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(57) ABSTRACT

An EWOD device includes opposing substrates defining a
gap and each including an insulating surface facing the gap.
Array elements include electrode elements to which actua-
tion voltages are applied. A pre-charging structure defines a
channel in fluid communication with the gap wherein the
channel receives an input of a fluid reservoir for generation
of the liquid droplet, and the pre-charging structure includes
an electrical element electrically exposed to the channel. The
electrical element pre-charges the fluid reservoir within the
channel, and a portion of the gap containing the liquid
droplet spaced apart from the channel is electrically isolated
from the electrical element such that the liquid droplet is at
a floating electrical potential when located within said
portion of the gap. The electrical element may be an elec-
trode portion that is exposed to the channel, or an externally
connected pre-charging element inserted into the channel.
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MICROFLUIDIC DEVICE WITH DROPLET
PRE-CHARGE ON INPUT

TECHNICAL FIELD

[0001] The present invention is related to microfluidic
devices for performing droplet manipulation operations,
such as active matrix electro wetting on dielectric (AM-
EWOD) digital microfluidic devices, and more particularly
to the controlling of electrical potential of droplets input to
the array to improve device performance and reliability.

BACKGROUND ART

[0002] Electro-wetting on dielectric (EWOD) is a well-
known technique for manipulating droplets of fluid by
application of an electric field. The structure of a conven-
tional EWOD device is illustrated in the cross-section dia-
gram of FIG. 1. As shown, the EWOD device includes a
lower substrate 30 and an upper (top) substrate 36 arranged
opposite the lower substrate 30 and separated from it by a
spacer 32 to form a fluid gap 35.

[0003] A conductive material is formed on the lower
substrate 30 and patterned to form a plurality of individually
addressable lower electrodes 38, as depicted in FIG. 1 for
example as a first lower electrode 38A and a second lower
electrode 38B.

[0004] An insulator layer 20 is formed on the lower
substrate 30 over the lower electrodes 38 and a lower
hydrophobic coating 16 is formed over the insulator layer.
The hydrophobic coating is formed from a hydrophobic
material. The hydrophobic material is commonly, but not
necessarily, a fluoropolymer. A conductive material is
formed on the upper (top) substrate 36 and acts as a common
reference electrode 28. An upper hydrophobic coating 26 is
formed over the common reference electrode 28. Optionally,
a further insulator layer (not shown) may be interposed
between the common reference electrode 28 and the upper
hydrophobic coating 26.

[0005] The fluid gap is filled with a non-polar filler fluid
34, such as oil, and liquid droplets 4. The liquid droplet 4,
commonly an aqueous and/or ionic fluid, includes a polar
material and is in contact with both the lower hydrophobic
coating 16 and the upper hydrophobic coating 26. The
interface between the liquid droplet 4 and filler fluid 34
forms a contact angle ® 6 with the surface of the lower
hydrophobic coating 16.

[0006] In operation, voltage signals are applied to the
lower electrodes 38 and common reference electrode 28 so
as to actuate the liquid droplet 4 to move within the fluid gap
35 by the EWOD technique. Typically, the lower electrodes
38 are patterned to form an array, or matrix, with each
element of the array comprising a single individually
addressable lower electrode 38. A plurality of droplets may
therefore be controlled to move independently within the
fluid gap 35 of the EWOD device. Exemplary EWOD
devices are illustrated in the following:

[0007] U.S. Pat. No. 6,565,727 (Shenderov, issued May
20, 2003) discloses an EWOD device with a passive type
array for moving droplets.

[0008] U.S. Pat. No. 6,911,132 (Pamula et al., issued Jun.
28, 2005) discloses an EWOD device with a two-dimen-
sional array to control the position and movement of drop-
lets in two dimensions.
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[0009] U.S. Pat. No. 8,815,070 (Wang et al., issued Aug.
26, 2014) describes an EWOD device in which multiple
micro-electrodes are used to control the position and move-
ment of a droplet.

[0010] U.S. Pat. No. 8,173,000 (Hadwen et al, issued May
8, 2012) discloses an EWOD device with improved reliabil-
ity by means of application of an AC voltage signal to the
common reference electrode.

[0011] Active Matrix EWOD (AM-EWOD) refers to
implementation of EWOD in an active matrix array incor-
porating transistors within each element of the array. The
transistors may be, for example, thin film transistors (TFTs),
and form an electronic circuit within each array element to
control the voltage signals applied to the lower electrodes.
[0012] U.S. Pat. No. 7,163,612 (Sterling et al., issued Jan.
16, 2007) describes how TFT based thin film electronics
may be used to control the addressing of voltage pulses to an
EWOD array by using circuit arrangements very similar to
those employed in active matrix display technologies.
[0013] U.S. Pat. No. 8,653,832 (Hadwen et al, issued Feb.
18, 2014) discloses an AM-EWOD device in which each
element in the array includes circuitry to both control the
voltage signals applied to the lower electrode and to sense
the presence of a liquid droplet above the electrode.
[0014] As to certain particular aspects of EWOD device
operation, U.S. Pat. No. 8,702,938 (Srinivasan et al., issued
Apr. 22, 2014) describes an EWOD cartridge where fluid is
input through a hole in the top substrate. U.S. Pat. No.
9,238,222 (Delattre et al., issued Jan. 19, 2016) describes
reducing bubble formation adjacent the droplet by maintain-
ing substantially consistent contact between the droplet and
an electrical ground during droplet operations to prevent
such bubble formation. U.S. Pat. No. 9,011,662 (Wang et al.,
issued Apr. 21, 2015) similarly teaches that it is preferred
that droplets remain in continuous contact or frequent con-
tact with a ground or reference electrode.

Problem to be Solved by the Invention

[0015] The droplet potential, electro-wetting potential,
and potential across the top substrate insulator formed by the
hydrophobic coating can be electrically modeled. In the
region of a liquid droplet, the potential difference across the
top hydrophobic coating layer is related to the voltages
applied to the corresponding element electrodes, the voltage
applied to a second common reference electrode, and the
capacitance of the capacitors formed within each element of
the array of elements in the device. Such potential difference
is affected by a DC offset referred to herein as “V,”,
corresponding to an initial potential of the liquid droplet
when the droplet is inputted into the device.

[0016] The electrical potential V, depends on how the
droplet is input into the device. The droplet input, for
example, may be performed by a user (e.g. by pipette), from
a fluidic chamber, from another microfluidic device, or the
like. In the absence of specific measures to control V,,, this
potential across the top hydrophobic layer is subject to
variability, and in particular, for example, may depend on the
nature of the non-conductive structures used to put the
droplet into the input well, user pipetting technique, and/or
the external electrostatic environment (including factors
such atmospheric humidity, and the like).

[0017] If the level of the DC offset voltage V, assumes an
unwanted value, this can have various deleterious effects.
For example, such an unwanted V, value may result in an
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unwanted DC offset potential between the droplet and the
top substrate electrode, which can cause damage (e.g.
bubbles, breakdown) of the top substrate insulator or hydro-
phobic layer. An unwanted V, value further may result in a
large DC offset potential between the droplet and the bottom
substrate electrode, which can cause damage by dielectric
breakdown of the insulating layers, causing catastrophic
device failure. Such an unwanted V, value further can offset
the DC potential between the droplet and the TFT substrates
electrode, to a reduced value from which the device is
designed to operate. This in turn may reduce performance by
reducing the electro-wetting actuation force, which for
example can result in poor or unreliable splitting/dispensing
of droplets and/or lower move speed of droplets. This may
occur, for example, if the DC voltage is between the top
electrode and TFT electrode potential. The present invention
solves these problems by being configured and operated to
avoid an unwanted value of the DC offset voltage V.

SUMMARY OF INVENTION

[0018] The present invention pertains to enhanced con-
figurations for an EWOD device, and AM-EWOD devices in
particular, that avoid an unwanted value of the DC offset
voltage V,,. As referenced above, the EWOD device of the
present invention is configured and operated to avoid an
unwanted value of the DC offset voltage V,,.

