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[0001] The present invention relates to a method for automated deter-
mination of the relative position between a first hole on a first microsystem
component, which is preferably provided with a first channel opening in the first
hole, and at least one second hole on a second microsystem component, which is
preferably provided with a second channel opening in the second hole, wherein
the two microsystem components are located in a liquid medium at least in the

region of the holes.

[0002] The present invention furthermore relates to using a device for
the automated contacting of at least one microscopic test object, preferably a
biological cell, wherein the test object is immobilized on a first hole and is then
contacted through a second hole, wherein the device comprises at least one first
microsystem component, on which the first hole is provided and which is prefer-
ably provided with a first channel opening in the first hole, at least one second
microsystem component, on which the second hole is provided and which is
preferably provided with a second channel opening in the second hole, and a
reaction vessel for holding a liquid medium, the two microsystem components

being immersed in the medium at least in the region of the holes.

[0003] US 2002/098575 Al discloses a device and a method to be per-
formed with the device, for the automatic positioning of a first microsystem
component within a liquid medium by means of a guide collar, such that the first
component contacts a microscopic test object immobilizes at a second microsys-

tem component.

[0004] In connection with the present invention, “contacting” is intended
to mean both direct physical contact with the surface or the interior of the micro-
scopic test object and the application of substances onto the surface or into the
interior of this microscopic test object. Furthermore, the contacting according to
the invention also includes the removal of substances from such a microscopic

test object.
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[0005] In the scope of the present invention, a “microscopic test object”
is intended to mean a test object which is in suspension and has dimensions in
the range of a few pym to several tens of yum, preferably from about 5 to about 50
nm. These test objects include individual cell culture cells, cell clusters, oocytes,

polymer microspheres, empty cell envelopes, etc.

[0006] These microscopic test objects are generally sucked onto the first
hole and temporarily held, i.e. immobilized, there by negative pressure. They are
then contacted through the second hole, in order to be able to carry out meas-
urements on the test object or in order to be able to manipulate the test object in

the above sense.

[0007] In this context, a “microsystem component” is intended to mean a
part which is suitable for immobilizing or contacting the microscopic test objects.
Such parts may be formed as micro-cannulas or pipettes, and they may also
comprise microsystem technology elements which can be positioned in the

micrometer range.

[0008] “Microsystem technology” means miniaturized instruments,
modules and parts whose components have very small dimensions in the mi-

crometer range and which interact as a system.

[0009] The first hole, on which the microscopic test object is intended to
be at least temporarily immobilized, may for example be a hole on a holding
pipette or a membrane pore on a microsystem technology part. This hole may be
connected to a channel extending in the first microsystem component, or it may

be formed as a pure pore.

[0010] In order to be able to contact the test object immobilized on the
first hole, the hole of a second microsystem component must be positioned in the
micrometer range with respect to the first hole, or the test object. This second

hole may be formed on a micro-cannula in which a measurement electrode is
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arranged, although the micro-cannula may also be formed as an injection cannula

or as a suction cannula.

[0011] Owing to the production processes, however, in the microsystem
components in question here the exact positions of the holes on the microsystem
components are not known in many cases, at least not within the order of magni-

tude range of a few micrometers which is of interest here.

[0012] In view of the above, no rapid, economical and reliable methods
are yet known with which two such microsystem components can be positioned
with respect to one another in an automated fashion, in such a way that their

holes are mutually aligned.

[0013] In the scope of the present invention, the term “mutually aligned”
means that the two holes lie opposite one another in such a way that their middle
axes extend through the other respective hole, and preferably coincide, and

between the holes there is a distance which is no more than a few micrometers.

[0014] The previously available methods are all based on the position of
the hole on the respective microsystem component either being determined
beforehand by a user or being determined in the scope of an elaborate image

recognition method.

[0015] When the position or location of the two holes with respect to
one another is known, then the microsystem components can be positioned

relative to one another in such a way that the holes are mutually aligned.

[0016] A method according to the invention and a device according to
the invention are intended to be used in order to suck microscopic test objects
which are in suspension onto the first hole and hold them there temporarily by

negative pressure. The second microsystem component, which is generally
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formed as a micro-cannula, is then positioned in such a way that the second hole
comes to lie on the surface or at a defined distance from the surface of the

microscopic test object, or penetrates into the test object itself.

[0017] In this way, electrical measurements can be carried out on the
surface or in the interior of the microscopic test object, it also being possible to

introduce substances into the test object or suck them out of the test object.

[0018] When the second hole is arranged at a certain distance from the
test object, the test objects may also be transiently stimulated, for example by
directing special liquids for very short periods of time directly onto the surface of

the test objects.

[0019] After the test object has been stimulated or excited in this way,
another micro-cannula may be positioned against the test object in order to
measure the effects of the stimulation.

[0020] Besides biological cells or synthetically produced microspheres,
microcarriers or other solid bodies which lie in above-said diameter range may
also be envisioned as test objects.

[0021] The device to be provided according to the invention and the
method to be made available according to the invention are of particular interest
for use in the field of the patch clamp technique, the development history and
application possibilities of which are described for example in EP 0 980 523 B1.

[0022] In the conventionally used patch clamp technique, a single pipette
is brought under microscopic observation onto the outside of an immobilized
cell. To this end, the fragile glass pipette is placed by means of a micromanipula-
tor under optical supervision by a skilled expert onto the cell membrane, which is

then sucked onto the hole in the glass pipette by negative pressure.
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[0023] Subsequently, measurements may optionally be carried out on
the membrane patch, which is sealed against the surrounding liquid by means of
the pipette and is electrically insulated by means of a so-called gigaseal. It is,
however, also possible to open the membrane patch by a further pressure im-

pulse so that there is direct contact with the interior of the cell.

[0024] Furthermore, it is also known to insert thinly drawn glass capil-
laries into a cell and then inject substances into the cell interior, or suck sub-

stances out of the cell interior.

[0025] Particularly in the methods which are based on drawn patch pi-
pettes or injection pipettes, the exact site of the location of the hole on the

pipette is not known.

[0026] The same applies for the position of micropores on surfaces, in
which case the exact location of the micropore on the surface is often not known

for reasons of production.

[0027] As already mentioned, however, for the use of the techniques
provided according to the invention it is necessary to know the exact relative
position between the two holes on two microsystem components, which are

provided for immobilization and contacting of a microscopic test object.

[0028] In this context, already mentioned EP 0 980 523 B1 proposes to
ascertain the position of a cell to be contacted and the position of the tip of a
patch pipette in space in an automated fashion with the aid of an image pro-
cessing system, and then to bring the tip in a controlled way onto the membrane

surface of the cell to be contacted.

[0029] In other words, the search for a cell with which a patch clamp

connection is intended to be established, and the determination of the location of
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the tip on the pipette, are based on optical information in digital images. The
recognition method is carried out iteratively. After a first rough estimate of the
position of the tip of the pipette and of the positioning of the pipette in the
desired part of the image has been ascertained, the geometrical midline of the
pipette is ascertained, with the aid of which the position of the hole of the chan-

nel in the pipette can then be deduced.

[0030] This method is not only extremely time consuming, but also re-
quires very expensive and elaborate devices, which can furthermore be operated

only by very well trained personnel.

[0031] For these reasons, the known method has not yet gained wide

use.

[0032] From US 7,384,733 B1, it is known to suck a cell, which is in sus-
pension, onto the tip of a patch clamp pipette. To this end, a suspension of cells
to be contacted is taken up in a glass capillary and then a patch clamp pipette is
arranged centrally with respect to the hole of the glass capillary. The patch clamp
pipette is subsequently moved stepwise toward the hole of the capillary and the
resistance of the pipette relative to the surroundings is measured. With the aid of
the resistance change, the time when the patch clamp pipette is immersed in the
liquid, or contacts a cell which is then sucked on by negative pressure, is recog-

nized.

