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Voimanilmaisin (100) hydrofobisen naytepinnan (151) kanssa kosketukseen tuodun
jaltai kosketuksesta irrotetun nestepisaran (111) kiinnittymis- ja/tai vastaavasti
irtivetovoiman ilmaisemiseksi kasittda: ilmaisukarjen (101); anturielementin (102),
joka on liitetty ilmaisukarkeen ja joka kykenee iimaisemaan mikronewtonia
pienempid voimia, jotka kohdistuvat ilmaisukdrkeen mittaussuunnassa; ja
pisarankannatuslevyn (104), jossa on ensimmainen paapinta (105) ja hydrofiilinen
toinen paapinta (108), jotka on liitetty yhteen kehalla olevan reunapinnan (107)
valityksell, ja joka on kiinnitetty ensimmaisen paapinnan kautta ilmaisukarkeen
(101) kohtisuorasti mittaussuuntaan ndhden nestepisaran (111) vastaanottamiseksi
ja kannattelemiseksi sen kiinnittyessa toiseen paapintaan; joka pisarankannatuslevy
kasittda sdhkdisesti johtavan pintakerroksen (115), joka pintakerros maarittaa
ensimmaisen ja toisen padpinnan seka kehalla olevan reunapinnan.

A force sensing probe (100) for sensing snap-in and/or pull-off force of a liquid
droplet (111) brought into and/or separated from contact with a hydrophobic sample
surface (151), respectively, comprises: a sensing tip (101); a sensor element (102)
connected to the sensing tip, capable of sensing sub-micronewton forces acting on
the sensing tip in a measurement direction; and a droplet holding plate (104) having
a first main surface (105) and a hydrophilic second main surface (108) connected via
a peripheral edge surface (107), and being attached via the first main surface to the
sensing tip (101) perpendicularly relative to the measurement direction for receiving
and holding a liquid droplet (111) as attached to the second main surface; the droplet
holding plate comprising an electrically conductive surface layer (115), the first and
the second main surfaces and the peripheral edge surface being defined by the
surface layer.
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FORCE SENSING PROBE FOR SURFACE WETTABILITY
CHARACTERIZATION

BACKGROUND

[0001] Wetting properties of surfaces have become of great interest in
various technical fields. For example, superhydrophobic surfaces are seen as
promising solution to produce self-cleaning properties to different kinds of
products. Superhydrophobic surfaces can provide great advantages also, for
example, in microfluidics.

[0002] In developing and studying wetting properties of surfaces for any
purposes, reliable and accurate characterization techniques are needed.
Traditionally, contact angle measurement has been one of the most common
approaches to characterize the wetting properties of a surface. However,
contact angle measurements suffer from decreased reliability especially when
the contact angle exceeds 150°, making them not ideal for characterizing
superhydrophobic surfaces. Further, contact angle measurements are not easily
applicable to investigating wetting properties of non-flat surfaces, or spatial
variations of wetting properties along a surface with high spatial resolution.
[0003] It has been shown that measurements of snap-in and pull-off
forces of liquid droplets brought into and separated from contact of a
hydrophobic surface, respectively, may be used to determine the wetting
properties instead of observing the contact angle. However, feasibility and

reliability of such measurements may greatly depend on the equipment used.

SUMMARY

[0004] This Summary is provided to introduce a selection of concepts in
a simplified form that are further described below in the Detailed Description.
This Summary is not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used to limit the scope of the

claimed subject matter.
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[0005] A force sensing probe is disclosed for sensing snap-in and/or
pull-off force of a liquid droplet brought into and/or separated from contact
with a hydrophobic sample surface, respectively. The force sensing probe
comprises a sensing tip and a sensor element connected to the sensing tip,
capable of sensing sub-micronewton forces acting on the sensing tip in a
measurement direction defined relative to the probe. The force sensing probe
further comprises a droplet holding plate having a first main surface and a
hydrophilic second main surface connected via a peripheral edge surface, and
being attached via the first main surface to the sensing tip perpendicularly
relative to the measurement direction for receiving and holding a liquid droplet
as attached to the second main surface. The droplet holding plate comprises an
electrically conductive surface layer, the first and the second main surfaces and
the peripheral edge surface being defined by the surface layer.

[0006] Disclosed are also an apparatus, use of the apparatus for
measuring snap-in and/or pull-off force, and a method for manufacturing a

force sensing probe for sensing snap-in and/or pull-off force.

DESCRIPTION OF THE DRAWINGS

[0007] The present description will be better understood from the
following detailed description read in light of the accompanying drawings,
wherein:

FIG. 1 illustrates schematically a force sensing probe with a droplet holding
plate for sensing snap-in and/or pull-off forces between a liquid droplet and a
hydrophobic sample surface;

FIGs. 2 and 3 illustrate schematically the droplet holding plate of FIG. 1;

FIGs. 4 and 5 illustrate schematically an apparatus for measuring snap-in
and/or pull-off forces;

FIG. 6 illustrates schematically another apparatus for measuring snap-in and/or

pull-off forces;
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FIGs. 7 and 8 illustrate uses of apparatuses for measuring snap-in and/or pull-
off forces; and
FIGS 9 to 11 illustrate methods for manufacturing force sensing probes and

droplet holding plates thereof.

[0008] The drawings of the FIGs. are not in scale.
DETAILED DESCRIPTION
[0009] The detailed description provided below in connection with the

appended drawings is intended as a description of a number of embodiments,
but it is not intended to represent the only ways in which the embodiments may
be constructed, implemented, or utilized.

[0010] At least some of the embodiments and examples discussed below
may allow, for example, implementing sensing and measuring probes, devices,
apparatuses, devices, systems, and/or processes, for accurately and reliably
measuring snap-in forces of liquid droplets brought into, or pull-off forces of
liquid droplets separated from, contact with a hydrophobic sample surface, or
both snap-in forces and pull-off forces. Some embodiments may enable
measuring such forces even with resolution of nanonewtons. Some
embodiments may also enable measuring such forces at different locations on a
sample surface, thereby allowing mapping the wetting properties of the
hydrophobic sample surface.

[0011] A “hydrophobic” surface refers to a poorly wettable surface with
contact angle of a water droplet formed thereon lying at or above 90 degrees.
In the case of a “superhydrophobic” surface, the contact angle is more than 150
degrees.

[0012] The “contact angle” refers to the angle, through the liquid, in
which the liquid-vapor interface of a liquid droplet on a sample surface meets
the tangential of the sample surface.

[0013] “Snap-in force” refers to incremental force acting on a droplet

holding member holding a liquid droplet thereon when the droplet is brought
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into contact with a hydrophobic sample surface. It thus refers to the force
acting on the droplet holding element at the time the droplet forms a contact
with the sample surface, thus becomes “snapped in” by the sample surface.
The snap-in force is an attracting force directed towards the sample surface.
[0014] “Pull-off force” refers to incremental force acting on a droplet
holding member holding a liquid droplet thereon when the droplet, initially in
contact with a hydrophobic sample surface, is separated from contact with the
sample surface. It thus refers to the force acting on the droplet holding member
at the time the droplet separates from contact with the sample surface, thus
becomes “pulled off” from the sample surface. The pull-off force is a retracting
force directed away from the sample surface. It can alternatively be considered
as referring to ceasing of the attracting force acting on the droplet holding
member via the droplet when it 1s in contact with the sample surface.

[0015] The force sensing probe 100 of FIG. 1 comprises a sensing tip
101, connected to a sensor element 102 which is capable of sensing sub-
micronewton forces, i.e. forces with sensing resolution less than a
micronewton, acting on the sensing tip in a measurement direction M defined
relative to the force sensing probe. The sensing resolution of the sensor
element may lie even in nanonewton range, i.e. it may be tens of nanonewtons
or even less, for example, one or few nanonewtons.

[0016] “Force sensing probe” refers to a device, module, or element by
which a force may be sensed, and which may produce an electrical output
signal dependent of the force, the output signal enabling determining the
magnitude of that force. Said determination may take place in the force sensing
probe itself, or elsewhere in an apparatus in which the force sensing probe is
incorporated, or to which the force sensing probe is connected. The
determination of the magnitude of the force may also take place in another
device or apparatus. The entire process until determination of the magnitude of

the force may be considered as “measuring” the force.
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[0017] “Sensor element” of a force sensing probe refers to an element
capable of, possibly provided that the sensor element is connected to
appropriate electronics, producing a primary electrical signal depending on a
force acting on the sensing tip of the force sensing probe. The primary signal
may be then provided as such as the output signal of the force sensing probe.
Alternatively, the primary electrical signal may be first processed in any
appropriate means to finally produce the output signal of the force sensing
probe on the basis of the primary electric signal. In the example of FIG. 1, the
sensor element is connected to a control unit 103 configured to enable said
producing of the primary electric signal and/or processing it to form the output
signal of the force sensing probe. The control unit may comprise, for example,
any appropriate electronics and/or one or more processors. In other
embodiments, such separate control unit may be omitted, and any appropriate
electronics and signal processing means may be included in the sensor element
itself.