[0019] To accomplish such result, an input fluid reservoir
from which droplets are formed is pre-charged to have a
specified or preset DC potential (V) at a point of entry of
the aqueous liquid reservoir into the EWOD device car-
tridge. The specified or preset DC potential is preferably
selected to minimize an average voltage across the top
substrate layer. Accordingly, an EWOD device is configured
to incorporate a pre-charging fluid input structure at one or
more fluid inputs. In an EWOD device in which the lower
and upper hydrophobic coatings are high quality and thus
substantially electrically insulating, without the control of
the present invention the DC potential of the reservoir in the
fluid gap could assume an undesirable arbitrary value. This
is disadvantageous, for an inappropriate DC potential may
lead to a reduced potential difference between the lower
substrate electrode and the droplet, thereby reducing the
electro-wetting potential and the ability of the device to
drive droplets, and an unwanted DC offset potential between
the droplet and the top substrate electrode which may
compromise device reliability. The inventors have realized
that these potential disadvantages can be negated by pre-
charging the fluid reservoir from which droplets are gener-
ated to a preset DC potential on input.

[0020] With such a configuration, the present invention
solves the problems above provided the DC droplet potential
V, is well chosen. In exemplary embodiments, a suitable
value of V, may be selected such that the resultant potential
of the top substrate electrode typically ensures that the DC
potential between the top substrate electrode and liquid
reservoir is zero, or close to zero, and the electro-wetting
voltage is maximized. In the conventional configurations
described in the background section above (see, e.g., par-
ticularly U.S. Pat. Nos. 9,238,22 and 9,011,662), it is taught
to improve performance specifically by having the droplets
remain in continuous contact or frequent contact with a
ground or reference electrode. The present invention oper-
ates differently, whereby the device is configured such that
the droplets generated from the initial fluid reservoir have no
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electrical connection to a DC potential when in the gap
defined by the substrates and away from the input. The
present invention further has a configuration that sets the DC
potential at a specified or preset initialization state when the
fluid reservoir is in the fluid input structure. V,, is thus set at
a chosen suitable initial potential. Once the fluid reservoir or
a droplet drawn therefrom is detached from the fluid input
structure, such as for example by moving a droplet away or
by dispensing/splitting a droplet out of the fluid input
structure, the droplet is at a floating DC potential.

[0021] An aspect of the invention, therefore, is an elec-
trowetting on dielectric (EWOD) device having a pre-
charging structure for pre-charging a fluid reservoir. In
exemplary embodiments, the EWOD device includes a first
substrate and an opposing second substrate defining a gap
between the first and second substrates, each substrate
including an insulating surface facing the gap; an array of
elements comprising a plurality of individual elements that
are actuatable for manipulation of a liquid droplet within the
gap, each individual element including a plurality of elec-
trode elements to which actuation voltages are applied; and
a pre-charging structure that includes a channel in fluid
communication with the gap and that is configured to
receive a fluid reservoir for generation of the liquid droplet,
and the pre-charging structure includes an electrical element
electrically exposed to the channel. The electrical element
pre-charges the fluid reservoir within the channel, and a
portion of the gap containing the liquid droplet spaced apart
from the channel is electrically isolated from the electrical
element such that the liquid droplet is at a floating electrical
potential when located within said portion of the gap.
[0022] The pre-charging structure may comprise an input
structure defining an input channel in fluid communication
with the gap, wherein the input channel is the channel that
is configured to receive the input of the fluid reservoir, and
the electrical element comprises an electrode portion of the
plurality of electrode elements that is exposed to the input
channel.

[0023] Another aspect of the invention is an enhanced
method of operating an electro-wetting on dielectric
(EWOD) device. The method may include the steps of
inputting a fluid reservoir into the EWOD device via a
channel defined by the EWOD device; pre-charging the fluid
reservoir with an electrical element while the input fluid
reservoir is within the channel; and applying an actuation
voltage to the EWOD device to generate a liquid droplet
from the fluid reservoir and moving the liquid droplet into a
gap defined by the EWOD device, wherein the droplet is
moved to a portion of the gap that is electrically isolated
from the electrical element such that the liquid droplet is at
a floating electrical potential when located within said
portion of the gap.

[0024] In one exemplary embodiment, during pre-charg-
ing an electrical potential of the fluid reservoir is initialized
at an electrical potential of the reference electrode, wherein
upon AC signal transition of the actuation voltage a potential
difference between the liquid droplet and reference electrode
is zero during a first phase of the AC signal transition and
negatively offset during a second phase of the AC signal
transition. In another exemplary embodiment, during pre-
charging an electrical potential of the fluid reservoir is
initialized at an electrical potential that is offset relative to
that of the reference electrode, wherein upon AC signal
transition of the actuation voltage a potential difference
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between the liquid droplet and reference electrode has a
positive offset value during a first phase of the AC signal
transition and a negative offset value during a second phase
of the AC signal transition.

[0025] To the accomplishment of the foregoing and related
ends, the invention, then, comprises the features hereinafter
fully described and particularly pointed out in the claims.
The following description and the annexed drawings set
forth in detail certain illustrative embodiments of the inven-
tion. These embodiments are indicative, however, of but a
few of the various ways in which the principles of the
invention may be employed. Other objects, advantages and
novel features of the invention will become apparent from
the following detailed description of the invention when
considered in conjunction with the drawings.

Advantageous Effects of the Invention

[0026] The inventors have realized that the potential dis-
advantages of conventional configurations above can be
negated by pre-charging the input fluid reservoir to a DC
potential V, on input. A suitable value of V, may be selected
such that the resultant potential of the top substrate electrode
typically ensures that the DC potential between the top
substrate electrode and liquid fluid reservoir is zero, or close
to zero, and the electro-wetting voltage is maximized. The
device further is configured such that the droplets have no
electrical connection to the DC potential when in the fluid
gap away from the input fluid reservoir. By pre-charging the
input fluid reservoir to a suitable V,,, deviations of the DC
offset of the droplets from a desirable are minimized, and
thus the actuation voltage is optimized, which avoids the
deleterious effects described above.

BRIEF DESCRIPTION OF DRAWINGS

[0027] In the annexed drawings, like references indicate
like parts or features:

[0028] FIG. 1 is a drawing depicting a schematic cross-
sectional diagram of a conventional EWOD device.

[0029] FIG. 2 is a drawing depicting a conventional struc-
ture for an EWOD device.

[0030] FIG. 2B is a drawing depicting another conven-
tional structure for an EWOD device having an additional
insulating layer.

[0031] FIG. 3 is a drawing depicting an exemplary EWOD
device and controller system.

[0032] FIG. 4 is a drawing depicting an exemplary elec-
trical model of an EWOD device.

[0033] FIG. 5 sets forth a set of equations describing
electrical properties associated with a typical droplet actua-
tion operation.

[0034] FIG. 6 is a drawing depicting an exemplary EWOD
device and denoting pertinent voltage parameters related to
device operation.

[0035] FIG. 7A is a drawing depicting an exemplary
EWOD device in accordance with a first embodiment of the
present invention.

[0036] FIG. 7B is a drawing depicting an exemplary
EWOD device in accordance with a second embodiment of
the present invention.

[0037] FIG. 8 is a drawing depicting an exemplary EWOD
device in accordance with a third embodiment of the present
invention.
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[0038] FIG. 9is a drawing depicting an exemplary EWOD
device in accordance with a fourth embodiment of the
present invention.

[0039] FIG. 9B is a drawing depicting an exemplary
EWOD device in accordance with a variation of the fourth
embodiment of the present invention.

[0040] FIG. 10 is a drawing depicting an exemplary
EWOD device in accordance with a fifth embodiment of the
present invention.

[0041] FIG. 10B is a drawing depicting an exemplary
EWOD device in accordance with a variation of the fifth
embodiment of the present invention.

[0042] FIG. 11 is a drawing depicting an exemplary
EWOD device in accordance with a sixth embodiment of the
present invention.

[0043] FIG. 12A and FIG. 12B are drawings depicting
alternative methods of applying driving voltages in combi-
nation with pre-charging the liquid droplet reservoir.