[0033] In this method, it is on the one hand disadvantageous that the
cells which are in suspension come in contact with the tip of the patch clamp
pipette only by random encounter. In order to increase the probability, many cells
are therefore taken into suspension, even if only one of these cells is intended to

be contacted.
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[0034] In this method, it is therefore on the one hand disadvantageous
that a large number of cells have to be held in stock, even if only one cell is

respectively intended to be contacted.

[0035] It is furthermore disadvantageous that the method can only be
started when the tip of the patch clamp pipette has already been aligned by
operating personnel coaxially with the capillary in which the cells are held in
suspension. This type of alignment, however, is not sufficiently precise for many
applications. Furthermore, the alignment depends on the experience of the
operating personnel and is therefore also not sufficiently reliable and reproduci-
ble.

[0036] The known method only starts to work when the information
which is to be provided for the first time according to the invention is already
available, the quality and reproducibility of this information often not being

sufficient in the prior art.

[0037] The method known from US 7,384,733 B1 is thus not fully au-
tomatable, as the positioning of the patch clamp pipette with respect to the
capillary must be carried out manually, which entails the disadvantages ex-

plained.

[0038] A similar method is described by US 2003/0138767 Al. After a
pipette has been clamped in a holder and aligned with a vessel in which cells are
held in suspension, the pipette is automatically moved toward the liquid present

in the vessel.

[0039] The pipette is a patch clamp pipette which is operated in the cur-
rent clamp mode, in which the current is kept constant and the developing

voltage is measured.
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[0040] When the pipette is immersed in the solution, this is recognized

by a change in the measured voltage.

[0041] The patch clamp pipette is then changed to the voltage clamp
mode, in order to measure the resistance in front of the pipette. With the aid of a
resistance change, whether a cell has been sucked onto the tip of the pipette is

then recognized.

[0042] An example of a glass pipette or glass capillary which can be used
for patch clamp experiments may be found in WO 2007/107375 A2.

[0043] The problem of positioning a cell on a hole, on which it can then
be contacted in an automated fashion in the sense of the patch clamp technique,
is also addressed in WO 01/94939 A1 and EP 1 311 655 B1.

[0044] These methods are based on cells that are individualized in mi-
crochannel systems and then fed through channels and sucked onto lateral holes
in these channels. The cells positioned in this way are then contacted by means of
a patch clamp pipette arranged concentrically with the suction hole or are pene-

trated by means of suitable pipettes.

[0045] In these methods as well, the exact geometrical shape and ar-
rangement of the patch clamp pipette are known before the method can begin at
all.

[0046] A common feature of all the methods described so far is that one
cell, which is subsequently measured, is selected purely at random from a large
number of cells. In this case, in practice, it regularly happens that dead cells, cell
debris or contaminants are sucked onto the patch clamp pipette, which leads to

abortion of the experiment. Besides the time aspect, a further disadvantage in
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this case is that the patch clamp pipette cannot be used again but must be dis-

posed of.

[0047] It would therefore be desirable if individual cells could be select-
ed in a controlled way from a number of available cells and checked for their
suitability for the planned measurement before the actual measurement. To this
end, however, exact and reproducibly obtainable knowledge about the shape and

position of the patch clamp pipette is necessary.

[0048] In view of this prior art, it is an object of the present invention to
provide a method and a device of the type mentioned at the outset, which make it
possible to position the two microsystem components with respect to one anoth-
er in such a way that their holes are mutually aligned. The intention is in this case
that the new method can be carried out rapidly and reliably even by less highly
specialized personnel, and the new device is intended to be constructed simply

and economically.

[0049] In the method mentioned at the outset, this object is achieved ac-

cording to the invention by the steps:

- under the supervision of a control device controlled by a comput-
er, the first and second microsystem components are displaced

relative to one another into different relative positions,

- electrical signals are delivered by one of the two microsystem
components and are recorded on the other of the two microsys-
tem components as measurement values which depend on the
relative position of the two microsystem components with re-

spect to one another,
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- for different relative positions between the two microsystem
components, measurement values are determined, from which in
the control device the relative position is ascertained into which
the two microsystem components are to be positioned with re-
spect to one another in such a way that their holes are mutually

aligned.

[0050] In the device mentioned at the outset and used according to the
invention, for performing the new method a mechanism is provided, by means of
which the two microsystem components can be displaced relative to one another
at least along two mutually orthogonal spatial axes, a control device is provided,
by means of which the mechanism is controlled in an automated fashion, and a
measurement arrangement is provided, by means of which electrical signals are
delivered by one of the two microsystem components and are recorded on the
other of the two microsystem components as measurement values which depend
on the relative position of the two microsystem components with respect to one
another, the control device being adapted in order to ascertain, from measure-
ment values for different relative positions between the two microsystem com-
ponents, the relative position in which the two microsystem components are to
be positioned with respect to one another in such a way that their holes are

mutually aligned.

[0051] The object of the present invention is fully achieved in this way.

[0052] The present invention therefore provides for the first time the
basis of a simple and reliable automated method and an economical automated
device with which microscopic test objects, preferably biological cells, can rapidly

and reproducibly be immobilized and contacted in a controlled way.

[0053] Specifically, the inventors of the present application have recog-
nized that, even in the micrometer range, it is possible to displace microsystem

components into different relative positions with respect to one another and, for
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these respective positions, to record measurement values which are a measure of
the relative position with respect to one another. If a relatively large number of
such measurement values have been recorded, then it is possible to determine in
an automated fashion how the microsystem components need to be positioned
with respect to one another so that their respective holes are mutually aligned,
their respective midlines extend through the other respective hole, and the
distance between the holes is only a few micrometers so that flat contact is just

still avoided.

[0054] The new method in this case entirely obviates optical or image
processing devices and measures, the intervention of operating individuals also

not being necessary.

[0055] Rather, the two microsystem components merely need to be
mounted on the mechanism and brought into the corresponding liquid medium,
whereupon the “search method” can begin. The search strategy is in this case
programmed in such a way that manual interventions are not necessary for either

the conduct or the evaluation of the search method.

[0056] It could not have been expected that this method, based on the
transmission of electrical signals, makes it possible to determine the relative
position of microscopic holes in microsystem components with the necessary

accuracy.

[0057] In this context, it should be recalled that the size of the holes in
the microsystem components lies in the range of from < 1 pm to at most 10 pm,
so that it is possible to position test objects whose diameters preferably lie in the

range of from 5 to 50 pm.

[0058] The geometrical shape of the microsystem components is fur-
thermore not predetermined and reproducible; rather, in particular the drawn

tips of glass capillaries are of different length and also different in their shape:
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they may be more or less bent or curved. It is furthermore conceivable for the
holes not always to be arranged centrally on the microsystem components;
rather, for reasons of manufacture, they lie very differently in the exit surface of

the respective microsystem components.

[0059] This also applies for micropores on surfaces of microsystem
components, but in particular for such holes which serve as an opening of a

channel which is provided in the respective microsystem component.

[0060] Through these channels, in the case of a microsystem component
provided for holding a test object, it is possible to apply negative pressures by
which the test object is sucked onto the hole and then immobilized on the hole.
Furthermore, a positive pressure may also be applied through this channel in

order to remove the immobilized test object again from the hole.

[0061] If, on the other hand, the microsystem component is for example
a pipette or cannula for contacting an immobilized test object, then an electrode
may be provided in the channel in order to be able to carry out measurements on
or in the test object. Furthermore, test substances may be delivered onto the test
object or into the test object, or substances may be sucked out of the test object,
through the channel.