[0018] Being defined relative to the force sensing probe refers to the
measurement direction M following the position of the force sensing probe.
Thus, the direction of the measurement direction, as observed in external
coordinates, depends on the position of the force sensing probe in those
coordinates.

[0019] A sensor element of a force sensing probe may be based on any
appropriate sensor configuration and sensor technology. For example, the
sensor element 102 of FIG. 1 may be implemented as a capacitive
microelectromechanical system MEMS sensor element. In other embodiments,
sensor elements based on other sensing principles, such as piezoresistive
sensor elements, or optical sensing, may be used. Further, sensor element
configurations other than those based on MEMS may be used.

[0020] Attached to the sensing tip 101, the force sensing probe

comprises a droplet holding plate 104 having a first main surface 105 and a
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second main surface 106, which main surfaces are connected via a peripheral
edge surface 107.

[0021] A “plate” refers to a generally plate-like structure having two
substantially parallel main surfaces extending substantially in a lateral
direction, the two main surfaces facing to opposite directions and being
separated in a thickness direction from each other. The main surfaces may be
planar. Alternatively, one or both of them they may be slightly curved to form
a concave or convex surface.

[0022] A “peripheral edge surface” refers to a surface of a plate at the
edge thereof, extending mainly in the thickness direction, between the main
surfaces of the plate, the main surfaces of the plate being thereby connected via
the peripheral edge surface.

[0023] Thus, the overall surface of a plate may be considered as
comprising three portions, namely, the two main surfaces and the peripheral
edge surface.

[0024] The droplet holding plate 104 is attached to the sensing tip 101
via its first main surface 105. In the example of FIG. 1, the attachment is made
by a bead of adhesive 109 applied between the first main surface 105 of the
droplet holding plate and the sensing tip 101. The adhesive may comprise, for
example, any suitable glue providing sufficient adhesive force to keep the
droplet holding plate attached to the sensing tip during snap-in and/or pull-off
force measurements. The adhesive may be applicable in substantially liquid
form and curable thereafter as being exposed to air, heat, and/or, for example
light such as ultraviolet (UV) light. Instead of a bead as that illustrated in FIG.
1, in other embodiments, adhesive may be applied as a thin layer between the
sensing tip and the droplet holding plate.

[0025] The adhesive may be solvable to facilitate replacement of the
droplet holding plate with a new one. Depending on the type of the adhesive,
the solvent may be, for example, acetone, isopropanol, or ethanol, without

being limited to these examples. One example of commercially available
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adhesives successfully tested for attaching a droplet holding plate to a sensing
tip 1s Byllux 5118 supplied by BYLA GmbH, which 1s a one-component
system solvable by dimethyl sulfoxide (DMSO). In the case of solvents with
low boiling temperature resulting in rapid evaporation at room temperature
(293 K) or other temperature in which the solving is to be carried out, solving
the adhesive and thereby detaching the droplet holding plate from the sensing
tip may be carried out, for example, by immersing the sensing tip with the
droplet holding plate into sufficiently large volume of the solvent.

[0026] The second main surface 105 of the droplet holding plate is
hydrophilic, possibly superhydrophilic.

[0027] A “hydrophilic” surface refers to a wettable surface with contact
angle of a water droplet formed thereon lying below 90 degrees. In the case of
a “superhydrophilic” surface, the contact angle is less than 10 degrees. The
lower is the contact angle, the larger is the area on which a droplet with a
specific volume spreads on the surface. At an extreme situation, no droplet at
all is formed, but a water droplet brought to a surface is spread into a uniform
layer on the surface.

[0028] Hydrophilicity of a surface may be an inherent material property.
Alternatively, or in addition to the surface material’s inherent properties,
wetting performance of a surface may be affected, for example, by appropriate
surface treatment producing specific micro/nanostructure (topography) on the
surface. Instead of, or in addition to surface topography, it is possible to alter
the chemical composition of the surface (chemical modification).

[0029] In FIG. 1, the force sensing probe is illustrated as having a water
droplet 111 formed on, and attached to the second main surface of the droplet
holding plate. In other embodiments, liquid other than water may be used.
[0030] The hydrophilicity of the second main surface of the droplet
holding plate may allow reliably controlling formation of the water droplet on
the second main surface, and holding the thereby formed droplet by the droplet

holding plate, as attached to the second main surface.
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[0031] In the example of FIG. 1, the sensing tip 101 is connected to the
sensor element 102 via an elongated arm 110 extending in the measurement
direction M. The arm has a first end 110a connected to the sensor element, and
a second end 110b forming the sensing tip which thus lies at the second end of
the arm.

[0032] The elongated arm 110 may have any appropriate length. It may
lie, for example, in the range of tens of micrometers to some millimeters, for
example, from 500 micrometers to 10 millimeters. The arm may have a
thickness, for example, in the range of some tens of micrometers to some
hundreds of micrometers, for example, from 50 micrometers to 500 or 1000
micrometers. Appropriate dimensions depend, for example, on the material of
the arm and its connection to the sensor element. For example, an integral,
silicon-based microelectromechanical component with a capacitive sensor
element and an elongated arm with a length of 3 mm and a thickness of 300
micrometers has been successfully tested.

[0033] The elongated arm with the sensing tip, and the sensor element
may be formed as one integral body. In other embodiments, an elongated arm
may be attached to a sensor element.

[0034] In other embodiments, other arrangements may be used. For
example, a sensing tip may be directly connected to a sensor element, without
any elongated arm therebetween. In yet other embodiments, an elongated arm
or beam connected, via its first end, to a sensor element, may be directed
perpendicularly to the measurement direction of the force sensing probe. In
such arrangement, the arm or beam may be bendable, in response to forces
acting on the sensing tip lying at the second end of the arm or beam, so as to
allow movement of the sensing tip in the measurement direction.

[0035] As illustrated in FIG. 2, the droplet holding plate 104 has a shape
of a circular disc. A circular disc may allow accurate droplet size and shape
control as the droplet may be formed with its inherently rotationally

symmetrical shape following the circular shape of the second main surface.
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However, in other embodiments, other shapes may be used, such as those of
rectangle or square, possibly having rounded corners.

[0036] In the example of FIG. 2, the peripheral edge surface 107 does
not extend straight in the thickness direction of the droplet holding plate.
Instead, it 1s formed as a concave surface forming an undercut 108 deviating
the peripheral edge surface from a fictitious straight “vertical” surface V
towards the fictitious center axis A of the droplet holding plate.

[0037] The circular droplet holding plate 104 of FIG. 2 has a diameter D
which may be, for example, less than or equal to 1 mm, or less than or equal to
5 mm. Because a circular shape has just one diameter, irrespective of the
direction in which the diameter 1s defined, that diameter is also the “maximum
diameter” of the droplet holding plate 104. In other embodiments, with the
droplet holding plate having some other shape than circular, the maximum
diameter of the droplet holding plate may be correspondingly less than or equal
to 1 mm, or less than or equal to 5 mm. Thereby the maximum volume of a
droplet held by the droplet holding plate may be limited, for example, to about
1 to 2 ul. For example, with a circular disc with a maximum diameter of 1 mm,
a droplet of about 1.5 pl may be formed on the second main surface of the
droplet holding plate.

[0038] Limiting the diameter or maximum diameter of the droplet
holding plate limits the weight of the droplet holding plate, and thus the force
applied to it and the sensing tip by earth gravity. Thus, with the measurement
direction directed as aligned with the earth gravity, larger part of the overall
force sensing range of the force sensing probe may be used for the actual snap-
in and/or pull-off force measurements. However, in other embodiments, it is
possible to have droplet holding plates with diameter or maximum diameter
higher than 1 mm.

[0039] Further, limiting the diameter or maximum diameter of the

droplet holding plate consequently limits the size of the liquid droplet which
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can be formed on the second main surface. Small size of the droplet may be
advantageous, at least, in two aspects.

[0040] First, the smaller 1s the size of the liquid droplet, the lower is its
weight, and consequently the force applied to it and the sensing tip by earth
gravity. Thus, with the measurement direction directed being aligned with the
earth gravity, larger part of the overall force sensing range of the force sensing
probe may be used for the actual snap-in and/or pull-off force measurements.
[0041] Second, the smaller is the physical size of the droplet, the smaller
1s the contact area between the droplet and the sample surface 151, and thus the
higher 1s the spatial accuracy of the snap-in and/or pull-off force measurement.
In other words, snap-in and/or pull-off force can be measured accurately at the
desired location on the sample surface to be investigated. This may further
allow analyzing local variations in the wetting properties of the sample surface
by measuring the snap-in and/or pull-off forces at locations with close spatial
separation.

[0042] To further limit the weight of the droplet holding plate 104, it
may have a thickness h of less than or equal to 500 um. Even more preferably,
the thickness may be less than or equal to 100 um.

[0043] As an advantageous feature, the droplet holding plate comprises
an electrically conductive surface layer 115 which defines the first and the
second main surfaces and the peripheral edge surface. The electrically
conductive surface layer thereby covers the droplet holding plate on each side
thereof. This results in the overall surface of the droplet holding plate being
electrically conductive.

