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(57) Abstract: A cartridge (1) for manipulating samples in liquid droplets with an electrode array (20) when a working film (10) of

00 the cartridge (1) is placed on said electrode array (20). The cartridge (1) comprises a body (2,2',2") with a lower surface (4) and a
number of wells (5) configured to hold therein reagents (6) or samples (6'). Each well (5) comprises a bottom opening (73) for re -

00o leasing a liquid from the well (5). The cartridge (1) comprises a piercable bottom structure (8) configured to seal bottom openings
(73) of the wells (5); a working film (10) located below the lower surface (4) of the body (2,2',2"), the working film (10) comprising
a hydrophobic upper surface ( 11); a peripheral spacer (9) connecting the working film (10) to the body (2,2',2"); and a gap (12)
between the lower surface (4) of the body (2,2',2") and the hydrophobic upper surface ( 11) of the working film (10), the gap (12) be -

o ing defined by the peripheral spacer (9). The cartridge further comprises at least one top piercing system (60), each located within at
least one of the wells (5). Each top piercing system (60) comprises a piston (61) and a piercing element (13), the piston (61) being
configured to be movable within said well (5) while proving a seal between the piston (61) and the inner wall of the well (5), and the

o piercing element (13) being configured to pierce the piercable bottom structure (8) for releasing a reagent or sample (6,6') from said
at least one well (5) into the gap (12) upon moving the piston (61) within the well (5) toward its bottom opening (73).



Cartridge and system for manipulating samples in liquid droplets

Cross-Reference to related applications

This application is an international patent application which relates to the US patent

application No. 13/188,584. This application further relates to the US patent appli

cation No. 13/304,481. All cited applications are hereby incorporated by reference

in their entirety.

Field of technology

The present invention relates to a cartridge with a polymer film for manipulating

samples in liquid droplets thereon and at least one piercing element for releasing a

reagent or sample onto the polymer film. The invention further relates to a liquid

droplet manipulation system comprising such a cartridge, an electrode array sup

ported by a substrate, and a central control unit for controlling the selection of ind i

vidual electrodes and for providing them with individual voltage pulses for manipu

lating liquid droplets by electrowetting.

The analysis of biological material such as tissue samples or microorganisms, in

particular nucleic acids or proteins, is well established in various fields, especially in

the field of scientific research, pharmacological screening or forensic sciences, and

medical diagnostics. Adequate methods have been developed for different purpos

es, each method requiring a special set of reaction reagents and devices for the

performance of the respective method. However it remains a challenge to adopt ex

isting analysis procedures to the different conditions and requirements present in

each field. For example in criminal forensics, a relatively small amount of material

t o be analyzed is usually available. Additionally, the quality of such material can be

rather low, placing additional challenges on the involved personnel. Thus, the pro-



cedures need t o be specifically adapted to these conditions. On the other hand, for

laboratory diagnostic procedures the biological material is usually available in suff i

cient amounts, but the required methods are to be adopted individually depending

on the underlying question to be solved.

For the first steps of the analysis of biological material, there are methods required,

which per se are well known in the art. Material of interest is collected e.g. from a

crime scene (in criminal forensics) or from a patient (for diagnostic purposes). Such

materials can be tissue samples (such as oral mucosa cells, hair follicles) or bodily

fluids (such as blood, sputum, etc.). This starting material then requires further

processing to make nucleic acids or proteins available for the analysis. Typically, a

lysis step is initially applied for these purposes, involving for example the applica

tion of heat, a certain enzymatic activity, and/or the application of specific chemi

cals. The cell lysis is followed by a purification of the nucleic acid or protein of inter-

est from the additional cellular material. I n the case where the nucleic acid is t o be

analyzed, an amplification step might be advisable to increase the sample yield.

Nucleic acid amplification is typically achieved by the polymerase chain reaction

(PCR). This method allows the amplification of specific, predefined nucleic acid se

quences by the use of sequence-specific primer. Depending on the question to be

solved, the amplified material might be further analyzed for example by sequenc

ing.

With the progresses in the reliability and simplification of such methods, for exam

ple by the use of kits, these methods have become standard procedures in these

different fields. Together with an increasing demand for diagnostics based on m o

lecular level, there is an increasing need for the automated processing of relevant

samples, starting with an initial biological sample through to the final analysis.

Related prior art

Automated liquid handling systems are generally well known in the art. An example

is the Freedom EVO® robotic workstation from the present applicant (Tecan

Schweiz AG, Seestrasse 103, CH-8708 Mannedorf, Switzerland). This device ena

bles automated liquid handling in a stand-alone instrument or in automated con

nection with an analytical system. These automated systems typically require larger



volumes of liquids (microliter t o milliliter) t o process. They are also larger systems

that are not designed to be portable.

A portable device for lysing and/or purifying biological samples is known from WO

2007/061943. The processing of nucleic acids is performed within a cartridge

chamber using electrodes arranged on the two sides, thus processing biological m a

terial by electrolysis, electroporation, electro-osmosis, electrical kinetic or resistive

heating. The cartridge further comprises sieving matrixes or membranes. By the

use of adequate buffers and other reagents, in combination with the application of

the electrodes, various reactions can be performed within the chamber, and desired

products can be directed for example to collecting membranes. I f the sequences of

nucleic acids are analyzed, the number of sequences analyzed in parallel is limited

to the number of probes. Typically, the number of probes that can be worked on is

limited to four different wavelengths that an associated instrument can detect in

parallel. The cartridge itself can be placed into an integrated system comprising the

required control elements and energy sources. Although this cartridge provides a

system to at least partially control the sample processing electronically, interven

tion of an investigator or of technical lab staff is still required.

Other approaches to deal with the automated processing of biological samples orig

inate from the field of microfluidics. This technical field generally relates to the con

trol and manipulation of liquids in a small volume, usually in the micro- or

nanoscale format. Liquid movement in a channel system is known per se as, e.g.

being controlled by micro pumps in stationary devices or centripetal forces in rotat-

ing labware. I n digital microfluidics, a defined voltage is applied t o electrodes of an

electrode array, so that individual droplets are addressed (electrowetting). For a

general overview of the electrowetting method, please see Washizu, IEEE Transac

tions 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 arrays of microelectrodes, preferably covered by a hydrophobic lay

er. 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 e lec

trodes, 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 procedures, two principle ways t o arrange the electrodes are known :

using one single surface with an electrode array for inducing the movement of

droplets or adding a 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 processing can be carried out within considerably shorter time. Fur

thermore the control of the liquid movement can be completely under electronic

control resulting in automated processing of samples.

