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Microanalysis device

Field of the Invention

The present invention relates to microanalysis devices and methods for moving fluids in such

devices.

Prior Art

The idea is applicable to (but not limited to) micro-analysis systems that are based on
microchannels formed in a rotatable, usually plastic, disc, often called a “centrifugal rotor” or
“lab on a chip”. Such discs can be used to perform analysis and separation on small quantities
of fluids. In order to reduce costs it is desirable that the discs should be not restricted to use
with just one type of reagent or fluid but should be able to work with a variety of fluids.
Furthermore it is often desirable during the preparation of samples that the disc permits the
user to dispense accurate volumes of any desired combination of fluids or samples without
modifying the disc. Due to the small widths of the microchannels, any air bubbles present
between two samples of fluids in the microchannels can act as separation barriers or can block
the microchannel and thereby can prevent a fluid from entering a microchannel that it is
supposed to enter. In order to overcome this problem US patent no. 5 591 643 teaches the use
of a centrifugal rotor which has microchannels that have cross sectional areas which are
sufficiently large that unwanted air can be vented out of the microchannel at the same time as

the fluid enters the microchannel.

Object of the invention.

An object of the present invention is to provide a structure for a centrifugal rotor and a
method for using such a centrifugal rotor, which structure and which method permits the
reliable transport of fluids in the centrifugal rotor.

A further object of the present invention is to provide a structure for a centrifugal rotor and a

method for using such a centrifugal rotor, which structure and which method permits the

accurate metering of fluids in the centrifugal rotor.

CONFIRMATION COPY
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Summary of the Invention
The present invention achieves the objects of the invention by means of a structure having the
features of claim 1. A method for using such a structure to achieve the objects of the invention
has the features of claim 5.

Brief Description of the Figures

The present invention will be illustrated by a non-limiting example of an embodiment by

means of the following figures, where:

Figure 1a shows the peripheral part of a centrifugal rotor having five radially extending

microchannel structures K7-K12 in accordance with the present invention;

Figure 1b shows an enlarged view of one microchannel structure from figure 1a in accordance

with the present invention;

Figure Ic shows an enlarged view of a sample volume-defining structure in the microchannel

structure of figure 1b;

Figure 1d shows an enlarged view of the chamber area plus chambers for the disposal of

waste fluids, wherein variations in depth are shown by cross-hatching;

Figures 2a and 2b show the structure of figure 1b with the chamber containing a first fluid,;

Figures 3a and 3b shows the addition of a second fluid to a volume-defining chamber;

Figures 4a and 4b show the replacement of the first fluid in the chamber by said second fluid;

Figure 5 shows a second embodiment of a microchannel structure in accordance with the

present invention;
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Figure 6 shows a third embodiment of a microchannel structure in accordance with the

present invention; and

Figure 7 shows a fourth embodiment of a microchannel structure in accordance with the

present invention.

Figure 8 shows a fifth embodiment of a microchannel structure in accordance with the present

invention.

Detailed Description of Embodiments Illustrating the Invention

The microchannel structures (K7-K12) in accordance with the present invention are shown in
figures 1a-d arranged radially on a microfluidic disc (D).

Suitably the microfluidic disc is of a one- or two-piece moulded construction and is formed of
an optionally transparent plastic or polymeric material by means of separate mouldings which
are assembled together (e.g. by heating) to provide a closed structure with openings at defined
positions to allow loading of the device with fluids and removal of fluid samples. Suitable
plastic of polymeric materials may be selected to have hydrophobic properties. Preferred
plastics or polymeric materials are selected from polystyrene and polycarbonate. In the
alternative, the surface of the microchannels may be additionally selectively modified by
chemical or physical means to alter the surface properties so as to produce localised regions of
hydrophobicity or hydrophilicity within the microchannels to confer a desired property.
Preferred plastics are selected from polymers with a charged surface, suitably chemically or

ion-plasma treated polystyrene, polycarbonate or other rigid transparent polymers.