[0044] The electrically conductive surface layer may advantageously
prevent or decrease disturbances caused by electrostatic forces between the
force sensing probe and a sample surface to be investigated, the electrostatic
forces resulting from possible accumulation of electric charges in the sensing

tip, in the droplet holding plate, and/or in a liquid droplet attached to the latter.



20175049 rrH 20 -05- 2019

10

15

20

25

30

11

The lower are the snap-in and/or pull-off forces to be measured, the more
detrimentally might such electrostatic forces affect the force measurements.

[0045] The electrically conductive material may be, for example, some
metal, or any other appropriate material with sufficiently high electrical
conductivity to prevent or decrease accumulation of electric charges in the
droplet holding plate and/or in a liquid droplet attached to it. The electrically
conductive surface layer may have, for example, sheet resistance of less than
or equal to 1000 Q. Sheet resistance refers here to the standard definition
thereof, i.e. the DC (Direct Current) resistance of a square-form film or layer.
As an alternative to the notation expressing the sheet resistance in terms of

ohms (Q), the sheet resistance can also be expressed in terms of ohms per

square (e.g. QY/square, )/sq, or 2/0).

[0046] The electrically conductive surface layer is illustrated in more
detail in FIG. 3.
[0047] In the example of FIG. 3, the droplet holding plate 104 comprises

an inner body 114 which may be formed of any appropriate material with
suitable material properties, such as sufficient rigidity, as well as compatibility
with appropriate microfabrication processes to allow forming of a properly
sized droplet holding plate.

[0048] Sufficient rigidity refers generally to the capability of the droplet
holding plate with relatively low thickness to maintain its original shape
without, for example, becoming substantially curved. Rigidity is also required
to prevent the droplet holding plate from bending during contact of a droplet
held by the droplet holding plate and a sample surface to be investigated.
Rigidity thus refers to the mechanical stability of the droplet holding plate.
[0049] In some embodiments, the inner body may have formed of
material with density lower than that of the electrically conductive surface
layer 115.

[0050] With the density of the inner body material lower than that of the

electrically conductive surface layer material, the weight of the droplet holding
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disc may be decreased in comparison to an inner body formed of a material
with density which is higher or equal to the density of the surface layer.
However, in other embodiments, inner bodies with density higher than or equal
to the density of the surface layer may be used.

[0051] The inner body may be formed, for example, of a photoresist SU-
8 has found suitable material from density, manufacturing, and rigidity points
of view. Also other epoxy based, negative tone photoresists may be used.
Other examples of possible materials include metals, polymers, various types
of glass, and semiconductors such as silicon. For example, semiconductors
may be advantageous from the manufacturing point of view in that they may
be processed into desired shape and dimensions of the droplet holding plate
using standardized processes.

[0052] The inner body 114 lies beneath the electrically conductive
surface layer 115 which may be formed, for example, of gold. Gold provides
high electrical conductivity, and a clean, smooth gold surface may be
inherently hydrophilic. In other embodiments, any other appropriate
electrically conductive material may be used.

[0053] A layered structure of a droplet holding plate, comprising an
inner body and a surface layer lying on the inner body provides flexible
possibilities to optimize the properties of the droplet holding plate. The
electrically conductive surface layer may be optimized for the electrical
conductivity and possible other properties which are relevant for the surface of
the droplet holding plate. On the other hand, the inner body may be optimized,
for example, for the rigidity, manufacturing compatibility, density, and
possible other properties which are relevant for the inner part of the droplet
holding plate.

[0054] In other embodiments, droplet holding plates may comprise
single integral body formed of one single electrically conductive material. In

such case, the “surface layer” refers to surface portion of the droplet holding
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plate with a finite thickness, extending from the surface of the droplet holding
plate towards the inner parts thereof.

[0055] Any of the force sensing probes discussed above may be used to
sense snap-in force and/or pull-off force generated when a liquid droplet,
received and held by the droplet holding plate, i1s brought into, or separated
from, contact with a sample surface, the wetting properties of which are to be
investigated. In practice, this may be carried out by moving the force sensing
probe, relative to the sample surface, in the measurement direction of the force
sensing probe towards and/or away from such sample surface, respectively,
while sensing the forces acting on the sensing tip, in particular, the changes in
those forces. When incorporated as part of an appropriate apparatus comprising
suitable measurement system, the forces sensed by the force sensing probe
may be determined, i.e. measured. Said relative movement may be carried out
by having the force sensing probe stationary and moving the sample surface.
[0056] An example of an apparatus which may be used for measuring
snap-in and/or pull-off forces of a liquid droplet brought into and/or separated
from contact with a hydrophobic sample surface is illustrated in FIG. 4.

[0057] The apparatus 4000 of FIG. 4 comprises a force sensing probe
400 which may be in accordance with any of the force sensing probes
discussed above. The force sensing probe is attached to a support body 420.
The force sensing probe is electrically connected to a central unit 430
configured to control the operation of the force sensing probe and receive the
output signals thereof. The central unit 430 1s also configured to carry out the
actual determination of the forces sensed by the force sensing probe 400.
[0058] The central unit may be implemented in any appropriate manner.
For example, it may comprise at least one processor and at least one memory
coupled to the at least one processor, the memory storing program code
instructions which, when executed on the at least one processor, cause the

processor to perform the action force determination. Alternatively, or in
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addition, the operations of the central unit can be carried out, at least in part, by
one or more hardware logic components.

[0059] The apparatus further comprises a sample support 440, having a
sample support surface 441 facing towards the force sensing probe 400, and
being arranged to be movable in vertical direction, the “vertical” direction
referring, in the example of Fig. 4, to the measurement direction M of the force

sensing probe.

[0060] The movability of the sample support makes the sample support
and the force sensing probe movable relative to each other in the measurement
direction.

[0061] In FIG. 4, the sample support lies at a distant position, with the

liquid droplet 411 formed on the second main surface 406 of the droplet
holding plate at a distance from a sample 450 lying on the sample support
surface 441 of the sample support 440, thus supported by the sample support.
[0062] In FIG. 5, the apparatus 4000 of FIG. 4 is illustrated with the
sample support 440 and the force sensing probe 400 moved relative to each
other into a contact position with the liquid droplet 411 in contact with the
surface 451 of sample 450, 1.e. a “sample surface”.

[0063] In the example of FIGs. 4 and 5, the sample support is further
arranged to be movable in two mutually orthogonal transverse directions
perpendicular to the measurement direction, making the sample support and
the force sensing probe movable relative to each other also in those transverse
directions. In other embodiments, a sample support and a force sensing probe
may be movable relative to each other in the measurement direction only, or in
the measurement direction and in one transverse direction only.

[0064] The movability of the sample support in the measurement
direction M may be achieved, for example, by having the sample support
attached to a motorized, high precision XYZ stage, wherein “X” and “Y”

refers to horizontal directions perpendicular to the measurement direction M,
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and “Z” refers to the vertical direction aligned with the measurement direction
M.

[0065] The apparatus of FIGs. 4 and 5 may be used as positioned with
the measurement or “vertical” direction aligned to the direction in which the
earth gravity acts.

[0066] In other embodiments, the relative movability of the sample
support and the force sensing probe in one or more of the vertical and
horizontal or transverse directions may be achieved by having the force
sensing probe, or possible support body to which it is attached, movable
correspondingly. It is also possible that both the sample support and the force
sensing probe are arranged to be movable.

[0067] The apparatus 6000 illustrated partially in FIG. 6 may be
basically in accordance with any of the apparatuses discussed above.

[0068] The apparatus 6000 of FIG. 6 further comprises a hydrophobic
surface element 660 and a dispenser 670 capable of shooting sub-nanolitre
liquid droplet elements 671. The hydrophobic surface element may be
superhydrophobic.

[0069] “Hydrophobic surface element” refers to a surface element which
1s hydrophobic. In the example of FIG. 6, the hydrophobic surface element 660
is the free, “upper” surface of a surface element body 661 attached on the
sample support surface 641. In other embodiments, a hydrophobic surface
element may be formed, for example, as a specific part of, or area on, the
sample support surface, treated or structured so as to be hydrophobic or
superhydrophobic. In yet other embodiments, the entire sample support surface
641 may be hydrophobic or superhydrophobic, in which case a specific area of
it may serve as a hydrophobic surface element.

[0070] The dispenser 670 and the hydrophobic surface element 661 are
configured and positioned so that the droplet elements 671 shot by the

dispenser hit the hydrophobic surface element, and bounce off it, propagating
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thereafter further to the second main surface 606 of the droplet holding plate
604 or the liquid droplet 611 already formed thereon.

[0071] The arrangement of the dispenser and the hydrophobic surface
element allows forming the liquid droplet 611 accurately by shooting sub-
nanolitre liquid droplets to the droplet holding plate via the hydrophobic
surface element. Further, after the liquid droplet 611 having been in contact
with a sample surface, the liquid droplet may be re-loaded by shooting one or
more additional liquid droplet elements to it.

[0072] The arrangement for shooting the liquid droplet elements via the
hydrophobic surface element may provide great advantages in that the
assembly of the apparatus, especially the sample support, the force sensing
probe, and the dispenser, may be packaged within limited space, for example,
in comparison to an arrangement with a dispenser directed to shoot liquid
droplet elements directly towards a droplet holding member. On the other
hand, this arrangement may allow more space for the transverse (“XY”)
movement of the sample support relative to the force sensing probe, thereby
enabling having a larger working area for the measurements.

