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BIOSENSOR DEVICE HAVING REDUCED ELECTRICAL POWER

CONSUMPTION

FIELD OF THE INVENTION

The invention relates to a biosensor device, such as handheld microfluidic

biosensor device having reduced electrical power consumption.

BACKGROUND OF THE INVENTION

Biosensor devices, in particular handheld microfluidic biosensor devices

are commonly used in various applications, such as road side drugs-of-abuse testing,

food and environmental diagnostics and forensics. Devices of this kind are also referred

to as rapid digital diagnostic testing (RDT) devices. Many units in microfluidic biosensor

devices, such as valves and pumps to drive and control fluid flow through the device,

require mechanical or electrical energy to function properly. However, due to the limited

power budgets of handheld devices the power consumption is an important issue.

Moreover, due to the required small form factor, the valves and pumps have to be

integrated in the device.

Specifically, RDT devices require independently operating microvalves to

control the transport of liquid samples for complex and parallel functions. Existing

microvalves are cumbersome to fabricate e.g. due to multilayer fabrication steps or need

an external pressure source to operate. For example, pneumatically actuated elastomeric

valves may be used. To drive the pneumatic valves, a pump is required which takes

volume and needs a power supply. In addition, many devices require local heating or

cooling and therefore also an external power supply. Read-out of the devices is often

facilitated by light sources, again requiring power supplies.

An integrated fluid manipulation cartridge is disclosed e.g. in US-B-

6,440,725. The cartridge is for separating a desired analyte from a fluid sample and

includes a sample port and a sample flow path extending from the port through the body

of the cartridge. The sample flow path includes at least one flow-through component



such as a filter paper or a micro-fabricated chip for capturing the desired analyte from

the sample as the sample flows through the cartridge. The cartridge further may

comprise a fluid motive source, such as an electronic pump wherein the fluid inside a

sealed pouch is decomposed into gaseous elements by an electrical current, thereby

pressuring and expanding the pouch. This sealed pumping pouch is positioned against a

reagent pouch and forces the contents of the reagent pouch into the fluidic circuit as the

pumping pouch expands. In an alternative embodiment, US-B-6,440,725 describes that

a mechanical spring located either inside the cartridge or inside an external instrument

into which the cartridge is inserted for processing, may provide for the motive source for

pressing on the reagent pouch and forcing the reagent into the fluidic circuit. According

to this alternative embodiment, the mechanical energy stored in the spring may either be

built into the cartridge during manufacturing or be generated during insertion of the

cartridge into the instrument, i.e. by cocking the spring during manual insertion of the

cartridge.

SUMMARY OF THE INVENTION

There is therefore a need to provide a microfluidic biosensor device

having an energy storage means which is capable of providing energy to more than one

energy consuming unit in the cartridge in a more flexible way. In particular, the energy

storage means of the biosensor device according to the invention should be capable of

providing energy to different energy consuming units in a successive or stepwise way,

and/or at different times.

The microfluidic biosensor device according to the invention accordingly

comprises a reader device and a removable cartridge. The energy applied when inserting

the cartridge into the reader device is stored in an energy storage means. The energy

storage means may be included in the cartridge or in the reader device. In order to be

able to separately actuate and, in particular, to provide energy to different energy

consuming units in the biosensor device, the energy storage means is connected to at

least two actuator means which may be separately activated. The actuator means are

adapted to actuate and particularly to provide energy to associated energy consuming

units. According to an embodiment of the invention, there is provided a storage means in



combination with at least two actuator means, which has the advantage that the loaded

energy can be released at any given time that is desired. Until that time of release, the

energy is stored in the storage means.

The energy consuming units which may be provided with energy by the

energy storage device may include means for ejecting the cartridge after finishing the

analysis, means for driving, directing or controlling fluid flow and/or fluid mixture in the

biosensor device, electrically or mechanically driven valves and means for

electrophoretic flow or separation. The stored energy may also be applied for thermally

driven actuators, for example by resistive heating, or adiabatic heating to increase the

local temperature, for example to activate a valve or to enable a chemical reaction.

The energy storage devices which may be suitably used according to the

invention include a spring which is cocked or loaded when the cartridge is inserted into

the reader device. According to this embodiment of the invention, the spring is adapted

to separately release the stored energy and thus to provide energy to more than one

energy consuming unit. This may be achieved for example by providing at least two

different springs which are connected to be commonly loaded when the cartridge is

inserted into the reader device but may be separately released in a controlled way to

provide energy to different energy consuming units. It is also possible to use a flat spiral

spring (which is very compact and therefore very suitable for mobile applications),

and/or another mechanical spring, such as a torsion spring, or even a pneumatic spring or

the like.

In an alternative embodiment, the energy storage device includes a

reservoir comprising a compressible fluid. When the cartridge is inserted into the reader

device, the volume of the reservoir is reduced and thereby the pressure in the reservoir is

increased (or alternatively the volume of the reservoir is increased and thereby the

pressure in the reservoir is decreased). By providing at least two outlet channels, each

one being connected with a separate actuation means, the pressure stored in the reservoir

may be provided to distinct energy consuming units in the biosensor device.

