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(57) Abstract: The invention relates to a probe arrangement (10g) for exchanging in a controllable way liquids with micro-sized
samples of material like biological cells, especially in connection with an scanning probe microscope, said probe arrangement
(10g) comprising a probe holder (11) with at least one embedded first channel (18) and a cantilever (12) with at least one embed-
ded second channel (15) and being provided to be attached to said probe holder (11) in a way that at least one aperture (19) of the
first channel (18) is connected to at least one aperture (17) of the second channel (15) in a way that permits the liquid-tight trans-
fer of a liquid between said first and second channels (15, 18). A safe and easy use of the probe arrangement is achieved by having
the cantilever (12) permanently attached to said probe holder (11) to form a prefabricated probe unit (10g).
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A probe arrangement for exchanging in a controllable way liqg-
uids with micro-sized samples of material like biological cells

Field of Invention

The invention pertains to the field of the systems for exchanging in a controlled
way liquids with micro-sized samples of material like biological cells, or the like.
It refers to a probe arrangement for exchanging in a controllable way liquids
with micro-sized samples of material like biological cells, especially in connec-

tion with a scanning probe microscope, according to the preamble of claim 1.

Background of the invention

It is well-known in the art to use scanning probe microscopes, especially in the
form of scanning force microscopes, to examine and non-destructively charac-
terize surfaces of a specimen (see for example US-B2-7,114,405). The mounting
of probes utilized for examining a specimen is of decisive significance for the
operation of a scanning probe microscope. In any scanning probe microscope,
the probe must be secured in such a way that a respective measured physical
variable can be detected in dependence upon a distance between the specimen
and a measuring tip of the probe. One type of scanning probe microscopy is
scanning force microscopy with which a spring pole is used as the probe, nor-
mally referred to as a. cantilever. There is a measuring tip at one end of the can-
tilever. The probe (cantilever) preferably consists of silicon, but other materials
may be used as well, such as silicon nitride or diamond. As a rule, the cantilever,

including its measuring tip, is mounted on a substrate, sometimes referred to as

CONFIRMATION COPY
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base or probe holder. Adequate mounting of the cantilever must meet the cor-
responding diverse requirements as well. Two kinds of mounting the cantilever
in a scanning probe microscope are known in the art. With one of them, the
cantilever is either attached by gluing or retained by means of a liquid which
has adhesive properties. The second type of known mounting is fully mechanical,
usually implemented by means of a spring. Fastening of the cantilever by means
of an adhesive is unsuitable for many scanning probe microscopes since the
most frequently applied adhesive materials produce a long lasting bond be-
tween the probe and a retaining member to which the probe is to be fixed, a
bond which can be severed only by taking recourse to solvents. Besides, the use
of adhesive materials is very critical for operating scanning probe microscopes
in liquids because the liquid within which the probe is located may undergo
chemical changes caused by interaction with the adhesive material. For this rea-
son, mechanical fastening by means of some spring retention often is selected

(see Fig. 1 of the present application).

It is also well-known in the art (see EP-A1-1 990 626), to use a cantilevered
probe arrangement including micro channels that may be controllable by a
drive for performing analysis and/or manipulation of micro-sized samples of
material, in, e.g., a fluid environment constituting, for example, biological ma-
terial. The cantilever probe tip may for example be employed to perform elec-
trophysiological tests in accordance to, for example, various modes such as a

static and a scanning mode of samples of biological material such as biological
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tissue; an individual cell as well as elements thereof including vesicles, cell
membrane and portions thereof, lipid bilayers and artificial lipid bilayers. The
micro-channels enable the release of fluids and the collection of samples in the
very range where the electrophysiological tests are performed. One of the main
applications of such a cantilever probe arrangement is associated to cell biology,
such as intracellular injection or sampling of the cytoplasm, extracellular drug
release or sampling of the environmental buffer in relative proximity close to the

cell by means of the force-controlled cantilever probe tip.

However, in using the micro fabricated cantilevers with their internal micro
channels with a scanning probe microscope, one has to mount the cantilevers
on a suitable probe holder, such that the cantilever is securely fixed to said
probe holder in a correct position. At the same time, a liquid-tight connection
between the cantilever and the probe holder has to be established, so that lig-
uid can be exchanged under a defined pressure between an (external or internal)
liquid reservoir and the sample to be probed. This is a difficult task in the nor-
mal environment of a laboratory, and may result in damaging the cantilever or
failing to achieve a pressure-tight connection between the cantilever and the

probe holder.