A device for liquid droplet manipulation by electrowetting using one single surface

with an electrode array (a 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 volt

age source is connected t o the electrodes. The droplet is moved by applying a volt-

age t o subsequent electrodes, thus guiding the movement of the liquid droplet

above the electrodes according t o the sequence of voltage application t o the e lec

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 drive electrodes of the

electrode array are preferably arranged in an interdigitated relationship with each

other by projections located at the edges of each single electrode. The two oppos-

ing arrays form a gap. The surfaces of the electrode arrays directed towards the

gap are preferably covered by an electrically insulating, hydrophobic layer. The l iq

uid droplet is positioned in the gap and moved within a non-polar filler fluid by con

secutively applying a plurality of electric fields t o a plurality of electrodes positioned

on the opposite sites of the gap.

The use of such an electrowetting device for manipulating liquid droplets in the con

text of the processing of biological samples is known from the US patent application

No. 2007/0217956 Al. Here it is suggested t o amplify nucleic acids on a printed

circuit board for example through thermocycling. The droplets are transported on



an array of electrodes by applying a potential between a reference electrode and

one or more drive electrodes. The sample is placed into a reservoir on the printed

circuit board, and droplets are dispensed on said printed circuit board.

However, none of the above cited devices allow the fully automated processing of

nucleic acids starting from collected material up to the final analysis in the small

volume scale. An additional disadvantage of the presented devices comes with the

nature of such arrangements of electrode arrays, being generally expensive in pro

duction, thus being rather non-disposable in use. A continuous re-use of the same

device for different biological samples and applications however bears the risk of

cross-contaminating the samples of interest, which could lead t o false results.

Therefore, such devices are not suited for high-throughput assays.

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

t o 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

and the film are reversibly attached t o 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 t o control a guided movement of

said liquid droplet on the hydrophobic upper surface of the flat polymer film by

electrowetting and t o process there the biological sample.

For providing liquids t o the electrowetting process, it is desirable t o store a respec

tive liquid already in the corresponding electrowetting system. I n this way, the liq

uid may be provided for droplet generation and manipulation at the time and place

where appropriate and required. However, when storing liquids directly in the



electrowetting device, mechanisms are required which allow on the one hand a safe

storage without the stored liquid leaking out when the device is e.g. moved or

transported. On the other hand, release of the liquid shall be enabled in a reliable

and simple manner that allows the instrument and cartridge t o be low-cost but

without losing safety during storage.

An instrument for manipulating liquid samples using electrowetting technique and

including a liquid storage and release mechanism is known from WO 2009/111769

A2. Here, the top substrate of a droplet actuator, which is positioned above the

electrode array for forming a gap, comprises one or more reservoirs for storing liq

uid samples. The stored liquid may be released into the gap via a lower opening in

the gap. For closing the reservoir toward the gap, a plug or another removable bar

rier is located within that opening, which may be punctured, removed or dissolved

for releasing the liquid flow path t o the gap, the plug. The upper opening may be

sealed by a removable cap. I n particular in view of the relatively small size of such

a droplet actuator and included liquid reservoirs and openings, using a tiny plug

and cap provides a rather complicated solution for closing and opening the reser

voir.

Objects and summary of the present invention

I t is an object of the present invention t o suggest an alternative cartridge with a

working film and at least one piercing element for manipulating samples in liquid

droplets with an electrode array when the working film of the cartridge is placed

thereon. I t is another object of the present invention t o suggest an appropriate liq-

uid droplet manipulation system with an electrode array on which the inventive car

tridge can be positioned for manipulating samples in liquid droplets on the working

film of the inventive cartridge.

This object is achieved according t o a first aspect in that a cartridge is suggested

with a working film and at least one piercing element for manipulating samples in

liquid droplets with an electrode array when the working film of the cartridge is

placed on said electrode array. The invention is characterized in that the cartridge

comprises:



a) a body that comprises an upper surface, a lower surface, and a number of wells

configured to hold therein reagents or samples, each well comprising a top

opening, and a bottom opening for releasing a liquid from the well;

b) a piercable bottom structure impermeable t o liquids and configured to seal at

least one of the bottom openings of the wells;

c) a working film located below the lower surface of the body, the working film be

ing impermeable to liquids and comprising a hydrophobic upper surface;

d) a peripheral spacer located below the lower surface of the body and connecting

the working film to the body; and

e) a gap between the lower surface of the body and the hydrophobic upper surface

of the working film, the gap being defined by the peripheral spacer.

The cartridge according to the invention further comprises:

f) at least one top piercing system, each located within at least one of the wells

for releasing a reagent or sample from said at least one well into the gap;

wherein each top piercing system comprises a piston and a piercing element, the

piston being configured to be movable within said well while providing a seal be

tween the piston and the inner wall of the well, and the piercing element being con

figured as a thorn located at a lower side of the piston and being configured to

pierce the piercable bottom structure for releasing a reagent or sample from said at

least one well into the gap upon moving the piston within the well toward its bot

tom opening.

This object is achieved according to a second aspect in that a liquid droplet manipu

lation system comprising a substrate and an electrode array is suggested on top of

which the inventive cartridge can be positioned for manipulating samples in liquid

droplets on the working film of the inventive cartridge and for releasing a liquid

droplet onto the working film. The system further comprises a central control unit

for controlling the selection of individual electrodes of the electrode array and for

providing the electrodes with individual voltage pulses for manipulating liquid drop-

lets by electrowetting.

Additional and inventive features derive from the dependent claims in each case.



Advantages of the cartridge according to the present invention comprise:

• The cartridge is designed to physically match for numerous different assays

and is therefore generic for a variety of different assays.

