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Description

[0001] The present application relates to microparticles, in particular silicon microparticles, and a method for coating
these.

Introduction

[0002] Several publications (for example European Patent EP1276555B1) describe the fabrication of microparticles,
notably silicon microparticles, using wafer based microfabrication techniques. Biological probes, such as antibodies or
nucleic acids, can then be attached to those microparticles using techniques known in the art and the microparticles can
then subsequently be used for the detection of target analytes in a sample.
[0003] However, when attaching fluorescent probes (typically ssDNA probes labelled with FAM fluorophore at the 5’
end) on the surface of silicon microparticles and performing subsequently hybridization assays with complementary
targets labelled with Cy5 fluorophore did not reveal any fluorescence signal neither on the FAM channel before hybrid-
ization or on the Cy5 channel after hybridization.
[0004] After investigation, this appeared to be caused by destructive light interference occurring right at the surface
of the partially reflective silicon microparticles. This phenomenon is described in several scientific publications (Bras,
M., et al., Optimisation of a silicon/silicon dioxide substrate for a fluorescence DNA microarray. Biosensors & bioelec-
tronics, 2004. 20(4): p. 797-806; Volle, J.N., et al., Enhanced sensitivity detection of protein immobilization by fluorescent
interference on oxidized silicon. Biosensors and Bioelectronics, 2003. 19(5): p. 457-464). The same phenomenon would
be observed to some extent on any material that is reflective.
[0005] The scientific publications mentioned above suggest the addition of an oxide layer at optimized thickness to
move the fluorophores away from the surface and reverse this effect into a constructive light interference which reveals
and potentially amplifies the fluorescence signal. A similar method, i.e. the addition of a transparent layer (silicon dioxide,
silicon nitride, or others) with the proper thickness, could be applied to other materials than silicon as a substrate.
[0006] The reflection coefficient of a polished silicon wafer (or SOI (silicon-on-insulator) wafer) is about 35-40 % in
the 500-700 nm wavelength range. This means that significant light interference occurs in this range, which includes
the common fluorescent labels such as FAM, Cy3, and Cy5. The interference effect is dependent on the thickness of
the layer (oxide in this case) that separates the fluorescent labels from the reflective surface of the silicon. In particular
cases the interference can completely anneal the fluorescent signal while it can strongly enhance the signal in other
cases. The interference can be either destructive or constructive, as function of the thickness of the layer, of the refractive
index of the layer, of the wavelength of the light, and of its angle of incidence. For instance, at quasi normal incidence,
constructive light interference of a light beam reflected specularly by a substrate is maximal at the position of the
electromagnetic field "anti-nodes" which are located periodically at distances dan = (2k+1))λeff/4 from the substrate; k is
a positive integer and λeff is the wavelength of light in the propagation medium. Thus, for k = 0, dan = λeff/4 = λCy5/noxide/4
= 654/1.45/4 = 113 nm for the common Cy5 fluorescent label, where λcy5 is the mean value between the absorbance
peak and the emission peak and where noxide is the refractive index of silicon dioxide. Thus, in order to achieve maximal
constructive light interference, the layer needs to have a thickness of ca. 113 nm. The same reasoning applies to any
other fluorescent label.
[0007] The scientific publications referenced above describe methods to add an oxide layer on top of the silicon
substrates. However, those methods are only applicable to large substrates that can be handled easily and that are
already in their final format. For small microparticles in the micron range, typically from 1 to 300 micron, such as those
that are contemplated herein, these methods are not readily applicable. Typically, such small microparticles are handled
"in batch" as a powder, in suspension or temporarily tethered to larger substrates and the methods disclosed in the art
do not teach how to perform the required steps in such conditions.
[0008] The fabrication of microparticles by using wafer-based microfabrication techniques is well known in the art.
These techniques typically make use of particular wafers (SOI wafers) that have an insulator layer. The microparticles
can be structured in the top device layer and then released by etching away the buried insulator layer. For example,
WO 2009/014848, WO 07/081410, GB2306484, US2003/203390, EP 1 018 365 and EP 2 113 301 describe the fabrication
of various types of (generally encoded) microparticles with various shapes and structures.
[0009] However, there is a need in the art for fabrication techniques providing for the addition of an essentially trans-
parent layer that would contribute to the construction of a positive interference as described above. The problem of
adding a transparent layer is particularly challenging when the material constituting this transparent layer is the same
as the material used as the insulator layer (buried insulator layer in SOI wafer) because such additional layer would be
partially or totally removed when etching away the insulator, typically in solution or in vapor of HF (hydrofluoric acid
solution).
[0010] A possible way to overcome this problem and to perform the coating of those microparticles could be the use
of conventional suspension techniques. Yet, there is no known method that would allow achieving a coating with a layer
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that has the required thickness and the required regularity/repeatability. Indeed, an irregular or a different thickness at
each batch would result in irregular or different fluorescent signals readouts at each time, for the same amount of attached
fluorophores (i.e. the same amount of labeled targets being captured), which renders quantization difficult or impossible.
For example, a thin oxide layer of a few nanometers, typically 3 nm, as obtained when oxidizing the microparticles in
piranha solution (mixture of sulfuric acid H2SO4 and hydrogen peroxide H2O2 in typical ratio of 3:1), would prevent any
fluorescence readout perpendicular to the microparticles by producing destructive light interference. Another example
is the formation of a thin silica (silicon dioxide) shell around the microparticles using a sol-gel method similar to silica
coating of nanoparticles (Graf C, Vossen DLJ, Imhof A, van Blaaderen A. A General Method To Coat Colloidal Particles
with Silica. Langmuir. 2003;19(17):6693-6700) but does not provide a controlled and homogeneous layer and does not
achieve required thickness of approx. 100 nm. The sol-gel process, also known as chemical solution deposition, is a
wet-chemical technique widely used in the fields of materials science used primarily for the fabrication of materials
(typically an oxide) starting from a chemical solution (or sol) that acts as the precursor for an integrated network (or gel)
of either discrete particles or network polymers.
[0011] Polymer layers instead of an oxide layer may also be considered but, here again, it becomes difficult to get
layers with the required thickness (above 100 nm) and homogeneity.
[0012] There is therefore a need in the art for a method that allows the production of microparticles with a layer,
preferably a transparent layer, more preferably an oxide layer, on their surface having the required thickness and reg-
ularity/repeatability.