DESCRIPTION OF EMBODIMENTS

[0044] Embodiments of the present invention will now be
described with reference to the drawings, wherein like
reference numerals are used to refer to like elements
throughout. It will be understood that the figures are not
necessarily to scale.

[0045] The structure of an exemplary EWOD device 200
is shown in FIG. 2. An exemplary EWOD device may
include a first substrate 230, a second substrate 236 and a
spacer 232 disposed between the two substrates to form a
fluid gap 235. The first substrate 230 includes a set of
element electrodes 238, an insulator layer 220 and a first
hydrophobic coating layer 216. The second substrate 236
includes a second common reference electrode 228 and a
second hydrophobic coating layer 226. Optionally, in this
and all embodiments, an additional insulator layer 999 may
also be interposed between the electrode 228 and the hydro-
phobic coating 226 as shown in FIG. 2B.

[0046] The fluid gap is filled with a filler fluid 234 and
liquid droplets 204 that may be manipulated within the
EWOD device. The EWOD device 200 may include an array
of elements 290, such as elements 292A-292F. Each element
292 A-F of the array of elements 290 may include an element
electrode 239 from the set of element electrodes 238, and a
portion of the second common reference electrode 228. A
liquid droplet 204 may occupy the fluid gap corresponding
to a subset of elements 292A-F in the array of elements, for
example elements 292B to 292F in the example case of FIG.
2.

[0047] The first substrate 230 and second substrate 236
may be made of a transparent insulating material, such as
glass. The conductive material used to form the element
electrodes 239 of the set of element electrodes 238 and
second electrode common reference electrode 228 may be a
transparent conductor such as Indium Tin Oxide (ITO). The
insulator layer 220 may be an inorganic insulator such as
silicon nitride or silicon dioxide. Layers and structures may
be formed on the substrates using standard manufacturing
techniques, such as photolithography, common in for
example, the LCD industry. The hydrophobic material of
hydrophobic layers 216 and 226 may be a fluoropolymer.
The filler fluid 234 may be a non-polar material such as oil.
The liquid droplet 204 may be an aqueous and/or ionic fluid.
The conductivity of the liquid droplet 204 may be substan-
tially higher than that of the filler fluid 234.
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[0048] As shown in FIG. 3, the EWOD device of FIG. 2
may be used as part of a microfluidic system in conjunction
with a hardware controller 310 and a processing unit 320.
The hardware controller unit 310 includes a signal generator
unit 312 to generate the voltage signals applied to each
element electrode 239 in the set of element electrodes 238.
In a preferred embodiment, circuits within the EWOD
device—for example integrated on the first substrate 230
using thin film transistors—may decode the voltage signals
supplied by the signal generator unit and generate the
voltage signals applied to each element electrode 239 in the
set of element electrodes 238. Such circuits are well-known,
for example as described in U.S. Pat. No. 8,653,832 (Had-
wen et al, issued Feb. 18, 2014). Alternatively, as is well-
known in the art, the signal generator unit 312 may apply the
voltage signals directly to the element electrodes.

[0049] In exemplary embodiments, the hardware control-
ler unit 310 optionally also may include a droplet position
detector 314 to detect the position, size and shape of liquid
droplets 204 on the array of elements 290. In a preferred
embodiment, circuits within each element 292 of the array
of elements 290 of the EWOD device 200 may be used to
measure the capacitance between an element electrode 239
and the second common reference electrode 228. Such
circuits are well-known, for example as described in U.S.
Pat. No. 8,653,832 (Hadwen et al, issued Feb. 18, 2014). In
such an arrangement, the droplet position detector 314 may
generate the signals to control the operation of said sensing
circuit and process the signals generated by the sensing
circuit to produce a map of the position, size and shape of
the liquid droplets 204 across the array of elements. Alter-
natively, as is known in the art, the droplet position detector
314 may directly measure the capacitance of each element in
the array of elements. Alternatively, as is known in the art,
the droplet position detector 314 may be an optical imaging
system and include an image processor to produce a map of
the liquid droplet positions across the array of elements.

[0050] The processing unit 320 includes a pattern genera-
tor unit 322, a sensor data analysis unit 324, a memory unit
326 (i.e., a non-transitory computer readable medium) and
an operation scheduler 328. The pattern generator unit 322
generates a map of elements in the array to be actuated, the
actuation pattern, during one particular cycle of operation of
the EWOD device. The pattern generator unit 322 is in
communication with the signal generator unit 312 which
converts the actuation pattern into voltage signals as
described above. In embodiments including the position
detector 314, the sensor data analysis unit 324 is in com-
munication with the droplet position detector 314 and pro-
cesses the map produced by the droplet position detector in
order to identify and track individual liquid droplets 204 on
the EWOD device 200. The memory unit 326 stores
sequences of actuation patterns that define how to perform
fluid operations, i.e. manipulations of the liquid droplets 204
on the EWOD device 200 to achieve a desired effect. The
memory unit 326 further stores said actuation patterns for a
range of distinct fluid operations in a library of fluid opera-
tions. Further still, the memory unit 326 also stores a
predefined set of fluid operations to be performed on the
EWOD device in order to perform a desired fluid protocol.
The operation scheduler 328 executes the desired fluid
protocol by monitoring the state of the sensor droplet
analysis unit 324, and controlling pattern generator unit 322
to generate actuation patterns based on the sequences of
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actuation patterns, the library of fluid operations and the set
of fluid operations stored in the memory unit 326.

[0051] Electrical modeling of an exemplary EWOD
device is described in detail in Applicant’s co-pending
application Ser. No. 15/478,752 filed on Apr. 4, 2017, which
is incorporated here by reference in its entirely. Details of
such electrical modeling include the following.

[0052] FIG. 4 shows an electrical circuit model of the
EWOD device 200 for the example case shown in FIG. 2.
Each element 292A-F of the array of elements comprises:

[0053] aresistor RE, 405 representing the resistance of the
second common reference electrode 280;

[0054] a capacitor C -, 410 representing the capacitance
of the second hydrophobic coating layer 226 (or the second
hydrophobic layer 226 in series with the additional insulator
999, in the case where the latter is present);

[0055] a capacitor C~, 425 representing the capacitance
of the first hydrophobic coating layer 216;

[0056] a capacitor Cp,,; 430 representing the capacitance
of the insulator layer 220; and

[0057] aresistor RE, 435 representing the resistance of an
element electrode 239.

[0058] Those elements in the subset of elements corre-
sponding to the location of the liquid droplet 204 addition-
ally comprise a resistor R; , 417 and a capacitor C, ,, 422
representing the resistance and capacitance of the liquid
droplet 204 respectively. The number of elements in the
subset of elements corresponding to the location of the
liquid droplet 204 is denoted by n. Those elements not
corresponding to the location of a liquid droplet additionally
comprise a resistor Ry 415 and a capacitor C 420 rep-
resenting the resistance and capacitance of the filler fluid
234 respectively. The voltage of the liquid droplet at the
surface of the first hydrophobic coating layer is denoted by
V;p1- The voltage of the liquid droplet at the surface of the
second hydrophobic coating layer is denoted by V...
Under typical operating conditions, the conductivity of the
droplet is such that the voltages V,,, and V,,, may be
assumed to be equal and denoted by V,,. The actuation
voltage, V., is defined as the potential difference between
the liquid droplet 204 and an element electrode 239, i.e.
V4™ Vip=Vei4y For droplet actuation using the elec-
trowetting technique, the magnitude of the electrowetting
actuation voltage (abbreviated in what follows as the elec-
trowetting voltage) must be greater than the magnitude of
the electrowetting threshold voltage, V;. ie.
V> Vgl

