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ABSTRACT

A method for dispensing liquid for use in biological analysis
may comprise positioning liquid to be dispensed via elec-
trowetting. The positioning may comprise aligning the liquid
with a plurality of predetermined locations. The method may
further comprise dispensing the aligned liquid from the plu-
rality of predetermined locations through a plurality of open-
ings respectively aligned with the predetermined locations.
The dispensing may be via electrowetting.
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ELECTROWETTING DISPENSING DEVICES
AND RELATED METHODS

PRIORITY

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/479,188 filed Sep. 5, 2014 which is a
continuation of U.S. patent application Ser. No. 14/262,921
filed Apr. 28, 2014 which is a continuation of U.S. patent
application Ser. No. 13/892,141 filed May 10, 2013, which is
a continuation of U.S. patent application Ser. No. 13/311,269
filed Dec. 5, 2011, now U.S. Pat. No. 8,470,149, which is a
continuation of U.S. patent application Ser. No. 12/709,402
filed Feb. 19, 2010, now U.S. Pat. No. 8,163,150, which is a
continuation of U.S. patent application Ser. No. 11/213,355
filed Aug. 26, 2005, which claims priority to U.S. Provisional
Application No. 60/604,845 filed Aug. 26, 2004, entitled
“Electro-wetting [.oader,” which is incorporated by reference
herein.

TECHNICAL FIELD

[0002] This invention relates to devices and related meth-
ods for handling and dispensing small volumes of liquids,
such as, for example, in the field of microfiuidics. In particu-
lar, the invention relates to devices and related methods uti-
lizing electrowetting principles for handling and dispensing
liquid for use in performing biological analysis (e.g., testing,
assays, and other similar procedures).

BACKGROUND

[0003] In the field of biological analysis and assays, small
amounts of liquid must often be dispensed to predetermined
locations, for example, to a plurality of wells in titer plates,
capillary tubes, and/or other similar test platforms, in order to
perform various analyses (e.g., testing, assays, and other pro-
cedures). Such dispensing is often automated, as it is desir-
ableto perform numerous tests at a relatively high rate. To this
end, it is also desirable to dispense a large number of small
volumes of liquid simultaneously. Further, it is desirable to
provide precise control over the amount of liquid dispensed,
the timing of the dispensing, and/or the location of the dis-
pensing in order to prevent wasting of materials and improve
efficiency of the overall testing procedure.

[0004] Conventional devices and methods for dispensing
liquids, such as liquids for biological analysis, include the use
of liquid handling robots and pipettes, which often are auto-
matically controlled to dispense a predetermined amount of
liquid into each well of a titer plate. Some of these liquid
handling robot devices are moved to the appropriate position
corresponding to a predetermined dispensing location via
motors. Conventional techniques for dividing liquid into
small amounts for biological analysis include the use of cap-
illary forces, vacuum forces, and centrifugal forces, for
example. Some of these conventional liquid handling devices
aspirate and/or dispense liquid to some number of wells at one
time. In some cases, conventional liquid handling devices can
only move liquid in or out of one well at a time. This type of
device typically is able to move about three axes so as to move
over any well in a two-dimensional array of wells and to move
toward and away from a well. Other conventional liquid han-
dling devices may have the ability to fill multiple wells in a
plate simultaneously, for example all wells in a plate, which
may permit such devices to require less axes of motion to
operate and to achieve faster operating rates.
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[0005] Typically, such conventional dispensing devices are
configured to dispense liquid to, for example, a 96 well or 384
well titer plate configuration. To achieve faster sample testing
rates (e.g., a higher throughput of sample testing), it may be
desirable to increase the number of testing locations (e.g,
reservoirs, wells, capillary tubes, etc.) such that more samples
can be dispensed onto a testing platform simultaneously and
analyzed. It may further be desirable to increase the number
of reservoirs (e.g., wells) on a testing platform while keeping
the platforms’ overall dimensions substantially the same. In
other words, it may be desirable to increase the density of the
testing reservoirs on the same testing platform area, such as,
for example by increasing the density of the reservoirs four-
fold, eight-fold, and 16-fold. In this way, new testing plat-
forms with a larger number of testing reservoirs could be
retrofit with existing analytical systems.

[0006] Insome conventional liquid dispensing devices, the
size of the actuators (e.g., dispensers and/or aspirators)
present a practical limit to the filling density these devices are
able to achieve (e.g., the number of wells the liquid dispens-
ing devices can fill simultaneously over a titer plate having a
constant area). For example, for high-density spacing
between wells (e.g., relatively small distances between adja-
cent wells), the actuator of conventional dispensing devices
may be larger than the well spacing, thereby preventing mul-
tiple actuators from addressing adjacent wells to dispense
liquid simultaneously into those wells.

[0007] Thus, it may be desirable to provide devices and
methods for dispensing liquid for biological analysis that
provide precise manipulation of small volumes of liquid at
relatively rapid rates. Further, it may be desirable to provide
relatively compact dispensing devices that can provide both
liquid handling (e.g., positioning) and dispensing to a plural-
ity of locations on a testing platform. In addition, it may be
desirable to provide methods and devices that can be readily
incorporated into existing biological analysis systems (e.g.,
workstations). For example, it may be desirable to provide a
dispensing device and method that can dispense liquid to a
testing platform having substantially the same dimensions as
conventional testing platforms while increasing the number
of locations for depositing liquid for performing testing, for
example increasing the number of locations (e.g., wells) to
96, 384, 768, 1536, 3072, 6144, 12,288, 24,576, etc. In other
words, it may be desirable to provide dispensing devices and
methods that permit higher density dispensing of liquid,
including, for example, ultra-high density dispensing appli-
cations, which may improve the overall efficiency of biologi-
cal analysis systems by increasing the number of tests that can
be performed at a time. In providing methods and devices that
permit handling and dispensing of smaller volumes of liquid
at a higher density, it may further be desirable to minimize
evaporation of the liquid.

[0008] Yet further desirable features include providing dis-
pensing devices and methods that can minimize wasted liquid
during dispensing, can divide an amount of supplied liquid
into precise smaller amounts, and/or deliver those precise
amounts accurately to predetermined locations. It also may be
desirable to provide dispensing devices and methods that are
capable of positioning and delivering smaller amounts of
liquid than conventional dispensing devices, for example on
the order of a few microliters and/or a few nanoliters.
[0009] Another desirable aspect includes providing dis-
pensing devices and methods capable of multi-plexing, i.e.,
handling and dispensing multiple, differing types liquids, and
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capable of doing so with minimal risk of cross-contamination
of the differing types of liquid.

[0010] Further, it may be desirable to provide dispensing
devices that are reusable for repeated handling and dispensing
operations, and to provide dispensing devices and methods
that are robust, reliable, and/or reduce overall costs of han-
dling and dispensing operations.

SUMMARY

[0011] Dispensing devices and methods according to
exemplary aspects of the present invention may satisfy one or
more of the above-mentioned desirable features. Other fea-
tures and advantages will become apparent from the detailed
description which follows.

[0012] In various applications relating to liquid handling,
for example in the field of microfluidics, electrowetting has
been used to manipulate liquid behavior. As used herein,
electrowetting involves the use of an electric field to alter the
wetting behavior of liquid relative to a surface so as to control
the movement of the liquid. In other words, through the
application of an electric potential, a liquid-solid interface
can be altered by controlling the wettability of the surface
(e.g., effectively converting the surface in contact with the
liquid from hydrophobic to hydrophilic or vice versa) to
thereby control movement of a liquid on that surface. Thus,
electrowetting can be used to precisely divide and position
liquid, without the need to utilize pumps, valves, channels,
and/or other similar fluid handling mechanisms.

[0013] As an example, electrowetting may include sand-
wiching the liquid between two plates and in contact with an
insulated electrode. By applying an electric field in a non-
uniform manner so as to create a surface energy gradient, a
large number of small volumes of liquid (e.g., droplets, beads,
cells, or other small volumes) can be independently manipu-
lated under direct electrical control and without the use of
pumps, valves, or fixed channels. Moreover, as will be
explained in the description which follows, electrowetting
may be used to achieve relatively precise movement of liquid
on a surface in relatively larger amounts, e.g., without neces-
sarily requiring first dividing the liquid into droplets or the
like.

[0014] For further information on electrowetting and exem-
plary device configuration and applications for implementing
electrowetting, reference is made to U.S. Pat. No. 6,565,727
B1, which issued on May 20, 2003; U.S. Publication No.
2003/0205632 A1, which published on Nov. 6, 2003, and U.S.
Publication No. 2003/0006140 A1, which published on Jan.
9, 2003, the entire contents of each of which are incorporated
by reference herein. To the extent that any conflict may exist
between the teachings of the above-cited patent documents
and this application, the teachings of this application should
apply.

[0015] Inaccordance with exemplary aspects of the inven-
tion, the use of electrowetting in the field of liquid handling
for biological analysis may provide relatively accurate and
fast manipulation of a large number of small volumes of
liquid. As discussed above, there is a need for dispensing
liquid used in biological analysis (e.g., assays, testing, and
other related procedures) into numerous small reservoirs,
such as wells in titer plates, for example, with a compact
device (e.g., loader) that provides both liquid handling (e.g.,
positioning) and dispensing. Such a device may replace a
liquid handling robot or be incorporated within a biological
analysis workstation. The loading configuration of the dis-
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pensed liquid may be programmed by computer, e.g. a 96-,
384-, 768-, 1536-, 3072-, 6144-, 12,288-, or 24,576-well
format. The amount of liquid dispensed may include drops,
cells, beads, or other amounts, in an exact number (e.g., the
amount ofliquid dispensed may be controlled). Moreover, the
precise locations to which the liquid is dispensed may be
controlled.

[0016] According to exemplary aspects of the invention,
supplied liquid may be divided into smaller, precise portions
(e.g., volumes) and dispensed. The dispensed volumes can be
very small, for example, on the order of a few microliters
and/or a few nanoliters. By way of example only, the dis-
pensed volumes may range from about 0.01 microliters to
about 100 microliters, for example from about 0.01 microli-
ters to about 5 microliters. In an exemplary aspect, the volume
may be about 1 microliter. A wide range of volumes are
envisioned depending on the particular application. Further,
according to another exemplary aspect, a dispensing device
may handle multiple, differing types of liquid samples (e.g.,
multi-plexing). For example, a dispensing device according
to aspects of the invention may have more than one sample
input port such that differing samples can be input to the
device via differing input ports, moved and positioned in a
segregated fashion throughout the dispensing device, and
then distributed to differing locations of a testing platform. In
an alternative example, differing liquids may be input via
differing ports and mixed together within the dispensing
device and then dispensed to the testing platform. Since the
dispensing devices and methods according to aspects of the
invention may be programmable, the chance of cross-con-
tamination when performing multi-plexing procedures may
be reduced.

