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A fluid separation structure and a method of manufacturing a fluid separation structure

FIELD OF THE INVENTION

The invention relates to a fluid separation structure.

Moreover, the invention relates to a method of manufacturing a fluid separation
structure.

Beyond this, the invention relates to a method of using a fluid separation

structure for separating components of a fluidic sample.

BACKGROUND OF THE INVENTION

Separation of components (such as biomolecules, for instance DNA) of a
fluidic sample becomes more and more important for medical applications, biochemistry, food
chemistry, etc.

Conventional separation approaches such as gel electrophoresis or capillary
electrophoresis become problematic when being applied to very small volumes of a biological
sample.

Ken-ichi Inatomi et al. (2003) “Electrophoresis of DNA in micro-pillars
fabricated in polydimethylsiloxane”, Microelectronic Engineering, Volume 70, Issue 1, pages
13 to 18 discloses the fabrication of a device containing micro-pillars for separation of DNA.
It is made of polydimethylsiloxane (PDMS) and is manufactured by a replica molding method
using a patterned silicon wafer as a mold. The device has a micro-channel in which 15 ym
pillars are arranged in a hexagonal lattice with 1 um spacing. Electrophoresis of DNA in the
pillars showed that the average speed of DNA migration is dependent on its lengths.

However, a sufficient quality and reproducibility of the manufactured devices
cannot be guaranteed due to the very nature of the fabrication process employed by Ken-ichi
Inatomi et al. (2003). Furthermore, it would be very difficult to manufacture such devices on

an industrial scale, as it will become clear in further sections below.

OBJECT AND SUMMARY OF THE INVENTION
It is an object of the invention to provide a fluid separation structure being
manufacturable with a proper quality.

In order to achieve the object defined above, a fluid separation structure, a
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method of manufacturing a fluid separation structure, and a method of using a fluid separation
structure for separating components of a fluidic sample according to the independent claims
are provided.

According to an exemplary embodiment of the invention, a fluid separation
structure (which may be adapted for separating, for instance by electrophoresis or
dielectrophoresis, different components of a fluidic sample comprising a mix of different
components differing regarding at least one physical parameter such as length) is provided
comprising a substrate and a plurality of nanowires grown on the substrate.

According to another exemplary embodiment of the invention, a method of
manufacturing a fluid separation structure is provided, the method comprising growing a
plurality of nanowires on a substrate.

According to still another exemplary embodiment of the invention, a fluid
separation structure having the above mentioned features may be used for separating different
components/fractions of a fluidic sample.

The term “substrate” may denote any suitable material, such as a
semiconductor, glass, plastic, etc. According to an exemplary embodiment, the term
“substrate” may be used to define generally the elements for layers that underlie and/or overlie
a layer or portions of interest. Also, the substrate may be any other base on which a layer is
formed, for example a semiconductor wafer such as a silicon wafer or silicon chip. A portion
of the substrate on which nanowires are grown may be a two-dimensional (essentially) planar
surface. The substrate surface may be a template for a subsequent growing procedure of the
nanowires. Since the growth of nanowires may be efficiently triggered or spatially controlled
by appropriate materials (for instance iron or nickel spots may catalyze the growth of carbon
nanotubes), an accurate spatial control of growth positions may be accurately defined.

The term “nanowire” may denote a post-like structure having dimensions in the
order of magnitude of several to several thousands of nanometers (and may also cover larger
or smaller dimensions). An array of closely neighboured nanowires may serve as an array of
mechanical barriers for (macro-)molecules of a sample and may therefore serve as a fluid
separation structure, since the barrier-effect of the array is different for differently sized
particles of the fluidic sample. Many different types of nanowires may be used for
embodiments of the invention, including semiconducting nanowires (for instance made of
silicon, germanium, InP, GaN, etc.), metallic nanowires (for instance nickel, platinum, gold),

and nanotubes, particularly carbon nanotubes (intrinsic or doped). Such a nanowire may be an
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oblong nanowire.

The term “oblong nanowire” may denote that the length of the nanowire is
larger, particularly significantly larger, than a dimension perpendicular to the length extension.
In other words, typical nanowires may exhibit aspect ratios (the ratio between length to width)
of more than one, particularly of more than 2, more particularly of more than 5, or up to 1000
or more. For instance, a tubular nanowire may have a length of 50 nm to 70 nm and may have
a diameter of 10 nm.