[0059] In the region of a liquid droplet 204, the potential
difference across the second hydrophobic coating layer 226
(or series combination of the second hydrophobic layer and
additional insulator 999, in the case where the latter is
present), AV, is related to the voltages applied to the
corresponding element electrodes 239, the voltage applied to
the second common reference electrode 228, and the capaci-
tance of the capacitors formed within each element 292 of
the array of elements 290. AV, is characterized by the set
of'equations given in FIG. 5. Symbols in the set of equations
correspond to the above description with V, being an initial
potential of the liquid droplet. The potential difference
across the second hydrophobic coating layer, AV, is
therefore based on the initial potential of the liquid droplet
V, and the sum of the voltages, V, ,,,, applied to the subset
of element electrodes 239 of the set of first electrodes 238
corresponding to the region of the liquid droplet.
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[0060] It is the object of this invention to provide a device
configuration and control methods to set the DC offset or
initial droplet potential, V,, of the input fluid reservoir to a
suitable predetermined amount. In exemplary embodiments,
the DC offset of the liquid reservoir, V,,, is preset essentially
such that the potential difference across the second hydro-
phobic coating layer, AV, is essentially zero. This situa-
tion is characterized in FIG. 6 which sets forth the liquid
droplet voltage V,, and the electrowetting voltage at the
actuation electrodes, V., along with the actuation voltage
Vo and the potential difference across the second hydro-
phobic coating layer, AV, ,. With the DC offset voltage V,,
preset in accordance with principles of the present invention,
Vier [=Vep~Vip)] is approximately Vg, and AV, is
approximately OV. In the depiction of FIG. 6, the device
components are only partially labeled for convenience of
illustration.

[0061] In conventional devices, the quality of the hydro-
phobic coatings 16 and 26 can often be inferior. In such
situations, there can be electrical “leakage” particularly
between the top hydrophobic coating 26 and the reference
electrode 28. Such leakage may be variable and can under-
mine the actuation voltage, rendering the droplet manipula-
tions variable, less effective and harder to perform reliably
and reproducibly. In addition, there may be defective points
in which electrical discharge releases the actuation potential,
resulting in areas on the device of sticking or pinning of the
droplets in which droplet manipulations can no longer be
performed. This electrical discharge can also form bubbles
which further undermines device performance.

[0062] Accordingly, it is highly desirable to use high
quality hydrophobic coatings 16 and 26. In such case,
however, the hydrophobic coatings are essentially fully
insulative layers, and thus act as pure capacitors with no
electrical connection (i.e., no leakage) relative to the top
electrode 28. In conventional configurations using high
quality hydrophobic coatings, the potential of the liquid
droplet V; ,, tends to “float”, and thus can vary arbitrarily. As
referenced above, generally V ,.; [=(Vzp~Vp)l. Accord-
ingly, if the floating V;,, moves closer to the electrowetting
voltage V- applied to the electrodes 38 A than is desirable,
the actuation voltage decreases and droplet manipulations
are undermined. If, on the other hand, V,, moves father
from the electrowetting voltage V- applied to the elec-
trodes 38A than is desirable, an excessive actuation voltage
results which can damage the device layers. A catastrophic
device failure can even occur and has been observed by the
inventors. Similar deficiencies can occur by the floating V; ,,
affecting the potential difference across the second hydro-
phobic coating layer, AV,. It is desirable that AV, be
small and preferably zero, and if the floating V,, results in
a non-zero AV, sluggish droplet manipulations can occur
particularly on input of the droplet. If this occurs, the
droplets can fail to dispense properly.

[0063] The top plate hydrophobic coating functions sub-
stantially as an insulator layer (when made to a high quality).
Accordingly, electrically this top plate hydrophobic coating
layer can be modelled as a capacitor in parallel with a
resistance. The capacitance per unit area is a function of the
thickness and the electrical permittivity of the material. The
resistance is principally determined by the quality of the
layer and may be in the range 10°-10'% ohms or higher if the
layer is well constructed. In the option where an additional
insulator layer is included between the top plate hydropho-
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bic coating and the top plate electrode, the combination of
this insulator and the hydrophobic coating will have an
impedance that is even more like a pure capacitor, with a
very low DC conductivity.

[0064] For the time constants of concern for device opera-
tion, this resistance may be effectively modeled as infinite,
and thus for practical purposes the top plate hydrophobic
coating layer functions as a pure capacitor. This being the
case, the droplet is therefore at a floating potential in the
device.

[0065] In view of the above, it is therefore desirable to
configure the device to preset the DC offset voltage V, of the
initial fluid reservoir from which droplets are generated (or
the fluid reservoir in its entirely may be manipulated as a
droplet itself) to meet the criteria of (1) Vo7 [=(Vzp=V 0]
is approximately V5, and (2) AV, is approximately OV.
To accomplish such a result, an input reservoir used to form
the droplets (or that subsequently is manipulated as the
droplet) is pre-charged to have a specified or preset DC
potential (V) at a point of entry of the aqueous liquid into
the EWOD device cartridge. In particular, a generalized
feature of the various embodiments is that the input fluid
reservoir is pre-charged by exposing the input fluid reservoir
to a portion of the electrode arrangement upon entry into the
input structure of the EWOD device. The specified or preset
DC potential is preferably selected to minimize an average
voltage across the top substrate layer. The inventors have
realized that the potential disadvantages of conventional
configurations can be negated by pre-grounding or pre-
charging the fluid reservoir to a DC potential on input. Upon
splitting droplets from the input reservoir, or moving the
input reservoir from the input structure to form the droplet,
the droplet then is removed from contact with the electrode
portion and allowed to be at a floating potential. Because the
input reservoir has been pre-charged, the floating potential
away from the input structure tends to remain within a
desirable range.

[0066] With such a configuration, the present invention
solves the problems above provided the DC droplet potential
V, is well chosen. In exemplary embodiments, a suitable
value of V, may be selected such that the resultant potential
of the top substrate electrode typically ensures that the DC
potential between the top substrate electrode and liquid
droplet is zero, or close to zero, and the electro-wetting
voltage is maximized. In the conventional configurations
described in the background section above (see, e.g., par-
ticularly U.S. Pat. Nos. 9,238,22 and 9,011,662), it is taught
to improve performance specifically by having the droplets
remain in continuous contact or frequent contact with a
ground or reference electrode. The present invention oper-
ates differently, whereby the device is configured such that
the droplets have no electrical connection to a DC potential
when in the fluid gap, as is generally preferable for reasons
previously explained. The present invention further has a
configuration that sets the DC potential at a specified or
preset initialization state when the fluid reservoir is in a fluid
input structure. V, is thus set at a chosen suitable initial
potential. Once the droplet is detached from the fluid input
structure, such as for example by moving a droplet away
from the fluid input structure by dispensing/splitting a
droplet out of the input fluid reservoir, the droplet is at a
floating DC potential.

[0067] Inaccordance with such features, an electrowetting
on dielectric (EWOD) device includes a first (e.g., top)
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substrate and an opposing second (e.g., bottom) substrate
defining a gap between the first and second substrates, each
substrate including an insulating surface facing the gap. The
EWOD device includes an array of elements having a
plurality of individual elements that are actuatable for
manipulation of a liquid droplet within the gap, each indi-
vidual element including a plurality of electrode elements to
which actuation voltages are applied. A pre-charging struc-
ture includes a channel in fluid communication with the gap
and that is configured to receive a fluid reservoir for gen-
eration of the liquid droplet, and the pre-charging structure
includes an electrical element electrically exposed to the
channel. The electrical element pre-charges the fluid reser-
voir within the channel, and a portion of the gap containing
the liquid droplet spaced apart from the channel is electri-
cally isolated from the electrical element such that the liquid
droplet is at a floating electrical potential when located
within said portion of the gap. The pre-charging structure
may be configured as an input structure defining an input
channel in fluid communication with the gap, wherein the
input channel is the channel that is configured to receive the
input of the fluid reservoir, and the electrical element com-
prises an electrode portion of the plurality of electrode
elements that is exposed to the input channel.

[0068] FIG. 7A is a drawing depicting an exemplary
EWOD device 10 in accordance with a first embodiment of
the present invention. The EWOD device 10 has a portion of
components comparable as in the conventional device of
FIG. 1, and thus like reference numerals are used to identify
like components. The EWOD device 10 includes a fluid
input structure 40 that defines an input channel 42 for input
of a fluid reservoir 4A. To form the input channel 42, the
fluid input structure 40 includes an opening 44 cut away in
the top substrate 36 through which the liquid reservoir 4A
may be inputted by any suitable external means (e.g. a
pipette, from a fluidic chamber, from another microfluidic
device, or the like).