[0017] A dispensing device (e.g., loader) according to
exemplary aspects of the invention may replace sample-po-
sitioning motors by manipulating drops into view. For
example, if an operator is looking through a microscope at a
marked electrode in a transparent dispensing device, the
operator can manipulate a sample drop into the microscope
view without having to first find the location of the sample in
the dispensing device prior to looking through the micro-
scope.

[0018] Assuming the inputand dispensed volumes of liquid
are the same, dispensing devices and methods according to
aspects of the present invention may minimize wasted liquid
as compared to conventional fluid dispensing devices. Fur-
ther, according to yet another exemplary aspect, evaporation
of liquid may be minimized when dividing liquid into rela-
tively small volumes and dispensing those small volumes to
relatively high density testing platform formats.

[0019] According to yet an additional exemplary aspect,
when dispensing liquid to capillaries, reagent costs may be
reduced, for example by orders of magnitude. Atleast some of
the dispensing devices and methods according to aspects of
the invention result in a robust and reliable handling and
dispensing operation. Moreover, in an exemplary aspect, the
dispensing devices may be reusable for repeated dispensing
of samples.

[0020] According to an exemplary aspect of the invention,
as embodied and broadly described herein, the invention may
include a method for dispensing liquid for use in biological
analysis comprising positioning liquid to be dispensed via
electrowetting. The positioning may comprise aligning the
liquid with a plurality of predetermined locations. The
method may further comprise dispensing the aligned liquid
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from the plurality of predetermined locations through a plu-
rality of openings respectively aligned with the predeter-
mined locations.

[0021] According to yet another exemplary aspect, the
invention may include a method for dispensing liquid for use
in biological analysis comprising supplying a liquid to be
dispensed to a housing comprising an interior surface and
altering a wettability of the interior surface so as to divide the
liquid in the housing into a plurality of individual portions of
liquid and to move the plurality of individual portions of
liquid to a plurality of respective predetermined locations.
The method may further comprise dispensing the plurality of
individual portions of liquid from the plurality of predeter-
mined locations through a plurality of openings respectively
aligned with the plurality of predetermined locations.

[0022] In the following description, certain aspects and
embodiments will become evident. It should be understood
that the invention, in its broadest sense, could be practiced
without having one or more features of these aspects and
embodiments. It should be understood that these aspects and
embodiments are merely exemplary and explanatory and are
not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0023] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion, serve to explain certain principles. In the drawings:
[0024] FIG. 1 is a schematic, perspective view of an exem-
plary embodiment of a dispensing device configured for dis-
pensing liquid to a titer plate according to an aspect of the
invention;

[0025] FIGS. 2A-2D illustrate a schematic, partial cross-
section of the dispensing device of FIG. 1 and various exem-
plary steps for positioning and dispensing a liquid according
to aspects of the invention;

[0026] FIGS. 3A-3D schematically illustrate exemplary
steps for positioning liquid in a dispensing device according
to aspects of the invention;

[0027] FIGS. 4A and 4B are schematic partial views of an
exemplary embodiment for dispensing liquid from the dis-
pensing device of FIG. 1 into wells in a titer plate;

[0028] FIGS. 5A and 5B are schematic partial views of
another exemplary embodiment for dispensing liquid from
the dispensing device of FIG. 1 into wells in a titer plate;
[0029] FIGS. 6A and 6B are schematic partial views of yet
another exemplary embodiment for dispensing liquid from
the dispensing device of FIG. 1 into wells in a titer plate;
[0030] FIG. 7 is a schematic partial view of an exemplary
embodiment for dispensing liquid from the dispensing device
of FIG. 1 to capillary tubes;

[0031] FIG. 8 is a schematic, perspective view of an exem-
plary embodiment of a biological analysis workstation;
[0032] FIG. 9 is a schematic, perspective view of another
exemplary embodiment of a dispensing device according to
an aspect of the invention;

[0033] FIGS.10A-10D are schematic side views of another
exemplary embodiment of a dispensing device and various
exemplary steps for positioning liquid;

[0034] FIGS. 11 and 11A are a plan view of an exemplary
embodiment of a routing plate in accordance with an aspect of
the invention;
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[0035] FIGS. 12A-12G schematically illustrate various
exemplary steps for positioning and dividing liquid along the
routing plate of FIG. 11;

[0036] FIGS. 13A and 13B are partial, schematic perspec-
tive views of an exemplary embodiment of a nozzle plate
according to an aspect of the invention; and

[0037] FIG. 14 is a schematic, perspective view of another
exemplary embodiment of a biological analysis workstation.

DETAILED DESCRIPTION

[0038] FIG. 1 shows an exemplary embodiment of a dis-
pensing device according to aspect of the invention. The
dispensing device 20 shown in FIG. 1 is referred to herein as
an electrowetting loader (EWL). In the exemplary embodi-
ment of FIG. 1, the EWL 20 is shown in conjunction with a
titer plate 100 comprising a plurality of wells 150 to which the
EWL 20 is configured to dispense small portions (e.g., vol-
umes) of liquid for biological analysis. The EWL 20 com-
prises a first substrate 25. A plurality of electrodes 45, which
may be in the form of electrical pads, for example, are embed-
ded in the first substrate 25. As shown in FIG. 1, the electrical
pads 45 may be arranged so as to form a two-dimensional
array of rows 16 and columns 17. Each pad 45 in the substrate
25 can be independently charged positive or negative relative
to a power source provided in an electrical controller 30. For
example, each pad 45 may be separately wired to the control-
ler 30.

[0039] A thin, hydrophobic insulator layer 24 may cover
the electrical pads 45, as shown in FIGS. 2A-2D. An input
port 40, which may be in the form of a hydrophilic through-
hole, for example, in the substrate 25 permits loading of a first
amount of liquid, for example, several milliliters, into the
EWL 20. By way of example, to fill a 1536-well format titer
plate with 4 microliters per well, at least 6.144 milliliters of
liquid may be supplied from the input port 40 to the dispens-
ing device 20. As will be explained in more detail below, the
electrical pads 45 may be arranged in columns 17 and rows 16
s0 as to separate, position, and dispense a plurality of indi-
vidual exact (e.g., predetermined) volumes of liquid supplied
from the input port 40 and move those individual volumes,
which may be in the form of droplets, for example, in any two
dimensional movement within the EWL 20 that is desired.
[0040] The EWL 20 further comprises a second substrate
60 disposed substantially opposite the first substrate 25 and
separated from the first substrate 25 by a small distance (for
example, ranging from about 0.1 millimeters to about 10
millimeters, such as, for example, about 1 millimeter.) A seal
65, such as, for example, adhesive (e.g., double-sided tape), a
polymer gasket, metallic seals, or other similar seals, may be
provided along the edges of the substrates 25, 60, as shown in
FIGS. 2A-2D, to hold the substrates 25, 60 spaced apart from
one another. The seal 65 may define, in conjunction with the
substrates 25, 60, a chamber 70 (e.g., cavity) configured to
receive liquid from the input port 40 and to move and position
the liquid inside the EWL 20. The second substrate 60 may
have one relatively large embedded electrode 75 that can be
independently charged positive or negative relative to the
power source associated with the electrical controller 30.
That is, the electrode 75, like the electrodes 45, may also be
separately wired to the controller 30. As shown in FIGS.
2A-2D, athin, hydrophobic insulator layer 74, which may be
similar to insulator layer 24, may cover the electrode 75.
[0041] Thus, the first substrate 25, second substrate 60, and
seal 65 together may form a housing having an interior sur-
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face, which in the exemplary embodiment of FIGS. 1 and 2,
includes the surfaces of insulator layers 24, 74 facing cham-
ber 70. At least one interior surface portion of the housing
may be configured so as to be electrically conductive. For
example, at least one interior surface portion may comprise a
dielectric material covering an electrical conductor, such as,
for example, the insulator layers 24, 74 covering the elec-
trodes 45, 75 in the embodiment of FIGS. 1 and 2.

[0042] The second substrate 60 may define at least one
opening therethrough, e.g., a plurality of openings 50. The
openings 50 may be in the form of small, hydrophilic
through-holes (e.g., exit ports) that can be arranged and con-
figured so as to align with predetermined locations (e.g.,
reservoirs) on a testing platform. For example, as shown in
FIG. 1, the openings 50 may be configured and arranged so as
to align with wells 150 in a titer plate 100. That is, the number
and arrangement of the openings 50 may have substantially
the same number and arrangement of a particular titer plate
format, e.g., 96-,384-, 768-, 1536-,3072-, 6144-,12,288-, or
24,576-well format.

[0043] According to an exemplary aspect, the openings 50
may be lined with (e.g., coated with a layer of) a material that
exhibits hydrophilic characteristics. In an alternative embodi-
ment, the openings 50 may be configured so as to be capable
of exhibiting hydrophilic characteristics upon application of
an electric field thereto. In other words, in a manner similar to
that which will be described below with reference to the
nozzle plate of FIGS. 9, 10 and 13, the openings 50 may be
configured so as to be capable of drawing liquid to be dis-
pensed into the openings 50 via electrowetting. In either case,
during filling, the openings 50 may exhibit hydrophilic char-
acteristics such that the liquid moves from predetermined
locations within the chamber 70 into the openings 50. In the
example wherein the openings are configured to become
hydrophilic, prior to filling the openings with liquid, the
openings may exhibit hydrophobic characteristics.

[0044] FIGS. 2A-2D schematically illustrate a side, cross-
sectional view of the EWL of FIG. 1 and illustrate how the
EWL 20 aliquots a portion (e.g., first amount) of the liquid
supplied to the housing (e.g., chamber 70) from the input port
40 into small portions (e.g., droplets) of predetermined vol-
ume less than the first amount and moves those droplets
through the chamber 70 via electrowetting so as to ultimately
be dispensed through one or more openings 50. For ease of
reference, only a portion of the EWL 20 is illustrated to show
how the electric charge of the electrodes 45, 75 can be con-
trolled (e.g., via controller 30) so as to move liquid within the
chamber in a single direction to be positioned in alignment
with an opening 50 for dispensing therethrough. FIG. 3, dis-
cussed below, schematically illustrates how liquid can be
moved in two dimensions within the chamber 70 and aligned
with predetermined locations by arranging the electrical pads
45 in a two-dimensional array of rows and columns and
controlling the charge of the pads 45 in a manner similar to
that described with reference to FIG. 2.