In addition, further to applying energy to the energy storage means when

inserting the cartridge into the reader device, energy input means may be provided which

allow the user to manually provide energy to the energy storage device, e.g. by further

increasing the pressure in the reservoir by pumping the fluid with the finger.



As an alternative to the mechanical energy storage means discussed above

also electrical energy storage may be used in alternative embodiments. For example, the

mechanical energy applied when inserting the cartridge into the reader may be

transferred to electrical energy by using piezoelectric charging. The energy may then be

stored capacitively or inductively.

The invention further provides a method for analyzing a sample in a

microfluidic biosensor device.

With the invention, it is possible to compensate at least some of the

electrical power needed during operating micropumps, actuators or valves in a

microfluidic biosensor device by mechanical energy which is stored and released in a

stepwise manner and/or at a proper moment. The release mechanism may be connectable

to valves, switches and/or pumps in order to assist in moving the fluid in the device in a

well-controlled way. Due to the use of an energy storage and releasing mechanism, the

amount of electricity consumed by the microfluidic device during performing a biological

analysis may thus be at least partly reduced and replaced by the energy that is delivered

by the mechanical power from the user when inserting the cartridge into the reader.

Thus, the electrical power consumption of the biosensor device may be reduced or even

be avoided.

These and other aspects of the invention will be apparent from and

elucidated with reference to the embodiments described hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS

The sole Figure schematically shows a microfluidic biosensor device

according to an embodiment of the invention including an energy storage and releasing

mechanism.

DETAILED DESCRIPTION OF EMBODIMENTS

According to the present invention, energy generated when inserting a

cartridge into a reader device of a microfluidic biosensor device, such as a portable

and/or handheld microfluidic biosensor device is stored in an energy storage means and

released to provide energy to several energy consuming units of the biosensor device.

When inserting the cartridge, a user typically generates a force in the value of about 1 to

I ON . According to an embodiment of the invention, this force is coupled to a reservoir

filled with a compressible fluid, which is compressed and thus a hydrostatic pressure is



built up. Depending on the area, i.e. the cross-section of the compressing channel which

typically is in the order of 1 mm2, a pressure of up to about 10 bar can be achieved,

which is sufficient for a large number of applications. When the energy is stored in a

torsion spring, the angular deflection α is given by

36O n D P R
a =

E -d 4

where n is the number of windings, D is the mean spring diameter, P is the

spring load, R is the distance between the axis of the spring and the point at which load

P is applied (in kg force), E is the Young's modulus of the spring material (kg

force/mm2), and d is the wire diameter of the spring material. Assuming a steel spring

(Young's modulus E of 210,000 N/mm2) with 2 coil windings, a spring diameter of 2

mm, needed force P=O.012 N, a distance R of 10 mm, and a wire diameter d of 0.12

mm, gives a realistic angular deflection of 40°. So during loading of the cartridge this

torsion spring is loaded such that it can later on command release its energy e.g. to

actuate valves or to drive the fluid flow.

A preferred embodiment of a microfluidic biosensor device according to

the invention is schematically shown in the Figure. A cartridge 1 is inserted into a reader

device 2 . The cartridge comprises an energy storage reservoir 3 which is filled with a

compressible fluid, for example a gas. When the cartridge 1 is inserted into the reader 2,

a pin 4 mounted to the reader 2 is pushing a movable piston 5 deeper into the cartridge 1

and is thereby reducing the volume of the compressible fluid in the reservoir 3, thereby

increasing the pressure (or vice versa). In this way, energy is stored in the fluid. In a

preferred embodiment, the piston may be arranged in the channel 6 in a way that only a

movement of the piston 5 in one direction, namely in the direction, indicated by arrows

in the Figure, is possible. This may be realized by using a barbed hook.

The cartridge 1 has preferably electric and mechanical connections to the

reader 2 after insertion. The reader unit and/or the cartridge containing the energy

storage means may comprise a CPU and software to control the energy release means

for a proper operation thereof.

The reservoir 3 is coupled to a plurality of outlet channels 7a to 7e, in the

following generally referred to with reference numeral 7. The outlet channels 7 are

provided with a switching means 8 which is capable to control the flow and/or pressure



of the compressible fluid to flow from the reservoir 3 into one of the predefined outlet

channels 7 . Generally, the switching means 8 preferably are initially in the closed state,

i.e. the fluid cannot pass the switching means 8, which may, for example, be realized as a

valve. Upon actuation of the switching means 8 by corresponding activation means 9,

which can address an individual switch or may also be adapted to address a plurality of

predefined switches, the switching means 8 turns to the open state. Thus, the fluid can

pass the switching means, and correspondingly pressure can be applied to the

corresponding actuation means 11. By that, the stored energy can be released stepwise

and at different times to perform different functions or the same function at different

times.

