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DESCRIPTION

Technical Field

[0001] The present invention concerns to a method and device for measuring the viscosity of
Newtonian and non-Newtonian fluids.

Background Art

[0002] Rheology includes the study of the viscosity in fluid systems and its potential
dependence on magnitudes such as the fluid velocity. Usually, macroscopic rheometers are
used to measure the viscosity of liquids and suspensions, specifically for those fluids which are
characterized by a viscosity which depends upon the values of the velocity of the fluid or the
applied pressure.

[0003] There is a growing necessity to develop micro-rheometers that take the advantages
associated to miniaturized systems: lower volume material, shorter experimental
measurements, reduction of costs, and small and portables devices.

[0004] Currently, these micro-devices are used as biological or biomedical instruments for
sample monitoring (e.g. sugar solutions) and/or medical detection of anomalies (e.g. fluids
from knee joints) [Hennemeyer, Marc et al. "Cantilever Micro-rheometer for the
characterization of sugar solutions", Sensors 2008. 8, 10-22; Sandia National Laboratories
(2012, September 26) "Students painlessly measure knee joint fluids in annual Sandia
contest", retrieved from https://share.sandia.gov; Ziemann, F et al. "Local Measurements of
Viscoelastic Moduli of entangled actin networks using an oscillating magnetic bead micro-
rheometer”, biophysical Journal, 1994, Vol. 66, 2210-16]. Furthermore, there are several
diseases associated to blood disorders such as leukaemia, cardiovascular disease, sickle cells
anaemia, kidney disease, polycythemia, anaemia, etc, that alter the rheological properties of
blood, in particular its viscosity.

[0005] Several techniques are currently used to develop these micro-biotechnologies, for
instance, particle tracking methods where paramagnetic particles are suspended in a viscous
fluid. The particles are optically tracked while they are attracted by an external magnetic force.
The rheological properties of the fluid are then determined in terms of the behaviour of the
tracer particles [previous article of Ziemann, F et al.; Song, Jin-Oh et al. "Magnetic
microrheometer for in situ characterization of coating viscosity", Rev. Sci. Instrum., 2010, Vol.
81, 93903 1-8].

[0006] More complex micro-electro-mechanical systems (MEMS) are used to study the
rheology of fluids. One type of such devices consists of two plates where the fluid sample is
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placed between them. One plate is fixed while the other plate, controlled by a thermal actuator,
moves up and down to deform the sample at different frequencies and measure viscoelastic
moduli [Christopher, Gordon F. et al. "Development of a MEMS based dynamic rheometer",
Lab Chip, 2010, Vol. 10, 2749-57].

[0007] A common feature among most micro-devices for rheological applications is that they
are subject to complex analysis, expensive fabrication and/or bulky and expensive equipment
to measure the viscosity of fluids.

[0008] Moreover, conventional macroscopic rheometers are limited by a minimum torque
value that limits the viscosity measurement of fluids of low viscosity values at very low shear
rates (or velocities), having as a requirement to perform the measure at higher shears in order
to get a valid viscosity result.

[0009] Several patent documents refer to rheometers. Patent document US20080134765-A1
discloses a micro-rheometer for measuring flow viscosity and elasticity for micron sample
volumes using pressure sensor arrays. The pressure sensors measure the viscosity of the
sample liquid while flowing in a uniform length of a flow passage, since from the pressure
measurement wall shear stress can be calculated. As it is acknowledged in this patent
document, using pressure sensors has several drawbacks, since a perturbation of flow
significantly influences pressure measurement, in particular for non-Newtonian liquids.
Moreover, any slight surface roughness due to the mounting of pressure sensors may be a
source of test sample deposition, which degrades long term performance of the micro-
rheometer. There are also some difficulties when mounting individual pressure sensors.
Therefore, the measurement accuracy is often compromised depending on how well the
individual pressure sensors are mounted in the flow channel. To overcome the problem of
patterned structures on flow channel surfaces caused by placement of individual pressure
sensors in the flow channel, US20080134765-A1 discloses the use of pressure sensors
monolithically integrated into the wall of the flow channel.