• The disposable cartridge is designed for single use only and is provided pre-

loaded with prepared treatment liquids and/or reagents in a number and

quantity sufficient for the planned assay.

• The cartridge is designed for safe intake of specimens such as a buccal swab

head, a piece of tissue or blotting paper, liquid samples like blood and the like.

• The electrode array is completely separate from the cartridge and can be re-

used a very large number of times.

• The electrode array preferably is of variable design according to the assay that

is t o be carried out.

• The electrode array is not touched by specimen material, samples, or reagents

and is thus clean at all times.

· With the cartridge and system according to the invention, a single sample can

be split into multiple droplets. This enables:

• individual manipulation of single droplets;

• performing separate reactions in each one of these droplets;

• processing each droplet differently and individually; e.g. nucleic acid am-

plification can be performed and different Single Nucleotide Polymor

phism (SNP) can be analyzed in nucleic acid samples in each droplet;

• some of the droplets of a sample can be processes for nucleic acid analy

sis and other droplets from the same sample can be provided for an im

munoassay or reference samples;

· analysis of a large number of droplets can be performed with the applica

tion of a single wavelength, e.g. the number of sequences analyzed in

parallel is only limited by the common area of the cartridge and system

according to the invention and not by the instrument optics.

• Liquid reagents or samples may be stored and released inside the cartridge in

a simple and safe manner, so that required reagents are available for a m a

nipulation process at the required time without the need of disrupting the pro

cess by a complicated pipetting process which might involve the separating

the cartridge from the electrode array.



• Liquid reagents or samples are kept inside a cartridge throughout all experi

ments and then safely discarded together with the cartridge.

Brief introduction of the drawings

The cartridge and system for manipulating samples in liquid droplets according to

the present invention are now explained in more detail with the help of the at

tached drawings that show preferred, exemplary embodiments relating to the in

vention (Figures 1 to 9) and according to the present invention (Figures 10 t o 14)

and that are not intended to narrow the scope of the invention. It is shown in :

Fig. 1 a vertical cross-section through a frame structured cartridge according to a

first related embodiment with a central opening closed by a bottom por

tion, with a number of wells and a working film contacted by a separate

peripheral spacer; the cartridge is almost in contact with the electrode ar

ray of a system for liquid droplet manipulation;

Fig. 2 a vertical cross-section through a plate-like structured cartridge according

to a second related embodiment with a number of wells and a working film

contacted by an integrated peripheral rim; the cartridge is almost in con

tact with the electrode array of a system for liquid droplet manipulation;

Fig. 3 a vertical cross-section through a frame structured cartridge according to a

third related embodiment with a central opening across the body, with a

number of wells and a working film contacted by a separate peripheral

spacer; the cartridge is almost in contact with the electrode array of a sys

tem for liquid droplet manipulation;

Fig. 4 a vertical cross-section through the frame structured cartridge according

to the third related embodiment of Fig. 3; the cartridge is in contact with

the electrode array of a system for liquid droplet manipulation, the

piercable bottom structure of one well is open and some of its content is

pressed into the gap between the working film and a cover layer;



a vertical cross-section through a frame structured cartridge according to a

fourth related embodiment with a central opening across the body, with a

number of wells and a working film contacted by a separate peripheral

spacer; the cartridge is in contact with the electrode array of a system for

liquid droplet manipulation; the piercable bottom structure of one well is

open and some of its content is pressed into the gap between the working

film and a cover layer that is configured as a rigid cover here;

a 3D top view of a frame-like cartridge according to the third or fourth re-

lated embodiment with an intake device in a passive position;

a bottom view of a frame-like cartridge according to the third or fourth re

lated embodiment of Fig. 6 with an intake device in a passive position;

detailed 3D views of the specimen intake of a frame-like cartridge accord

ing t o the third or fourth related embodiment, wherein it is shown in :

Fig. 8A a semi cross-section of the specimen intake of the frame-like car

tridge with a partially inserted intake device in the active position;

Fig. 8B a semi cross-section of the specimen intake of the frame-like car-

tridge and of the partially inserted intake device in the active po

sition;

a top view of an electrode layout of a system for liquid droplet manipula

tion that is configured for receiving a frame-like cartridge according to the

third or fourth related embodiment, the layout being particularly conf ig

ured to match for lysis of cellular material, for extraction and PCR amplif i

cation of DNA fragments, for hybridization experiments for genotyping,

and for optical detection.

a vertical cross section through a frame structured cartridge in a fifth em

bodiment and according to the present invention having a central opening

across the body closed by a bottom portion of the body, with a working

film and one exemplarily shown well having a top piercing system accord

ing t o a first embodiment; the cartridge is in contact with the electrode ar-



ray of a system for liquid droplet manipulation; the piercable bottom st ruc

ture is configured as a piercable bottom foil.

g . 11 an overview of the different selected embodiments of the top piercing sys

tem according t o the present invention, wherein it is shown in :

Fig. 11A a 3D view of a top piercing system with the piston having a Ph il

lips head shaped thorn and a through hole;

Fig. 11B a piston-thorn combination made in one piece, the piston having

a circular groove for receiving a gasket and being configured

relatively flat;

Fig. llC a piston-thorn combination made in one piece, the piston having

a circular groove for receiving a gasket in form of a lip seal;

Fig. 11D a piston with a thorn at its lower front, the piston being com

posed of multiple parts and having circular grooves for receiving

in each groove a gasket;

Fig. H E a piston-thorn combination made in one piece, the piston having

a circular groove for receiving a gasket, while the front side of

the piston comprises a tapered portion;

Fig. 11F a piston with a thorn at its lower front, made of multiple parts,

the piston having an flange for receiving a quad-ring or an o-

ring as a gasket, and a front side with a tapered portion;

Fig. 11G a piston-thorn combination made in one piece, the piston having

a flange for receiving a gasket in the form of a bellow, with the

thorn being connected t o the piston in that its longitudinal axis

runs in an angle with respect t o the longitudinal axis of the p is

ton;

Fig. 11H a 3D view of a top piercing system with a Philips head shaped

thorn, the lower part of the piston and the thorn having a

frustoconical shape.

