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(57) Abstract: A digital microfluidics system (1) for manipulat-
ing samples in liquid droplets within disposable cartridges (2)
that comprise a bottom layer (3), a top layer (4), and a gap (6)
between the bottom and top layers (3,4) is disclosed. The digital
microfluidics system (1) comprises a base unit (7) with cartridge
accommodation sites (8); and a central control unit (14) for con-
trolling the selection of individual electrodes (10) of electrode
array(s) (9) and for providing these electrodes (10) with indi-
vidual voltage pulses for manipulating liquid droplets within
said cartridges (2) by electrowetting. The digital microfluidics
system (1) further comprises board accommodation sites (40)
that are located at the cartridge accommodation sites (8) of the
base unit (7) and that each can take up a swappable electrode
board (41) comprising an electrode array (9) and electrical
board contact elements (42) that are individually connected to
electrodes (10) of the electrode array (9). Each board accom-
modation site (40) comprises electrical base unit contact ele-
ments (43) that are connected to the central control unit (14)
and that are configured to engage with the electrical board con-
tact elements (42) of a swappable electrode board (41) that is
placed at said board accommodation site (40). Also disclosed
are a selection of disposable cartridges (2), swappable electrode
boards (41), and methods for manipulating samples in liquid
droplets (23) that adhere to a hydrophobic surface (17).
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Digital microfluidics system with swappable PCBs

The present invention relates to a digital microfluidics system or device into which
one or more disposable cartridges for manipulating samples in liquid droplets
therein can be inserted. The digital microfluidics system comprises an electrode ar-
ray supported by a substrate, and a central control unit for controlling the selection
of individual electrodes of this electrode array and for providing them with individ-
ual voltage pulses for manipulating liquid droplets by electrowetting. Thus, the in-
vention also relates to droplet actuator devices for facilitating droplet actuated mo-
lecular techniques. This technical field generally relates to the control and manipu-

lation of liquids in a small volume, usually in the micro- or nanoscale format.

Automated liquid handling systems such as the Freedom EVO® robotic workstation
from the present applicant (Tecan Schweiz AG, Seestrasse 103, CH-8708 Manne-
dorf, Switzerland) are generally well known in the art. This device enables auto-
mated liquid handling in a stand-alone instrument or in automated connection with
an analytical system. These automated systems are not designed to be portable
and typically require larger volumes of liquids (microliter to milliliter) to process. In
digital microfluidics, a defined voltage is applied to electrodes of an electrode array,
so that individual droplets are addressed (electrowetting). For a general overview
of the electrowetting method, please see Washizu, TEEE Transactions on Industry
Applications, Volume 34, No. 4, 1998, and Pollack et al., Lab chip, 2002, Volume 2,
96-101. Briefly, electrowetting refers to a method to move liquid droplets using ar-
rays of microelectrodes, preferably covered by a hydrophobic layer. By applying a
defined voltage to electrodes of the electrode array, a change of the surface tension
of the liquid droplet, which is present on the addressed electrodes, is induced. This
results in a remarkable change of the contact angle of the droplet on the addressed
electrode, hence in a movement of the droplet. For such electrowetting proce-
dures, two principle ways to arrange the electrodes are known: using one single

surface with an electrode array for inducing the movement of droplets or adding a



10

15

20

25

30

35

WO 2014/187488 PCT/EP2013/060585

second surface that is opposite a similar electrode array and that provides at lest
one ground electrode. A major advantage of the electrowetting technology is that
only a small volume of liquid is required, e.g. a single droplet. Thus, liquid process-
ing can be carried out within considerably shorter time. Furthermore the control of
the liguid movement can be completely under electronic control resulting in auto-

mated processing of samples.

A device for liquid droplet manipulation by electrowetting using one single surface
with an electrode array (2 monoplanar arrangement of electrodes) is known from
the US patent No. 5,486,337. All electrodes are placed on a surface of a carrier
substrate, lowered into the substrate, or covered by a non-wettable surface. A
voltage source is connected to the electrodes. The droplet is moved by applying a
voltage to subsequent electrodes, thus guiding the movement of the liquid droplet
above the electrodes according to the sequence of voltage application to the elec-

trodes.

An electrowetting device for microscale control of liquid droplet movements, using
and electrode array with an opposing surface with at least one ground electrode of
is known from US 6,565,727 (a biplanar arrangement of electrodes). Each surface
of this device may comprise a plurality of electrodes. The two opposing arrays form
a gap. The surfaces of the electrode arrays directed towards the gap are preferably
covered by an electrically insulating, hydrophobic layer. The liquid droplet is posi-
tioned in the gap and moved within a non-polar filler fluid by consecutively applying
a plurality of electric fields to a plurality of electrodes positioned on the opposite

sites of the gap.

Containers with a polymer film for manipulating samples in liquid droplets thereon
are known from WO 2010/069977 Al: A biological sample processing system com-
prises a container for large volume processing and a flat polymer film with a lower
surface and a hydrophobic upper surface. The flat polymer film is kept at a distance
to a base side of the container by protrusions. This distance defines at least one
gap when the container is positioned on the film. A liquid droplet manipulation in-
strument comprises at least one electrode array for inducing liquid droplet move-
ments. A substrate supporting the at least one electrode array is also disclosed as

well as a control unit for the liquid droplet manipulation instrument. The container
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and the film are reversibly attached to the liquid droplet manipulation instrument.
The system thus enables displacement of at least one liquid droplet from the at
least one well through the channel of the container onto the hydrophobic upper sur-
face of the flat polymer film and above the at least one electrode array. The liquid
droplet manipulation instrument is accomplished to control a guided movement of
said liquid droplet on the hydrophobic upper surface of the flat polymer film by
electrowetting and to process there the biological sample.

The use of such an electrowetting device for manipulating liquid droplets in the con-
text of the processing of biological samples is also known from the international
patent application published as WO 20117002957 A2. There, it is disclosed that a
droplet actuator typically includes a bottom substrate with the control electrodes
(electrowetting electrodes) insulated by a dielectric, a conductive top substrate, and
a hydrophobic coating on the bottom and top substrates. Also disclosed are droplet
actuator devices for replacing one or more components of a droplet actuator, i.e.
disposable components. From this international application, droplet actuators with
a fixed bottom substrate (e.g. of a PCB), with electrowetting electrodes, and with a
removable or replaceable top substrate are known. A self-containing cartridge may
e.g. include buffers, reagents, and filler fluid. Pouches in the cartridge may be used
as fluid reservoirs and may be punctured to release fluid (e.g. a reagent or oil) into
a cartridge gap. The cartridge may include a ground electrode, which may be re-
placed by a hydrophobic layer, and an opening for loading samples into the gap of
the cartridge. Interface material (e.g. a liquid, glue or grease) may provide adhe-

sion of the cartridge to the electrode array.

Disposable cartridges for microfluidic processing and analysis in an automated sys-
tem for carrying out molecular diagnostic analysis are disclosed in WO
2006/125767 Al (see US 2009/ 0298059 Al for an English translation). The car-
tridge is configured as a flat chamber device (with about the size of a check card)
and can be inserted into the system. A sample can be pipetted into the cartridge

through a port.

It is an object of the present invention to suggest an alternative digital microfluidics
system or digital microfluidics device which is configured to accommodate one or

more disposable cartridges for manipulating samples in liquid droplets therein. This
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object is achieved in that a digital microfluidics system for manipulating samples in
liquid droplets within disposable cartridges is proposed. Such a disposable car-
tridge preferably contains a bottom layer, a top layer, and a gap between the bot-

tom and top layers.

The digital microfluidics system according to the present invention comprises:

(a) a base unit with at least one cartridge accommodation site that is configured
for taking up a disposable cartridge;

(b) at least one electrode array substantially extending in a first plane and com-
prising a number of individual electrodes, said at least one electrode array be-
ing supported by a bottom substrate; and

(c) a central control unit for controlling the selection of the individual electrodes of
said at least one electrode array and for providing these electrodes with indi-
vidual voltage pulses for manipulating liquid droplets within said cartridges by

electrowetting.