[0062] Microsystem components, in particular patch clamp pipettes or
glass capillaries, are provided for all these different functions, and for these the
location of the hole on the tip can be determined accurately in relation to the
location of the hole on the tip of the other microsystem component with the aid

of the new device, or the new method, irrespective of their geometrical shape.

[0063] In other words, the result of the new search method is an indica-
tion of the relative position, between the two microsystem components, in which
the holes are mutually aligned to the described extent. Since the exact position of

the hole on the microsystem component itself is not known for the two microsys-
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tem components, the new method does not provide precise information about
where the position of the hole is on the respective microsystem component;
rather, it provides information about how the overall system consisting of the
mechanism and the microsystem components is to be relatively positioned so

that the holes are mutually aligned.

[0064] In this case, of course, it is not necessary to displace both mi-
crosystem components in space; it is entirely sufficient for one of the two mi-

crosystem components to be displaced.

[0065] In an improvement, it is then preferred for the electrical signals
to be delivered into the medium by means of a signal electrode arranged in the
first channel, and for the measurement values to be recorded by means of a
measurement electrode accommodated in the second channel, the electrical
signals preferably being voltage pulses delivered into the medium, the pulse
amplitudes of which are acquired as measurement values at the second microsys-

tem component.

[0066] Here, it is advantageous that a particularly simple but neverthe-
less particularly accurate way of determining the measurement values character-
izing the relative position consists in delivering signals into the medium at the
holes themselves, and respectively recording them from the medium, and further

processing them as a measurement value.

[0067] With this measure, it is particularly surprising that simple voltage
pulses can be used as electrical signals, their pulse amplitude being a measure of
the relative position of the microsystem components, or more precisely of the

holes on the microsystem components with respect to one another.

[0068] In this case, it is furthermore preferred for the two microsystem
components to be displaced with respect to one another along at least two mutu-

ally orthogonal spatial axes, the first spatial axis extending approximately parallel
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to the projections of the longitudinal axes of the two holes into the plane

spanned by the two spatial axes.

[0069] With this measure, it is advantageous that the search method is
carried out relatively simply. First, the two microsystem components are dis-
placed with respect to one another along the first spatial axis, the measurement
values being taken for different positions along this spatial axis. Next, the mi-
crosystem components are displaced with respect to one another along the
second spatial axis, in which case the measurement values are again taken for

determined positions along the second spatial axis.

[0070] From the profile of the measurement values along the first and
second spatial axes, it is then possible to determine the relative position for the
two microsystem components, with respect to one another, in which the holes are

mutually aligned.

[0071] The first spatial axis in this case extends approximately parallel
to the projections of the longitudinal axes of the microsystem components into
the plane which is spanned by the two spatial axes. This means none other than
that the first spatial axis extends approximately parallel to the microsystem
components, irrespective of whether the microsystem component itself lies in the
plane spanned by the two spatial axes or “dips” into this plane obliquely from
above. This oblique arrangement may be advantageous when the microsystem
components are immersed laterally from above in the medium which is used to
transport the electrical signals, but above all in order to record the test objects

held in suspension.

[0072] This type of arrangement avoids the possibility of a collision tak-
ing place between the tips of the two microsystem components while the new
method is being carried out. If the microsystem components are first displaced
with respect to one another along the first spatial axis, then they run parallel next

to one another, in which case, according to the inventors’ experience, the meas-
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urement values already indicate the “height” at which the two holes approximate-
ly lie along the first spatial axis. The control system will then arrange the two
microsystem components with respect to one another along the first spatial axis,
in such a way that there is a safety distance between the holes in the direction of
the first spatial axis. In this position, the system will then displace the two mi-
crosystem components with respect to one another along the second spatial axis,
and a collision cannot then occur in this case because the safety distance has

been set up between the tips.

[0073] In this case, it is preferred that a rough relative position is deter-
mined along the first spatial axis by displacing the two microsystem components
along the first spatial axis into different relative positions while maintaining a
constant fixed relative position along the second spatial axis and determining a
measurement value for each relative position, a rough relative position preferably
being determined along the second spatial axis by displacing the two microsys-
tem components along the second spatial axis into different relative positions
while maintaining a constant fixed relative position along the first spatial axis

and taking a measurement value for each relative position.

[0074] The fixed relative position along the second spatial axis is in this
case selected in such a way that there is a safety distance, which is determined as
a function of the dimensions of the microsystem components in the direction of
the second spatial axis, between the two microsystem components in the direc-
tion of the second spatial axis. Preferably, the fixed relative position along the
first spatial axis is then selected in such a way that there is a safety distance,
which is determined as a function of the previously determined, rough relative
position along the first spatial axis, between the two holes in the direction of the

first spatial axis.

[0075] Neither the initial adjustment nor the conduct of this method re-
quires input by operating personnel, since, in the initial setting, the mechanism is

automatically adjusted in such a way that, with a clamped first microsystem
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component and a clamped second microsystem component, these have a relative
starting position in the direction of the second spatial axis which ensures a
sufficient safety distance. As a function of the type of microsystem components,
or as a function of their dimensions, this safety distance is in this case either

calculated by an algorithm or taken from a corresponding table.

[0076] For the case in which the new device and the new method are al-
ways used in a special laboratory situation with special holding pipettes and
patch clamp pipettes of known macroscopic geometrical dimensions, the same
starting position with a corresponding safety distance may also be used in each

case.

[0077] The method steps described so far then lead to a relative roughly
resolved position, in which the holes are already roughly aligned with one anoth-
er, being determined both along the first spatial axis and along the second spatial

axis.

[0078] In order now to refine this alignment, that is to say in order to
mutually align the holes even more accurately, a finely resolved relative position
is determined along the first spatial axis by displacing the two microsystem
components along the first spatial axis into different relative positions while
maintaining a constant rough relative position along the second spatial axis and
taking a measurement value for each relative position, a finely resolved relative
position furthermore preferably being determined along the second spatial axis
by displacing the two microsystem components along the second spatial axis into
different relative positions while maintaining a constant, finely resolved relative
position along the first spatial axis and taking a measurement value for each

relative position.

[0079] These steps for determining the finely resolved relative position
are therefore a repeat of the steps which led to the roughly resolved relative

position, the starting positions along the first and second spatial axes now
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respectively being determined from the relative position which was determined in

the respectively preceding method step for the other respective axis.

[0080] In other words, the method starts from a safety distance along
the second spatial axis and determines the rough relative position along the first
spatial axis. On the basis of this rough relative position along the first spatial
axis, a rough relative position along the second spatial axis is then determined.
On the basis of this relative rough position along the second spatial axis, a finely
resolved relative position along the first spatial axis is then determined, which is
then in turn the starting point for the determination of the finely resolved rela-

tive position along the second spatial axis.

[0081] These method steps may be repeated several times in succession,
so as finally to reach a relative position between the two microsystem compo-
nents along the first and second spatial axes, in which the two holes are mutually

aligned with sufficient accuracy.

[0082] The method steps may, for example, be iteratively repeated sev-
eral times until no further improvements in the relative positions are achieved, or

until the improvements lie in the micrometer range.

[0083] Of course, it is also possible in precisely the same way to deter-
mine the relative position of the two microsystem components with respect to
one another along a third spatial axis, which is orthogonal to the first and second
spatial axes. The starting point for carrying out the method along the third
spatial axis may in this case be either a safety position, a rough relative position

or a finely resolved relative position.

[0084] In this case, it is preferred for the two microsystem components
to be displaced relative to one another along a third spatial axis which extends
orthogonally to the first and second spatial axes, a relative position being deter-

mined in the third spatial axis by displacing the two microsystem components
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along the third spatial axis into different relative positions while maintaining a
fixed relative position along the first and second spatial axes and taking a meas-

urement value for each relative position.