g . 12 an overview of different selected embodiments of the thorn, wherein it is

shown in :

Fig. 12A a thorn having a short cylindrical neck portion and a long cone-

shaped tip portion;



Fig. 12B a thorn having a longer cylindrical neck portion and a shorter,

cone-shaped tip portion;

Fig. 12C a thorn having a cylindrical neck portion and a Phillips head-

shaped tip portion;

Fig. 12D a thorn having a conical neck portion and a short Phillips head

shaped tip portion;

Fig. 12E a thorn having a cylindrical neck portion and an off-center tip,

which is cut from the neck by an oblique plane;

Fig. 12F a thorn having a short cylindrical neck portion and a long cone-

shaped tip portion as shown in Fig. 12A, having additionally a

guiding channel located eccentrically t o the tip;

Fig. 12G a thorn having a neck portion and a tip portion on a star-like ba

ses with guiding channels provided by the inner edges of the

star;

Fig. 12H a thorn having a cylindrical neck portion and an off-center tip,

which is similarly formed as shown in Fig. 12E, but with an addi

tional chamfer.

a vertical cross section through a plate-like structured cartridge, with a

working film and two exemplarily shown wells, each having a top piercing

system; the cartridge being almost in contact with the electrode array of a

system for liquid droplet manipulation and being enwrapped by an elon

gated working film for protection; the cartridge comprising the piercable

bottom structure configured as a piercable bottom foil, a cover layer for

the gap and a thorn relief spacer layer arranged in-between;

a vertical cross section through a plate-like structured cartridge, with a

two-layered working film and two exemplarily shown wells, each having a

top piercing system; the cartridge comprising a piercable bottom foil and a

cover layer which additionally provides a relief opening for the thorn.



Description of preferred embodiments of the invention

The Figure 1 shows a vertical cross-section through a frame structured cartridge 1

according to a first related embodiment with a central opening 14 closed by a bot

tom portion 16, with a number of wells 5 and a working film 10 contacted by a pe-

ripheral spacer 9 that is configured as a separate peripheral element 9". The car

tridge 1 is almost in contact with the electrode array 20 of a system 40 for liquid

droplet manipulation.

This cartridge 1 comprises a working film 10 for manipulating samples in liquid

droplets with an electrode array 20 when the working film 10 of the cartridge 1 is

placed on said electrode array 20. This cartridge 1 also comprises a body 2, which

body 2 preferably comprises an essentially flat lower surface 4 . According to the

first related embodiment, the body 2 is configured as a frame structure 2" with a

central opening 14. The body 2 comprises an upper surface 3, a lower surface 4,

and a number of wells 5 configured to hold therein reagents 6 or samples 6'. Pref

erably the material of the body 2 is of an inert plastic material that is impermeable

to liquids and that does not take up or interfere with the liquids or samples con

tained in the wells 5 . Preferred materials for injection molding of the body 2 in the

form of a frame structure 2" comprise cyclic olefin copolymer (COC), cyclic olefin

polymer (COP), polypropylene, polystyrene, polycarbonate, and glass. Preferred

production techniques other than injection molding comprise cutting and/or punch

ing of e.g. polytetrafluorethylene or polytetrafluorethen (PTFE).

This cartridge 1 also comprises a flexibly deformable top structure 7 that is imper-

meable to liquids and that is configured to seal a top side of the wells 5 . Preferably

an as depicted, the flexibly deformable top structure 7 is configured as a flexible foil

that is sealingly attached to the upper surface 3 of the frame structure 2". The f lex

ible foil preferably is made of an elastomeric material, such as a rubber or a t her

moplastic elastomer (TPE) membrane and preferably is sealingly attached to the

upper surface 3 of the frame structure 2" by welding. Alternatively, the flexibly de

formable top structure 7 is configured as a flexible top portion of the body 2 that is

integrated in the frame structure 2" (not shown). I n this case, the body material

preferably is TPE.



This cartridge 1 also comprises a piercable bottom structure 8 that is impermeable

to liquids and that is configured to seal a bottom side of the wells 5 . As depicted

here, the piercable bottom structure 8 is configured as a piercable bottom portion

of the body 2 that is integrated in frame structure 2". I n this case, the body mate-

rial preferably is TPE. Alternatively, the piercable bottom structure 8 is configured

as a piercable foil that is sealingly attached to the lower surface 4 of the frame

structure 2" (as shown in Figure 10). I n this case, the piercable foil preferably is

made of an elastomeric material, such as a rubber or a thermoplastic elastomer

(TPE) membrane.

This cartridge 1 also comprises a working film 10 that is located below the lower

surface 4 of the body 2,2". The working film 10 is impermeable to liquids and com

prises a hydrophobic upper surface 11, on which the droplets are to be moved by

electrowetting techniques.

According to a first preferred embodiment, the working film 10 is configured as a

monolayer of a hydrophobic material :

I n the preferred embodiment depicted in Fig. 1, the monolayer of hydrophobic ma-

terial is also electrically insulating (so that the working film 10 electrically isolates

each one of the individual electrodes 44 of the electrode array 20). Thus, the car

tridge 1 can directly be placed with its working film 10 on top of the electrode array

20 without any need of an additional dielectric layer. Preferred materials for pro

ducing such a preferred dielectric/hydrophobic working film 10 are selected from

the group comprising fluorinated ethylene propylene (FEP) such as perfluor-

ethylenepropylene copolymer; perfluoralcoxy polymers and copolymers (PFA); cy

clic olefin polymers and copolymers (COP); and polyethylene (PE).

I f the monolayer of hydrophobic material however is not electrically insulating (so

that working film 10 would cause shortage between the individual electrodes 44 of

the electrode array 20) the cartridge 1 must be placed with its working film 10 on

top of the electrode array 20 with an additional dielectric layer located between the

electrode array 20 and the working film 10 (not shown). Such an additional dielec

tric layer could be attached to the lower surface of the working film 10 or to the



upper surface or surface level 48 of the individual electrodes 44 (not shown). Alter

natively, an additional dielectric layer could be provided as a separate dielectric

sheet that is t o be positioned on the electrode array 20 before the cartridge 1 is

placed thereon with its working film 10 (not shown). A preferred material for pro-

ducing such a working film 10 of a monolayer of hydrophobic non-dielectric material

is for example polytetrafluorethylene or polytetrafluorethen (PTFE).