[0045] Referring to FIG. 2A, a relatively large volume of
liquid 200 (on the order of several milliliters) is supplied to
the input port 40. By way of example, the input volume of
liquid may range from about 0.1 microliter to about 10 mil-
liliters. The liquid fills the hydrophilic port 40 but is prevented
from moving (e.g., spreading) into the chamber 70 of the
EWL 20 by the hydrophobic insulator 24 provided on the
surface of the substrate 25 facing the chamber 70. In other
words, because the input port 40 extends into the chamber,
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liquid is able to fill the hydrophilic port 40 so as to touch the
insulator layer 74 of the second substrate 60. However, por-
tions of the hydrophobic surfaces 24, 74 adjacent the input
port 40 act to repel the liquid 200, thereby preventing the
liquid 200 from moving away from the input port 40 and
further into the chamber 70.

[0046] As shown in FIG. 2B, once it is desired to begin
moving the liquid from the input port 40 throughout the
chamber 70, power may be supplied from the controller 30 so
that the electrode 75 of the second substrate 60 may be nega-
tively charged while the first two electrical pads 45 adjacent to
the input port 40 (e.g., the pads occupying positions i and ii
labeled in FIG. 2) are positively charged. The relative charges
of the electrodes are indicated by +/- in FIGS. 2A-2D. By
altering the electric potential in this manner, a charge builds
up at the insulator surface 24 but not on the insulator surface
74 of the second substrate 60. Supplying the pads 45 with a
positive electrical charge, relative to the negative electrical
charge of the electrode 75, effectively converts the pads 45
into electrical capacitors and causes the wetting angle at the
surface portion of the insulator 24 facing the chamber 70 and
positioned below the positively charged pads 45 (e.g., the
insulator 24/liquid 200 interface) to change from hydropho-
bic to hydrophilic. In other words, by controlling the electric
charge, the wettability of the surface portion in contact with
the liquid is altered so as to control movement of the liquid.
The now converted hydrophilic surface corresponding to the
location of those positively charged pads, e.g., at position i
and ii in FIG. 2B, draws liquid 200 from the port 40. The
liquid 200, however, does not travel further to the pad 45
occupying position iii because that pad 45 is negatively
charged in FIG. 2B.

[0047] FIG. 2C demonstrates an example of how liquid can
be drawn further into the chamber 70 and cut into an indi-
vidual portion (e.g., an independent droplet) of liquid. As
shown and explained above with reference to FIG. 2B, the
first and second pads 45 adjacent to the port 40 (e.g., pads 45
occupying positions i and ii, respectively) are positively
charged such that liquid wets the surface below them. To
divide the liquid 200 in the chamber 70 into a smaller portion,
such as, for example, droplet 201, the pad 45 occupying
position ii is positively charged and pad 45 occupying posi-
tion 1 as well as pads 45 on both sides of the pad 45 occupying
position i1 (perpendicular to the plane of FIG. 2C and not
shown) are negatively charged. Controlling the electric
charges in this manner creates a force that squeezes a portion
of the liquid 200 into an independent droplet 201 resting on
the surface corresponding to the positively charged pad 45
occupying position ii. In other words, as explained above, the
negatively charged pads essentially return the portion of the
surface of the insulator 24 facing the chamber 70 and posi-
tioned in alignment with those negatively charged pads to the
original hydrophobic state, altering the wettability of the sur-
face portion (e.g., the liquid/surface contact angle) from its
previous state and thereby repelling the liquid away from it
and toward the surface portion of the insulator 24 positioned
in alignment with the positively charged pad 45 occupying
position ii.

[0048] Once a droplet 201 of the liquid is cut, further con-
trolling the charge of pads 45 at positions surrounding the
droplet can move a drop along columns and rows substan-
tially from pad to pad. In an exemplary aspect, the droplet
volume may be designed to slightly overflow onto all pads
that occupy positions adjacent to the pad at which a droplet is
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located. To move the individual droplet from one pad (the
resting pad) to another adjacent pad, the adjacent pad to
which it is desired to move the droplet is made positively
charged such that the insulator surface portion at a location
corresponding to that pad becomes hydrophilic and attracts
the droplet. At the same time, the resting pad is made nega-
tively charged such that the insulator surface portion at the
location corresponding to that pad becomes hydrophobic,
repelling the droplet to thereby push the droplet off the resting
pad and onto the adjacent pad. This procedure of controlling
the charge of the electrical pads 45 can move a droplet indefi-
nitely along a row of pads, including turning corners so as to
permit the droplet to travel along a column of pads.

[0049] FIG. 2D illustrates an example ofhow a droplet 201
may be drawn into an opening 50 (e.g., throughhole) in the
second substrate 60. Hydrophilic openings 50 in the second
substrate 60 may be disposed such that they are substantially
opposite to at least some of the electrical pads 45 in the first
substrate 25. By controlling the charges of the electrical pads
45, including an electrical pad 45 aligned with the opening 50
(e.g., the pad occupying position v in FIG. 2D), a droplet 201
can be attracted to the pad 45 when the pad 45 is positively
charged and subsequently drawn into the opening 50 by cap-
illary force so as to fill the opening 50. Ifthe outer surface (the
surface facing away from chamber 70) of the second substrate
60 is hydrophobic, and the opening 50 is appropriately sized
and configured, the droplet 201 will not flow out of the open-
ing 50 absent some additional force acting on the droplet 201
to express it from the opening 50. Various exemplary devices
and methods for dispensing droplets from the openings 50
will be explained below with reference to FIGS. 4-7.

[0050] FIG. 3 shows an exemplary embodiment of how
multiple droplets 201 can be cut and moved through the EWL
chamber 70 in two dimensions such that the multiple droplets
201 can fill respective multiple openings 50 in a chosen
format. As with FIG. 2, only a small portion of the electrical
pad arrangement embedded in the first substrate 25 is illus-
trated for ease of reference. It should be understood that the
number of electrodes and arrangement thereof can vary
depending on such factors as the desired movement of the
individual portions of liquid, the volume of the individual
portions of liquid to be dispensed, the desired positioning of
the individual portions of liquid prior to dispensing, the
arrangement and configuration of the openings in the second
substrate, the testing platform format, and/or other factors
relating to the desired application in which the dispensing
device will be utilized.

[0051] In various other embodiments, and in accordance
with aspects of the invention, the electrodes may be replaced
with photosensitive material permitting control over the lig-
uid (e.g., including over droplets) by incident light as
described in U.S. Application Publication No. 2003/0224528
Al, which published on Dec. 4, 2003, the entire content of
which is incorporated by reference herein. To the extent that
any conflict may exist between the teachings of the above-
cited published application and this application, the teachings
of this application should apply.

[0052] Withreference to FIG. 3A, droplets ofliquid 201 are
first cut from the input port 40 as described with reference to
FIG. 2B above. For the example shown in FIG. 3, four drop-
lets 201 of liquid will be cut and eventually moved throughout
the chamber of the EWL 20 to four respective openings 50 in
the second substrate. The droplets 201 are first moved along a
first column 17a of electrodes (e.g., electrical pads 45) that
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aligns with the input port 40. The movement of the droplets
201 along the electrical pads 45 in the column 174 can be
achieved by controlling the relative electrical charges of the
pads 45, as described with reference to FIG. 2C above. As
shown in FIG. 3A, the droplets 201 are brought to respective
positions along the column of electrical pads at which rows
164, 165 of electrical pads 45 intersect the column 17a.

[0053] In FIG. 3B, the droplets 201 are directed at a right
angle onto the intersecting electrode rows 16a, 165. The
droplets 201 are moved along the rows 164, 165 and posi-
tioned again at row-column intersections. That is, the droplets
201 are moved respectively to electrical pads 45 in rows 164,
165 that intersect with additional (e.g., secondary) columns
17b, 17¢, 17d, 17¢ of electrical pads 45. Each of these col-
umns 175, 17¢, 17d, 17e ends with an electrical pad 45 being
positioned substantially in alignment with openings 50 in the
second substrate 60.

[0054] FIG. 3C illustrates an example of how the droplets
201 may be moved along secondary columns 175, 17¢, 174,
17e into positions (e.g., to predetermined locations) that are
respectively aligned with the holes 50. FIG. 3D illustrates
how the droplets 201, once positioned appropriately, may be
drawn into the holes 50, such as, for example, by capillary
force as explained with reference to FIG. 2 above.

[0055] Once positioned within the EWL 20 and drawn into
the holes 50, the individual droplets 201 are ready to be
dispensed from the EWL 20 to a plurality of predetermined
locations on a testing platform, such as wells in a titer plate,
capillary tubes, or locations on a microscope slide, for
example. FIGS. 4-7 illustrate exemplary embodiments for
various techniques to achieve the dispensing of the droplets
201 from holes 50 to a testing platform so that biological
analysis procedures can be performed.

[0056] FIG. 4 shows an exemplary embodiment of a tech-
nique for dispensing the droplets 201 from the EWL 20 to a
plurality of wells 150 in a titer plate 100 using centrifuging. In
the schematic illustration of FIG. 4A, a partial, side cross-
sectional view of the EWL 20 is shown with droplets 201
drawn into the holes 50 and held therein via capillarity. In the
exemplary embodiment of FIG. 4A, the second substrate 60
of' the EWL 20 is clamped into contact with the well-side of
the titer plate 100 via a clamping mechanism 160. Suitable
clamping mechanisms for clamping the EWL 20 and titer
plate 100 together may include, but are not limited to, the use
of snap fit mechanisms, elastic bands, springs, gravity,
screws, bolts, and/or mechanical pressure, for example. The
clamping may occur prior to the start of the loading/position-
ing of the liquid within the EWL 20. The centers of the EWL
holes 50 may be substantially aligned with the centers of the
wells 150. After electrowetting is utilized to fill the holes 50
with liquid droplets 201, for example, as described above
with reference to FIGS. 2 and 3, the titer plate 100 and EWL
20 are placed in a centrifuge 400 and centrifuged together
such that the droplets 201 are forced from the holes 50 and
into the respectively aligned wells 150.

[0057] Once the droplets 201 are dispensed to the wells
150, the EWL 20 may be unclamped and removed from
contact with the titer plate 100, as shown in FIG. 4B. The titer
plate 100 may then be brought to a station or the like to
perform biological analysis on the liquid 201 in the wells 150.