The switching means 8 may be realized as a solid droplet of paraffin

closing the outlet channel 7 . In this case, the activation means 9 may be realized as an

electrically driven wire acting as a resistive heating element melting locally the solid

paraffin droplet and thereby opening the outlet channel 7 . Alternatively, a thin membrane

may be manufactured into the outlet channel 7 . This membrane again has an integrated

heating element which melts or burns the membrane and thereby opens the switching

element 8. I.e. the activation means is preferably realized as an electrical or thermal

activation means. It is noted, that the above-described types of switching means are

single use only, which is considered to be sufficient for most applications. However, it is

also possible to create a switching means which may again be closed after use, for

example based on materials that undergo a phase transition.

In some applications, at least one of the outlet channels 7b may have a

plurality of switching elements 8, 10. In a preferred embodiment, some or all of the

actuation means may further be equipped with another switching means that can be used

to release the pressure at the actuation means after use, i.e. a further switching means in

an outlet channel connecting the actuation means with some further reservoir or the

outside of the cartridge. It may further be advantageous to provide actuation means

which are connected with more than one outlet channel, as shown for the upper right

actuation means 11 in the Figure being connected with outlet channels 7b and 7c.

The actuation means itself may be realized as a thin flexible foil, for

example a PDMS (polydimethylsiloxane) layer, which can be bulged in a way that

another microfluidic channel adjacent to the flexible foil is closed or opened.



The piston that is pushed into the reservoir to increase the power may be

provided with locking means. In a preferred embodiment said piston is e.g. provided

with a unidirectional coupling preventing said piston to slide back and thereby releasing

stored energy in an unintended direction. There may also be provided an overload

protection means, for example a valve that opens if the pressure in the reservoir is above

a certain threshold. Gas and/or pressure in the reservoir may alternatively be produced or

generated by electrolysis, thermally or by a chemical reaction which again may be

activated by a switching means as described above allowing two chemicals coming

together.

The stored energy may also be used to eject the cartridge from the reader

after performing the analysis.

While the invention has been illustrated and described in detail in the

drawings and foregoing description, such illustration and description are to be

considered illustrative or exemplary and non-restrictive; the invention is thus not limited

to the disclosed embodiments. Variations to the disclosed embodiments can be

understood and effected by those skilled in the art and practicing the claimed invention,

from a study of the drawings, the disclosure, and the appended claims. In the claims, the

word "comprising" does not exclude other elements or steps, and the indefinite article

"a" or "an" does not exclude a plurality. A single processor or other unit may fulfill the

functions of several items recited in the claims. The mere fact that certain measures are

recited in mutually different dependent claims does not indicate that a combination of

these measures can not be used to advantage. Any reference signs in the claims should

not be considered as limiting the scope.



CLAIMS:

1. A biosensor device comprising a reader device and a removable cartridge, the

device comprising energy storage means for storing the energy applied when inserting

the cartridge into the reader device, wherein the energy storage means is connected to at

least two actuator means for separately actuating energy consuming units in the

biosensor device.

2 . The device according to claim 1, wherein the actuators are adapted to provide

energy to the energy consuming units.

3 . The device according to claim 1, wherein said energy storage means is connected

to a loading mechanism for storing the mechanical energy loaded by the loading

mechanism, and connected to a release mechanism to release the stored mechanical

energy, wherein said release mechanism is adapted to release the stored energy stepwise.

4 . The device according to claim 1, wherein the energy storage means is a reservoir

filled with a compressible fluid connected with the at least two actuator means via at

least two outlet channels.

5 . The device according to claim 4, wherein the pressure in the gas reservoir is

increased when inserting the cartridge into the reader device by pushing a movable

piston into the cartridge to reduce the volume of the reservoir.

6 . The device according to claim 4, wherein at least one of said outlet channels

includes a switching means which is adapted to be activated by activation means.

7 . The device according to claim 6, wherein the switching means and/or the



activation means are electrically and/or thermally driven.

8. The device according to claim 1, wherein said storage means comprises an

overload protection means adapted to prevent overload of said storage means.

9 . The device according to claim 1, wherein the energy storage device includes a

spring that is arranged to be loaded when the cartridge is inserted into the reader.

10. The device according to claim 1, including at least two energy storage means

which are combined to be commonly loaded when the cartridge is inserted into the

reader and are adapted to separately release the stored energy to the at least two

actuator means.

11. The device according to claim 1, wherein the energy storage means is a capacitive

and/or inductive energy storage means, wherein the energy applied when the cartridge is

inserted is transferred to electrical energy and stored in said energy storage means.

12. The device according to claim 1, wherein the cartridge further includes energy

input means for manually providing energy to the energy storage device.

13. The device according to claim 1, wherein the energy consuming unit includes

means for ejecting the cartridge from the reader, means for driving, directing and/or

controlling the fluid flow and/or fluid mixing in the cartridge, means for electrically

and/or mechanically driving valves, and/or means for electrophoretic flow or separation.

14. A method for analyzing a liquid sample in a microfluidic biosensor device

according to claim 1 comprising the steps of:

(a) applying the liquid sample to the cartridge;

(b) inserting the cartridge into the reader device, thereby storing the

applied energy in the energy storage means; and

(c) applying the energy stored in the energy storage device for



actuating energy consuming units in the biosensor device.

15. The method according to claim 14, wherein the energy stored in the energy

storage device is used to control the flow of the liquid sample through the biosensor

device.
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