Summary of the invention
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It is therefore an objection of the present invention to provide a probe ar-
rangement, which is easy to use and precludes any failures with regard to the

positioning and hydraulic connection of the cantilever.

According to the invention the cantilever is permanently attached to said probe

holder to form a prefabricated probe unit.

According to one embodiment of the invention said cantilever is attached to
said probe holder in a form fitting manner. The form-fit simplifies the position-

ing and sealing of the cantilever relative to the probe holder.

According to another embodiment of the invention said cantilever is attached to
said probe holder by means of an adhesive joint. The adhesive joint is space-
saving and simple to apply and may be used as a sealing. The adhesive can be
chosen to be compatible with the liquid flowing through the joint. However, it

may be combined with additional sealing means.

According to another embodiment of the invention said cantilever is attached to
said probe holder by means of a welding joint. The cantilever may be either
welded directly with the probe holder material or by adding an additional com-

pound (metallic or polymeric) between cantilever and probe holder.

According to another embodiment of the invention a sealing material may be

generally provided between said cantilever and said probe holder.
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According to another embodiment of the invention said sealing material in-
cludes a liquid compatible, elastic material having a Young's modulus of <150

GPa, preferably between 0.01 GPa and 0.2 GPa.

According to another embodiment of the invention the elastic material between
the cantilever and the probe holder is a polymer, especially one of KALREZ®,
poly(dimethy! siloxane), Poly (acrylonitrile, butadiene, styrene), vinyl acetate,
acrylates, polyamides, acetal resins, poly(vinylidene fluoride), poly(vinylidene
chloride), poly(ethylene, propylene butylene.)), polyetheretherketone, polyure-
thane, silicone, polyisobutylene, epoxy, poly (ethylene therepthalate), polyimide,

polycarbonate, polysulfones, natural rubbers or anything similar.

According to another embodiment of the invention the elastic material between
the cantilever and the probe holder is a metal or a metal alloy containing Pb, Zn,

Sn, In, Sb or Ag.

According to another embodiment of the invention said cantilever is micro fa-
bricated and made of one of Si, SiO2, SiN, GaAs, SiGe or a polymeric material,
benzocyclobutene (BCB), benzocyclobutene (BCB), Parylene, Polyamide, Acrylic
(PMMA), poly-dimethylsiloxane PDMS, liquid crystal polymer (LCP), liquid crystal
elastomer (LCE), fluorocarbon, a piezoelectric polymer, a functional hydrogel,

polyurethane or novolack.
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According to another embodiment of the invention the probe holder is optically
transparent enabling optical access to the cantilever, including access for laser
based force feed-back. With such a probe holder the force-feedback capability
of a scanning probe microscope can be used when the probe unit is mounted

thereon.

According to another embodiment of the invention the cantilever has a tip, and
said second channel has two apertures, one of them at the apex of the tip of the
cantilever, the other being connected to the at least one aperture of the probe
holder. With such a cantilever the exchange of liquid with a sample can be done .

with utmost precision.

According to another embodiment of the invention the at least one probe hold-
er channel ends at least at two apertures, one of them being connected to a
cantilever aperture, another one being connected to a liquid handling means,

especially a reservoir for a liquid.

Especially, said probe holder may comprise a built-in reservoir, which is con-

nected to said first channel of said probe holder.

According to another embodiment of the invention the probe holder comprises
a pressure chamber containing at least one built-in liquid reservoir to control

the pressure used to press the liquid out of the reservoir through the hollow
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cantilever and tip opening or suck in liquid from the tip back into the cantilever

or a built-in reservoir in the probe holder.

According to another embodiment of the invention said built-in liquid reservoir

and/or said pressure chamber is connected to a pressure controller.

According to another embodiment of the invention the cantilever channel has
inner dimensions with a width and height between 0.1 pm and 1 mm, preferably
between 1 pm and 100um, and a length between 1 um and 10 mm, preferably

between 20 ym and 1 mm.

According to another embodiment of the invention said cantilever is perma-
nently attached to said probe holder by mechanical and/or magnetic forces,

preferably using at least one spring, clamp, or screw.

According to another embodiment of the invention the probe holder contains
positioning means, especially in form of a groove, for precise positioning of the

various elements during the mounting of the probe unit.