The digital microfluidics system according to the present invention is characterized
in that it further comprises at least one board accommodation site that is located at
one of said cartridge accommodation sites of the base unit; each board accommo-
dation site being configured to take up a swappable electrode board comprising an
electrode array and a number of electrical board contact elements that are electri-
cally connected to the individual electrodes of said electrode array; each board ac-
commodation site comprising a multitude of electrical base unit contact elements
that are electrically connected to said central control unit, the electrical base unit
contact elements being configured to engage with the electrical board contact ele-
ments of a swappable electrode board that is placed at said board accommodation

site.

Preferably, the at least one board accommodation site is located below one of said
cartridge accommodation sites of the base unit and is configured to take up a
swappable electrode board that is inserted into the base unit of the digital microflu-
idics system. Additional preferred embodiments of the digital microfluidics system
according to the present invention are herein disclosed as well.
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Preferably, the digital microfluidics system is configured to receive one or more dis-
posable cartridges that can be inserted into the base unit of the digital microfluidics
system. It is further preferred that the digital microfluidics system comprises at
least one disposable cartridge for manipulating samples in liquid droplets using the
digital microfluidics system or device. It is further preferred that the bottom layer
and the top layer of the cartridge comprise a hydrophobic surface that is exposed to
the gap of the cartridge and that the cartridge does not have a conductive layer.

Preferably, the digital microfluidics system comprises at least one cover plate with a
top substrate, the at least one cover plate being located at said cartridge accom-
modation site(s). The at least one cover plate further comprising an electrically
conductive material, which extends in a second plane and substantially parallel to
the electrode array of the cartridge accommodation site the at least one cover plate
is assigned to. The electrically conductive material of the at least one cover plate is
not connected with a source of an electrical potential. Preferably, the electrically
conductive material of the cover plate is a conductive foil that is attached to the
cartridge.

According to a first preferred variant of the cartridge accommodation site, the cover
plate is configured to be movable with respect to the electrode array of the respec-
tive cartridge accommodation site. According to a second preferred variant, the car-
tridge accommodation sites are configured for receiving a slidingly inserted dispos-
able cartridge that is movable in a direction substantially parallel with respect to the

electrode array of the respective cartridge accommodation site.

Preferably, the digital microfluidics system comprises at least one swappable elec-
trode board comprising an electrode array that is supported by a bottom substrate,
and that comprises a number of electrical board contact elements which are electri-

cally connected to the individual electrodes of said electrode array.

It is an additional object of the present invention to suggest a means for technically
adapting an alternative digital microfluidics system for carrying out different assays
inside disposable cartridges for manipulating samples in liquid droplets using the
digital microfluidics system or device. This additional object is achieved by sug-

gesting at least one swappable electrode board that is configured to be placed at
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the board accommodation sites of the digital microfluidics system. The at least one
swappable electrode board comprises an electrode array that is supported by a bot-
tom substrate and a number of electrical board contact elements that are electri-
cally connected to the individual electrodes of said electrode array. The at least
one swappable electrode board is configured to be placed at one of said board ac-
commodation sites of the digital microfluidics system; the electrical board contact
elements being configured to engage with the electrical base unit contact elements
of the base unit that are electrically connected to said central control unit of said

digital microfluidics system.

Preferably, the bottom substrate that supports the electrode array is configured as
a printed circuit board (PCB) and the electrical board contact elements are located

in groups and close to one or more borders of the PCB. It is preferred that the in-

dividual electrodes of said electrode array are arranged and configured for manipu-
lating liquid droplets within cartridges by electrowetting and for carrying out a par-
ticular assay. It especially preferred that at least the electrode array of the swap-

pable electrode board is covered by a dielectric layer.

It is yet a further object of the present invention to suggest alternative methods for
manipulating samples in liquid droplets in a digital microfluidics system or device.
This further object is achieved in that a method for manipulating samples in liquid
droplets that adhere to a hydrophobic surface is proposed.

A first method according to the present invention comprises the steps of:

(a) providing a digital microfluidics system according to the present invention;

(b) providing a cartridge as herein described; and

(c) providing a swappable electrode board as herein described,

wherein the swappable electrode board comprises an electrode array that is config-
ured for carrying out a particular assay within the gap of the cartridge, during
which assay samples in liquid droplets that adhere to a hydrophobic surface are

manipulated within the gap by electrowetting.

A second method according to the present invention comprises the steps of:
(a) providing a digital microfluidics system as herein described;

(b) providing a cartridge as herein described; and
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(c) selecting a swappable electrode board according to the present invention,

wherein the swappable electrode board comprises an electrode array that is config-

ured for carrying out a particular assay within the gap of the cartridge, during

which assay samples in liquid droplets that adhere to a hydrophobic surface are

manipulated within the gap by electrowetting.

Additional and inventive features and preferred embodiments and variants of the

digital microfluidics system, the swappable electrode board, and the method for

manipulating samples in liquid droplets derive from the specification and the de-

pendent claims.

Advantages of the present invention comprise:

Providing swappable electrode boards renders a digital microfluidics system ex-
tremely flexible with respect to different assays that can be performed in dis-
posable cartridges that are placed above such swappable electrode boards, be-
cause each swappable electrode board can be specifically designed for carrying
out one particular assay. Thus complex and expensive designs of electrode ar-
rays that must serve for a large number of purposes can be avoided by provid-
ing much simpler swappable electrode boards at an affordable price.

An instrument with swappable electrode boards provides greater flexibility and
lower cost than designing a disposable digital microfluidics cartridge with an in-
tegrated PCB. By placing the assay specific features on the swappable PCB
rather than in the disposable cartridge, a simpler cartridge that is generic for
multiple assays can be utilized. Both the increased simplicity (by removing the
PCB) and the ability to manufacture larger numbers of cartridges (as they are
generic for use in many different assays) enable a lower manufacturing cost.
The flexibility of performing multiple assays is provided through the ability to
swap electrode boards.

A damaged or non-functional swappable electrode board can easily be replaced
without any use of special tools and without any need for a maintenance spe-
cialist.

Providing a digital microfluidics system with at least on board accommodation
site for taking up a swappable electrode board opens up the possibility for utiliz-
ing the same digital microfluidics system for carrying out future assays that

have not been developed yet.
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¢ Covering at least the electrode array of a swappable electrode board with a di-
electric layer provides additional protection against oxidation or fingerprints to
the sensitive surface of the electrode array.

» The disposable cartridges can be configured as simple consumables that provide
the working layers and the gap between and for carrying out the assay defined
by the swappable electrode boards. The working layers of the cartridge prevent
the swappable electrode boards and the entire digital microfluidics system from
being contaminated.

The concept of the “swappable PCB” is that the expensive components that are
common to many biochemical assays remain in the instrument. For example, a

digital microfluidics system comprises the following:

o A swappable PCB designed for a specific group of assays (e.g. molecular biol-
0ogy) comprising for example:
o a top layer with a pattern of electrodes that define the assay capabilities,
o asecond layer with the wiring tracing for powering each electrode,
o a third layer with thin traces that provide heating in specified areas,
o a fourth layer with an integrated thermocouple for measuring and control-

ling the temperature of specified areas, and

o a substrate that carries all layers and their electrical contact points;

¢ A high-voltage power relay module to control turning on and off of the PCB
electrodes;

* A power supply to power the entire system;

* An optics module (e.g. for fluorescence detection);

e A clamping and/or vacuum module for holding a cartridge in place on the PCB;

¢ A magnet actuator that moves a permanent magnet towards and away from the
bottom of the PCB (permanent magnets provide more focused and stronger
magnetic field than electromagnets);

*» A analog/digital I/O module to control digital outputs (i.e. magnet actuators,
heaters, vacuum, etc) and inputs (thermocouples, etc)

* A power module to provide power to the system; and

¢ An embedded processor to run the system, the processor comprising:

o software and user interface.
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According to the current invention, a digital microfluidics system is proposed as an
“instrument platform” that contains all of the expensive full bulleted items above
and that can be used for almost any biochemical application. By changing or vary-
ing the empty bulleted items only, “different instruments” or even “new instru-

ments” may be created for carrying out entirely different applications.

This concept offers two significant advantages:

1. A manufacturer may produce a large number of instrument platforms or digital
microfluidics systems respectively (see full bulleted items above) at considera-
bly reduced costs because of the large number. Adding selected variable items
(i.e. a selection of empty bulleted items, see above) to defined numbers of in-
strument platforms on stock will result in a variety of digital microfluidics sys-
tems that each are dedicated for a particular use. Replacing selected variable
items (i.e. a selection of empty bulleted items, see above) in some of the al-
ready produced instrument platforms will result in a different variety of new

digital microfluidics systems that each are dedicated for a new particular use.