The term “fluidic sample” may particularly denote any subset of the phases of
matter. Such fluids may include liquids, gases, plasmas and, to some extent, solids, as well as
mixtures thereof. Examples for fluidic samples are DNA containing fluids, blood, interstitial
fluid in subcutaneous tissue, muscle or brain tissue urine or other body fluids. For instance, the
fluidic sample may be a biological substance. Such a substance may comprise proteins,
polypeptides, nucleic acids, DNA strands, etc.

The term “fluid separation structure” may particularly denote any structure that
allows separating different components of a fluidic sample, particularly to separate different
components having different dimensions, for example different lengths. Thus, a fluid
separation structure may also have the capability to move, in a defined manner, particles of a
sample through an array of nanowires under the influence of a force, such as a mechanical
force (for instance pressure or gravitation), an electric force, a magnetic force, etc. When
operating such a fluid separation device, also parameters such as electrical parameters, for
instance an electrical charge, of the different components, may also used for enhancing the
fluid separation capabilities. For example, a distance of pillars of a net of pillars or nanowires
may define a migration speed of particles being transported through such a net under the
influence of an electrical force. Consequently, fractions of the fluidic sample having different
sizes and/or electric properties may then be separated by the different values of their mobility
in the web of nanowires.

According to an exemplary embodiment of the invention, an array of nanowires
may be formed and may be directly grown on the substrate to serve as an arrangement of
defined obstacles having a defined distance from one another, so that the capability of passing
the obstacles (which capabilities depend on the size of the particles to be separated) may be
used as a basis for a separation of different fluid fractions. Particularly, by directly growing the
nanowires on the substrate (without the need to implement molding or lithography

procedures), that is to say by forming the nanowires by a deposition of a structure directly on
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the substrate in a trenchless manner, it may be possible to manufacture robust nanowires that
can be controlled in a spatially accurate manner, particularly by the deposition of specific
catalyst spots on specific portions of the substrate. Therefore, a highly reliable, spatially
accurate and mechanically robust structure may be formed and may be taken as a basis for a
fluid separation application.

Thus, according to an exemplary embodiment of the invention, a patterned
surface is provided for performing separation experiments, particularly for performing DNA
separation.

Conventional techniques for DNA separation are inadequate for the rapidly
growing demand for accurate, versatile, and portable devices for rapid genetic identification.
This limitation arises due to the fact that conventional methods (based on gel or capillary
electrophoresis) are tailored to separate DNA in a narrow size range. Moreover, these
methods are limited to shorter fragments of DNA by the fundamental mesh size of the
separation medium.

According to an exemplary embodiment of the invention, an easier way to
manufacture a patterned and tailored nano-surface is provided that may significantly improve
the performance regarding DNA separation, or in general of biomolecules of interest.

Exemplary embodiments of the invention may have the advantage that
conventional CMOS fabrication techniques may be used. A fabrication scheme is provided
which can be carried out in a simple manner. It may allow for an exact control of the
characteristics of the nano-patterned surface. It may also provide for a possibility to integrate
a pattern surface to any portable device aimed for the point of care use. A wide range of
differently patterned surfaces can be fabricated in one run. Embodiments of the invention may
further provide the opportunity to achieve method parallelism regarding DNA separation.
Furthermore, embodiments of the invention may enable to be coupled to any of existing
detection techniques (for instance fluorescence technique) to perform, for example, DNA
sequencing.

Exemplary embodiments of the invention make use of the fact that the mobility
of DNA molecules and electrophoretic characteristics may depend, among other factors, on
the length of the DNA strain. In view of this recognition, according to an exemplary
embodiment of the invention, a method of manufacturing a semiconductor device is provided
for use in DNA separation by electrophoresis, wherein the device may comprise a

semiconductor body. On the surface of the semiconductor body, at least one first pillar-shaped
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semiconductor region may be formed according to a first mesa structure. At least one second
pillar-shape semiconductor region may be formed according to a second mesa structure.

According to an exemplary embodiment of the invention, a final coating of the
pillar shaped semiconductor region (micropillars) may be performed with any desirable
materials that present hydrophobic or hydrophilic properties that can be tailored to increase
the device performance. Furthermore, patterning the surface is possible, wherein such a
patterning may particularly allow defining hydrophobic and hydrophilic regions, thereby
defining a route of the molecules along a surface of the fluid separation structure. Thus, a high
performance medical device for molecular medicine applications may be provided.