Summary of the invention

[0013] The invention presents a novel wafer-based microfabrication process for producing planar microparticles that
are suitable for optical readout of fluorescence signal present on the surface of the microparticles. The microfabrication
of the microparticles is based on standard processes routinely run in cleanroom facilities such as silicon or MEMS (micro-
electro-mechanical-systems) foundries. The processes are combined to an innovative method for the production of
microparticles with a thin film layer deposited on one surface and their circumference and takes advantage of an unex-
pected behavior during an etching process step.
[0014] Thus, in a first aspect, the invention provides a method for producing microcarriers suitable for fluorescent
assays, comprising the steps of

(a) Providing a wafer having a sandwich structure comprising a bottom layer, an insulator layer and a top layer;

(b) Etching the top layer to delineate microparticles;

(c) Etching away the insulator layer (pre-release of the microparticles);

(d) Depositing a thin film layer on the wafer still holding the microparticles; and

(e) Lifting-off the microparticles from the wafer.

[0015] When performing a fluorescence based assay and exposing such microparticles and/or microcarriers to fluo-
rescent imaging, the surface and circumference being covered with the additional layer will give a fluorescence signal,
whereas no fluorescence signal will be observable on the surface not being covered with the layer, by using conventional
fluorescence microscopy.

Figures

[0016] The invention will be better understood and objects other than those set forth above will become apparent when
consideration is given to the following detailed description thereof. Such description makes reference to the annexed
drawings, wherein:

Figure 1 depicts an exemplary 6-steps microfabrication process flow according to the instant invention. The left row
shows a cross-sectional view, whereas the right row shows a top view of a microparticle during the six different
steps of the fabrication process described herein. bottom layer 3; buried layer (or insulator layer) 2, top layer 1,
photosensitive resist layer 4, hole traversing the microparticle as part of a code 5, thin film layer 6.

Figure 2 shows a graphical representation of the fluorescence read-out with varying oxide thickness (Fluorescence
intensity read-out minus the background fluorescence).
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Figure 3 shows a Fluorescence analysis across the surface of FITC labelled silicon microparticle. In this embodiment,
the microcarriers are encoded and the code (holes) can be clearly distinguished from the graph.

Figure 4 illustrates various examples of microparticles with the form of a wafer. The front face 7 has the form of a
disk (top), of a quadrate (bottom) or an octagon (middle).

Figure 5 shows a SEM image of microparticle coated with a thin and inhomogeneous silica layer from sol-gel process.
The image shows a speckled surface of the coating.

Figure 6 shows a fluorescent image of microparticles coated with silica layer using layer-by-layer sol-gel process
and functionalized with Cy5 labeled DNA sequences. The fluorescent signals show large variability in intensities
and surface homogeneities within and across microparticles.

Detailed description of the invention

[0017] Within the scope of the present invention, the following definitions apply: ’Functionalized’ or ’biofunctionalized’
refers to a carrier or microcarrier having one or more, but preferably one, type of ligand attached to its surface, which
may serve as capturing or receptor molecule for a given target molecule (analyte). The term ’molecule’ is to be understood
broadly and may well include several molecules, particles or cells. For example, the target ’molecule’ may be a virus
particle and/or the capturing ’molecule’ (ligand) may be a group of antigen-binding fragments. In another example, the
target ’molecule’ may be a nucleic acid such as a, DNA, a RNA or ssDNA fragment and the capturing ’molecule’ another
nucleic acid such as a DNA, RNA or ssDNA fragment that is designed to hybridize with the former. It may also be that
for specifically capturing one target molecule different capturing molecules are necessary. Within the scope of the present
invention, the mentioned examples will qualify as a ’capturing molecule’ or ’target molecule’, respectively. Ligands and
target molecules may be natural, synthetic or semi-synthetic.
The term ’function’ refers to the ability to bind and/or react with a given target molecule and does hence refer to the
presence of a specific ligand.
The terms ’ligand’, ’capturing molecule’ and ’receptor molecule’ are used herein synonymously. The same applies to
the terms ’target molecule’ and ’analyte’.
’Microparticles’ refer to any type of particles microscopic in size, typically with the largest dimension being from 100 nm
to 300 micrometers, preferably from 1 mm to 200 mm. The microparticles may be of any shapes and sizes. Preferably,
the microparticles have the form of a wafer which means that their height is notably smaller (e.g. by at least a factor of
two) than both their width and their length and that they have two essentially parallel and essentially flat surfaces at the
top and at the bottom.
’Microcarriers’ as used herein are microparticles which are functionalized in order to analyze and/or to react with an
analyte in a sample. The term "functionalized microcarrier" is used simultaneously herein.
A "wafer-like shape" or a "form of a wafer" refers here to a particular shape of a microparticle where the height is notably
smaller (e.g. by at least a factor of two) than both the width and the length and that microparticle has two essentially
parallel and essentially flat surfaces (front faces) at the top and at the bottom (see figure 4). A "disk-like" shape refers
to a shape in the form of a wafer with a circular front face.
In a first aspect, the invention provides a method for producing microcarriers suitable for fluorescent assays, comprising
the steps of

(a) Providing a wafer having a sandwich structure comprising a bottom layer, an insulator layer and a top layer;
(b) Etching the top layer to delineate microparticles;
(c) Etching away the insulator layer, thereby pre-releasing the microparticles from the wafer;
(d) Depositing a thin film layer on the wafer still holding the microparticles; and
(e) Lifting-off the microparticles from the wafer.

