog S Hha pr AR
forces. The nethgd i nvol ves pr.oviding a porous wall between the
chanmber s° betWeEHHVErPRIS SR G1icH" s t o be transferred. The porous
wal | has pores that are |arge enough to be substantially filled with
the liquid to be transferred, but small enough such that the surface
tension of the liquid interface with the second chanber prevents the
liquid Ieakéng gut of the res into the second chanber until an

F&p

initiation PYMARY PEFHetYVEYEPH0051Li quid is introduced into a
first chanber such that it wets _the porous wall and at |east, i
partially til (@0Fhe por B ARG of R Y SRS MGHD VR ERs, 10 Bt ias @ fefigble and
second chanber at this point as surface tension prevents it from,
exiting thetBppisthedlor fewiarng wrallygragsofdnid beiiegn ¢hrabes eBdreosBer .
When it is desired to transfer liquid to the second chanber, an
ini tiati®n Gtsls forcep etedreind bR PHVERE PR e hP ey thardamhrrs brween
tension and allows liquid to flow out of the

which the liquid is to be transferred. The porous wall has pores that are large enough fo be

substantiallgl filled with the liquid to be transferred, but small enough such that the surface
tension of the liquid interface with the second char;lber prevents the liquid leaking out of the
pores into the second chamber until an initiation step is performed.

15 [6005] Liquid s introduced into a first chamber such that it wets the porous wall and
at least partially fills the pores. The liquid does not, however, enter the second chamber at this
point as surface tension prevents it from exiting the opposite face of the porous wall into the
second chamber. When it is desired to transfer liquid to the second chamber, an initiation step is
performed which overcomes or breaks the surface tension and allows liquid to flow out of the

20 pores and into the second chamber.

[0006] The initiation step is such that it overcomes the surface tension holding the
liquid in the pores in the wall and allows the liquid to enter the second chamber. This initiation

step can be provided by supplying a pressure pulse to the liquid in the first chamber, creating a

[\



20 pores and into the second chanber. [0006] The initiation step is
such that it overcones the surface tension holding the liquid in the
pores in the wall and allows the liquid to enter the second chanber.
This initiation step can be provided by supplying a pressure pulse to
the liquid in the first chanber, creating a vacuumin the second

chanber, vibrati.ng the stri t.ouchi a surface to t surface .of
t he porous "#A&F Fﬁﬁn$ﬁ@m@gbgﬁﬁﬁﬁﬂggﬁEPﬁm% m%ﬁ§m%§%gﬁh%%”%%ﬁ%#ﬁat
breaks or overco the surface tension. 00071Mul tjpl.e second
ohanber o o GHOBEVT P BHE FOACEPRG & 47 PEE TYENTEE PRECOR S g e or
at different tinmes by inducing the initiation nmechanismin the

desi red sefUfde ERSMber (s) at the desired time(s). In addition, a

third chanber_could be filled fromthe second. chanber by having at
| east a portilBH7bf a W&FWP@FmPH%d§€@8ﬁﬁmﬂﬁﬁﬂ%%?mB8F8§?f%ﬁﬁmpﬁw ﬁ%ﬁbn

with the third chanber, with the initiation step being performnmed on
the thiPd é¥amdser diffrsnf tiope by indRangihe ndtistiprpsharism Thihe desgp rondshpmler(s)
be repeated for a subsequent string of chambers in parallel or
series. 102afbodsiredapee i wditopolirdeinmbegpuld ke ﬁﬂ?ﬂx&ﬁ fhg eqepbehicgery
fluid transfer device for transferring liquid froma first chanmber to
a second chavimst leafthgodiopiofe Wakaf the seconslicharnpbepus 2ad Seeswepratrbethird
and a barrier between the first chanber and the second chanber, the
barri er havhawpentvithdpsnitieira strpdaing gerfdrmpdion/ihe Giva deaibag Wb frangfer is
chanmber to the second chanber, the at | east one opening being sized
such that aeqristdefthisoan pirogese kerspentadder d subsgmerni siringed chanrbsts g paiptpéer series.
15The fluid is transferred fromthe first chanber to the second
chanberlowhen 8808} ni t i afartomlar epbddirents oftthregdveotah troviddrellid teristr tiévate firs
sufficient to overcone the retention force. 100091C her enbodi nents
of the i nventsfomgitqid ten mBtshdusbeafto b sansd eéwrmberg The davicd hiy ofystchfmhbsita
chanber to a second chanber. The methods include providing a first
chanber; pravhditagbe; sdadnadiee hawbarthe fstehadban gndahdscondeharbietr weerridne
first chanber and the second ‘

having at least one opening fluidly connecting the first chamber to the second chamber, the at

least one opening being sized such that a retention force keeps the liquid in the first chamber.
15  The fluid is transferred from the first chamber to the second chamber when an initiation input is
introduced to the liquid that is sufficient to overcome the retention force.

[0009] Other embodiments of the invention provide methods of transferring liquid
from a first chamber to a second chamber. The methods include providing a first chamber;
providing a second chamber; providing a barrier between the first chamber and the second

20  chamber, the barrier having at least one opening fluidly connecting the first chamber to the
second chamber, the at least one opening being sized such that a retention force keeps the liquid

in the first chamber; and transferring the liquid from the first chamber to the second chamber.



90 chanber, the barrier having at | east one opening fluidly
connecting the first chanber to the second chanber, the at |east one
openi ng being sized such that a retention force keeps the liquid in
the first chanber; and transferring the liquid fromthe first chanber
to the second chanber. The transferring takes place when an :
initiation TiptkhsieSink Meodueedet & hiteridd gt & itdaticddSo S lifhi€ aht stffcient
over come the retention force. BRI EF DESCRI PTI ON OF THE W NGS

5[ 000101 Thewfwéae0k 0@ rapdicatdhes features and advant ages of the
invention will be apparent fromthe follow ng, nore particular
description of particul ar enbodi nents of the invention, as
illustrated in the acconpanyi ng drawi ngs wherein |ike reference
nunbers generally indicate identical, functionally simlar, and/or

st ruct ur al | grisf Deb@irebROBMBSDRAWAGEL] Figure 1 shows an exanple of a
first enbodi ment of the invention; 10[00012]Figure 2 is a sectional

vi ew al ong seiobe) | i NGhARNRInglheoBFRIQMIERAE 2 SRS LRMETIMS L Jill be
[ 000131Figure 3 is a sectional view along section Iine B-B. of the

enbodi ment %@Q\M’c floth tht E1ERink; mbi@ 9%&]@&%&&?&& of %uﬁp@%@%k@ oPhhed
second enbodi nent of the invention; 15[00015]Figure 5 is a sectional

view al ong $e&HL0s ifeitdriftheQbcotdpEnyRIERROARR M he RO reference numbers generally

indicate identical, functionally similar, and/or structurally similar elements.

[60011] | Figure 1 shows an example of a first embodiment of the invention;
10 [00012] Figure 2 is a sectional view along section line A—A'. of the embodiment shown
in Figure 1; !
[00013] Figure 3 is a sectional view along section line B-B' of the embodiment shown
in Figure 1;
[00014] Figure 4 shows an example of a second embodiment of the invention;
15 [00015] Figure 5 is a sectional view along section line A-A' of the embodiment shown
in Figure 4; |
[06016] Figure 6 is a sectional view along section line B-B' of the embodiment shown
in Figure 4,
{00017] Figure 7 shows an alternate embodiment of the invention;
20 [00018] Figure 8 shows an example of a third embodiment of the invention;
[06019] Figure 9 1s an exploded view of the embodiment shown in Figure 8;
[00020] Figure 10 is a graph showing cufrent as a function of time of a first example

of the invention; and



in Figure 4; [00016]Figure 6 is a sectional view along section |ine
B-B of the enbodi nent shown in Figure 4; [00017]Figure 7 shows an

al ternate enbodi mrent of the invention; 20[00018] Fi gure 8 shows an
exanple of a third enbodi nent of the invention; 1000191Figure 9 is an
expl oded vi ew of the enbodinent shown in Figure 8; [00020] Figure 10

is a graph ngmﬂp Curf«:lent gﬂ@ff Qou?xfent a!s tfio aofftl LI.Sk. SXa0P! e
I on; 6 T] S

of the invent and ure [ omﬁn current as
a functlon of ﬁ%ﬁ? of a second exanpl e of the |nvent|on DETAILED
DESCRI PTI OK* REUERTTH oN 5[ 00022] The invention will now be
described with reference to a specific two chanber

