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microchip systems, Kuo has difficulty moving fluids around the chip due to
formation of vacuums behind the moving fluid. For his reason Kuo has a
partially open system. Open systems are not appropriate for most
25 bioassay applications, particularly applications which are intended for long

term storage or which involve dangerous assays (carcinogens, etc).

The most comprehensive description of a (possibly) workable
system is described by Singh in a family of patents including United States
patent application number 2002/0098122 and International patent

30 application number WO 02/057744. Singh describes a disposable
microfluidic biochip that is loaded with a sample and placed in a reader.

The biochip has multiple check valves and diaphragm pumps that are
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pre-stored on the device. The device also requires an arrangement of

valves to prevent flow into unwanted channels and chambers.

A patent application assigned to Motorola Inc, United States
application number 2005/0009101, describes a microfluidic device loaded
with multiple capture binding ligand sites. The Motorola patent application
describes using a valve to control recirculating a sample passed the

binding sites multiple times, principally to improve signal strength. The

30 incorporation of valves into the microfiuidic device adds complexity and

cost.

United States patent application number 2004/0248306, assigned



United States patent application nunber 2004/ 0248306,
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OBJECT OF THE INVENTION

It is an object of the present invention to provide a closed loop
microfluidic device.

Further objects will be evident from the following description.

DISCLOSURE OF THE INVENTION

In one form, although it need not be the only or indeed the broadest

form, the invention resides in a closed loop microfluidic device comprising.

a body;
at least one microchannel formed in the body, said microchannel forming a

closed loop;
at least one sealable input port for delivering a sample into said at least

one microchannel; and



Preferably the device further conprises at |east one
capture zone | ocated within the body and in fluid
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in a further form the invention resides in a method of processing a

sample in a closed loop microfluidic device including the steps of:

20
drawing a metered amount of said sample through an input port into a
microchannel formed in a body of the device, said microchannel forming a
closed loop;
sealing the input port to close the device; and

25 applying an external motive force to a pump to move the sample from the
input port to at least one active zone, said pump applying force to pull and
push the sample through the microchannel.
BRIEF DETAILS OF THE DRAWINGS

30 To assist in understanding the invention preferred embodiments will

now be described with reference to the following figures in which:



| oop mcrofluidic device; FIG2 is a schematic

di spl aying introduction of a sanple to a first
wepdveniz4sent of a cl osed | oop mcrofl uidi c deviBP&I/AU2005/001341

i ncorporating a zone; FIG 3 shows the novenent of the

sanple to the zone;, FI(G 4 s : ods 4 BBsed

shplle plas S?WEE%QESPEV@%%%%' J@eﬁéggﬁéﬁb@ont ai ned

:Ogbgﬁjf}ﬁ?qgfmigi%;dﬁ&ﬁ shows the novenent of a reagent

e zone; FIG'7 is a schematic of a second

e j mept - inficeiuefidnoflh Gadeple te a fiFstG 8
[ ?@%r o852 gér&?rp%ﬁglﬂ%g)ﬁ@ﬁ%nﬂ vi ew of thgqgr(bodi ment

t akesbdirhentioha Albsed I6oiBMicrofiuidicodevieni QoRRORIRG, 208 G
8 with a pre-deforned pressure structure; FIG 10 shows

s t gcesthodhpwBthemduemént afdine sgmplestonileeZOnei G 11 shows
a third enbodi nent of a closed |oop mcrofluidic

deyEee NaKbig themmaiementsine sampimpastthe zomes hows
flurd sanpl es bei ng noved around the device of FIG 11

unqers t hephik! i&Eih theeyidet G 13 shows
f{|ﬂ§055a%£1r)g;§é;§5%n@ﬁoﬁtaﬁﬂ | icet

moved around the device of FIG 11

]9 ﬂ"ﬂgdﬁ gg%&:og{c’sl thWﬁSVé’rﬁeﬂt S R ehY E’g'st theGohé; shows

€i ng noved around t device of FIG 11
u r.the_influen f | Pt ¥ % clbddel b2
sﬂ% 7a éﬁ@t%}{'eg?a‘ig: cgfiaogpéésdg;dsécrnleg%ﬂ 516 Shovs a-
10 dehirbMAdieeama;i ¢ of one enbodi ment of a bi oassay
chip; FIG 17 shows an i nage of a bioassay chip reader;

