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(54) A micro-fluidic device based upon active matrix principles

(57) A micro-fluidic device (1) comprising actuation
elements controlled by a two-dimensional array of a plu-
rality of first electronic components (2) for processing a
fluid and/or for sensing properties of the fluid is suggest-

ed. The active matrix includes a two-dimensional array
of second electronic components realized in thin film
technology. The active matrix provides a high versatility
of the device. The thin film technology ensures a very
cost efficient manufacturing also of large devices.
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Description

FIELD OF THE INVENTION

[0001] The present invention is related to a micro-flu-
idic device including a two-dimensional array of a plurality
of components for processing a fluid and/or for sensing
properties of the fluid.

BACKGROUND OF THE INVENTION

[0002] Micro-fluidic devices are at the heart of most
biochip technologies, being used for both the preparation
of fluidic samples and their subsequent analysis. The
samples may e.g. be blood based. As will be appreciated
by those in the art, the sample solution may comprise
any number of things, including, but not limited to, bodily
fluids like blood, urine, serum, lymph, saliva, anal and
vaginal secretions, perspiration and semen of virtually
any organism: Mammalian samples are preferred and
human samples are particularly preferred; environmental
samples (e.g. air, agricultural, water and soil samples);
biological warfare agent samples; research samples (i.e.
in the case of nucleic acids, the sample may be the prod-
ucts of an amplification reaction, including both target an
signal amplification); purified samples, such as purified
genomic DNA, RNA, proteins etc.; unpurified samples
and samples containing (parts of) cells, bacteria, viruss-
es, parasites or funghi.
[0003] As it is well known in the art, virtually any ex-
perimental manipulation may have been done on the
sample. In general, the terms "biochip" or "Lab-on-a-
Chip" or alike, refer to systems, comprising at least one
micro-fluidic component or biosensor, that regulate,
transport, mix and store minute quantities of fluids to rap-
idly and reliably carry out desired physical, chemical and
biochemical reactions in larger numbers. These devices
offer the possibility of human health assessment, genetic
screening and pathogen detection. In addition, these de-
vices have many other applications for manipulation
and/or analysis of non-biological samples. Biochip de-
vices are already being used to carry out a sequence of
tasks, e.g. cell lyses, material extraction, washing, sam-
ple amplification, analysis etc. They are progressively
used to carry out several preparation and analysis tasks
in parallel, e.g. detection of several bacterial diseases.
As such, micro-fluidic devices and biochips already con-
tain a multiplicity of components, the number of which
will only increase as the devices become more effective
and more versatile.
[0004] Many of the components are electrical compo-
nents used to sense or modify a property of the sample
or fluid, such as heating elements, pumping elements,
valves etc., and are frequently realized by direct fabrica-
tion of thin film electronics on the substrate of the device.
Suitable properties that can be sensed or modified in-
clude, but are not limited to, temperature; flow rate or
velocity; pressure, fluid, sample or analyte presence or