[0069] In general, the fluid input structure 40 includes an
electrode portion 46, which in this embodiment is a portion
of the reference electrode 28. The electrode portion 46 is
exposed to the input channel 42, i.e., there is no layer or
component between the electrode portion 46 and the input
channel 42. In the region of the exposed electrode portion 46
and input channel 42, the hydrophobic coating 26 may be
removed to create a stepped configuration relative to the
electrode 28, in which the electrode portion 46 includes a
first surface 48 and a second surface 50 that are exposed to
the input channel 42. The hydrophobic coating 26 may be
removed from the second surface 50 of the electrode 28, for
example, by means of lithographic patterning, such as an
etch process or lift off process. Alternatively, a method of
manufacturing may prevent the hydrophobic coating 26
from attaching to the electrode 28 at the second surface 50
in this region, for example by means of a mechanical barrier
which is then removed.

[0070] With the configuration of FIG. 7A, the liquid
reservoir 4A is in electrical contact with the electrode
portion 46, and thus assumes the electrical potential of the
electrode 28 which may be set in accordance with the
parameters set forth above. In this manner, the liquid res-
ervoir 4A is pre-charged to an initial voltage V,, to achieve
the desired parameters described in connection with FIG. 6,
that V- [=(V g~V p)] is approximately V. and AV -,
is approximately OV. Liquid droplets 4B then may be created
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in the fluid gap 35 away from the input channel 42 either by
dispensing (splitting) a droplet 4B from the input reservoir
4A, or by moving en masse the entirety of the reservoir 4A
away from the input channel 42 to form the droplet 4B. The
DC potential of the droplet 4B V, will be set by the potential
applied to the electrode 28 while in the droplet is part of the
reservoir 4A in the input structure 40, and generally tends to
remain at this DC offset voltage upon ceasing to have a
conductive path to the electrode 28 when the droplet 4B
becomes positioned in the fluid gap 35 spaced apart from the
input structure 40.

[0071] The configuration of FIG. 7A permits the DC offset
relative to the top substrate electrode to be approximately
0V, or as close to the optimum level of OV as is practicable.
In other words, the DC potential across the top substrate
hydrophobic coating 26 is approximately OV. This provides
high reliability and prevents electrical breakdown of the
hydrophobic coating, and otherwise reduces the potential for
bubble formation at such layer. In addition, a potential
difference between the droplet and the actuating electrode,
i.e., the electro-wetting voltage V ;;, is maximized, which in
turn maximizes the electro-wetting force. Improved perfor-
mance and reliability of the electro-wetting operations (e.g.,
droplet movement speed, speed of dispensing, reliability of
dispensing) thereby are achieved.

[0072] FIG. 7B is a drawing depicting the exemplary
EWOD device 10 in accordance with a second embodiment
of the present invention. FIG. 7B is essentially a top plan
view with some of the upper layers removed to show the
hydrophobic coating 26. FIG. 7B illustrates that multiple DC
offset setting structures 52 may be provided spaced apart
from the reservoir 4A at the input structure described above.
In this manner, a DC offset voltage V, may be reset at
various locations throughout the EWOD device 10 to ensure
an adequate DC offset of droplets while in the fluid gap 35
away from the input channel 42. Four DC offset setting
structures 52 are shown in FIG. 7B as an example, and any
suitable number may be employed as desirable for particular
applications. The DC offset setting structures 52 may be
large and few in number or small and many in number, and
may be created, for example, by a photo-lithographic pro-
cess. Alternative patterning of the hydrophobic coating to
create the offset setting structures 52 may include strip or
grid patterns where the hydrophobic coating is removed.
Each offset setting structure 52 may be configured with a
stepped configuration of the hydrophobic coating relative to
the reference electrode, comparable to the configuration of
input structure 40 described above.

[0073] An advantage of the configuration described by this
embodiment is that the offset setting structures 52 may be
located slightly displaced from the reservoir 4A (=position
of the opening in the top substrate 36). This may be
convenient for manufacturing reasons; depending on the
manufacturing process used to make the opening in the top
substrate 36 it may not be so convenient to remove the
hydrophobic coating 26 immediately adjacent to the opening
and is therefore preferable to separate the offset setting
structure 52 slightly from the reservoir 4A. A further advan-
tage of the configuration of FIG. 7B is that by having four
such offsetting structures, located in each direction away
from the reservoir 4A, the pre-charging principle may be
realized when droplets are dispensed from the reservoir 4A
in any direction, e.g. in FIG. 7B, up, down, left or right away
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from the reservoir 4A, since each dispensed droplet will then
come into contact with an offset setting structure.

[0074] FIG. 8 is a drawing depicting an exemplary EWOD
device 11 in accordance with a third embodiment of the
present invention. This embodiment bears similarities to the
embodiment of FIG. 7A and operates comparably. Other-
wise, relative to the configuration of FIG. 7A, the configu-
ration of FIG. 8 has an alternative configuration of the fluid
input structure. In the example of FIG. 8, the fluid input
structure 54 has a straight configuration of the hydrophobic
layer 26 and electrode 28, rather than the stepped configu-
ration of FIG. 7A. Operation is as described for the first
embodiment, with the potential of the reservoir liquid 4A
being set to the potential of the top substrate electrode 28
which contacts the liquid in the region of the input channel
42.

[0075] In the configuration of FIG. 8, the fluid input
structure 54 includes an electrode portion 56, which in this
embodiment again is a portion of the reference electrode 28.
The electrode portion 56 similarly is exposed to the input
channel 42, i.e., there is no layer or component between the
electrode portion 56 and the input channel 42. In the region
of'the exposed electrode portion 56 and input channel 42, the
hydrophobic coating 26 may be removed, but in this
embodiment has a straight configuration rather than a
stepped configuration relative to the electrode 28. Accord-
ingly, the electrode portion 56 of the electrode 28 is exposed
only at a single exposed surface 58 that meets the input
channel 42. Such a configuration is more straightforward to
construct relative to the stepped configuration of FIG. 7A,
for there is no need to perform any specialized manufactur-
ing technique for patterning the hydrophobic coating (e.g. by
spin coating, printing or evaporation methods of manufac-
turing the hydrophobic coating). However, the surface area
of'the exposed electrode portion 56 is reduced relative to the
exposed electrode portion 46 having the stepped configura-
tion of FIG. 7A. The configuration of FIG. 8, therefore, can
be less effective in setting the initial DC offset voltage of the
fluid reservoir 4A. It further will be appreciated that the
configuration of FIG. 8 also may be used in combination
with multiple DC offset setting structures, as described in
connection with FIG. 7B.

[0076] FIG.9 is a drawing depicting an exemplary EWOD
device 12 in accordance with a fourth embodiment of the
present invention. This embodiment bears similarities to the
previous embodiments and operates comparably. Otherwise,
relative to the previous configurations, the configuration of
FIG. 9 has an alternative configuration of the fluid input
structure. In the example of FIG. 9, the EWOD device has
a longitudinal input configuration by which the fluid reser-
voir 4A supplies fluid droplets 4B through a side opening
input channel 62 into the fluid gap 35. For easier input of the
fluid, a side support 63 may be employed to support the fluid
reservoir 4A as fluid droplets are introduced into the gap.
Side input arrangements are known, and can have an advan-
tage in being easier or lower cost to manufacture than
forming input channels through the top substrate. Additional
details regarding an exemplary side or longitudinal input
design are described, for example, in Applicant’s application
number EP16194632 which is incorporated here by refer-
ence.