FIGA8 Sheuscrdsssen@ialachémiatic vigveohttieombbdinment taken
bi oassay chip reader; FIG 19 shows a first step in the

optareughoAAdn RlGe7 ;bi oassay chip of FIG 16; FI G 20 shows
a second step in the operation of the chig of FIG Jf6;t )
FIA@91 séhoves the viewdofdtles mithianpresgefosmed Pressyrfsiructure,
chip of FIG 16; FIG 22 shows a fourth step in the
OPE[@H00oNsifdwé tree efmbpdimhertiaBFiG;9 loadinma sapyea fift h
step in the operation of the chip of FIG 16; o )

;5 FIG11 shows a third embodiment of a closed loop microfluidic device

having two microchannel loops;

FIG 12 shows fluid samples being moved around the device of FIG 11

under the influence of a first pump;

FIG 13 shows fluid samples being moved around the device of FIG 11

20  under the influence of a second pump;

FIG 14 shows fluid samples being moved around the device of FIG 11

under the influence of a first pump again;
FIG 15 shows a sketch of a bioassay chip;

FIG 16 shows a detailed schematic of one embodiment of a bioassay

25 chip;
FIG 17 shows an image of a bioassay chip reader;
FIG 18 shows a schematic of the operation of the bioassay chip reader;

FIG 19 shows a first step in the operation of the bioassay chip of FIG 16;



FIG 24 shows a first step in the operation of a second
enbodi nent of a bioassay chip; FIG 25 shows a second
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pﬂﬂﬁ Bes a magnetic field to nove a

TS RSP 2
o Ston, mcrocanti | evers and.mGrarGLeL PGl 5.

i ntroduced to the m crochannel 12 through sanpl e i nput
port 15 conprising injection ports 15a, 15b while the
punp 13 is stopped. The inactive punp prevents

10 movenent of the sanple fluid through the m crochannel
except between the injection ports 15a, 15b. Injection
of DETAILEDi DESSRIPEIQNIQF ditE PRAWINGS 15a, di spl aces
air fromthe m crochannel through the other injection
port 15 dd&irbirey difegsntemhbediments af thetpresentinseifiorof
fluid sanple to beintroduced to fl.ui
decommen rrierense nusNeAls 3 Ysad t&octﬁé&n]o EBF at g‘é P'be no
nore than the volune of the m crochannel

i nj ect i Refewingdo FiG, 1 there isphewn ﬁesohﬁmeﬁ'c mécrﬁiu'ﬁ!%
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or exanp e by caps 16a,
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as indicated by the arrows.

The pump 13 may be selected from a variety of suitable pumps.
20  The preferred pump is a ferrofluidic pump that uses a magnetic field to
move a ferromagnetic slug through the microchannel. Other suitable
pumps include a peristaltic pump, a syringe piston, microcantilevers and

microrotor impellors.

As depicted in FIG 2, the fluid sample 14 can be introduced to the
25  microchannel 12 through sample input port 15 comprising injection ports
15a, 15b while the pump 13 is stopped. The inactive pump prevents
movement of the sample fluid through the microchannel except between
the injection ports 15a, 15b. Injection of the fluid sample into one port, say
15a, displaces air from the microchannel through the other injection port