[0085] In general, it is also preferred for the first microsystem compo-
nent to be configured for immobilizing a biological cell and for the second mi-
crosystem component to be configured for contacting the cell immobilized in this

way.

[0086] With this measure, it is advantageous that the new method and
the new device can then be used in conjunction with examinations according to
the patch clamp technique or for injection of substances into the cell, or for

extracting substances from the cell.

[0087] Accordingly, the present invention also relates to a method for
the automated contacting of at least one microscopic test object which is immobi-
lized at a hole of a first microsystem component and is then contacted through a

hole on a second microsystem component, wherein

- the relative position between the two holes is determined with the

new method, then

- a test object is immobilized on the first hole, then

- the test object is preferably checked for its suitability for subse-

quent examinations, then

- the two holes are mutually aligned along a first spatial direction
with a distance which corresponds to at least two times the max-

imum diameter of the test object to be contacted, then
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- the resistance in front of the second hole is measured by means

of a sensor electrode, and then

- in a search method, the distance between the two holes in the
first direction is reduced stepwise and the resistance is measured

again for each new distance,

- the search method being ended, and the test object being evalu-
ated as contacted, when there is a predetermined change in the

measured resistance value.

[0088] This method extends far beyond the method as known from doc-
uments US 7,384,733 B1 and US 2003/0138767 Al, discussed at the outset,
because now according to the invention the position of the holes with respect to

one another is determined with the new method.

[0089] As soon as this relative position is known, the two microsystem
components may be displaced relative to one another in such a way that their
holes are at a determined distance from one another along the first spatial axis,
but are mutually aligned along the second spatial axis and optionally the third

spatial axis.

[0090] This distance between the two holes along the first spatial axis is
in this case selected in such a way that it is significantly greater than the diame-

ter of a test object to be immobilized.

[0091] The vicinity of the two microsystem components is then flushed
with a solution in which test objects are in suspension. A small negative pressure
is in this case applied to the hole of the first microsystem component, the effect
of which is that test objects diffusing past are sucked onto the first hole. On the

basis of a change in the negative pressure or a change in the electric field at or in
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front of the first hole, the fact that a cell has been sucked and immobilized is in

this case recognized.

[0092] Subsequently, according to the described method, the second mi-
crosystem component is then moved stepwise toward the first microsystem
component while the resistance is measured continuously in the voltage clamp
mode and/or the current clamp mode. On the basis of a change in the resistance,
it is then possible to recognize that the second hole has touched the membrane
of the test object.

[0093] From the relative positions of the microsystem components with
respect to one another when the holes lie immediately in front of one another, on
the one hand, and when there is an immobilized test object on the other hand, it
is now possible to determine the diameter of the test object, which corresponds
to the difference between the relative positions in the direction of the first spatial

axis.

[0094] Information about the diameter of the test object can now be
used, on the one hand, in order to check whether a desired test object has actual-
ly been immobilized. In this way, for example, it is possible to establish whether
cell debris or defective test objects have been immobilized, or whether a test

object suitable for the rest of the method has been “captured”.

[0095] This assessment of the suitability of the “captured” test object
for the planned examinations may also be carried out by examining the test
object immobilized on the first hole optically, electrically or by other suitable
methods. In this way, from a large number of cells, which may possibly contain
only a few cells which are actually suitable for the planned examination, one of
the suitable cells can be found in a controlled way. If the immobilized test object

is unsuitable, it is discarded and a new cell is sucked on.
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[0096] Therefore, although with the new method it is not possible to
pick out only a suitable cell directly from the suspension in a controlled way, the
randomly immobilized cells can nevertheless be examined for their suitability
before the actual examination method begins. It is therefore not necessary to
increase the proportion of suitable cells in the suspension by other methods

before the actual measurement, which is furthermore not always possible.

[0097] Subsequently, the second microsystem component may for ex-
ample be inserted into the immobilized and qualified test object, if it is a glass
cannula through which substances can be introduced into the test object or
extracted from the test object. On the other hand, the second hole may be applied
onto the surface of the test object in such a way as to form a so-called gigaseal,
so that measurements can be carried out either on the enclosing membrane patch
or, after corresponding perforation of the membrane patch, on the entire test

object.

[0098] It is particularly advantageous in this case that holding of the test
object is carried out not by the patch clamp pipette but by the first hole, which
may for example be formed on a holding pipette. During the immobilization of
the cell, this prevents liquid from being sucked into the patch clamp pipette and
being mixed there with the liquid in the patch clamp pipette.

[0099] Specifically, this liquid in the patch clamp pipette differs for bio-
logical and metrological reasons from the liquid in which the cells are in suspen-
sion, so that in the prior art it is necessary by elaborate measures to prevent this

mixing from having a detrimental effect.

[00100] Since, according to the invention, the two holes can now for the
first time be automatically positioned with respect to one another with high
accuracy, the patch clamp pipette can be relieved of the suction task because it
can be positioned on the first hole, accurately on the surface of the cell, after the

immobilization and optionally qualification of the cell.
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[00101] Furthermore, it is possible to deliver test substances in a con-
trolled way onto the surface of an immobilized test object through the second
microsystem component, the distance between the surface of the test object and
the second hole being selectable in any desired way, but with sufficient accuracy,
with the aid of the information determined by the method according to the

invention.

[00102] In this case, it is preferred for the resistance in front of the first
hole to be measured by means of a sensor electrode during the immobilization of
the test object on the first hole.

[00103] This method is carried out in the same way as the previously de-
scribed recognition of the contact of the already immobilized test object on the

second hole.

[00104] Furthermore, it is possible to move the test object, immobilized
on the first hole and successfully contacted by the described method, away from
the first microsystem component with the aid of the second microsystem com-

ponent, by displacing the two microsystem components relative to one another.

[00105] To this end, either the natural adhesion of the test object on the
second microsystem component or a slight negative pressure applied to the
second microsystem component may be used in order to hold the test object on

the second microsystem component.

[00106] In this way, it is possible to bring the test object to a different lo-
cation. In particular, it is possible to position the test object with the aid of the
second microsystem component at a suitable distance relative to the hole of the
first microsystem component, and then to deliver test substances onto the
surface of an immobilized test object in a controlled way through the first mi-
crosystem component. The distance between the surface of the test object and

the hole may in this case be selected in any desired way, but with sufficient
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accuracy, with the aid of the information determined by the method according to

the invention.

[00107] This is advantageous in particular because in this configuration, a
measurement can simultaneously be carried out on the test object with the
second microsystem component, while a test substance is delivered onto the test

object by the first microsystem component.

[00108] In a variant of the method described above, a further third mi-
crosystem component is used in order to deliver test substances onto the surface
of the test object. This third microsystem component may be connected in a
mechanically fixed way to the first microsystem component, so that the infor-
mation determined by the method according to the invention about the location
of the hole on the first microsystem component also constitutes sufficient infor-

mation about the location of the hole on the third microsystem component.

[00109] This information may either be derived from the structure or de-
termined once by the method according to the invention with the aid of a second
hole. In this way, the relative position between the first and second holes and
between the second and third holes is determined once in the manner according
to the invention at the start of a series of measurements, and the invariant
relative position between the first and third holes is determined from this infor-

mation and used for the further measurements.

[00110] While the first and third microsystem components are not re-
placed during the series of measurements, the second microsystem component,

which may be a patch clamp pipette, may be replaced.

[00111] After this replacement, it is merely necessary to redetermine the
relative position between the new second hole and the previous first hole, where-
upon the relative position between the new second hole and the previous third

hole can be determined from the previous measurements.
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[00112] On the other hand, the relative position between the first and
second holes, and then the relative position between the second hole and a third
hole on a third microsystem component, may also initially be determined each

time in the method according to the invention.