In a preferred embodiment, the bottom and the top layer of the wafer are made of or comprise monocristalline silicone.
Preferably, the wafer is a silicon-on-insulator (SOI) wafer. SOI wafers are commercially available (example of supplier:
ICEMOS TECHNOLOGY LTD, 5 Hannahstown Hill. Belfast). They consists of a sandwich structure of three layers; the
thick bottom layer 3 made of monocristalline silicon, the buried layer (or insulator layer) 2 made of oxide called BOX
(Buried OXide layer), and a top layer 1 called device layer made of monocristalline silicon. The top layer 1 is chemically
identical to the bottom layer 3 except that it is much thinner, typically 1 to 10 micrometers. The typical thickness of the
buried layer 2 ranges from 10 nm to 1 mm. The typical thickness of device layer 1 ranges from 100 mm to 500 mm. The
resolution of this thickness is typically of the order of 100 nm.
[0018] Step (b) may be done by a variety of methods; preferred is photolithography. In a preferred embodiment of the
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described method, step (b) is done by

(i) Coating a photosensitive resist layer onto the top layer of the wafer;
(ii) Delineating microparticles on the photosensitive layer using photolithography techniques;
(iii) Etching the top layer to delineate microparticles; and
(iv) Removing the photosensitive layer.

[0019] The photosensitive resist may be positive or negative photoresist. One example for a positive resist is MICRO-
POSIT S1805 PHOTO RESIST supplied by Shipley Company and one example for a negative photoresist is GM1040
SU-8 PHOTO EPOXY as supplied by Gersteltec Engineering Solutions.
The photosensitive resist layer 4 may be applied onto the wafer by different techniques known in the art, such as spray
coating , or preferably spin coating. Typically, in order to delinate the surface layout 7 of the microparticles, the photo-
sensitive resist 4 is illuminated with UV light through a mask, such as a chrome/glass mask. Open patterns in the mask
corresponding to microparticles layout provide a space-selective UV illumination. Photo initiators react and start polym-
erizing the resist where the photosensitive resist has been space-selectively illuminated. Specific chemistry is then used
to remove unexposed and unreacted resist. The remaining the pattern of hardened resist defines the outer shape of the
microparticles.
In a preferred embodiment herein, the remaining the pattern of hardened photoresist 4 further defines a code. Said code
is preferably in a binary code consisting of the presence of not of hole-like structures 5, more preferably all-through
holes, in the microparticle.
Subsequently, the top layer is etched, see step (iii). This may e.g. be done by deep reactive silicon etching (DRIE), such
as the Bosch process (J.K. Bhardwaj, H. Ashraf, Proc. SPIE, 2639, 224 (1995); A. Schilp, M. Hausner, M. Puech, N.
Launay, H. Karagoezoglu, F. Laermer, Advanced etch tool for high etch rate deep reactive ion etching in silicon mi-
cromachining production environment, Proceeding MST 2001, Dusseldorf) for deep silicon etching based on DRIE (Deep
Reactive Ion Etching; Madou MJ, 2002, Fundamentals of microfabrication, CRC Press).
[0020] Then follows the "pre-release" of the microparticles from the wafer: In step (c) of the method described herein,
the insulator layer 2 is etched away. This is achieved by any suitable chemical or chemico-physical etching method
where the material to be etched away is immersed in a liquid phase of etchant or in a gas phase of etchant respectively.
Preferred is the use of hydrofluoric acid vapor phase etcher (HF VPE). HF evaporates at room temperature and the
etching process starts spontaneously. The etch rate is preferably controlled by the wafer temperature that can be adjusted
from 35°C to 60 °C. It remains a layer consisting of the material of the top layer 1 that is patterned according to the
design given by the mask.
[0021] The insulator layer 2 is used as a sacrificial layer and its removal is meant to release or lift off the microparticles
from the substrate wafer. However, unlike initially expected, the microparticles do not fly off but rather remain attracted
to the substrate wafer, i.e. to the remaining bottom layer 3. All microparticles stay at essentially the same positions as
they were before the insulator layer etching. Without being bound to theory, this unexpected behavior is due to the very
small size, volume, and weight of the microparticles. The forces that keep the particles attached are probably due to
intermolecular and electrostatic interactions and are not yet fully characterized. They allow the manipulation of the wafer
even in an upside-down position, which is key for some upcoming processing steps and allows for a wide range of
cleanroom processes such as deposition of metals, alloys, and oxides for modifying mechanical, optical, thermal, or
magnetic properties of the microparticles, even if they require the wafer to be held upside-down.
[0022] The completion of the release step can e.g. be verified under phase contrast microscopy or DIC (differential
interference contrast) microscopy by observing a random distribution of colors on the microparticles, which indicate
different tilt angles after completed HF vapour release.
[0023] As the microparticles are still bound to the wafer, an additional thin film layer 6 can then be deposited on the
microparticles in step (d). The addition of this thin film layer can be done by using a variety of cleanroom processes so
long as they do not require an acceleration of the wafer or application of forces on the surface such as it would detach
the microparticles. Preferably, processes involving vibrating or spinning the wafer, such as spray-coating or spin-coating
or exerting mechanical forces on bound microparticles such as lamination are to be avoided. Thus, in a preferred
embodiment, thin film deposition of various materials in gas phase such as PECVD, evaporation, or sputtering are used.
[0024] The thin film layer 6 of step (d) is preferably essentially transparent and is preferably of dielectric material, more
