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(54) Positioning system and method for a liquid transfer device

(57) Disclosed is the positioning of at least one of a
well plate (10) and a liquid transfer appliance (20A) rel-
ative to each other. The liquid transfer appliance (20A)
and the well plate (10) are moved towards each other
and a current is detected caused upon contact between
the liquid transfer appliance (20A) and a first electrically

conductive element (30) of the well plate (10). The po-
sition of the well plate (10) relative to the liquid transfer
appliance (20A) is determined at the point of time of con-
tact, and the determined position is used as a reference
position for further positioning at least one of the well
plate (10) and the liquid transfer appliance (20A).
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Description

BACKGROUND OF THE INVENTION

[0001] In analytical chemistry, especially in bioanalyt-
ical chemistry, a limited sample amount is often availa-
ble for further processing, for example for further anal-
ysis. The samples are typically stored and handled in
well plates, comprising one or more wells on a plate.
Due to the limited sample amount, often just a few 10 µl
or less, the liquid levels of the samples in the wells are
usually very low.
[0002] US 5,855,851 discloses an apparatus for de-
tection of a level of a liquid in a container using detection
of electrostatic capacitance between the container hold-
er and an electrode.

SUMMARY OF THE INVENTION

[0003] It is an object of the present invention to pro-
vide an improved positioning for transfer of liquids be-
tween at least one well and a transfer appliance.
[0004] In the context of the invention a transfer appli-
ance includes but is not limited to all kinds of devices
used to transfer liquids between different locations, e.
g. sippers or pipettes, which can also be connected to
intake equipment e. g. syringes or pumps. Transfer re-
fers to the transfer of liquid from the well plate into the
transfer appliance as well the transfer of liquid from the
transfer appliance into the well plate. Liquids and fluids
are considered to be synonymous terms, the term "liq-
uid" used in the following for both terms.
[0005] Because of the low sample liquid levels and the
small amount of liquid sample transferred, it necessary
to improve the positioning of a transfer appliance rela-
tive to the at least one well of a well plate. This object is
solved by the independent claims. Favorable embodi-
ments are subject of further dependent claims.
[0006] The method preferably uses the generation of
a current, caused upon contact between a first electri-
cally conductive element of the well plate and the at least
one transfer appliance at a contact point in step A) in
order to determine the relative position of the transfer
appliance and the well plate at this point of time of con-
tact. Therefore the generation of the current indicates,
that the transfer appliance contacts the first element of
the well plate and can be used to determine the actual
position of the well plate relative to the at least one trans-
fer appliance at the point of contact and can also be used
to determine a positioning error at this point of contact
in the method step B). In step C) of the method, the in-
formation obtained in step B) about the positioning error
can be used for further positioning of the well plate and
the transfer appliance.
[0007] This further positioning can e. g. comprise the
positioning of the transfer appliance in the well. Due to
the improved positioning of the transfer appliance block-
age of the transfer appliance by contacting the well bot-