DETAILED DESCRIPTION OF THE INVENTION
5 [00022] The invention will now be described with reference to a specific two chamber
embodiment with a specific initiation step. This embodiment relates to a disposable
immunoassay strip using electrochemical detection of the results of an immuno-binding reaction.
Note that the terms upper and lower are used for convenience only in the following description,
they do not imply anything about the preferred orientation of the device during use, which can in
10 fact be used in any orientation.
[00023] The strip comprises three chambers, a filling chamber, a reaction chamber and
a detection chamber. The filling chamber serves to receive the sample and act as a sample
reservoir, the re;action chamber contains reagents whereby a probe is selectively immobilized in
the reaction chamber to differing extents dependent upon the presence or concentration of an
15 analyte in the sample. The detection chamber contains electrodes and reagents so as to be able to
detect the amount of probe transferred with liquid from the reaction chamber and thus detect or
quantify the amount of analyte in the original sampie. An example of such a strip is shown in
Figures 1-3. The strip 100 has a number of layers which are laminated together using adhesives.
The strip has three chambers, a filling chamber 1, a reaction chamber 2, and a detection
20  chamber 3. Layers 10 and 70 are sealing layers that serve to close the faces of chamber 1 to help
to form a capillary space. Layer 20 is a layer carrying an electrically conductive upper surface

which serves as an electrode in detection chamber 3. Layers 30 and 50 are spacer layers which



enbodi ment with a specific initiation step. This enbodi nent rel ates
to a di sposabl e i mmunoassay strip using el ectrochem cal detection of
the results of an imuno-binding reaction. Note that the tenns upper
and |l ower are used for convenience only in the follow ng description,
they do not inply anything about the preferred orientation of the
dovi ce dur | i LRy MU Miydr Bodd 1hAG! 50820 45 8vd 8 B AL AN A @B and

[ 00023] The strip co I'ses three chanbers, I ng chanber, a

reaction chawaer, a0d 2, dekeelon: hANRAL: TG kLbiAGChARbEr SErues
to receive the sanpl € and act as a sanple reservoir, the reaction
o re _ Petreservort, trie react o
chamber cont.al n5 £eagenl s, SheL ey AL obe, |:SaSEkertyely JIHRALL besd

in the reaction ¢ ering ex ependent upon t

et oct i on clmier bRrerheTr ehrroaoethar gl url 3 sagps v
reacti on cHARbEr At PHIE det 8t T0F quantT Ry EHE S URC ST “Ehar JEs i n
(R o0 1l SATRL S A SHoDL £, 0L Eh 8 SH L Bl By e

usi ng adhesives. The strip has three chanbers, a fillin ha rl
reacti on ch¥ibd Onz‘fﬁ%l‘ﬁ?f S‘é‘}%ﬁéaﬁﬁef"&ﬁ a3B° ¥y Zﬁm%i.e “Egﬁ}%’ltlgn %@mg%ﬁ Fgver %
are sealing layers that serve tg close the faces of chanb 1 to help
to forma cHpiep fogpe spsiion chimales ¢ anhfilfing chamberd, Qpippatly g@y 65% can carry an
el ectrically conductive upper surface which serves as an electrqde. .in
det ecti on cHenrsafly ondpcliye peatmponigloner syraee dsepieas Pyglafedgdridginct Wy daud
adhesi ve upper and | ower faces. Layers 30 and 50 serve to hold the
| ami nat &0t ogléstrﬁ@maﬁ&rr{bat 2 eV ith Bis B nyh filpreaqting clpsibstt Fghibepges 40,
reacti on chanbers, respectivelz. A region cut-out of layer 30 shown
in Figures PushifeBedes desiedypdhalowsr ffe of 49 ek thas an dsdeiraracs ob ke
area of the detection chanber electrodes. A region cut-out of |ayer
50 shown i nbrifigingreasbeXieasid B B ficmenter fhiaitigtededest pfqupnsact3ven 1€ ﬁ%ﬁﬂ%ﬁ@ be
Layer 40 is a | ayer containing pores which serve as pores that
connect reaﬁmm@mﬁﬁﬁ@ﬁﬁ@mnéGQG%HQﬁ@@%mMﬁm@ﬁéﬁﬁ@mﬂQwiugy@ﬁm&QKﬁ%@dﬁﬁﬂﬁe
el ectrically conductive coating on its |lower surface that serves as
t he second @hedte duens embddineut ihoprdichiEertrarbe 8pplicd jrcthe BY eswrpw ! fayer0gse
reaction chanber 2 and filling chanber 1. Optionally, |ayer 60 can
carry ahs el getphecairfaye dondued, layes ¢ atd Wganthes bslanowed tethesk adwsiyplayers.
serve as an electrode to detect when liquid

Alternatively, adhesive can be coated on to layers 10 and 70 and then those layers laminated to

20 and 60. '
[00024] Figures 4-6 show an alternative embodiment where the cut-out in layer 50 to
form reactidn chamber 2 is such that the walls of the cut-out fully surround the cut-out to form
20  anenclosed area. This embodiment has the advantage of preventing liquid from reaction
chamber 2 wetting around the open edge of reaction chamber 2 to fill detection chamber 3 from

its open edge, rather than through the porous wall connecting the two chambers. In this

embodiment, the air that is displaced as liquid fills reaction chamber 2 can vent through the



10fills reaction chanber 2. Wth this option, liquid fills reaction
chanber 2 and the pores in 40, thus bridging the el ectrode on the

| oner face of 40 and that on the | ower face of 60. This bridging can
be detected to tell the nmeter to initiate the test sequence. Layers

10 and 70 can be secured to |l ayers 20 and 60, respectively, by any

i t abl ' i bdEs in! i
sui tabl e rreh&Qs‘%n tlﬁ efQ%E %ﬁ,edqu\g%& Q%S:F%HZ%E %Ofﬂ?lﬁxgﬁ{{ig@\g Fé’r@s n \Qarﬂ%fe fiﬂ(l%c/l éwl;th

enbodi nent, the a sl ve can surface o

20 and 15th . ) . e
am nat ed + 20 hasge Rt AB66.Y s il Bied ok BURE 8 bR Ehd B SR BRI o
coated on t ( L hen .t l.ayer.s .| am.nated.to .20
and 60, T ooBo ey Mo b A e S B A B S TP L
cut-out in |la 0.to formreaction chanb i.s such that the walls
of the cut-ou a%gvdﬁkl’ e SEr PG a?%Oen Cc%rfl?%gtto ﬁ)dﬁ%%#l%’ éﬁm B %ncl osed

area. This e Laent has the advant age. of eventing liquid from
reactiongchagggghgemetfﬁﬁbéﬁwgﬁﬁ%ggﬁgggﬁéﬂe éﬁ%mgF“@%ﬁ&@gﬁﬁgéﬁéﬁﬁﬁ?mﬁ
to fill detect.ian chanber 3 om its open.edge, rather t .t hrough
the por ous. VAN CBRAEH Tyt HTH I CRraRbee & Sk e Bhse B Bk
air that is_displaced as liquid fills reaction chanber 2 can vent
through t heOPHBRES 1 HSCRRONBIFIIES RarelvalrysaR g "Pire st Rsndier) cpPg gefepded
until all the res in the wall are filled with liquid or reaction
chanber 2 i &% ﬁﬁw@iﬁﬁéﬁf%tsé%%m hauidsfilligpacendewhen? apd hepeigt of laisr
chanber 2 to be conpletely filled for correct operation, just that
there is a SUFFFErdReIngSIRAEmete W4 e led Priwcsh thecondict 1o Lowe o hig difing
in reaction chanmber 2 to fill detection chanmber 3. 5[00025] Al so shown
in Fi gut®s degbl and thesaehchEayshpe e laney ex oo layer U7 OPhagrcan ppdstected
required and instead | ayers 20 and 60 are extended to formthe end

wal |'s of fifleqtirglle remdsed orthe epetrasa 4T ¢ ghangern thgiveltagaiss ditFshflowipgor
conductive layer on the upper surface of 20 can be extended into
filling chatfpegitance befvepihihg consluetiyn dayerphie A0 #iddf@i dhisicint ssrvie@a e sige to the meter

chanber 2 and the pores of |ayer
that liquid has filled detection chamber 3 and thus automatically initiate a pre-determined test

sequence. Note that an advantage of this method is that the signal won’t be detected until the

15 liquid in filling chamber 1 is of sufficient volume to touch tl'le opening of reaction chamber 2
and start to fill the pores of layer 40. Similar to the method disclosed in US 6,571,651, herein
incorporated by reference, the capillary dimension of filling chamber 1 is greater than that of
reaction chamber 2, thus filling chamber 1 can empty to fill reaction chamber 2. So if filling
chamber 1 is sized so as to have a volume at least equal to and preferably slightly gréater than

20  reaction chamber 2, then the signal indicating that liquid has been introduced into the device will
not be detected until there is sufficient liquid introduced for the device to function as intended.
An additional advantage of this is that if at first not enough liquid is introduced into filling

chamber 1, more can be added until enough is present without affecting the intended operation