[0010] However, all these problems are not satisfactorily solved, as explained in patent
document GB2485965, which refers to a rheometer for measuring the viscosity and elasticity of
liquids. This patent document explains that the previous patent document, US20080134765-
A1, embeds the pressure sensors in the body of material defining the flow channel with the aim
to ensure that the flow of fluid within the channel is not disturbed by the pressure sensors, in
order to obtain a smooth, uninterrupted internal surface of the channel. However, it
acknowledges several disadvantages associated with the integrated pressure sensor
arrangement:

* The apparatus is difficult and expensive to produce.

* Once the arrangement has been manufactured there is no flexibility in where to locate
the pressure sensors.

e The separation of the pressure sensors from the flowing liquid by even a small thickness
of material can reduce the accuracy of the pressure measurements obtained from the
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sample.
* It only measures steady state viscosity of sample liquids.

[0011] Other patent documents, such as DE102006001180-A1 and FR2510257-A1, employ
optical sensors to measure the flow velocity. The disadvantages of these optical approaches
rely on integration problems (mismatches) with the coupling of the optical elements and the
microscale's fluidic device as well as the use of complex electronic control methods to assure
the proper operation and data management of the optical sensors.

[0012] Patent document EP1923707-A2 discloses a micro-rheometer with a microchannel and
a sensor array arranged to measure rheological properties of a fluid, wherein the sensor array
comprises a plurality of pairs of electrodes, the two electrodes of each pair being placed face
to face within the microchannel to function as an electronic switch when the fluid flows through
them.

[0013] Patent document US2010/0042339-A1 discloses a fluidic analysis device for
determining characteristics of a fluid, with at least one flow channel, means for directing a fluid
into the flow channel, and at least two analytical means suitable for analyzing a sample.

[0014] The present invention proposes a different approach to measure the viscosity of
Newtonian and non-Newtonian fluids that overcomes some of the above-mentioned problems.

Summary of Invention

[0015] The present invention proposes a new method and technique to develop a cheap, easy
and portable bio micro-rheometer as a first approach for medical diagnosis in diseases
associated to changes in blood viscosity with healthy patients. The device of the present
invention is able to operate in a wide range of shear rate, which is proportional to the velocity
divided by the gap of the device, controlled by an external pressure source, and has the
capacity to analyze any fluid with different viscosity values. The range of pressures used to
inject the sample through the device moves from 0.5KPa up to 250KPa, although it can handle
even higher pressures to work at higher shear rates.

[0016] In accordance with one aspect of the present invention, it is provided an apparatus for
measuring rheological properties of Newtonian and non-Newtonian fluids according to claim 1.

[0017] In an embodiment, in the apparatus of the present invention the microchannel
comprises an inflow section at the inlet and a main channel section where the electrodes are
arranged, the cross-section area of the inflow section being smaller than the cross-section
area of the main channel section to control the flow velocity of the fluid front inside the main
channel.
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[0018] In other embodiments the apparatus comprises a micro-tube connected to the inlet of
the microchannel with a cross-section area smaller than the cross-section area of the
microchannel to control the flow velocity of the fluid front inside the main channel.

[0019] In other embodiments the apparatus further comprises pneumatic means to inject the
fluid inside the micro-rheometer at a determined pressure.

[0020] In other embodiments the apparatus comprises an array of micro-rheometers sharing
an inlet and with microchannels of different cross-section areas to analyze, at the same time,
rheological properties of the fluid at different shear rates.

[0021] The electrodes of the micro-rheometer may have an interdigital shape. They may also
have a square shape. The electrodes of the micro-rheometer may be placed on the surface of
a substrate bound to the microchannel, the substrate being made of PET, glass or any
substrate used in microfabrication to deposit, evaporate or print electrode materials.

[0022] The micro-rheometer of the apparatus mat be adapted to the analysis of biological
samples and be made of biocompatible materials. The micro-rheometer may be adapted to
measure the viscosity of the fluid.

[0023] Another aspect, not being part of the present invention, relates to the provision of a
micro-rheometer for use in the above-defined apparatus, comprising a microchannel with an
inlet, an outlet, and a sensor array arranged along the microchannel to measure rheological
properties of a fluid flowing through the microchannel; wherein the sensor array comprises a
plurality of pairs of electrodes with a known physical disposition along the microchannel, the
two electrodes of each pair of electrodes being placed face to face within the microchannel to
function as an electronic switch when the fluid flows through them.