tom or the transfer of air due to insufficient transfer ap-
pliance immersion depth in the well can be reduced in
comparison with conventional methods.
[0008] The method of positioning reduces positioning
errors of the transfer appliance relative to the well plate.
These positioning errors might be due to tolerances in
the mechanics of the instrument, for example tolerances
of the drive of the well plate handler responsible for
transporting the well plate to the transfer position, toler-
ances in the positioning of the well plate on the well han-
dler or the like.
[0009] The first electrically conductive element of the
well plate can comprise different elements, which can
be part of the well plate, e. g. an electrically conductive
contact point protruding from the at least one well for
contact with the transfer appliance. The first element
can also comprise an element, which is in contact with
the well plate, e. g. an electrically conductive foil cover-
ing the well plate. Such a foil, e. g. an aluminum foil can
prevent the evaporation of the samples out of the wells
of the well plate and can be fixed to the well plate by e.
g. using a sealing apparatus, which can adhere the foil
to the well plate.
[0010] The current caused upon contact between the
transfer appliance and the first electrically conductive
element can be generated using different procedures.
For example an electric field can be applied between
two second electrically conductive elements of different
transfer appliances in the case, that more than one
transfer appliance is present. The second elements
might comprise a tube of a pipette made of an electri-
cally conductive material, e.g. metal or might comprise
elements, which are in contact with the transfer appli-
ance, e. g. a second liquid present in the transfer appli-
ance. These second elements are distant at the begin-
ning of the method and are therefore electrically isolated
from each other. Upon contact of the second elements
and the first element, the first element establishes an
electrical connection between the at least two second
elements, so that a current is caused and detected in
step A) (see for example Figure 1). Using this embodi-
ment, an electrically conductive foil covering the well
plate is preferably used as the first element.
[0011] It is also possible to apply an electrical poten-
tial to a second element of the transfer appliance and a
different electrical potential to the first element, e. g. an
electrically conductive foil. Using this embodiment of the
method, the current is caused upon contact of the sec-
ond element of the transfer appliance with the first ele-
ment, so that e. g. a direct electrical connection between
the first and second element is established. An external
electrical connection to the foil can be created, so that
the foil can e. g. be grounded.
[0012] In a further embodiment of the method of the
invention an observed one dimensional relative posi-
tioning value can be calculated using experimental data
like time of occurrence of the current and velocity of the
relative movement of the well plate versus the transfer
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appliance.
[0013] This one dimensional relative positioning value
can then be compared in step B) with a theoretical po-
sitioning value thereby determining the actual one di-
mensional offset positioning error. The theoretical posi-
tioning value might for example be stored in a controlling
system for example a microcomputer or an internal in-
strument controller, which can be connected to the
transfer appliance. Using this variant of the method of
the invention for a series of points of contact between
the electrically conductive foil and the transfer appli-
ance, a matrix of offset positioning errors for the whole
well plate can be calculated.
[0014] As an alternative to the latter mentioned em-
bodiment of the method of the invention, the position of
the well plate might directly be registered. In step B) the
position of a positioner for bringing the well plate in con-
tact with the at least one transfer appliance is registered
at the time of the contact between the transfer appliance
and the first element, thereby determining a one dimen-
sional offset positioning error at this point of contact. The
positioner might e. g. comprise a well plate holder with
a drive for moving the well plate towards the transfer
appliance or might comprise a drive connected to the
transfer appliances, moving the transfer appliances to-
wards the well plate.
[0015] In a further embodiment of the method of the
invention at least steps A) to B) are repeatedly carried
out, the at least one transfer appliance being brought in
contact with the electrically conductive foil at different
points of contact in step B), so that for each point of con-
tact a one-dimensional offset positioning error can be
determined. In this case all points provide information
for building the offset error matrix for the whole plate.
[0016] Using this variant of the method of the inven-
tion, at least three different one-dimensional positioning
errors can be used to calculate the position of the whole
well plate relative the transfer appliance in three-dimen-
sional space. Therefore at least three one-dimensional
pieces of information about the location of the well plate
relative to the transfer appliances are used to calculate
the three-dimensional position of the whole well plate.
Using this method of the invention, further transfer steps
can be carried out without the need to determine the po-
sition of the well plate anymore. Therefore the transfer
steps carried out after the complete position of the well
plate has been determined, can be carried out faster be-
cause no determination of the one-dimensional posi-
tioning error has to be performed. It is also possible to
use more than three values of the one-dimensional po-
sitioning error at different points to determine the three-
dimensional position of the well plate relative to the
transfer appliances. In this case, the extra information
obtained from the fourth, fifth etc. one-dimensional po-
sitioning error can be used to eliminate errors and en-
hance the accuracy of the calculated three-dimensional
position of the well plate.
[0017] It is also possible just to use two one-dimen-