[0073] In other embodiments, apparatuses may be implemented with a
dispenser capable of shooting sub-nanolitre liquid droplet elements, and being
configured and positioned to make the droplet elements shot by the dispenser
hit directly the second main surface of the droplet holding plate. Also in such
embodiments, liquid droplets may be formed and/or re-loaded with high
accuracy by shooting sub-nanolitre liquid droplets to the droplet holding plate.
[0074] Any of the apparatuses discussed above may be used in a process
for measuring snap-in and/or pull-off force of a liquid droplet brought into
and/or separated from contact with a hydrophobic sample surface of a sample
placed on the sample support, respectively.

[0075] Such use or process may comprise, for example, operations

illustrated in FIG 7. The apparatus by which the example process 700 of FIG. 7
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may be carried out comprises a hydrophobic surface element and a dispenser in
accordance with those discussed above with reference to FIG. 6.

[0076] The example process of FIG. 7 starts, in optional operation 710,
forming a liquid droplet on the second main surface of the droplet holding
plate, said forming comprising, in sub-operation 711, shooting sub-nanolitre
liquid droplet elements by the dispenser to the second main surface of the
droplet holding plate via the hydrophobic surface element. The liquid droplet
may be formed, for example, of water. In other embodiments, the liquid
droplet, which may be formed of any appropriate liquid suitable for wetting
characterization, may be formed in any other appropriate way, in which case
also an apparatus without a hydrophobic surface element on the sample support
and a dispenser may be used. In yet other embodiments, uses of apparatuses, or
corresponding processes, may be implemented which do no comprise forming
the liquid droplet.

[0077] The process or use of FIG. 7 comprises moving, in operation
720, the force sensing probe having the liquid droplet held by the droplet
holding plate and the sample support towards each other in the measurement
direction other until the liquid droplet contacts the sample surface.

[0078] The process of FIG. 7 comprises further moving, in operation
730, the force sensing probe with the liquid droplet held by the droplet holding
plate and the sample support away from each other until the droplet detaches
from the sample surface.

[0079] Moving the force sensing probe and the sample support towards
and away from each other refers to moving the force sensing probe and the
sample support relative to each other. That relative movement may be carried
out by moving the force sensing probe or the sample support, or both of them.
[0080] In optional step 740, the process further comprises re-loading the
liquid droplet held by the droplet holding plate after detachment of the liquid
droplet from the sample surface. In sub-operation 741, this is carried out by

shooting one or more sub-nanolitre liquid droplet elements by the dispenser to
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the liquid droplet via the hydrophobic surface element. In other embodiments,
re-loading may be carried out by any other appropriate manner. In yet other
embodiments, uses of apparatuses, or corresponding processes, may be
implemented which do no comprise re-loading the liquid droplet.

[0081] Said reloading may enable restoring the liquid droplet after
contact with the sample surface, such contact possibly causing disengagement
of small amounts of the liquid from the droplet, resulting in change of the
dimensions and mass of the droplet. In controlling the re-loading operation, the
force sensing capability of the force sensing probe may be utilized to
accurately determine the amount of the liquid to be re-loaded into the liquid
droplet via monitoring the gravity force acting on the sensing tip via the liquid
droplet and the droplet holding plate.

[0082] Such re-loading of the liquid droplet may allow carrying out
sequential snap-in and/or pull-off force measurements reliably, with equally
sized droplet for each measurement. Such sequential measurements may be
carried out for one single measurement location on the sample surface. Further,
force measurements may be carried out reliably for several different
measurement locations on the sample surface, as illustrated in FIG. 8.

[0083] In operation 750, which may be carried out simultaneously with,
or after, the above operations of moving the force sensing probe and the
sample support relative to each other, the process of FIG. 7 comprises
measuring the snap-in force acting on the sensing tip in the measurement
direction at the time of the droplet contacting the sample surface, and/or the
pull-off force acting on the sensing tip in the measurement direction at the time
of the droplet detaching from the sample surface. Thus, the process comprises
measuring at least one of the snap-in and pull-off forces. The actual measuring,
comprising determination of the force(s) sensed by the force sensing probe,
may be carried out, for example, by a central unit included in the apparatus,

and configured to serve for this purpose.
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[0084] Any of the operations discussed above or below may be carried
out automatically. “Automatically” refers to carrying out the operation(s) at
issue by means of appropriate equipment, according to specific rules and
procedures which may be defined e.g. any appropriate program code
instructions run in one or more processors controlling one or more actuators
and/or data processing units or modules, without need for any contribution
provided or determination performed by a user of an apparatus or device
incorporating such equipment. Carrying an operation out automatically does
not exclude, however, initiating the operation or setting some adjustable
parameters relating to that operation by a user of the apparatus.

[0085] In the apparatus by which the example process of FIG. 8§ may be
carried out, the sample support is arranged to be movable, in addition to the
measurement direction, also in one or more transverse direction perpendicular
to the measurement direction. Such apparatus may be, for example, as that
discussed above with reference to FIG. 4.

[0086] The process 800 of FIG. 8 comprises, in first process part 8001,
for a first measurement location on the sample surface, the operations 820,
8301, 850; of carrying out relative movement of the sample support and the
force sensing probe in the measurement direction as well as measuring the
snap-in and/or pull-off force in accordance to the corresponding operations
720, 730, and 750 of the process of FIG. 7. Although not illustrated in FIG. 8,
the first process part may further comprise any of the operations of forming
and re-loading the liquid droplet.

[0087] In operation 870, the sample support and the force sensing probe
are moved relative to each other in at least one transverse direction
perpendicular to the measurement direction.

[0088] The process further comprises, in second process part 8002, in
operations 820,, 830,, and 850,, carrying out relative movement of the sample
support and the force sensing probe as well as measuring the snap-in and/or

pull-off force for a second measurement location on the sample surface,
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similarly to the operations 8201, 8301, and 850: performed for the first
measurement location. For one or both of the first and the second measurement
locations, the operations of relatively moving the sample support and the force
sensing probe in the measurement direction and measuring the snap-in and/or
pull-off forces may be carried out several times.

[0089] Although not illustrated in FIG. 8, the second process part may
further comprise, similarly to the process of FIG. 7, forming the liquid droplet
on the second main surface of the droplet holding plate, and/or re-loading
liquid droplet between sequential contacts between the liquid droplet and the
sample surface.

[0090] In the examples of FIGs. 7 and 8, the operations of moving the
force sensing probe and the sample support relative to each other may be
carried out by any appropriate actuators and/or motors included in the
apparatus and configured to serve for this purpose.

[0091] In the above description, force sensing probes, apparatuses
comprising such force sensing probes, and uses thereof are discussed. Below,
manufacturing of force sensing probes is discussed. What is stated above, in
the context of the force sensing probes, apparatuses, and uses about the details,
definitions, and the possible advantages, apply, mutatis mutandis, also to the
method aspect discussed below.

[0092] The method of FIG. 9 may be used to manufacture or assemble a
force sensing probe which may be in accordance with any of the force sensing
probes discussed above with reference to FIGs. 1 to 6. The force sensing probe
manufactured by the method may be used for sensing snap-in and/or pull-off
force of a liquid droplet brought into and/or separated from contact with a
hydrophobic sample surface, respectively.

[0093] The manufacturing process starts, as illustrated in drawing A of
FIG. 9, by providing a sensing tip 901 and a sensor element 902 connected to
the sensing tip, as well as a droplet holding plate. In the example of FIG. 9, the

sensing tip and the sensor element form parts of a force sensing probe module
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900" which may be similar to any of the force sensing probes discussed above
with reference to FIGs. 1 to 6, except of the droplet holding plate which is
missing from the force sensing probe module.

[0094] Similarly to the sensor element 102 discussed above, the sensor
element 902 of FIG. 9 is capable of sensing sub-micronewton forces acting on
the sensing tip 901 in a measurement direction M defined relative to the
complete force sensing probe to be manufactured or assembled in the method.
[0095] The droplet holding plate 904 may be in accordance with any of
the droplet holding plates discussed above with reference to FIGs. 1 to 6. The
droplet holding plate 904 has a first main surface 905 and a hydrophilic second
main surface 906 for receiving and holding a liquid droplet as attached to the
second main surface, the first and the second main surfaces being connected
via a peripheral edge surface 907, the droplet holding plate comprising an
electrically conductive surface layer 915, the first and the second main surfaces
and the peripheral edge surface being defined by the surface layer.

[0096] The method further comprises, as illustrated in drawings B and C
of FIG. 9, attaching the droplet holding plate to the sensing tip via the first
main surface to form a complete force sensing probe 900.

[0097] The droplet holding plate is attached so that the attached droplet
holding plate lies perpendicularly relative to the measurement direction M.
[0098] In the example of FIG. 9 said attachment is carried out by first
applying, as illustrated in drawing B of FIG. 1, a small droplet of a liquid
adhesive 909 on the first main surface of the droplet holding plate. In other
embodiments, adhesive may be applied at the sensing tip. In yet other
embodiments, adhesive may be applied onto the droplet holding plate and/or to
the sensing tip in other form than a droplet of a liquid adhesive.