5 [00113] In general, the present invention also relates to a device which is

adapted for carrying out the new method.

[00114] Further advantages may be found in the description and the ap-
pended drawing.

[00115] It is to be understood that the features mentioned above and
10  those yet to be explained below may be used not only in the combination respec-
tively indicated, but also in other combinations or individually, without departing

from the scope of the present invention.

[00116] Embodiments of the invention are represented in the appended

drawing and will be explained in more detail in the description below.

15 Fig. 1 shows a schematic plan view of a device, used for performing the

new method, and in its basic position;

Fig. 2 shows a front view of the reaction vessel which is fitted in the de-
vice of Fig. 1 and into which two microsystem components are

immersed with their tips;

20 Fig. 3 shows the tips of two microsystem components in a schematic
plan view and diagrams of measurement values for different rela-
tive positions of the microsystem components with respect to

one another;
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Fig. 4 shows two microsystem components, the holes of which are mu-

tually aligned, in a representation as in Fig. 3;

Fig. 5 shows two microsystem components, on one of which a micro-
scopic test object is immobilized, in a representation as in Fig. 3,
a diagram of the determination of the diameter of the test object

furthermore being shown; and

Fig. 6 shows a variant of the device shown in Fig. 1.

[00117] In Fig. 1, a device for automated determination of the relative po-
sition between two microsystem components 11 and 12 is schematically shown
by 10.

[00118] The device 10 comprises a mechanism 14, by means of which the
two microsystem components 11 and 12 can be displaced relative to one another
under the supervision of a computer-controlled control device 15 in the two

orthogonal spatial axes x and vy.

[00119] To this end, the mechanism 14 comprises a carriage 16, on which
the second microsystem component 12 is fastened. The first microsystem com-

ponent 11 is arranged spatially fixed.

[00120] The mechanism 14 furthermore comprises an x guide 17, on
which a y guide 18 which can be displaced in the x direction, and on which the

carriage 16 is mounted displaceably in the y direction, is arranged.

[00121] The y guide is displaced by means of an x motor 19 in the x direc-

tion, and the carriage 16 is displaced by means of a y motor 21 in the y direction.
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[00122] The movements of the carriage 16 take place under the supervi-

sion of a computer 22, into which the control device 15 may be integrated.

[00123] A reference point 23, the position or location of which is prede-
termined by the computer 22 in a coordinate system indicated at 24, is indicated

by way of example on the carriage 16.

[00124] In the basic position shown in Fig. 1, the carriage 16, i.e. the ref-
erence point 23, lies at the position x1/yl, which is indicated in the coordinate

system 24.

[00125] The two microsystem components 11 and 12 shall now be dis-
placed relative to one another in such a way that their tips 25 and 26 are mutual-
ly aligned. More precisely, this involves mutually aligning a hole 27 having a
longitudinal axis 28 on the first microsystem component 11 with a hole 29 having
a longitudinal axis 31 on the second microsystem component 12, in such a way
that they lie directly in front of one another so that the tips 25 and 26 almost
touch with their end sides and the longitudinal axis 28 lies in the hole 29, while
the longitudinal axis 31 lies in the hole 27. Preferably, the longitudinal axes 28
and 31 are to coincide when the holes 27 and 29 are mutually aligned according

to the invention.

[00126] In order to achieve this alignment of the holes 27 and 29, the mi-
crosystem component 12 must be displaced in the x direction by an actuation
distance 32 and in the y direction by an actuation distance 33, as is indicated in

Fig. 1 both on the device 10 and in the coordinate system 24.

[00127] A problem in this case is now that the exact position of the tip 25,
or of the hole 27, is just as poorly known as the exact position of the hole 29 with

respect to the reference point 23.
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[00128] This uncertainty is due to the variations, for reasons of produc-
tion, in the length of the tips 25 and 26 as well as in the location of the holes 27
and 29 on the tips 25 and 26.

[00129] The actuation distances 32 and 33 are therefore unknown, and
first need to be ascertained so that the microsystem component 12 can be dis-
placed into a relative position, with respect to the microsystem component 11, in

which the holes 27 and 29 are mutually aligned.

[00130] According to the invention, therefore, a measurement arrange-
ment 34 is provided in the computer 22, which arrangement interacts with a
signal electrode 35 at the hole 27 in the first microsystem component 11 and
with a measurement electrode 36 at the hole 29 in the microsystem component
12.

[00131] By means of the measurement arrangement 34, a chronological
sequence of voltage pulses 37 is output at the signal electrode 35, which are
measured as a chronological sequence of measurement values 38 at the meas-

urement electrode 36.

[00132] So that this measurement is possible, the tips 25 and 26 of the
microsystem components 11 and 12 are immersed in a reaction vessel 39 which
is filled with a liquid medium 41, as can be seen particularly in the side view of
Fig. 2.

[00133] The reaction vessel 39 and the medium 41 are also required in
order to guide test objects to the microsystem components 11, 12 and to carry
out measurements or manipulations on these test objects, as will be described in

more detail below.
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[00134] It can be seen from Fig. 2 that the microsystem components 11
and 12 are arranged with their longitudinal axes 28 and 31 inclined in the x/z
plane, i.e. they point with their tips 25 and 26 obliquely from above, i.e. as seen in

the z direction, into the medium 41.

[00135] The arrangement is in this case organized in such a way that the
projection of the longitudinal axes 28 and 31 in the x/y plane, as shown in Fig. 1,

extends parallel to the y axis and transversely with respect to the y axis.

[00136] Returning to Fig. 1, it can be seen that the voltage pulses 37 have
a pulse amplitude 42 which has a higher value than the pulse amplitudes 43 of
the measurement values 38 that are acquired at the measurement electrode 36

and are forwarded to the measurement arrangement 34.

[00137] The difference in the pulse amplitudes 42 and 43 is a measure of
the distance between the holes 27 and 29. This difference is now used according
to the invention in order to ascertain both the actuation distance 32 and the
actuation distance 33 in a search method, as will now be explained with the aid of
Fig. 3.

[00138] In Fig. 3, two microsystem components 11 and 12 are firstly
shown in the region of their tips 25 and 26, respectively, on which the holes 27
and 29 are provided. These holes 27 and 29 are openings of channels 44 and 45,
respectively, which extend in the microsystem components 11 and 12 and open

on the end sides 25a and 26a, respectively, of the tips 25 and 26.

[00139] The first channel 44 in the microsystem component 11 is, for ex-
ample, configured in order to suck a test object onto the hole 27 and hold it by

negative pressure, or eject it again by positive pressure.
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[00140] The second channel 45 is, for example, configured in order to
carry out electrical measurements on the membrane of a test object, or from the
interior of a test object, with the aid of the measurement electrode 36. The tip 26
may also be configured as a cannula, so that substances can be delivered onto a
test object or into a test object, or substances can be sucked out of a test object,

through the second channel 45, as will be explained in more detail below.

[00141] The relative positioning of the microsystem components 11 and
12 with respect to one another corresponds to the starting situation as shown in
Fig. 1. As represented in Figs 1 and 3, the first microsystem component 11 and
the second microsystem component 12 are mounted in the device 10, the carriage
16 being in the starting position in which the reference point 23 occupies the

relative position x1/y1, as shown in the coordinate system 24 in Fig. 1.

[00142] With this arrangement, the end sides 25a and 26a have a safety
distance 46 between them as seen in the x direction, while the tips 25 and 26
have a safety distance 47 from one another with their longitudinal sides 25b and

26b in the y direction.