The microchannels may be formed by micro-machining methods in which the micro-channels
are micro-machined into the surface of the disc, and a cover plate, for example, a plastic film
is adhered to the surface so as to enclose the channels. The microfluidic disc (D) has a
thickness which is much less than its diameter and is intended to be rotated around a central
hole so that centrifugal force causes fluid arranged in the microchannels in the disc to flow
towards the outer periphery of the disc. In the embodiment of the present invention shown in
figures 1a-1d, the microchannels start from a common, annular inner application channel (1)

and end in common, annular outer waste channel (2), substantially concentric with channel
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(1). It is also possible to have individual application channels (waste channels for each
microchannel or a group of microchannels. Each inlet opening (3) of the microchannel
structures (K7-K12) may be used as an application area for reagents and samples. Each
microchannel structure (K7-K12) is provided with a waste chamber (4) that opens into the
outer waste channel (2). Each microchannel (K7-K12) forms a U-shaped volume-defining
structure (7) and a U-shaped chamber (10) between its inlet opening (3) and the waste
chamber (4). The normal desired flow direction is from the inlet opening (3) to the waste
chamber (4) via the U-shaped volume-defining structure (7) and the U-shaped chamber (10).
Flow can be driven by capillary action, pressure and centrifugal force, i.e. by spinning the
disc. As explained later, hydrophobic breaks can also be used to control the flow. Radially
extending waste channels (5), which directly connect the annular inner channel (1) with the

annular outer waste channel (2), in order to remove an excess fluid added to the inner channel

(1), are also shown.

Thus, fluid can flow from the inlet opening (3) via an entrance port (6) into a volume-defining
structure (7) and from there into a first arm of a U-shaped chamber (10). The volume-
defining structure (7) is connected to a waste outlet for removing excess fluid, for example,
radially extending waste channel (8) which waste channel (8) is preferably connected to the
annular outer waste channel (2). The waste channel (8) preferably has a vent (9) that opens
into open air via the top surface of the disk. Vent (9) is situated at the part of the waste
channel (8) that is closest to the centre of the disc and prevents fluid in the waste channel (8)

from being sucked back into the volume-defining structure (7).

The chamber (10) has a first, inlet arm (10a) connected at its lower end to a base (10c) which
is also connected to the lower end of a second, outlet arm (10b). The chamber (10) may have
sections [, II, III, IV which have different depths, for example each section could be shallower
than the preceding section in the direction towards the outlet end, or alternatively sections I
and III could be shallower than sections II and IV, or vice versa. A restricted waste outlet
(11), i.e. a narrow waste channel, is provided between the chamber (10) and the waste
chamber (4). This makes the resistance to fluid flow through the chamber (10) greater than the

resistance to fluid flow through the path that goes through volume-defining structure (7) and

waste channel (8).
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Due to the relatively large width of the waste chamber (4), the top and bottom surfaces of the
waste chamber (4) are preferably separated by one or more supports (12) to ensure that the top
and bottom surfaces of the microfluidic device do not bend inwards towards the waste

chamber (4) and thereby change its volume.

As shown in figures la-c, the volume-defining structure (7) is U-shaped with the entrance port
(6) opening into the upper end (i.e. the end nearest to the centre of the disc) of one of the arms
(7a) of the U and the waste channel (8) connected to the upper end of the other arm (7b) of the
U. The vent (9) is also placed at the top of this other arm (7b). The base (7¢) of the U-formed

volume-defining structure (7) is connected to the upper end of a first arm (10a) of the
chamber (10).

In addition to the application area at the inlet (3) of the structure, there may also be an
additional application area (13) that opens out into the top surface of the disc and is connected
to the entrance port (6). This additional application area (13) can be used when it is desired to

add different reagents or samples to each of the different microstructures (K7-K12).

There is preferably also a vent (14) to open air in the chamber (10). A hydrophobic break is
preferably provided at the connection (16) of the chamber (10) to the volume-defining

structure (7) in order to guide fluid into arm (7b)

The outer annular waste channel (2) may be sectioned so as to collect waste from a selected

number of closely located microchannel structures.

Hydrophobic breaks can be introduced into the microchannel structures (K7-K12), for
example by marking with an over-head pen (permanent ink) (Snowman pen, Japan), and
suitable places for such breaks (shown by crosshatching in the figures) include: (a) between
microchannel structure inlets (3) in the inner annular application channel (1), (b) each opening
(15) into the outer annular waste channel (i.e. the openings of the waste chambers) and, (c) if
present, also the radial waste channels (5) which connect the inner annular application
channel (1) and the outer annular waste channel (2), and also the waste channel (8) which

guides away excess fluid from the volume-defining structure (7).
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The purpose of the hydrophobic breaks is to prevent capillary action from drawing the fluid
into undesired directions. Hydrophobic breaks can be overcome by centrifugal force i.e. by

spinning the disc at high speed.

If the sample to be analysed is in the form or cells or sedimenting material or particles then it
can be held in the lower U-channel by a particle filter (21) (shown by a dotted line in figure
1b and 1d) or the flow through the chamber (10) can be controlled such that particles are

retained in the chamber while fluids flow through it — as will be described later.