According to an exemplary embodiment, a manufacturing method for a
patterned device for separating DNA is provided. Nanowires may be grown on a substrate, a
silicon oxide structure may be deposited on the nanowires, and the silicon oxide may be
removed from the tip of the nanowires to expose an upper end portion of the nanowires. The
remaining portion of the silicon oxide structure may serve as a mechanical reinforcement for
the sensitive nanowires, whereas the exposure of the tip may refine the spatial resolution of
the nanowire array.

The provision of nanowires such as nanotubes may allow improving the
robustness of the separation web as compared to molding or lithographical post generation,
since grown nanowires have specifically strong intrinsic chemical binding properties. In
contrast to approaches in which pillars are fabricated using a replica molding method, the
nanowire growing technique according to an exemplary embodiment of the invention may
allow preventing a rapid degradation of the quality of the structure, and may guarantee a
regular patterning. More particularly, the micropillars and possible microfluidic channels may
be fabricated directly on a silicon wafer without the need of fabricating a molding first. This
may allow for an exact control of the dimension due to the fact that no degradation of the
microstructure is produced. In contrast to conventional molding fabrication techniques which
do not enable a possible coating of micropillars and microfluidic channels because of the use
of a single material (such as PDMS), embodiments of the invention provide a method of
fabrication allowing for a final coating of the micropillars with any desirable material that may
have hydrophobic or hydrophilic properties that can be configured to increase the device
performance. Exemplary embodiments of the invention therefore allow for an easy coating
(with hydrophobic or hydrophilic layers) of the nanofeatures. Thus, it is not necessary to

perform coating after having formed the nanofeatures, which may involve limitations regarding
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the smallest size that is possible to achieve. Meanwhile, it is possible to easily perform a
coating of the nanowires directly. According to an exemplary embodiment, it is sufficient that
a single substrate is used, and no transfer from one substrate to another one is necessary, so
that the device may be built up gradually with reasonable effort.

Very small geometric structures may be produced due to the use of nanowires
that may be directly grown on a substrate. Furthermore, the fabrication flow can be easily
integrated together in a standard CMOS procedure that allows for the fabrication of on-chip
electronics at the same time.

Embodiments of the invention may overcome limitations of conventional
systems to perform biomolecular separation and moreover may allow for the potential and
casy fabrication of a fully versatile portable device that can be used in the point of care.

According to an exemplary embodiment, a device may be manufactured which
is based on silicon nanowires that are grown on/in the substrate. By taking this measure, it is
possible to obtain much smaller feature size because it is not necessary to rely on lithography
but on the size of the nanowires themselves that are defined automatically by the process
parameters. This may allow improving drastically the performance regarding a separation of
biomolecules that may be extremely small and thus may increase the performance and
versatility of the device.

Next, further exemplary embodiments of the fluid separation structure will be
explained. However, these embodiments also apply to the method of manufacturing a fluid
separation structure and to the method of use.

The fluid separation structure may comprise a cover structure partially covering
the plurality of nanowires so that a tip of the plurality of nanowires is exposed. To
manufacture such a fluid separation structure, it is possible to first deposit the nanowires on
the substrate, to deposit afterwards the cover structure (for instance made of an electrically
insulating material such as silicon oxide or silicon nitride) on the nanowires, and then to etch a
portion of the cover structure so as to expose the tips of the nanowires. Then, the nanowires
form some kind of carpet serving as mechanical obstacles for DNA molecules or other
biomolecules to be detected. Such molecules have to pass the obstacles when moving along
the array of nanowires, for instance under the influence of an electric force. Such a cover
structure in which the nanowires may be partially embedded may improve the mechanical
stability of the nanowires to thereby allow a use even under harsh conditions.

The plurality of nanowires may be grown to extend vertically from the
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substrate. For instance, it is possible to produce vertically arranged nanowires extending
perpendicular to a main surface of the substrate by a growth, for instance on a catalysts
template. Suitable catalysts for carbon nanotubes may be, for instance, iron or nickel.

The cover structure may partially cover the lateral side walls of the plurality of
nanowires. Thus, the cover structure may give lateral support to the sensitive nanowires,
thereby improving the mechanical stability of the entire fluid separation structure.

The cover structure may partially cover a surface of the substrate between the
plurality of nanowires. Thus, the nanowires may not only be embedded on a stem portion by
the lateral side walls, but may also be covered or embedded in a bottom structure, similar like
a tree being stabilized in the ground. This may allow obtaining a networked nanowire system
that is fixedly connected to the substrate.