[0024] A further aspect of the present invention relates to a method for measuring rheological
properties of Newtonian and non-Newtonian according to claim 12.

[0025] The device has been tested with human blood samples at different blood cell
concentration and other non-biological fluids. Besides, the device is extremely accurate, being
able to recognize samples with viscosity variations of 0.02mPa-s between them within an error
of 5%.

[0026] The use of a simple detection method based on electrodes integrated in the device,
allows using any biocompatible materials. The device can be manufactured with rigid
substrates such as glass or silicon. Moreover, it can be fabricated using soft biocompatible
materials such as PET, resulting in a bending micro-device. This property does not affect in
any way the detection system and/or its sensibility.

[0027] The method is based on the study of the progression of a fluid front and involves a fluid
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flow regime. The proposed device allows the control of the front velocity within a microchannel
rather than the pressure drop which simplifies the mathematical analysis, resulting in easier
and fast data analysis. The micro electro-rheometer of the present invention is cheap,
portable, easy to handle and fabricate, and can give the rheological properties of a fluid in less
than two minutes. Besides, the device is fabricated with biocompatible materials that can be
used in biological and medical applications and at any environmental temperature/conditions.

[0028] The micro-device was fabricated and tested using biocompatible materials such as
PDMS (Polydimethylsiloxane), PET (Polyethylene Terephthalate) and glass. However, this
device can be fabricated with any polymer as longs as it is biocompatible (e.g. PEN
(polyethylene naphthalene), PMMA (polymethyl methacrylate), etc.) for the analysis of
biological samples. The electrodes used for the detection of the flow front can be made of
platinum. However, the fluid detection can be performed with any other conductive material,
such as gold, silver, copper, etc. Thus, the micro-rheometer can be fabricated using soft
biocompatibles materials, such as PET, resulting in a bending micro-device.

[0029] The method allows the measurement of the viscosity of an arbitrary fluid by detecting
the velocity of advancement of the fluid front by means of electrodes placed along the length of
the microchannel. The key element of the design is the control of the hydrodynamic regime.
The main difference with respect to other known methods for measuring the viscosity of the
fluid is that these methods are based on direct measurement of the pressure drop at the fluid
front. The present method is a much simpler solution, since it only needs to detect the velocity
of advancement of the front by means of a device which electrically detects the position and
velocity of the front.

[0030] The method is based on the detection of the fluid front velocity at different and arbitrary
positions along the microchannel, which allows for the arrangement of electrodes to be
uniform, thus simplifying the design and fabrication. This method based on the use of
electrodes instead of pressure sensors is novel. The use of electrodes simplifies and cheapens
the fabrication process in terms of both direct costs and fabrication time.

Brief Description of Drawings

[0031] A series of drawings which aid in better understanding the invention and which are
expressly related with an embodiment of said invention, presented as a non-limiting example
thereof, are very briefly described below.

Fig. 1 shows a schematic view of the microchannel of the micro-rheometer according to the
present invention.

Fig. 2 shows a top view of the electrode array of the micro-rheometer.

Fig. 3A and 3B show two different designs of the electrodes.
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Fig. 4 shows the data acquisition system for the electrical detection of the flow velocity of the
fluid within the microchannel.

Fig. 5A and 5B shows the electrical switch activation by the fluid through the channel. Fig. 5A
shows the switch activation (switch ON) and Fig. 5B shows no detection (switch OFF).

Fig. 6 shows a set up for optical detection, according to the state-of-the-art, of the fluid flow
where the liquid is injected using a liquid column.

Fig. 7 shows a set up for electrical detection of the fluid flow where the fluid is injected using a
suction pump.

Fig. 8 shows an image of the microchannel structure with a narrower section integrated at the
inlet to control the flow velocity.

Fig. 9 shows several images, obtained from a data acquisition software, of the electrical
detection of the fluid front inside the microchannel as the fluid passes through the electrodes.

Fig. 10 shows measurements of the viscosity of water measured as a function of the shear
rate.

Fig. 11A shows multiple channels with independent inlets between them and different heights.
Fig. 11B shows an on-top view of an arrange with multiple micro-channels sharing a unique
inlet.