40, electrical connection is made via the liquid between the
conductive layer on 20 in filling 10 chanber 1 and the conductive

| ayer on the |ower surface of |ayer 40. This can be detected
electrically as a drop in the resistance or a change in the voltage,
or current flow ng or capacitance between the conductive |ayers on 20

and 40. Thi gfgadveel WaeRthe RuSl ta: ik RuitlRA b%‘é&f reddfd cilab@Lt Do @Stection
filled detection chanber 3 and thus automatically initiate a

pre-determ nedptest seeOHERES in Mateﬁcﬁibﬁt:orﬁﬂmﬂgyé?\%eﬂ% cgfldllrch{fessuf%QQQZO

is that the signal won't be detected until the 15 liquid in filling
chanmber 1 i i
chanber 2 a%lg Qﬂ(gt“girll E)&:;ug dfg ?{o tﬂf‘lﬁg&%oérfghe CQH&{E%{/SJ;%G% S@g‘lhe%gera ¥§ ﬁ&&du&‘?

et hod discligsed J whg%hgloggzgn Bitkes DRI | AESLALNAL SO0 tlragstﬂa??a%%%@n

the capillary |nenS|on I'S greater t han at  of

reacti onyg f:h e@%ﬁﬂf}/ ach}x#ﬁlsﬂ N&gth§ﬂggp%¥al Eh A aﬂBr{a ar sm fi%om the C&I tﬁ)

chanber anber Sl ze SO a vo une a

| east equal I ht | t 20 reac

chanber 2, Th g%%?%g§%§52239<¥e1nﬁ mﬁCMF% ﬁﬁms ﬁcmn egﬁ %ﬁ ?mﬁaWday
tecte nt| g

into the de Ie(a:r% tile conguctgelagf T eXpase glectjo s 151 Ct1%gr Liquid
i nt roduced %%e deV|ce A RA R n%% {PRERRY: ﬁh a8 ENEr

advant age of. t i S.18. i f .at rst ot eno h uiLd is rod ced
Mt i getnanbepich B2 gba o8l felhn Bt Ry M e%%bﬁ“e&ﬂﬁ#@e
wi t hout affecti t he.i nt ende erat| n of the devi.c
Fluid transREFRigR e PIcHEs %@e St Yrnbe 15 GarEt e
chanber .3, a second e.inth Iec cal conditions.bet meen the
Conduct 0o SaRFEOREiG Do AR EO Y PRI o 45 TS MAR LT A oer
t he conductiye | a er..on 20 in the area of detectjon chanber 3. This
change can @%f} %SIEWHIHWfiﬁ’%tﬁPﬁéVG?PéP%?Oﬂ?‘FFQf’e e %Rqa?ddntﬁ#aﬁﬁle?beﬂ
has been 5successful |y acconplished. Note that in general the current
signal ari sﬁfﬂéh@f%%ct%%r 8%%%”?5%6%%??8@&%}5 sJestrcalratistgige OIS Bgedue
filling chamber 1 will be small conpared to that generated by the
area of thehe RSO PFet exposed in detection chanber 3, so it
will not interfere significantly with the signal from detection
chanber 3. Thi%036 so &9 2dvsntage plthiglembediaens idhe oplyve BaceeH panpcha”s arc
of, or no significant anount of, electroactive species in the native
sanpl e thatreguied todegpshadt the eleqitieal signalssfron the sivip ke eogwietaibe feslh Py cappshticado
bet ween the el ectrodes in detection chanber 3. Also, the relatively
| ong |i qui dhpeahudbias lggerniZdend bnsagend by éae cayfewti‘@amsezdélq. rBuftalilé gamgectors for
chanber 1 and the conductive |ayer on 40 gives a relatively high
el ectri cal thiesicglisalresd in Wi Revent Berd 63705 1Bedd 6.844,00¢, adrin BRPashiglyalication No.
produced. [000261An advantage of this enbodinent is that only two
el ectri cal d618A&84, ivaurd aag igcoriGatpdiguicfeeded io tidedieddsuml | t he el ectri cal
signals fromthe strip to conplete the test, one connection to the
conducti ve | alpéd27pn 20Aantiehitereskecord ctrmedtive nedod do thivéevicayethoon indlgure
Sui tabl e connectors for this are disclosed in US Patent Nos.
6, 379, 54B andrhe cQ@A6tG Aevian2D0i inilluiraRd tveihtre Apfdeit€ fi ipaenNawerltibh 28413 6 ,is
whi ch are incorporated by reference in this disclosure.

to be understood that this aspect of the invention is applicable to any device when it is desired

that connection be made to surfaces that are in close proximity and face one another. The

numbered elements in Figure 7 with numbers common to the other figures denote the same



[ 00027] An alternative electrical connection nethod for this device is
shown in Figure 20 7. The connection device 200 is illustrated with
reference to the present invention, however it is to be understood
that this aspect of the invention is applicable to any device when it
is desired that connection be made to surfaces that are in close
proxinmty a Qne. an F. E?& 18 Sof ik L AHEE Ffure 7
N eh nunber s EBHg et lﬁ’&s*‘r?thon- s ERAE oP LRk Rt ﬁ‘ﬂ T

t he present |II st rat.i,on n_thi d| 0 e of

. . ?{ of the smpt%go%tﬁ @? g nmsa vﬂ}mh 11lin p%&h%m%épl Ac&&lﬁng to

i nventi on, Shows

o o B AR 5 ﬁ‘aezﬁl er@b%%ggz@é%san
ayer ‘20" carFrEdgele yeeZﬁ%‘#%w%%%raefﬁﬁe&a@ & aﬁg S T Rer
ayers 7o ARO[ o R PECERTRRULS Bayotn ea@g«%?f%’t%‘% ét%éa%aomi\m t

addi tional layer 110 is introduced jinto the s e a

2nd 40"t hat B B b eBH IS PRt b B YHEha i cARELS ﬁﬁ%gifo i§10
| us a conductive |ayer 80 and any adhesive |ayers that

Br esent s piEpde Pt°¥ s sBree SPTWGFit lﬁi%jlﬁrsg%oé’&ti &y thﬁftﬁ#ﬂ%@yﬂﬁ @kn%%f"sre%ﬁf the

| ayer 30. Layer 110 is electrically conductive 10at |east on S .
upper surf é&@r@e Hwen/ 180 plus aserdughiwdses Ran gneasherinet FXFE Bl sy B%Pffﬂ%egt 18
full thickness, such that electrical connection can be nade between
80 and 90 Buedysbio opdishilsarcger handhytudmess aflayer 3yereri 1 isgdricaRegedvr e
| ayer 80 carried thereupon extend beyond the edge of 40, thus b
bri ngi ni 80 kead 00 ds MmepsuElescOriopgYer éGiheleqiahy caedive freaneh dp ﬁ#é%ﬁl%ﬁ
can be made to 90 via 80 in the area of 80 that extends beyond 40.
Pref er abl y saeh tefteissirigal comyeetion csn by maderbetwsen {oand HHMEt 196 sy o5 gpd Hrwa
of 110 and 70 to fix layer 110 in position.. A conductive adhesive
can opt|ondﬂDyLb@rbﬂhmédm@eﬂmeé%@ﬂ%y@K@dQ@KﬁmuﬁgﬁmdbﬁmB@ﬂ$e§§Pf§)ﬂmﬁby
portion of where they overlap, to help ensure good el ectri cal
connect i on.bridking BMaid Wehtp etehisicg spnnectont Aéctricalroirstipn ¢1o bemadd %0 gke 80 in
devices to connect the strip to an external electrical circuit can be
confi gur ed tsae dfitathanbreends heyosd 49. pPrefsrabinse rdheslve laya it thesepdriweenth wer
or faces of the port push against the upper surface of 40 to push 90
i nt o 2015c onsngadciod Ml (nintl 10 801x [a§6 028 InArnsiéor okl tangndtive hdltekige ¢amppindriabnbe
using a device with three active chanbers is

placed between layers 90 and 80, in at least a portion of where they overlap, to help ensure good

electrical connection. Alternatively the port containing the pins or similar devices to connect the
strip to an external electrical circuit can be configured such that when the strip is inserted into
the port, a face or faces of the port push against the upper surface of 40 to push 90 into
20  connection with 80.
[00028] An embodiment of the invention using a device with three active chambers is
shown in Figures 8 and 9. Figure 8 shows a top view of a device with three active chambers and

a filling chamber. Figure 9 shows an exploded view of this embodiment showing the various



shown in Figures 8 and 9. Figure 8 shows a top view of a device with
three active chanbers and a filling chanmber. Figure 9 shows an

expl oded view of this enbodi nent show ng the various |ayers. The
strip 700 conprises a filling chanmber 800, a first reaction chanber
510, a transfer and reaction chanber 310 and a second reaction

chanmber 520, ering fg%p'ﬁé‘ orffprled il ﬁ‘%&r é&%o St %]agt %’ﬁ%ﬁ%sid ) Shnsfor

reaction cha trans reac ‘i'on C

Per forati ON% ¢ %a%tlerpchlarﬁgg & 0 dd s%cchc ﬁéa((r;)rtbo%% nect S%df %rsfgr% xonsoﬁl(]) nﬁ%/%lt Jlé?)n

chanber 310 Wi second reaction

added to filli chconnec}q%ﬁ%reaggaﬁgtl lerk hlltra{a#%rag heftg %F?Wn}%r%fb ?%:gora{ions

t he end ofh?ll 0 ) ere A
T
this il |Cng 3 begalo g %'%f?rfg‘fﬁa#%%r@ﬂy FRGobp g B SRR e
0
Feagent s and arﬁeragﬁt fnruarjé?@%ﬁ%@%’t%ﬁﬁlaegraw?ed@ﬁrgrl 8 P PE B AL