[0099] Next, as illustrated in drawing C of FIG. 9, the droplet holding
plate 904 and the sensing tip are moved relative to each other so that the
sensing tip 901 1s brought into contact with the adhesive, and the adhesive is

then cured, whereby a solid bead of the adhesive 909 is formed. Curing may be
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carried out, for example, by means of UV light and/or heat, depending on the
type of the adhesive.

[00100] In other embodiments, an adhesive may be applied on the droplet
holding plate, for example, as a thin layer instead of a droplet, and the adhesive
1s not necessarily curable or initially in liquid form. In yet other embodiments,
attaching may be carried out, instead of an adhesive, for example, by soldering.
[00101] In any embodiment utilizing an adhesive, the adhesive may be
solvable. Solvable refers to the possibility to dissolve the adhesive, thereby
releasing the droplet holding plate from the sensing tip. Dissolving may be
carried out, depending on the type of the adhesive, by any appropriate
dissolving agent or by exposing the adhesive to any other appropriate
conditions capable of breaking the attachment formed by the adhesive, such as
heat or some specific type of electromagnetic radiation.

[00102] Solvability of the adhesive may advantageously enable
replacement of the droplet holding plate while saving the rest of the force
sensing probe.

[00103] In the example of FIG. 9, the force sensing probe module and the
droplet holding plate may be provided as ready, complete elements.
Alternatively, “providing” a droplet holding plate may comprise manufacturing
thereof. An example of such approach is illustrated in FIG. 10.

[00104] In the example of FIG. 10, the operation of providing the droplet
holding plate comprises, as illustrated in drawing A of FIG 10, forming an
inner body 1014 of the droplet holding plate on a substrate layer 1016. The
inner body is formed so as to have a plate-like body having an inner body first
main surface 1005 facing towards the substrate layer and an inner body
second main surface 1006°, connected via an inner body peripheral edge
surface 1007°,

[00105] In the example of FIG. 10, the substrate layer 1016 is an
intermediate layer between a substrate body 1018 and the inner body. In other

embodiments, stand-alone substrate layers may be used.
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[00106] Depending on the material of the inner body, various
manufacturing methods and processes may be used to form the inner body. For
example, various materials, such as SU-8 or other photoresists, may be used to
form an inner body layer on a substrate layer, of which layer the actual inner
body may be formed, for example, photolitographically.

[00107] As illustrated in drawing B of FIG. 10, the inner body may be
coated, for the free inner body second main surface 1006” and at least part of
the peripheral edge surface 1007°, by an electrically conductive material 1015,
such as gold or some other metal or, for example, an electrically conductive
polymer. Said coating operation may be carried out, for example, by
sputtering.

[00108] Next, as illustrated in drawing C of FIG. 10, the partly coated
inner body is released from the substrate layer and placed on a carrier surface
1017 with the coated inner body second main surface 1006” facing towards the
carrier surface. In said releasing, for example, thermal expansion mismatch
between the materials of the inner body and the substrate layer may be used.
[00109] Releasing may then be based on first heating the substrate layer
and possible substrate body, together with the inner body formed on the
substrate layer, to an elevated temperature, followed by cooling the stack to
room temperature. With suitably selected heating and cooling procedures,
thermal expansion mismatch between the materials of the substrate layer and
the inner body may then facilitate cracking of the connection between the inner
body and the surface layer.

[00110] After releasing the inner body from the surface layer, it may be
flipped over and positioned on the carrier surface with the coated inner body
second main surface facing towards the carrier surface by any appropriate
means. For example, the released inner body may be handled by micro
tweezers or vacuum micro grippers which may be teleoperable.

[00111] Next, the inner body first main surface and possibly uncoated

rest of the inner body peripheral edge surface are coated by the electrically
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conductive material to form a continuous electrically conductive surface layer
1015 lying on, and enclosing, the inner body 1014. The electrically conductive
surface layer may be formed so as to have a thickness, for example, of some
micrometers to some tens of micrometers, for example, from 5 or 10
nanometers to 100 or 500 nanometers. For example, an electrically conductive
surface layer of gold with a thickness of 80 nanometers has been successfully
formed and tested on an SU-8 inner body. In some applications, an electrically
conductive surface layer may have a thickness of some or even tens of
micrometers.

[00112] Although manufacturing of one droplet holding plate 1004 is
illustrated in FIG. 1, a plurality of droplet holding plates may be manufactured
simultaneously, in a single process.

[00113] In one example basically in accordance with the process of FIG
10, circular droplet holding plates were manufactured of SU-8 using UV
lithography. First, 150 nm of aluminum as a substrate layer was sputtered on a
silicon wafer serving as a substrate body. The wafer was then baked overnight
in an oven at 120°C. Next, a 80 um thick SU-8 layer was applied on the wafer
by spin coating and baked for 15 min at 95°C. Then, SU-8 discs with a
diameter of 1 mm were formed by standard UV lithography process. In the
releasing operation, the silicon wafer with the aluminum surface layer and the
inner body discs thereon was heated to 200°C and cooled back to room
temperature, causing releasing of the SU-8 discs from the aluminum. The
electrically conductive surface layer was formed of gold by sputtering.

[00114] The carrier surface may be superhydrophobic. The
microstructure of superhydrophobic surfaces is typically non-flat, resulting in
small contact area between such surface and a body lying thereon. This may
advantageously facilitate transferring the completed droplet holding plate from
the carrier surface and attaching it to the sensing tip. A superhydrophobic

carrier surface may be implemented, for example, as black silicon surface or
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any other surface with a micro structuring producing superhydrophobicity
and/or sufficiently small contact area.

[00115] The attaching operation of FIG. 11 may be basically in
accordance with that discussed above with reference to of FIG. 9. The
complete droplet holding plate 1104 is initially carried on a superhydrophobic
carrier surface 1117. As illustrated in drawings A to C of FIG. 11, the
operation comprises applying curable adhesive 1109 on the first main surface
1105 of the droplet holding plate lying on the carrier surface; bringing the
sensing tip into contact with the adhesive; and curing the adhesive.

[00116] Additionally in comparison to the example of FIG. 9, in the
attaching process of FIG. 11, the force sensing probe and the carrier surface are
pulled away from each other, as illustrated in drawing D of FIG. 11, thereby
detaching the droplet holding plate from the carrier surface. Due to the
superhydrophobicity of the carrier surface, the adhering forces between the
droplet holding plate and the carrier surface may be so low that such detaching
may advantageously take place without damaging or deforming the possibly
very fragile droplet holding plate.

[00117] Some embodiments are further discussed shortly in the
following.

[00118] In a first aspect, a force sensing probe for sensing snap-in and/or
pull-off force of a liquid droplet brought into and/or separated from contact
with a hydrophobic sample surface, respectively, comprises: a sensing tip; a
sensor element connected to the sensing tip, capable of sensing sub-
micronewton forces acting on the sensing tip in a measurement direction
defined relative to the force sensing probe; and a droplet holding plate having
a first main surface and a hydrophilic second main surface connected via a
peripheral edge surface, and being attached via the first main surface to the
sensing tip perpendicularly relative to the measurement direction for receiving
and holding a liquid droplet as attached to the second main surface; the droplet

holding plate comprising an electrically conductive surface layer, the first and
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the second main surfaces and the peripheral edge surface being defined by the
surface layer.

[00119] In an embodiment, the droplet holding plate has a shape of a
circular disc.

[00120] In an embodiment, which may be in accordance with the
previous embodiment, the surface layer comprises a metal.

[00121] In an embodiment, in accordance with the previous embodiment,
the surface layer comprises gold.

[00122] In an embodiment, which may be in accordance with any of the
previous embodiments, the droplet holding plate has an inner body beneath the
surface layer, the surface layer lying on the inner body.

[00123] In an embodiment in accordance with the previous embodiment,
the inner body 1s formed of SU-8 photoresist.

[00124] In an embodiment, which may be in accordance with any of the
previous embodiments, the peripheral edge surface has an undercut for
preventing a liquid droplet held by the droplet holding plate from spreading
outside the second main surface.

[00125] In an embodiment, which may be in accordance with any of the
previous embodiments, the droplet holding plate has a maximum diameter of
less than or equal to 5 mm, for example, less than or equal to 1 mm.

[00126] In an embodiment, which may be in accordance with any of the
previous embodiments, the droplet holding plate has a thickness of less than or
equal to 500 um, preferably less than or equal to 100 um.

[00127] In an embodiment, which may be in accordance with any of the
previous embodiments, the sensing tip is connected to the sensor element via
an elongated arm extending in the measurement direction and having a first
end connected to the sensor element, and a second end, the sensing tip lying at

the second end.
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[00128] In an embodiment, which may be in accordance with any of the
previous  embodiments, the sensor element is a capacitive
microelectromechanical sensor element.