preferably an oxide or a nitride, and even more preferably silicon dioxide. However, the method disclosed herein is also
suitable for the deposition of a suitable polymer, such as parylen or a metal (aluminium, chromium, gold, silver and the like).
[0025] For optical modification, the thickness of the layer 6 is of main importance because it will define the light
interference scheme later on during the surface fluorescence readout. The typical thickness is approx. 110 nm when
working with red fluorescence labels. For getting a transparent layer, any dielectric material, such as nitride, may be
used. However, the optimal dielectric thickness would be different because it has to be adjusted for the reflective index
of the propagation medium.
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[0026] The deposition of the thin film layer 6 in step (d) may be done by a number of known methods, such as by
Plasma-enhanced chemical vapor deposition (PECVD), by evaporation or by sputtering (see Madou MJ, 2002, Funda-
mentals of microfabrication, CRC Press). Typical equipments are Oxford Plasmalab System 100, Leybold Optics LAB
600H, and Pfeiffer SPIDER 600 respectively. The thickness of materials deposited during thin-film deposition process
such as PECVD is controlled by the reaction time. Preferably, processes that require an important acceleration of the
wafer such as using vibrations and/or shaking and/or rotation are avoided as the pre-released microparticles may be
detached by the resulting mechanical force. Therefore, deposition methods based on spin-coating should be avoided.
When using a silicon substrate wafer, the deposition temperature is preferably kept as low as possible to prevent the
pre-released silicon microparticles to weld together with the silicon substrate wafer. Typical temperatures are in the
range of room temperature (RT) to 300 °C.
In one embodiment, silicon dioxide is deposited by the PECVD technique. For this purpose, a mixture of gases such as
dichlorosilane or silane and oxygen are used, typically at pressures from a few hundred milliTorr to a few Torr.
In step (e), the microparticles are finally lifted off (i.e. actually released) from the substrate 3. This may e.g. be done by
dipping the wafer into a liquid solution such as acetone under mechanical agitation, such as sonication in water sonication
bath or by vibration. The sonication-based method instantaneously removes the microparticles from the substrate wafer
and transferred to the liquid solution.
The microparticles and/or microcarriers obtained by said method have preferably a substantially flat shape, i.e. are
typically plane. The layout or surface 7 is typically defined by the mask used in the photolithographic process, see above.
Exemplary surface layouts are a disk, a quadrate or an octagon, see figure 4. Most preferable a disk-like shape. Preferably,
their diameter ranges between 1 - 300 mm.
In a preferred embodiment, the microcarrier is encoded, more preferably a digital code, even more preferably an engraved
digital code. Such an engraved digital code may e.g. consist of the presence or not of one or more hole-like structures
5 which preferably traverse the entire thickness of the particle (also termed "all-through holes"). Thus, a set of holes 5
at specific location on a specific microparticle can be interpreted as a binary number which is the code of that microparticle.
The code can be read by simple optics under white light illumination during the decoding step. When used in multiplexed
bioassay for instance, the code of a microparticle is indicative of the unique type of probes that are attached to the
surface of the microparticle.
In another aspect, the invention provides a silicon microparticle and/or a silicon microcarrier obtainable by the method
disclosed herein.
In still another aspect, the invention provides a silicon microparticle and/or a silicon microcarrier having a wafer-like
shape and being coated by a layer of a dielectric material on one surface and on its circumference.
The microcarriers provided herein may be used in biological assays. For this purpose, the microparticles, after being
microfabricated in clean room, are biofunctionalized with one or more capturing probes such as antibodies or ssDNA
sequences and may then be used in biological samples to capture corresponding biomarkers. In fluorescent assays,
the assay is designed in such a way that the capture of biomarkers is revealed through a fluorescence signal that arises
on the surfaces of the microparticles and which can be detected by fluorescence readout. This is done by using methods
known in the art that typically involve the use of fluorescent labels attached to complementary molecules or directly to
the analytes. The microparticles and/or microcarriers are particularly useful in multiplexing assays, e.g. to obtain the
biomarkers profile of a patient. For said purpose, microcarriers with different codes are ideally used.
In one embodiment, the microfabrication process flow contains 6 main steps described as follows and with reference to
figure 1:

1. An initial SOI wafer (typical but not limited to dimensions of 4 inch in diameter, 380 mm thick substrate wafer 3,
1 mm thick of BOX 2, 10 mm of device layer 1) is provided.

2. Spin coating of positive photosensitive resist 4 onto the SOI wafer. Illumination of the photosensitive resist 4 with
UV light through a chrome/glass mask. Open patterns in the chrome layer corresponding to microparticles layout
provide a space-selective UV illumination. Photo initiators react and start polymerizing the resist where the photo-
sensitive resist has been space-selectively illuminated. Specific chemistry is then used to remove unexposed and
unreacted photoresist 4. The remaining the pattern of hardened photoresist 4 defines the outer shape 7 of the
microparticles and, in this particular embodiment, also the digital code. It serves as mask for the next step of silicon
etching, i.e. it prevents the area covered with resist to be etched away.