[0058] Though FIG. 4 illustrates an exemplary embodi-
ment of dispensing droplets 201 from the EWL 20 into wells
of a titer plate, it should be understood that a similar method
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could be used to dispense droplets via centrifuge onto prede-
termined locations of a two-dimensional surface such as, for
example, a microscope slide.

[0059] FIG. 5 schematically illustrates another exemplary
technique for dispensing droplets 201 from the EWL 20. The
exemplary embodiment of FIG. 5 demonstrates a technique
whereby wells 150 in a titer plate 100 are coated with a
hydrophilic material 152 and used to draw the droplets 201
into the wells 150 from the holes 50 in the EWL 20. As in FIG.
4 A, the second substrate 60 of the EWL 20 may be clamped
into contact with the well-side of a titer plate 100 prior to the
start of loading and positioning of the liquid in the EWL 20.
The centers of the EWL holes 50 may be substantially aligned
with the centers of the wells 150. Electrowetting may then be
utilized to fill the holes 50 with the droplets 201 of liquid.
[0060] Intheexemplary technique of FIG. 5, the volume of
each droplet 201 may be selected so as to be greater than the
volume of the hole 50 through which the droplet 201 is
dispensed such that the droplet 201 extends out of the hole 50
and forms a meniscus M, as shown in FIG. 5A, when it is held
in the hole 50 via capillarity. The hole 50 may be designed
such that its diameter is slightly larger than the diameter of the
corresponding well 150 to which it is aligned. This configu-
ration permits the meniscus M to touch the lateral wall of the
well 150 when the droplet 201 passes through the hole 50. The
hydrophilic coating 152 provided on the inside surface of the
well 150 may then attract the droplet 201, drawing the droplet
201 from the hole 50 into the well 150. According to an
exemplary aspect, only the inside of the well wall is made
hydrophilic such that the droplet is attracted into the well
rather than on the top ofthe plate, which may be hydrophobic.
[0061] Examples of suitable hydrophilic materials that
could be used to coat the inside of the wells 150 include
cations, anions, polyethylene oxides, sugars, polyacryla-
mides, surfactants, and other hydrophilic materials. By way
of'example, amphiphilic, di-block copolymers may be used to
coat the inside of the wells 150. Aside from coating the wells
with a hydrophilic material, it should be understood that any
technique may be utilized to provide the wells with a hydro-
philic inner surface, such as for example, bonding a layer of
such material to the well inner surface, forming the wells out
of a hydrophilic material, and other techniques.

[0062] Yeta further exemplary technique for dispensing the
droplets from the EWL 20 to a testing platform includes the
use of electrowetting. In the exemplary embodiment of FIG.
6, electrowetting is utilized to cause the droplets 201 to be
dispensed from their positions within respective holes 50 to a
testing platform. Using electrowetting to move the droplets
from the EWL 20 to a testing platform may obviate the need
for centrifugal dispensing, which may cause relatively violent
motions on a micro-scale and potentially result in cross-
contamination between wells. Further, centrifugation may
require additional hardware, e.g., a centrifuge, and additional
steps, which may make automation more difficult.

[0063] Inthe exemplary embodiment of FIG. 6, a titer plate
100 (e.g., a microtiter plate) is substantially uniformly coated
with a thin layer of an electrically conductive material 155,
for example an electrically conductive metal, such as, for
example, gold, aluminum, indium tin oxide, or other electri-
cally conductive material. By way of example, the thickness
of'the metal layer may range from about 50 angstroms to a few
micrometers. For example, the thickness may be about 500
nanometers. The metal layer 155 may be deposited via a
variety of known techniques, including but not limited to
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vapor deposition, spray coating, electroplating, chemical
vapor deposition, sputtering, spin coating, emersion, and
other deposition techniques, for example. The deposited layer
155 may then be electrically isolated by providing a hydro-
phobic layer 156 over the layer 155. The hydrophobic layer
156 may be made from a polymeric material, such as, for
example, cyclic olefin polymer, polymethyl methacrylate
(PMMA), or Teflon-AF™, and may be applied by any suit-
able technique, such as, for example, spray coating, spin
coating, dip coating, in situ polymerization, and/or other coat-
ing techniques. The thickness of the hydrophobic layer may
range from about 0.1 micrometers to several micrometers,
and may be, for example, about 0.1 micrometers. According
to an exemplary aspect, the testing platform (e.g., titer plate,
card, etc.) may be made of a hydrophobic material such that
masking it from a hydrophilic coating may suffice for a
hydrophobic barrier. According to some aspects, the hydro-
phobic layer may have a thickness on the order of approxi-
mately 500 nm.

[0064] As with the exemplary techniques of FIGS. 4 and 5,
the EWL 20 may be clamped via a clamping mechanism 160
to the well side of a titer plate 100, as shown in FIG. 6 A, prior
to loading and positioning the droplets 201 within the EWL
20. The centers of the EWL holes 50 may be substantially
aligned with the centers of the wells 150. Electrowetting may
then be utilized to fill the holes 50 with the droplets 201 of
liquid, as described above.

[0065] When it is desired to dispense the droplets 201 from
the holes 50 to the wells 150, movement of the droplets 201
may be actuated by applying a negative potential to both the
first and second EWL substrates 25, 60 (shown in FIGS. 2D
and 6A) and applying a positive potential to the metal layer
155 deposited on the titer plate 100. This renders the EWL
substrates 25, 60 hydrophobic and the titer plate layer 156
hydrophilic, resulting in the droplets 201 being attracted to
the titer plate 100 and being drawn into the wells 150 by
capillary wicking when the droplets 201 touch the wells 150.
Thus, in the exemplary embodiment of FIG. 6, electrowetting
is used to dispense the liquid droplets 201 from the EWL 20.
[0066] Numerous procedures exist in micromachining lit-
erature for coating polymer substrates, such as a titer plate,
with metals. It is envisioned that any of these methods may be
used to coat the titer plate (or other testing platform) with a
metal layer as desired. One exemplary method of forming a
metal layer on such a substrate is by using physical vapor
deposition (PVD). Typically, the polymer substrate is acti-
vated by treatment with oxygen plasma (corona discharge),
which may be followed by PVD of, for example, chromium,
tungsten, or titanium adhesion layers, which in turn may be
followed by PVD of, for example, gold. All of these opera-
tions may be performed under high vacuum environments to
prevent oxidation of adhesion layers. Alternate methods for
depositing metal layers on a substrate, such as a polymer
substrate, for example a titer plate, include metal deposition
by sputtering, electro-deposition, electro-chemical-deposi-
tion, electro-less deposition, and other deposition techniques.
As discussed above, the hydrophobic layer can be applied to
the metal surface by spin coating, dip coating, in situ poly-
merization, spray coating, and/or other coating techniques.
[0067] Yeta further exemplary technique for dispensing the
droplets 201 from the EWL 20 after they have been positioned
as desired and moved into the holes 50 of the second substrate
60 is illustrated in FIG. 7. FIG. 7 illustrates a technique (e.g.,
electrophoresis) whereby the droplets 201 may be drawn into
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capillary tubes 170 (e.g., into reservoirs defined by the cap-
illary tubes 170) by capillary force attraction of the tube,
which may be lined with a hydrophilic material or otherwise
provided with a hydrophilic inner surface. As shown in FIG.
7, in an exemplary aspect, a plurality of capillary tubes 170,
which may be held in a support 175, are filled with a matrix
171 that may comprise a porous polymer, for example, which
permits movement of nucleic acid 300 that may be contained
in the droplets 201. In an exemplary aspect the tubes 170 may
be made of glass, for example, or other naturally hydrophilic
material, such that the drops 201 are attracted to the tip of the
capillaries 170 placed adjacent to the drops 201 when the
EWL 20 is clamped to the capillary tube support 175.
[0068] Conventional capillary electrophoresis devices use
electro-injection of DNA to introduce a plug of DNA into the
small diameter of a glass capillary tube. To initiate electro-
injection, the loading end of a capillary is immersed into a
liquid sample containing nucleic acid. The sample is in con-
tact with an electrode and the matrix on the distal end of the
capillary is in contact with another electrode. A voltage may
be applied, for example, about 1500 volts, between the elec-
trodes such that the negatively charged nucleic acid is
attracted to the distal end of the capillary tube.

[0069] Electro-injection may concentrate most of the
nucleic acid from the sample liquid into a small band inside
the tip of the capillary tube. After electro-injection, capillary
electrophoresis can begin, which uses much higher voltages
applied between the electrodes, for example, about 30,000
volts. This process can be very inefficient because the DNA
sample volume into which the capillary tube is inserted typi-
cally ranges from approximately 5 microliters to approxi-
mately 20 microliters. However, only about 0.1 microliter of
that volume is electro-injected into the capillary tube, i.e.
about 99% of the DNA sample is wasted. This waste is aresult
of the need for high resolution of electrophoresis separation
of small nucleic acids from larger ones. If the electro-injec-
tion spans over too long of a time period (e.g., over about 20
seconds), the nucleic acid may accumulate in a relatively long
section (band) of the capillary tube, which may result in poor
resolution at the detection end of the capillary tube. On the
other hand, if the electro-injection time period is short (e.g.,
about 20 seconds or less), the acid may accumulate in a band
that is relatively short, resulting in a relatively high resolution
at the detection end. However, for short injection times,
nucleic acid is collected from a relatively small volume of
sample, typically about 0.1 microliters, for example. If the
total sample volume ranges from about 5 microliters to about
20 microliters, the injection efficiency is very low.

[0070] Using the devices and methods according to aspects
of the invention, a 0.1 microliter volume of DNA could be
divided via electro-wetting, for example via the exemplary
embodiments described herein, and delivered to the capillary
tube. In contrast to the conventional approaches, therefore,
the sample volume is approximately the same as the injection
volume such that wasted sample liquid may be substantially
eliminated and reagent costs may be reduced by a factor of
almost 100.

[0071] According the exemplary embodiment of FIG. 7,
the electrode 75 in the second substrate 60 of the EWL 20 may
be the electrode utilized for electro-injection. That is, the
droplets 201 may be placed in electrical contact with elec-
trode 75 in the second substrate 60 and in electrical contact
with distal electrodes 172 of the capillary tubes 170 via the
electrically conductive matrix 171. Thus, electro-injection
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may be implemented using a small liquid volume (e.g., drop-
let201) of anamount (e.g., about 0.1 microliter) selected so as
to match the volume typically injected into a capillary tube
using conventional techniques. In this way, using some of the
devices and methods according to aspects of the invention
may result in potentially no loss of nucleic acid during an
electro-injection process.