30  15b. This arrangement allows a metered amount of fluid sample to be



It will be appreciated that once the injection ports

15a, 15b are sealed with caps 16a, 16b the device is
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The enbodi ment of Fl 2-4 all ow,.sanpl 1
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i nLeresy .t K aevikess aonstaicted fronTmedical
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anal ysi's, such as genotyping, identification
or for eﬁé ﬁeﬂﬂ@h&& bBoved NRe prafefredigmbeditientlofFIG 2 includes
or g

usef ul ong term storage of genetic evidence used
20i N apragtiveatoneat®which in one embodiment may be a storage zone. For
long term storage the sample 14 may remain at the zone 17 but it is
usually preferable that the pump 13 continue to move the sample 14 past
the zone 17, as shown in FIG 4, leaving the components of interest 18 at
the zone 17. In this case the zone 17 is considered to be a capture zone
25 for capturing and retaining components of interest 18 from the sample 14.
These components of interest 18 can be stored for an indefinite period in

the closed microfiuidic device.

The embodiment of FIGs 2-4 allow samples to be stored for
extended periods of time and for components of interest to be extracted
30 from samples and stored. The inventors believe the device will find
application in storing blood, extracting blood components for storage, and
storing natural and synthetic extracts. The sample may contain nucleic
acids which can be trapped and protected from degradation for later
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26 1S PEfs ‘%%HUVV@Q s%%gné dnhRiimMeatofs nicrofiaic dEVloe 20

nmechani sm e user fills the injection Ilrc‘)ort %\ 23
t heosfprisivigua bo@ 21l sanckd slosed Ioemms%rpp hagpel 22. pump

automati c y avity 28
20 as MASRRP Wdlga@é]ﬁ fh%mg'gﬁgﬁgk%ﬁf?b E 1Iozedr{obsmgperat| on
di scl os@l’%el flnuu'j: Isé\Smple 84 Is |ntr%duced to the microchannel 22 through

sample injection port 25 while the pump 23 is stopped. As fluid is injected

into the port 25 the pressure is absorbed by pressure containment

structure 26. The pressure containment structure may take various forms
25 but one appropriate form is a deformable diaphragm sealed over a cavity

28 formed in the body 21, as seen most clearly in FIG 8.

In the embodiment of FIG 7 the sample 24 is injected into the
microchannel 22 while the pressure containment structure deforms. FIG 9
shows a modified embodiment in which the pressure containment

30  structure 26 is pre-deformed and can be used as an aspiration
mechanism. The user fills the injection port 25 and the structure 26 is
released (manually or automatically) to draw a sample 24 into the cavity

28 as shown in FIG 10.



applied to nore conplex structures. FIG 11 shows an
enbodi nrent of a mcrofluidic device 50 conprising a
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The series of operations shown in FIGs 11-14 demonstrate how the
closed loop microfluidic device is used to manipulate fluid samples without
any moving part (in the case of ferrofluidic pumping) or mechanical valve.
Complex devices may be constructed (which will all fall within the scope of

the invention) to move fluid samples and reagents for capture, complex

processing and analysis.

A complex bioassay chip with chambers is shown schematically in
FIG 15. The bioassay chip is generally designated as 60 and consists of a

30  plastic body 61 in which a number of channels 62 and chambers 63 are

formed. The purpose of each channel and chamber is described in greater
detail below by reference to the operation of the chip 60 in conjunction
with a chip reader 80, shown in FIG 17. In some embodiments a connector



detail below by reference to the operation of the chip

60 in conjunction with a chip reader 80, shown in FIG
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Vi gntthe preferred embodiment magnetic oil drops 72a, 75a move In
chambers 72b, 75b under the influence of an applied field, such as

generated by a moving magnet.

25 The chip 60 is described in more detail below with reference toa
particular application. As described above, the chip 60 operates as a
closed system. Once the sample is introduced to the chip 60 there is no
external contact to the sample. The ferrofluidic pumps operate to move the
sample and solutions around the chip and signals are collected via the

30 connector.

The chip reader 80 has a compartment 81 that receives the chip 70.