According to the invention the inventive probe arrangement is applied as a
probe in a scanning probe microscope, preferably with a force feed-back system

based on a laser or a piezo-resistive effect.

Brief description of the drawings
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The invention will be explained below by means of various embodiments and

with reference to the drawings.

Fig.1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

shows a configuration of a cantilever removably attached to a probe

holder by means of a spring;

shows a first embodiment of the probe unit according to the inven-
tion, wherein the cantilever is adhesively attached to the probe hold-

er at its lower side;

shows a second embodiment of the probe unit according to the in-
vention, wherein the cantilever is attached to the probe holder in a

form fitting and sealing manner;

shows a third embodiment of the probe unit according to the inven-
tion, wherein the cantilever is attached to the probe holder at its low-

er side by means of a weld;

shows a fourth embodiment of the probe unit according to the in-
vention, wherein the cantilever is attached to the probe holder in a

form fitting and sealing manner by means of a weld;

shows a fifth embodiment of the probe unit according to the inven-
tion similar to Fig. 4, wherein the probe holder is connected by an ex-

ternal tube to an external pressure controller;
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Fig. 7 shows a sixth embodiment of the probe unit according to the inven-
tion, wherein the probe holder comprises a built-in reservoir, and
bears a pressure chamber at its upper side, which is connected by an

external tube to an external pressure controller; and

Fig. 8 shows a seventh embodiment of the probe unit according to the in-
vention, wherein a built-in reservoir in the probe holder is closed by a
cover and connected to an external pressure controller by means of

an external tube.

Detailed description

Inspired by the operation mode of the atomic force microscope (AFM), a micro
fabricated, channelled cantilever has been used, i.e. a cantilever with an embed-
ded channel in order to be able to dispense or collect liquid with force control.
As shown in Fig. 1, the channelled cantilever 12 is part of a chip which allows the
mounting to a probe holder 11 and the connection to a liquid delivery or collec-
tion system (liquid handling means 25). The embedded channel 15 of the canti-
lever 12 starts from the hollow tip 14 of the cantilever 12 and ends in the chip
body 13. Consequently, two apertures 16 and 17 are foreseen at both extremi-
ties of the channel 15: the first (17) at the surface of the chip body 13, and the
second (16) at the surface of the cantilever 12. The cantilever may be eventually
provided with a hollow tip 14: in this case, the second aperture (16) is at the sur-

face of the tip 14, as shown in Fig. 1.
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On the other hand, a probe holder 11 is fabricated in such a way as to have an
embedded channel 18 ending at both sides in an aperture 19 and 20 at the ex-
ternal surface of the probe holder 11. The cantilever chip 12 and the probe
holder 11 are aligned in such a way that the aperture 17 on the cantilever chip
12 and one of the two apertures 19, 20 of the probe holder 11 coincide. The
cantilever chip 12 and the probe holder channel 18 are then clamped together
with a spring 22, or other means. A polymer is deposited to form an O-ring like
structure or sealing 23 for sealing purposes between the cantilever chip 12 and

the probe holder 11.

The polymer could be KALREZ®, poly(dimethyl siloxane), Poly (acrylonitrile, bu-
tadiene, styrene), vinyl acetate, acrylates, polyamides, acetal resins,
poly(vinylidene fluoride), poly(vinylidene chloride), poly(ethylene, propylene bu-
tylene..), polyetheretherketone, polyurethane, silicone, polyisobutylene, epoxy,
poly (ethylene therepthalate), polyimide, polycarbonate, polysulfones, natural
rubbers or anything similar. The polymer may also be eventually enriched with
particles, beads or fibers for reinforcement. The other aperture 20 of the probe
holder 11 can be connected by an external tube 21 to whatever liquid reservoir

orto

Instead of having an external liquid reservoir, the reservoir can also be built-in
into the probe holder In the embodiment of Fig. 7, the probe holder 11 of the

probe unit 10f comprises a built-in reservoir 31, which is connected to the chan-
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nel 18 of the probe holder 11, at one side, and to a pressure chamber 29, at the
other side. The pressure chamber 29 is the interior of a cap 30, which sits on top
of the probe holder 11 and is sealed by means of a sealing 23. In the embodi-
ment of Fig. 8, the built-in reservoir 31 is directly covered by means of a sealed
éover 32. That allows the user to pipette easily small amounts of liquid into the
built-in reservoir 31. The built-in reservoir 31 can be connected to an external
pressure controller (33 in probe unit 10g in Fig. 8) either directly or via the pres-
sure chamber 29 by mans of an external tube 21 to control the positive or nega-
tive pressure inside the liquid reservoir 31. This way the liquid can be ejected
with a chosen pressure or local liquid samples can be sucked into the hollow

cantilever 12 or into the liquid reservoir 31.