The cover structure may comprise an electrically insulating material,
particularly may comprise silicon oxide SiO, (or alternatively silicon nitride, SizNy, or the like),
more particularly may comprise a TEOS silicon oxide material and a High-Density Plasma
(HDP) silicon oxide material. Such a two-component configuration of the cover structure
comprising TEOS and HDP oxide may particularly form a very stable configuration with
materials that are compatible to one another.

The substrate may comprise a semiconductor material, particularly may
comprise one of the group consisting of a group IV semiconductor (such as silicon,
germanium), and a group III-group V semiconductor (such as gallium arsenide). Silicon may
be an appropriate choice, particularly a silicon wafer or a silicon chip, since this may allow
integrating the manufacturing process in the CMOS technology. In such a context, the fluid
separation structure may be configured as a monolithically integrated circuit.

The fluid separation structure may comprise a sample reservoir adapted for
receiving a fluidic sample and to bring the fluidic sample in interaction with the plurality of
particles. Such a sample reservoir may be a reception or a container formed in a manner that a
fluidic sample to be analyzed can be brought in functional contact with the pillar structure, to
thereby achieve a component separation feature.

The fluid separation structure may comprise an electric field generation unit
adapted for generating an electric field for moving charged or polarisable particles of a fluidic
sample along the plurality of nanowires. Such an electric field generation unit may comprise
one or more electrodes that may be provided separately from the substrate or may be

integrated within the substrate. Such electrodes may be operated in accordance with a voltage
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supply unit adapted for applying a particular voltage to the electrodes so that an electric field
may be generated to define a motion path of the particles of the fluidic sample through the
network of nanowires. Thus, under the influence of electrophoresis or dielectrophoresis, the
particles may be moved along a predetermined direction so as to be brought in functional
contact with the pillars. In accordance with the dimension of the different fractions of the
fluidic sample, these will be capable to pass the pillar structure essentially without interference,
or to be retained mechanically by the pillars. Therefore, the fluid may be separated into
different fractions, in dependence of the size and other parameters such as an electric charge.
This may be particularly advantageous for separating different fractions of a biochemical
solution having a plurality of components, such as different DNA. Therefore, the structure
may not only be used for fluid separation, but also for purification (for instance for isolating
proteins from other components of a cell liquid), since different fractions may be separated
from one another and may be, subsequently, treated independently from one another.

The fluid separation structure may further comprise a detection unit,
particularly a fluorescence detection unit, adapted for detecting at least one fraction of
particles of a fluidic sample separated from at least one further fraction of particles of a fluidic
sample. Due to the different mobility of fractions having differently sized particles, the fluidic
sample will be separated in a plurality of fractions that may subsequently pass a detection area.
In this detection area, an electromagnetic radiation generator may be provided, for instance a
light source, to provide excitation light to excite fractions of the particles or labels (such as
fluorescence labels) attached thereto. In accordance with the presence of specific particles
(and therefore specific labels) the light absorption, reflection and/or fluorescence properties
may change when different fractions are in the focus of the detection unit. By taking this
measure, a detection of individual fractions may be performed efficiently.

The plurality of nanowires may be arranged to form a two-dimensional array of
nanowires. For instance, the nanowires may be arranged in rows and columns so as to form a
matrix-like configuration.

Particularly, the two-dimensional array of nanowires may comprise a plurality
of portions. A distance between adjacent nanowires differs in different ones of the plurality of
portions. In other words, the mesh width may be different in different portions, so that
portions with a high density of pillars may be provided next to a portion having a lower
density of the pillars. By taking this measure, the separation functionality may be further

refined.
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The plurality of nanowires may be grown on a planar surface of the substrate,
particularly may be grown on catalyst spots provided on the substrate. Therefore, an
arrangement of catalyst spots or locations may first be defined on the fluid separation
structure. Then, for instance by CVD (chemical vapour deposition), carbon nanotubes may be
formed specifically on these spots. Therefore, the spatial definition of the pillar structure may
be provided with high accuracy. However, it is also possible to define recesses in the substrate
(which may or may not be provided with a catalyst material) and to start the growing
procedure in the recesses.

A height of the plurality of nanowires may be less than or equal to 50 pum,
particularly may be in a range between 5 pm and 50 um. By such a pillar length, a powerful
separation of components of a fluidic sample is possible even under the presence of very small
sample volumes, making the device appropriate for many applications.

A diameter of the nanowires may be less than or equal to 100 nm, particularly
may be less than 20 nm, more particularly may be less than 10 nm.