absence, concentration, amount, mobility, or distribution;
an optical characteristic; a magnetic characteristic; an
electrical characteristic; electric field strength, disposi-
tion, or polarity.
[0005] One problem of this approach is that every elec-
trical component on the device requires control terminals
to independently control the component. Consequently,
more space is required to connect the components to the
control devices than to realize the devices themselves.
Ultimately, the number of control terminals will become
so large that it will become impractical to arrange all the
terminals at the periphery of the device to make electrical
contact. One possibility to realize the electrical contact
is the use of an electrical contact foil.
[0006] In numerous biotechnological applications,
such as molecular diagnostics, there is a need for bio-
chemical processing modules, comprising an array of
temperature controlled reaction compartments that can
be processed in parallel and independently to allow high
versatility and high throughput. In many of these appli-
cations, the analysis system consists of a (disposable)
cartridge (e.g. biochip, lab-on-a-chip, microfluidic device
or alike system) comprising a biochemical processing
module and a bench-top machine. In many of such bio-
chemical systems the components for temperature con-
trol as well as analysis (e.g. light source, CCD camera,
etc.) are located in the bench-top machine instead of on
the, often disposable, cartridge. A major drawback of this
approach is that the bench-top machine can only be used
for a particular design or a selective number of cartridge
designs. Consequently, the performance of various as-
says requires nowadays a plurality of bench-top ma-
chines.
[0007] In order to avoid a large number of control ter-
minals, US patent 6,852,287 proposes embodiments of
a method to control a number N of independently con-
trollable components with smaller number of control ter-
minals. In order to achieve this, both the use of multiplex-
ing techniques or passive matrix techniques is proposed.
In particular, the matrix technique is extremely attractive,
as this allows for the maximum number of components
to be controlled with the minimum number of control ter-
minals. Conceptually, if one specific heater element in a
passive matrix is activated also a number of other heater
elements will be activated unintentionally. As a result,
heat will be generated where it is not required, and the
heat generated at the intended heater element will be
different than required as either some of the applied cur-
rent has traveled through alternative paths, or the applied
voltage is dropped along the rows and columns before
reaching the heater element intended to be activated.
[0008] Co-pending application IB2006/053434 dis-
closes a micro-fluidic device, e.g. a biochip, fabricated
on a substrate based upon active matrix principles. The
device is preferably fabricated from one of the well known
large area electronics technologies, such as amorphous
silicon (a-Si), LTPS or organic transistor technologies.
The active matrix makes it possible to independently con-
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trol a larger number of components on the device with a
smaller number of control terminals. This device enables
accurate and localized control of temperature in an active
matrix set up, without the need for a large device periph-
ery to locate the I/O pins.
[0009] Another important aspect of biosensors is the
controlled flow of fluid through such devices. Control of
fluid flow may be obtained by use of valve, pump and
mixing functions. It is an object of the invention to provide
a device that provides accurate, local control over valves;
pumps and mixing elements to control fluid flow in the
device. It is especially an object of the present invention
to provide a device that allows to alter the flow of a fluid
or at least a component of said flow in a microfluidic de-
vice.

SUMMARY OF THE INVENTION

[0010] The present invention relates to a micro-fluidic
device comprising actuation elements controlled by a
two-dimensional array of a plurality of first electronic com-
ponents for processing a fluid and/or for sensing proper-
ties of the fluid. The first electronic components prefera-
bly comprise at least one heater element. Each first com-
ponent is coupled to at least one control terminal enabling
an active matrix to change the state of each component
individually. The active matrix includes a two-dimension-
al array of second electronic components realized in thin
film technology. The active matrix provides a high versa-
tility of the device as it allows individual control of a wide
variety of functions. The thin film technology ensures a
very cost efficient manufacturing also of large devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will be better understood and oth-
er particular features and advantages will become ap-
parent on reading the following description appended
with drawings. In the drawings:

Fig. 1 is a schematic block diagram of a micro-fluidic
device according to the invention illustrating the ac-
tive matrix concept. Preferably at least one of the
components (2) is a heater element.
Fig. 2 illustrates a first embodiment of the device
according to the invention.
Fig. 3 illustrates a second embodiment of the device
according to the invention.
Fig. 4 illustrates a third embodiment of the device
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The invention relates to a micro-fluidic device.
The reference to microfluidics implies that the device is
meant to be suitable for fluidic transport at small volumes
of about picoliters to several hundred milliliters. Prefera-
bly the device is suitable for transport of volumes in the