In this way, a continuous fluidic path is established from the aperture 16 of the
cantilever 12 to the external tube 21 which is eventually connected to the probe
holder 11 or built-in liquid reservoir 31. Thanks to the AFM force control, the
channeled cantilever 12 can be approached onto whatever object and the liquid

filling the fluidic path 15, 18 can be locally dispensed from the tip aperture 16.

To form the prefabricated probe unit, the cantilever 12 can be attached to the
probe holder 11 either by gluing it to the lower side of the probe holder 11 with
an adhesive 27 (probe unit 10a in Fig. 2), or from a side in a form fitting manner
(probe unit 10b in Fig. 3). Furthermore, it may be attached to the lower side of

the probe holder 11 by means of a weld 28 (probe unit 10c in Fig. 4), or welded
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to the probe holder 11 fro ma side in a form fitting manner (probe unit 10d in
Fig. 5). The welded probe unit of Fig. 4 méy be connected to an external pres-
sure controller (33 in Fig. 8) by means of an external tube 21 (probe unit 10e in
Fig. 6). Furthermore, electrodes (35 in Fig. 8) can be built into the reservoirs 31
to measure electric currents through the hollow cantilever 12 used for measur-

ing the electrophysiology of living cells.

The cantilever 12 can be a hollow bar with an opening 16 at the tip 14 or a more
complex structure can be attached, such as pyramid or hemisphere. Besides a

pyramid or hemisphere, a tube shaped tip may be provided at the cantilever 12.

The probe holder 11 can be designed like a drawer with rails/slides allowing a

fast mounting on the scanning probe microscope or AFM.

Example: A channel was drilled into a commercial AFM probe holder made of
polycarbonate. This channel ended in two apertures: one at the bottom surface
(lower side) of the probe holder, while the other at its lateral surface. The lateral
aperture was connected with a liquid reservoir through tubing. The aperture at
the bottom base of the probe holder was connected to a micro channeled canti-
lever chip. A two component material (LOT Oriel, SP-90-10) was deposited onto
the bottom channel aperture of the probe holder to form an O-ring like sealing
structure. The sealing could also be made of any elastic material which is com-
patible with the liquid solution filling the channels during the experiment. The

inner diameter of the sealing was preferentially equal to the diameter of the
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bottom aperture and the outer diameter was larger than the channel opening
on the chip body containing the cantilever. The chip body was aligned accord-
ing to a groove (26 in Fig. 1) or markings eventually present on the probe hold-
er and pressed against the sealing by a force, which was in this case exerted by
a metal spring. The force could have also been applied by any other mechanical

device e.g. involving screws or by a device involving magnetic components.

List of Reference Numerals

10,10a-g probe unit

11 probe holder

12 cantilever (channeled)
13 body

14 tip

15,18 channel

16,17 aperture

19,20 aperture

21 tube (external)

22 spring

23 sealing

24 recess

25 liquid handling means (e.g. reservoir, etc.)
26 groove

27 adhesive



10

WO 2010/012423

28

29

30

31

32

33

34

35

14

weld

pressure chamber

cap

reservoir (built-in)

cover

pressure controller
scanning probe microscope

electrode

PCT/EP2009/005393
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Claims

A probe arrangement (10a-g) for exchanging in a controllable way liquids
with micro-sized samples of material like biological cells, especially in con-
nection with an Atomic Force Microscope (34), said probe arrangement
(10a-g) comprising a probe holder (11) with at least one embedded first
channel (18) and a cantilever (12) with at least one embedded second
channel (15) and being provided to be attached to said probe holder (11)
in a way that at least one aperture (19) of the first channel (18) is con-
nected to at least one aperture (17) of the second channel (15) in a way
that permits the liquid-tight transfer of a liquid between said first and
second channels (15, 18), characterized in that said cantilever (12) is per-
manently attached to said probe holder (11) to form a prefabricated probe

unit (10a-g).

A probe arrangement according to claim 1, characterized in that said canti-

lever (12) is attached to said probe holder (11) in a form fitting manner.