sional offset positioning errors in order to calculate just
the offset and the tilt of the well plate. Such a variant of
the method of the invention might be sufficient e. g.
when the positioning errors are relatively small.
[0018] The method might preferably comprise a meth-
od step D), wherein the first liquid is transferred between
the well an the transfer appliance. During this transfer
the first liquid might be transported from the well into the
transfer appliance or vice versa. The step D) might be
carried out, after the further positioning of the well plate
relative to the transfer appliance in step C) for example
the positioning of the transfer appliance in the well is
done.
[0019] Advantageously in step D) the immersion
depth of the at least one transfer appliance in the well
is chosen in such away that it does not contact the bot-
tom of the well. The information about the positioning
error obtained in step B) of the method of the invention
can be used to accurately immerse the transfer appli-
ance in a liquid present in the well, e. g. the first liquid.
[0020] Preferably the at least one transfer appliance
is driven to pierce through the electrically conductive foil
as the first element in step C) or D) of the method. This
means, that the electrically conductive foil is not re-
moved before further positioning or immersing the trans-
fer appliance in the liquid in the well.
[0021] Advantageously the first liquid in the well is
transferred to a microfluidic device in method step D).
Microfluidic devices normally comprise a substrate
made of e.g. glass or silicon having conduits formed
therein. These conduits can be filled with a gel matrix
for the analysis of samples. Normally reservoirs are
formed at the endpoints of the conduits in the substrate
of the microfluidic device, which can be filled with an
aqueous solution in which electrodes are immersed.
These electrodes are used to apply an electric field
across the conduits in order to electrokinetically trans-
port the samples through the conduits using gel electro-
phoresis. Electrophoretic separation is often used in
high throughput automated instruments, for example in
the so called ALP-instruments (automated lap on a chip
platform) comprising the above mentioned microfluidic
devices. Especially in these ALP-instruments toleranc-
es in the positioning of the well plate in the well plate
handler can occur, for example a gripper can cause mis-
alignment of the transfer appliances relative to the wells
leading to positioning errors. Tolerances leading to po-
sitioning error might also occur, when the microfluidic
device is positioned relative to the transfer appliance.
[0022] The above mentioned variant of the method of
the invention has the advantage, that the first liquid
transferred can be further analyzed and processed in a
fast and reliable way in a microfluidic device for example
using gel electrophoresis in a method step E) (see Fig-
ures 1 to 3). Especially the above mentioned ALP-in-
struments are well suited for further processing the first
liquid.
[0023] When the first liquid is transferred from the
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wells to a microfluidic device, the first liquid is preferably
transferred in step D) into the system of conduits formed
in the microfluidic device, the conduits being in flow
communication with containers containing a second liq-
uid and electrodes being immersed in the second liquid
(see for example Figures 1 and 2). The containers are
preferably located on the above mentioned reservoirs,
which are located at the endpoints of the conduits of the
microfluidic device. In this case the electrodes in the
containers immersed in the second liquid can fulfill dif-
ferent purposes. Firstly the electrodes can be used to
apply an electric field to the second liquid, so that the
method can be carried out, generating a current when
the second liquid in the transfer appliances (second el-
ement) gets in contact with the electrically conductive
foil (first element). Secondly, the electrodes can also be
used to apply an electric field across the conduits
formed in the microfluidic device, so that the first liquid
transferred to the conduits of the microfluidic device can
further be electrokinetically driven through the conduits
for further processing.
[0024] Normally the first liquid comprises a solution
containing analyte molecules. This analyte molecules
can be selected from a group containing:

- nucleic acids, peptides and carbohydrates, inor-
ganic or organic soluble ionic substances and sol-
uble substances, which can be electrokinetical-
lytransported using e. g. micellar electrophoresis.

[0025] In step A) of the method, the well plate is pref-
erably positioned on a moveable plate holder and the
well plate is then transported to the transfer appliances
by moving the plate holder.
[0026] The second liquid preferably comprises an
aqueous solution, which can also be used to form the
gel matrix filling the conduits of the microfluidic device.
In this variant of the method of the invention the gel ma-
trix is contained within the conduits of the microfluidic
device and it provides the second liquid used for the
method of the invention or is connected to it.
[0027] The method of the invention can be carried out
using conventional transfer appliances. For example it
is possible to use conventional transfer appliances com-
prising metal pipes. In order to carry out the method us-
ing such transfer appliances, electrical connections can
be created to the metal pipes in order to apply an elec-
trical potential to the pipes (second element). On the
other hand it is also possible to use the conventional
ALP-instruments and simply use the electrodes already
present in such instruments to apply an electric field to
the second liquid within the transfer appliances.
[0028] A further object of the invention is an apparatus
adapted for carrying out the method for positioning.
Such an apparatus preferably comprises a detector for
detection of the current caused upon contact of the first
element and the transfer appliance. Such a detector
might comprise an ammeter or a voltmeter. The appa-