510 to do a sanp e-trea step, for 10After the
desitod +i s Fi ot £ e Shastlss PUR Ve BTRGGH fhesgple i ?‘ﬁggfﬁrarre%?haareffﬁl& Gher
transfer and reactio hanber. 310 can be initiated by the neans

di scl osed, %}é%nea%%ﬁ% %ﬁ%ﬂ% AungRis 11898 Proreﬁrvﬂbreawmﬁeh fhe ppenegiy of sgegnd
the | ower surface of er. 300 at the perforated area 410. Wen this
is initiate@ctps gmber ?érﬁﬁr eer{fpations 418 #Rq #3m Qe PEIROTCEZEET I FRERAS & ers
510 to fill transfer and reaction chanber 310 until perforatrons 420
are bl ockedanPe friqdiigia st sapimehanbs Sthiado asFnriaprerigatmergir. Hesppmple.

15t hrough perforations 420. Optionally, a second set of reagents can
be dri ego i mdeer thealsgited fimerg ﬁr%@eﬁroe ﬁhaérrbam&iérﬂlerrelsfer okfésq fodeneler 3é Fpgiom
a second reaction of the sa such as a binding reaction as

di scussed b@psber 3\bean belnitate b)i the meana Aiselered ach A pushingtonieseddioy befot
reactions to take place in all chanbers. For exanple, first reaction
chanber 510wsbilPantastrirelsperririeas of eerse@ el thareiohtntoese 46F. When this is initiated,
enbodi ment shown in Figures 1-7 and second reaction chamber 520 coul d
70 Enact i orfreatsd samepleietleltaw Hom disardsetion chambieh? 1) te &8 érandfor and feeqtioanighmber
reaction chanber 310 acts purely as a transfer chamber which
separ at es filpsttilpedeotiion 42harbeckdMithdigdidsengn ehich déat tir om ohengbernt520
|l aterally as well as by perforated area 420. This can be advant ageous
i n sonelsapphioogtpediamtipm 420. Optionally, a second set of reagents can be dried into transfer and

reaction chamber 310 if desired to perform a second reaction of the sample, such as a binding
reaction as discussed below. Note that is it advantageous, but not necessary, for reactions to take
place in all chambers. For example, first reaction chamber 510 could correspond to the reaction
chamber of the embodiment shown in Figures 1-7 and second reaction chamber 520 could

20  function as the detection chamber. In this case, transfer and reaction chamber 310 acts purely as
a transfer chamber which separates first reaction chamber 510 and second reaction chamber 520

laterally as well as by perforated area 420. This can be advantageous in some applications in

10



m ni m zing vapor fromthe fluid in first reacti on chanber 510, when
filled, fromdiffusing to second reaction chanber 520 and wetting the
reagents prematurely. [00029] After the sanple fluid is present in
transfer and reaction chanber 310 for the desired tine, a further
transfer of sanple fromtransfer and reaction chanber 310 to second

5 reaction mm%vgg& HAMNE GG in ¥isPreRELL %ﬁﬁokﬁlé, $eld -ﬁn&ﬂ,iﬁf%n% Jiﬁa(}gg%

can be initiated, exanpl e, by pushing on the upper surface

| ayer 600 ag&ﬁﬁi@§ﬁ$9H@&hgﬂﬁgﬁﬁguéﬂﬁgﬁéQ%éa%ﬂﬁmﬂ#%?ltsurface of |ayer

600 cones into contact wt east some~of ‘per i ons 420.

Fur ther reagenjg,gan beAfégriﬂ%CLa%g%%uﬁl%&@%n{iﬁgr%%%gﬁéﬁ ‘Orﬁrcha%%’r %12 for the

further treat "or react wth co nents o exanp

the results _apy . r i e ut. in.transfer and, r ion
Chaer 510 Qe e G ARG B LhER Ol ot LANRHEL A 33 Ofina
second rgacti n_c 20 and conver.t ed

anber i nt.0.a usabl e, signal,,
o ther opt | CATUGHRNE Sapanoly VPGBt i eI u B e

[ 000301Fi gure 9.gives nore detail), of how the vario ch s.in this
brbodt ment 3 BRI REe PG S-S b n B e Bl S S e et
closing layers, r ectivel whose functions are to,_clgse faces of
the capi | | aPyRiss SRR i ehiapt Vi) < g pe o1 ey ar o g2l ohr et Cgengs an be
15perforated.layer to initiate fluid transfer if initiation is

per f or med iﬂﬂ G serigheh hotiog qhprpigr Selhip e AP SFACSV e R CH Toriam e
nore other | ayers may be placed. Exanples of other |ayers are |ayers
of conduot i G HEPEPIE RS P oiTErERs PEHELO R P P TR O b
tracks and dried reagent |ayers that nmay be required to process the
sanpl e itH t HE! aF0B HEIERaRMYEAR be feitstrd 1 fesspdreastien Ghambs Saga@rw%‘é%mtoa
| ayer. Portions of I%§§r 500 are either cut away 20 or otherw se
formed to deRPRésPHeEPeRtien. daciratherital & & sorae PRHEHIDIF BHEIther s 510,
520. Layer 500 can be formed froma substrate w th adhesive coated on
bot h sides or [##§0be | JBguwrad Eygeaporg fletaihefihewithevaringg chimberhadiis fpofipent
or laid down with the areas that will correspond to first and second
reaction chafemsd slayers30Qandgiop aferteelowtr andihrmst desing lhyesm regpfivdeily evhose

coated substrate is used,
functions are to close faces of the capillary spaces in the strip, provide layers to contact the

15 perforated layer to initiate fluid transfer if initiation is performed in this manner, and to serve as
supports- on to which one or more other layers may be placed. Examples of other layers are
layers of conductive material to form electrodes and elecirical connection tracks and dried
reagent layers that may be required to process the sample in the various chambers.

[00031} Layer 500 is an upper spacer layer. Po;‘tions of layer 500 are either cut away

20 or otherwise formed to define the area of first and second reaction chambers 510, 520. Layer |
500 can be formed from a substrate with adhesive coated on both sides or may be just a layer of
adhesive that has been formed or laid down with the areas that will correspond to first and

second reaction chémbers 510, 520 left free of adhesive. If an adhesive coated substrate is used,

11



the areas corresponding to first and second reaction chanbers 510,
520. coul d be formed by punching or otherw se renoving those areas.

[ 00032] Layer 400 is a layer that acts as a barrier between, and
conprises the perforations necessary to conplete the fluid transfers
between, first reaction chanber 510 and 5 transfer and reaction
chanber 310_.and transfer. a reacti I i, on
Charner 280 GAts FOR PSR AR DR e D e siend st

descri bed el se erre~t'en tShiés Oqus%o%ggrregs. Layer 300 is a second spacer
layer with BW°OpeR” Greqd st Rat> Y& es™ts" define transfer and reaction

chanmber 310. I S..can he constructe t he. met hods gi ven above, for
| ayer 500. Fi HHO%@ chalr)f[t‘f‘@?r ‘@géf ag%}r"?r g‘é‘%ﬁﬁﬁ%é“’%?}%fe ?’Vreg g (gﬁglm at ?Sﬁlée or
ot herwi se joining |layers 300, 400 _and.10500 with eas 310, 510 d
520 and perPﬁﬁﬁF%Bﬁg%ﬁﬁﬁYShﬁmﬂ§ﬁa%?gwﬁ&@ﬁ%ﬁs%ﬁm?ﬂéﬂﬁé%ﬁg%q?9 %?gﬁgﬁg,
and then punching through the tri-lamnpate to.fonn th ut - out for.
filling éhafisfer 8esyeackpt shambey 3/9)apd tf%”ﬁ’gef g PasHe %?méﬁg?gﬁ‘%fose&%l%@“
that correspond to filling chanber 800 can_be forned se r at Iy.ig.
the |ayers SHEPEHYA e rqaaiyet o bp RRT@AoRcaaBE FPrRAbEs e g‘g‘f1§e g? ©m this
regions align to formthe side walls of filling chapber 800£$%ye egg

faces of fi KistlpgyreHansePl BETCHNe SRIGIE THHER DR BffdeBed 4fige ran
| am nated to the upper and | ower surfaces of the tri-lamn