range of nanoliters to about 10 milliliter. The actuation
element according to the invention is capable of changing
at least one property out of the group comprising swelling,
elongation, expansion, porosity, mobility of or affinity to
at least one predefined species of molecules, size, per-
meability, and charge at least of parts of a actuation el-
ement (or actuation elements) via a change that is
brought about by external stimuli. To illustrate the mean-
ing of "actuation element" it is submitted that in the con-
text of the invention, a change in permeability of a certain
polymeric layer for a certain substance is also a form of
actuation as the change in permeability often causes a
flow of the target compound into or through the layer this
providing an actuation mechanism.
[0013] Actuation elements such as pumps, valves and
layers with varying permeability are present in a micro-
fluidic device to control fluid and compound displace-
ment. Using fluid displacement, fluid is transported from
one compartment of a device to a next compartment via
channels, suitably micro fluidic channels. In a preferred
embodiment the actuation elements are selected from
pumps and valves. The actuation elements are prefera-
bly positioned such that they can be controlled by the
first electronic components. In the context of the invention
it is therefore preferred that the actuation elements are
positioned in the proximity of or directly adhered to the
first electronic components. In the context of the invention
the phrase "in the proximity of" means at such distance
that a change in the electronic state of the first electronic
component is noticed/sensed/experienced by the actu-
ation element. For example if the change in electronic
state of the component leads to a temperature increase,
the actuation element is in the proximity of the component
in the distance wherein the temperature change is no-
ticeable.
[0014] The actuation elements preferably comprise a
material which is responsive to an external stimulus. The
external stimulus thus controls for example the opening
or closing of a valve. In this exemplary embodiment a
temperature responsive hydrogel is positioned in a mi-
crochannel in a micro-fluidic device. At storage temper-
atures of around 15 °C, the hydrogel composition is in a
swollen state thereby blocking the channel for fluid pass-
ing. Heating the temperature locally to around 40 °C, by
using the first and second electronic components of the
device, the hydrogel shrinks and soon is much smaller
than the channel width, thereby allowing fluid to pass the
hydrogel to a next part of the channel. This valve mech-
anism can also be used in the reversed way thus closing
the channel again, provided the shrinking and swelling
of the hydrogel composition is a reversible process. By
using alternating opening and closing, fluid may be ac-
tuated or even transported from one position to another.
[0015] In the context of the present invention, the term
"responsive" includes especially that the material is re-
sponsive in such a way that it displays a change of shape
and total volume upon a change of a specific parameter.
An example of a change is melting which may happen if
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a wax-like material is heated. In another embodiments
polymeric material is used that swells upon a temperature
increase such as wax or other low melting point polymers
including polyethyleneglycol PEG.
[0016] The change of a specific parameter (stimulus)
may be a physical (temperature, pressure) or chemical
property (ionic concentration, pH, analyte concentration)
or biochemical property (enzymatic activity). In a pre-
ferred embodiment, the material is responsive to at least
one of a change in temperature, pH, electrical field or a
combination thereof. For temperature change, the tem-
perature range for these changes is preferably between
20 and 150°C, more preferably between 30 and 95°C,
and most preferably between 40 and 65°C.
[0017] According to an embodiment of the present in-
vention, the device comprises actuation elements which
is responsive to at least one external stimulus, upon
which the flow of at the least a predefined species ofbi-
omolecules is altered.
[0018] The term "external" especially means that the
actuation element is triggered by a means and/or stimu-
lus provided and/or arising outside the element, such as
a change in pH or temperature, however it will be appre-
ciated that this means and/or stimulus might arise from
an actuation element inside the device, such as a heater
etc.
[0019] The stimuli preferably include physical stimuli
including temperature, pressure, voltage, current,
charge; chemical stimuli, including ionic concentration,
pH, analyte concentration; or biochemical stimuli includ-
ing enzymatic activity, presence or absence of analyte.
[0020] The material that is part of the actuation element
preferably is a polymeric material, more preferred a hy-
drogel. In the context of the invention a hydrogel may
absorb water to reach a swollen state, and may also expel
water to reach a shrinked state. The term "hydrogel ma-
terial" in the context of the present invention furthermore
especially means that at least a part of the hydrogel ma-
terial comprises polymers that in water form a water-
swollen network and/or a network of polymer chains that
are water-soluble. Preferably the hydrogel material com-
prises in swollen state ≥50 vol% water and/or solvent,
more preferably ≥ vol70% and most preferred ≥90 vol%,
whereby preferred solvents include organic solvents,
preferably organic polar solvents and most preferred al-
kanols such as Ethanol, Methanol and/or (Iso-) Propanol.
[0021] According to an embodiment of the present in-
vention, the actuation element is capable of changing the
swelling of at least selected parts of the polymeric layer
by at least 5%, preferably by ≥ 10%, more preferably
>30% and most preferably >50%.
[0022] According to a preferred embodiment of the
present invention, the hydrogel material comprises a ma-
terial selected out of the group comprising poly(meth)
acrylic materials, silicagel materials, subsituted vinyl ma-
terials or mixture thereof.
[0023] Especially preferred hydrogel materials are
substituted vinyl material, most preferably vinylcaprol-