Fig. 12A shows an array of micro-rheometers with independent inlet. Fig. 12B shows a top
view of an array of micro-rheometers sharing the inlet.

Fig. 13 shows a graph representing viscosity vs shear rate of different fluids (water, ethylene-
glycol 40% and blood plasma).

Fig. 14 shows viscosity vs. shear rate measurements for blood plasma obtained from a
conventional rheometer and from the micro-rheometer of the present invention.

Fig. 15 shows a comparative of fluid velocities obtained with theoretical analysis, with an optical
system and with the electronic detection system of the present invention.

Fig. 16 shows a fabrication process of the micro-rheometer.

Description of Embodiments

[0032] Fig. 1 shows a schematic view of the microchannel 2 of the micro-rheometer 1
according to the present invention. The test fluid 7 follows an input tube 3 and enters the
microchannel 2 through an inlet 4; then, the fluid 7 exits the microchannel 2 through an outlet 5
and output tube 6. The micro-rheometer 1 comprises a straight microchannel 2 with a



DK/EP 3295149 T3

rectangular shape (length L, width w and height b).

[0033] The micro-rheometer 1 also comprises an array of pairs of electrodes 8/8' (not shown
in Fig. 1) arranged along the microchannel 2, each pair of electrodes being placed face-to-
face. Fig. 2 shows a top view of the electrode array of the micro-rheometer 1. The electrodes
8/8' are located equidistant from the central axis of the microchannel 2. In a preferred
embodiment the electrodes are made of platinum film deposited on a PET (polyethylene
terephthalate) polymer, which is a transparent and biocompatible material commonly used in
the food industry. In a preferred embodiment the distance X (shown in a zoom view of Fig. 2)
between adjacent pairs of electrodes, measured from center to center, is 1.6 mm, and the
distance Y between opposite electrodes of each pair is 250 pm.

[0034] Fig. 3A and 3B show two different designs of the electrodes used to detect the fluid
flow: square (Fig. 3A) and interdigitals (Fig. 3B). Other shapes may also be used.

[0035] Fig. 4 shows a data acquisition system 10 used for the electrical detection of the flow
velocity of the fluid 7 within the microchannel 2. The data acquisition system 10 may be
considered an external element, not forming part of the micro-rheometer 1. In other words,
each electrode - EOA, EOB, E1A, E1B, E2A, E2B,... ENA, ENB - of the micro-rheometer 1 has
an electrical contact to allow connection with the data acquisition system 10. In the example
shown in Fig. 4 the electrodes in one side - EOA, E1A, E2A, ..., ENA - are connected to an
analog output AO1 of the data acquisition system 10, whereas the electrodes in the other side
- EOB, E1B, E2B, ..., ENB - are each connected to a digital input-output - DIO 0, DIO 1, DIO 2,
..., DIO N - of the data acquisition system 10.

[0036] The detection of the flow velocity is carried out using the electrodes and the electrical
circuit depicted in Fig. 4. The circuit is comprised of N pair of electrodes 8/8', N operational
amplifiers 11 - OAQ0, OA1, OA2,..,, OAN - and a data acquisition board 12 with an electronic
controller (e.g. microcontroller). The face-to-face electrodes work like two terminals of an
electrical switch activated by the fluid 7 through the channel, as shown in Fig. 5A and 5B. The
switch is turned on when the fluid 7 simultaneously reaches the two electrodes, E2A and E2B
in Fig. 5A. At that point, a short circuit is created between them and an electrical current
circulation starts to flow (Fig. 5A). On the other hand, while the fluid does not contact the
electrodes the switch rests at off state (Fig. 5B).

[0037] In order to create the electrical current flow, the first terminal E2A of the pair of
electrodes 8/8' is connected to a programmable positive potential (analog output AO1)
generated by the data acquisition board 12. The second terminal E2B of the pair of electrodes
8/8' is connected to the positive input of the operational amplifier OA2 in a voltage follower
configuration. During the off state, the potential (voltage) at electrode E2A is isolated from the
electrode E2B and no electrical current is generated. On the other side, during the on state,
the voltage at the electrode E2A reaches the electrode E2B through the short circuit originated
by the fluidic switch. Thereby, the potential at terminal B is equal to potential at terminal A and
is delivered to the corresponding digital input port of the data acquisition board 12 DIO2 by the
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operational amplifier output voltage A2.