The connectors 64 align with corresponding connectors 82 in the reader.



connector. The chip reader 80 has a conpartnent 8 1

that receives the chip 70. The connectors 64 align
WORM0h/08152F espondi ng connectors 82 in the readePCRAEZ0S/001341
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20C hidethimdook-lisdawalyisis. FI Gs 19- 23. The chip 60 is
initially charged with a buffer solution 100 in buffer

As mentioned above, the reader and chip are not limited to any
particular detection method. The reader may include other optional
detection devices, such as a photodiode 93. In such an embodiment
signals are read directly by the reader and there is no requirement for

25  connectors 64, 82.

To better understand the operation of the assay chip 60 a specific
example is described with reference to the chip layout shown in FIGs 19-
23. The chip 60 is initially charged with a buffer solution 100 in buffer
chamber 73 and a detergent solution 101 in detergent chamber 76. Oil

30 drops 72a, 75a are contained in pump chambers 72b, 75b respectively.

In use, a test is selected from the menu of tests in the reader. A
sample 102 is prepared by mixing for a few minutes in a test vial with a
reporter species and magnetic beads, both coated with chemical or



chanber 73 and a detergent solution 101 in detergent
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nature of the test and the nature of the sample. The invention is not limited
to any particular test configuration and includes direct and indirect

25  competitive and non-competitive assays. Furthermore, the invention is not
limited to any particular test or combination of tests. The inventors
envisage that the range of available tests will grow over time. However, for
the purposes of this explanation a specific sample preparation will be

assumed.

30 The sample 102 is added to port 77 as shown in FIG 19. A cap 103
is applied and pressed 104 so as to force sample 102 through channel
105 to fill sample chamber 106. Excess sample fills waste chamber 107
displacing air through vent 108. The vent 108 is closed and the sealed
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end of the stroke of the first punp 72. This ensures
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started just before the end of the stroke of the first pump 72. This ensures
that the risk of introducing air bubbles is reduced. The detergent enters
channel 131 while pump 72 is still operating and thus some detergent

25 flows behind the buffer and traps an air bubble 132, as seen in FIG 22.
When pump 72 is stopped, the continued operation of pump 75 forces the

9]

detergent 101 across the capture zone 70.

The detector 71 is designed to suit the particular test being
performed in the assay chip 60. In the preferred embodiment the detector
30 is an electrode array having interleaved (interdigitated) electrodes
designed to maximize the detected signal and the reporter species is a

liposome entrapping an electroactive marker.



fl ows behind the buffer and traps an air bubble 132,

as seen in FIG 22. Wien punp 72 is stopped, the
w@omwbiosuiexl operation of punp 75 forces the detRPCTaN2005/001341

101 across the capture zond470. The detector 7 1 is

desi t it th ti I ' e

it he AtclighdhepraraterpdpeitebulRs Mo BroRidE bumps
dej Gfit & aiu@re%lﬂatsa et tRESnAEtRY: iB vt 59 limitedr FERRdds a sketch
(interdiglitated) el ectrodes deS|(%ned to

| : [ _ n&w__m ze the
detfea thip 200emplayiny a single fryrefiidis pumRr3 19 S Wthermgnthe
tr. i . i . i
o e BeCABedIc ArERHiD elSRG R soslitues; The embodiment
s W bf Fi@mgﬁéﬂgy@é efhotduitettivn iechriueavhérsimaphstoactive

[imted. 4 is a sketch of a chi 00 enpl oyin

L1 nameieiidedzatar iy pastocintls 0% i PRcprdskas TR%kP g Wigdow
nog%i mted to detecting el ectro-active substances.