3. The top silicon layer 1 without protective resist 4 is completely etched away all through the layer using e.g. a well
known Bosch process. The etching stops only when the BOX layer 2 is reached. The resist 4 is then removed in a
wet chemical bath. It remains a clean monocristalline silicon layer 1 that is patterned according to the design of the
microparticles.
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4. This step is the "pre-release" process. The BOX layer 2 is completely etched away e.g. by a hydrofluoric acid
vapor phase etcher (HF VPE). The HF evaporates at room temperature and the etching process starts spontaneously.
The etch rate is controlled by the wafer temperature that can be adjusted from 35°C to 60 °C. The BOX layer 2 is
used as a sacrificial layer and its removal is meant to release or lift off the microparticles from the substrate wafer.
The completion of the HF vapour release can be verified under phase contrast microscopy or DIC (differential
interference contrast) microscopy by observing a random distribution of colors on the microparticles, which indicate
different tilt angles after completed HF vapour release.

5. Taking advantage of the fact that the microparticles are still bound to the wafer, an additional oxide layer 6 such
as silicon dioxide is then deposited on the microparticles. Different types of oxide deposition methods can be used
such as PECVD, evaporation, or sputtering The deposition temperature should be kept as low as possible to prevent
the pre-released silicon microparticles to weld together with the silicon substrate wafer. Typical temperatures are
in the range of room temperature (RT) to 300 °C. For the deposition of silicon dioxide from PECVD technique, a
mixture of gases such as dichlorosilane or silane and oxygen are used, typically at pressures from a few hundred
milliTorr to a few Torr.

6. The microparticles are finally lifted off (i.e. actually released) from the substrate by dipping the wafer into a liquid
solution such as acetone under gentle sonication in water sonication bath. The sonication-based method instanta-
neously removes the microparticles from the substrate wafer and transferred to the liquid solution. The microparticles
are kept in suspension in liquid containers or vessels and let settled down for subsequent recovery. The microparticles
kept in acetone for instance re-disperse very well under mechanical agitation such as short sonication pulse.

Exemplification

Materials

[0027] The starting material of the methods described herein is a SOI (silicon-on-insulator) wafer that is commercially
available (supplier: ICEMOS TECHNOLOGY LTD, 5 Hannahstown Hill. Belfast). The diameter of SOI wafer used in the
microfabrication process flow described herein is 4 inches. Dimensions: 4 inch in diameter, 380 mm thick substrate wafer,
1 mm thick of BOX, 10 mm of device layer.
If not otherwise indicated, the microparticles were prepared according to the procedure outlined for figure 1.
[0028] The microparticles used in the following examples comprise an engraved digital code by means of the presence
or not of all through holes at specific locations, therby constituting a binary code.

Example 1: Bosch process

(see e.g. http://en.wikipedia.org/wiki/Deep_reactive-ion_etching as accessed on October 9, 2009)

[0029] The Bosch process, also known as pulsed or time-multiplexed etching, alternates repeatedly between two
modes to achieve nearly vertical structures.

• A standard, nearly isotropic plasma etch. The plasma contains some ions, which attack the wafer from a nearly
vertical direction. (For silicon, this often uses sulfur hexafluoride [SF6].)

• Deposition of a chemically inert passivation layer. (For instance, C4F8 source gas yields a substance similar to
Teflon.)

[0030] Each phase lasts for several seconds. The passivation layer protects the entire substrate from further chemical
attack and prevents further etching. However, during the etching phase, the directional ions that bombard the substrate
attack the passivation layer at the bottom of the trench (but not along the sides). They collide with it and sputter it off,
exposing the substrate to the chemical etchant.
[0031] These etch/deposit steps are repeated many times over resulting in a large number of very small isotropic etch
steps taking place only at the bottom of the etched pits. To etch through a 0.5 mm silicon wafer, for example, 100-1000
etch/deposit steps are needed. The two-phase process causes the sidewalls to undulate with an amplitude of about
100-500 nm. The cycle time can be adjusted: short cycles yield smoother walls, and long cycles yield a higher etch rate.

Example 2: Oxide deposition

[0032] Two oxide deposition techniques have been tested, PECVD and evaporation. The PECVD technique was
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performed at 100 °C while the evaporation was done at room temperature. Both techniques required high vacuum
environment. Both techniques were characterized with high-magnification SEM (scanning electron microscope) images
in terms of cleanliness and homogeneity of the oxide surface. Then they will be evaluated regarding the coupling
chemistry, the intensity and the homogeneity of fluorescence they provide.
[0033] The thickness can be measured using ellipsometry or reflectometry using equipment such as the specrtro-
reflectometer NanoSpec 6100 instrument present in many cleanroom facilities (see e.g. http://cmi.epfl.ch/metrology/Na-
nospec.php as accessed on October 9, 2009) and commercialized by Nanometrics Inc (http://www.nanometrics.com/).
[0034] The surfaces of a single microparticle after the deposition of oxide (SiO2) by PECVD and evaporation respectively
have been characterized by SEM. The surface obtained by evaporation seems smoother than the one obtained by
PECVD, with a more homogeneous oxide deposition. However, the effects of the surface properties such as oxide
density and roughness have to be evaluated at a later stage of surface biofunctionalization.
[0035] It is very important to highlight that the deposition of oxide on structured and pre-released microparticles (step
5 in figure 1) does not prevent the final lift-off (i.e. actual release) into liquid solution under sonication (step 6 in figure
1). This last step is absolutely not affected by the oxide deposition and behaves as previously, when no oxide was
deposited on the structured microparticles.