[0038] Once the voltage is at the digital input, the control software starts to count the delay
time (DT) between the activation of the different electrodes along the channel. The operational
amplifier 11 is used to ensure an ultra-low electrical current flow Ig through the short circuit

created by the fluid and the terminals to avoid fluid sample damage. This is due to the virtual-
ground property and the low-bias current at the input terminals of the operational amplifiers.
For the present application, operational amplifiers with a bias current of pico-amperes and
femto-amperes are preferably used.

[0039] Fig. 6 shows an example of flow velocity detection using optical means according to the
state-of-the-art. In this figure H is the height of the liquid column which determines the global
pressure drop, AP is the pressure drop between the inlet of the microchannel and the front of
the fluid, and v is the velocity of the front. In this example at lower shear rates the pressure
drop along the system is controlled using a column of fluid, where the fluid container or
reservoir 15 can be set at different heights H to vary the pressure drop, AP, resulting in a shear
variation. The fluid container 15 is connected to the microchannel by a capillary biocompatible
tube 16 of uniform internal circular cross-section of diameter, d. This tube 16 gives control to
the flow velocity v, where at high driving pressures the velocity of the fluid mean front 20 inside
the microchannel has a rather constant value. Images and videos are acquired using a high
speed camera 17 via an inverted microscope 18.

[0040] Fig. 7 shows a set up for electrical detection, according to the present invention, of the
fluid flow where the fluid is injected using a suction pump. High shear rates can be obtained
using an external suction pump 21 connected to the micro-rheometer 1 using the capillary tube
22. The flow tracking is performed with the integrated electrodes in the microchannel 2. In
different experiments the measures obtained with the micro-rheometer 1 can be corroborated
with images obtained with the high speed camera or using a conventional rotational rheometer.

[0041] The main aspect for the proper functionality of the whole system is the control of the
velocity of the fluid within the microchannel 2 so as to simplify the data analysis. In order to
obtain a constant velocity in the channel it is necessary that the inlet of the main channel has a
narrower section (with higher flow resistance) as compared with the section of the
microchannel 2 (with lower flow resistance). This can be done by using a narrower
microchannel connected to the main microchannel 2 (e.g. narrow section 30 with length /4 and

gap height b7 connected to the main channel 31 in Fig. 8). Regarding the modelling of the
system of the example shown in Fig. 7 and 8, the analysis starts at ty where the flow front 20
(interface between fluid and air) is placed at the entrance of the microchannel 2. As the fluid
flows into the device the fluid front position h(t) increases with time t and the velocity is
calculated.

[0042] By considering flow conservation within our experimental setup and suitable
geometrical conditions which ensure that main contribution to the resistance within the device
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comes from the narrow section micro-channel (see Fig. 8) which feeds the main micro-
channel, a fluid flow regime ensues in which the fluid front velocity is constant. For the fluid
front velocity to be constant the geometrical factors of our setup must satisfy:

h(t)<<l,

which implies that the following relation is satisfied:
_ n

Pin_Patm_ 4 (I’l)y +PL

(1)

where Pj, - P4 and Py are the pressure drop and the capillary pressure, respectively. A(n) is

defined as:

nt " "
A(n) = 2—[' m[Z + 1] [1]
b n)\w

y is the shear rate given by:

= 6__
’ w, b

[0043] Finally, the viscosity n is defined as the ratio between the shear stress ¢ and the shear

rate y:
— o — n—1
n=—=my"
Y
where the shear stress o is defined by:

b
=—( -P,—P
21 in atm L)

1

[0044] The parameters which provide the value of the viscosity as a function of the shear rate,
m and n, are obtained by fitting Eq. (1) to experimental data.