A distance between adjacent ones of the plurality of nanowires may be less than
or equal to 2 pm, particularly may be in a range between 100 nm and 2 um. This range has
turned out to be highly appropriate for fluid separation of DNA, proteins, etc., since the
dimension of such biomolecules fits properly with the range of distances between the
nanowires to enable an efficient fluid separation.

The fluid separation structure may comprise at least one of the group consisting
of a measurement apparatus, a fluid separation apparatus, a DNA separation apparatus, an
electrophoresis apparatus, a biosensor, a lab-on-chip, a medical device, a portable device, a
fluid purification system, and a life science apparatus. Thus, the fluid separation structure may
be applied in any field in which the separation of different molecular structures is needed.

Thus, according to an exemplary embodiment, a fluid separation structure for
separating DNA components of a fluidic sample by electrophoresis may be provided with an
efficient separation medium formed by an array of nanowires.

For any method step, any conventional procedure as known from
semiconductor technology may be implemented. Forming layers or components may include
deposition techniques like CVD (chemical vapour deposition), PECVD (plasma enhanced
chemical vapour deposition), ALD (atomic layer deposition), or sputtering. Removing layers
or components may include etching techniques like wet etching, vapour etching, etc., as well

as patterning techniques like optical lithography, UV lithography, electron beam lithography,
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Embodiments of the invention are not bound to specific materials, so that many
different materials may be used. For conductive fluid separation structures, it may be possible
to use metallization fluid separation structures, silicide fluid separation structures or
polysilicon fluid separation structures. For semiconductor regions or components, crystalline
silicon may be used. For insulating portions, silicon oxide or silicon nitride may be used.

The fluid separation structure may be formed on a purely crystalline silicon
wafer or on an SOI wafer (Silicon On Insulator).

Any process technologies like CMOS, BIPOLAR, and BICMOS may be
implemented.

The aspects defined above and further aspects of the invention are apparent
from the examples of embodiment to be described hereinafter and are explained with reference

to these examples of embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail hereinafter with reference to
examples of embodiment but to which the invention is not limited.

Fig. 1 illustrates a fluid separation apparatus according to an exemplary
embodiment of the invention.

Fig. 2 to Fig. 4 illustrate examples of patterned surfaces of silicon nanopillars
with different pitches that can be used for separation of DNA.

Fig. 5 to Fig. 7 illustrate a procedure of fabricating a fluid separation apparatus
according to an exemplary embodiment of the invention.

Fig. 8 to Fig. 10 illustrate fluid separation devices according to exemplary

embodiments of the invention.

DESCRIPTION OF EMBODIMENTS

The illustration in the drawing is schematical. In different drawings, similar or
identical elements are provided with the same reference signs.

In the following, referring to Fig. 1, a fluid separation apparatus 100 according
to an exemplary embodiment of the invention will be explained.

The fluid separation apparatus 100 comprises a silicon substrate 101 such as a

silicon wafer. A plurality of nanowires 102 are vertically grown in rows and columns, that is to
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say in a two-dimensional configuration, on a surface of the substrate 101, more particularly on
catalyst spots 103 which have previously been formed by a deposition technique on a surface
of the substrate 101.

As can be taken from Fig. 1, a sample reservoir 104 is defined by the main
surface of the substrate 101 as well as by lateral sidewalls 105 delimiting the structure.

Fig. 1 schematically illustrates a pipette 110 having a capillary 111 and a fluidic
sample 112 filled in the capillary 111. By manually actuating a rubber actuator 113, the fluidic
sample 112 may be injected into the reservoir 104 for subsequent separation of the
components of the fluidic sample 112. As an alternative to a pipette 110, the fluidic sample
112 may also be delivered in the sample reservoir 104 using a fluid supply system including
fluid channels that may for instance be formed in the substrate 101.

The fluid separation apparatus 100 further comprises a control unit 106 such as
a CPU (central processing unit) or a microprocessor. The CPU 106 may, for instance, serve as
a voltage supply unit for supplying electric voltages to a first electrode 107 and to a second
electrode 108 which are, in the present embodiment, integrated in a surface portion of the
silicon substrate 101. According to other embodiments, the electrodes 107, 108 are provided
apart from the substrate 101 (for instance may be located on inner surface portions of the
walls 105). By applying appropriate voltages or electric potentials to the electrodes 107, 108,
an electric field 130 may be generated within the fluid reservoir 104 so as to move electrically
charged or polarisable particles along the array of the nanowires 102 (for instance from left to
right).