Example 3: Influence of oxide thickness on fluorescence readout

[0036] According to literature (Bras, M., et al., Optimisation of a silicon/silicon dioxide substrate for a fluorescence
DNA microarray. Biosensors & bioelectronics, 2004. 20(4): p. 797-806; Volle, J.N., et al., Enhanced sensitivity detection
of protein immobilization by fluorescent interference on oxidized silicon. Biosensors and Bioelectronics, 2003. 19(5): p.
457-464), the fluorescence read-out of biofunctionalized silicon surfaces depends on the oxide layer thickness. To verify
this, the biofunctionalization of amino-modified silicon wafers with different oxide layer thickness was tested with a 5’-
NH2-DNA-3’FAM probe. A hybridization assay was performed on the Si wafer with oxide layer thickness of 100 nm.
[0037] Samples of silicon wafers (and silica beads as a control for the experimental procedure), previously amino-
modified were prepared as described below:

• Sample 1: Plain silicon (untreated)
• Sample 2: Oxidized silicon (piranha)
• Sample 3: HF-etched silicon (0 nm)
• Sample 4: 50 nm
• Sample 5: 100 nm
• Sample 6: 200 nm

[0038] All samples were washed 4 times (1 mL) in borate buffer (pH 8.2, 10 nM of borate and 150 nM of sodium
chloride in pure water). To all samples (supernatant removed) 400 mL of a 10% solution of glutaraldehyde in borate
buffer were added, and samples were agitated at RT for 1 h. After which the silicon fragments and silica beads were
washed 4 times (1 mL) in borate buffer and supernatant removed. Before removing the supernatant of the silica beads
suspension, 200 mL were aliquoted for a Schiff test (Eine neue Reihe organischer Diamine. H. Schiff Justus Liebigs Ann
Chemie 140, 92-137 1866) which resulted positive, as beads turned purple revealing the presence of aldehyde groups.
[0039] Subsequently, 400 mL borate buffer and 10 mL (1 nmol) of 5’ NH2 - DNA - 3’ FAM were added to all supports,
and samples were agitated at RT for 2 h. After which, the silicon fragments and silica beads were washed 4 times (1
mL), resuspended in borate buffer (1 mL) and analyzed by microscopy.

IMAGES:

[0040]

Table 1: Sample fluorescence readout; mean value in arbitrary unit and standard deviation values obtained on acquired 
images.

Sample Fluorescence readout mean value [A. 
U.]

Fluorescent readout std deviation

0 nm 12.779 2.043

50 nm 60.336 8.947

100 nm 160.439 19.971
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[0041] Sample SiO2 100 nm was further incubated with 10 mL of Cy5 labeled DNA target (Match to the immobilised
FAM labelled probe) in 400 mL of SSPE (5x) buffer, to verify if fluorescence would be observed under Cy5 filter. The
same was done for sample Plain Si, for control. The samples were incubated at RT for 5 minutes with agitation, after
which they were washed with SSPE buffer (1 mL) 3 times and analysed under Cy5 filter.

RESULTS:

[0042] The fluorescence results suggest the immobilization of the DNA probe was successful and the highest intensity
was observed for sample SiO2 100 nm, as expected from literature. The Cy5 fluorescence observed after incubation of
this sample with Cy5 match target suggest hybridization took place. There is no non-specific binding of the Cy5- DNA
onto plain Si, as derived from the lack of fluorescence observed.

Example 4: Surface fluorescence readout on single microparticles

[0043] The biofunctionalization of microparticles with fluorescent probes allows for optically characterizing the homo-
geneity of the probe attachment across the surface of a single particle. Figure 3 shows such an optical characterization.
This simple method stands as a quality control at the single-particle level.
[0044] This simple optical characterization technique has great advantages at the single-particle level over the tradi-
tional colorimetric tests (e.g. Kaiser Test, see E. Kaiser, R. L. Colescott, C. D. Bossinger, P. I. Cook, Analytical Biochem-
istry 34 595 (1970)) or spectrometric measurements (e.g. FTIR). First the relative amount of desired functional groups
on a single microparticle can be quantified in terms of fluorescence units, whereas traditional methods can only provide
information on the total amount of functional groups in bulk. Since only the desired groups on the surface can react with
the fluorescence dye, it is less likely to generate false positive results like in the other methods (e.g. due to residue
starting materials in the reaction vessel). By analyzing the fluorescent intensity across the surface of one labelled
microparticle (Figure 3), it was found that the fluorescence is fairly homogenous at the central region.

Example 5: Fluorescent hybridization assay

[0045] The use of suitable microparticle for surface fluorescence readout is demonstrated in a hybridization assay
where a certain type of probes P1 is attached to microparticles of a specific digital code. The biofunctionalized micro-
particles are incubated within a microtube with the targets T1 complementary to PI that have a fluorescent labels. The
microparticles are washed after incubation and an aliquot of the suspension is spread over a microscope slide. The
fluorescence readout is done on a fluorescence inverted microscope. The orientation of the microparticles on the mi-
croscope slide is not controlled by this method which means that some microparticles will be correctly oriented for surface
fluorescence readout (the oxide layer being on the side of observation) while some others will be wrongly oriented (the
oxide layer being on the opposite side of observation).
[0046] Microscopy images have been taken of biofunctionalized microparticles (that are encoded in this embodiment)
with DNA probes that have been reacted with complementary DNA targets in an hybridization assay. Microscopy images
of microparticles under bright light imaging and of the same microparticles under fluorescence imaging have been taken.
[0047] Images taken under bright light show all the microparticles. Images taken under fluorescent light reveal the
microparticles that have reacted with the fluorescent targets.
[0048] The images taken under fluorescence imaging reveal fluorescence signals on the surface of the microparticles
that have reacted with the fluorescent targets and that are in the correct orientation.
[0049] This experiment demonstrates the use of silicon microparticles in multiplexed biological assays such as immu-
noassays or hybridization assays.

(continued)

Sample Fluorescence readout mean value [A. 
U.]