[0045] The data acquisition system 10 performs a real time monitoring and flow tracking via
the electrodes 8/8' integrated or mounted in the microchannel. The electrodes of each pair of
electrodes 8/8' located along the microfluidic device, which are facing one another, may have
different forms, e.g. square (Fig. 3A) or interdigital (Fig. 3B). As the flow passes through the
electrodes, the connectivity between them is activated and a counter is switched on. Fig. 9
represents several images of the electrical detection of the flow velocity performed by the data
acquisition software, as the fluid front 20 passes through the pairs of electrodes 8/8'. The
counter switches off once the fluid activates the next pair of electrodes. In this way, the time
taken by the fluid to flow from one pair of electrodes to the next one can be monitored.
Furthermore, as the distance between two electrodes is known, the velocity of the fluid within
the microchannel 2 can be computed. This data is recorded and subsequently analyzed to
obtain the flow viscosity.

[0046] Fig. 10 shows measurements of the viscosity of water n measured as a function of the
shear rate y. The results obtained with the device of the present invention are compared to
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those obtained with a commercial rheometer. The present invention measures the viscosity of
water accurately in a range of shear rates y beyond the reach of the commercial rheometer.
Fig. 10 shows that the measures carried out with a standard bench-top rheometer present high

dispersion at shear rates y lower than 6 s™!, while the viscosities obtained using the micro-
device of the present invention with b = 150 pm (y =5 - 12.5s™") and b =310 ym (y =0.01 -7

3'1) remain constant much before the rheometers stabilizes. Moreover, with the acquired
information the shear stress vs. the shear rate y can be determined.

[0047] Although we are using two channels with small height (b = 150 ym) to achieve higher
shear rates and greater height (b = 310 ym) to work at lower shear rates, the system can be
integrated in an array of multiple microchannels 2 with different heights as shown in Fig. 11A
and 11B.

[0048] Moreover, as in previous microfluidic devices, the electronic system can be integrated
to measure different fluids in parallel (an array of micro-rheometers with independent inlets 4
as shown in Fig. 12A) or to analyze the sample at different shear rates (an array of micro-
rheometers sharing the inlet 4 as shown in Fig. 12B, having different heights b). The driving
electrode 8 is connected to a programmable positive potential (analog output AO) and the
sensing electrodes 8' are connected to different digital input-outputs (DIO).

[0049] Besides the characterization of the micro-device using a well-known fluid (water), water
values are used to study the behavior of biological and non-biological fluids with different
viscosities and densities. The viscosity values of water, ethylene-glycol 40% and blood plasma
obtained with the micro-rheometer are shown in Fig. 13 (viscosity vs shear rate with height b =
310 ym). Moreover, the stress vs shear rate can also be calculated.

[0050] As it is well known, plasma is 90% water and it has lower viscosity than blood. The
blood plasma viscosity was measured with a bench-top rheometer and the micro-device of the
present invention to corroborate the results at low shear rate obtained during the
characterization of the micro-device. The viscosity values vs shear rate measurements for
blood plasma are shown in Fig. 14. The viscosity was measured with the microchannel of
height b = 310 ym and the values corresponds to the values obtained with conventional
rheometers at high shears.

[0051] The aim of integrating the electrodes to the microchannel 2 is to develop a micro-
rheometer which can obtain the viscosity of fluids without the use of an expensive microscope
and high speed camera, and also decreasing time consumption. The whole set up comprises a
mechanical base, a microfluidic device with electrodes integrated, data-acquisition software
and an electronic controller to avoid damaging in the biological samples connected to a
computer. The detection system can be powered via a USB connector. The size of the
mechanical microchannel holder can be adapted to be used in the microscope if needed, and
the thickness of the whole support allows to be used under a conventional and an inverted
microscope.
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[0052] The results obtained during the experiments were compared with theoretical values and
with values obtained with optical means (Fig. 15 shows height H vs velocity measurements for
water and height b = 150 ym).

[0053] Biomedical devices require a viability test to ensure there is no damage caused to the
analyzed samples (e.g. blood samples). These injuries may be caused by chemicals used
during the fabrication process, high pressure within the microsystem, electrical detection,
samples manipulation, etc. There was no damage caused to the samples manipulated during
the experimental studies, resulting in a micro-device able to handle biological samples.

[0054] Fig. 16 shows a fabrication process 100 of the micro-rheometer 1. During the
fabrication process the microchannel moulds can be obtained by different methods, based on
soft-lithography technique. Two different photosensitive resist materials can be used: a dry film
resist 40 (e.g. Ordyl) or a fluid epoxy-based resist 41 (e.g. SU-8 2150 of MicroChem Corp).