A first reagent or sample fluid X can be introduced into the chamber (10) by connecting a
source (not shown) cf the fluid X to the common annular inner application channel (1) from
where it flows by capillary action and/or, if the disc is spun, centrifugal force to the lower U-
bend. If the volume of fluid X which is introduced into common annular inner application
channel (1) is in excess (i.e. is greater than the volume of the chamber (10) up to the level of
the restricted channel (11) (distance 14 in figure 1d)) then some of it flows to waste via the
radial waste channel (5) while the rest flows to waste chamber (4) via the chamber (10)
though the restricted channel (11) as shown in figure 2. This continues until the levels of fluid
X in both the left hand and right hand arms of the chamber (10) are the same as the distance
LA, i.e. the U-shaped chamber is full up to the level of the restricted channel (11). This is
shown in figure 2b) where the excess fluid X has flowed out of the microchannel structure via

the waste chamber (4) and radial waste channel (5) to the outer waste channel (2) or via the

restricted channel (11).

When 1t is time to add a new reagent or sample fluid Y, then fluid Y is added by the common
annular inner application channel (1) (or, alternatively, as shown in fi gure 3a) by the
additional application area (13)). The fluid Y travels by capillary action through the volume-
defining structure (7) and down the waste channel (5) as shown in figure 3a). It cannot flow
into chamber (10) as the air cushion (19) contained between the base of the volume defining
structure and the top of the fluid in arm (7a) of the chamber acts as a barrier to prevent the
fluid flowing into chamber 10. Note that optionally an air cushion (19) can be left between the
first fluid X and the second fluid Y by making the distance L4 from the base of the U-bend in
the chamber (10) to the restricted channel (11) less than the distance L3 from the base of the

U-bend in the chamber (10) to the base of the U-bend of the volume-defining structure (7).
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This can prevent the second fluid Y from flowing by capillary action into the chamber (10)
and can also prevent mixing of the fluids X and Y. The vent (9), which is open to atmospheric
pressure, makes it easier for the second fluid Y to flow towards the waste channel (5). Gentle,
i.e. low speed, spinning of the disc (D) empties the excess fluid Y from waste channel (5),

leaving the volume-defining structure (7) full of fluid Y, as shown in figure 3b).

All of the first fluid X in the chamber (10) can be displaced by the second fluid Y by
spinning the disc if the volume of the second fluid in the volume-defining structure (7) and
any air between the first and second fluids is equal to or greater than the volume of the first
fluid X in the chamber (10). This can be achieved by ensuring that the volume of the volume-
defining structure (7) is greater than the volume of the chamber (10). This can be achieved by
making the arms (7a) and (7b) of the volume-defining structure longer than the arms of the
chamber (10), and/or by making the cross-sectional area of the arms of the volume-defining
structure (7) greater than that of the arms of the chamber (10). Figure 4a) shows an
intermediate situation where the disc is being spun and centrifugal force causes fluid Y to
flow from the volume-defining structure (7) into chamber (10), thereby displacing first fluid
X which flows to waste via restricted channel (11). Any excess second fluid Y flows out of
the chamber (10) through the restricted channel (11) into waste chamber (4). Figure 4b)
shows that the second fluid Y has replaced the first fluid X. This process can be repeated

using different fluids as often as is desired.

In the event that the fluids contain particles and it is desired to hold them in the chamber it is
possible to provide-the chamber (10) with a particle filter (21) with suitable sized orifices. In
the event that it is necessary to only temporarily hold the particles in the chamber (10) then
the sections I, IL, III, IV of the chamber (10) which have different depths can be used to
temporarily trap the particles. This is done by increasing the speed of rotation of the disc so
that the particles collect at the boundary wall between two sections while the fluid flows over

the wall.

In another aspect of the invention, particles can be selectively held in, or flushed out of a
chamber (10’), which does not have a particle trap or sections having different depths as