Furthermore, a light source 115 (for instance a light emitting diode or a laser)
and a light detector 109 are provided which can be also under the control of the control unit
106. The light source 115 may emit a light beam (which may be spatially delimited by an
aperture 109) onto a surface of the substrate 101 at which the fractions of the fluidic sample
112 have passed the main way between the electrodes 107, 108, and are therefore separated.
In such a surface portion of the substrate 101, an interaction between the light beam emitted
by the light source 115 and (optional fluorescence labels attached to) particles of the fluidic
sample 112 may occur. Thus, fluorescence light of a specific wavelength may be reemitted by
the particles (or by their labels) of a specific fraction and may be detected by the detector 109
such as a photodiode or a CCD array. Therefore, the presence/absence and/or concentration
of a specific fraction of the particles may be measured by the intensity of the light received by
the detection unit 109. Such a detection signal may be transmitted to the CPU 106 for further
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evaluation or for output to a user.

As can be taken from Fig. 1, a diameter “d” of the nanowires may be in the
order of magnitude of some 10 nm, whereas a length L of the nanowires 102 may be much
larger than d, for instance may be 15 um. Therefore, the nanowires 102 may be oblong
nanowires having an aspect ratio which is significantly larger than one.

Furthermore, as can be taken from Fig. 1, an input/output unit 120 is provided
which is bidirectionally coupled to the CPU 106. Via the input/output unit 120, a user may
input commands or may receive results of a detection experiment. Thus, the input/output unit
120 may comprise a display unit such as an LCD display, and may comprise input elements
such as a button, a keypad, a joystick, or even a microphone of a voice recognition system.

Fig. 2 to Fig. 4 show images 200, 300 and 400, respectively illustrating
patterned and tailored DNA separation surfaces. These have been fabricated on a silicon
substrate.

More particularly, Fig. 2 to Fig. 4 show examples of tailored patterned surfaces
of silicon nanopillars with different pitches that can be properly used for separation of DNA.
Fig. 2 shows an example of a wide pitch between silicon pillars, having a distance of
approximately 2 um.

Fig. 3 illustrates an example with a wider pitch than Fig. 2.

Fig. 4 shows an example of a narrow pitch pattern surface, with a distance in
the order of magnitude of 100 nm.

In the following, referring to Fig. 5 to Fig. 7, a method of manufacturing a fluid
separation structure according to an exemplary embodiment of the invention will be explained.

As can be taken from Fig. 5, growing nanowires 102 on a surface of a silicon
substrate 101 forms a layer sequence 500. In other words, in Fig. 5, the nanowires 102 can be
grown and dry etched using a conventional method.

As can be taken from Fig. 6 showing a layer sequence 600, a TEOS layer
(Tetra Ethyl Ortho Silicate) 601 is uniformly deposited on the layer sequence 500. This TEOS
layer 601 is a silicon oxide layer. In other words, a thin layer 601 of silicon oxide is deposited
using CVD (chemical vapour deposition) and TEOS (Tetra Ethyl Ortho Silicate) as source
material. In the described example, the layer 601 is 10 nm thick, and this thickness is
substantially the same at every location. The function of this layer 601 is to form an anchor
and a protective shield for the thin pillars 102 against sputtering in a subsequent deposition

process of an insulating layer 602 of, again, silicon dioxide (SiO).
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However, the deposition is now performed using a High-Density Plasma
deposition. In this process, a simultaneous deposition and sputtering takes place, the
deposition prevailing. Such a specific deposition process has a self-planarizing property, since
the thickness of the insulating layer 602 is thinner on top of the pillars 102 than in the
bordering regions. In this example, the thickness on top of the pillars 102 may be about 100
nm. Typical for the deposition process used is also that a tapering 603 is obtained in the
insulating layer 602 alongside the pillar 102, corresponding with a, for instance, 45° side wall
angle. In Fig. 6, a thin layer 601 of TEOS is deposited on the nanowires 102 array followed by
a High-Density Plasma (HDP) oxide 602 deposition.

Next, see a layer sequence 700 shown in Fig. 7, parts of the insulating layer 601
and of the further insulating layer 602 on top of the pillar 102 are removed by an etching
procedure that is selective towards silicon and comprises in this example an etching on the
basis of hydrogen fluoride, possibly buffered. The etching may be done on a time base using a
known etching rate.