[0072] Asexemplified in FIGS. 4-7, according to aspects of
the invention, dispensing the liquid droplets 201 aligned with
the predetermined locations may include moving the liquid in
a direction that is substantially nonparallel to a plane defined
by the two-dimensional movement of the liquid through the
EWL 20. For example, in the above-described embodiments,
during dispensing, the liquid droplets 201 move in a direction
that is substantially perpendicular to the plane of movement
of the liquid through the EWL 20 during the positioning and
aligning of the liquid.

[0073] It is envisioned that the electrowetting dispensing
devices according to aspects of the invention, such as the
EWL 20 described above, could be configured as a stand-
alone device, like a multi-tip pipettor, for example, as a com-
ponent of a device, like a liquid handling mechanism within
an instrument, or as part of an overall system that includes
fluid handling between differing devices. An example of such
a system is illustrated in FIG. 8.

[0074] FIG. 8 shows an electrowetting dispensing device,
such as the EWL 20, described in the embodiment of FIG. 1,
incorporated in an automated biological analysis workstation
11. Workstation 11 can include a computer 13 with a CRT
monitor 15, a keyboard 18 and a mouse device 19. The com-
puter 13, CRT display 15, mouse 19, and keyboard 18 may be
hardware components of a control system with an operator
interface for programming the workstation to perform desired
activities including, for example, liquid handling by the EWL
20. Not illustrated in FIG. 8 is the connection between the
EWL 20 and the computer 13 or between the EWL 20 and a
controller, for example like controller 30 described in FIG. 1,
for providing power to the electrodes of the EWL 20. How-
ever, those skilled in the art would understand that such con-
nections are envisioned for controlling the EWL 20 and are
considered within the scope of the invention.

[0075] By way of example only, the workstation could be
configured to perform biological analysis comprising DNA
sequence detection. To this end, the workstation 11 may
include a thermal cycling station 21 with an automatically
activated heated lid and real-time detection, a sample prepa-
ration station 23, a sample storage station 28, a titer plate
station 27 for automatically loading a titer tray into the ther-
mal cycling station 21, a reagent storage 33, and wash stations
26 and 29. The various stations may be arranged on a work
surface 22 with width D1 and depth D2. A portion of the
workstation at region 46 is shown cut away in FIG. 8 to better
illustrate the components in the work area. For thermal
cycling station 21 and titer plate station 27, various kinds of
drives, such as, for example, motor and pneumatic drives can
be used to selectively position the titer tray in and out of the
thermal cycler block and to selectively close and open the
thermal cycler lid.

[0076] Inan exemplary aspect, a linear actuator system 31
may be utilized to move the EWL 20 over the different sta-
tions for loading liquids from containers at the various sta-
tions and dividing and dispensing smaller volumes of the
liquids at the same or other stations. Liquids can also be
pumped to the EWL by pumps 32 and 34. Linear actuator
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system 31 can be configured to move in the direction of arrow
41 along track 35. The EWL 20 can move in the direction of
arrow 39 along arm 37. The EWL 20 could be translated
vertically in the direction of arrow 43 so that the linear actua-
tor system 31 can provide a cartesian XYZ placement of the
EWL 20 to anywhere on the work surface 22 of workstation
11.

[0077] According to exemplary aspects, it is envisioned
that the EWL 20 of the workstation 11 could be rinsed and
reused numerous times to perform liquid positioning and/or
dispensing operations.

[0078] FIGS. 9-13 illustrate further exemplary embodi-
ments of dispensing devices and methods for use in position-
ing and dispensing liquid to a testing platform for biological
analysis. As shown in the partial perspective view of FIG. 9,
a dispensing device 500 may comprise a first substrate which
may be in the form of a routing plate 501 (e.g., an electrowet-
ting loader card), for example, and a second substrate, which
may be in the form of a nozzle plate 502, for example. As will
be explained in more detail below, the routing plate 501 may
be configured to employ electrowetting so as to take an input
volume of liquid (including multiple differing types of lig-
uid), divide the liquid into smaller portions (e.g., volumes on
the order of microvolumes or nanovolumes) of liquid, and
position the liquid at predetermined locations along the plate
501. In an exemplary aspect, the routing plate 501 is config-
ured to align portions of liquid to be dispensed with prede-
termined locations on the routing plate 501 that are substan-
tially aligned with nozzles 520 on the nozzle plate 502.
[0079] The nozzle plate 502 may be configured so as to
receive the smaller portions of liquid from the routing plate
501 via electrowetting and to express those smaller portions
of liquid so as to dispense them to a testing platform for
biological analysis. The testing platform may include, for
example, a microscope slide, a titer plate, capillary tubes, or
other testing platforms. In an exemplary aspect, the nozzles
520 of the nozzle plate may express the liquid so as to spot the
liquid to a testing platform. In a further exemplary aspect, the
nozzles 520 may be configured so as to receive a small vol-
ume of liquid from the routing plate 501 and to hold that small
volume until additional small volumes of liquid have been
positioned by the routing plate. The liquid held b the nozzles
could then be expressed to a testing platform when the addi-
tional small volumes positioned in the routing plate are drawn
into the nozzles.

[0080] Itshould beunderstood that for practical reasons the
illustrations of FIGS. 9-13 are partial views due to the rela-
tively high density (including ultra-high density) applications
that are envisioned (e.g., for dispensing to 96-, 384-, 768-,
1536-, 3072-, 6144-, 12,288-,0r 24576- and higher number
well formats in the case of dispensing to titer plates.). By way
of example, it may be possible to fabricate the dispensing
device such that the nozzle plate includes as many as 400,000
nozzles arrayed across the surface of an area approximating
3 "XS" .

[0081] The dispensing device of FIG. 9 thus relies on elec-
trowetting to divide and position an input volume ofliquid via
the routing plate 501 and to draw the smaller, divided portions
ofliquid into nozzles 520 of the nozzle plate 502 for express-
ing to a testing platform. The routing plate 501 and nozzle
plate 502 can be positioned relative to one another to create a
chamber 570 for moving and dividing the liquid along the
routing plate 501 via electrowetting. For example, according
to some aspects, the routing plate 501 and nozzle plate 502
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may be separated from each other by a distance ranging from
about 0.1 millimeters to about 10 millimeters, for example the
distance may be about 1 millimeter. In an exemplary aspect,
the chamber 570 formed between the routing plate 501 and
nozzle plate 502 may have a volume so as to minimize evapo-
ration of the liquid, especially in the case of smaller liquid
portion/higher density applications (e.g., smaller volumes of
liquid being dispensed to a larger number of locations to a
testing platform).

[0082] The routing plate 501 and nozzle plate 502 may be
sealed together in a manner similar to the first and second
substrates 25, 60 described with reference to FIGS. 1 and 2.
For example, sealing mechanisms, such as, for example,
adhesive (e.g., double-sided tape), a polymer gasket, metallic
seals, and/or other mechanisms capable of providing a seal,
may be provided along the edges of the plates and used to
secure the plates together in a spaced relationship along the
edges of the plates.

[0083] Thus, according to an exemplary aspect, the routing
pate 501, nozzle plate 502, and sealing mechanism may
together form a housing having an interior surface, for
example, a surface facing chamber 570. At least one interior
surface portion of the housing may be configured so as to be
electrically conductive. For example, in an exemplary aspect,
at least one interior surface portion may comprise a dielectric
material covering an electrical conductor.

[0084] According to an exemplary embodiment, all of the
internal surfaces of the device 500, e.g., all of the surfaces
coming into contact with the liquid, such as, for example, the
inner surface of the routing plate 501, the inner surface of the
nozzle plate 502, and the inner surfaces of the nozzles 520
(which may define nozzle reservoirs), may be configured to
be hydrophobic. The routing plate 501 and the nozzle plate
502 may contain electrodes (e.g., electrodes 518 in routing
plate 501, as shown in FIG. 9) or may otherwise be configured
such that an electric potential may be applied to each plate so
as to selectively cause inner surface portions of the plates to
become wettable (e.g., hydrophilic) by altering (e.g., reduc-
ing) the contact angle between the liquid and the inner surface
portion with which the liquid is in contact.

[0085] More specifically, in an exemplary aspect, an elec-
tric field associated with the routing plate 501 may be con-
trolled so as to move an amount of input liquid along the
routing plate and divide the liquid into individual portions to
be dispensed. In other words, by controlling an electric field,
the wettability of various surface portions on the routing plate
501 may be altered so as to move, position, and/or divide
liquid within the chamber 570. During the positioning/divid-
ing steps taking place along the routing plate 501, the nozzle
plate 502 may be kept in an electrically charged state such that
the inside surfaces of the nozzles 520 remain hydrophobic
and liquid is repelled from entering the nozzles 520. Once the
individual portions of liquid to be dispensed are positioned at
predetermined locations along the routing plate 501, for
example, in alignment with openings to the nozzles 520, the
electric field acting on the plates 501 and 502 may be con-
trolled such that the individual portions of liquid will be
drawn from the predetermined locations along the routing
plate 501 and into the respective nozzles 520 via electrowet-
ting and capillary action. By way of example, the power and
ground states of the plates 501 and 502 may be switched so as
to cause the inner surfaces of the routing plate 501 in contact
with the liquid to become hydrophobic and the inner surfaces
of the nozzles 520 to become hydrophilic, thereby repelling
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liquid from the routing plate 501 and drawing the liquid into
the nozzles 520 (e.g., into the reservoirs defined by the inner
surfaces of the nozzles).

[0086] With reference to FIGS. 10A-10D, exemplary steps
of dividing, positioning, and drawing liquid so as to be ready
for dispensing using an embodiment of a dispensing device
600 comprising a routing plate 601 and a nozzle plate 602 are
schematically illustrated. The views of FIGS. 10A-10D are
side, cross-sectional views of the dispensing device 600; the
cross-section of the routing plate 601 shown in FIGS. 10A-
10D is taken along the line 10-10 illustrated in FIG. 12A.
Therefore, in the view shown in FIGS. 10A-10D, the direc-
tion of movement of the liquid along the routing plate 601 is
shown in only one dimension. It should be understood, how-
ever, that movement along the routing plate 601 is in two
dimensions. Further, as will be seen, in an exemplary aspect,
dispensing through the nozzles 620 may be in a direction
substantially nonparallel (for example, perpendicular) to a
plane defined by the two-dimensional movement of liquid
along the routing plate 601. Details of how the input liquid
may be divided and moved along the routing plate 601 in an
exemplary aspect are provided below in the description of
FIGS. 11 and 12.