A ate
conpri si ng 36UFackonchemdesyl: Thioowsm Retarted wyhe Bl BGaT Yrdwlaver 500-
illustrated in Figures 1-6, to function as a thy strip i rmunoassaé
reagents cafillng drkey 8Pheas hedermed B ishampeingor sHher vty eaiedros RAMHRY ad
during fabrication. The reagents in reaction chamber 2 conprise a
probe | ilAkedo0t witmarbis3d g 0 20hgdrrnd peréraignt €10 apdftfsdc{paed Bripugaee)ve
and a binding target to which the binding agent can bind, where the
speci es car flaybrmgnd Hen binedling ghroughdles ti-lopingthée Toionie ag-qubiog Stling clabes 800.
can be prevented fromentering detection chanber 3. For exanple, the
conj ugat e caitemainslysthe ofgicus oE3Py Y asd 600 thet correspond to filling chamber 800 can be
formed separately in the layers and then the layers laminated such that the cut-out regions align
to form the side walls of filling chamber 800. The end faces of filling chamber 800 are closed
15  when 200 and 600 are laminated to the upper and lower surfaces of the tri-laminate comprising
300, 400 and 500.
[60033] Referring to the embodiment illustrated in Figures 1-6, to function as a dry
strip immunoassay, reagents can be dried into reaction chamber 2 and detection chamber 3
during fabrication. The reagents in reaction chamber 2 comprise a probe linked to a binding
20 agent (hereafter termed the conjugate) and a binding target to which the binding agent can bind,
where the species carrying the binding target, or the binding target itself, can be prevented from

entering detection chamber 3. For example, the conjugate can consist of an enzyme such as

PQQ dependent glucose dehydrogenase (GDHpqq) linked to an antibody to an analyte of



PQQ dependent gl ucose dehydrogenase (GDHpqgq) linked to an antibody to
an analyte of interest. The target binding site can then be the

anal yte of interest tethered to magnetic beads. The nagneti c beads
can be prevented fromentering the detection chanber by neans of a
magnet confining themto reaction chanber 3. Alternatively, the beads

need not benfrgnNehLE &rgey&n@ o LRIASHNBMEN Bl b i@ st tARYedGamBgttiE bdads.
though the pores in layer 4% such that this prevents them5 from

entering d eﬁﬁ?ﬂa@%ﬁc%@ﬁ@ﬁf be%rev%@@ b @ﬁt@nﬂg&h@d&@éeﬂ@rﬁch’aﬂﬁbér@? AR magnet
the free analyte can bind to the binding site on the conjugate and

therefore Bl06ind REm tPRMIRLRnTYeL El'té?x@a!tx'i)&ly,tﬂ% Yol neSARRbE mzBehid Bt gt

sites. The conjugate therefore remains free in solution and so able

to transfer %\EQ erf%ﬁ%ﬁ&fcﬁ 3 tﬁ%ﬁ?ﬁg ﬁ\’.‘gﬁmlu i &e@ﬂh%gf NEBlch iiftar S prevents them

desirable t conj ugat'e an arg t bi nding site are not

m xed beSf OF Gl &?ﬁ%g@ﬂe&gﬁ% L aGE Ee‘i&*ﬁﬁn h&d ace%gﬁr]-%o%{l}!lg% fl laRalyt Lhe

10conj ugate can I ower t.he speC| es

carying e, J arask Al ngth%lc&g%%@m%@ b BPSL! 855508 o Db

target bin n nagne per manent

el ect omapet. O%‘ﬁ%‘éjd tgr?éts%t a# 12%? et er alr?s ?rpsogfti%ﬁvaﬁchs% apl%qgﬁ‘an Rr

to mix wththe conj tga reacti on chanber

d freed th fromin
ggdl t Ir gﬁ et%g'g l%am%gf Ves%gls Enqroedmeleﬁl,g 1t%sh elild (5% en%gy&@&'&?@r%et 13 ’Caliget
15chanber 3}11% r?gqsggll { BEL ili g%ore%hensbgfglglF ggg%z s(:%hef: 20 te N3, L&RIE %ssth%r I ed

down durin ts ar hose necesﬁary to

bt woen | e BB FOdEer UL e RO Naay FaorEh %%?gtrf% St iR
el act 1 ocherfesFT JrsE bres Hodh it & a%wd’%ﬁ?s’rﬁé%ﬁ#vﬁ@r e ftads o permanent

i ncorporated. Alternatively, the substrate for th ne ca
i ncor por at ¥ SleffePasRd Bl gHicE Ha MifappY face O%'%? QO RY BHvE ﬁ t@émwggéhet he

substrate can take sone tine to becorre active. the probe . is GDH,

gl ucose i s AuEEs 2T el PlpdreaioneRaabet handdsed ﬁg &lag‘?“g Rfagis from the

initially dry layer. In addition, the magnet serves to prevent the beads entering detection

15  chamber 3.

[00034] Detection chamber 3 also contains reagents dried down during strip
fabrication. These reagents are those necessary to translate the presence of the probe mnto a
current that can flow between the electrodes in detection chamber 3. In this embodiment of the
invention where the probe is an enzyme, a substrate and electrochemically active mediator for

20  the enzyme can be incorporated. Alternatively, the substrate for the enzyme can be incorporated
into reaction chamber 2. . This has advantages where the substrate can take some time to become
active. When the probe is GDH, glucose is a suitable substrate, however the GDHpqq is only

active with B-D-glucose. D-glucose in the dried state is predominately in the form of o-D-
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active with 13-D-glucose. D-glucose in the dried state is

predom nately in the formof a-D glucose, which proceeds to
mutarotate to 0-D-glucose once it dissolves. Thus it is advantageous
to dissolve the glucose in the sanple' in reaction chanber 2 so that
it can nutarotate while the binding reactions are taking place.

[ 00035] Any fluid .cqontaining a prob at enters the. detection chanber
Tl sso st VG Rpiea RABLAr & MR Srohf et etafer o fRRgRets
begin to react I n the case of GDHpqg as the probe, glucose | .
suitabl e sibytsPHEEegHgoTedr e SHamF e%C%O%C*@i&P%&&Péhaﬁga?faf“étﬁf?{a\%@ﬂle the
GDHpgq, glucose and ferricyanide are m xed the GDIlpgg will oxidize
the gl ucos@&inding r45etique disdddarie€he process, the GDHpgg will then be
reoxi di sed by ferdcyani de, which fornms ferrocyanide in the process
The ferrocyardf@éSkan t b csaTHRS ROk thatigaie HBH@“PW”Vﬁ@nﬁﬁﬁggﬁﬁﬁwe
10 chanber to produce a neasurable current. This current can be

rel at ed 5t o titcfeied glepnicsts apd g bemies 1 teareksdyainiarsact wii brearsP i iPad &h
be related to the concentration of GDl-1pqq in the detection_ chanber,
whi ch in t treprdanciiness ik avitalletsabstrate aebiyesmnidets bivitehle BRgRripT Vhen

originally in the sanple.  [00036] Optinully, the chenmistry dried
into the déiBigimicokeamddrrichoidt ae boxadrihedDBpraovitl hsidiss gerglusoserae be of
20. This prevents liquid filling the pores of 40 com ng into contact