[0077] In the example of FIG. 9, a fluid input structure 64
is formed at the edge of the top substrate 36 and has a
stepped configuration of the hydrophobic layer 26 relative to
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the electrode 28, similar to the stepped configuration of FI1G.
7A. Operation is as described for the first embodiment, with
the potential of the reservoir liquid 4A being set to the
potential of the top substrate electrode 28 which contacts the
liquid in the region of the input channel 62. The fluid input
structure 64 includes an electrode portion 66, which in this
embodiment is a portion of the reference electrode 28. The
electrode portion 66 is exposed to the input channel 42, i.e.,
there is no layer or component between the electrode portion
46 and the input channel 42. In the region of the exposed
electrode portion 66 and input channel 62, the hydrophobic
coating 26 has been removed to create a stepped configu-
ration relative to the electrode 28, in which the electrode
portion 66 includes a first surface 68 and a second surface 70
that are exposed to the input channel 42. As referenced
previously, the hydrophobic coating 26 may be removed
from the second surface 70 of the electrode 28 by any
suitable means, such as for example by lithographic pattern-
ing, etching, masking, mechanical barriers, or the like. With
the stepped configuration, a larger surface areca of the
exposed portion of the reference electrode is achieved. It
further will be appreciated that the configuration of FIG. 9
also may be used in combination with multiple DC offset
setting structures, as described in connection with FIG. 7B.
An advantage of this embodiment is that it implements the
basic principles of the invention in combination with a
side-filling input structure. Since such a structure does not
require an opening in the top substrate 36 to be made, this
structure may be of lower cost to manufacture.

[0078] A variant of this embodiment is shown in FIG. 9B.
In this arrangement, the side support structure 63B is con-
ductive and provides the electrical connection to the reser-
voir liquid 4A. The side support structure 63B could, for
example be formed from or coated with a conductive
material and connected to an offset potential, which may, for
example, be at the same potential as the top substrate
electrode 66. In this variant, it is not necessary to remove the
hydrophobic coating in the region of the input channel, since
the top substrate electrode 66 is not providing the electrical
connection to the reservoir liquid 4A.

[0079] FIG. 10 is a drawing depicting an exemplary
EWOD device 13 in accordance with a fiftth embodiment of
the present invention. This embodiment bears similarities to
the previous embodiments and operates comparably in many
respects, except the example of FIG. 10 employs an alter-
native electrode configuration. Specifically, the configura-
tion of FIG. 10 employs a coplanar or inline electrode
configuration, in which all the electrode elements are posi-
tioned in a coplanar fashion within the electrode array 38B.
In other words, there is no additional common reference
electrode (e.g., electrode 28) associated with the top sub-
strate that is present in the previous embodiments. Actuation
voltages are generated by applying different voltage signals
to different electrode elements 38A in the array 38B, with
the specific voltages to the different electrodes varying as
suitable for the desired droplet operations. Details regarding
coplanar or inline electrode configurations are described, for
example, in U.S. Pat. No. 7,569,129. Other coplanar or
inline configurations also are described, for example, in
Applicant’s GB1500262.9 which is incorporated here by
reference. An advantage of such configurations is that by not
requiring the additional electrode, and its associated elec-
trical connections, the overall design of the device is sim-
plified.
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[0080] As referenced above, a generalized feature of the
various embodiments is that the input reservoir 4A is pre-
charged by exposing the input reservoir to a portion of the
electrode arrangement upon entry into the EWOD device. To
achieve this with a coplanar or inline electrode arrangement,
an input channel 72 into the fluid gap 35 is formed extending
through the bottom hydrophobic layer 16 and insulating
layer 20 to at least a portion of the electrode layer 38B. In
the example of FIG. 10, a fluid input structure 74 includes
an electrode portion 76 for pre-charging the fluid reservoir,
which in this embodiment is at least a portion of one of the
electrode elements 38A within the electrode array 38B. In
the example shown, the electrode portion 76 equates to one
of the electrode elements 38A, but the electrode portion 76
alternatively can be narrower spanning only a portion of one
such element, or can span portions of multiple elements,
76A and 76B as shown in the variant structure FIG. 10B,
depending upon the desirable area of exposure for pre-
charging the fluid reservoir as suitable for a particular
application. The electrode portion 76, similarly to previous
embodiments, is exposed to the input channel 72, i.e., there
is no layer or component between the electrode portion 76
and the input channel 72, to permit the contact for pre-
charging the fluid reservoir 4A. An advantage of this
embodiment and the coplanar electrode arrangement is that
by removing the requirement for a top substrate electrode
(and an associated electrical contact to it) the manufacturing
cost of the device is reduced.

[0081] FIG. 11 is a drawing depicting an exemplary
EWOD device 14 in accordance with a sixth embodiment of
the present invention. This embodiment bears similarities to
the previous embodiments and operates comparably in many
respects, except the example of FIG. 11 employs an alter-
native mechanism for pre-charging the droplet reservoir 4A.
In the example of FIG. 11, an input structure 80 defines an
input channel 82. As part of the input structure 80, in
exemplary embodiments the input channel 82 may be
defined by an extension 84 of the hydrophobic coating 26.
Accordingly, in this embodiment, no portion of the electrode
arrangement, including reference electrode 28, is exposed to
the liquid reservoir 4A, which differs from the previous
embodiments.

[0082] For pre-charging the fluid reservoir 4A, the input
structure 80 includes a pre-charging element 86. For
example, the pre-charging element 86 may be an externally
connected grounding structure, such as a grounding wire,
that is in contact with the liquid reservoir 4 A within the input
channel 82. The externally connected grounding structure
could be an external structure integrated into a plastic
housing surrounding and otherwise housing the EWOD
device. In another example configuration, the pre-charging
element may be a conductive structure (wire) extending into
the input channel 82 that is connected to the same electrical
supply that is connected to the top reference electrode 28. In
another example configuration, the pre-charging element
may be external to the EWOD device and part of the
electronic controller elements (see FIG. 3). In one example
of controller implementation, the controller may include a
facility for automated pipetting of the liquids to be input into
the EWOD device. The pipette structure could be connected
to an electrical potential, and the same voltage signal may be
used to drive the reference electrode 28. An advantage of
using an externally connected pre-charging element is that it
is not necessary to pattern the top substrate hydrophobic
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coating to expose an electrode portion to the liquid reservoir.
A further advantage is that it is possible in this arrangement
for the hydrophobic coating 84 to extend into the input
channel 82, which may be convenient for ease of manufac-
ture.

[0083] A method of operating an electro-wetting on
dielectric (EWOD) device may be employed to pre-charge
the input fluid reservoir. The operating method may include
the steps of inputting a fluid reservoir input into the EWOD
device via an input channel defined by the EWOD device;
pre-charging the fluid reservoir with an electrical element
while the input fluid reservoir is within the input channel;
and applying an actuation voltage to the EWOD device to
generate a liquid droplet from the input fluid reservoir and
moving the fluid droplet into a gap defined by the EWOD
device, wherein the droplet is moved to a portion of the gap
that is electrically isolated from the electrical element such
that the liquid droplet is at a floating electrical potential
when located within said portion of the gap. FIGS. 12A and
12B are drawings depicting alternative methods of applying
driving voltages in combination with pre-charging the liquid
droplet reservoir 4A by exposing the droplet reservoir to a
pre-charging potential in accordance with any of the
embodiments set forth above.

[0084] FIG. 12A shows a conventional AC driving signal
scheme. In this exemplary embodiment, an AC voltage pulse
applied to the top substrate electrode is the same pulse as
applied to bottom substrate electrodes during a state of
unactuated droplets, or an antiphase pulse is applied to the
bottom substrate electrodes for droplet actuation. In the
exemplary embodiment depicted in FIG. 12A, during pre-
charging an electrical potential of the input fluid reservoir is
initialized at an electrical potential of the reference elec-
trode, wherein upon AC signal transition of the actuation
voltage a potential difference between the liquid droplet and
reference electrode is essentially zero during a first phase of
the AC signal transition and negatively offset during a
second phase of the AC signal transition.