[0087] In FIG. 10A, a liquid 700 to be dispensed is intro-
duced through an input port 640 provided in the dispensing
device 600. The input port 640 may be in flow communication
with a main filler rail 615 provided in routing plate 601. In the
cross-sectional views of FIGS. 10A-10D, the main filler rail
615 extends in a direction into the plane of the drawing sheet.
The main filler rail 615 may be a surface underlain by litho-
graphically formed electrodes, for example. In an exemplary
aspect, the main filler rail may define a channel formed in the
surface of the routing plate 601.

[0088] Ina manner similar to that described with reference
to FIG. 2, the main filler rail 615 can be configured such that
it is capable of controlling the movement of the input liquid
from the input port 640 along the filler rail 615 (e.g., in a
direction into the plane of the drawing sheet) via electrowet-
ting. For example, the routing plate 601 may be provided with
electrodes 618 that may be controlled as desired so as to
position and divide liquid supplied to the filler rail 615. In the
exemplary step of FIG. 10A, the input liquid 700 is moved
from the input port 640 so as to substantially fill the main filler
rail 615 that runs along a side 603 of the routing plate 601.
[0089] Referring to FIG. 10B, once the main filler rail 615
has been substantially filled with liquid, smaller portions of
the liquid in the main filler rail 615 may be drawn, again via
electrowetting, into a plurality of side arms 617, which may
comprise channels, defined by the router plate 601. The side
arms 617 extend in a direction substantially perpendicular to
the main fillerrail 615 so as to form a plurality of substantially
parallel rows. Due to the side, cross-sectional views of FIGS.
10A-10D, only one such side arm 617 can be seen. As can be
seen in the exemplary embodiment of FIG. 10B, the side arms
617 of the routing plate 601 may be positioned such that each
arm 617 is substantially in alignment with a row of nozzles
612 of the nozzle plate 602.

[0090] Oncethe side arms 617 of the routing plate 601 have
been filled with liquid and the main filler rail 615 has been
emptied, the electric field of the routing plate 601 may be
controlled so as to divide the liquid filling each of the side
arms 617 into a plurality of individual portions of liquid 701
via electrowetting. FIG. 10C illustrates the liquid 700 in an
arm 617 being divided into individual portions of liquid 701
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for dispensing. As can be seen in the exemplary step of FIG.
10C, individual portions of liquid 701 may be formed at
predetermined locations on the routing plate 601 that are in
substantial alignment with respective nozzles 620 of the
nozzle plate 602.

[0091] Once the liquid has been divided into the individual
portions 701 to be dispensed and aligned with the nozzles
620, clectrowetting may again be utilized to draw the indi-
vidual portions of liquid 701 from their respective predeter-
mined locations on the routing plate 601 and into respective
openings 622 leading to the nozzles 620. As shown in FIG.
10D, by drawing the partitioned liquid 701 from the routing
plate 601 and into the nozzles 620 via electrowetting, the
individual portions of liquid 701 may be expressed through
the nozzles 620 such that they form a droplet 702 or the like
held by capillarity at the tip of each nozzle 620. The dispens-
ing device 600 may then be brought into alignment with a
testing platform, such as, for example, a titer plate, a micro-
scope slide, or the like, and brought into contact with prede-
termined locations on such a platform to dispense (e.g., spot)
the droplets 702 onto the predetermined locations on the
testing platform so that biological analysis can be performed.
In an exemplary aspect, as illustrated in FIG. 10D, the indi-
vidual droplets 701 of liquid are dispensed through the
nozzles 620 in a direction that is substantially perpendicular
to the two-dimensional plane of movement of the liquid along
the routing plate 601.

[0092] Thevolume of each droplet 702 that the nozzles 520
dispense may be substantially the same as the volume of each
respective individual portion of liquid 701 divided on the
routing plate 601. Alternatively, it may be advantageous to
provide the nozzle reservoir with a volume that is about twice
the volume of the droplet expressed from the nozzle. In this
manner, the nozzle may function as a holding volume while a
second volume (e.g., individual portion) for dispensing is
being positioned along the routing plate. When the second
volume (e.g., individual portion) is moved into the nozzles,
the first volume (e.g., individual portion) would be expressed
from the nozzle.

[0093] FIG. 11 shows a schematic, top view of an exem-
plary embodiment of the routing plate 601 that may be used
with a dispensing device as described in FIGS. 9 and 10. FIG.
11A is a blown-up view of a section of the routing plate 601
of FIG. 11. The routing plate 601 may be substantially in the
form of a card-like structure having a main filler rail 615
extending along an edge 613 of the plate 601. A plurality of
side arms 617 may extend from the main filler rail 615, for
example, in a substantially perpendicular direction to the rail
615. As illustrated in FIGS. 10-12, the rail 615 and arms 617
may be defined as pathways on a surface of the plate 601, for
example pathways defined by surface portions on the plate
601 underlain with electrodes. According to an exemplary
aspect (not shown), the rail 615 and arms 617 may be formed
as channels in the plate 601. The arms 617 may be in flow
communication with the rail 615. The main filler rail 815 may
be configured so as to be capable of containing a volume of
liquid substantially equal to the total volume of liquid that the
arms 617 are capable of containing. By way of example, the
main filler rail 615 may be configured to contain an amount of
liquid ranging from about 0.1 microliter to about 10 millili-
ters. According to one exemplary embodiment, to use the
device 600 to fill a 1536-well titer plate with 4 microliters of
liquid per well, the rail 615 should be configured so as to
contain at least 6.144 milliliters of liquid.
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[0094] According to an exemplary aspect, and not illus-
trated in FIGS. 11 and 11A, the routing plate 601 may com-
prise an array of electrodes that are positioned in substantially
along the filler rail 615 and arms 617 such that microfluidic
pathways are formed along the filler rail 615 and arms 617. In
other words, by selectively activating the electrodes, surface
portions on the routing plate 601 corresponding to those
electrodes may be altered so as to become more or less wet-
table (e.g., exhibit hydrophobic characteristics or hydrophilic
characteristics) so as to provide precise control over the
movement of liquid along the rail 615 and the arms 617. In an
exemplary aspect, the microfiuidic pathways (e.g., the rail
615 and the arms 617) are underlain by lithographically
defined arrays of electrodes.

[0095] Numerous techniques may be used to provide the
electrodes in the routing plate and/or to otherwise configure
the routing plate such that it is capable of achieving elec-
trowetting. For example, one such technique may include
implanting electrical pads in a substrate covered with a hydro-
phobic insulator layer, for example, in a manner similar to that
described for first substrate 25 of FIG. 1.

[0096] Another technique may include fabricating the elec-
trodes positioned underneath the microfluidic pathways of
the routing plate from a sequence of steps that has been used
for micro-electronic devices, such as multi-chip modules, for
example. For references which describe the steps used for
micro-electronic devices and multi-chip modules, reference
may be made to http://www.cpmt.org/past_trans/cpmth_
toc_ 9502 html, for example. In accordance with this tech-
nique, electrodes may be formed using a series of steps
involving deposition of a suitable conductive material. Such
conductive materials may include, for example an indium/tin/
oxide alloy, aluminum, gold, and/or other conductive mate-
rials. The conductive material may then be patterned with a
subtractive process, such as, for example, wet chemical etch-
ing or a dry process, such as plasma etching, for example. For
example, a photo-masking process may be employed on top
of'a deposited conductive material, followed by a subtractive
etching process as described above, in order to remove
unwanted conductive material and leave electrodes in place.
After performing the subtractive process to pattern the con-
ductive material into an array of electrodes, a thin layer of a
dielectric material may be applied. Suitable dielectric mate-
rials may include, for example, polymers, or oxides and/or
nitrides having high dielectric constants. The layer thickness
may be a function of the dielectric constant of the material.
For example, the higher the dielectric constant, the thinner the
layer. According to an exemplary aspect, the dielectric mate-
rial may be applied in a layer having a thickness ranging from
about 1 micrometer to about 10 micrometers.

[0097] The layer of dielectric material may be applied so as
to isolate the conductive patterns so as to form the desired
electrode positioning (e.g., array) relative to the routing plate
surface. First, the electrode structure may be formed using the
deposition and subtractive processes described above. The
dielectric material may then be applied as a substantially
continuous coating over the formed electrodes. For example,
the dielectric material may be applied via spin coating, sput-
tering, chemical vapor deposition, plasma enhanced chemical
vapor deposition, and/or other deposition techniques. The
series of steps described above may be repeated as needed to
achieve the desired granularity of the electrodes. The term
granularity is used herein to describe the size of the individual

Nov. 26, 2015

electrodes. For example, a high granularity refers to a rela-
tively high number of individual electrodes per square unit of
surface area.

[0098] In order to make the formed electrodes indepen-
dently chargeable, each of the electrode layers may be inter-
connected to routing layers of conductors that terminate at a
series of edge connection points. An external electrical con-
trol system (not shown) may be connected to those connec-
tion points and can be used to individually activate the elec-
trodes in any series and/or sequence as needed to move and/or
divide the liquid along the routing plate. In other words, in a
manner similar to that described with reference to FIGS. 2
and 3, the charge of the electrodes may be controlled so as to
cause corresponding surface portions of the routing plate to
exhibit hydrophobic characteristics or hydrophilic character-
istics in order to divide and move liquid over the routing plate
surface.

[0099] FIGS. 12A-12F show a plan view of the routing
plate of FIG. 11 and exemplary steps for how liquid supplied
to the routing plate 601 may be moved along the filler rail 615
and arms 617 of the routing plate 601 and divided into indi-
vidual portions for dispensing from the nozzles of a nozzle
plate. The surface of the routing plate 601 illustrated in FIGS.
12A-12F is the surface in contact with the liquid and facing
the nozzle plate.

[0100] With reference to FIG. 12A, liquid 700 to be dis-
pensed is first introduced to the routing plate 601 into the
main filler rail 615. As was described with reference to FIG.
10A, the liquid 700 may be introduced, for example, viaa port
640 in flow communication with the filler rail 615, in a direc-
tion substantially perpendicular to the plane of the routing
plate 601 (not shown in the figures). In a manner similar to
that described with reference to FIG. 2A, the liquid 700 may
be prevented from moving along the filler rail 615 by control-
ling the electric charge of an array (e.g., a two-dimensional
array ) of electrodes underlying the filler rail 615 so as to make
the surface of the filler rail 615 in contact with the liquid
substantially hydrophobic, thereby repelling the liquid.
[0101] When it is desired to fill the filler rail 615, the elec-
tric charge of an array of electrodes associated with the filler
rail 615 may be controlled so as to move the liquid 700 from
the input port 640 and along the rail 615. FIG. 12B shows an
example of the liquid 700 progressing from its input position
in the upper corner of the routing plate 601 along the filler rail
615. FIG. 12C illustrates the main filler rail 615 being com-
pletely loaded with liquid 700.