ratus preferably also comprises a processing unit for de-
termination and calculation of the position of the well
plate relative to the transfer appliance. This processing
unit might be part of a microcomputer connected to the
apparatus or might be part of an internal or external con-
troller.
[0029] In the following the invention will be explained
in more detail by the Figures and embodiments. All Fig-
ures are just simplified schematic representations pre-
sented for illustration purposes only.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Figure 1 shows a cross sectional schematic of a mi-
crofluidic device and its surrounding area in an ALP-
instrument during step A) of the method of the in-
vention.

Figures 2 and 3 show a perspective view of an ALP-
instrument above a well plate.

Figures 4A and 4B depict diagrams showing the
generation of the current during the method for po-
sitioning when the transfer appliances are in contact
with the electrically conductive foil.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0031] Referring to Figure 1 an automated lab on a
chip platform is shown in cross sectional view. The mi-
crofluidic device comprises a top part 100 made of a pol-
ymer or plastic which is mounted on top of a microfluidic
chip 80. The top part 100 also comprises containers 15
which are located above the reservoirs 16 of the micro-
fluidic chip 80. The reservoirs 16 are normally located
at the end points of the micro channel system of conduits
which are formed within the microfluidic chip 80. In this
variant of the ALP-instrument, the microfluidic chip 80
also comprises four transfer appliances 20A, 20B, 20C
and 20D. It is also possible to use microfluidic chips hav-
ing just one, two, three or even more than four transfer
appliances. Each container 15, that is connected to a
system of conduits and its corresponding reservoir 16
are in flow communication with one transfer appliance
via capillaries. Each transfer appliance 20A to 20D also
holds a second liquid 1 B inside the capillaries, the sec-
ond liquid 1 B also located in the reservoirs 16 and the
containers 15 or is in flow connection to another liquid
within those. Each transfer appliance can be connected
to a plurality of wells, e. g. at least 6 wells. Electrodes
90 are immersed in each second liquid for application
of an electric potential. All but one electrodes, that are
connected to each one transfer appliance are normally
set to a "zero current mode" during step C) of the method
of the invention, the rest one electrode connected to
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each one transfer appliance is set to "constant voltage"
mode, so that a defined potential is applied to each
transfer appliance, For simplifying reasons an electrical
field is only shown to be applied to the two electrodes
90 for the transfer appliances 20A and 20D in Fig. 1. At
the end of step A) the transfer appliances 20A to 20D
are in contact with the electrically conductive foil 30, for
example an aluminum alloy foil, which covers the well
plate 10. Upon contact of the transfer appliances 20A
and 20D, the second liquid 1 B to which an electric po-
tential is applied, contacts the electrically conductive foil
30 at the contact points 12. A current is generated upon
contact of the transfer appliances 20A and 20D to the
electrically conductive foil 30, which can be detected
and can be used to determine the positioning error of
the well plate 10 relative to the transfer appliances. Af-
terwards in step C) or D), the transfer appliances 20A
to 20D can preferably pierce through the electrically
conductive foil 30 and can immerse in the first liquids
1A located in the wells 5 of the well plate 10 using infor-
mation about the positioning error, transferring the first
liquids 1A into the transfer appliances 20A to 20D.
[0032] Turning now to Figure 2, a perspective view of
an ALP-instrument above a well plate 10 is shown dur-
ing step A) of the method of the invention. The four trans-
fer appliances 20A to 20D of the microfluidic chip 80 and
the well plate 10 are moved towards each other until the
transfer appliances get in contact with the electrically
conductive foil 30 covering the well plate 10. Figure 2
also shows a plurality of reservoirs or containers15. Nor-
mally an electrode 90 is immersed in each reservoir 15,
but in this case just a few electrodes 90 are shown in
order to simplify the Figure. Due to deviations of the tilt
angle of the well plate in the gripper of a well plate holder,
a misalignment or tilt 25 can be caused, with the conse-
quence, that the two opposing edges 26A and 26B of
the well plate 10 are on a different level.
[0033] Referring to Figure 3, the well plate 10, shown
in Fig. 2 was moved to a different position relative to the
microfluidic device, resulting in a different point of con-
tact between the transfer appliances and the electrically
conductive foil 30 compared to Fig. 2. Carrying out the
method for positioning for different points of contact re-
sults in the determination of an array of different one-
dimensional offset positioning errors for each point of
contact. These different one-dimensional offset posi-
tioning errors can be combined to calculate a more pre-
cise three-dimensional position of the whole well plate
relative to the transfer appliances. After having calculat-
ed the position of the well plate relative to the transfer
appliances, additional series of transfer steps can be
carried out without the need to further detect the posi-
tioning error, because the information already obtained
can be used to correct the immersion depth of the trans-
fer appliances in the first liquids for each new point of
contact during this subsequent series of transfer steps.
[0034] The diagrams shown in the Figures 4A and 4B
show the generation of a current when the second liquid