Fluorescent readout std deviation

200 nm 20.856 2.982

Plain Si 11.941 1.822

Oxidized silicon (Piranha) 16.964 2.803
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Example 6: Surface fluorescence readout on single microparticles without oxide

[0050] This section demonstrates the necessity of the additional oxide layer in order to enable the fluorescence readout
on silicon surfaces. The same experiment as described in the example 5 is repeated on microparticles similar to the
previous ones except that they don’t have the additional oxide layer. The same experiment protocol is repeated on those
microparticles.
[0051] Microscopy images have been taken of biofunctionalized microparticles (without oxide layer) with DNA probes
that have been reacted with complementary DNA targets in an hybridization assay.
[0052] Images have been taken of the microparticles under bright light imaging and of the same microparticles under
fluorescent imaging.
[0053] The images taken under bright light show all the microparticles. Taking images under fluorescent, no fluore-
secent signal can be observed due to the destructive light interference effect on the silicon surface No fluorescence
signal is observable because of the lack of oxide layer on the surface of the microparticles. This negative control proves
the need of an additional oxide layer for surface fluorescence readout on silicon microparticles.

Example 7: Layer-by-layer sol-gel deposition of oxide layer around microparticles

[0054] A classical sol-gel treatment was conducted on silicon microparticles in suspension in reaction chamber. 8 mL
EtOH, 2 mL water, 10 mL TEOS ([TEOS]=1g/L), and 500 mL NH4OH 25% is added to the chamber. The reaction is
performed during 1 hour, and washed several times with EtOH solution. A clear decrease of the surface contact angle
after the sol-gel deposition indicates an important formation of silicon oxide at the surface of the solid supports. The
formation of oxide has also been revealed by XPS measurement where a peak corresponding to SiO2 appears clearly
after the sol-gel process.
[0055] Characterization of the silica layer after sol-gel deposition using SEM revealed inhomogeneous and thin layer
with estimated thickness values below 30 nm. These obtained surface properties do not allow for a strong and homo-
geneous fluorescent signal on microparticle surface.
[0056] Alternately and to increase the SiO2 thickness above 30 nm, a sequential approach has been tried, which
alternates sol-gel reactions and functionalization of the surface with amino groups (APTES). The objective is to create
alternatively negative (sol-gel treatment) and positive (APTES treatment) charges, to enhance the affinity of TEOS with
the surface. The method has been tested repeating multiple times the following protocol:

1. Put microparticles in reaction tube. Add 0.8 mL EtOH, 0.2 mL water, 5 mL TEOS ([TEOS]=5g/L), and 50 mL
NH4OH 25%. Let the reaction during 10 minutes. Then wash several times the tube with EtOH.
2. Add 1 mL acetone and 100 mL APTES. Let the reaction during 10 minutes. Then wash several times with acetone.

[0057] The characterization of the silica layer obtained with the sequential approach has revealed layer thickness up
to 80 nm. With 5 treatments applied successively the SiO2 thickness was around 87 nm but still show poor homogeneity
of the surface (see Figure 5). The thickness values obtained with the layer-by-layer sol-gel process are closer to required
values of 100 nm for best efficiency in fluorescent signal readout.

Example 8: Surface fluorescence readout on single microparticles with oxide deposited by Layer-by-layer sol-gel process

[0058] Microparticles coated with silica in sol-gel process have been further derivatized and functionalized with fluo-
rescently-labeled DNA sequences (Cy5) in order to assess the fluorescence readout on their surface. The microparticles
have been observed under a fluorescence microscope through a thin plastic film (approx 150 mm).
[0059] Previous tests have shown that without any SiO2 coating, the signal was very weak and undetectable from
conventional fluorescence microscope. It has also been shown that with only one sol-gel treatment, the signal was too
small due to the low thickness of the coating (< 30 nm). But layer-by-layer sol-gel treatments (thickness around 80 nm)
provided measurable signal intensity (see Figure 6). However the fluorescent signal on the surface of microparticles is
highly inhomogeneous within and across microparticles.
[0060] While there are shown and described presently preferred embodiments and examples of the invention, it is to
be distinctly understood that the invention is not limited thereto but may be otherwise variously embodied and practiced
within the scope of the following claims.

Claims

1. A method for producing microparticles suitable as support for fluorescent assays, comprising the steps of
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(a) providing a wafer having a sandwich structure comprising a bottom layer (3), an insulator layer (2) and a
top layer (1);
(b) etching the top layer (1) to delineate microparticles;
(c) etching away the insulator layer (2);
(d) depositing a layer (6) on the wafer still holding the microparticles avoiding any forces that are capable of
detaching the microparticles; and
(e) lifting-off the microparticles from the wafer,

wherein step (d) occurs after step (c) and before step (e).

2. The method of claim 1, wherein the wafer is a SOI wafer.

3. The method of anyone of the preceding claims, wherein the layer of step (d) is of dielectric material, preferably the
dielectric material is an oxide or a nitride, in particular silicon dioxide.

4. The method according to anyone of claims 1 to 2, wherein the layer (6) of step (d) is of polymer or metal.

5. The method of claim 4, wherein the polymer is parylen.

6. The method of claim 4, wherein the metal is selected from the group consisting of aluminium, chromium, gold and
silver.

7. The method of anyone of the preceding claims, wherein step (b) is done by

(i) spin coating a photosensitive resist layer (4) onto the wafer
(ii) delineating microparticles on the photosensitive resist layer (4) using photolithography techniques, and
(iii) etching the top silicon layer (1).

8. The method of claim 7, wherein step (iii) is done by deep silicon etching.

9. The method of claim 7 or 8, wherein the photosensitive resist layer (4) is negative or positive photoresist.

10. The method of anyone of the preceding claims, wherein the deposition of the dielectric material in step (d) is done
by Plasma-enhanced chemical vapor deposition, by evaporation or by sputtering.