According to a second preferred embodiment, the working film 10 is configured as a

monolayer of electrically non-conductive material of which the upper surface 11 is

treated to be hydrophobic. The cartridge 1 can directly be placed with its working

film 10 on top of the electrode array 20 without any need of an additional dielectric

layer. Such treatment can be coating the monolayer of electrically non-conductive

material with silanes (Marcia Almanza-Workman et al. 2002).

According to a third preferred embodiment, the working film 10 is configured as a

laminate comprising a lower layer and a hydrophobic upper layer, the lower layer

being electrically conductive or non-conductive:

Similar as shown in Fig. 1, the laminate of the working film 10 preferably comprises

a dielectric lower layer and a hydrophobic upper layer, so that the working film 10

electrically isolates each one of the individual electrodes 44 of the electrode array

20. Alternatively, a third layer of hydrophobic material can be laminated to the low

er side of the dielectric layer so that a sandwich is formed comprising a dielectric

layer that is located between two hydrophobic layers. I n any case, the cartridge 1

can directly placed with its working film 10 on top of the electrode array 20 without

any need of an additional dielectric layer. Preferred material combinations for pro

ducing such a preferred laminate working film 10 comprising at least one dielectric

and at least one hydrophobic layer are e.g. selected from fluorinated ethylene pro

pylene (FEP) such as perfluorethylenepropylene copolymer for the hydrophobic lay-

er and polyimides (PI) like Kapton® of DuPont for the dielectric layer.

I f however the laminate of the working film 10 comprises a lower layer of a non-

dielectric material (so that working film 10 would cause shortage between the ind i

vidual electrodes 44 of the electrode array 20) the cartridge 1 must be placed with



its working film 10 on top of the electrode array 20 with an additional dielectric lay

er located between the electrode array 20 and the working film 10. Such an addi

tional dielectric layer could be attached to the lower surface of the working film 10

or to the upper surface or surface level 48 of the individual electrodes 44 (not

shown). Alternatively, an additional dielectric layer could be provided as a separate

dielectric sheet that is t o be positioned on the electrode array 20 before the car

tridge 1 is placed thereon with its working film 10 (not shown).

I f there actually is a need t o place an additional dielectric layer between the elec-

trode array 20 of a system 40 for liquid droplet manipulation and the working film

of the cartridge according to the present invention or if there is no such need, it

may be preferred to cover the electrode array with an additional dielectric layer just

in order to facilitate cleaning of the electrode array 20 of a system 40 for liquid

droplet manipulation and for protecting the individual electrodes from being wetted

(electrically connected) oxidation or damage.

This cartridge 1 also comprises a peripheral spacer 9 that is located below the lower

surface 4 of the body 2,2',2" and that connects the working film 10 t o the body

2,2',2". This cartridge 1 also comprises a gap 12 between the lower surface 4 of the

body 2,2',2" and the hydrophobic upper surface 11 of the working film 10. This gap

12 is defined by the peripheral spacer 9 . Preferably, the peripheral spacer 9 is con

figured as a peripheral rim 9' that surrounds an area of the gap 12 and that is int e

grally formed with the body 2 (see Fig. 2). Alternatively and as shown in Fig. 1, the

peripheral spacer 9 is configured as a separate peripheral element 9" that sur-

rounds the gap 12 and that is attached to the lower surface 4 of the body 2 that

here is configured as a frame structure 2". As depicted, the working film 10 prefer

ably is attached to the separate peripheral element 9" of the frame structure 2".

Preferably, and as large and numerous as necessary, the cartridge 1 comprises in-

termediate spacers 15 that are located within the area of the gap 12 and that are

attached to the lower surface 4 of the body 2 of the frame structure 2". These in

termediate spacers preferably have the same height as the separate peripheral e l

ement 9" and preferably define the same gap dimension.



This cartridge 1 also comprises a number of piercing elements 13 that are located

below piercable bottom structures 8 and that are configured to pierce the piercable

bottom structures 8 for releasing reagents or samples 6,6' from the wells 5 into the

gap 12. I n the embodiment of the cartridge as depicted in Fig. 1, the piercing ele-

ments 13 are located within the area of the gap 12 and are integrally formed with

the spacer 9 that is configured as a separate ring-like element 9" and that sur

rounds the gap 12. Preferably, the piercing elements 13 are located below a well 5

or an intake recess and are configured to pierce at least the piercable bottom st ruc

ture 8 when actuated by an actuating element 4 1 of a system 40 for liquid droplet

manipulation. The actuating elements 4 1 preferably are guided in their movements

by a guiding channel 45.

Preferably, the central opening 14 of the frame structure 2" is configured as a de

pression in the upper surface 3 of the body 2 leaving a bottom portion 16 of the

body 2 that is integrally formed with the frame structure 2" to form the substant ial

ly flat lower surface 4 of the body 2 . Therefore, it is shown in Fig. 1 that the gap 12

extends between the lower surface 4 of the body 2 and the upper, hydrophobic sur

face 11 of the working film 10.

Preferably, the substrate 42 comprises at least one optical fiber 21 for bringing light

to a droplet 23 (here only indicated in dotted lines) in the gap 12 and/or for guiding

light away from a droplet 23 in the gap 12. I n Fig. 1, a so called bottom reading op

tical system is indicated by the optical fiber 21. With this optical system, excitation

light (originating from a light source (not shown) can be brought through an indi-

vidual electrode 44 that is optically transparent (not shown) or that comprises a

through hole (shown). The excitation light then penetrates the working film 10 that

needs t o be optically transparent and enters the droplet 23 with sample material in

it. I f the sample material comprises a fluorophor, this fluorophor will emit f luores

cence that then is detected by the optical bottom reading system and a detector

connected to the latter. Accordingly, the bottom reading system in the embodiment

shown in Fig. 1 is configured to send excitation light to the sample and t o receive

and detect fluorescence emitted by the sample. Preferably the optical fiber 21 is in

tegrated into the substrate 42 of the electrode array 20 of the system 40 for the



manipulation of droplets. This substrate also comprises electrical lines that link the

individual electrodes 44 with a central control unit 43 of the system 40.