15 wi t h t heeddedden the pangenst the FDEPAY wilkthgn beaetdidised hafenycyanfre WHich §81i ng
of the chemistry on 20 in the reacted sanple Iiquid when the _
cheni stry cantentds it the procepsli Bhd fitrdayehigrore renbe dditelsat Hetanesigin he Fgogion
hel ps to encourage the transfer of liquid into the detection chanber.
[ 00037]10n ohaeter foqrodubea GRAdpglctordne Tt @otgdal e klaed dethe otd @iproduction
chanmber liquid fromthe reaction chanber nust be transferred to the
det ecti on chanbemniat, tvétichdn pie eaék esiatedio dhetdonentration of GDHpqq in the detection
chamber, which in turn can be related to the concentration of analyte originally in the sample.
[00036] Optimally, the chemistry dried into the detection chamber should be dried
onto the upper surface of 20. This prevents liquid filling the pores of 40 coming into contact
15  with the dried reagents prematurely. Additionally, the dissolving of the chemistry on 20 in the
reacted sample liquid when the chemistry contacts the liquid filled pores of 40 (as set out below)
helps to encourage the transfer of liquid into the detection chamber.
[00037] In order for the GDHpqq to be detected in the detection chamber liquid from
the reaction chamber must be transferred to the detection chamber after a pre-determined time
20  when the binding reactions in the reaction chamber have proceeded to the desired point. When
the liquid fills the reaction chamber, the hydrophilicity of the pores in 40 are such that they also

fill with liquid at this point. However, for the liquid to exit the pores at the face of 40 facing the

detection chamber it would have to increase the area of the air/liquid interface, which the liquid
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20 when the binding reactions in the reaction chanber have proceeded
to the desired point. When the liquid fills the reaction chanber, the
hydrophilicity of the pores in 40 are such that they also fill with
liquid at this point. However, for the liquid to exit the pores at
the face of 40 facing the detection chanber it would have to increase

the area of the air/liquid interface, which the |Liquid__surface

t ensi on op pfﬁg‘%‘? teﬁ%@lro@g oFR a?ée??rf’ aﬁﬁlﬁulfl é‘??ﬂ%tottﬁl ' fhe %asceé’f prEoByE shp-
the pores and stop. In. this enbodinment, in order_to break the surface
tension |ay s ?@05@6&% TG GRORT SRAseretshE [P EA0dhrished e BT & Pon
chanber . This,digtorts 20 such that its upper surface conmes into
contact wi t FrePRat s dripction Firamber- ofhisdistorigr2 Osheh thd it sy supfeesreaito coplset
liquid can now exit the pores in 40 5w thout increasing the )
air/liquid Witk Beie syfeacisy- dit thedeinyshpdeontsl ediguidspero gedhoporggn 40
However, as the pushing nechanismis wthdrawn and the upper face of
20 moves’ awlifhquf Bricesie thodiEadisterBee ap bytdhectly gicting dis vppgitfacgef 1&d 20
moves away wWith it and draws nore |iquid through the pores of 40 in
order to mi AP¥§ZR 26 e prsdinganashanginy is MithUR oo st thy frreiace i 2P epeive awey Gam
as the surfaces nove apart. This process draws |iquid through the
pores unti | thelesist rat PRAC the solwipattleat ictrd 20haavbeaway svidagpl dagls yofd Jidual .
Note that both the reacti on chanber and the detection chanber should
be open to thegatwpsighei4d nbedar i reyimigedhdyeiingf afrilighiddntérface eolfqualctolume as
function, so that air can be displaced and vented during the filling
processes. lhasurfiecseriyodpare Mthisghonsss drawsHiqgidriesugh-tBs paaeswent dvagudlyrict | on
is provided by the reaction and detection chanbers opening to the

si des of0t h&tetion ghathb@.is ¢amptididy Efdso dNatgthit befidhwreictioftigubesand 46 detetien
detection chanber is vented 15through its openings to the sides of
the strip asdmbéiehoddied opon tccthamhesphies whentiegart beiogifjted thecoope fursiide so
of the detection chanber via the pores in 40. [000381Al so, in order
for this enbacdirmenbe digplicadaid vented phringatd filingd pro@ssde s tiglhdotibatt shown in

Figures 1-3, a venting function is provided by the reaction and detection chambers opening to the
sides of the strip 100. In the embodiment shown in Figures 4-6, the detection chamber is vented

15  through its openings to the sides of the strip and the reaction chamber is vented through the open
sides of the detection chamber via the pores in 40.

{00038} Also, in order for this embodiment to function optimally it is desirlable that
the filling of the detection chamber does not result in the emptying of 2 chamber with similar
capillary dimensions, as the two forces can oppose one another and create a slow or incomplete

20 fill. In the strip 100 shown, the filling chamber has a larger capillary dimension than either the
reaction or the detection chamber. Thus when the detection chamber fills, the filling chamber
will empty if there is no excess liquid attached to the filling chamber. Since the filling chamber

has a larger capillary dimension than the detection chamber, the filling of the detection chamber

15



the filling of thc detection chanber does not result in the enptying
of a chanber with simlar capillary dinmensions, as the two forces can
oppose one another and create a slow or inconplete 20fill. In the
strip 100 shown, the filling chanber has a | arger capillary dinmension
than either the reaction or the detection chanber. Thus when the

o oxcess | 1 uPa N PRERE G PG eanmie e (5 Tk T lh%sh%s 2

chanber has .a i I.lary di nensjo n the detection _chanb

the filling ﬂ%?f‘feﬁﬁ paEaR R Heistion Chwq?er q’@éldlbéé%of? ’8‘0 than the Alirg
Al ternativel the filling chapber has_the sane cam

di nensi ons é%“?bﬁémc?é‘ieéé‘ﬁ f57t BHZHET oftliqeid: Thisnerak @EFFIB‘F\O%MWMM%‘H Ul a-
be nore hydrophilic than the filling chanber in order to affect the
transfer of Tisifirghouidibepentdantd, whitey irdharerfafe tgnyionghd ¥dhesdyngaimthe wetted
(yt:sAYr,si _| 1Al1 should be considered, where y is the surface

t ensi on, 5AA@WSOfm@w@han@@SMmmuhﬁiaéﬁt@ﬁﬁ6&méaawmnamtﬁ&n@éﬁmmmne%pamvd%
subscrlpts d and f refer-to the detection and filling chanbers,

respect i vel $L r&prs tethe sdidtiguidhatedok patl $A caitrsltoitid whid-a éntafude. SA refers
to the solid-air interface. [00039)j The invention has a nunber of
advant ages ovdtoiBhle r el Hiegdheatidn had\a pusie vf sieahan s thatdiaed &rh Arpusher

pi erci ng nechani smcan be used to initiate fluid transfer, which

shoul d add rebtusismesthertthantahéersiysinethanidh &, betudel to hanhefisd eamfddevhich should
stacked one upon the other, leading to 10 mni aturization and

manuf act ur i adjl rabiwantsatg @s.sysidns.0Alsohd dhptBere bua b et ske 31k 10N Sleaiet thading to
offset, with nmultiple pusher mechani snms, as exenplified in Figures 8
and 9, tihusmaliltondafion Md rhdnplaetufifioaidattsees. NAIR, b@ipidadaable bandk sGf:l 881
to be filled as desired tines, increasing flexibility. Al so,

el ectrode asas vwin mmﬁplaﬁasﬁﬁtm&ﬂmm{sl asGRANIHE T Ty e Y WRRI0eMbd Hlowing
defined since a cut-out region in 30 can entirely define the

el ectrode aﬁl@ﬁ%le @%@Q%@ﬁ@%%ﬁiﬁhﬁ r deri@dd be (l1EBs AWire@ ki IMERASIASflexibility.
exanpl es of enbodi nents of t
Also, electrode areas in the detection cell can be more conveniently defined since a cut-out
region in 30 can entirely define the elecirode areas.

15 {00040} Examples 1 and 2, below, are given as examples of embodiments of the

invention and should not be considered as limiting in any way.

[00041]  Example 1
100042] 0.007 inch thick Melinex 329 was sputter coated with a thin layer of

palladium to give an electrical resistance of 10 Ohms/sq to form layer 20. 0.002 inch thick
20 Melinex 329 was coated with ca. 22 microns of heat activated adhesive ARCare-90503
(Adhesives Research Inc) on both sides to serve as layers 30 and 50. The adhesive tape was

supplied with siliconised PET release liners on both faces.
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i nvention and should not be considered as limting in any way.

[ 00041] Exanple 1 [00042]0.007 inch thick Mel ex 329 was sputter
coated with a thin [ayer of palladiumto give an electrical

‘resi stance of 10 Chns/sqg to fonn layer 20. 0.002 inch thick 20
Mel i nex 329 was coated with ca. 22 mcrons of heat activated adhesive

ARCar e- 90503 ([@@Qﬁs' ves ﬁ@@ LR C{x‘%})”%% gﬁpv%tﬁhpersfaragab%f) sctelitifie fough poles

| ayers 30 and The 5% supp Y eBhi SEd

I I
The hol es. Gt B <COE T s‘fﬁrﬁf}?n o R Fer e BRI b R AG i%%erﬁ% 5
di t th | | t
O o ST o et B2rii%e 5 BOrsh FoRES She e bl
Cesi ot ance RSTOMETAIUG T H0bA PTREIGUBE BUEPH ot SNEeP YT fae g
Ianlnated to both sides of thefgerfor?ted PET | eaving the gaps as

shown i n° Fi QU 22 slRiieH reistange ¢9P P69 eact i on chamber 2 and the
detection chanber 3. The pall adi um coated Melinex was then | am nated

to the | ower f¥&4lof |é1§bérim§ée & dpeiaRive e aDlemingied iy bopsrdes of e fggtorated
| am nated to the upper face of layer 50 to form 10 |ayer 60. Filling

chanber 1 wB&T tepens theemsds BpvpanEigimsd oy ﬁoagl@regeazm%are’eﬁréﬁaﬂ the

Ianlnatlng adhesive coated PET filmlayers 10 and 70 to cl ose the
faces of fi flqi¢chgn elganiprer The palladium coated Melinex was then laminated to the lower face of

layer 30 to form layer 20. Clear PET film was laminated to the upper face of layer 50 to form
10 layer 60. Filling chamber 1 was then formed by punching through layers 20 to 60 and laminating
adhesive coated PET film layers 10 and 70 to close the faces of filling chamber 1.