actam and/or substituted vinylcaprolactam.
[0024] According to an embodiment of the present in-
vention, the hydrogel material comprises a poly(meth)
acrylic material made out of the polymerization of at least
one (meth)acrylic monomer and at least one polyfunc-
tional (meth)acrylic monomer.
[0025] According to an embodiment of the present in-
vention, the (meth)acrylic monomer is chosen out of the
group comprising (meth)acrylamide, acrylic esters, hy-
droxyethyl(meth)acrylate, ethoxyethoxyethyl(meth)acr-
ylate or mixtures thereof.
[0026] According to an embodiment of the present in-
vention, the polyfunctional (meth)acrylic monomer is a
bis-(meth)acryl and/or a tri-(meth)acryl and/or a tet-
ra-(meth)acryl and/or a penta-(meth)acryl monomer.
[0027] According to an embodiment of the present in-
vention, the polyfunctional (meth)acrylic monomer is
chosen out of the group comprising bis(meth)acrylamide,
tetraethylene glycol di(meth)acrylate, triethylene glycol
di(meth)acrylate, diethylene glycol di(meth)acrylate,
tripropyleneglycol di(meth)acrylates, pentaerythritol tri
(meth)acrylate polyethyleneglycoldi(meth)acrylate,
ethoxylated bisphenol-A-di(meth)acrylate , hexanedioldi
(meth)acrylate or mixtures thereof.
[0028] According to an embodiment of the present in-
vention, the hydrogel material comprises an anionic poly
(meth)acrylic material, , preferably selected out of the
group comprising (meth)acrylic acids, arylsulfonic acids,
especially styrenesulfonic acid, itaconic acid, crotonic ac-
id, sulfonamides or mixtures thereof, and/or a cationic
poly(meth)acrylic material, preferably selected out of the
group comprising vinyl pyridine, vinyl imidazole, aminoe-
thyl (meth)acrylates or mixtures thereof, co-polymerized
with at least one monomer selected out of the group neu-
tral monomers, preferably selected out of the group vinyl
acetate, hydroxyethyl (meth)acrylate (meth)acrylamide,
ethoxyethoxyethyl(meth)acrylate or mixture thereof, or
mixtures thereof. These co-polymers change their shape
as a function of pH and can respond to an applied elec-
trical field and/or current by as well. Therefore these ma-
terials may be of use for a wide range of applications
within the present invention.
[0029] According to an embodiment of the present in-
vention, the actuation element comprises a polymeric
layer which comprises a hydrogelic material comprising
thermosensitive polymers.
[0030] According to an embodiment of the present in-
vention, the actuation element is capable of inducing a
LCST (lower critical solution temperature) phase transi-
tion in the hydrogel layer.
[0031] According to an embodiment of the present in-
vention, the permeation layer comprises a hydrogelic ma-
terial comprising monomers selected out of the group
comprising poly-N-isopropylamide (PNIPAAm) and co-
polymers thereof with monomers selected out of the
group comprising polyoxyethylene, trimethylol-propane
distearate, poly-ε-caprolactone or mixtures thereof.
[0032] According to an embodiment of the present in-
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vention, the hydrogel material is based on thermo-re-
sponsive monomers selected out of the group comprising
N-isopropylamide , diethylacrylamide, carboxyisopropy-
lacrylamide, hydroxymethylpropylmethacrylamide, acry-
loylalkylpiperazine. and copolymers thereof with mono-
mers selected out of the group hydrophilic monomers,
comprising hydroxyethyl(meth)acrylate, (meth)acrylic
acid, acrylamide, polyethyleneglycol(meth)acrylate or
mixtures thereof, and/or co-polymerized with monomers
selected out of the group hydrophobic monomers, com-
prising (iso)butyl(meth)acrylate, methylmethacrylate,
isobornyl(meth)acrylate or mixtures thereof. These co-
polymers are known to be thermo-responsive and there-
fore may be of use for a wide range of applications within
the present invention.
[0033] Optionally the actuation elements comprise an
elastic rubber layer.
[0034] The actuation elements may be positioned as
pumps or valves. Alternatively a hydrogel layer is applied
on top of the first electronic component wherein between
the electronic component and the hydrogel, regions are
present on the surface of the device where capture
probes are present. As long as the hydrogel layer is in
the closed state, there is limited permeability for target
molecules that are analysed from a sample fluid. The
hydrogel layer may be switched to the open state by ap-
plication of any of the mentioned external stimuli. The
open state corresponds to good permeability for the tar-
get molecules. Such an embodiment is illustrated in fig-
ure 2.
[0035] To enable control over the temperature at spe-
cific positions in the device, the first electronic compo-
nents preferably comprise at least one heater element.
[0036] Optionally the micro-fluidic device comprises
further first electronic components for sensing properties
of the fluid.
[0037] In a preferred embodiment, the device compris-
es at least two, even more preferred a multiplicity of heat-
er elements. Such a device is referred to as a thermal
processing array. These heater elements are suitable for
heating fluid that may be present in cells or compartments
of the microfluidic device.
[0038] The thermal processing array can be used to
either maintain a constant temperature across the entire
compartment area, or alternatively to create a defined
time-dependent temperature profile if the reaction com-
partment is also configured in the form of an array and
different portions of the reaction chamber require differ-
ent temperatures.
[0039] In a most preferred embodiment, the thermal
processing array comprises a multiplicity of individually
addressable and drivable heating elements, and may
preferably comprise additional elements such as temper-
ature sensors and fluid-mixing or fluid-pumping elements
or a combination thereof.
[0040] The inclusion of at least one temperature sen-
sor is highly preferred. Even more preferred, the device
comprises a multiplicity of temperature sensors to control