2. A user may purchase a single instrument platform dedicated for a particular use
(e.g. as an instrument for measuring a particular analyte in a blood sample). If
the user decides to carry out a different experiment or assay, he simply may
replace the respective variable items (i.e. a selection of empty bulleted items,
see above) what will result in a new digital microfluidics systems that is dedi-
cated for a new particular use (e.g. as an instrument for analyzing genes in a
blood sample). For e.g. carrying out ELISA assays, the PCB may be swapped
and the software updated so that the instrument becomes an immunoassay
system.

In both these cases, the PCB can be designed so that the software is actually con-
tained on a chip on the PCB so that the software is automatically updated when the

PCB is swapped.

According to the current invention, the digital microfluidics system is proposed as a
multi level “instrument platform”. On a first level, the base unit of the digital mi-

crofluidics system is the same for all applications utilizing electrowetting tech-
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niques. Thus, a generic instrument is created, where expensive, but common mod-
ules, remain in the base unit of the instrument, and where great flexibility is pro-
vided by replaceable parts such as insertable PCBs and insertable cartridges. On a
second level, the PCB is a replaceable element which can be replaced by the manu-
facturer or the end-user. The electrode array of a replaced PCB interfaces with the
base unit by contact sites so that droplet movement inside a cartridge that is placed
on top of the PCB is precisely controlled. Preferably, the contact sites on the PCB
and in the base unit are standardized. On a third level, different cartridge types
preloaded with a different set of reagents can be utilized. For the same assay the

same type of cartridge may be used, but different samples introduced.

The digital microfluidics system, a selection of swappable electrode boards, the self-
contained disposable cartridge, and the method for manipulating samples according
to the present invention are explained with the help of the attached schematic
drawings that show selected and exemplary embodiments of the present invention

without narrowing the scope and gist of this invention. It is shown in:

Fig. 1 an overview over a digital microfluidics system that is equipped with a
central control unit and a base unit, with four cartridge accommodation
sites and with four board accommodation sites for receiving a swappable

electrode board that each comprises an electrode array;

Fig. 2 a section view of one cartridge accommodation site with a disposable
cartridge according to a first embodiment accommodated therein; the

electrode array being located on a fixed bottom substrate;

Fig. 3 a section view of one cartridge accommodation site with a disposable car-
tridge according to a second embodiment accommodated therein; the
electrode array being located on a fixed bottom substrate;

Fig. 4 an overview over a digital microfluidics system that is equipped with a
central control unit and a base unit, with twelve cartridge accommodation
sites that each comprises a fixed cover plate and with twelve board ac-
commodation sites for receiving a swappable electrode board that each

comprises an electrode array;
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Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9
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section views of one cartridge accommodation site with a disposable car-

tridge according to a third embodiment accommodated therein, wherein:

Fig. 5A  shows a top-entry cartridge inserted into a substantially verti-
cal cartridge accommodation site with a substantially vertical
electrode array and cover plate, and

Fig. 5B shows the top-entry cartridge as viewed from the section plane
B indicated in Fig. 5A;

an overview over a swappable electrode board that is insertable into a
digital microfluidics system; the bottom substrate of this swappable elec-
trode board is configured as a printed circuit board (PCB);

a section detail according to Fig. 2; here, the electrode array being lo-
cated on a swappable electrode board according to a first embodiment of

electrically contacting;

a section detail according to Fig. 3; here, the electrode array being lo-
cated on a swappable electrode board according to a second embodiment
of electrically contacting;

a schematic view of a generic multi level “instrument platform” compris-
ing a standardized base unit with all common modules; the “instrument
platform” further comprising a replaceable PCB and a replaceable car-

tridge that are adapted for a particular experiment or assay;

The Figure 1 shows an overview over an exemplary digital microfluidics system 1

that is equipped with a central control unit 14 and a base unit 7, with four cartridge

accommodation sites 8 that each comprise an electrode array 9, and a cover plate

12. The digital microfluidics system 1 is configured for manipulating samples in lig-

uid droplets 23 within disposable cartridges 2 that contain a bottom layer 3, a top

layer 4, and eventually a spacer 5 that defines a gap 6 between the bottom and top

layers 3,4. Accordingly, the samples in liquid droplets 23 are manipulated in the

gap 6 of the disposable cartridge 2. This digital microfluidics system 1 according to

the present invention also comprises four board accommodation sites 40 for receiv-

ing a swappable electrode board 41.
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The digital microfluidics system 1 comprises a base unit 7 with at least one car-
tridge accommodation site 8 that is configured for taking up a disposable cartridge
2. The digital microfluidics system 1 can be a stand alone and immobile unit, on
which a number of operators is working with cartridges 2 that they bring along.
The digital microfluidics system 1 thus may comprise a number of cartridge ac-
commodation sites 8 and a number of electrode arrays 9 at least some of which are
located on swappable electrode boards 41, so that a number of cartridges 2 can be
worked on simultaneously and/or parallel. The number of cartridge accommodation
sites 8 and board accommodation sites 40 may be 1 or any number between e.g. 1
and 100 or even more; this number e.g. being limited by the working capacity of
the central control unit 14.

It may be preferred to integrate the digital microfluidics system 1 into a liquid han-
dling workstation or into a Freedom EVO® robotic workstation, so that a pipetting
robot can be utilized to transfer liquid portions and/or sample containing liquids to
and from the cartridges 2. Alternatively, the system 1 can be can be configured as
a hand held unit which only comprises and is able to work with a low number, e.g.
a single disposable cartridge 2. Every person of skill will understand that intermedi-
ate solutions that are situated in-between the two extremes just mentioned will

also operate and work within the gist of the present invention.

According to the present invention, the digital microfluidics system 1 also comprises
at least one board accommodation site 40 for taking up a swappable electrode
board 41 which comprises an electrode array 9 that substantially extends in a first
plane and that comprises a number of individual electrodes 10. Such a swappable
electrode board 41 preferably is located at each one of said cartridge accommoda-
tion sites 8 of the base unit 7. Preferably each electrode array 9 is supported by a
bottom substrate 11. It is noted that the expressions “electrode array”, “electrode
layout”, and “printed circuit board (PCB)” are utilized herein as synonyms.

The digital microfluidics system 1 may also comprise at least one cover plate 12
with a top substrate 13; though providing of such cover plates 12 is particularly
preferred, at least some of the cover plates may be dispensed with or may be re-
placed by an alternative cover for holding a disposable cartridge 2 in place inside

the base unit of the microfluidics system 1. Thus, at least one cover plate 12 may
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be located at one of said cartridge accommodation sites 8. The top substrate 13 of
the cover plate 12 and the bottom substrate 11 with the electrode array 9 or PCB
define a space or cartridge accommodation site 8 respectively. In a first variant
(see the two cartridge accommodation sites 8 in the middle of the base unit 7, the
cartridge accommodation sites 8 are configured for receiving a slidingly inserted
disposable cartridge 2 that is movable in a direction substantially parallel with re-
spect to the electrode array 9 of the respective cartridge accommodating site 8.
Such front- or top-loading can be supported by a drawing-in automatism that, fol-
lowing a partial insertion of a disposable cartridge 2, transports the cartridge 2 to
its final destination within the cartridge accommodation site 8, where the cartridge
2 is precisely seated. Preferably, these cartridge accommodation sites 8 do not
comprise a movable cover plate 12. After carrying out all intended manipulations
to the samples in liquid droplets, the used cartridges 2 can be ejected by the draw-

ing-in automatism and transported to an analysis station or discarded.

In a second variant (see the two cartridge accommodation sites 8 on the right and
left of the base unit 7), the cartridge accommodation sites 8 comprise a cover plate
12 that is configured to be movable with respect to the electrode array 9 of the re-
spective cartridge accommodating site 8. The cover plate 12 preferably is config-
ured to be movable about one or more hinges 16 and/or in a direction that is sub-

stantially normal to the electrode array 9.

Similar to the possibilities for inserting a disposable cartridge 2 into a cartridge ac-

commodation site 8, possibilities for inserting a swappable electrode board 41 into

a board accommodation site 40 comprise the following alternatives:

(a) vertically lowering the swappable electrode board 41 through the respective
cartridge accommodation site 8 and into the board accommodation site 40;

(b) horizontally sliding the swappable electrode board 41 below the respective
cartridge accommodation site 8 and into the board accommodation site 40;

(c) horizontally sliding the swappable electrode board 41 below the respective
cartridge accommodation site 8 and substantially vertically lifting into the
board accommodation site 40.