By taking this measure, tips 701 of the nanowires 102 are exposed. In Fig. 7,
the tips 701 of the nanowires 102 are exposed after an etch-back-step removing silicon oxide
material from the top of the nanowires 102.

Fig. 8A shows a top view of a fluid separation structure 800 according to an
exemplary embodiment of the invention. In particular Fig. 8A shows a fluid separation
structure 800 in which two electrodes 107, 108 can be powered by a current source 801 to
generate an electric field. Under the influence of such an electric field, DNA molecules 803
provided in a buffer solution 802 containing the DNA strains 803 of different lengths may be
transported under the influence of an electric force through the matrix-like array of nanopillars
102. However, in the operation mode of Fig. 8, no ¢electric field is applied to the electrodes
107, 108 so that the DNA molecules 803 do not move under the influence of an electric ficld.

Fig. 8B shows another operation state of the device 800 in which an electric
field has already been applied between the electrodes 107, 108 to set the charge particles 803
in motion. First charged particles 803a are relatively small so that they can easily pass the
spaces between the pillars 102. Second charged particles 803b are larger and are therefore
slower when passing between the pillars 102. Third charged particles 803c are the largest
fraction and therefore the slowest regarding motion.

In Fig. 8A, the electric field generated by the current source 801 is off, wherein
the electric field is on in Fig. 8B. Therefore, in Fig. 8B, the DNA strains 803a to 803c of
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different lengths are sorted out due to the patterned surface of the device 800. Thus, Fig. 8A
and Fig. 8B show an example of the use of the patterned surface in DNA separation by
electrophoresis. In Fig. 8A, the electric field is off and different strains of DNA 803 are loaded
in the buffer solution 802. In Fig. 8B, the clectric field is on and the DNA fragments 803a to
803c are separated according to their mobilities with respect to the geometrical parameters.

The mobility of DNA depends among other factors on the length of the DNA
strains. According to an exemplary embodiment of the invention, the migration speed of DNA
is effected by the pillar size and spacing. Since embodiments of the invention allow for the
appropriate adjustment of such geometrical parameters, it is also possible to extend the
separation range of DNA lengths as compared to conventional separation techniques.

Fig. 10 shows a fluid separation device 1000 according to another exemplary
embodiment of the invention. The device 1000 is adapted for a massive separation parallelism.

In the embodiment of Fig. 10, a two-dimensional array of nanowires 1001 to
1004 comprises first to fourth portions 1005 to 1008. A distance between adjacent nanowires
1001 to 1004 in different ones of the plurality of portions 1005 to 1008 are different (at least a
distance in a direction perpendicular to a motion direction of the sample between the
electrodes 107, 108). Moreover, a diameter of nanowires 1001 to 1004 in different ones of the
plurality of portions 1005 to 1008 is different.

Therefore, the first portion 1005 comprises nanowires 1001 having a very large
diameter and a very large difference from one another. In the second portion 1006, nanowires
1002 have a smaller diameter and a smaller distance from one another. In a third portion
10007, nanowires 1003 have a further reduced diameter. In a fourth portion 1008, nanowires
1004 have a further reduced diameter.

Therefore, in the device 1000, the surface of the separation device 1000 can be
composed of several sections 1005 to 1008 wherein any of geometry parameters can be
changed according to user needs.

Finally, it should be noted that the above-mentioned embodiments illustrate
rather than limit the invention, and that those skilled in the art will be capable of designing
many alternative embodiments without departing from the scope of the invention as defined by
the appended claims. In the claims, any reference signs placed in parentheses shall not be
construed as limiting the claims. The word "comprising" and "comprises”, and the like, does
not exclude the presence of elements or steps other than those listed in any claim or the

specification as a whole. The singular reference of an element does not exclude the plural



WO 2008/126064 PCT/IB2008/051479
-15 -
reference of such elements and vice-versa. In a device claim enumerating several means,
several of these means may be embodied by one and the same item of software or hardware.
The mere fact that certain measures are recited in mutually different dependent claims does

not indicate that a combination of these measures cannot be used to advantage.
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CLAIMS:
1. A fluid separation structure (100), the fluid separation structure (100)
comprising
a substrate (101);
a plurality of nanowires (102) grown on the substrate (101).
2. The fluid separation structure (100) according to claim 1, wherein the plurality

of nanowires (102) are grown to extend essentially vertically relative to a surface plane of the

substrate (101).

3. The fluid separation structure (700) according to claim 1, comprising a cover

structure (601, 602) covering the plurality of nanowires (102).