A probe arrangement according to claim 1 or 2, characterized in that said
cantilever (12) is attached to said probe holder (11) by means of an adhe-

sive joint (27).
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A probe arrangement according to claim 1 or 2, characterized in that said
cantilever (12) is attached to said probe holder (11) by means of a welding

joint (28).

A probe arrangement according to one of the claims 1 to 4, characterized
in that a sealing material is provided between said cantilever (12) and said

probe holder (11).

A probe arrangement according to claim 5, characterized in that said seal-
ing material includes a liquid compatible, elastic material having a Young's

modulus of <150 GPa, preferably between 0.01 GPa and 0.2 GPa.

A probe arrangement according to claim 6, characterized in that the elastic
material between the cantilever (12) and the probe holder (11) is a polymer,
especially one of KALREZ®, poly(dimethyl siloxane), Poly (acrylonitrile, bu-
tadiene, styrene), vinyl acetate, acrylates, polyamides, acetal resins,
poly(vinylidene fluoride), poly(vinylidene chloride), poly(ethylene, propyl-
ene butylene..), polyetheretherketone, polyurethane, silicone, polyisobuty-
lene, epoxy, poly (ethylene therepthalate), polyimide, polycarbonate, poly-

sulfones, natural rubbers or anything similar.

A probe arrangement according to claim 6, characterized in that the elastic
material between the cantilever (12) and the probe holder (11) is a metal

or a metal alloy containing Pb, Zn, Sn, In, Sb or Ag.
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17

A probe arrangement according to one of the claims 1 to 8, characterized
in that said cantilever (12) is micro fabricated and made of one of Si, SiO2,
SiN, GaAs, SiGe or a polymeric material, benzocyclobutene (BCB), benzo-
cyclobutene (BCB), Parylene, Polyamide, Acrylic (PMMA), poly-
dimethylsiloxane PDMS, liquid crystal polymer (LCP), liquid crystal elasto-
mer (LCE), fluorocarbon, a piezoelectric polymer, a functional hydrogel, po-

lyurethane or novolack.

A probe arrangement according to one of the claims 1 to 8, characterized
in that the probe holder (11) is optically transparent enabling optical
access to the cantilever (12), including access for laser based force feed-

back.

A probe arrangement according to one of the claims 1 to 10, characterized
in that the cantilever (12) has a tip (14), and said second channel (15) has
two apertures (16, 17), one of them at the apex of the tip (14) of the canti-
lever (12), the other being connected to the at least one aperture (19) of

the probe holder (11).

A probe arrangement according to one of the claims 1 to 11, characterized
in that the at least one probe holder channels (18) ends at least at two
apertures (19, 20), one of them being connected to a cantilever aperture
(17), another one being connected to a liquid handling means (25, 31), es-

pecially a reservoir (31) for a liquid.
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15.

16.

17.

18

A probe arrangement according to one of the claims 1 to 12, characterized
in that said probe holder (11) comprises a built-in reservoir (31), which is

connected to said first channel (18) of said probe holder (11).

A probe arrangement according to one of the claims 1 to 13, characterized
in that said probe holder comprises a pressure chamber (29) containing at
least one built-in liquid reservoir to control the pressure used to press the
liquid out of the reservoir through the hollow cantilever (12) and tip open-
ing or suck in liquid from the tip (14) back into the cantilever (12) or a

built-in reservoir (31) in the probe holder (11).

A probe arrangement according to claim 13 or 14, characterized in that
said built-in liquid reservoir (31) and/or said pressure chamber (29) is con-

nected to a pressure controller (33).

A probe arrangement according to one of the claims 1 to 15, characterized
in that the cantilever channel (15) has inner dimensions with a width and
height between 0.1 um and 1 mm, preferably between 1 ym and 100pm,
and a length between 1 pm and 10 mm, preferably between 20 ym and 1

mm.

A probe arrangement according to claim 1, characterized in that said canti-

lever (12) is permanently attached to said probe holder (11) by mechanical
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18.

19,

19

and/or magnetic forces, preferably using at least one spring (22), clamp, or

screw.

A probe arrangement according to one of the claims 1 to 17, characterized
in that the probe holder (11) contains positioning means, especially in
form of a groove (26), for precise positioning of the various elements dur-

ing the mounting of the probe unit (10a-g).

Application of the probe arrangement according to one of the claims 1 to
18 as a probe in a scanning probe microscope (34), preferably with a force

feed-back system based on a laser or a piezo-resistive effect.
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