In Fig. 1, there is drawn only one swappable electrode board 41 that slidingly can

be inserted by front loading below the second cartridge accommodation site 8 (as
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counted from the left). All possible places for locating a board accommodation site
40 are indicated and pointed to by dashed arrows.

The digital microfluidics system 1 also comprises a central control unit 14 for con-
trolling the selection of the individual electrodes 10 of said at least one electrode
array 9 and for providing these electrodes 10 with individual voltage pulses for ma-
nipulating liquid droplets within said cartridges 2 by electrowetting. As partly indi-
cated in Fig. 1, every single individual electrode 10 is operatively connected to the
central control unit 14 and therefore can be independently addressed by this central
control unit 14, which also comprises the appropriate sources for creating and pro-
viding the necessary electrical potentials in a way known in the art.

The at least one cover plate 12 preferably comprises an electrically conductive ma-
terial 15 that extends in a second plane and substantially parallel to the electrode
array 9 of the cartridge accommodation site 8 the at least one cover plate 12 is as-
signed to. It is particularly preferred that this electrically conductive material 15 of
the cover plate 12 is configured to be not connected to a source of an electrical
ground potential. The applicants of the current invention found that the conductive
material 15 also contributes to the electrowetting movements of the liquid droplets
manipulated in the digital microfluidics system 1, if there is no connection between
the conductive material 15 of the cover plate 12 and any source of a certain electri-
cal (e.g. ground) potential. Thus, the cover plate 12 can be configured to be mov-
able in any arbitrary direction and no electrical contacts have to be taken in into
consideration when selecting a particularly preferred movement of the cover plate
12. Thus, the cover plate 12 may be configured to be also movable in a direction
substantially parallel to the electrode array 9 and for carrying out a linear, circular
or any arbitrary movement with respect to the respective electrode array 9 of the
base unit 7.

The Figure 2 shows a section view of one exemplary cartridge accommodation site
8 with a disposable cartridge 2 according to a first embodiment accommodated
therein. The cover plate 12 is mechanically connected with the base unit 7 of the
digital microfluidics system 1 via a hinge 16; thus, the cover plate 12 can swing
open and a disposable cartridge 2 can be placed on the cartridge accommodation

site 8 via top-entry loading (see Fig. 1). The electrically conductive material 15 of
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the cover plate 12 is configured as a thin metal plate or metal foil that is attached
to the top substrate 13. Alternatively, the electrically conductive material 15 of the
cover plate 12 is configured as a metal layer that is deposited onto the top sub-
strate 13. Such deposition of the conductive material 15 may be carried out by

chemical or physical vapor deposition techniques as they are known per se.

The cover plate 12 is configured to apply a force to a disposable cartridge 2 that is
accommodated at the cartridge accommodation site 8 of the base unit 7. This force
urges the disposable cartridge 2 against the electrode array 9 in order to position
the bottom layer 3 of the cartridge as close as possible to the surface of the elec-
trode array 9. This force also urges the disposable cartridge 2 into the perfect posi-
tion on the electrode array 9 with respect to a piercing facility 18 of the cover plate
12. This piercing facility 18 is configured for introducing sample droplets into the
gap 6 of the cartridge 2. The piercing facility 18 is configured as a through hole 19
that leads across the entire cover plate 12 and that enables a piercing pipette tip 20
to be pushed through and pierce the top layer 4 of the cartridge 2. The piercing pi-
pette tip 20 may be a part of a handheld pipette (not shown) or of a pipetting robot
(not shown).

In the case shown in Fig. 2, the electrode array 9 is covered by a dielectric layer
24. The electrode array 9 is fixed to a bottom substrate 11 and every individual
electrode 10 is electrically and operationally connected with the central control unit
14 (only three connections of the ten electrodes 10 are drawn here). The electrode
array 9 is located on an immovably fixed bottom substrate 11. The digital microflu-
idics system 1 is configured for manipulating samples in liquid droplets 23 within
disposable cartridges 2 that contain a gap 6. Accordingly, the samples in liquid
droplets 23 are manipulated in the gap 6 of the disposable cartridge 2. The dispos-
able cartridge 2 comprises a bottom layer 3, a top layer 4, and a spacer 5 that de-
fines a gap 6 between the bottom and top layers 3,4 for manipulating samples in
liquid droplets 23 in this gap 6. The bottom layer 3 and the top layer 4 comprise a
hydrophobic surface 17 that is exposed to the gap 6 of the cartridge 2. The bottom
layer 3 and the top layer 4 of the cartridge 2 are entirely hydrophobic films or at
least comprise a hydrophobic surface that is exposed to the gap 6 of the cartridge
2. It is clear from this Fig. 2, that the cartridge 2 does not have a conductive layer.
The spacer 5 of the cartridge 2 here at least partially is configured as a body that
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includes compartments 21 for reagents needed in an assay that is applied to the
sample droplets in the gap 6.

The Figure 3 shows a section view of one exemplary cartridge accommodation site
8 with a disposable cartridge 2 according to a second embodiment accommodated
therein. Different to the previous embodiment, the cover plate 12 is mechanically
connected with the base unit 7 of the digital microfluidics system 1 and immovably
fixed therewith. The electrically conductive material 15 of the cover plate 12 is
configured as a thick metal plate that is attached to the top substrate 13. Here, the
cover plate 12 is not configured to apply a force to the disposable cartridge 2 that is
accommodated at the cartridge accommodation site 8 of the base unit 7; thus, the
cover plate 12 stays in place and a disposable cartridge 2 can be placed on the car-
tridge accommodation site 8 via front-entry loading. Such front-entry loading usu-
ally includes a movement of the disposable cartridge 2 in a direction that is parallel
to the electrode array 9 (see Fig. 1). In order to enable proper drawing-in of the
disposable cartridge 2 and to neatly position the cartridge at the accommodation
site 8, the base unit 7 preferably is equipped with insertion guides 25. These inser-
tion guides 25 preferably are from a self-lubricating plastic material, such as tetra-
fluorethylene and preferably leave a space between them that is just sufficient for
slidingly inserting the disposable cartridge 2. Alternatively the electrically conduc-
tive material 15 of the cover plate 12 is configured as a metal plate, a metal foil, or
a metal layer that is sandwiched between materials of the top substrate 13 (see
Fig. 5A).

The disposable cartridge 2 of Fig. 3 comprises a bottom layer 3, a top layer 4, and
a spacer 5 that defines a gap 6 between the bottom and top layers 3,4 for manipu-
lating samples in liquid droplets 23 in this gap 6. The bottom layer 3 and the top
layer 4 comprise a hydrophobic surface 17 that is exposed to the gap 6 of the car-
tridge 2. The bottom layer 3 and the top layer 4 of the cartridge 2 are entirely hy-
drophobic films or at least comprise a hydrophobic surface that is exposed to the
gap 6 of the cartridge 2. As a difference to the one depicted in Fig. 2, this cartridge
2 has dielectric layer 24 that is attached to or forms a part of the bottom layer 3.
Thus, the bottom layer 3 is covered by a dielectric layer 24 or the bottom layer 3
itself is made from a dielectric material. In consequence, the electrode array 9

does not need to have such a dielectric layer 24. The spacer 5 of the cartridge 2
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here at least partially is configured as a body that includes compartments 21 for re-
agents needed in an assay that is applied to the sample droplets in the gap 6. In
this case, the electrode array 9 is covered by a dielectric layer 24.

The electrode array 9 is fixed to a bottom substrate 11 and every individual elec-
trode 10 is electrically and operationally connected with the central control unit 14
(only three connections of the ten electrodes 10 are drawn here). The electrode ar-
ray 9 is located on an immovably fixed bottom substrate 11. The digital microflu-
idics system 1 is configured for manipulating samples in liquid droplets 23 within
disposable cartridges 2 that contain a gap 6. Accordingly, the samples in liquid
droplets 23 are manipulated in the gap 6 of the disposable cartridge 2.