[0055] A first step of the fabrication process includes thoroughly cleaning the microscope slide
with organic solvents (acetone and ethanol) and subsequently, exposing it to plasma cleaning
to remove the solvents remaining on the glass surface. Then, the glass substrate is dried with
nitrogen and introduced in the oven to dehydrate the surface and increase the adhesion.

[0056] The glass substrate 42 is then coated 102 with the photosensitive material 40/41 as
follows:

* In the first case, the glass surface 42 is spin coated 103 with the fluid epoxy-based resist
41 at 500 rpm for 7 s followed by 3000 rpm (b = 200 um) or 1500 rpm (b = 50um) during
30 s. Afterwards, it is placed on a hotplate to pre-bake it until solvent content
evaporates.

* In the same manner, photosensitive dry film resist 40 is placed on the glass substrate
42. In this case a laminator 43 is used to place the film with a controlled temperature.

[0057] Once the glass substrate 42 has been covered with the phoresensitive material 40/41, it
is exposed 104 to UV light 45 from a UV lamp 44 through a mask 46, which contains the
channel geometry 47, for a few seconds and place it on the hotplate to post bake the
substrate. Afterwards, the substrate is soaked in a developer solution to obtain 106 the
microchannel mould 50 with the microchannel structure 51.

[0058] The structure in then replicated 108 using a biocompatible, transparent and
hydrophobic material (e.g. Polydymetilsiloxane-PDMS from Sylgard), obtaining a replica mould
52. The PDMS polymer is a result of mixing silicone base and curing agent in a 10:1 ratio by
weight. The mixture is degassed under vacuum to remove air bubbles, poured onto the
microchannel mold and remains at room temperature until cured.
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[0059] Afterwards, the PDMS polymer is peeled off 109 from the mould 52. Through-holes are
punched in each side of the PDMS channel 53 to get the inlet and outlet of the device and
finally are sealed 110 with a clean glass substrate or with PET 54 where the electrodes 8/8'
have been deposited.

[0060] Bounding the channel 53 with the glass substrate 54 consists in exposing both surfaces
to an oxygen plasma treatment for 9 s to create hydroxyl group and get a covalent bonding
between them. On the other hand, when bonding PET and PDMS, first they are subjected to
an oxygen plasma testament for 1 min and submerge them into an aqueous silane solution.
PET is placed into a container with 99% water and 1% of GPTES 98% (3-Glycidoxypropyl
triethoxysilane); similarly, glass is placed into an aqueous solution of 99% water and 1% of
APTES 99% (3-Aminopropyl triethoxysilane). After 20 min they are thoroughly washed, dried
with nitrogen and placed together for an hour at room temperature.
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Patentkrav

1. Apparat til maling af rheologiske egenskaber for Newtonske og ikke-

10

15

20

25

30

Newtonske fluida, omfattende:

- Mindst et mikro-rheometer (1), omfattende en mikrokanal (2) med en ind-
gang (4), en udgang (5) og en sensor-matrix, anbragt langs mikrokanalen
(2) for at male rheologiske egenskaber af et fluidum (7), der strgmmer
gennem mikrokanalen (2); hvorved senso-rmatrixen omfatter et antal elek-
trodepar (8, 8”) med en kendt fysisk placering langs mikrokanalen (2),
hvorved de to elektroder 1 hvert elektrodepar er anbragt vendende mod
hinanden i mikrokanalen (2) for at fungere som en elektronisk kontakt, nar
fluidummet (7) strgmmer gennem dem; og et

- dataopsamlingssystem (10) 1 forbindelse med sensor-matrixen, omfattende
et elektronisk kredslgb, der er forbundet til elektrodeparret (8, 8”) og kon-

figureret til:

detektering af tidspunktet for den elektroniske kontaktdannelse, 1 det elektroni-
ske kredslgb, for elektrodeparret (8, 8’), nar fluidummet (7) passerer forbi,
bestemmelse, ud fra tidspunktet for den elektroniske kontaktdannelse og den
fysiske placering af elektrodeparrene (8, 8’), af strgmningshastigheden for flu-
idummet (7) 1 mikrokanalen (2), og