Figure 2 shows a vertical cross-section through a cartridge 1 with a body 2 that is

configured as a plate-like structure 2' according to a second related embodiment.

This cartridge 1 comprises a number of wells 5 and a working film 10 that is con

tacted t o the body 2 by an integrated peripheral rim 9'. The cartridge 1 is almost in

contact with the electrode array 20 of a system 40 for liquid droplet manipulation.

This cartridge 1 also comprises a working film 10 for manipulating samples in liquid

droplets with an electrode array 20 when the working film 10 of the cartridge 1 is

placed on said electrode array 20. This cartridge 1 also comprises a body 2, which

body 2 preferably comprises an essentially flat lower surface 4 . According t o the se

cond embodiment, the body 2 is configured as a plate-like structure 2'. The body 2

comprises an upper surface 3, a lower surface 4, and a number of wells 5 config-

ured t o hold therein reagents 6 or samples 6'. Like for the frame structure of the

first embodiment, the material of the body 2 preferably is of an inert plastic materi

al that is impermeable t o liquids and that does not take up or interfere with the liq

uids or samples contained in the wells 5 . The same plastic materials for injection

molding of the body 2 as for the frame structure 2" are also preferred for producing

the plate-like structure 2' of this embodiment.

This cartridge 1 also comprises a flexibly deformable top structure 7 that is imper

meable t o liquids and that is configured t o seal a top side of the wells 5 . Preferably

an as depicted in Fig. 2, the flexibly deformable top structure 7 is configured as a

flexible top portion of the body 2 that is integrated in the plate-like structure 2'.

The material for injection molding of the body 2 and it's flexible top portion prefer

ably is TPE. Alternatively, the flexibly deformable top structure 7 is configured as a

flexible foil that is sealingly attached t o the upper surface 3 of the plate-like st ruc

ture 2'. The flexible foil preferably is made of an elastomeric material, such as a

rubber or a thermoplastic elastomer (TPE) membrane and preferably is sealingly at

tached t o the upper surface 3 of the plate-like structure 2' by welding.

This cartridge 1 also comprises a piercable bottom structure 8 that is impermeable

t o liquids and that is configured t o seal a bottom side of the wells 5 . Preferably and



as depicted, the piercable bottom structure 8 is configured as a piercable foil that is

sealingly attached to the lower surface 4 of the plate-like structure 2'. This

piercable foil preferably is made of an elastomeric material, such as a rubber or a

thermoplastic elastomer (TPE) membrane. Alternatively, the piercable bottom

structure 8 is configured as a piercable bottom portion of the body 2 that is int e

grated in the plate-like structure 2' (not shown). I n this case, the body material

preferably is TPE.

This cartridge 1 also comprises a working film 10 that is located below the lower

surface 4 of the body 2,2". The working film 10 is impermeable to liquids and com

prises a hydrophobic upper surface 11, on which the droplets are to be moved by

electrowetting techniques. All embodiments of the working film 10 as well as the

additional dielectric layer as described in connection with Fig. 1 are also preferred

for the cartridge depicted in Fig. 2 .

This cartridge 1 also comprises a peripheral spacer 9 that is located below the lower

surface 4 of the body 2,2',2" and that connects the working film 10 t o the body

2,2',2". This cartridge 1 also comprises a gap 12 between the lower surface 4 of the

body 2,2',2" and the hydrophobic upper surface 11 of the working film 10. This gap

12 is defined by the peripheral spacer 9 . Here, the peripheral spacer 9 preferably is

configured as a peripheral rim 9' that surrounds an area of the gap 12 and that is

integrally formed with the body 2 . Alternatively and as shown in Fig. 1, the periph

eral spacer 9 is configured as a separate peripheral element 9" that surrounds the

gap 12 and that is attached to the lower surface 4 of the body 2 that here is config-

ured as a frame structure 2". As depicted, the working film 10 preferably is at

tached to the peripheral rim 9' of the plate-like structure 2'.

Preferably, and as large and numerous as necessary, the cartridge 1 comprises in

termediate spacers 15 that are located within the area of the gap 12 and that are

integrally formed with the plate-like structure 2'. These intermediate spacers 15

preferably have the same height as the peripheral rim 9' and preferably define the

same gap dimension.



This cartridge 1 also comprises a number of piercing elements 13 that are located

below piercable bottom structures 8 and that are configured to pierce the piercable

bottom structures 8 for releasing reagents or samples 6,6' from the wells 5 into the

gap 12. I n the embodiment of the cartridge as depicted in Fig. 2, the piercing ele-

ments 13 are located within the area of the gap 12 and close t o the peripheral rim

9'. The piercing elements 13 here are attached to the peripheral rim 9' and/or t o

the lower surface 4 of the body 2 of the plate-like structure 2'. Preferably, the

piercing elements 13 are located below a well 5 or an intake recess and are conf ig

ured to pierce at least the piercable bottom structure 8 when actuated by an actu-

ating element 4 1 of a system 40 for liquid droplet manipulation. The actuating e le

ments 4 1 preferably are guided in their movements by a guiding channel 45.

Preferably, the cartridge 1 comprises at least one optical fiber 21 for bringing light

t o a droplet 23 (here only indicated in dotted lines) in the gap 12 and/or for guiding

light away from a droplet 23 in the gap 12. I n Fig. 2, a so called top reading optical

system is indicated by the optical fiber 21. With this optical system, excitation light

(originating from a light source (not shown) can be directly brought into the droplet

23 with sample material in it. I f the sample material comprises a fluorophor, this

fluorophor will emit fluorescence that then is detected by the optical top reading

system and a detector connected to the latter. Accordingly, the top reading system

in the embodiment shown in Fig. 2 is configured to send excitation light t o the

sample and t o receive and detect fluorescence emitted by the sample. Preferably

the optical fiber 21 is integrated into the body 2 of the cartridge 1 . As already

shown in Fig. 1, the substrate 42 also comprises electrical lines that link the indi-

vidual electrodes 44 with a central control unit 43 of the system 40.