[00129] In a second aspect, an apparatus for measuring snap-in and/or
pull-off force of a liquid droplet brought into and/or separated from contact
with a hydrophobic sample surface, respectively, comprises: a force sensing
probe in accordance with the first aspect or any embodiment thereof discussed
above; and a sample support, the sample support and the force sensing probe
being movable relative to each other in the measurement direction between a
contact position and a distant position with a liquid droplet held by the liquid
holding plate in contact with and at a distance from a sample supported on the
sample support, respectively.

[00130] In an embodiment of the second aspect, the sample support and
the force sensing probe are movable relative to each other in at least one
transverse direction perpendicular to the measurement direction.

[00131] In an embodiment of the second aspect, which may be in
accordance with the previous embodiment, the apparatus further comprises a
dispenser capable of shooting sub-nanolitre liquid droplet elements, and being
configured and positioned to make a droplet element shot by the dispenser hit
the second main surface of the droplet holding plate.

[00132] In an embodiment of the second aspect in accordance with the
previous embodiment, the apparatus further comprises a hydrophobic surface
element, the hydrophobic surface element and the dispenser being configured
and positioned to make a droplet element shot by the dispenser hit the
hydrophobic surface element and bounce off it and propagate further to the
second main surface of the droplet holding plate.

[00133] In a third aspect, use of an apparatus in accordance with the
second aspect or any embodiment thereof for measuring snap-in and/or pull-off
force of a liquid droplet brought into and/or separated from contact with a

hydrophobic sample surface of a sample placed on the sample support,
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respectively, comprises operations of: moving the force sensing probe having a
liquid droplet held by the droplet holding plate and the sample support towards
each other in the measurement direction other until the droplet contacts the
sample surface, and moving the force sensing probe with the liquid droplet
held by the droplet holding plate and the sample support away from each other
until the droplet detaches from the sample surface; and measuring the snap-in
force acting on the sensing tip in the measurement direction at the time of the
droplet contacting the sample surface and/or the pull-off force acting on the
sensing tip in the measurement direction at the time of the droplet detaching
from the sample surface.

[00134] In an embodiment of the third aspect, wherein the sample support
and the force sensing probe of the apparatus are movable relative to each other
in at least one transverse direction perpendicular to the measurement direction,
the use comprises: carrying out the operations of the use discussed above for a
first measurement location on the sample surface; moving the sample support
and the force sensing probe relative to each other in at least one transverse
direction perpendicular to the measurement direction; and carrying out those
operations of the use discussed above for a second measurement location on
the sample surface.

[00135] In an embodiment of the third aspect, which may be in
accordance with the previous embodiment, wherein the apparatus further
comprises a dispenser capable of shooting sub-nanolitre liquid droplet
elements, and is configured and positioned to make a droplet element shot by
the dispenser hit the second main surface of the droplet holding plate, the use
further comprises forming the liquid droplet on the second main surface of the
droplet holding plate, said forming comprising: shooting a sub-nanolitre liquid
droplet element by the dispenser to the second main surface of the droplet
holding plate.

[00136] In an embodiment of the third aspect, which is in accordance

with the previous embodiment, the use further comprises re-loading the liquid
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droplet held by the droplet holding plate after detachment of the liquid droplet
from the sample surface by shooting a sub-nanolitre liquid droplet element by
the dispenser to the liquid droplet via the hydrophobic surface element.

[00137] In a fourth aspect, a method for manufacturing a force sensing
probe for sensing snap-in and/or pull-off force of a liquid droplet brought into
and separated from contact with a hydrophobic sample surface, respectively,
comprises operations of: providing a sensing tip and a sensor element
connected to the sensing tip, the sensor element being capable of sensing sub-
micronewton forces acting on the sensing tip in a measurement direction
defined relative to the force sensing probe; providing a droplet holding plate
having a first main surface and a hydrophilic second main surface for receiving
and holding a liquid droplet as attached to the second main surface, the first
and the second main surfaces being connected via a peripheral edge surface,
the droplet holding plate comprising an electrically conductive surface layer,
the first and the second main surfaces and the peripheral edge surface being
defined by the surface layer; and attaching the droplet holding plate to the
sensing tip via the first main surface, perpendicularly relative to the
measurement direction.

[00138] In an embodiment of the fourth aspect, the droplet holding plate
1s attached to the sensing tip by an adhesive.

[00139] In an embodiment of the fourth aspect, which is in accordance
with the previous embodiment, the adhesive is solvable to allow replacement
of the droplet holding plate.

[00140] In an embodiment of the fourth aspect, which may be in
accordance with any of the previous embodiments of the fourth aspect, the
droplet holding plate 1s in accordance with any of the embodiments of the first
aspect discussed above.

[00141] In an embodiment of the fourth aspect, which may be in
accordance with any of the previous embodiments of the fourth aspect, the

operation of providing the droplet holding plate comprises: forming an inner
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body of the droplet holding plate on a substrate layer, the inner body having an
inner body first main surface facing towards the substrate layer and an inner
body second main surface, connected via an inner body peripheral edge
surface; coating the inner body second main surface and at least part of the
inner body peripheral edge surface by an electrically conductive material;
releasing the inner body from the substrate and placing it on a carrier surface
with the coated inner body second main surface facing towards the carrier
surface; coating the inner body first main surface and possibly uncoated rest of
the inner body peripheral edge surface by the electrically conductive material;
whereby the electrically conductive material forms the electrically conductive
surface layer of the droplet holding plate.

[00142] In an embodiment of the fourth aspect, which is in accordance
with the previous embodiment of the fourth aspect, the carrier surface is
superhydrophobic, and the operation of attaching the droplet holding plate to
the sensing tip comprises: applying curable adhesive on the first main surface
of the droplet holding plate lying on the carrier surface; bringing the sensing
tip into contact with the adhesive; curing the adhesive; and pulling the force
sensing probe and the carrier surface away from each other, thereby detaching
the droplet holding plate from the carrier surface.

[00143] Although the subject matter has been described in language
specific to structural features and/or methodological acts, it is to be understood
that the subject matter defined in the appended claims is not necessarily limited
to the specific features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of implementing the
claims.

[00144] It will be understood that the benefits and advantages described
above may relate to one embodiment or may relate to several embodiments.
The embodiments are not limited to those that solve any or all of the stated

problems or those that have any or all of the stated benefits and advantages. It
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will further be understood that reference to 'an' item refers to one or more of
those items.

[00145] The term “comprising” is used in this specification to mean
including the feature(s) or act(s) followed thereafter, without excluding the

presence of one or more additional features or acts.
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CLAIMS

1. A force sensing probe (100) for sensing snap-in and/or pull-off force of a
liquud droplet (111) brought into and/or separated from contact with a
hydrophobic sample surface (151), respectively, the force sensing probe
comprising:

a sensing tip (101);

a sensor element (102) connected to the sensing tip, capable of sensing
sub-micronewton forces acting on the sensing tip in a measurement direction
defined relative to the force sensing probe;characterized by

a droplet holding plate (104) having a first main surface (105) and a
hydrophilic second main surface (106) connected via a peripheral edge surface
(107), and being attached via the first main surface to the sensing tip (101)
perpendicularly relative to the measurement direction for receiving and holding
a liquid droplet (111) as attached to the second main surface; the droplet
holding plate comprising an electrically conductive surface layer (115), the
first and the second main surfaces and the peripheral edge surface being

defined by the surface layer.

2. A force sensing probe (100) as defined in claim 1, wherein the droplet
holding plate (104) has a shape of a circular disc.

3. A force sensing probe (100) as defined in claim 1 or 2, wherein the surface

layer (115) comprises a metal.

4. A force sensing probe (100) as defined in claim 3, wherein the surface layer

(115) comprises gold.
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5. A force sensing probe (100) as defined in any of claims 1 to 4, wherein the
droplet holding plate (104) has an inner body (114) beneath the surface layer
(115), the surface layer lying on the inner body.

6. A force sensing probe (100) as defined in claim 5, wherein the inner body

(114) 1s formed of SU-8 photoresist.

7. A force sensing probe (100) as defined in any of claims 1 to 6, wherein the
peripheral edge surface (107) has an undercut (108) for preventing a liquid
droplet (111) held by the droplet holding plate from spreading outside the

second main surface (106).

8. A force sensing probe (100) as defined in any of claims 1 to 7, wherein the
droplet holding plate (104) has a maximum diameter of less than or equal to 5

mm, for example, less than or equal to 1 mm.

9. A force sensing probe (100) as defined in any of claims 1 to 8, wherein the
droplet holding plate (104) has a thickness of less than or equal to 500 um,
preferably less than or equal to 100 pm.

10. A force sensing probe (100) as defined in any of claims 1 to 9, wherein the
sensing tip (101) 1s connected to the sensor element (102) via an elongated arm
(110) extending in the measurement direction and having a first end (110a)
connected to the sensor element, and a second end (110b) , the sensing tip

lying at the second end.

11. A force sensing probe (100) as defined in any of claims 1 to 10, wherein
the sensor element (102) is a capacitive microelectromechanical sensor

element.
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12. An apparatus (4000) for measuring snap-in and/or pull-off force of a liquid
droplet (411) brought into and/or separated from contact with a hydrophobic
sample surface (451), respectively, characterized by the apparatus
comprising:

a force sensing probe (400) as defined in any of claims 1 to 11; and

a sample support (440), the sample support and the force sensing probe
being movable relative to each other in the measurement direction between a
contact position and a distant position with a liquid droplet held by the liquid
holding plate (404) in contact with and at a distance from a sample (451)
supported on the sample support, respectively.