[0102] Once the main filler rail 615 is completely loaded
with liquid 700, as shown in FIG. 12C, the array of electrodes
on the routing plate 601 may again be controlled so as divide
the liquid in the filler rail 615 into a plurality of smaller,
individual portions that are substantially separated from one
another along the filler rail 615 and aligned with respective
arms 617. FIG. 12D illustrates this exemplary step, wherein
the electrodes of the routing plate 601 are selectively acti-
vated so as to partition the liquid 700 in the main filler rail 615
into a plurality of separate portions that are in substantial
alignment with the plurality of arms 617. In other words,
electrodes corresponding to surface portions of the filler rail
615 are selectively turned off so as to cause those surface
portions to become hydrophobic, thus repelling the liquid and
partitioning the liquid into portions illustrated in FIG. 12D.
The partitioned portions of liquid in FIG. 12D collect over
surface portions of the filler rail 615 corresponding to acti-
vated electrodes. The volume of liquid 700 in each of the
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partitioned portions in FIG. 12D may be substantially equal to
the volume of each respective arm 617, such that each parti-
tioned portion of liquid can substantially fill a respective arm
617.

[0103] An exemplary step of filling the arms 617 with the
liquid 700 is illustrated in FIG. 12E. By selectively activating
electrodes aligned along the arms 617, the partitioned liquid
in the filler rail 615 may be drawn into the arms 617 and away
from the filler rail 615. As the liquid 700 progresses from the
filler rail 615 into the arms 617, eventually all of the liquid
700 is drained from the filler rail 615 and is contained in the
arms 617, as illustrated in FIG. 12F. Thus, as shown in the
exemplary steps illustrated in FIGS. 12A-12F, liquid 700 may
be moved in a two-dimensional manner along the routing
plate 601 by selectively controlling the electric field acting on
the liquid and thereby controlling the wettability of surface
portions in contact with the liquid. Further, the liquid 700 may
be divided into a plurality of smaller amounts corresponding
to a plurality of substantially parallel rows corresponding to
the arms 617.

[0104] Referring now to FIG. 12G, once the liquid 700 has
been moved from the filler rail 615 into the arms 617, various
electrodes associated with the arms 617 can be activated so as
to again divide the liquid 700 in the arms 617 into a plurality
of'individual portions 701 (for example on the order of a few
microliters or a few nanoliters, such as, for example, ranging
from about 0.01 microliters to about 100 microliters, for
example about 1 microliter) aligned with a plurality of pre-
determined locations. In particular, according to an exem-
plary aspect, the electrodes may be controlled so as to cause,
via electrowetting, the liquid 700 in the arms to be divided
into individual portions 701 located at predetermined loca-
tions on the routing plate 601 that are aligned with respective
openings leading to nozzles of a nozzle plate. FIG. 12G
illustrates the exemplary step of dividing the liquid 700
aligned with the arms 617 into a plurality of individual por-
tions 701 ready to be drawn into nozzles (e.g., into the reser-
voirs defined by the inner surfaces of the nozzles) of'a nozzle
plate, such as, for example, a nozzle plate like that shown in
FIG. 10, for dispensing to a testing platform. It should be
understood that the number and locations of the individual
portions 701 of liquid illustrated in FIG. 12G are exemplary
and that the number, location, and volume of the individual
portions 701 of liquid can be controlled as desired, for
example, based on the routing plate electrode configuration
and/or the activation of the routing plate electrodes. The vol-
ume of individual portions of liquid may vary depending on
the application. For example, the dispensing devices dis-
closed herein could be configured to fill wells having a vol-
ume ofabout 10 nanoliters in a 24,000-well format. In another
example, the dispensing device could be configured to fill
wells having a volume ranging from about 10 microliters to
about 100 microliters in a 384-well format. It is envisioned
that the dispensing devices according to aspects of the inven-
tion could be configured to dispense liquid in a relatively wide
range of volumes.

[0105] As explained above, once the individual portions
701 have been established, as shown in FIG. 12G, the elec-
trodes associated with the routing plate 601 can again be
controlled, e.g., via a controller (not shown) so as to cause the
routing plate surface to become hydrophobic. At the same
time, the electric potential of a nozzle plate associated with
the routing plate 601 could be controlled so as to cause the
nozzle inner surfaces to change from exhibiting hydrophobic

Nov. 26, 2015

characteristics to exhibiting hydrophilic characteristics,
thereby drawing the individual portions 701 into the nozzles
via electrowetting and/or capillarity.

[0106] Thus, the routing plate embodiment of FIG. 12 per-
mits the supplied liquid to be moved along in a somewhat bulk
fashion, e.g., by volumes corresponding to the rail 615 and
arms 617, prior to dividing the liquid into individual portions
desired for dispensing, such as, droplets, for example. In this
way, evaporation may be minimized and efficiency improved
by eliminating the need to move individual droplets (or other
small portions volumes desired to be dispensed) along rela-
tively long routes prior to dispensing the individual droplets.
[0107] A variety of techniques could be employed to fab-
ricate a nozzle plate according to an exemplary embodiment.
In an exemplary aspect, it is desirable to fabricate the nozzle
plate using a technique that permits an ultra-high density
nozzle configuration, such as that described in the exemplary
embodiment of FIGS. 13A and 13B. One such technique, for
example, could include a series of steps that are known to
those skilled in the art of silicon micro-machining technolo-
gies. For example, through-holes could be formed in a silicon
plate using a lithographic process followed by a deep reactive
ion etching (DRIE) process. DRIE is a process that utilizes
the pulsing of power during a reactive ion etch process to
alternately etch a hole and then coat the side walls of that hole
with polymeric byproducts that protect against etching. The
process allows for the formation of structures having rela-
tively high aspect ratios. Once the through-holes have been
formed, an atmospheric down-stream plasma (ADP) process
can be used in conjunction with a standard lithographic pro-
cess to form the nozzles. ADP is an isotropic process which
can lead to the tapered shape of the nozzles.

[0108] After formation of the nozzles, the inside surface of
the nozzle plate (e.g., including the inside surface of the
nozzles) can be coated with a layer of hydrophobic material,
such as, for example, polymeric materials and other resins
that may be applied in solution where the solvent is allowed to
evaporate leaving behind a film that may range from about 0.5
micrometers to about 1.5 micrometers in thickness. Other
film thickness ranges are envisioned and may be selected
based on the particular application. Further, the nozzles may
be coated with a layer of conductive material and a layer of
hydrophobic material in a manner similar to that described
with reference to the wells 150 of FIG. 6.

[0109] Furtherinformation regarding DRIE can be found at
http://www.microfab.de/technologies/drie.htm, and further
information regarding ADP can be found at http://www.trusi.
com/frames.asp.

[0110] A partial view of an exemplary embodiment of a
nozzle plate configuration is shown in FIGS. 13A and 13B. It
should be understood that for practical reasons the illustra-
tions are partial views due to the large number of nozzles that
are envisioned for the exemplary biological analysis applica-
tions described herein. For example, as explained above, it
may be possible to fabricate the nozzle plate such that there
are as many as 400,000 nozzles arrayed across the surface of
an area approximating 3"x5". Thus, only a small portion of a
nozzle plate is illustrated in FIGS. 13A and 13B.

[0111] FIG. 13A illustrates a perspective view of a nozzle
plate 900 viewed from the nozzle side 910, which is the side
of the nozzle plate facing away from the routing plate. As
shown, the nozzle plate 900 includes a plurality of nozzles
920 arranged in an array of rows and columns. In an exem-
plary aspect, the nozzles 920 would be configured so as to
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align with predetermined locations on a testing platform, such
as with wells on a titer plate, for example. FIG. 13B illustrates
the opening side 915 of the nozzle plate 900. The opening side
915 faces toward the routing plate and makes contact with the
liquid to be dispensed. The opening side contains a plurality
of openings 925 leading to the nozzles 920.

[0112] By way of example only, the nozzle plate 900 of
FIGS. 13 A and 13B may have an ultra-high density configu-
ration and the nozzles 920 may be spaced from one another at
approximately a 200 micrometer pitch. The openings of the
nozzles from which the liquid is dispensed may have a diam-
eter on the order of approximately 50 micrometers. It should
beunderstood, however, that this nozzle plate configuration is
exemplary only and that the number of nozzles, the nozzle
dimensions, the spacing between the nozzles, and the nozzle
arrangement may be chosen depending on the dispensing
application. For example, the volume of each nozzle may be
selected based on the desired volume of expressed liquid.
[0113] As with the embodiments of FIGS. 1-7, it is envi-
sioned that routing plate/nozzle plate dispensing device dis-
cussed with reference to FIGS. 9-13 could be configured as a
stand-alone device, like a multi-tip pipettor, for example, as a
component of a device, like a liquid handling mechanism
within an instrument, or as part of an overall system that
includes fluid handling between differing devices. Thus, as
shown in FIG. 14, a routing plate/nozzle plate electrowetting
dispensing device 1000 could replace the EWL 20 illustrated
in FIG. 8. The dispensing device 1000 could be manipulated
and function as part of a workstation system 11 in a manner
similar to that described and illustrated in FIG. 8 and as
described above with reference to the description of FIG. 8,
with the exception that the EWL 20 of FIG. 8 is replace with
the routing plate/nozzle plate dispensing device 1000.
[0114] To the extent not already described above, it should
be understood that devices and methods according to the
invention may include various exemplary aspects and/or fea-
tures, some of which are set forth in the following. A method
for dispensing liquid may include aligning the liquid with a
plurality of predetermined locations corresponding to a two-
dimensional array. Positioning the liquid may comprise mov-
ing the liquid, for example moving individual portions of
liquid, in two dimensions. Dispensing aligned liquid may
comprise moving the liquid, such as, for example, individual
portions of liquid, in a direction substantially nonparallel to a
plane defined by the two dimensions, for example, in a direc-
tion substantially perpendicular to a plane defined by the two
dimensions. A method for dispensing liquid may comprise
providing a first amount of liquid and dividing the first
amount of liquid into a plurality of individual portions less
than the first amount via electrowetting. Positioning liquid via
electrowetting may comprise positioning each of the plurality
of individual portions into respective alignment with each of
the plurality of predetermined locations.