4. The fluid separation structure (700) according to claim 1, comprising a cover
structure (601, 602) partially covering the plurality of nanowires (102) so that a tip (701) of

the plurality of nanowires (102) is exposed.

5. The fluid separation structure (700) according to claim 4, wherein the cover
structure (601, 602) is arranged to partially cover lateral side walls of the plurality of

nanowires (102).

6. The fluid separation structure (700) according to claim 4, wherein the cover
structure (601, 602) is arranged to partially cover a surface of the substrate (101) between the

plurality of nanowires (102).

7. The fluid separation structure (700) according to claim 4, wherein the cover
structure (601, 602) comprises an electrically insulating material, particularly comprises silicon
oxide, more particularly comprises a Tetra Ethyl Ortho Silicate silicon oxide material and a

High-Density Plasma silicon oxide material.
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8. The fluid separation structure (100) according to claim 1, wherein the substrate
(101) comprises a semiconductor material, particularly comprises one of the group consisting

of a group IV semiconductor, and a group IlI-group V semiconductor.

9. The fluid separation structure (100) according to claim 1, comprising a sample
reservoir (104) adapted for holding a fluidic sample (112) and to bring the fluidic sample (112)

in interaction with the plurality of nanowires (102).

10. The fluid separation structure (100) according to claim 1, comprising an
electric field generation unit (106 to 108) adapted for generating an electric field for effecting
an electric force to charged or polarisable particles of a fluidic sample (112) to thereby move
the charged or polarisable particles along the plurality of nanowires (102) on the substrate

(101).

11. The fluid separation structure (100) according to claim 1, comprising a
detection unit (115, 109), particularly a fluorescence detection unit, adapted for detecting at
least one fraction of particles of a fluidic sample (112) separated from at least one further

fraction of particles of the fluidic sample (112).

12. The fluid separation structure (100) according to claim 1, wherein the plurality
of nanowires (102) is arranged to form a two dimensional array of nanowires (102) in a

surface plane of the substrate (101).

13. The fluid separation structure (1000) according to claim 12,
wherein the two dimensional array of nanowires (1001 to 1004)
comprises a plurality of portions (1005 to 1008) in the surface plane of the substrate (101),
wherein a distance between adjacent nanowires (1001 to 1004) differs

for different ones of the plurality of portions (1005 to 1008).

14. The fluid separation structure (1000) according to claim 12,
wherein the two dimensional array of nanowires (1001 to 1004)
comprises a plurality of portions (1005 to 1008) in the surface plane of the substrate (101),

wherein a diameter of the nanowires (1001 to 1004) differs for
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different ones of the plurality of portions (1005 to 1008).

15. The fluid separation structure (100) according to claim 1, wherein the plurality
of nanowires (102) are grown on a planar surface of the substrate (101), particularly are

grown on catalyst spots (103) provided on the substrate (101).

16. The fluid separation structure (100) according to claim 1, wherein a distance
(D) between adjacent ones of the plurality of nanowires (102) is less than or equal to 2 pum,

particularly is in a range between 100 nm and 2 pum.

17. The fluid separation structure (100) according to claim 1, adapted as at least
one of the group consisting of a measurement apparatus, a biochemical sample separation
apparatus, a DNA separation apparatus, an electrophoresis apparatus, a biosensor, a lab-on-
chip, a medical device, a portable device, a sample purification system, and a life science

apparatus.

18. The fluid separation structure (100) according to claim 1, wherein the plurality
of nanowires (102) comprises one of the group consisting of a semiconductor nanowire, a

carbon nanotube, a silicon nanowire, and a group IlI-group V nanowire.

19. A method of manufacturing a fluid separation structure (100), the method
comprising

growing a plurality of nanowires (102) on a substrate (101).

20. The method of claim 19, comprising
forming a cover structure (601, 602) covering the plurality of nanowires (102);
exposing a tip (701) of the plurality of nanowires (102) by removing a part of
the cover structure (601, 602).

21. A method of using a fluid separation structure (100) of claim 1 for separating

components of a fluidic sample (112).

22. The method of claim 21, comprising using the fluid separation structure (100)
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for separating components of a fluidic sample (112) by electrophoresis.

23. The method of claim 21, comprising using the fluid separation structure (100)

for separating DNA components of a fluidic sample (112).

24, The method of claim 21, comprising using the fluid separation structure (100)

for separating protein components of a fluidic sample (112).
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