[0085] FIG. 12A thus shows the results of applying this
conventional timing of voltage signals in combination with
the droplet potential when the input fluid reservoir is pre-
charged. The dotted line shows the potential of the droplet,
with the solid line being the top substrate (reference) elec-
trode potential. The droplet potential is initialized at the top
substrate electrode potential (e.g., O volts). The droplet
potential remains at 0 Volts until the droplet 4B is detached
from the input fluid reservoir 4A as indicated by the vertical
line. Upon the AC signal transition, the reference electrode
potential goes to V. If one or more of the lower substrate
electrodes is actuated, the inventors have found that the
droplet potential generally follows, but does not achieve a
commensurate magnitude, as V. as expected accordance
with the relative capacitances of the insulating layers within
the substrate.

[0086] Accordingly, in this embodiment, the potential
difference between the droplet and the top substrate elec-
trode is essentially zero at a first phase, Phase A, but is
negatively offset at a second phase, Phase B, of the AC
voltage signal.

[0087] An enhanced method of applying driving voltages
in combination with pre-charging the liquid droplet reservoir
driving is shown in FIG. 12B. In the embodiment of FIG.
12B, during pre-charging an electrical potential of the input
fluid reservoir is initialized at an electrical potential that is
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offset relative to that of the reference electrode, wherein
upon AC signal transition of the actuation voltage a potential
difference between the liquid droplet and reference electrode
has a positive offset value during a first phase of the AC
signal transition and a negative offset value during a second
phase of the AC signal transition. The result is that an
average DC potential difference between the reference elec-
trode and the liquid droplet over multiple cycles of the AC
signal transition is approximately zero.

[0088] In particular, FIG. 12B shows that the top substrate
electrode potential is made slightly positive of 0 Volts during
the pre-charging initialization phase when droplet 4B is
created from the input fluid reservoir 4A. Accordingly,
droplet 4B is created from reservoir 4A having a small DC
offset voltage relative to the actuation driving voltage. The
result is that during AC transition, the droplet potential has
a symmetrical relationship to the top substrate electrode
potential, having a small positive offset value during a first
phase, Phase A, and a small negative offset value during a
second phase, Phase B, of the AC actuation signal. The
driving method of FIG. 12B has the advantage that the
average DC potential between the top substrate electrode
and the droplet (averaged over many cycles) is zero or
approximately zero.

[0089] An aspect of the invention, therefore, is an elec-
trowetting on dielectric (EWOD) device having a pre-
charging structure for pre-charging a fluid reservoir. In
exemplary embodiments, the EWOD device includes a first
substrate and an opposing second substrate defining a gap
between the first and second substrates, each substrate
including an insulating surface facing the gap; an array of
elements comprising a plurality of individual elements that
are actuatable for manipulation of a liquid droplet within the
gap, each individual element including a plurality of elec-
trode elements to which actuation voltages are applied; and
a pre-charging structure that includes a channel in fluid
communication with the gap and that is configured to
receive a fluid reservoir for generation of the liquid droplet,
and the pre-charging structure includes an electrical element
electrically exposed to the channel. The electrical element
pre-charges the fluid reservoir within the channel, and a
portion of the gap containing the liquid droplet spaced apart
from the channel is electrically isolated from the electrical
element such that the liquid droplet is at a floating electrical
potential when located within said portion of the gap. The
EWOD device may include one or more of the following
features, either individually or in combination.

[0090] Inanexemplary embodiment of the EWOD device,
the pre-charging structure comprises an input structure
defining an input channel in fluid communication with the
gap wherein the input channel is the channel that is config-
ured to receive the input of the fluid reservoir, and the
electrical element comprises an electrode portion of the
plurality of electrode elements that is exposed to the input
channel.

[0091] Inanexemplary embodiment of the EWOD device,
the plurality of electrode elements comprises an actuation
electrode on the second substrate and a reference electrode
on the first substrate, wherein the electrical element is a
portion of the reference electrode that is exposed to the input
channel.

[0092] Inanexemplary embodiment of the EWOD device,
the electrode portion and the insulating layer of the first
substrate have a stepped configuration at the input channel
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such that multiple surfaces of the electrode portion are
exposed to the input channel.

[0093] Inanexemplary embodiment of the EWOD device,
the electrode portion and the insulating layer of the first
substrate have a straight configuration at the input channel
such that only a single surface of the electrode portion is
exposed to the input channel.

[0094] Inanexemplary embodiment of the EWOD device,
the plurality of electrode elements comprises a plurality of
electrode elements that are positioned in a coplanar con-
figuration on the second substrate; the input channel is cut
from the gap through the insulating layer on the second
substrate to at least a portion of at least one of the electrode
elements to expose such portion of the electrode element to
the input channel; and the electrical element is the portion of
the electrode element that is exposed to the input channel.
[0095] Inanexemplary embodiment of the EWOD device,
the electrical element spans multiple electrode elements.
[0096] Inanexemplary embodiment of the EWOD device,
the electrical element comprises an externally connected
pre-charging element that is inserted into the channel.
[0097] Inanexemplary embodiment of the EWOD device,
the pre-charging element comprises an electrical conductor
connected to ground.

[0098] Inanexemplary embodiment of the EWOD device,
the plurality of electrode elements includes a reference
electrode on the first substrate, and the pre-charging element
comprises an electrical conductor that is connected to a same
electrical supply that is connected to the reference electrode.
[0099] Inanexemplary embodiment of the EWOD device,
the channel comprises an input channel is defined by an
extension of the insulating layer on the first substrate such
that no portion of the electrode elements is exposed to the
input channel.

[0100] Inanexemplary embodiment of the EWOD device,
the channel comprises an opening cut away through the top
substrate to the gap.

[0101] Inanexemplary embodiment of the EWOD device,
the channel comprises a side opening between the first and
second substrates that is in fluid communication with the
gap.

[0102] Inanexemplary embodiment of the EWOD device,
the EWOD device further includes a side support that
defines a portion of the input channel leading to the side
opening.

[0103] Inanexemplary embodiment of the EWOD device,
the side support is electrically conductive.

[0104] Inanexemplary embodiment of the EWOD device,
the EWOD device further includes a plurality of offset
setting structures in which an electrical element is in elec-
trical connection with the gap, wherein at least one of the
offset setting structures is spaced apart from an input struc-
ture for inputting the fluid reservoir.

[0105] Another aspect of the invention is an enhanced
method of operating an electro-wetting on dielectric
(EWOD) device. The method may include the steps of
inputting a fluid reservoir into the EWOD device via a
channel defined by the EWOD device; pre-charging the fluid
reservoir with an electrical element while the input fluid
reservoir is within the channel; and applying an actuation
voltage to the EWOD device to generate a liquid droplet
from the fluid reservoir and moving the liquid droplet into a
gap defined by the EWOD device, wherein the droplet is
moved to a portion of the gap that is electrically isolated
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from the electrical element such that the liquid droplet is at
a floating electrical potential when located within said
portion of the gap.

[0106] In one exemplary embodiment of the method,
during pre-charging an electrical potential of the fluid res-
ervoir is initialized at an electrical potential of the reference
electrode, wherein upon AC signal transition of the actuation
voltage a potential difference between the liquid droplet and
reference electrode is zero during a first phase of the AC
signal transition and negatively offset during a second phase
of the AC signal transition.

[0107] In another exemplary embodiment of the method,
during pre-charging an electrical potential of the fluid res-
ervoir is initialized at an electrical potential that is offset
relative to that of the reference electrode, wherein upon AC
signal transition of the actuation voltage a potential differ-
ence between the liquid droplet and reference electrode has
a positive offset value during a first phase of the AC signal
transition and a negative offset value during a second phase
of the AC signal transition. An average DC potential differ-
ence between the reference electrode and the liquid droplet
over multiple cycles of the AC signal transition is approxi-
mately zero.

[0108] Although the invention has been shown and
described with respect to a certain embodiment or embodi-
ments, it is obvious that equivalent alterations and modifi-
cations will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed
drawings. In particular regard to the various functions per-
formed by the above described elements (components,
assemblies, devices, compositions, etc.), the terms (includ-
ing a reference to a “means”) used to describe such elements
are intended to correspond, unless otherwise indicated, to
any element which performs the specified function of the
described element (i.e., that is functionally equivalent), even
though not structurally equivalent to the disclosed structure
which performs the function in the herein illustrated exem-
plary embodiment or embodiments of the invention. In
addition, while a particular feature of the invention may
have been described above with respect to only one or more
of several illustrated embodiments, such feature may be
combined with one or more other features of the other
embodiments, as may be desired and advantageous for any
given or particular application.