13. An apparatus (4000) as defined in claim 12, wherein the sample support
(440) and the force sensing probe (400) are movable relative to cach other in at

least one transverse direction perpendicular to the measurement direction.

14. An apparatus (6000) as defined in claim 12 or 13, further comprising a
dispenser (670) capable of shooting sub-nanolitre liquid droplet elements
(671), and being configured and positioned to make a droplet element shot by
the dispenser hit the second main surface (606) of the droplet holding plate
(604).

15. An apparatus (6000) as defined in claim 14, further comprising a
hydrophobic surface element (660), the hydrophobic surface element and the
dispenser being configured and positioned to make a droplet element (671)
shot by the dispenser hit the hydrophobic surface element and bounce off it and
propagate further to the second main surface (606) of the droplet holding plate
(604).

16. Use (700) of an apparatus as defined in any of claims 12 to 15 for

measuring snap-in and/or pull-off force of a liquid droplet brought into and/or
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separated from contact with a hydrophobic sample surface of a sample placed
on the sample support, respectively, the use comprising operations of:

moving the force sensing probe having a liquid droplet held by the
droplet holding plate and the sample support towards each other in the
measurement direction other until the droplet contacts the sample surface, and
moving the force sensing probe with the liquid droplet held by the droplet
holding plate and the sample support away from each other until the droplet
detaches from the sample surface (720, 730); and

measuring the snap-in force acting on the sensing tip in the
measurement direction at the time of the droplet contacting the sample surface
and/or the pull-off force acting on the sensing tip in the measurement direction

at the time of the droplet detaching from the sample surface (750).

17. Use (800) as defined in claim 16, wherein the apparatus 1s in accordance
with claim 13, the use comprising:

carrying out operations as defined in claim 16 for a first measurement
location on the sample surface (820;, 830, 850,);

moving the sample support and the force sensing probe relative to each
other in at least one transverse direction perpendicular to the measurement
direction (870); and

carrying out the operations as defined in claims 16 for a second

measurement location on the sample surface (820,, 830,, 850,).

18. Use (700) as defined in claim 16 or 17, wherein the apparatus is in
accordance with claim 14, the use further comprising forming the liquid
droplet on the second main surface of the droplet holding plate (710), said
forming comprising:

shooting a sub-nanolitre liquid droplet element by the dispenser to the

second main surface of the droplet holding plate (711).
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19. Use as defined in claim 18, further comprising re-loading the liquid droplet
held by the droplet holding plate after detachment of the liquid droplet from
the sample surface by shooting a sub-nanolitre liquid droplet element by the

dispenser to the liquid droplet via the hydrophobic surface element.

20. A method for manufacturing a force sensing probe for sensing snap-in
and/or pull-off force of a liquid droplet brought into and separated from
contact with a hydrophobic sample surface, respectively, the method
comprising operations of’

providing a sensing tip (901) and a sensor element (902) connected to
the sensing tip, the sensor element being capable of sensing sub-micronewton
forces acting on the sensing tip in a measurement direction defined relative to
the force sensing probe; characterized by

providing a droplet holding plate (904) having a first main surface (905)
and a hydrophilic second main surface (906) for receiving and holding a liquid
droplet as attached to the second main surface, the first and the second main
surfaces being connected via a peripheral edge surface (907), the droplet
holding plate comprising an electrically conductive surface layer (915), the
first and the second main surfaces and the peripheral edge surface being
defined by the surface layer; and

attaching the droplet holding plate to the sensing tip via the first main

surface, perpendicularly relative to the measurement direction.

21. A method as defined in claim 20, wherein the droplet holding plate (904) 1s
attached to the sensing tip by an adhesive (909).

22. A method as defined in claim 21, wherein the adhesive (909) is solvable to

allow replacement of the droplet holding plate (904).
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23. A method as defined in any of claims 20 to 22, wherein the droplet holding

plate (904) is in accordance with any of claims 2 to 11.

24. A method as defined in any of claims 20 to 23, wherein the operation of
providing the droplet holding plate comprises:

forming an inner body (1014) of the droplet holding plate on a substrate
layer (1016), the inner body having an inner body first main surface (1005”)
facing towards the substrate layer and an inner body second main surface
(10067), connected via an inner body peripheral edge surface (1007°);

coating the inner body second main surface and at least part of the inner
body peripheral edge surface by an electrically conductive material (1015);

releasing the inner body from the substrate and placing it on a carrier
surface (1017) with the coated inner body second main surface facing towards
the carrier surface;

coating the inner body first main surface and possibly uncoated rest of
the inner body peripheral edge surface by the electrically conductive material;

whereby the electrically conductive material forms the electrically

conductive surface layer (1015) of the droplet holding plate (1004).

25. A method as defined in claim 24, wherein the carrier surface (1117) is
superhydrophobic, and the operation of attaching the droplet holding plate
(1104) to the sensing tip (1101) comprises:

applying curable adhesive (1109) on the first main surface (1105) of the
droplet holding plate lying on the carrier surface;

bringing the sensing tip into contact with the adhesive;

curing the adhesive; and

pulling the force sensing probe (1100) and the carrier surface away from

each other, thereby detaching the droplet holding plate from the carrier surface.
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PATENTTIVAATIMUKSET
1. Voimanilmaisin (100) hydrofobisen nidytepinnan (151) kanssa kosketukseen
tuodun ja/tai kosketuksesta irrotetun nestepisaran (111) kiinnittymis- ja/tai
vastaavasti irtivetovoiman ilmaisemiseksi, joka voimanilmaisin kasittaa:

ilmaisukérjen (101);

anturielementin (102), joka on liitetty ilmaisukérkeen ja joka kykenee
ilmaisemaan  mikronewtonia pienempid voimia, jotka kohdistuvat
ilmaisukdrkeen  mittaussuunnassa, joka on  mdiéritetty  suhteessa
voimanilmaisimeen;tunnettu siitd, ettd se kiasittda

pisarankannatuslevyn (104), jossa on ensimméinen péédpinta (105) ja
hydrofiilinen toinen péédpinta (106), jotka on liitetty yhteen kehélld olevan
reunapinnan (107) vilitykselld, ja joka on kiinnitetty ensimmaiisen pdipinnan
kautta ilmaisukéarkeen (101) kohtisuorasti mittaussuuntaan ndhden nestepisaran
(111) vastaanottamiseksi ja kannattelemiseksi sen kiinnittyessd toiseen
padpintaan, joka pisarankannatuslevy késittdd  sdhkoisesti  johtavan
pintakerroksen (115), joka pintakerros méérittdd ensimméiisen ja toisen

padpinnan sekd kehilla olevan reunapinnan.

2. Patenttivaatimuksen 1 mukainen voimanilmaisin (100), jossa

pisarankannatuslevy (104) on pyoredn kiekon muotoinen.

3. Patenttivaatimuksen 1 tai 2 mukainen voimanilmaisin (100), jossa

pintakerros (115) késittdd metallia.

4. Patenttivaatimuksen 3 mukainen voimanilmaisin (100), jossa pintakerros

(115) kasittad kultaa.

5. Jonkin patenttivaatimuksista 1 — 4 mukainen voimanilmaisin (100), jossa
pisarankannatuslevyssd (104) on pintakerroksen (115) alla oleva sisdrunko

(114), jossa pintakerros on sisdrungon paalla.
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6. Patenttivaatimuksen 5 mukainen voimanilmaisin (100), jossa sisdrunko

(114) on muodostettu SU-8-fotoresistista.

7. Jonkin patenttivaatimuksista 1 — 6 mukainen voimanilmaisin (100), jossa
kehdllda olevassa reunapinnassa (107) on syvennys (108), jolla
pisarankannatuslevyn kannatteleman nestepisaran (111) estamiseksi levidmasti

toisen padpinnan (106) ulkopuolelle.

8. Jonkin patenttivaatimuksista 1 — 7 mukainen voimanilmaisin (100), jossa
pisarankannatuslevyn (104) maksimilédpimitta on pienempi tai yhté suuri kuin 5

mm, esimerkiksi pienempi tai yhtd suuri kuin 1 mm.

9. Jonkin patenttivaatimuksista 1 — 8 mukainen voimanilmaisin (100), jossa
pisarankannatuslevyn (104) paksuus on pienempi tai yhtd suuri kuin 500 pum,

edullisesti pienempi tai yhtd suuri kuin 100 pm.

10. Jonkin patenttivaatimuksista 1 — 9 mukainen voimanilmaisin (100), jossa
ilmaisukédrki (101) on litetty anturielementtiin (102) pitkdnomaisen varren
(110) valitykselld, joka pitkdnomainen varsi ulottuu mittaussuunnassa ja siini
on ensimmiinen pad (110a), joka on liitetty anturielementtiin, ja toinen pai

(110b), jossa 1lmaisukérki sijaitsee toisessa padssa.