a pre-defined temperature profile across an array of com-
ponents or cells. Preferably, the components for heating,
and the other optional components, are all present on a
biochemical processing module, which is preferably lo-
cated in a biochip, lab-on-a-chip, microfluidic device, or
alike system. The micro-fluidic device is preferably a dis-
posable unit, which may be a replaceable part of a larger
disposable or non-disposable unit (e.g. lab-on-a-chip,
genechips, microfluidic device, or alike system). In addi-
tion to the components, the device may optionally com-
prise cells or cavities that can hold a fluid. Such cells are
also referred to as array elements.
[0041] In one advantageous embodiment of the inven-
tion the second electronic components of the active ma-
trix comprise thin film transistors having gate, source and
drain electrodes. In this case the active matrix includes
a set of select lines and a set of control lines such that
each individual component may be controlled by one se-
lect line and one control line and the gate electrode of
each thin film transistor is connected to a select line.
[0042] In another advantageous embodiment of the in-
vention a memory device is provided for storing a control
signal supplied to the control terminal.
[0043] In an alternative embodiment of the invention
the second electronic components are formed by thin film
diodes, e.g. metal-insulator-metal (MIM) diodes. It is pre-
ferred that a MIM diode connects a first electrode of each
first electronic component to a control line, and a second
electrode of each first electronic component is connected
to a select line.
[0044] In another advantageous embodiment of the in-
vention the thin film diodes are PIN or Schottky diodes,
wherein a first diode connects a first electrode of each
component to a control line, wherein a second diode con-
nects the first electrode of each component to a common
rest line and wherein a second electrode of each com-
ponent is connected to a select line.
[0045] In an advantageous development of the inven-
tion the first diode is replaced by a pair of diodes con-
nected in parallel and the second diode as well is re-
placed by a pair of diodes connected in parallel.
[0046] In yet another advantageous development the
first diode is replaced by a pair of diodes connected in
series, and also the second diode is replaced by a pair
of diodes connected in series.
[0047] In another advantageous embodiment of the in-
vention the second electronic components comprise cir-
cuitry based on transistors or diodes or passive compo-
nents (such as resistors and capacitors) or combinations
thereof.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0048] Fig. 1 illustrates the general concept of a micro-
fluidic device based on an active matrix. The micro-fluidic
device as a whole is designated with the reference
number 1. The device comprises a two-dimensional array
of first electrical components 2. Each first electrical com-
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ponent 2 is associated with a switching means 3 arranged
to selectively activate the component 2. Each switching
means is connected to a control line 4 and a select line
6. The control lines 4 are connected to a common control
driver 7. The select lines 6 are connected to a common
select driver 8. The control lines 4 in conjunction with the
select lines 6 form a two-dimensional array. A responsive
hydrogel 14 is placed in the vicinity of the first electric
components (2) and reacts to a temperature increase by
expelling water thus opening a channel which in state (0)
is closed due to swelling of the polymer.
[0049] In this way an active matrix is realized to ensure
that all components 2 can be driven independently. The
component 2 may be any electronic device e.g. a heater
element, a pumping element, a valve, a sensing compo-
nent etc. being driven by either a voltage or a current
signal. It is to be understood that the examples for the
components 2 are not to be construed in a limiting sense.
Activating a component 2 means changing its state e.g.
by turning it from on to off, or vice versa or by changing
its setting. It is also noted that the individual switching
means 3 may comprise a plurality of sub components
comprising both active and/or passive electronic compo-
nents. However, there is no requirement that all sub com-
ponents are activated together.
[0050] The operation of the micro-fluidic device 1 illus-
trated in Fig. 1 to independently control a single compo-
nent 2 is as follows:

- In the non-addressing state, all select lines 6 are set
to a voltage where the switching elements 3 are non-
conducting. In this case, no component 2 is activat-
ed.

- In order to activate a preselected component 2 the
select driver 8 applies a select signal to the select
line 6 to which the preselected component 2 is cou-
pled. As a consequence all switching means 3 con-
nected to the same select line 6 are switched into a
conducting state.