Thé "enbodi nent of FI G 24 enpl oys a phot odet ecti on

techni qye er el [ ﬁﬂ?’ﬁ’é i Bufdr 201
a phot oéls'(y{g\nl@.' d}ﬁ??'ﬁggpea etf ﬁ%s [ pgrsés%saggas\l/lﬁﬂﬁoev

21§nd/|‘§%géﬁtf2_02hﬁ édmple 20®isdirepated artintiodpced to port 204.
pre-|1 oaded with buffer 28% a@gerea ent OzbiAtg)a\Qg#g

10 203 hesappip Aliehubhle R £8ayd %C&Sgéﬁf“ HOIf, l e
fil r Wit hr ' sed and
anSPATERE 208 obs7fes ebPlicd 67 ap 207D /Rng 00T bipsed an
VeRtnf280 issopmd nesk ds amowreint F1€025 i Ferpgflvidia pusp Sh@\}ﬁw in

FIG 25. Ferrofluidic 21Q i cliiwat
pupcdyated 1o pims gptre A frodgh oafis 261 (il Rl s 202
ACT A5 Ss CAHP ez GHAE1 R ahd iftBdvagié @huatiee 22Raabsho®Rdn FIG
as shown I'n FIG 25. At the sane tine, reagent 20%|s

15dr 26n At thesame fines, reagant202is drawa iBlosiaRISITUCYIE24s
220, are sufficiently small that there is appreciable
sur f ace ThenctiammelsTisush tase2 20 @ sufficiendly @nﬂﬁJF that theye is

flow int t mh 2 as | - .
S o5 S5, T4 8 R 581 R 201 o
Waiﬁstéféﬁa‘ﬁ@@r%%%asﬁehg@‘é virli20opsBpeR 10 is reversed

SO at t (o]

[ rces reagent 202 through bubble trap 225
and Cha”ﬂfénv@rﬁédgq Y SndObrter 20U rebBRes QrRGENthaHBer
Wi parti CF

reacts es at the capture zone 2 11 to
2ngerzaRFerofiaiic puinpetkiscevetsed sosthabi éeiced reagic2
WI nt %’tﬂg%lbzubble trap 225 and channel 226 to capture zone 211. The

reagent 202 reacts with particles at the capture zone 211 to generate

chemiluminescence that is detected through window 212.

Other ferroffuidic pump designs are anticipated to be required for

25  specific applications.

Application of the microfluidic device for electro-detection and
photo-detection systems have been described. It will be appreciated that
the invention is not limited to any particular detection system, in fact as
described earlier, the device may be used for storage only with no

30 detection system. It will also be appreciated that the invention is not limited
to a particular number or configuration of microchannels. Although
embodiments have been described with one or two microchannel loops it



O her ferrofluidic punp designs are anticipated to be
requi red for specific applications. Application of the
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1. A closed |loop mcrofluidic device conprising: a
body; at | east one m crochannel fornmed in the body,
said mcrochannel formng a closed |oop; at |east one
seal abl e input port for delivering a sanple into said
at | east one mcrochannel; and at |east one punp in
fluid connection with said at | east one m crochannel,
said punp receiving an external notive force. 2. The
cl osed | oop mcrofluidic device of claim1l1 further
conprising one or nore active zones |located within the
body and in fluid connection with said at | east one
m crochannel. 3. The closed | oop mcrofluidic device
of claim2 wherein at | east one of said one or nore
active zones conprises a storage zone adapted to



store the sanple. 4. The closed [ oop mcrofluidic
device of claim?2 wherein at | east one of said one or

WOorRNe/ 034523 ve zones conpri ses a capture zone adepl/ati2(06/001341
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capture one or nore conpondfats of the sanple. 5. The
closed I oop mcrofluidic device of claim2 wherein at
I@@gﬂmgne of said one or nore active zones conprises a
detection zone adapted to detect one or nore
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5. The closed loop microfluidic device of claim 2 wherein at least one
of said one or more active zones comprises a detection zone adapted to

detect one or more components of the sample.

6. The closed loop microfluidic device of claim 2 wherein at least one
of said one or more active zones comprises a capture zone adapted to
capture the sample or a component of the sample and at least one of said
one or more active zones comprises a detection zone adapted to detect

one or more components of the sample.