[00045] Conjugate and derivatised magnetic beads were prepared as per US Patent
Application Publication No. US-2006-0134713-A1, herein incorporated by reference. The
conjugate comprised an antibody to CRP (C-Reactive Protein) joined to at least one GDHpqqg.

15 The surface of the magnetic beads were modified to comprise CRP. This CRP served as the
immobilized binding site for the conjugate. The magnetic beads were prevented from enteriné
the detection chamber by a permanent magnet placed near the reaction chamber.

[00046] The conjugate was dried onto the loxlver face of layer 60. In some strips beads
were dried on the upper face of layer 40. A mixture of potassium ferricyanide, glucose and

20  buffer was dried on the upper surface of layer 20. During testing a permanent magnet was

placed adjacent to the upper face of layer 60. This served the dual purpose of preventing beads

(if present) entering the detection chamber and attracting the beads towards the layer of
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(00045] Conj ugate and derivati sed nmagneti c beads were prepared as per
US Patent Application Publication No. US-2006-0134713-Al, herein
‘incorporated by reference. The conjugate conprised an anti body to CRP
(C-Reactive Protein) joined to at |east one GDl -1pgq. 15 The surface
of the magnetic beads were nodified to conprise CRP. This CRP served
as the i m@ﬁﬂégazeec@l pRInfde A%l df Giefi@b oidd ereGanpbgat Birodited maghethdiobeads
were prevented fromentering the detection chanber by a per manent
magnet pl aggg.egar the reaction chanber. [00046] The conjugate was
dried onto the |lower face of layer 60. In sonme strips beads were

dried on the paper face Qf shA)ehadBiroddcd i WlighoQRhaRQh ASBHIURIled across to
ferricyani de, glucose and 20 buffer was dried on the upper surface of

llayer 20. [Lyring ehﬁa?&é ﬂ%gee@tlﬁﬁéﬂgﬁﬁgr@t whBADEE rii@nRhAGRH2 adb AE&NitH Quple.
the upper face of layer . This served the dual purpose of

prevent isng {eads. fd wa%?ea%gwed%gﬁwengﬂg&w&k&%Iaqaetsa@@m@s @88 against

attract|ng t t owar the layer of conjugate to pronote

m xi ng of 13%&89{%%&1119&% & éyﬁcﬁﬁmoewé}é’%gﬂéc{} g ﬁ% ng&%&f&% of Me%o

chanber . I'n"use, sanple was intro I'T1 ng chanmber

unti | it fil]ed.agn0s8 gggqg%ge%peg gﬁ J@@pe@%oml LEAEH QS NARREE 21y 4

wher eupon reaction 5SI xty. seconds

E’?Zs%ﬂﬁ:ag! ﬁ!ﬂ’?‘i’mf 8%5?*?23 e %h@‘?ﬁ‘%ﬂgﬁd ?Qi%gfm%ﬁwgofgﬁ%%?%"
until the :ﬁg 4PRe )f ae 8‘9& o tha%(c))n %%quer f MV\IG n}tlateﬁ Ia?ﬁlegﬁh}\elrrhéa'ﬂgst

t he hol es ereupon |qU| roug es In

40 to npl et t e

e DO ek e RRSEt it AR Lot L LM GoBlULHSH A
| ower face of 40 the meter initiated an el ectrochem cal test 10
sequence, WHGPE it nmade the | ower el ectrode +300 nV relative to the

upper electrode fo
PP [00048] ' 16F1§g§r% 10 ghows plots of the typical curreut response for strips filled' ‘with 0.1

M HEPES buffer in water with and without the presence of CRP labeled beads in the test
solution. When no beads are present, maximal conjugate should be transferred to detection
15  chamber 3. When an excess of CRP labeled beads over conjugate is present in the solution the
conjugate is substantially immobilised on the beads leading to a minimal transfer of conjugate to
detection chémber 3. In this case the lower electrode was at +300 mV with respect to the upper
electrode during the sixteen seconds the potential was applied.
0600491 Figure 11 shows typical current fesponses for strips with conjugate and beads
20  dried into them when tested blood serum containing either zero or 250 micrograms/milliliter of

CRP. In this case the upper electrode was at +300 mV with respect to the lower electrode.

[00050] Example 2

18



[ 00048] Fi gure 10 shows plots of the typical current response for
strips filled with 0.1 MI-1EPES buffer in water with and w t hout the
presence of CRP | abel ed beads in the test solution. Wien no beads are
present, naxi mal conjugate should be transferred to detection 15
chanber 3. Wien an excess of CRP | abel ed beads over conjugate is

present in t h@iogﬁh uti ogyl ﬂ@en(filgmts:’é%ﬁggrﬁ Sht ]@Lﬁ%ﬁs@mﬂt@g Lixglg,(rjxg?&iphm@@wa

the beads | ea g'to a mnina er of conjugate to ection

hanb 3. . j . )
chamber 1&1 ﬁg&%&%atﬁ&scﬁmtaggn%%\f%ﬂf lla &tfﬂrﬁlgg hdes ol ex g@, Vs Wit Eﬁameter

respect to er electrode r‘'ng the sixteen seconds the

potential wa ied. [0 FlLgur | ealk I Ehkber 2. it
responses ﬁgéd%%g#ﬁgm%}%ﬁQ%%ﬁ%ﬁéggg%géélégggg %%ngﬁg%ﬁyifb tﬁ%ﬁfmhen
tested bl ood ser.um caont ai.ni ith zer . L

i or ogr ai netHETHLPEararecr ol g TR v d e sening e byl ghe i
at +300 mﬁtgﬁée5£egt to the | ower el ectrode. 100050] Exanple 2
1000511The TH% 7'Ps al so pertinent to a sensor with a single,

for ed hol es. B2 o amaheiovertos i RhEGTHLP or Ha ey angl &S purgie Eges
St opped | ust PEITERE LR FHEPKD! &4 Ahan | ayer 20 was pushed

T L ! WS LA e
hol e di amtl?gvisll b%ea?)garrientg,e bdaseidnonl%})fisa (EEEC!IC?S?HC! toaé?lg of2 ordinary skill in the art that many changes

10  and modifications can be made to the invention without departing from the spirit and scope

thereof.
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[ 00053 The invention is not limted to the above-descri bed exenpl ary
enbodi nent s. It wll be apparent, based on this disclosure, to one
of ordinary skill in the art that many changes 10 and nodificati ons
can be nmade to the invention w thout departing fromthe spirit and

scope t her eof ‘gﬁf{hg%L%ﬁg%zl S A fluid transfer device

for transferrin iquid froma first chanber to a second chanber, the

devi ce conpri sing: fir8huahand re(iéviga %P%aﬂggmﬁggglggﬁ‘om%gﬁst chamber

a barrier between the first cha r an e se chanmber, the

barrier havi ng i@t secamishanbas, thpdavicagothprisingl y connecting the first

chanber to the second chajher, the at |east one opening being sized

such that a retention force%&eeps’ the liquid in the first chanber,
wherein the fluid is tramssfoedcehtkr,emd t he first chanber to the second

charber when an i ni U1 ati gn {ppul 1S, Lieduced 10, Lhe. agu g ghat i's

sufficient to overcome the refention toree.
claim1, wherebarthavingtehnist are daticefliidly stnhtame tHedngichamtaf totthe |1 qui d

t the at | t i ng. 3. .The. devi | ai m.2, . wher ei
he. i b1 ati on FABUEATEoN TOPHCbH e RrE BB 16t PHE FIGUTHrR t he.

at | east one opespk g lianid it e @rdtia@obtd on fromthe first chanber to the

second chanber. 4. The device of clai 2 erein the second
chanber has an inner sur“fhﬁf?@'gﬁ marlﬁtffﬂff e%sﬁ“fgﬁggsjcgﬁﬂmerm?hesecong t he

initiation i Nnpukanitsr PEE@SS hiGatRpRJued iltRdide (ot Bfuismkfiaagiaént the
second chanber such that the jnner surface of the second chanber
contacts the | PYHEFES the FifBUG °f%ast one opening and causes the |iquid
to flow through the at | east one opening into the second chanber.

2. The device of claim 1, wherein the retention force is surface

tension of the liquid at the at least one opening,.

3. The device of claim 2, wherein the initiation input is fluid pressure
applied to the liquid inthe at least one opening and in a direction from the first
chamber to the second chamber.