- A control signal generated by the control driver 7,
e.g. a voltage or a current is applied to the control
line where the preselected component 2 is situated.
The control signal is set to its desired level and is
passed through the switching means 3 to the com-
ponent 2, causing the component to be activated.

- The control signals in all other control lines 4 are held
at a level, which will not change the state of the re-
maining components connected to the same select
line 6 as the preselected component 2. In this exam-
ple, they will remain un-activated.

- All other select lines 6 will be held in the non-select
state, so that the other components 2 connected to
the same control line 4 as the preselected compo-
nent will not be activated because their associated
switching means 3 remain in a non-conducting state.

- After the preselected component is set into the de-
sired state, the respective select line 6 is unselected,
returning all switching means 3 into a non-conduct-

ing state, preventing any further change in the state
of the preselected component.

[0051] The device will then remain in the non-ad-
dressed state until the following control signal requires
to change the state of any one of the components 2, at
which point the above sequence of operation is repeated.
[0052] The two-dimensional array formed by the con-
trol lines 4 and the select lines 6 can also be described
in terms of rows and columns, where the select lines 6
define the rows and the control lines 4 the columns.
[0053] It is also possible to control more than one com-
ponent 2 in a given row simultaneously by applying a
control signal to more than one column in the array during
the select period. It is possible to sequentially control
components in different rows by activating another row
by using the select driver and applying a control signal
to one or more columns in the array.
[0054] It also possible to implement feedback control,
i.e. linking the actuation element with a local sensor per
element, measuring the flow (rate) or other intended ac-
tivity and providing an actuation signal to the actuation
element until the specified sensor readout is reached.
[0055] It is also possible to address the micro-fluidic
device 1 such that a component 2 is only activated while
the control signal is present. However, in a preferred em-
bodiment, it is advantageous to incorporate a memory
device into the component whereby the control signal is
remembered after the select period is completed. For the
memory device a capacitor or a transistor based memory
element is suitable. This makes it possible to have a mul-
tiplicity of components at any point across the array ac-
tivated simultaneously. This option is not available in the
passive system known in the prior art. Of course, if a
memory device is available, a second control signal will
explicitly be required to de-activate the component.
[0056] Preferably the device comprises compartments
and channels, most preferred microfluidic channels, that
connect one compartment to at least one, or more pre-
ferred a plurality of, other compartments. Optionally a
valve is located between the compartments. This enables
the performance of a reaction with various steps in the
device. In such an embodiment, fluids may be moved
sequentially from one cell to another or alternatively
many cells may be processed in parallel.
[0057] In particular, the invention enables accurate, re-
producible, reliable and fast thermal cycling during DNA
amplification on a biochip, for instance using (multi-
plexed) PCR or (multiplexed) real-time quantitative PCR
(RQ-PCR), such that the temperature of the array ele-
ments may be individually and in parallel controlled, with-
out significant additional costs or issues concerning the
number of input and output pins. Moreover, with respect
to the situation in which the heating elements are located
in the bench-top machine, this invention offers a more
optimal and more reliable thermal contact between tem-
perature components and fluid.
[0058] Therefore in a further aspect the invention re-
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lates to use of the device according to the invention in a
process wherein temperature is controlled.
[0059] In another aspect the invention relates to use
of the device according to the invention in a process
wherein the temperature is changed according to a pre-
defined regime.
[0060] Last but not least, this invention allows an ad-
vantageous way of performing RQ-PCR on a biochip by
combining a cost-effective high performance thermal
processing array (e.g. high resolution, individual and par-
allel temperature control of compartments, high repro-
ducibility, high reliability and high accuracy) on the dis-
posable, with the high performance (e.g. high resolution,
high signal-to-noise ratio) of an optical detection setup
(e.g. light source, CCD camera, filters) generally used in
a bench-top machine for detection of fluorescent signals
in molecular diagnostics.
[0061] Hence in a further aspect the invention relates
to a method of performing the PCR process, preferably
RQ-PCR process wherein use is made of the micro-flu-
idic device as described above.
[0062] In another aspect the invention relates to the
microfluidic device as described above, in combination
with an optical detection set up.
[0063] In a further aspect the invention relates to a
method of detecting a product using a diagnostic device
comprising a micro-fluidic device according to the inven-
tion, wherein the detection is based on optical methods.
[0064] In a further aspect the invention relates to the
microfluidic device as described above, in combination
with the enclosing and release of chemicals and reagents
that are present in fluidic compartments. This covers both
drug delivery applications but also release of specific en-
zymes, PCR primers, antibodies, labels, cytokines,
growthfactors etc. needed at a specific time to be re-
leased into the fluid.
[0065] After having illustrated the general concept and
the advantages of a micro-fluidic device 1 in the following
description specific embodiments will be explained.
[0066] Fig. 2 exhibits an active matrix micro-fluidic de-
vice 1 using thin film transistors (TFT) to ensure that all
first electronic components, for example the heating el-
ements (13), can independently be activated. TFTs are
well known switching elements in thin film large area elec-
tronics, and have found extensive use e.g. in flat panel
display applications. Industrially, the major manufactur-
ing methods for TFTs are based upon either amorphous-
silicon (a-Si) or low temperature polycrystalline silicon
(LTPS) technologies. But other technologies such as or-
ganic semiconductors or other non-Si based semicon-
ductor technologies, such as CdSe, can be used. The
device further comprises actuation elements in the form
of a hydrogel (14) which covers the first electronic com-
ponents. The hydrogel responds to a local heating by
switching from a closed state to an open state, thus al-
lowing target molecules to penetrate through the hydro-
gel layer towards a surface having capture probes im-
mobilized thereon. This surface is positioned between