The cover plate 12 also includes a piercing facility 18 that is configured for intro-
ducing sample droplets into the gap 6 of the cartridge 2. The piercing facility 18 is
configured as a through hole 19 that leads across the entire cover plate 12 and that
enables a piercing pipette tip 20 to be pushed through and pierce the top layer 4 of
the cartridge 2. The piercing pipette tip 20 may be a part of a handheld pipette
(not shown) or of a pipetting robot (not shown). The cover plate 12 here comprises
additional piercing facilities 22 for a piercing pipette tip 20 to be pushed through a
through hole 19 that penetrates the cover plate 12, to pierce the top layer 4 of the
cartridge 2 and to withdraw reagent portions from the compartments 21 and for in-
troducing said reagent portions into the gap 6 of the cartridge 2. Here, the com-
partment 21 is configured as a cutout in the body of the spacer 5, the cutout being
closed by the bottom layer 3 and top layer 4.

Like in the already introduced first and second embodiments, the disposable car-
tridge 2 comprises a bottom layer 3, a top layer 4, and a spacer 5 that defines a
gap 6 between the bottom and top layers 3,4 for manipulating samples in liquid
droplets 23 in this gap 6. The bottom layer 3 and the top layer 4 comprise a hy-
drophobic surface 17 that is exposed to the gap 6 of the cartridge 2. The 1% hy-
drophobic surface 17’ is located on the inside of the bottom layer 3, and the 2" hy-
drophobic surface 17" is located on the inside of the top layer 4. The bottom layer
3 and the top layer 4 of the cartridge 2 are entirely hydrophobic films or at least
comprise a hydrophobic surface that is exposed to the gap 6 of the cartridge 2. It

is clear from this Fig. 2, that the cartridge 2 does not have a conductive layer. The
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spacer 5 of the cartridge 2 here does not deed to be configured as a body that in-
cludes compartments 21 for reagents needed in an assay that is applied to the
sample droplets in the gap 6, because these reagents could be added to the gap 6
by conventional pipetting with a handheld pipette or with a pipetting robot (see
above).

Like in the already introduced first and second embodiment, the disposable car-
tridge 2 comprises a bottom layer 3, a top layer 4, and a spacer 5 that defines a
gap 6 between the bottom and top layers 3,4 for manipulating samples in liquid
droplets 23 in this gap 6. The bottom layer 3 and the top layer 4 comprise a hy-
drophobic surface 17 that is exposed to the gap 6 of the cartridge 2. The 1% hy-
drophobic surface 17’ is located on the inside of the bottom layer 3, and the 2™ hy-
drophobic surface 17" is located on the inside of the top layer 4. The bottom layer
3 and the top layer 4 of the cartridge 2 are entirely hydrophaobic films or at least
comprise a hydrophobic surface that is exposed to the gap 6 of the cartridge 2. It
is clear from this Fig. 2, that the cartridge 2 does not have a conductive layer. The
spacer 5 of the cartridge 2 here does not deed to be configured as a body that in-
cludes compartments 21 for reagents needed in an assay that is applied to the
sample droplets in the gap 6, because these reagents could be added to the gap 6
by conventional pipetting with a handheld pipette or with a pipetting robot (see
above).

The Figure 4 shows an overview over a digital microfluidics system 1 that is
equipped with a central control unit 14 and a base unit 7, with twelve cartridge ac-
commodation sites 8 that each may comprise a fixed cover plate 12. This base unit
7 is particularly suited for taking up cartridges 2 according to a sixth embodiment
and loading these cartridges into substantially vertical cartridge accommodation
sites 8 with a substantially vertical electrode array 9 and cover plate 12 (see Fig.
5). Such loading preferably is carried out by a robotized gripping device of a liquid

handling workstation (not shown).

According to the present invention, this digital microfluidics system 1 also com-
prises twelve board accommodation sites 40 for receiving a swappable electrode
board 41 that each comprises an electrode array 9. In this exemplary embodiment

of Fig. 4, all cartridge accommodation sites 8 and board accommaodation sites 40
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are grouped in pairs, the board accommodation sites 40 being located immediately
below the cartridge accommodation sites 8. These pairs of cartridge accommoda-
tion sites 8 and board accommodation sites 40 are here arranged in four columns
and three rows; the upper cartridge accommodation site 8 of the right column be-
ing void of a disposable cartridge 2, which is shown on the right outside the base
unit 7. In addition, the middle cartridge accommodation site 8 and board accom-
modation site 40 are void of a disposable cartridge 2 and of swappable electrode
board 41 as well, which again are shown on the right outside the base unit 7.

The Figure 5 (see Fig. 5A and Fig. 5B) shows section views of one exemplary car-
tridge accommodation site 8 of a base unit 7 of digital microfluidics system 1 with a
disposable cartridge 2 according to a sixth embodiment accommodated therein. It
is immediately clear from the Fig 5A, that a top-entry cartridge 2 is inserted into a
substantially vertical cartridge accommodation site 8 with a substantially vertical
electrode array 9 and cover plate 12. This disposable cartridge 2 comprises a bot-
tom layer 3 and a top layer 4, and a spacer 5 that defines a gap 6 between the bot-
tom and top layers 3,4 for manipulating samples in liquid droplets 23 in this gap 6.
The bottom layer 3 and the top layer 4 comprise a hydrophobic surface 17/,17" that
is exposed to the gap 6 of the cartridge 2. The bottom layer 3 and the top layer 4
of the cartridge 2 are entirely hydrophobic films or at least comprise a hydrophobic
surface that is exposed to the gap 6 of the cartridge 2. Like the one depicted in
Fig. 2, this cartridge 2 has no dielectric layer attached to or forms a part of the bot-
tom layer 3. In consequence, the electrode array 9 does need to have such a di-

electric layer 24. This cartridge 2 preferably is filled with silicon oil.

The electrode array 9 is fixed to a bottom substrate 11 (that itself is immovably
fixed inside the base unit 7) and every individual electrode 10 is electrically and op-
erationally connected with the central control unit 14 (only four connections of the
fourteen electrodes 10 are drawn here). The digital microfluidics system 1 is con-
figured for manipulating samples in liquid droplets 23 within disposable cartridges 2
that contain a gap 6. Accordingly, the samples in liquid droplets 23 are manipu-
lated in the gap 6 of the disposable cartridge 2.

The cover plate 12 is mechanically connected with or entirely integrated into the

base unit 7 of the digital microfluidics system 1 and is not movable. Thus, a dis-
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posable cartridge 2 can be inserted into the cartridge accommodation site 8 via
front entry loading that in this situation of Fig. 5A and 5B is actually to be called
top-entry loading (compare to Fig. 4). Here, the electrically conductive material 15
of the cover plate 12 is made of metallic conductive material and is sandwiched be-
tween material of the top substrate 13. Alternatively, the electrically conductive
material 15 of the cover plate 12 may be covered by a plastic layer instead or addi-
tional to the material of the top substrate 13 (not shown).

The spacer 5 also includes a piercing facility 18 that is configured for introducing
sample droplets into the gap 6 of the cartridge 2. The piercing facility 18 is config-
ured as an enlarged portion of the spacer 5. This enlarged spacer portion prefera-
bly is equipped with a pierceable, self-sealing membrane 31 that enables a piercing
pipette tip 20 to be pushed through. The piercing pipette tip 20 may be a part of a
handheld pipette (not shown) or of a pipetting robot (not shown). Automated de-
livery of liquids to or withdrawal of liquids from the gap 6 of the cartridge 2 is sim-
plified by the relatively large piercing area provided by this enlarged spacer portion
of the cartridge 2. Assuming a gap width of about 1-3 mm, the width of this pierc-
ing area preferably is about 5-10 mm and therefore has about the size of a well of
96-well microplate, which easily can be reached by an automated pipettor of a lig-
uid handling system or of a liquid handling workstation. The same time as provid-
ing space for compartments 21 (see also Fig. 5B), the enlarged spacer portion of
the cartridge 2 also provides gripping surfaces for being gripped by an automated
robot gripper (not shown) that is preferably utilized for handling the cartridges out-
side of the digital microfluidics system 1 and for inserting and withdrawal of the
cartridges 2 from their accommodation sites 8. In addition, the enlarged spacer
portion of the cartridge 2 provides an abutting surface that abuts the surface of the
base unit 7 when the cartridge 2 is correctly accommodated in the accommodation
site 8.