bestemmelse af de rheologiske egenskaber for fluidummet (7) under anvendel-
se af den erhvervede strgmningshastighed for fluidummet (7), mikro-
rheometerets (1) dimensioner og trykket, hvorved fluidummet (7) indsprgjtes 1

mikro-rheometeret (1);

kendetegnet ved, at i det elektroniske kredslgb for dataopsamlingssystemet
(10) er hvert elektrodepar (8, 8”) forbundet til et elektronisk forsterkerkredslgb
(11) for at sikre en meget lille elektrisk strgm (Ig) gennem kortslutningen, der
skabes af fluidummet (7) og elektrodeparret (8, 8’) med henblik pa at undga
beskadigelse af fluidummet (7).
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Apparat ifglge krav 1, hvorved mikrokanalen (2) omfatter en indstrgmnings-
sektion (30) ved indgangen (4) og en hovedkanalsektion (31), hvor elektroder-
ne er anbragt, hvorved indstrgmningssektionens (30) tvarsnitsareal er mindre
end hovedkanalsektionens (31) tvearsnitsareal med henblik pa at styre strgm-

ningshastigheden for fluidum-fronten (20) inden 1 hovedkanalen (31).

Apparat ifplge et af kravene 1-2, hvorved det ydermere omfatter et mikrorgr
(16), som er forbundet med mikrokanalens (2) indgang (4), med et tvarsnits-
areal, der er mindre end mikrokanalens (2) tvarsnitsareal, med henblik pa at

styre fluidum-frontens (20) strgmningshastighed 1 hovedkanalen (31).

Apparat ifplge et af kravene 1-3, ydermere omfattende pneumatik-midler (21)
til indsprgjtning af fluidummet (7) inden 1 mikro-rheometeret (1) ved et be-

stemt tryk.

Apparat ifglge et af kravene 1-4, omfattende en matrix af mikro-rheometre (1),
som deler en indgang (4), og med mikrokanaler (2) med forskelligt tvarsnits-
areal, med henblik pa samtidig analyse af rheologiske egenskaber for flui-

dummet (7) ved forskellige forskydningshastigheder.

Apparat ifplge et af kravene 1-5, hvorved elektroderne (8, 8’) 1 mikro-

rheometeret (1) har interdigital form.

Apparat ifplge et af kravene 1-6, hvorved elektroderne (8, 8’) 1 mikro-

rheometeret (1) har kvadratisk form.

Apparat ifplge et af kravene 1-7, hvorved elektroderne (8, 8’) 1 mikro-
rheometeret (1) er placeret pa overfladen af et substrat (54), som er fastnet til

mikrokanalen (2).

Apparat ifplge krav 8, hvorved substratet (54) er af PET, glas eller et andet
substrat, der anvendes ved mikrofabrikation, med henblik pa aflejring, for-

dampning eller printning af elektrodematerialer.
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Apparat ifglge et af kravene 1-9, hvorved mikro-rheometeret (1) er indrettet
med henblik pa analyse af biologiske prgveemner og er af biokompatible ma-

terialer.

Apparat ifplge et af kravene 1-10, hvorved mikro-rheometeret (1) er indrettet

til at male fluidummets (7) viskositet.

Fremgangsmade til maling af rheologiske egenskaber for Newtonske og ikke-

Newtonske fluida, omfattende:

- Indsprgjtning, ved et bestemt tryk, af et fluidum (7) 1 mikro-rheometeret
(1) 1et apparat ifglge et af kravene 1-11;

- detektering af tidspunktet for den elektroniske kontaktdannelse, 1 det elek-
troniske kredslgb, for elektrodeparret (8, 8’), nar fluidummet (7) passerer
forbi;

- bestemmelse, ud fra tidspunktet for den elektroniske kontaktdannelse og
den fysiske placering af elektrodeparrene (8, 8”), af strgmningshastigheden
for fluidummet (7) inden 1 mikrokanalen (2), og

- bestemmelse af de rheologiske egenskaber for fluidummet (7) under an-
vendelse af den erhvervede strgmningshastighed for fluidummet (7),
mikro-rheometerets (1) dimensioner og trykket, hvorved fluidummet (7)

indsprgjtes 1 mikro-rheometeret (1);
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Fig. 11B
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