11. Jonkin patenttivaatimuksista 1 — 10 mukainen voimanilmaisin (100), jossa
anturielementtt  (102) on  kapasititvinen  mikroelektromekaaninen

anturielementti.

12. Laitteisto (4000) hydrofobisen ndytepinnan (451) kanssa kosketukseen
tuodun ja/tai kosketuksesta irrotetun nestepisaran (411) kiinnittymis- ja/tai
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vastaavasti irtivetovoiman mittaamiseksi, tunne ttu siitd, ettd laitteisto
késittaa:

jonkin patenttivaatimuksista 1 — 11 mukaisen voimanilmaisimen (400);
ja

niytepidikkeen (440), joka nédytepidike ja voimanilmaisin ovat
liikutettavissa toistensa suhteen mittaussuunnassa kosketusaseman ja
etdisyydelld olevan aseman vililld siten, etti nesteenkannatuslevyn (404)
kannattelema nestepisara on vastaavasti kosketuksessa naytepidikkeen

kannatteleman néiytteen (451) kanssa ja etdisyydella siita.

13. Patenttivaatimuksen 12 mukainen laitteisto (4000), jossa niytepidike (440)
ja voimanilmaisin (400) ovat litkutettavissa toistensa suhteen ainakin yhdessa

poikittaisessa suunnassa, joka on kohtisuorassa mittaussuuntaan néhden.

14. Patenttivaatimuksen 12 tai 13 mukainen laitteisto (6000), joka lisdksi
kasittdd annostelijan (670), joka pystyy ampumaan nanolitraa pienempid
nestepisaraclementtejd (671) ja joka on konfiguroitu ja asemoitu saamaan
annostelijan ampuma pisaraclementti osumaan pisarankannatuslevyn (604)

toiseen pédpintaan (606).

15. Patenttivaatimuksen 14 mukainen laitteisto (6000), joka lisdksi kasittda
hydrofobisen pintaclementin (660), jossa hydrofobinen pintaclementti ja
annostelija on konfiguroitu ja asemoitu saamaan annostelijan ampuma
pisaraelementti (671) osumaan hydrofobiseen pintaclementtiin ja kimpoamaan
siitd pois ja eteneméin edelleen pisarankannatuslevyn (604) toiseen padpintaan

(606).

16. Jonkin patenttivaatimuksista 12 — 15 mukaisen laitteiston kaytté (700)
niytepidikkeelle asetetun ndytteen hydrofobisen néytepinnan kanssa

kosketukseen tuodun ja/tai kosketuksesta irrotetun nestepisaran kiinnittymis-
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ja/tai vastaavasti irtivetovoiman mittaamiseksi, joka kaytto kéasittaa
toimenpiteet, joissa:

litkutetaan ~ voimanilmaisinta, jossa on  pisarankannatuslevyn
kannattelema nestepisara, ja niytepidikettd toisiaan kohti mittaussuunnassa,
kunnes pisara koskettaa naytepintaa, ja litkutetaan voimanilmaisinta, jossa on
pisarankannatuslevyn kannattelema nestepisara, ja ndytepidikettd toisistaan
poispéin, kunnes pisara irtoaa niaytepinnasta (720, 730); ja

mitataan  kiinnittymisvoima, joka  kohdistuu  ilmaisukérkeen
mittaussuunnassa hetkelld, jolloin pisara koskettaa ndytepintaa, ja/tai
irtivetovoima, joka kohdistuu ilmaisukéirkeen mittaussuunnassa hetkelld,

jolloin pisara irtoaa ndytepinnasta (750).

17. Patenttivaatimuksen 16 mukainen kaytt6 (800), jossa laitteisto on
patenttivaatimuksen 13 mukainen, joka kaytto kasittaa:

suoritetaan patenttivaatimuksen 16 mukaiset toimenpiteet ensimmaiselle
mittauskohdalle néytepinnalla (8201, 8301, 850:);

litkutetaan néytepidikettd ja voimanilmaisinta toistensa suhteen ainakin
yhdessd poikittaisessa suunnassa, joka on kohtisuora mittaussuuntaan nidhden
(870); ja

suoritetaan patenttivaatimuksen 16 mukaiset toimenpiteet toiselle

mittauskohdalle naytepinnalla (820,, 830,, 850,).

18. Patenttivaatimuksen 16 tai 17 mukainen kiaytto (700), jossa laitteisto on
patenttivaatimuksen 14 mukainen, joka kéytté lisdksi kiasittdd nestepisaran
muodostamisen pisarankannatuslevyn toiselle pddpinnalle (710), jossa mainittu
muodostaminen kasittaa:

ammutaan nanolitraa pienempi nestepisaraclementti annostelijalla

pisarankannatuslevyn (711) toiseen padpintaan.
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19. Patenttivaatimuksen 18 mukainen kayttd, joka lisdksi késittdd
pisarankannatuslevyn kannatteleman nestepisaran lataamisen uudelleen sen
jilkeen kun nestepisara on irronnut nédytepinnasta ampumalla nanolitraa
pienempi nestepisaraclementti annostelijalla nestepisaraan hydrofobisen

pintaelementin kautta.

20. Menetelméd voimanilmaisimen valmistamiseksi hydrofobisen nédytepinnan
kanssa kosketukseen tuodun ja kosketuksesta irrotetun nestepisaran
kiinnittymis- ja/tai vastaavasti irtivetovoiman ilmaisemiseksi, joka menetelma
kéasittdd toimenpiteet, joissa:

jarjestetddn ilmaisukirki (901) ja ilmaisukérkeen liitetty anturielementti
(902), jossa anturielementti kykenee ilmaisemaan mikronewtonia pienempii
voimia, jotka kohdistuvat ilmaisukédrkeen mittaussuunnassa, joka maéaaritetdan
suhteessa voimanilmaisimeen;tunnettu siitd, ettd

jéarjestetddn pisarankannatuslevy (904), jossa on ensimméiinen péaédpinta
(905) ja hydrofiilinen toinen péédpinta (906) nestepisaran vastaanottamiseksi ja
kannattelemiseksi sen kiinnittyessd toiseen padpintaan, jossa ensimmdinen ja
toinen pddpinta on liitetty yhteen kehédlldi olevan reunapinnan (907)
vilitykselld, joka pisarankannatuslevy késittdd sdhkoisesti  johtavan
pintakerroksen (915), joka pintakerros méérittdd ensimméiisen ja toisen
padpinnan seki kehilld olevan reunapinnan; ja

liitetdédn pisarankannatuslevy ilmaisukédrkeen ensimmaéisen péddpinnan

kautta kohtisuorasti mittaussuuntaan nihden.

21. Patenttivaatimuksen 20 mukainen menetelmi, jossa pisarankannatuslevy

(904) liitetdédn ilmaisukérkeen liimalla (909).

22. Patenttivaatimuksen 21 mukainen menetelmé, jossa liima (909) on

linotettavissa pisarankannatuslevyn (904) vaihtamisen mahdollistamiseksi.
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23. Jonkin patenttivaatimuksista 20 — 22 mukainen menetelmd, jossa

pisarankannatuslevy (904) on jonkin patenttivaatimuksista 2 — 11 mukainen.

24. Jonkin patenttivaatimuksista 20 — 23 mukainen menetelmd, jossa
toimenpide, jossa jarjestetddn pisarankannatuslevy, kasittaa:

muodostetaan pisarankannatuslevyn sisdrunko (1014) alustakerroksen
(1016) pédlle, jossa sisdarungossa on alustakerrosta kohti suunnattu sisdrungon
ensimmainen padpinta (1005°) ja sisdrungon toinen padpinta (1006) liitettyna
yhteen sisdrungon kehilld olevan reunapinnan (1007”) vélityksell;

paillystetddn sisdrungon toinen pddpinta ja ainakin osa sisdrungon
kehalla olevasta reunapinnasta sdhkoisesti johtavalla materiaalilla (1015);

irrotetaan sisdrunko alustalta ja asetetaan se kantajapinnan (1017) paille
siten, ettd paallystetty sisdrungon toinen pédpinta on suunnattu kohti
kantajapintaa;

paidllystetddn sisdrungon ensimméinen pédpinta ja mahdollisesti
paallystaméton loppuosa sisdrungon kehélld olevasta reunapinnasta sahkoisesti
johtavalla materiaalilla;

jolloin sdhkoisesti johtava materiaali muodostaa pisarankannatuslevyn

(1004) séhkoisesti johtavan pintakerroksen (1015).

25. Patenttivaatimuksen 24 mukainen menetelmé, jossa kantajapinta (1117) on
superhydrofobinen ja toimenpide, jossa liitetddn pisarankannatuslevy (1104)
ilmaisukéirkeen (1101), kasittaa:

levitetddn kovettuvaa liimaa (1109) kantajapinnan pailld olevan
pisarankannatuslevyn ensimmadiselle padpinnalle (1105);

tuodaan ilmaisukérki kosketukseen liiman kanssa;

kovetetaan liima; ja

vedetddn voimanilmaisinta (1100) ja kantajapintaa poispéin toisistaan,

jolloin pisarankannatuslevy irtoaa kantajapinnasta.
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