[00143] These safety distances 46 and 47 are selected as a function of the
macroscopic geometrical dimensions of the microsystem components 11 and 12
being used, in such a way that there is no risk of collision when the microsystem
component 12 is displaced starting from the basic position shown in Fig. 3 either

only in the x direction or else only in the y direction.

[00144] The search algorithm now proceeds in such a way that it initially
displaces the microsystem component 12 stepwise in the x direction, measure-
ment values 38 being taken for each relative position in the x direction (i.e. with a

constant fixed position in the y direction).

[00145] Fig. 3 shows a diagram 48 which represents the pulse amplitudes

A of the measurement values 38 for different x values.
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[00146] For this given safety distance 47 in the y direction, there is a max-

imum of the measurement values 38 at the coordinate xn.

[00147] The microsystem component 12 is now displaced into the start-
ing position of Fig. 3 or into the proximity of the roughly estimated relative
position xm for the x direction, and is then correspondingly moved stepwise in
the y direction, in which case again a measurement value 38 is taken for each

relative position with a constantly fixed relative position in the x direction.

[00148] The profile of the pulse amplitudes A for different y values is
represented in the diagram 49. At yn, the measurement values 38 have a maxi-

mum.

[00149] From these two diagrams, it can now be seen that the holes 27
and 29 are at least roughly aligned with one another when the microsystem

component 12 is displaced into the relative position xn/yn.

[00150] Starting from the rough values xn/yn, the search method de-
scribed above can be repeated, the safety distances 46 and 47 being reduced each
time, but the microsystem component 12 not being displaced as far as the rela-

tive position xm/ym.

[00151] In this way, the relative position xm/ym of the second microsys-
tem component 12 with respect to the first microsystem component 11 is itera-
tively refined in such a way that the holes 27 and 29 are increasingly more accu-
rately aligned with one another when the microsystem component 12 is actually

displaced into the relative position xn/yn.

[00152] This alignment of the two holes 27 and 29 with respect to one
another is represented in Fig. 4.
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[00153] In Fig. 4, it can firstly be seen that neither the hole 27 nor the
hole 29 lies centrally in the end side 25a or 25b, respectively, so that in the case
of mutually aligned holes 27 and 29 the tips 25 and 26 may be arranged offset
with respect to one another.

[00154] In the alignment shown in Fig. 4, the holes 27 and 29 are mutual-
ly aligned in the sense of the present application since the midaxis 28 of the hole
27 extends in the hole 29, and the midaxis 31 of the hole 29 extends in the hole
27. In the ideal case, the midaxes 29 and 31 coincide exactly with one another
when the holes 27 and 29 have been mutually aligned, that is to say when the
second microsystem component 12 has been displaced into the relative position
xn/yn, determined by the iteration method, with respect to the first microsystem

component 11.

[00155] It should also be mentioned here that the distance of the end
sides 25a and 25b from one another lies in the micrometer distance, and merely a
residual safety distance 50 which prevents contact of the end sides 25a and 26a

remains.

[00156] The channel 44 of the first microsystem component 11 moreover
has a diameter 51 which lies in the range of from 3 to 5 nm, while the channel 45
in the second microsystem component 12 has a diameter 52 which is less than 1
pm.

[00157] The positioning method has been described so far only for the
x/y plane, although a comparable iteration method is also carried out in order to
align the holes 27 and 29 with respect to one another in the direction of the z

spatial axis.

[00158] The method correspondingly proceeds in such a way that the two
microsystem components 11 and 12 are arranged at a safety distance from one

another in the x and/or y direction, whereupon the microsystem component 11 is
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then displaced along the z axis past the microsystem component 11 and a dia-
gram corresponding to the diagrams 48 and 49 is recorded for the measured

pulse amplitudes.

[00159] In this way, the position zn in which the holes 27 and 29 are mu-

tually aligned in the direction of the z spatial axis is also determined.

[00160] After the method described above with the aid of Figs 1 to 4 has
been carried out, a relative position xn/yn/zn in which the holes 27 and 29 are
mutually aligned as shown with the aid of Figures 1 to 4 is stored in the comput-
er 22.

[00161] The device 10 is now ready for use, in order to immobilize a test
object 53 on the microsystem component 11 and then contact it with the mi-

crosystem component 12, as will now be explained with the aid of Fig. 5.

[00162] To this end, test objects 53 suspended in the medium 41 are in-
troduced into the reaction vessel 39. In the first channel 44, a negative pressure
is then generated so that test objects 53 diffusing past the first hole 27 are
sucked onto the hole 27 and immobilized, i.e. held, there by negative pressure. If
the test objects 53 are intended to be released again, then a positive pressure is

generated in the channel 44.

[00163] The fact that a test object 53 has been positioned on the hole 27
is recognized by the computer 22, for example by the fact that the negative

pressure in the channel 44 increases.

[00164] The second microsystem component 12 has now been aligned
with the first microsystem component 11 in such a way that the midaxes 28 and
31 coincide, or deviate from one another so slightly that they pass through the

other respective hole. In the direction of the x spatial axis, a distance 54 which is
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at least two times the usual diameter of an object of the same type as the test

object 53 is provided between the end sides 25a and 26a.

[00165] As already described, the test object is a microscopic test object
whose usual diameter lies between 5 and 50 pm. The test object 53 may, for
example, be a biological cell which is now contacted according to the patch clamp
method.

[00166] In order now to be able to position the tip 26 of the second mi-
crosystem component 12 on the test object 53, or inside the test object 53, the

diameter of the test object 53 must first be determined.

[00167] To this end, a sensor electrode 55 is arranged in the channel 45 at
the hole 29 in the second microsystem component 12 and is connected to a

circuit 56 which may in turn be integrated in the computer 22.

[00168] By means of the circuit 56, the sensor electrode 55 can be operat-
ed in a manner known per se in the voltage clamp mode or in the current clamp
mode, so that the resistance indicated at 57 in front of the microsystem compo-
nent 12 can be calculated with the aid of the varying voltage or the varying

current, respectively.

[00169] When the end side 26a now approaches the test object 53, the re-
sistance 57 initially remains constant, and the resistance value does not change
until immediately before contact with the test object 53, for example increasing

as shown in the diagram 58.

[00170] The relative x position of the microsystem component 12 is in
this case at xm. In this relative position, the end side 26a is still separated from
the end side 25a by the difference xn - xm, this difference thus corresponding to
the diameter of the test object 53.
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[00171] After the diameter of the test object 53 has now been ascertained,
the computer 22 may initially check whether an appropriate test object 53 has
actually been immobilized, or whether it is cell debris or excessively large or

small particles which have been “picked out” from the medium 41.

[00172] If the test object 53 is not suitable, it is released back into the
medium 41 by positive pressure in the channel 44, and the next test object 53 is

sucked on by negative pressure in the channel 44.

[00173] If it is a suitable test object 53, however, the test object 53 may
now be contacted on its membrane 59 by means of the second microsystem

component 12.

[00174] All the information required so that the tip 26 can be pressed

with its end side 26a onto the membrane 59 is stored in the computer 22.

[00175] The supervision of the immobilization of the test object 53 on the
hole 27 may also be carried out with the aid of a sensor electrode 61 which is
arranged in the first channel 44 of the first microsystem component 1 and is

connected to a circuit 62, which may in turn be integrated in the computer 22.

[00176] By means of the circuit 62, the sensor electrode 61 can be operat-
ed in a manner known per se in the voltage clamp mode or in the current clamp
mode, so that the resistance indicated at 63 in front of the microsystem compo-
nent 11 can be calculated with the aid of the varying voltage or the varying

current, respectively.