Similar to the insertion and withdrawal of a disposable cartridge 2 into and from the
respective cartridge accommodation site 8, a swappable electrode board 41 can be
inserted and withdrawn to and from the respective board accommodation site 40.
Moreover, it is important to note that similar or deviating from their so far shown
and discussed spatial orientation, these accommodation sites 8,40 can be orien-

tated in all arbitrary spatial orientations as long as the cartridge accommaodation
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sites 8 and board accommodation sites 40 are located so close to each other that a
disposable cartridge 2 that is inserted into its accommodation site 8 operably
touches with its bottom layer 3 the surface of the respective swappable electrode
board 41 (i.e. the surface of the electrode array 9 or the surface of the dielectric
layer 24 on top of the electrode array 9 of the respective swappable electrode
board 41).

It is preferred that the electrode array 9 extends to the foremost position with re-
spect to the surface of the base unit 7 in order to be able to move liquid droplets 23
from a compartment 21 to a distinct position on the printed circuit board (PCB) or
electrode array 9. Also moving liquid droplets 23 in the opposite direction from a
reaction site on the electrode array 9 to a compartment 21 is greatly preferred, es-
pecially in the case if a reaction product shall be analyzed outside of the digital mi-

crofluidics system 1 and also outside of the cartridge 2.

Fig. 5B shows the top-entry cartridge 2 of Fig. 5A as viewed from the section plane
B indicated in Fig. 5A. The section runs through the gap 6 and between the bottom
layer 3 and the top layer 4 of the self-containing, disposable cartridge 2. The sec-
tion also crosses the spacer 5, of which a U-shaped part is located between the bot-
tom and top layers 3,4 and an enlarged spacer portion is provided around the U-
shaped part and the bottom and top layers 3,4. Preferably, the U-shaped part of
the spacer 5 is of plastic material (preferably injection molded) and glued or fused
to the bottom and top layers 3,4. It is preferred that the enlarged spacer portion
also is produced by injection molding; this enables the provision of separating bars
32 that on the one hand create the compartments 21 below the pierceable mem-
brane 31, and that on the other hand stabilize the pierceable membrane 31. Such
stabilization preferably is provided by back-injection molding the separating bars 32
and the enlarged spacer portion to the pierceable membrane 31. Preferably, the
enlarged spacer portion then is imposed on the U-shaped part of the spacer 5 with
the bottom and top layers 3,4.

As already pointed out, the spacer 5 preferably also includes a piercing facility 18
that is configured as an enlarged portion of the spacer 5. This enlarged spacer por-
tion preferably is equipped with a pierceable self-sealing membrane 31 that enables
a piercing pipette tip 20 to be pushed through. The piercing pipette tip 20 may be
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a part of a handheld pipette (not shown) or of a pipetting robot (not shown). The
spacer 2 here comprises additional piercing facilities 22 for a piercing pipette tip 20
to be pushed through the self-sealing membrane 31 and to withdraw e.g. silicon oil
from the gap 6 of the cartridge 2. In the cartridge 2 of this Fig. 5B, a liquid droplet
23 (e.g. a sample) was introduced by the piercing pipette tip 20 at the piercing fa-
cility 18 and then moved on the hydrophobic surface 17’ of the bottom layer 3 to
the actual position. Simultaneously with introducing the liquid droplet 23 into the
compartment 21 and into the gap 6, a similar amount of silicon oil (or any other
chemically inert liquid that will not mix with the liquid droplet 23) is withdrawn from
the respective compartment 21 at the additional piercing facility 22. Alternative to
such simultaneous balancing of liquids in the gap 6, removing of the expected
quantity of oil or inert liquid can be carried out shortly before or after the insertion
of the liquid droplet 23. The compartments 21 also may serve as reservoirs for
storing more liquid than necessary for producing a movable liquid droplet 23 from
this liquid; in consequence, a number of such droplets 23 may be produced from a
single liquid volume once introduced into at least one of the compartments 21. Itis
advisable however, to set aside one compartment 21, for withdrawal of oil or inert
liquid, and to set aside another compartment 21 for withdrawal of reagent prod-

ucts.

According to an alternative and very simple embodiment (not shown), a disposable
cartridge 2 that comprises a bottom layer 3 and top layer 4 with hydrophobic sur-
faces 17/,17" that in each case are directed to the gap 6, can be mounted on a PCB
for electrowetting, whether the PCB is configured as swappable or not. Instead of
utilizing a cover plate 12 that is equipped with an electrically conductive material
15, an electrically conductive film (e.g. an aluminum foil) can be attached to the
outer surface of the top layer 4. It turned out that such a conductive film enables
electrowetting even when this conductive film in not grounded. Instead of attach-
ing an un-grounded conductive film to the cartridge, the top layer 4 can have a thin
film coating on its outer surface; the thin film coating can be of any metal and de-
posited by chemical or physical evaporation techniques. This thin conductive film
on the outer surface of the top layer 4 can even by of conductive paint. It is thus
proposed to provide an electrically conductive material 15 that extends in a second
plane and substantially parallel to the electrode array 9, said electrically conductive

material 15 being situated on the top layer 4 of the cartridge 2 and being not con-
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nected to a source of a distinct electrical potential during manipulating samples in
liquid droplets 23.

Figure 6 shows an overview over a swappable electrode board 41 that is insertable
into a board accommodation site 40 of a digital microfluidics system 1. The bottom
substrate 11 of this swappable electrode board 41 is configured as a printed circuit
board (PCB). This top view shows a similar layout of an electrode array 9 like the
printed circuit board (PCB) of a system for liquid droplet manipulation as disclosed
in the patent application No. US 13/188,584, which has been filed by the present
applicant on July 22, 2011 and published as US 2013/0020202 Al. This particular
electrode array 9 of the system 40 is configured for receiving a disposable cartridge
2 on top of it. This electrode array 9 is particularly configured to match for the lysis
of cellular material, for the extraction and PCR amplification of DNA fragments, for
the hybridization experiments for genotyping, and for optical detection. Different to
the PCB disclosed in US 2013/0020202 A1l however, the bottom substrate 11 of this
electrode array 9 is not irremovably fixed to the base unit 7 of the digital microfiu-
idics system 1. Here the bottom substrate 11 and electrode array 9 are parts of a
swappable electrode board 41 that is removably insertable into a board accommo-

dation site 40 of a digital microfluidics system 1.

When all the experiments and measurements are completed, the cartridge 2 (to-
gether with the samples and the waste in it) is safely discarded so that nobody of
the laboratory personnel is endangered by its contents. Then, it may be decided
carrying out a similar assay with similar or other samples, but utilizing the same
swappable electrode board 41 with its dedicated electrode array 9. In this case,
the next disposable cartridge 2 is pressed onto the electrode array 9 and the next
experiments can be performed. Alternatively, it may be decided to carry out other
experiments for which the present swappable electrode board 41 with its dedicated
electrode array 9 it not particularly useful. In this alternative case, another swap-
pable electrode board 41 with a different electrode array 9 that better suits the ex-
periments or assays that are to be carried out is selected. Thus, the now selected
swappable electrode board 41 comprises an electrode array 9 that is configured for
carrying out the particular alternative assay or experiment within the gap 6 of the
cartridge 2, during which assay or experiment samples in liquid droplets 23 that
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adhere to a hydrophobic surface 17 are manipulated within the gap 6 by elec-
trowetting.

In the Fig. 6 (see on top and on the bottom of the Figure), a large number of con-
tact points, i.e. electrical board contact elements 42 are seen. Individual electric
lines (not shown here for better clarity of the drawing) contact each individual elec-
trode 10 with one of these electrical board contact elements 42. In addition, heat-
ers located in the bottom substrate 11 of the swappable electrode board 41 are also
connected to some of these electrical board contact elements 42. All electrical
board contact elements 42 are connected by physical touch with an appropriate
number of electrical base unit contact elements 43 with the central control unit 14
of the digital microfluidics system 1, which central control unit 14 controls all nec-
essary activations of e.g. heaters, piercing facilities 18 etc. and of all electrical po-
tentials of the electrodes 10 that are required. On each side of the electrode array 9
and close to the borders 44 of the PCB 11 is also provided a separate contact point
for contacting with a ground potential source of the central control unit 14. Board
contact elements 42 may be located close to one or more borders 44 of the PCB 11,
depending on the physical need and on the method of entering the swappable elec-
trode board 41 into its board accommodation site 40 of a digital microfluidics sys-

tem 1.