the first electronic components and the hydrogel layer.
The operation of the device illustrated in Fig. 2 to inde-
pendently control a single component 2 is as follows:
[0067] The device of figure 2 is suitable for identifica-
tion of a specific target molecule in a biological sample,
the bio-liquid. Capture sites for target molecules present
on the active matrix surface are covered by a homoge-
neous layer of a responsive hyrogel. This is illustrated in
figure 2. In figure 2 use is made of voltage actuation where
each capture site has at least one electrode and a counter
electrode held (15) at 0V. Initially, the hydrogel layer is
in the "closed" state, characterized by minimum perme-
ability to the target molecules. Immediately before the
electrophoretic collection of the target molecules, the hy-
drogel layer covering one or several selected electrodes
is switched to the "open" state with maximum permea-
bility. A voltage can then be applied to the selected elec-
trode(s) to attract the target molecules towards the cap-
ture sites. Keeping the hydrogel layer "closed" anywhere
else in the microelectronic array prevents the adsorption
of molecules at other capture sites. After hybridization
between target molecules and capture probes at the cap-
ture sites, the hydrogel on top of the selected electrodes
is switched back to the "closed" state. The procedure
may be repeated sequentially to address selectively all
electrodes on the microelectronic array. The last step in
the procedure (switching to closed state after hybridiza-
tion) also allows protecting the captured molecules from,
e.g., a successive washing step.
[0068] Several alternatives exist for the local actuation
mechanism, depending on the type of hydrogel used. As
already stated an electrically responsive hydrogel can be
used. The advantage of this is that electric field used to
attract the particles can also be simultaneously used to
trigger the permeability of the hydrogel. Suitable hydro-
gels are polyelectrolites as for example crosslinked poly-
acrylic acid (some other suitable materials are e.g. dis-
closed in US6,626,417B2).
[0069] In the case of a temperature-sensitive hydrogel
(such as polyisopropylacrylamide), resistive (ohmic)
heating elements are used to locally heat the hydrogel
and change its permeability. We note that the electrodes
used to collect the particles could also be made slightly
resistive. This would allow them to function also as heat-
ers, thereby eliminating the need for separate heating
elements.
[0070] Other possibilities include the use of a pH-re-
sponsive (in which case one could exploit pH changes
due to hydrolysis at the electrodes) or a photoresponsive
hydrogel.
[0071] A further embodiment is illustrated in figure 3.
It will be appreciated that the response time of the hy-
drogel depends on the material and on the actuation prin-
ciple used. In general, response times in the range of
seconds can be easily achieved. A faster response can
be achieved by reducing the dimensions of the hydrogel,
e.g., by pattering the hydrogel and defining separate
compartments for each electrode in the array. Therefore
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in a preferred embodiment, the actuation elements are
present in the form of a patterned hydrogel. This is illus-
trated in figure 3. Another advantage of patterning the
hydrogel is that it avoids internal stress and possible ad-
hesion stress between the actuated and non-actuated
areas of the hydrogel. Figure 3 shows a pattern of hy-
drogel patches 3A-D) deposited on an active matrix array
whereby each of the patches is controlled by a separate
first electronic components(2A-2D).
[0072] A further embodiment is illustrated in figure 4.
In this example, the actuator takes the form of a valve,
which opens (left hand figure) and closes (right hand fig-
ure) a channel (21, shown in cross section), in this case
a channel formed in a substrate (26). The closing and
opening of the valve is realized by swelling of a polymeric
material such as a hydrogel (14), which is initiated by e.g.
a temperature change realized by a heater element (23).
The channel is separated from responsive polymeric ma-
terial by a thin elastic sheet (24), such as polydimethyl-
siloxane (PDMS) or other silicon rubbers, siloxanes etc.
[0073] In figure 3 the following reference numbers are
used:

21 open channel, 22 closed channel, 14 responsive
hydrogel, 23 heater, 24 thin elastic sheet, 25 top sub-
strate, 26 bottom substrate.

[0074] Typically the layer thickness of the elastic sheet
is 1-500Pm, preferably 5-300Pm, most preferably
10-150Pm.
[0075] According to a further embodiment, the actua-
tion elements are composed of composite hydrogels.
[0076] According to a further embodiment the actua-
tion element can release molecules stored in or adjacent
to said responsive polymeric material into the micro-flu-
idic device. This release may be into a compartment, a
channel or into the flow in the micro-fluidic device.
[0077] According to a preferred embodiment of the
present invention, the device comprises a at least one
supporting structure. The term "supporting structure" in
the context of the present invention includes supporting
substrate(s) (either flat or curved, closed for fluid flow or
permeable, porous membrane or a mesh like structure)
underneath as well as supporting structure(s) as part of
the layer, such as rigid or elastic bars, wires, walls etc.
or said supporting structure may form compartments,
reservoirs, cavities or channels. Said supporting struc-
ture preferably comprises rigid or flexible materials se-
lected from group the group comprising glass, silicon,
metal, metal oxides, polymeric material (such as PVC,
polyimide, PC, but also organic resist material such as
SU-8 and the like). Optionally the second electronic com-
ponents are embedded in the supporting structure.

Claims

1. Micro-fluidic device (1) comprising actuation ele-

ments controlled by a two-dimensional array of a plu-
rality of first electronic components (2) for processing
a fluid wherein each component (2) is coupled to an
active matrix to change the state of each first elec-
tronic component individually, and wherein the ac-
tive matrix includes a two-dimensional array of sec-
ond electronic components realized in thin film tech-
nology.

2. Micro-fluidic device according to claim 1 wherein the
actuation elements are selected from pumps and
valves.

3. Micro-fluidic device according to claim 1 wherein the
actuation elements comprise a material which is re-
sponsive to an external stimulus.

4. Micro-fluidic device according to claim 3 wherein the
actuator element comprises a responsive polymeric
material.

5. Micro-fluidic device according to claim 1 wherein the
actuator element comprises an elastic rubber layer.

6. Micro-fluidic device according to claim 3 wherein the
material is responsive to at least one of a change in
temperature, pH, electrical field or a combination
thereof.

7. Micro-fluidic device according to claim 1 wherein the
first electronic components comprise at least one
heater element.

8. Micro-fluidic device according to claim 1, which com-
prises further first electronic components for sensing
properties of the fluid.

9. Micro-fluidic device according to claim 1 wherein the
actuation element can release molecules stored in
or adjacent to said responsive polymeric material in-
to the micro-fluidic device.

10. Micro-fluidic device (1) according to claim 1, wherein
the second electronic components of the active ma-
trix are formed by thin film transistors having gate,
source and drain electrodes, diodes or MIM diodes.

11. Micro-fluidic device (1) according to claim 1, wherein
the active matrix includes a set of select lines (6) and
a set of control lines (4) such that each individual
first electronic component (2) is controlled by one
select line (6) and one control line (4) and in that the
gate electrode of each thin film transistor is connect-
ed to a select line (6).

12. Micro-fluidic device (1) according to claim 1 compris-
ing at least two heater elements (13).
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13. Micro-fluidic device (1) according to claim 1, com-
prising a multiplicity of individually addressable and
drivable heater elements (13).

14. Micro-fluidic device (1) according to claim 1, further
comprising a temperature sensor.

15. Method of performing a PCR process, wherein use
is made of the micro-fluidic device according to any
of claims 1-14.

16. Use of the device according to any of claims 1-14 in
a process wherein temperature is controlled.

17. Method of detecting a product using a diagnostic de-
vice comprising a micro-fluidic device according to
any of claims 1-14, wherein the detection is based
on optical methods.
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