[00177] The time profile of the resistance value of the resistance 63 cor-
responds to the profile according to diagram 58, except that the time rather than

the measured distance is now plotted on the x axis.
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[00178] After the test object 53 has been recognized as immobilized, the
diameter of the test object 53 can then be determined in the described way, and

from this it can initially be ascertained whether it is a suitable test object 53.

[00179] Alternatively, however, the immobilized test object 53 may also
be checked for its suitability for subsequent examinations by other methods, for

example in an optical or electrical way.

[00180] When the test object 53 has been qualified as suitable, the meth-
od is continued, otherwise it is discarded and a new test object is sucked on and
checked for suitability.

[00181] Depending on whether a measurement is then intended to be car-
ried out on the membrane patch enclosed by the tip 26, or whether measure-
ments are intended to be carried out on the entire cell, the membrane 59 is now
perforated in the region of the hole 29 by applying a negative pressure in the
channel 45, or the measurements which are carried out by means of the sensor

electrode 55 are immediately started.

[00182] Likewise, it is now possible to insert the tip 26 partially into the
test object 53 so as to introduce substances into the test object 53 or suck sub-

stances out of the test object 53.

[00183] Furthermore, it is possible to arrange the microsystem compo-
nent 12 with a predetermined distance between the membrane 59 of the test
object 53 and the end side 26a of the tip 26, in order then to deliver substances,
which are intended to influence the behavior of the test object 53, onto the

membrane 59 in pulses.
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[00184] Furthermore, after the production of a gigaseal, it is possible to
introduce test substances into the medium 51 in order to measure the reaction of

the test object 53 to the test substances.

[00185] For these measurements, the sensor electrode 55 which is identi-
cal to the measurement electrode 36 is used. Likewise, the sensor electrode 61 is

identical to the signal electrode 35.

[00186] After/before or during this measurement, the test object 53 may
be transferred onto the second hole 29 and moved away from the first hole 27. By
virtue of the known relative geometrical conditions, the test object 53 can be
positioned at a defined distance from the first hole 27, from which test substanc-
es are then delivered onto the test object 53. With the electrode 36/55, the

reactions of the test object 53 to these test substances can then be measured.

[00187] Of course, it is also possible to use not just one second microsys-
tem component 12 but a plurality of microsystem components 12, for the holes
of which the relative position with respect to the hole in the first microsystem

component 11 is respectively determined.

[00188] In this case, it is also possible to arrange the microsystem com-
ponent provided for holding the test object 53 on the carriage 16 and to arrange
a plurality of microsystem components in the reaction vessel 39, which are used

for contacting in the patch clamp mode and for flushing with test substances.

[00189] In such a case, for the microsystem component arranged on the
carriage 16, in each individual case it is initially necessary to determine the
relative position in which the hole of this microsystem component is aligned with
each of the holes of the other microsystem components. The diameter of a
captured test object, however, only needs to be determined once, and it can then

respectively be taken into account when approaching the other microsystem
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components since the diameter is determined absolutely, in contrast to the

relative positions of the various holes with respect to one another.

[00190] In this way, the device according to the invention provides the
possibility of carrying out the method according to the invention, and therefore
of successively carrying out measurements and/or manipulations on different

test objects in an entirely automated way.

[00191] The precise determination of the relative positions of the individ-
ual microsystem components with respect to one another, into which they need
to be brought so that the corresponding manipulations and/or measurements can
be carried out, is then respectively carried out again and in an automated way

when new microsystem components 11, 12 have been mounted in the device 10.

[00192] Furthermore, a third microsystem component 65 having a third
hole 66 may be connected in a mechanically fixed way to the first microsystem

component 11 on a carrier 64, as schematically shown in Fig. 6.

[00193] An electrode 67, which is connected via a cable 68 to the comput-
er 22 of Fig. 1, is arranged in the hole 66. The electrode 67 may be used like the
signal electrode 35 and/or like the sensor electrode 61, in order to determine the
relative position between the hole 66 and the hole 29 in the described way,
and/or in order to recognize whether a test object has been immobilized on the
hole 66.

[00194] The second microsystem component 12 can be displaced relative
to the two other microsystem components 11, 65, which is indicated by an arrow
69. In this way, a test object immobilized on the first hole 27 can be taken and
transported to the third microsystem component 65, where test substances can
then be delivered onto the test object from the third hole 66. With the electrode

36/55, the reactions of the test object to the test substances are then recorded.
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[00195] In all these applications, the first microsystem component 11 is
used in order to be able to immobilize a test object from a suspension and check
whether it is suitable for the planned examinations. If the test object is qualified
as suitable, then it can be contacted by the microsystem component 12 and
optionally moved away from the first microsystem component 11. Test substanc-
es may then be delivered onto the test object from the first and/or a third mi-

crosystem component 11, 65.

[00196] In this way, from a suspension containing only a few suitable test
objects, it is possible rapidly to find a suitable test object in a reproducible and

reliable way and then subject it to the measurements.

[00197] These methods are only possible because, according to the new
method, the relative positions of the holes 27, 29 and 66 with respect to one

another can be determined automatically and with high accuracy.
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Patentkrav

1. Fremgangsmade til automatiseret bestemmelse af den relative position
(x/y/z) mellem en forste abning (27) pa en forste mikrosystemkomponent
(11), som er forsynet med en fgrste kanal (44), der munder ind i den farste
abning (27), og mindst en anden abning (29) pa en anden mikrosystemkom-
ponent (12), som er forsynet med en anden kanal (45), som munder ind i den
anden abning (29), hvor de to mikrosystemkomponenter (11, 12) befinder sig
i et flydende medium 841) i det mindste i omradet (25, 26) af &bningerne (27,
29), med trinnene

- ved overvagning via en styreindretning (15), som styres ved hjaelp af en
computer (22), bliver den fgrste og den anden mikrosystemkomponent (11,
12) i forhold til hinanden i rummet beveeget til forskellige relative positioner
(x/y/z) i forhold til hinanden,

- pa en af de to mikrosystemkomponenter (12, 12) afgives der elektriske sig-
naler (37) ved abningen (27) via en signalelekirode (35), der pa den anden af
de to mikrosystemkomponenter (11, 12) optages som malevaerdier (38) ved
abningen (29) via en maleelekirode (36), hvilke maleveerdier afhaenger af
den relative position af de to mikrosystemkomponenter (11, 12) i forhold til
hinanden,

- for forskellige relative positioner (x/y/z) mellem de to mikrosystemkompo-
nenter (11, 12) bliver der bestemt malevaerdier (38), ud fra hvilke det i styre-
indretningen (15) bliver fastslaet, i hvilken relativ position (xn/yn/zn) de to
mikrosystemkomponenter (11, 12) saledes skal positioneres i forhold til hin-
anden, at deres abninger (27, 29) er orienteret i forhold til hinanden, saledes
at de to &bninger (27,29) ligger over for hinanden pa en sadan made, at de-
res midterakser forlgber i den respektivt anden &bning.

2. Fremgangsmade ifolge krav 1, kendetegnet ved, at de elekiriske signaler
(37) via signalelektroden (35), der er anbragt i den forste kanal (44), afgives
til mediet (41), og méleveerdierne (38) optages via maleelektroden (36), som
er anbragt i den anden kanal (45).

3. Fremgangsmade ifalge krav 2, kendetegnet ved, at de elekiriske signaler
(37) er spaendingsimpulser, som afgives til mediet (41), og hvis pulsamplitu-
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der (42, 43) registreres som maleveerdier (38) pa den anden mikrosystem-
komponent (12)

4. Fremgangsmade ifglge et af kravene 1 til 3, kendetegnet ved, at de to
mikrosystemkomponenter (11, 12) i mindst to rumakser (x, y), som er ortogo-
nale i forhold til hinanden, bevaeges i forhold til hinanden, hvor den forste
rumaske (x) ca. parallelt med projektionerne af de langsgaende akser (28,
31) af de to abninger (27, 29) gar ind i planet, som er opspaendt af de to
rumakser (X, y).