Figure 3 shows a vertical cross-section through a frame structured cartridge 1 ac

cording to a third related embodiment with a central opening 14 across the entire

height of the body 2 . The cartridge 1 comprises a number of wells 5 and a working

film 10 contacted by a spacer 9 that is configured as a separate peripheral element

9". The cartridge 1 is almost in contact with the electrode array 20 of a system 40

for liquid droplet manipulation.



This cartridge 1 comprises a working film 10 for manipulating samples in liquid

droplets with an electrode array 20 when the working film 10 of the cartridge 1 is

placed on said electrode array 20. This cartridge 1 also comprises a body 2, which

body 2 preferably comprises an essentially flat lower surface 4 . According to the

third related embodiment, the body 2 is configured as a frame structure 2" with a

central opening 14 that extends across the entire height of the body 2 . The body 2

comprises an upper surface 3, a lower surface 4, and a number of wells 5 conf ig

ured t o hold therein reagents 6 or samples 6'.

The lower surface 4 of the frame structure 2" of the body 2 is not completely flat:

The body 2 comprises an outer part 53 that is extended downwards. Instead of

having a completely flat spacer 9 in the form of a separate peripheral element 9",

this embodiment comprises a separate peripheral element 9" that is downwards

bent according to the lower surface of the body 2 .

The substrate 42, which is adapted to this special lower surface of the cartridge 1,

comprises a surface 49 which is offset to a surface level 48 of the electrodes 44

such that at least a part of the lower surface 4 of the body 2,2',2" or of the spacer

9 of the cartridge 1 to which the working film 10 is attached is movable beyond the

surface level 48 of the electrodes 44 for stretching the working film 10 on the elec

trodes 44.

Preferably the material of the body 2 is of an inert plastic material that is imperme

able t o liquids and that does not take up or interfere with the liquids or samples

contained in the wells 5 . The same plastic materials for injection molding of the

body 2 as for the frame structure 2" in Fig. 1 are also preferred for producing the

frame structure 2" of this embodiment.

This cartridge 1 also comprises a flexibly deformable top structure 7 that is imper-

meable to liquids and that is configured to seal a top side of the wells 5 . Preferably

and as depicted, the flexibly deformable top structure 7 is configured as a flexible

foil that corresponds to the flexible foil in Fig. 1.



This cartridge 1 also comprises a piercable bottom structure 8 that is impermeable

t o liquids and that is configured t o seal a bottom side of the wells 5 . Preferably and

as depicted, the piercable bottom structure 8 is configured as a piercable cover lay

er 19. This cover layer 19 is configured as a piercable foil that is sealingly attached

t o the lower surface 4 of the frame structure 2" in a way that the cover layer 19

closes the gap 12 on a side opposite t o the working film 10. Preferably, the lower

surface of the cover layer 19 is essentially flush with the lower surface 4 of the

frame structure 2".

Preferably the cover layer 19 is electrically conductive and is hydrophobic at least

on a surface directed t o the gap 12. The cover layer may also be chosen such that

the material of the cover layer 19 is from an electrically conductive and hydropho

bic material, e.g. PTFE. I n this case of an electrically conductive cover layer 19, a

cartridge 1 is preferred that comprises an electrical ground connection 54 which is

connected t o the cover layer 19 and which is attachable t o a ground potential

source of the system 40 for liquid droplet manipulation.

This cartridge 1 also comprises a working film 10 that is located below the lower

surface 4 of the body 2,2". The working film 10 is impermeable t o liquids and com-

prises a hydrophobic upper surface 11, on which the droplets are t o be moved by

electrowetting techniques. All embodiments of the working film 10 as well as the

additional dielectric layer as described in connection with Figs. 1 and 2 are also pre

ferred for the cartridge depicted in Fig. 3 .

This cartridge 1 also comprises a peripheral spacer 9 that is located below the lower

surface 4 of the body 2,2',2" and that connects the working film 10 t o the cover

layer 19 and t o the body 2,2',2". This cartridge 1 also comprises a gap 12 between

the cover layer 19 and the hydrophobic upper surface 11 of the working film 10.

This gap 12 is defined by the peripheral spacer 9 . Here, the peripheral spacer 9 is

configured as a separate peripheral element 9" that surrounds an area of the gap

12 (compare with Fig. 1). As depicted, the working film 10 preferably is attached t o

the separate peripheral element 9" of the frame structure 2".



Preferably, and as large and numerous as necessary, the cartridge 1 comprises in

termediate spacers 15 that are located within the area of the gap 12 and that are

attached to the lower surface of the cover layer 19 and/or to the hydrophobic upper

surface 11 of the working film 10. These intermediate spacers 15 preferably have

the same height as the separate peripheral element 9" and preferably define the

same gap dimension.

This cartridge 1 also comprises a number of piercing elements 13 that are located

below wells 5 or below an intake recess and that are configured to pierce the cover

layer 19 for releasing reagents or samples 6,6' from the wells 5 or the intake recess

into the gap 12. I n the embodiment of the cartridge as depicted in Fig. 3, the pierc

ing elements 13 are located similarly than shown in Fig. 1 . Preferably, the piercing

elements 13 are actuated by an actuating element 4 1 of a system 40 for liquid

droplet manipulation. The actuating elements 4 1 preferably are guided in their

movements by a guiding channel 45.

Here, the central opening 14 of the frame structure 2" is configured as a through

hole from the upper surface 3 to the lower surface 4 of the body 2 e 2". Here, the

cover layer 19 forms the substantially flat lower surface 4 of the body 2 .

Preferably, the substrate 42 comprises at least one optical fiber 21 for bringing light

to a droplet 23 (here only indicated in dotted lines) in the gap 12 and/or for guiding

light away from a droplet 23 in the gap 12. I n addition or alternately, it may be

preferred to provide a window 22 in the cover layer 19 at a place that is opposite

the gap 12 and in register with the entrance/exit opening of the optical fiber 21. I n

consequence, bottom reading (compare with Fig. 1) and/or top reading (compare

with Fig. 2) is enabled by the third embodiment of Fig. 3 . Preferably the optical f i

ber 21 is integrated into the substrate 42 of the electrode array 20 of the system

40 for the manipulation of droplets. This substrate also comprises electrical lines

that electrically connect the individual electrodes 44 with a central control unit 43 of

the system 40.