4. The device of claim 2, wherein the second chamber has an inner
surface and an outer surface, and |

the initiation input is pressure applied to the outer surface of the
second chamber such that the inner surface of the second chamber contacts the
liquid in the at least one opening and causes the liquid to flow through the at least

one opening into the second chamber.
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5. The device of claiml, wherein the device is a sensor strip, the
first chanber is a reaction chanber of the sensor strip, and the
second chanber is a detection chanber of the sensor strip. 6. The
device of claiml1l, further conprising a third chanber; and

a. second barrier between the second chanber and the third chanber,

t he second barrier having at |east one opening fluidly connecting the
second chanber to tge t%@qe&&%@ﬁﬁn1,%%%14@@%1%@9%,% in the

second bat her being sized such that a second retention force keeps

the liquid in the Secon%@%}%ggﬁé er is,a reaction charﬁﬁémﬁﬁﬁlie Qerk&%trtpl, Wid is

transferred between the sec anber and t Ird chanber when a
second i nitiation input s | ahLOMEE] o 0ebBE bbbl 6t chd\Bhock §iip.
sufficient to over cone the &econd retention force. 7.” The
device of claim®6, wherein the second retention force is surface
tension of the liquid at the at | east one opening in the second
barrier. 8. The device. of .claimer., wherein the second
initiation input is 'flui'd pressure applied {6 the liquid in the at

| east one opening in thetdscdadbdatier and in a direction fromthe
second chanber to the third gpaan;. 9ﬂ'£he devé gﬂ%% claim?7,
wherein the third chanb& HWaE P HHT RIS LeFrRkevaRbT 4R BEF e surf ace
and chambeh) GleSe@nd Bartid Haviag htQshsti odp upening fiuiddgsumnetiapiki ed to
the outer surface of the third chanber. such that the.inner surface of
the third charrBeéPndg‘iSJﬁ’Elg%ft"%* (e °?‘Efﬁ‘?e& ﬂi“‘r#feﬁ%o f °qegas " @ﬁ&“&fbdlelbﬁi“h% in
the second bat bghg and seasas skddad tadtibtiotce kédpowetiigtia igihe tdrendat | east
one opening in the second bather into the third chanber. 10. The
devi ce of cl ai ¥ B wherein the device is a sensor strip,

wherein the fluid is transferred between the second chamber and

the third chamber when a second initiation input is introduced to the liquid that is

sufficient to over come the second retention force.

7. The device of claim 6, wherein the second retention force is surface

tension of the liquid at the at least one opening in the second barrier.
8. The device of claim 7, wherein the second initiation input is fluid
pressure applied to the liquid in the at least one opening in the second barrier and

in a direction from the second chamber to the third chamber.

9. The device of claim 7, wherein the third chamber has an inner

surface and an outer surface, and
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the first chanber is a reaction chanber of the sensor strip, the
second chanber is a transfer and reaction chanber of the sensor
strip, and the third chanber is a reaction chanber of the sensor
strip. 11. A method of transferring liquid froma first .

chanber to a second cha %Econffﬂu%‘ii&ﬂn&%gsr %ésgéc(f:eg%p@%d gb g%%é@t& <ghamber

provi ding a second chanber between the

first chanber . ec chamber, the rei.er . having.a east one
openi ng quidI@gg%ﬁgg% ﬁ%ga;ﬁ%ﬂ Fﬁ%?f%%%ﬁ%gﬁmﬁ%gﬁ %p%%gg%%kﬁﬁ%nber,

the at | east one. i n eing sized,such t.hat a retenti on .force
keeps the quuﬁﬁufﬁﬁgﬁgg?ffg?%% gﬁﬁ%&?“ﬁﬂﬁﬁngﬁ?F%?Vﬁﬁ e?ﬂgdgiquid
fromthe first_.chanber .to.the second chanber, .. .wherein the
transferring taks gn?ﬂgg(%: ﬂt/\;?%% OXh RS }ngﬁ"f BROCRBTE” Pl ety dto
the liquid that is sufficient to over cone the retention force.

12. The nethod of claim 11, wherein the retention force is surface

i the liquid at,the. at | ea ne. openi ng. _
tension of qL{O. TI‘he device of clalmsg, W%erem ﬂPe evmg 18 a sensor strip,

the first chamber is a reaction chamber of the sensor strip,
the second chamber is a transfer and reaction chamber of the sensor
strip, and

the third chamber is a reaction chamber of the sensor strip.

11. A method of transferring liquid from a first chamber to a second

chamber, comprising:
, providing a first chamber;

providing a second chamber;

providing a barrier between the first chamber and the second
chamber, the barrier having at least one opening fluidly connecting the first
chamber to the second chamber, the at least one opening being sized such that a
retention force keeps the liquid in the first chamber; and

transferring the liquid from the first chamber to the second
chamber,

wherein the transferring takes place when an initiation input is

introduced to the liquid that is sufficient to over come the retention force.

12, The method of claim 11, wherein the retention force is surface

tension of the liquid at the at least one opening.
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13. The method of claim 12, wherein the initiation input is fluid
pressure applied to the liquid in the at |east one opening and in a
direction fromthe first chanber to the second chanber. 14. The
met hod of claim 12, mherein t he initiation input is pressure appl i ed
nner surface

to an outer surfac @oéofﬂ hﬁ e em e éat]qo put 1s m

of the second cha er c ﬁP& am & tHE* St "T*8ast "one openi ng
and causes the liquid. e at l.east .on into

t he second ch&fS emmh&ﬂnﬂf@”“¥ﬁ%qﬁg?ﬁ%gmgfp?¥@§%@fiagﬁﬁg ﬁ%gt

first chanber |s are ctl chanb%r of a sensor strip, and the second
chanber is a @ESTBH oA sensor strip. 16. The
nmet hod of claim 11, further conprising providing a third chanber;
provi ding a second barrier between the second chanber and the third
chanmber, the second barrier having at |east one opening fluidly
connectlng t he' secéhd 6ﬂ§ﬁﬁ§PdPBdﬁﬁeH¥Wh?ﬁngﬁéWB@Pn“FW ISRresfiEast one
opening in the second barrier being sized such that a second
retention for @eplicdéqrs quirs syrfagepidhs seeamdsharhepiigh Erbingaper syfge of the
transferring the liquid fromthe second chanber to the third chanber,
wher ei n t he t repasd ermpprropeetode Hawp & e aderd @R aPHER A% BRUEHES hi r d
chanber takes place when a second initiation input is introduced to
the |iquid thafuiddo Seyr fhireich e at lsash g opgwpeintorbe sceensifdare¥ent i on

foree. 17. The method of claim 16, wherein the second
retention force is surface tension of the liquid at the at | east one
opening in the second barrier. 18. The nmethod of claim17,

wherei n the second!d.ni tThamicthediofglaim §1swhirein thegire shamber appraceer to t he
liquid in the at | east one opening in the second barrier and in a
di rection fromhaﬁeis%nmm@raﬁanbér to the third chanber.

the second chamber is a detection chamber of the sensor strip.

16. The method of claim 11, further comprising

providing a third chamber;

providing a second barrier between the second chamber and the
third chamber, the second barrier having at least one opening fluidly connecting
the second chamber to the third chamber, the at least one opening in the second
barrier being sized such that a second retention force keeps the liquid in the
second chamber; and |

transferring the liquid from the second chamber to the third
chamber,

wherein the transferring between the second chamber and the third
chamber takes place when a second initiation input is introduced to the liquid that

is sufficient to over come the second retention force.
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19. The method of claim 17, wherein the second initiation input is
pressure applied to an outer surface of the third chanber such that
an inner surface of the third chanber contacts the liquid in the at
| east one opening in the second bather and causes the liquid to flow

through the at |eagy ong,g ﬁ@agrwffagr&@%h%g%%ep&mgrﬁfoﬂ fdipe third

chamber . The me erein t 1 rst chanber

is a reaction cr}gﬁt 8 gnacp%gjlsa
transfer and reac |orgilogﬁf%% 1&1{}3%&? etliesage)[r?g%r emtn |p‘éﬂg<§f§1é the third
chanmber is a reaction chanber of the sensor strip.

18.  The method of claim 17, wherein the second initiation input is fluid

pressure applied to the liquid in the at least one opening in the second barrier and

in a direction from the second chamber to the third charuber.

19.  The method of claim 17, wherein the second initiation input is
pressure applied to an outer surface of the third chamber such that an inner surface
of the third chamber contacts the liquid in the at least one opening in the second
barrier and causes the liquid to flow through the at least one opening in the second

i

barrier into the third chamber.

20. The method of claim 16, wherein the first chamber is a reaction
;hamber of a sensor strip,
the second chamber is a transfer and reaction chamber of the sensor
stﬁp; aﬁd

the third chamber is a reaction chamber of the sensor sirip.
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