The swappable electrode board 41 shown is configured to be placed at one of the
board accommodation sites 40 of a digital microfluidics system 1, e.g. as shown in
Fig. 1 or 4. In each case, the electrical board contact elements 42 of the swappable
electrode board 41 are configured to engage with the electrical base unit contact
elements 43 of the base unit 7 that are electrically connected to the central control
unit 14 of the digital microfluidics system 1. Preferably, the bottom substrate 11
that supports the electrode array 9 is configured as a printed circuit board (PCB),
the electrical board contact elements 42 being located in groups and close to one or
more borders 44 of the PCB. It is especially preferred that the individual electrodes
10 of the electrode array 9 are arranged and configured for manipulating liquid
droplets within cartridges 2 by electrowetting and for carrying out a particular assay

or experiment,
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Figure 7 shows a section detail according to Fig. 2; here however, the electrode ar-
ray 9 is located on a swappable electrode board 41 according to a first embodiment
of electrically contacting, according to which the electrical board contact elements
42 are configured as rigid plates or knolls that substantially extend on at least one
border 44 of the bottom substrate 11 in a direction perpendicular to the first plane
in which the least one electrode array 9 of the swappable electrode board 41 sub-
stantially is extending. Preferably for taking up such a swappable electrode board
41, the multitude of electrical base unit contact elements 43 that are electrically
connected to the central control unit 14 of the digital microfluidics system 1 are
configured as flat springs that substantially extend vertically and are resilient in a
horizontal direction for safely and individually engaging the number of electrical
board contact elements 42 of a swappable electrode board 41 that are electrically

connected to the individual electrodes 10.

Figure 8 shows a section detail according to Fig. 3; here however, the electrode ar-
ray 9 is located on a swappable electrode board 41 according to a second embodi-
ment of electrically contacting, according to which the electrical board contact ele-
ments 42 are configured as rigid plates or knolls that substantially extend on a
lower side and close to a border 44 of the bottom substrate 11 in a direction paral-
lel to the first plane in which the least one electrode array 9 substantially is extend-
ing. Preferably for taking up such a swappable electrode board 41, the multitude of
electrical base unit contact elements 43 that are electrically connected to the cen-
tral control unit 14 of the digital microfluidics system 1 are configured as resilient or
resiliently supported pins that substantially extend vertically and are resilient in a
vertical direction for safely and individually engaging the number of electrical board
contact elements 42 of a swappable electrode board 41 that are electrically con-
nected to the individual electrodes 10. As shown, common (here vertically ar-
ranged) or individual (here horizontally arranged) insertion guides may facilitate
safe and exact insertion as well as easy removal of disposable cartridges 2 and/or
swappable electrode board 41 into and from the respective accommodation sites
8,40.

Figure 9 shows a schematic view of a generic multi level “instrument platform”, i.e.
a digital microfluidics system 1 that comprises a standardized base unit 7 with all

common modules that are always needed when liquid droplets are to be manipu-
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lated by electrowetting. Such modules e.g. comprise a digital/analog (D/A) board
45, a high voltage relay module 46, a cartridge clamping module 47 or a vacuum
mechanism 49 (with O-ring 53) for fixing a cartridge 2 on a swappable PCB 41,

embedded software 51 preferably loaded into a control unit 14 in the base unit 7,

and a graphics user interface (GUI) 52 preferably configured as a touch screen.

Optional modules such as an optics module 48 for the analysis (one-sided optical
detection of e.g. fluorescence or transmissive optical detection of absorbance) of
samples contained in liquid droplets 23 or a magnet actuator module 50 for attract-
ing magnetic beads may be integrated into all digital microfluidics systems 1 or only
on request. Such an “instrument platform” for carrying out a series of particular
experiments or assays preferably is configured as a stand-alone instrument that
further comprises a set of replaceable PCBs and replaceable cartridges that are

adapted for the respective experiments or assays.

Different arrangements of the electrical board contact elements 42 and electrical
base unit contact elements 43 are within the selection of a skilled person that is

reading the present application.

A method for manipulating samples in liquid droplets 23 that adhere to a hydropho-
bic surface 17 may comprise the steps of providing a first hydrophobic surface 17’
on a bottom layer 3 of a disposable cartridge 2. This bottom layer 3 is located sub-
stantially parallel above an electrode array 9 of a digital microfluidics system 1.
Said electrode array 9 substantially extends in a first plane and comprises a num-
ber of individual electrodes 10 that are supported by a bottom substrate 11 of a
base unit 7 of the digital microfluidics system 1. Said electrode array 9 is con-
nected to a central control unit 14 of the digital microfluidics system 1 for control-
ling the selection of individual electrodes 10 of said electrode array 9 and for pro-
viding these electrodes 10 with individual voltage pulses for manipulating said liquid
droplets 23 on said first hydrophobic surface 17’ by electrowetting. The method
may also comprise the step of providing a second hydrophobic surface 17” substan-
tially parallel to and in a distance to said first hydrophobic surface 17’. 1In this way,
a gap 6 between the first and second hydrophobic surfaces 17°,17" is formed. Pref-
erably, such a gap 6 is defined by a spacer 5, to which the a bottom layer 3 that

comprises the first hydrophobic surface 17’ and a top layer 4 that comprises the
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second hydrophobic surface 17" are attached. The method may further comprise
providing a cover plate 12 with a top substrate 13. The cover plate 12 also com-
prises an electrically conductive material 15 that extends in a second plane and
substantially parallel to the electrode array 9. It is especially preferred that the
electrically conductive material 15 of the cover plate 12 is not connected to a
source of a distinct electrical potential during manipulating samples in liquid drop-
lets 23.

In all embodiments shown or discussed, it is preferred that the gap 6 of the dispos-
able cartridge 2 is substantially filled with silicon oil. It is also always preferred that
the bottom layer 3 and the top layer 4 of the cartridge 2 are entirely hydrophobic
films or comprise a hydrophobic surface 17',17” that is exposed to the gap 6 of the
cartridge 2. Following electrowetting and manipulating at least one liquid droplet
23 with the gap 6 of a disposable cartridge 2, the result of the manipulation or of
the assay can be evaluated while the disposable cartridge 2 still is at the cartridge
accommodation site 8, i.e. utilizing an analysis system of the digital microfluidics
system 1 or of a workstation, the digital microfluidics system 1 is integrated into.
Alternately, the disposable cartridges 2 can be taken out of the base unit 7 of the

digital microfluidics system 1 and analyzed elsewhere.

After analysis, the disposable cartridges 2 can be disposed and the electrode array
9 can be reused. Because the components of the digital microfluidics system 1
never come into contact with any samples or reagents when working with the first
or second embodiment of the cartridge 2, such re-usage with other disposable car-
tridges 2 can be immediately and without any intermediate cleaning. Because the
through hole 19 of the cover plate 12 of the digital microfluidics system 1 may
come into contact with samples and reagents when working with the third or fourth
embodiment of the cartridge 2, such re-usage with other disposable cartridges 2
can be carried out after some intermediate cleaning or after replacement of the
cover plates 12.

It is an aim of the present invention to provide removable and disposable films that
separate the liquid droplets 23 from the electrode array 9 and from the top plate 12
during manipulation of the liquid droplets 23 by electrowetting. As shown in the six

different embodiments of the self-containing disposable cartridge 2 presented in the
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above specification, the removable and disposable films preferably are provided as
a bottom layer 3 and a top layer 4 of a cartridge 2.

In a preferred embodiment, the bottom layer 3 of the cartridge 2 is attracted to the
PCB by vacuum. Small evacuation holes in the PCB are connected to a vacuum
pump for this purpose. Applying such vacuum attraction to the bottom layer 3 en-
ables avoiding the use of any liquids or adhesives for better contacting the bottom
layer 3 of the cartridge 2 to the surface of the electrode array 9.

Any combination of the features of the different embodiments of the cartridge 2
disclosed herein that appear reasonable to a person of skill are comprised by the
gist and scope of the present invention.