in the transfer appliances gets in contact with the elec-
trically conductive foil. The Y-axis indicates the current
in µA and the X-axis shows the timescale in millisec-
onds. The graphs denoted with 120A and 120B in the
Figures 4A and 4B show the current jumps for two dif-
ferent transfer appliances when they are brought in con-
tact with the foil in different points of contact like for ex-
ample shown in the Figures 2 and 3. The peaks denoted
with 1 indicate the current jump when the second liquid
in the transfer appliance gets in contact with the electri-
cally conductive foil when the well plate is moved to-
wards the foil at the beginning of step B) of the method
of the invention. The peaks denoted with 2 show a cur-
rent, which is generated when the transfer appliances
are transported out of the first liquid again and a small
drop of liquid located at the tip of the transfer appliance
subjected to an electrical potential gets in contact with
the electrically conductive foil again. A voltage of 1600
V was applied in Fig. 4A, whereas a voltage of 200 V
was applied in Figure 4B. Both diagrams show, that the
transfer appliances were moved to seven different
points of contact with the electrically conductive foil,
brought in contact with the foil (peak 1) immersed in the
first liquid in the wells and transported out of the liquid
again (peak 2) at each point of contact.
[0035] The scope of the invention is not limited to the
embodiments shown in the Figures. Indeed variations,
especially concerning the number of transfer appliances
are possible.

Claims

1. A method for positioning at least one of a well plate
(10) and a liquid transfer appliance (20A) adapted
for transferring a first liquid (1A) between at least
one well (5) of a well plate (10) and the liquid trans-
fer appliance (20A), the method comprising the
steps of:

A) moving the liquid transfer appliance (20A)
and the well plate (10) towards each other and
detecting a current caused upon contact be-
tween the liquid transfer appliance (20A) and a
first electrically conductive element (30) of the
well plate (10),

B) determining the position of the well plate (10)
relative to the liquid transfer appliance (20A) at
the point of time of contact, and

C) using the position determined in step B) as
a reference position for further positioning at
least one of the well plate (10) and the liquid
transfer appliance (20A).

2. The method of the above claim, wherein
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- in step C) the further positioning includes posi-
tioning the at least one transfer appliance in the
at least one well.

3. The method of claim 1 or any of the above claims,
wherein

- electric potentials are applied to different ele-
ments, these elements electrically isolated
from each other prior to step A),

- an electrical connection between the said ele-
ments is established in step A).

4. The method according to the above claim, wherein

- an electric field is applied between at least two
second electrically conductive elements of dif-
ferent transfer appliances or between at least
one second element of a transfer appliance and
the first element.

5. The method according to claim 1 or any of the above
claims, wherein

- the first element comprises a foil covering the
at least one well.

6. The method of claim 4 or claim 5, wherein

- the second element comprises an electrically
conductive material of the transfer appliance
(20A).

7. The method of claim 4 or any of the claims 5 to 6,
wherein

- the second element comprises a second liquid
(1 B) present in the transfer appliance (20A).