shown in figure 5. This can be achieved as follows:
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Particles that have been sedimented, or otherwise collected, in the bottom of the chamber
(10°) can be drawn out of the chamber (10’) by the meniscus of a fluid which flows out of the
chamber (10°). In other words, if there is an air cushion (19°) between the volume-defining
structure and the chamber (10’) and this is driven through the chamber, then as the meniscus
between the fluid in the chamber and the air cushion passes the particles they are entrained by
the meniscus and flow out of the chamber. This can be achieved by choosing a suitably low
rate of acceleration of the disc (known as “ramp speed™). If however it is desired to retain the
particles in the chamber then it is necessary to ensure that the air cushion is not driven through
the chamber (10’) by the fluid in the volume-defining structure when the disc is spun. If a
suitably high rate of acceleration of the disc is chosen, it is possible to cause the fluid in the
volume-defining structure to flow down the sides of the channel, through the air cushion
(19%), without displacing the air cushion (19”). Typically a ramp speed of up to 3500 rpm/s’
transports the particles further in the channel system. With a ramp speed greater than 3500
rpm/s2 the fluid/air interface (meniscus) does not enter the U-chamber and the air bubble stays
still or moves in the opposite direction to the centrifugal force. The exact ramping speeds to
achieve the desired effect are naturally dependent on the type of fluid used and are most

suitably determined by experimentation.

In another embodiment of the invention, as shown in figure 6, the arm (7b’) of the volume-
defining structure (7’) is not connected to a waste channel (8), but is instead enlarged at its
end nearest the centre of the disk in order to form a reservoir (61) for fluid to prevent fluid
overflowing out of a vent (9°). This vent and/or sample inlet (9°) vents this reservoir (61) to
atmosphere and can also permit samples to be introduced into the structure. The reservoir (61)
preferably has a length which makes the length of the volume defining structure i.e. reservoir
(61) and arm (7b’) equal to or greater than the length of arm (72’). If the vent (9°) is made so
small that the surface tension of the fluid prevents it from flowing out of the vent when the
volume-defining structure (7°) is being charged by spinning, then the amount of fluid which
can enter the volume-defining structure (7°) is minimised and no fluid is wasted. Naturally if
it is desired to replace all the fluid in the chamber (10) with fluid from the volume defining
structure then the volume of the volume defining structure must be greater than the volume of
the chamber (10). If the arm (10a) of the chamber is made to widen from its upper end to its
lower end then it is possible to push the air barrier (19) out of the chamber when adding a

second fluid without the two fluids mixing.
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All the chambers of the present invention can be provided with heating means in the form of a
coating as shown crosshatched in figure 7. This coating (71), which can be painted or printed
or applied in some other way to one or both sides of the disk in the vicinity of the chamber,
can absorb energy from electromagnetic radiation which is directed onto it and thereby heat
up the chamber. The incident radiation can be infra red light, laser light, visible light,
ultraviolet light, microwaves or any other suitable type of radiation. The heating up of the
chamber can be used to initiate or accelerate reactions in the chamber. If the disk is stationary
while the chamber is being heated then if the fluid boils it will produce bubbles of vapour
which will travel up the arms of the chamber and may even pass out into the waste channel
(8) and waste chamber (4). This is not always desirable as it is often preferred that
substantially all the fluid should remain in the chamber after the heating has been finished.
This can be achieved in the present invention by spinning the disk at the same time that
radiation is incident on the coating (71). The radiation sources (not shown) can be focused
onto areas that the coating passes through as the disc spins. Furthermore the coating can be
dimensioned such that heat is only applied to only the smallest amount of the base consistent
with adequate heating of the reagents. In this way the arms of the U are keep cool and provide
condensation surfaces for the fluid vapour to condense on. The centrifugal force exerted on

the condensed vapour causes it to flow back into the base of the chamber.

Note that while the embodiments of the invention described above have a chamber leading to
a waste chamber, it is of course conceivable that the chamber outlet leads to one or more
further chamber(s). Each further chamber may have a plurality of inlets and a plurality of
outlets so that samples and reagents may be combined in a chamber. The subsequent results of
any process, which has taken place in a chamber, can be dispensed to one or more additional
chambers for further processing or sent to the waste channel. An example of this is shown in
figure 8. Figure 8 shows a microstructure, of a design similar to that shown in fi gure 6, in
which the base (110c) of U-shaped chamber (110) is connected by a base outlet channel (134)
to a second chamber (136), which second chamber (136) is positioned further away from the
centre of the disk than second chamber (110). Second chamber (136) is vented to atmosphere
by a vent (138) that opens out on the top surface of the disc. Second chamber (136) is also
provided with an inlet/outlet connection (140) that also opens out on the top surface of the