INDUSTRIAL APPLICABILITY

[0109] The present invention finds application as a con-
figuration of an enhanced microfluidic device. Such devices
may be used to perform chemical or biological reactions,
tests or the like. Applications may include healthcare diag-
nostic testing, material testing, chemical or biochemical
material synthesis, proteomics, tools for research in life
sciences and forensic science.

REFERENCE SIGNS LIST

[0110] 4—liquid droplets

[0111] 4A—liquid reservoir

[0112] 4B—droplet

[0113] 6—contact angle ©

[0114] 10—EWOD device

[0115] 13—exemplary EWOD device
[0116] 16—Ilower hydrophobic coating
[0117] 20—insulator layer
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[0118] 26—upper hydrophobic coating
[0119] 28 —reference electrode

[0120] 30—Ilower substrate

[0121] 32—spacer

[0122] 34—non-polar filler fluid
[0123] 35—Afluid gap

[0124] 36—upper substrate

[0125] 38—lower electrodes

[0126] 38A—first lower electrode
[0127] 38B—second lower electrode
[0128] 40—Afluid input structure

[0129] 42—input channel

[0130] 44—opening

[0131] 46——=clectrode portion

[0132] 50—second surface

[0133] 52—offset setting structures
[0134] 54—Afluid input structure

[0135] 56——<clectrode portion

[0136] 58—single exposed surface
[0137] 62—side opening input channel
[0138] 63—side support

[0139] 63B—electrically conductive side support
[0140] 64—fluid input structure

[0141] 66——=clectrode portion

[0142] 68—first surface

[0143] 70—second surface

[0144] 72—input channel

[0145] 74—Afluid input structure

[0146] 76/76A/76B—electrode portion
[0147] 80—input structure

[0148] 82—input channel

[0149] 84—extension

[0150] 86—pre-charging element
[0151] 200—exemplary EWOD device
[0152] 204—Iliquid droplets

[0153] 216—first hydrophobic coating layer
[0154] 220—insulator layer

[0155] 226—second hydrophobic coating layer
[0156] 228—second common reference electrode
[0157] 230—first substrate

[0158] 232—spacer

[0159] 234—filler fluid

[0160] 236—second substrate

[0161] 238—set of element electrodes
[0162] 239—element electrode

[0163] 290—array of elements

[0164] 292A—element

[0165] 292B—element

[0166] 292C—element

[0167] 999—insulating layer

1. An electrowetting on dielectric (EWOD) device com-

prising:

a first substrate and an opposing second substrate defining
a gap between the first and second substrates, each
substrate including an insulating surface facing the gap;

an array of elements comprising a plurality of individual
elements that are actuatable for manipulation of a liquid
droplet within the gap, each individual element includ-
ing a plurality of electrode elements to which actuation
voltages are applied; and

a pre-charging structure that includes a channel in fluid
communication with the gap and that is configured to
receive a fluid reservoir for generation of the liquid
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droplet, and the pre-charging structure includes an
electrical element electrically exposed to the channel;

wherein the electrical element pre-charges the fluid res-
ervoir within the channel, and a portion of the gap
containing the liquid droplet spaced apart from the
channel is electrically isolated from the electrical ele-
ment such that the liquid droplet is at a floating elec-
trical potential when located within said portion of the
gap.

2. The EWOD device of claim 1, wherein the pre-
charging structure comprises an input structure defining an
input channel in fluid communication with the gap, wherein
the input channel is the channel that is configured to receive
the input of the fluid reservoir, and the electrical element
comprises an electrode portion of the plurality of electrode
elements that is exposed to the input channel.

3. The EWOD device of claim 2, wherein the plurality of
electrode elements comprises an actuation electrode on the
second substrate and a reference electrode on the first
substrate, wherein the electrical element is a portion of the
reference electrode that is exposed to the input channel.

4. The EWOD device of claim 3, wherein the electrode
portion and the insulating layer of the first substrate have a
stepped configuration at the input channel such that multiple
surfaces of the electrode portion are exposed to the input
channel.

5. The EWOD device of claim 3, wherein the electrode
portion and the insulating layer of the first substrate have a
straight configuration at the input channel such that only a
single surface of the electrode portion is exposed to the input
channel.

6. The EWOD device of claim 2, wherein:

the plurality of electrode elements comprises a plurality of

electrode elements that are positioned in a coplanar
configuration on the second substrate;

the input channel is cut from the gap through the insu-

lating layer on the second substrate to at least a portion
of at least one of the electrode elements to expose such
portion of the electrode element to the input channel;
and

the electrical element is the portion of the electrode

element that is exposed to the input channel.

7. The EWOD device of claim 6, wherein the electrical
element spans multiple electrode elements.

8. The EWOD device of claim 1, wherein the electrical
element comprises an externally connected pre-charging
element that is inserted into the channel.

9. The EWOD device of claim 8, wherein the pre-
charging element comprises an electrical conductor con-
nected to ground.

10. The EWOD device of claim 8, wherein the plurality
of electrode elements includes a reference electrode on the
first substrate, and the pre-charging element comprises an
electrical conductor that is connected to a same electrical
supply that is connected to the reference electrode.

11. The EWOD device of claim 8, wherein the channel
comprises an input channel is defined by an extension of the
insulating layer on the first substrate such that no portion of
the electrode elements is exposed to the input channel.
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12. The EWOD device of claim 1, wherein the channel
comprises an opening cut away through the top substrate to
the gap.

13. The EWOD device of claim 1, wherein the channel
comprises a side opening between the first and second
substrates that is in fluid communication with the gap.

14. The EWOD device of claim 13, further comprising a
side support that defines a portion of the input channel
leading to the side opening.

15. The EWOD device of either of claim 13, wherein the
side support is electrically conductive.

16. The EWOD device of claim 1, further comprising a
plurality of offset setting structures in which an electrical
element is in electrical connection with the gap, wherein at
least one of the offset setting structures is spaced apart from
an input structure for inputting the fluid reservoir.

17. A method of operating an electro-wetting on dielectric
(EWOD) device comprising the steps of:

inputting a fluid reservoir into the EWOD device via a

channel defined by the EWOD device;
pre-charging the fluid reservoir with an electrical element
while the fluid reservoir is within the channel; and

applying an actuation voltage to the EWOD device to
generate a liquid droplet from the input fluid reservoir
and moving the liquid droplet into a gap defined by the
EWOD device, wherein the droplet is moved to a
portion of the gap that is electrically isolated from the
electrical element such that the liquid droplet is at a
floating electrical potential when located within said
portion of the gap.

18. The method of operating the EWOD device of claim
17, wherein:

the EWOD device comprises a plurality of array elements

each including an actuation electrode a reference elec-
trode; and

during pre-charging an electrical potential of the fluid

reservoir is initialized at an electrical potential of the
reference electrode, wherein upon AC signal transition
of the actuation voltage a potential difference between
the liquid droplet and reference electrode is zero during
a first phase of the AC signal transition and negatively
offset during a second phase of the AC signal transition.

19. The method of operating the EWOD device of claim
17, wherein:

the EWOD device comprises a plurality of array elements

each including an actuation electrode a reference elec-
trode; and

during pre-charging an electrical potential of the fluid

reservoir is initialized at an electrical potential that is
offset relative to that of the reference electrode, wherein
upon AC signal transition of the actuation voltage a
potential difference between the liquid droplet and
reference electrode has a positive offset value during a
first phase of the AC signal transition and a negative
offset value during a second phase of the AC signal
transition.

20. The method of operating the EWOD device of claim
19, wherein an average DC potential difference between the
reference electrode and the liquid droplet over multiple
cycles of the AC signal transition is approximately zero.

#* #* #* #* #*
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