11. The method of anyone of the preceding claims wherein step (e) is performed by sonication.

12. The method of anyone of the preceding claims, further comprising the step of attaching a ligand to the microparticle.

Patentansprüche

1. Ein Verfahren zur Herstellung von Mikropartikeln, geeignet als Träger für fluoreszierende Assays, welches folgende
Schritte umfasst:

(a) Bereitstellen eines Wafers mit einer Sandwich-Struktur, welche eine Unterschicht (3), eine Isolationsschicht
(2) und eine Oberschicht (1) umfasst;
(b) Ätzen der Oberschicht (1), um Mikropartikel abzugrenzen;
(c) Wegätzen der Isolationsschicht (2);
(d) Absetzen einer Schicht (6) auf dem Wafer, welches noch stets die Mikropartikel trägt, wobei alle Kräfte
vermieden werden, die in der Lage sind, die Mikropartikel abzulösen; und
(e) Abheben der Mikropartikel vom Wafer,

wobei Schritt (d) nach Schritt (c) und vor Schritt (e) stattfindet.

2. Das Verfahren nach Anspruch 1, wobei das Wafer ein SOI-Wafer ist.

3. Das Verfahren nach irgendeinem der vorigen Ansprüche, wobei die Schicht aus Schritt (d) aus dielektrischem
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Material besteht, wobei das dielektrische Material bevorzugt ein Oxid oder ein Nitrid ist, insbesondere Siliciumdioxid.

4. Das Verfahren nach irgendeinem der Ansprüche 1 bis 2, wobei die Schicht (6) aus Schritt (d) aus Polymer oder
Metall besteht.

5. Das Verfahren nach Anspruch 4, wobei das Polymer Parylen ist.

6. Das Verfahren nach Anspruch 4, wobei das Metall ausgewählt ist aus der Gruppe bestehend aus Aluminium, Chrom,
Gold und Silber.

7. Das Verfahren nach irgendeinem der vorigen Ansprüche, wobei Schritt (b) erfolgt durch

(i) Rotationsbeschichten einer Fotolackschicht (4) auf das Wafer,
(ii) Abgrenzen von Mikropartikeln auf der Fotolackschicht (4) unter Verwendung von Fotolithografietechniken,
und
(iii) Ätzen der Silicium-Oberschicht (1).

8. Das Verfahren nach Anspruch 7, wobei Schritt (iii) durch Silicium-Tiefätzen ausgeführt wird.

9. Das Verfahren nach Anspruch 7 oder 8, wobei die Fotolackschicht (4) negativer oder positiver Fotolack ist.

10. Das Verfahren nach irgendeinem der vorigen Ansprüche, wobei das Absetzen das dielektrischen Materials in Schritt
(d) durch plasmaunterstützte chemische Gasphasenabscheidung, durch Evaporation oder durch Sputtern ausge-
führt wird.

11. Das Verfahren nach irgendeinem der vorigen Ansprüche, wobei Schritt (e) durch Beschallung ausgeführt wird.

12. Das Verfahren nach irgendeinem der vorigen Ansprüche, welches ferner den Schritt des Befestigens eines Liganden
am Mikropartikel umfasst.

Revendications

1. Procédé de production de microparticules adaptées pour des tests par fluorescence, comprenant les étapes con-
sistant à

(a) fournir une tranche présentant une structure en sandwich comprenant une couche de fond (3), une couche
isolante (2) et une couche supérieure (1) ;
(b) graver la couche supérieure (1) pour délimiter des microparticules ;
(c) éliminer par gravure la couche isolante (2) ;
(d) déposer une couche (6) sur la tranche maintenant encore les microparticules en évitant d’avoir recours à
toute force qui serait capable de détacher les microparticules ; et
(e) décoller les microparticules de la tranche,

dans lequel l’étape (d) a lieu après l’étape (c) et avant l’étape (e).

2. Procédé selon la revendication 1, dans lequel la tranche est une tranche SOI.

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel la couche de l’étape (d) est un matériau
diélectrique, de préférence le matériau diélectrique est un oxyde ou un nitrure, en particulier un dioxyde de silicium.

4. Procédé selon l’une quelconque des revendications 1 à 2, dans lequel la couche (6) de l’étape (d) est composée
de polymère ou de métal.

5. Procédé selon la revendication 4, dans lequel le polymère est du parylène.

6. Procédé selon la revendication 4, dans lequel le métal est sélectionné dans le groupe consistant en de l’aluminium,
du chrome, de l’or ou de l’argent.
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7. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’étape (b) est réalisée par

(i) dépôt centrifuge d’une couche de réserve photosensible (4) sur la tranche
(ii) délimitation des microparticules sur la couche de réserve photosensible (4) en utilisant des techniques de
photolithographie, et
(iii) gravure de la couche de silicium supérieure (1).

8. Procédé selon la revendication 7, dans lequel l’étape (iii) est réalisée par gravure profonde du silicium.

9. Procédé selon la revendication 7 ou 8, dans lequel la couche de réserve photosensible (4) est une réserve photo-
sensible négative ou positive.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel le dépôt du matériau diélectrique
dans l’étape (d) est effectué par dépôt chimique en phase vapeur assisté par plasma, par évaporation ou par
pulvérisation.

11. Procédé selon l’une quelconque des revendications précédentes dans lequel l’étape (e) est effectuée par sonication.

12. Procédé selon l’une quelconque des revendications précédentes, comprenant en outre l’étape consistant à fixer un
ligand à la microparticule.
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