[0115] A method for dispensing liquid may comprise divid-
ing the first amount of liquid into a plurality of substantially
parallel rows of liquid. Dividing the first amount of liquid
may comprise dividing the first amount of liquid into a plu-
rality of droplets of liquid. Dividing may further comprise
dividing the first amount of liquid into a plurality of individual
portions each ranging from about 0.01 microliters to about
100 microliters, for example, from about 0.01 microliters to
about 5 microliters, for example about 1 microliter. A method
for dispensing liquid may further comprise filling openings in
a substrate with the liquid prior to dispensing the liquid
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through the openings. During the filling, the openings may
exhibit hydrophilic characteristics such that the liquid moves
from predetermined locations into the openings. Further,
prior to the filling, the openings may exhibit hydrophobic
characteristics. Filling the openings with the liquid may com-
prise moving the liquid into the openings via electrowetting.
Dispensing aligned liquid through the plurality of openings in
a substrate may comprise dispensing the aligned liquid
through a plurality of port openings.

[0116] A method for dispensing liquid may further com-
prise dispensing individual portions ofliquid via a plurality of
nozzle openings. Further, the method may comprise spotting
the plurality of individual portions of liquid to a testing plat-
form via the nozzle openings. In another aspect, dispensing
the plurality of individual portions of liquid may comprise
dispensing the individual portions via a plurality of port open-
ings. The dispensing the plurality of individual portions of
liquid may include dispensing the plurality of individual por-
tions of liquid to a plurality of reservoirs. According to an
aspect, the dispensing the plurality of individual portions of
liquid to the plurality of reservoirs may comprise centrifuging
the plurality of individual portions of liquid to the plurality of
reservoirs. The plurality of individual portions of liquid into
may be dispensed to a plurality of reservoirs coated with a
hydrophilic material.

[0117] According to another aspect, the dispensing the plu-
rality of individual portions of liquid to the plurality of res-
ervoirs may comprise dispensing the plurality of individual
portions of liquid via electrowetting, for example, the dis-
pensing may comprise dispensing the plurality of individual
portions of liquid to a plurality of wells in a titer plate. The
reservoirs may be coated with a layer of conductive material
and a layer of hydrophobic material, and the dispensing via
electrowetting may comprise altering an electric potential of
the reservoir such that an inner surface of the reservoir exhib-
its hydrophilic characteristics.

[0118] According to yet a further aspect, the dispensing the
individual portions of liquid to a plurality of reservoirs may
comprise dispensing the plurality of individual portions of
liquid to the plurality of reservoirs via capillarity, and the
reservoirs may comprise hydrophilic capillary tubes. In
another aspect, the dispensing the plurality of individual por-
tions of liquid to a plurality of reservoirs may comprise dis-
pensing the plurality of individual portions of liquid via elec-
trophoresis.

[0119] A method for dispensing liquid may further com-
prise moving aligned liquid to a plurality of reservoirs,
wherein the moving comprises altering an electric potential
of the reservoirs so as to cause an inner surface of the reser-
voirs to exhibit hydrophilic characteristics.

[0120] A device for positioning liquid to be dispensed may
comprise, in an exemplary aspect, a first substrate and second
substrate separated from the first substrate, the second sub-
strate defining at least one opening therethrough, the at least
one opening being configured to permit passage of an amount
of liquid to be dispensed therethrough. The device may fur-
ther comprise a chamber between the first substrate and the
second substrate, the chamber being configured to contain
liquid for dispensing. A controller may be configured to con-
trol an electric field acting on the liquid in the chamber so as
to move a portion of the liquid in the chamber into alignment
with the at least one opening and to dispense the portion of the
liquid through the at least one opening.
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[0121] According to additional exemplary aspects, the at
least one opening may comprise a plurality of openings. The
at least one opening may also comprise an inner surface
configured to exhibit hydrophobic characteristics prior to
dispensing the liquid through the opening. The inner surface
of the at least one opening may be configured to exhibit
hydrophilic characteristics during the dispensing of the liquid
through the opening. The second substrate may define a plu-
rality of nozzles and the plurality of openings may comprise
nozzle openings. The plurality of nozzles may be configured
to dispense a plurality of individual portions of the liquid to a
titer plate. The controller may be configured to control the
electric field so as to move a plurality of individual portions of
the liquid in the chamber into respective alignment with the
plurality of openings. The controller may be further config-
ured to control the electric field so as to alter the wettability of
at least one surface portion in contact with the liquid in the
chamber. In another aspect, the controller may be configured
to control the electric field so as to selectively alter the at least
one surface portion between exhibiting hydrophobic charac-
teristics and hydrophilic characteristics. The controller may
be configured to selectively alter the electric potential of the
first and second substrates.

[0122] One or both of the first and second substrates may
comprise a hydrophobic layer facing the chamber.

[0123] The device may further comprise a plurality of elec-
trodes associated with the first substrate. The plurality of
electrodes may be independently electrically chargeable. The
plurality of electrodes may be disposed in an array of rows
and columns. The at least one opening may comprise a plu-
rality of openings aligned with at least some of the plurality of
electrodes, and the plurality of openings are configured to be
respectively aligned with a plurality of wells in a titer plate.
The plurality of electrodes may be configured to permit liquid
supplied to the chamber to be positioned so as to form a
plurality of substantially parallel rows. The device may fur-
ther comprise at least one additional electrode associated with
the second substrate.

[0124] The device may further comprise a first substrate
comprising a distribution channel configured to receive liquid
to be dispensed. The distribution channel may be in flow
communication with the plurality of substantially parallel
rOws.

[0125] The device may further comprise an input port in
flow communication with the chamber.

[0126] In a further exemplary aspect a biological analysis
system may comprise a device according to any exemplary
aspects described above and a plurality of stations, including
at least one liquid storing station configured for storing liquid
to be used in a biological analysis procedure. The device may
be configured to be movable between the at least one liquid
storing station and at least one other station of the plurality of
stations.

[0127] The various dispensing devices and methods in
accordance with aspects of the invention may allow for pre-
cise positioning of controlled small volumes (e.g., on the
order of microliters or nanoliters) of liquid in order to dis-
pense the small volumes of liquid into specific formats on a
testing platform. The various dispensing devices and methods
could be controlled via software in order to accommodate
desired dispensing operations. Further, it is envisioned that
the dispensing devices and methods disclosed herein could be
produced in a cost-efficient manner, for example, by employ-
ing foundry services.
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[0128] It is also envisioned that the exemplary devices and
methods according to the invention could be used to perform
multi-plexing procedures. For example, the devices could be
provided with a plurality of input ports in which differing
liquids could be input into the device along separated rows
and/or columns of electrodes. By selectively activating elec-
trodes, the input liquids could be kept segregated or combined
together as desired, and moved along the dispensing devices
as desired. Reference is made to U.S. Publication No. 2003/
0205632, incorporated by reference herein, for an exemplary
method of how electrowetting principles can be utilized to
perform multi-plexing procedures.

[0129] It should be understood that the particular electrode
array that is utilized with the dispensing devices and methods
described herein can be selected based on factors such as the
desired movement of liquid through the dispensing device,
the desired positioning of the individual portions of liquid to
be dispensed, the desired amount of liquid in each individual
portion which is to be dispensed, and other similar factors.

[0130] It should be noted that sizes and configurations of
various structural parts and materials used to make the above-
mentioned parts are illustrative and exemplary only. One of
ordinary skill in the art would recognize that those sizes,
configurations, and materials can be changed to produce dif-
ferent effects or desired characteristics. By way of example, it
is envisioned that by utilizing lithographic materials and pro-
cesses capable of micrometer sized features, the various dis-
pensing devices and methods according to aspects of the
invention may be scaled to accommodate various volumes of
liquids and portion densities (e.g., high bandwith capability
of the number of portions of liquid dispensed over a given
area) as desired.

[0131] In this application, the use of the singular includes
the plural unless specifically stated otherwise. It is noted that,
as used in this specification and the appended claims, the
singular forms “a,” “an,” and “the,” include plural referents
unless expressly and unequivocally limited to one referent. In
this application, the use of “or” means “and/or” unless stated
otherwise. Furthermore, the use of the term “including”, as
well as other forms, such as “includes” and “included”, is not
limiting. As used herein, the term “include” and its grammati-
cal variants are intended to be non-limiting, such that recita-
tion of items in a list is not to the exclusion of other like items
that can be substituted or added to the listed items. Also, terms
such as “element” or “component” encompass both elements
and components comprising one unit and elements and com-
ponents that comprise more than one subunit unless specifi-
cally stated otherwise. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the
same or like parts.

[0132] The section headings used herein are for organiza-
tional purposes only and are not to be construed as limiting
the described subject matter in any way. All literature and
similar materials cited in this application, including patents,
patent applications, articles, books, treatises, and internet
web pages are expressly incorporated by reference in their
entirety for any purpose. In the event that one or more of the
incorporated literature and similar materials defines or uses a
term in such a way that it contradicts that term’s definition in
this application, this application controls. While the present
teachings are described in conjunction with various exem-
plary embodiments, it is not intended that the present teach-
ings be limited to such embodiments. On the contrary, the
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present teachings encompass various alternatives, modifica-
tions, and equivalents, as will be appreciated by those of skill
in the art.

[0133] For the purposes of this specification and appended
claims, unless otherwise indicated, all numbers expressing
quantities, percentages or proportions, and other numerical
values used in the specification and claims, are to be under-
stood as being modified in all instances by the term “about.”
Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and
attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the
present invention. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the scope
of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques.

[0134] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective
testing measurements. Moreover, all ranges disclosed herein
are to be understood to encompass any and all subranges
subsumed therein. For example, a range of “less than 10”
includes any and all subranges between (and including) the
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minimum value of zero and the maximum value of 10, that is,
any and all subranges having a minimum value of equal to or
greater than zero and a maximum value of equal to or less than
10,e.g.,1t0 5.
[0135] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture and methodology of the present invention. Thus, it should
beunderstood that the invention is not limited to the examples
discussed in the specification. Rather, the present invention is
intended to cover modifications and variations. Other
embodiments of the invention will be apparent to those
skilled in the art from consideration of the specification and
practice of the invention disclosed herein.

What is claimed is:

1. An electrowetting system, comprising:

a cartridge including

a substantially planar array of independently address-
able electrodes embedded in a first substrate,

a conducting electrode embedded in a second substrate
proximate to the first substrate, the second substrate
and first substrate defining a volume, and

a first insulating layer separating the addressable elec-
trodes from the volume; and

a device having a controller programmed to provide elec-
trical signals to the independently addressable elec-
trodes.