Even if they are not particularly described in each case, the reference numbers
shown in the Figures refer to similar elements of the digital microfluidics system 1

and swappable electrode board 42 of the present invention.
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magnet actuator module
embedded software

GUI
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Patent claims

A digital microfluidics system (1) for manipulating samples in liquid droplets
within disposable cartridges (2) that comprise a bottom layer (3), a top layer
(4), and a gap (6) between the bottom and top layers (3,4); the digital micro-
fluidics system (1) comprising:

(a) a base unit (7) with at least one cartridge accommodation site (8) that is
configured for taking up a disposable cartridge (2);

(b) at least one electrode array (9) substantially extending in a first plane
and comprising a number of individual electrodes (10), said at least one
electrode array (9) being supported by a bottom substrate (11); and

(¢) a central control unit (14) for controlling selection of the individual elec-
trodes (10) of said at least one electrode array (9) and for providing
these electrodes (10) with individual voltage pulses for manipulating lig-
uid droplets within said cartridges (2) by electrowetting,

characterized in that the digital microfluidics system (1) further comprises

at least one board accommodation site (40) that is located at one of said car-

tridge accommodation sites (8) of the base unit (7); each board accommoda-

tion site (40) being configured to take up a swappable electrode board (41)

comprising an electrode array (9) and a number of electrical board contact

elements (42) that are electrically connected to the individual electrodes (10)

of said electrode array (9); each board accommodation site (40) comprising a

multitude of electrical base unit contact elements (43) that are electrically

connected to said central control unit (14), the electrical base unit contact
elements (43) being configured to engage with the electrical board contact
elements (42) of a swappable electrode board (41) that is placed at said board

accommodation site (40).

The digital microfluidics system (1) of Claim 1, characterized in that the at
least one board accommodation site (40) is located below one of said cartridge
accommodation sites (8) of the base unit (7) and is configured to take up a
swappable electrode board (41) that is inserted into the base unit (7) of the
digital microfluidics system (1).
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The digital microfluidics system (1) of Claim 2, characterized in that the
multitude of electrical base unit contact elements (43) that are electrically
connected to said central control unit (14) of the digital microfluidics system
(1) are configured as flat springs that substantially extend vertically and are
resilient in a horizontal direction for safely and individually engaging the num-
ber of electrical board contact elements (42) of a swappable electrode board
(41) that are electrically connected to the individual electrodes (10).

The digital microfluidics system (1) of Claim 2, characterized in that the
multitude of electrical base unit contact elements (43) that are electrically
connected to said central control unit (14) of the digital microfluidics system
(1) are configured as resilient or resiliently supported pins that substantially
extend vertically and are resilient in a vertical direction for safely and individu-
ally engaging the number of electrical board contact elements (42) of a swap-
pable electrode board (41) that are electrically connected to the individual

electrodes (10).

The digital microfluidics system (1) of Claim 2, characterized in that the
least one board accommodation site (40) is configured to take up a swappable
electrode board (41) that is inserted into the base unit (7) of the digital micro-
fluidics system (1) by substantially:

(a) vertically lowering the swappable electrode board (41) through the re-
spective cartridge accommodation site (8) and into the board accommo-
dation site (40); or

(b) horizontally sliding the swappable electrode board (41) below the respec-
tive cartridge accommodation site (8) and into the board accommodation
site (40); or

(¢) horizontally sliding the swappable electrode board (41) below the respec-
tive cartridge accommodation site (8) and substantially vertically lifting

into the board accommodation site (40).

The digital microfluidics system (1) of Claim 1, further comprising a disposable
cartridge (2) for manipulating samples in liquid droplets, characterized in
that the bottom layer (3) and the top layer (4) comprise a hydrophobic sur-
face (17) that is exposed to the gap (6) of the cartridge (2).
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The digital microfluidics system (1) of Claim 6, characterized in that the car-
tridge (2) further comprises a spacer (5) that at least partially is configured as
a body that includes compartments (21) for reagents needed in an assay or
experiment that is applied to the sample droplets in the gap (6).

The digital microfluidics system (1) of Claim 6, characterized in that the
bottom layer (3) of the cartridge (2) is covered by a dielectric layer (24) or the
bottom layer (3) itself is made from a dielectric material.

The digital microfluidics system (1) of Claim 1 further comprising at least one
cover plate (12) with a top substrate (13), the at least one cover plate (12)
being located at said cartridge accommodation site(s) (8), characterized in
that the at least one cover plate (12) further comprises an electrically conduc-
tive material (15), which extends in a second plane and substantially parallel
to the electrode array (9) of the cartridge accommodation site (8) the at least
one cover plate (12) is assigned to, and which electrically conductive material
(15) is not connected with a source of an electrical potential.

The digital microfluidics system (1) of Claim 1 further comprising at least one
swappable electrode board (41) comprising an electrode array (9) that is sup-
ported by a bottom substrate (11), and comprising a number of electrical
board contact elements (42) that are electrically connected to the individual
electrodes (10) of said electrode array (9), characterized in that the swap-
pable electrode board (41) is configured to be placed at said board accommo-
dation site (40) of the digital microfluidics system (1); the electrical board
contact elements (42) being configured to engage with the electrical base unit
contact elements (43) of the base unit (7) that are electrically connected to
said central control unit (14) of said digital microfluidics system (1).

A swappable electrode board (41), comprising an electrode array (9) and a
bottom substrate (11) that supports the electrode array (9), and comprising a
number of electrical board contact elements (42) that are electrically con-
nected to the individual electrodes (10) of said electrode array (9), charac-
terized in that the swappable electrode board (41) is configured to be placed

at one of said board accommaodation sites (40) of the digital microfluidics sys-
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tem (1) of claim 1; the electrical board contact elements (42) of the swap-
pable electrode board (41) being configured to engage with the electrical base
unit contact elements (43) of the base unit (7) that are electrically connected

to said central control unit (14) of said digital microfluidics system (1).

The swappable electrode board (41) of Claim 11, characterized in that the
bottom substrate (11) that supports the electrode array (9) is configured as a
printed circuit board (PCB), the electrical board contact elements (42) being
located in groups and close to one or more borders (44) of the PCB, wherein
the individual electrodes (10) of said electrode array (9) are arranged and
configured for manipulating liquid droplets within cartridges (2) by electrowet-
ting and for carrying out a particular assay or experiment.

The swappable electrode board (41) of Claim 11, characterized in that the

electrical board contact elements (42) are configured as rigid plates or knolls

that substantially extend on at least one border (44) of the bottom substrate

(11) in a direction perpendicular to the first plane in which the least one elec-
trode array (9) of the swappable electrode board (41) substantially is extend-
ing.

The swappable electrode board (41) of Claim 11, characterized in that the
electrical board contact elements (42) are configured as rigid plates or knolls
that substantially extend on a lower side and close to a border (44) of the bot-
tom substrate (11) in a direction parallel to the first plane in which the least

one electrode array (9) substantially is extending.

The swappable electrode board (41) of Claim 11, characterized in that it
comprises an electronic chip and dedicated software for carrying out a particu-
lar experiment or assay, wherein the chip and dedicated software of this swap-
pable electrode board (41) are configured for automatically updating software
contained in the base unit (7) of a digital microfluidics system (1) when insert-
ing the swappable electrode board (41) into a base unit (7) of the digital mi-
crofluidics system (1).
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16. The swappable electrode board (41) of Claim 11, characterized in that at

17.

18.

least the electrode array (9) is covered by a dielectric layer (24).

A method for manipulating samples in liquid droplets (23) that adhere to a hy-
drophobic surface (17), the method comprising the steps of:

(a) providing a digital microfluidics system (1) according to Claim 1;

(b) providing a cartridge (2) according to claim 6; and

(¢) providing a swappable electrode board (41) according to Claim 10,
characterized in that the swappable electrode board (41) comprises an elec-
trode array (9) that is configured for carrying out a particular assay or ex-
periment within the gap (6) of the cartridge (2), during which assay or ex-
periment samples in liquid droplets (23) that adhere to a hydrophobic surface
(17) are manipulated within the gap (6) by electrowetting.

A method for manipulating samples in liquid droplets (23) that adhere to a hy-
drophobic surface (17), the method comprising the steps of:

(a) providing a digital microfluidics system (1) according to Claim 1;

(b) providing a cartridge (2) according to claim 6; and

(c) selecting a swappable electrode board (41) according to Claim 11,
characterized in that the swappable electrode board (41) comprises an elec-
trode array (9) that is configured for carrying out a particular assay or ex-
periment within the gap (6) of the cartridge (2), during which assay or ex-
periment samples in liquid droplets (23) that adhere to a hydrophobic surface
(17) are manipulated within the gap (6) by electrowetting.
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