8. Method according to claim 1 or any one of the above
claims, wherein

- in step B) an observed one-dimensional rela-
tive positioning value is calculated using the fol-
lowing experimental data: time of occurrence of
the current and velocity of the relative move-
ment of the well plate versus the transfer appli-
ance,

- a one-dimensional offset positioning error is de-
termined in step C) by comparing the observed
positioning value with a theoretical positioning
value.

9. Method according to claim 1 or any one of the above
claims, wherein

- a positioner for bringing the well plate in contact
with the at least one transfer appliance is
present,

- in step B) the position of the positioner is reg-
istered at the time of the contact between the
transfer appliance and the first element, there-
by determining a one-dimensional offset posi-
tioning error.

10. Method according to claim 1 or any of the above
claims, wherein

- at least the steps A) to B) are repeatedly carried
out, the at least one transfer appliance brought
in contact with the first element of the well at
different points of contact in step B) determining
a one-dimensional offset positioning error for
each point of contact.

11. Method according to the above claim, comprising
at least one of the features:

- at least three different one-dimensional posi-
tioning offset errors are used to calculate the
position of the whole well plate relative to the
transfer appliance,

- at least two different one-dimensional position-
ing offset errors are used to calculate the offset
and the tilt error of the well plate relative to the
transfer appliance.

12. The method of claim 1 or any of the above claims,
further comprising the step of:

D) transferring the first liquid between the at
least one of a well plate (10) and the liquid
transfer appliance (20A).

13. The method of the above claim, wherein

- in step D) the first liquid is transferred from the
well into the transfer appliance,

- the transfer appliance being immersed in the
first liquid present in the well.

14. Method according to the above claim, comprising
at least one of the features:

- wherein in step D) the immersion depth of the
transfer appliance into the well is chosen in
such a way, that it does not contact the bottom
of the well;

- wherein the second element is a foil covering
the well plate and in step D) the transfer appli-
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ance (20A) is driven to pierce through the foil
(30), immersing in the first liquid (1A);

- wherein in step D) the first liquid (1A) is trans-
ferred to a microfluidic device (80).

15. Method according to claim 1 or any one of the above
claims,

- wherein in a step D) first liquids (1A) in different
wells (5) of the well plate (10) are transferred
to different transfer appliances (20A to 20D),
the transfer appliances being in flow communi-
cation with containers (15) containing a second
liquid (1 B) and electrodes (90) being immersed
in the second liquid (1 B).

16. Method according to the above claim,

- wherein the containers (15) are connected to
conduits of a microfluidic device (80), the con-
duits filled with a gel matrix or buffer or standard
solution.

17. Method according to claim 1 or any one of the above
claims,

- wherein in a method step E) the first solution is
analyzed in a microfluidic device.

18. Method according to claim 1 or any of the above
claims,
wherein the first liquid comprises a solution contain-
ing analyte molecules, preferably selected from a
group containing:

nucleic acids, peptides, carbohydrates, ionic
organic substances, ionic inorganic substanc-
es and soluble substances, which can be elec-
trokinetically transported within the conduits.

19. Method according to claim 1 or any of the above
claims,
wherein in step A) the well plate is positioned on or
in a movable plate holder and is transported to-
wards the transfer appliance by moving the plate
holder.

20. Use of a transfer appliance for a method according
to claim 1 or any of the above claims.

21. An apparatus for positioning at least one of a well
plate (10) and a liquid transfer appliance (20A)
adapted for transferring a first liquid (1A) between
at least one well (5) of the well plate (10) and the
liquid transfer appliance (20A), comprising:

a positioner adapted for moving the liquid trans-

fer appliance (20A) and the well plate (10) to-
wards each other,

a detector adapted for detecting a current
caused upon contact between the liquid trans-
fer appliance (20A) and a first electrically con-
ductive element (30) of the well plate (10),

a processing unit adapted for determining the
position of the well plate (10) relative to the liq-
uid transfer appliance (20A) at the point of time
of contact, and for using the determined posi-
tion as a reference position for further position-
ing at least one of the well plate (10) and the
liquid transfer appliance (20A).
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