7. The closed loop microfluidic device of claim 1 further comprising
one or more chambers located within the body and in fluid connection with

said at least one microchannel.

30 8. The closed loop microfluidic device of claim 7 wherein at least one

of said one or more chambers contains at least one reagent movable



aspiration mechanismfluidly connected to said
seal abl e input that draws the sanple into said at
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or nore seal abl e waste ports. 15. T
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15. The closed loop microfiuidic device of claim 2 wherein at least one
20  of said one or more active zones is an electrode that detects signals from

said sample.

16.  The closed loop microfluidic device of claim 2 wherein at least one

of said one or more active zones is a magnetic capture zone.

17.  The closed loop microfluidic device of claim 1 further comprising

25  data transfer means.
18. The closed loop microfluidic device of claim 2 wherein at least one of
said one or more active zones is a photodetection zone that detects

signals from photoactive particles from said sample.

19.  The closed loop microfluidic device of claim 1 comprising two

30 connected microchannels with one pump in fluid connection with each



capturing the sanple at a first active zone; and
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m %aﬁﬁgwhampm Wil @ reagentreistorerhiarthe devicea
controlTed manner. 32. A closed loop mcrofluidic

devihce GRERNHERCASLT cBrikCZY further including the step of activating the
external motive force to move the reagent from a pre-storage chamber to

20 the first active zone.

24.  The method of claim 21 further including the steps of:
capturing the sample at a first active zone;
treating the sample with a reagent pre-stored in the device; and

analysing the sample at a second active zone.

25 25.  The method of claim 24 further including the steps of activating the
external motive force to: move the reagent from a pre-storage chamber to
the first active zone; and move the sample from the first active zone to the

second active zone.

26. The method of claim 24 wherein the first active zone is a capture

30 zone and the second active zone is a detection zone.

27.  The method of claim 24 wherein the first active zone and second



a first mcrochannel formed in the body, said
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| osed | oop mcrofluidic device of claim32
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m crochannel . 35. The cl osed | oop m croflgl di ¢ devic
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15 of addogiym 35 conprising a detection zone in said comon
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ein detection zone
cogggng§0@n el ectrode t hat detects signals from said

Sarerlpse%ond microchannel formed in the body and in fluid connection with the

first channel, said second microchannel forming a closed loop;

20 one or more chambers in fluid connection with the first microchannel;
one or more chambers in fluid connection with the second microchannel;
at least one sealable input port for delivering a sample into one of said first
or second microchannel,
a first pump in fluid connection with the first microchannel and receiving an

25 external motive force to move fluid through said first microchannel;
a second pump in fluid connection with the second microchannel and
receiving an external motive force to move fluid through said second
microchannel; and
one or more active zones located within the body in fluid connection with

30 atleast one of said first or second microchannel.

33.  The closed loop microfiuidic device of claim 32 comprising a buffer

storage chamber in said first microchannel.



40. A reader for a closed loop mcrofluidic device of
the formconprising: a body; at |east one m crochannel
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zone is a magnetic capture zone.

38. The closed loop microfluidic device of claim 35 comprising a

detection zone in said common channel portion.

39. The closed loop microfluidic device of claim 38 wherein the
detection zone comprises an electrode that detects signals from said

sample.

40. A reader for a closed loop microfluidic device of the form comprising:
a body;
at least one microchannel formed in the body, said microchannel
forming a closed loop;
a sealable input port for delivering a sample into said at least one
microchannel;
at least one pump in fiuid connection with said at least one
microchannel, said pump receiving an external motive force; and
one or more active zones located within the body and in fluid
connection with said at least one microchannel,

the reader comprising:

a compartment receiving said closed loop microfluidic device;

one or more actuators providing said external motive force;

a connector in signal connection with at least one of said one or more

active zones and receiving signals indicative of said sample therefrom; and

a signal processor that provides signals to control said actuators, and

analyses signals received from said connector to characterise said sample.