disk. Inlet/outlet (140) can be used to supply substances to second chamber (136) e.g. by
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injecting them into connection (140) and/or to extract substances from second chamber (136)
e.g. by sucking them out via connection (140). Fluid is prevented from flowing by capillary
action from chamber (110) into base outlet channel (134) by a hydrophobic break (132)
positioned at or near the junction (130) between the base (110c) of chamber (110) and base
outlet channel (134). Hydrophobic break (132) is dimensioned so that when the disc is spun at
a certain number of revolutions per second then any fluid in chamber (110) leaves the
chamber via chamber outlet arm (110b), and when the disc is spun at a higher number of
revolutions per minutes then the centrifugal force acting on the fluid is sufficient to overcome
the hydrophobic effect of hydrophobic break (132) and the fluid flows into second chamber
(136). In this embodiment of the present invention, the outlet arm (1 10b) of chamber (110) is
almost as long as inlet arm (110a). Thus when chamber (110) is filled with a fluid the level of
fluid in inlet arm (110b) will be very close to the base (107¢’) of the volume-defining
structure (1077). This means that when a second fluid is supplied to the volume-defining
structure (107°), e.g. via inlet (109") in the reservoir (161), it will come into direct contact
with the first fluid in the chamber (110) and no air bubble will form between the two fluids.

This arrangement can be used to facilitate mixing of two fluids.

The above mentioned examples of conceivable embodiments are intended to illustrate the
present invention and are not intended to limit the scope of protection claimed by the

following claims.



10

15

20

25

30

WO 01/46465 1 PCT/EP00/13145

Claims

1. Microstructure for fluids provided in a rotatable disc (D) characterised in that it comprises
a U-shaped volume-defining structure (7, 107) comprising:

a first arm (7a) connected at or near its upper end to an entrance port (6) wherein the lower
end of said first arm (7a) is further from, or the same distance from, the centre of said disc (D)
than/as, said entrance port (6);

a second arm (7b) connected at or near its upper end to a first waste channel (8) wherein said
waste channel (8) is further away from the centre of said disc (D) than said entrance port (6);
and a base (7¢) positioned further from said centre of said disc (D) than said first and second
arms (7a, 7b) and which base (7¢) connects the lower ends of said first and second arms (7a,
7b), wherein said base (7¢) is connected to an inlet arm (10a, 110a) of a U-shaped chamber
(10, 110), at or near to the upper end of said inlet arm (10a), wherein said U-shaped chamber
(10, 110) further comprises;

a base (10c, 110c) and an outlet arm (10b, 110b), wherein said base (10c, 110c) connects the
lower end of said inlet arm (10a, 110a) to the lower end of said outlet arm (10b, 1 10b), and
said outlet arm (10b, 110b) is connected at or near its upper end to a second waste outlet (11)
and said base (10c, 110c) is further from, or the same distance from, the centre of said disc
(D) than/as the lower ends of said inlet and outlet arms (10a, 10b; 110a, 1 10b) of said U-
shaped chamber (10, 110).

2. Microstructure in accordance with claim 1 characterised in that said first waste channel &)

is provided with a vent (9).

3. Microstructure in accordance with any of claims 1 or 2 characterised in that the resistance
to fluid flow through said second waste outlet (11) is greater than the resistance to fluid flow

through said first waste channel (8).

4. Microstructure in accordance with any of the previous claims characterised in that the
length of the first U-shaped volume-defining structure (7, 107) is greater than the length of the
second U-shaped chamber structure (10, 110).
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5. Microstructure in accordance with any of the previous claims characterised in that said
chamber structure (10, 110) is at least partly covered by a coating (71), which can absorb
energy from electromagnetic radiation which is directed onto it and thereby heat up said

chamber structure (10).

6. Microstructure in accordance with any of the previous claims characterised in that in said
chamber structure (10, 110) has sections I, II, III, IV which have different depths and which

can be used to trap and release sedimenting material or other particles.

7. Microstructure in accordance with any of the previous claims characterised in that in said
chamber structure (110) is connected by its base (110c) to a second chamber (136) positioned
further from said centre of said disc (D) than said chamber structure (110) by means of a
channel (134), wherein there is a hydrophobic break (132) positioned at or near the junction

(130) between the chamber (110) and the channel (132).

8. The use of a microstructure in a rotatable disc (D) in accordance with any of the previous
claims to dispense predetermined volumes of fluid to a chamber (10, 1 10) in said rotatable
disk.

9. Method for replacing a fluid in a chamber (10, 110) in a rotatable disk (D) characterised by
the steps of:

providing a microstructure in accordance with any of claims 1-7;

filling said volume-defining structure (7) with a replacement fluid; and

rotating said disk (D) at a sufficiently high speed such that said replacement fluid moves
under centrifugal force into said chamber while at the same time the original fluid in the

chamber (10) is forced out of the chamber by the incoming replacement fluid.
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