5. Fremgangsmade ifglge krav 4, kendetegnet ved, at der i den forste rum-
akse (x) bestemmes en grov relativ position (xn), ved at de to mikrosystem-
komponenter (11, 12) i den forste rumakse (x) ved fast relativ position (y1) i
den anden rumakse (y) bevaesges til forskellige relative positioner, og der for
hver relativ position tages en maleveerdi (38).

6. Fremgangsmade ifolge krav 5, kendetegnet ved, at den faste relative po-
sition (y1) i den anden rumakse (y) veelges saledes, at der mellem de to mi-
krosystemkomponenter (11, 12) i retning af den anden rumakse (y) findes en
sikkerhedsafstand (47), som bestemmes afhaengigt af dimensionerne af
mikrosystemkomponenterne (11, 12) i retning af den anden rumakse (y).

7. Fremgangsmade ifglge krav 4, kendetegnet ved, at der i den anden rum-
akse (y) bestemmes en grov relativ position (yn), ved at de to mikrosystem-
komponenter (11, 12) i den anden rumakse (y) ved fast relativ position (x1;
xn) i den farste rumakse (x) bevaeges til forskellige relative positioner, og der
for hver relativ position tages en maleveerdi (38).

8. Fremgangsmade ifglge krav 6 og 7, kendetegnet ved, at den faste relati-
ve position (x1) i den fgrste rumakse (x) veelges séledes, at der mellem de to
abninger (27, 29) i retning af den faorste rumakse (x) bestar en sikkerhedsaf-
stand (46), som bestemmes afhaengigt af den grove relative position (xn) i
den forste rumretning (x).

9. Fremgangsmade ifalge krav 7 eller 8, kendetegnet ved, at der i den for-
ste rumakse (x) bestemmes en finoplgst relativ position (xn), ved at de to
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mikrosystemkomponenter (11, 12) i den forste rumakse (x) bevaeges til for-
skellige relative positioner ved grov relativ position (yn) i den anden rumakse
(y), og der for hver relativ position tages en maleveerdi (38).

10. Fremgangsmade ifglge krav 9, kendetegnet ved, at der i den anden
rumakse (y) bestemmes en finoplgst relativ position (yn), ved at de to mikro-
systemkomponenter (11, 12) i den anden rumakse (y) bevaeges til forskellige
relative positioner ved finoplgst relativ position (xn) i den forste rumakse (x),
og der for hver relativ position tages en maleveaerdi (38).

11. Fremgangsmade ifolge et af kravene 4 til 10, kendetegnet ved, at de to
mikrosystemkomponenter (11, 12) i en tredje rumakse (z) beveeges i forhold
til hinanden, som forlgber ortogonalt til den ferste og anden rumakse (x, y),
hvor der i den tredje rumakse (z) bestemmes en relativ position, ved at de to
mikrosystemkomponenter (11, 12) i den tredje rumakse 8z) beveeges til for-
skellige relative positioner ved fast relativ position i den forste og anden rum-
akse (x, y), og der for hver relativ position tages en maleveerdi (38).

12. Fremgangsmade ifglge et af kravene 1 til 11, kendetegnet ved, at den
farste mikrosystemkomponent (11) er udformet til immobilisering af en biolo-
gisk celle, og den anden mikrosystemkomponent (12) er udformet til kontak-
tering af den saledes immobiliserede celle.

13. Fremgangsmade ifglge et af kravene 1 til 12, kendetegnet ved, at der er
tilvejebragt en tredje mikrosystemkomponent med en tredje abning, hvor den
tredje mikrosystemkomponent fortrinsvis er mekanisk fast forbundet med den
farste mikrosystemkomponent, og at den relative position mellem den anden
og den tredje dbning bestemmes.

14. Fremgangsmade til automatiseret kontaktering af mindst et mikroskopisk
testobjekt (53), som immobiliseres ved en dbning (27) pa en forste mikrosy-
stemkomponent (11) og derefter kontakteres via en &bning (29) pa en anden
mikrosystemkomponent (12), hvor

- den relative position mellem de to abninger bestemmes med fremgangs-
maden ifglge et af kravene 1 til 13,

- der immobiliseres et mikroskopisk testobjekt (53) pa den farste abning (27),



10

15

20

25

30

35

DK/EP 2710109 T3

- hvor fortrinsvis testobjektet tjekkes for sin egnethed til efterfelgende under-
sggelser,

- de to abninger (27, 29) langs en forste rumakse (x) orienteres i forhold til
hinanden med en afstand (54), som svarer til mindst den dobbelte maksimale
diameter af et mikroskopisk testobjekt (53), der skal kontakteres,

- modstanden (57) foran den anden abning (29) males ved hjeelp af en sen-
sorelektrode (55),

- i en s@geproces reduceres trinvist afstanden (54) mellem de to abninger
(27, 29) i den forste rumakse (x), og for hver ny afstand males modstanden
(57) igen,

- hvor sggeprocessen ved en forudbestemt aendring af den malte mod-
standsveerdi afsluttes, og det mikroskopiske testobjekt (53) vurderes som
kontakteret.

15. Fremgangsmade ifolge krav 14, kendetegnet ved, at modstanden foran
den farste abning (27) under immobiliseringen af testobjektet 53) pa den for-
ste abning (27) males ved hjeelp af en sensorelektrode.

16. Anvendelse af en indretning til automatiseret kontaktering af mindst et
mikroskopisk testobjekt (53), som immobiliseres pa en farste abning (27) og
derefter kontakteres via en anden abning (29), for fremgangsmaden ifglge et
af kravene 1 til 15, hvor indretningen har

- mindst en forste mikrosystemkomponent (11), pa hvilken den farste abning
(27) er tilvejebragt, der er forsynet med en fgrste kanal (44), som munder ind
i den farste abning (27),

- mindst en anden mikrosystemkomponent (12), pa hvilken den anden abning
(29) er tilvejebragt, der er forsynet med en anden kanal (45), som munder ind
i den anden abning (29),

- en reaktionsbeholder (39) til optagelse af et flydende medium (41), hvor de
to mikrosystemkomponenter (11, 12) er nedsaenket i mediet (41) i det mind-
ste i omradet (25, 26) af dbningerne (27, 29),

- en mekanik (14), via hvilken de to mikrosystemkomponenter (11, 12) i for-
hold til hinanden kan bevaeges i mindst to rumretninger (x, y), som er ortogo-
nale i forhold til hinanden,
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- en styreindretning (15, 22), via hvilken mekanikken (14) styres automatise-
ret, og

- en maleindretning (34), ved hjaelp af hvilken der via en signalelektrode (35)
ved abningen (27) pa en af de to mikrosystemkomponenter (11,12) afgives
elektriske signaler (37), der via en maleelekirode (36) ved abningen (29) pa
en af de to mikrosystemkomponenter (11,12) optages som maleveerdier (38),
som afhaenger af den relative position af de to mikrosystemkomponenter (11,
12) i forhold til hinanden, hvor

- styreindretningen (15, 22) er udformet til at fastsla ud fra méaleveerdier (38)
for forskellige relative positioner (x/y/z) mellem de to mikrosystemkomponen-
ter (11, 12), i hvilken relativ position (xn/yn/zn) de to mikrosystemkomponen-
ter (11, 12) saledes skal positioneres i forhold til hinanden, at deres abninger
(27, 29) er orienteret i forhold til hinanden, saledes at de to abninger (27,29)
ligger over for hinanden p& en sddan made, at deres midterakser forlgber i
den respektivt anden abning.
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