Figure 4 shows a vertical cross-section through the frame structured cartridge 1 ac

cording to the third related embodiment of Fig. 3 . The cartridge 1 is in contact with

the electrode array 20 of a system 40 for liquid droplet manipulation. The piercable

bottom structure in the form of a cover layer 19 is opened for one well 5 and some

of its content is pressed into the gap 12 between the working film 10 and the cover

layer 19.

Like the substrate 42 in Fig. 3, the substrate 42 here comprises an abutment sur

face 47 which is offset to a surface level 48 of the electrodes 44 such that a sepa-

rate peripheral element 9" of the cartridge 1 to which the working film 10 is at

tached, is movable beyond the surface level 48 of the electrodes 44 for additionally

stretching the working film 10 on the electrodes 44.

I n this preferred embodiment of a system 40 for liquid droplet manipulation, a

clamping mechanism 52 presses the cartridge 1 and its working film 10 onto the

surface 48 of the electrodes 44 and onto the surface 49 of the substrate 42.

Figure 5 shows a vertical cross-section through a frame structured cartridge 1 ac

cording to a fourth related embodiment with a central opening 14 across the body

2, with a number of wells 5 and a working film 10 contacted by a separate periph

eral spacer element 9". The cartridge 1 is in contact with the electrode array 20 of

a system 40 for liquid droplet manipulation. The piercable bottom structure 8 of one

well (the intake recess 25) is opened and some of its content is pressed into the

gap 12 between the working film 10 and a cover layer 19 that is configured as a

rigid cover 17 here. Rigidity is depending on the required thickness of the layer.

The material for this rigid cover preferably is Mylar® , a transparent, flexible polyes

ter foil on the basis of polyethylene terephthalat from DuPont. The rigid cover 17

may be coated on its underside with a layer of indium tin oxide (ITO) in order to

provide the rigid cover 17 with an electrically conductive layer that can be connect-

ed t o a ground potential source of the system 40 for liquid droplet manipulation.

This Fig. 5 also depicts a system 40 for liquid droplet manipulation that comprises a

cartridge 1 and an electrode array 20.



This cartridge 1 comprises a working film 10 for manipulating samples in liquid

droplets 23 with an electrode array 20 when the working film 10 of the cartridge 1

is placed on said electrode array 20. This cartridge 1 also comprises a body 2,

which body 2 preferably comprises an essentially flat lower surface 4, which is built

by rigid cover 17 here. According to the fourth related embodiment, the body 2 is

configured as a frame structure 2" with a central opening 14 that extends across

the entire height of the body 2 . The body 2 comprises an upper surface 3, a lower

surface 4, and a number of wells 5 and intake recesses 25 configured to hold t here

in reagents 6 or samples 6'.

Preferably the material of the body 2 is of an inert plastic material that is imperme

able to liquids and that does not take up or interfere with the liquids or samples

contained in the wells 5 . The same plastic materials for injection molding of the

body 2 as for the frame structure 2" in Figs. 1, 3, and 4 are also preferred for pro-

ducing the frame structure 2" of this embodiment.

This cartridge 1 also comprises a flexibly deformable top structure 7 that is imper

meable to liquids and that is configured to seal a top side of the wells 5 . Preferably

an as depicted, the flexibly deformable top structure 7 is configured as a flexible foil

that corresponds to the flexible foil in the Figs. 1, 3, and 4 .

This cartridge 1 also comprises a piercable bottom structure 8 that is impermeable

to liquids and that is configured to seal a bottom side of the wells 5 and intake re

cesses 25. Preferably and as depicted, the piercable bottom structure 8 is config-

ured as a piercable foil that is sealingly attached (e.g. by welding) t o the lower sur

face 4 of the body 2 . This piercable foil preferably is made of an elastomeric mate

rial, such as a rubber or a thermoplastic elastomer (TPE) membrane. Alternatively,

the piercable bottom structure 8 is configured as a piercable bottom portion of the

body 2 that is integrated in the plate-like structure 2' (compare Fig. 1). I n that

case, the body material preferably is TPE.

I n order t o enable the piercing elements 13 for piercing the piercable bottom st ruc

ture 8, the rigid cover 17 comprises cover holes 18, through which the piercing e l

ements 13 easily reach the piercable foil. Preferably, the working film 10 is flexible



so that no leaking out of liquids from the gap 12 has t o be expected. All embodi

ments of the working film 10 as well as the additional dielectric layer as described

in connection with the Figs. 1 to 4 are also preferred for the cartridge depicted in

Fig. 5 .

The substrate 42, which is adapted to this flat lower surface of the cartridge 1,

comprises a surface 49 which is flush with a surface level 48 of the electrodes 44

such that the working film 10 is stretched on the electrodes 44. An electrically insu

lating film, layer or cover 50 is applied to the surface 48 of the electrodes 44 and t o

the surface 49 of the substrate 42. This electrically insulating film, layer or cover 50

preferably is a dielectric layer that irremovably coats the electrodes 44 and sub

strate 42 of the system 40 for liquid droplet manipulation. I t is however also pre

ferred to provide an additional dielectric layer as a removable electrically insulating

layer or cover 50 that can be replaced when needed.

The spacers 9,15 and piercing elements 13 of this cartridge 1 correspond with the

spacers 9,15 and piercing elements 13 in Fig. l and define a gap 12 between the

rigid cover 17 and the hydrophobic upper surface 11 of the working film 10. Prefer

ably, the piercing elements 13 are actuated by an actuating element 4 1 of a system

40 for liquid droplet manipulation. The actuating elements 4 1 preferably are guided

in their movements by a guiding channel 45. As depicted, the rigid cover 17 has es

sentially the same extension as the fame structure 2" and comprises a number of

holes 18 located below the wells 5 . The holes 18 have a size and shape sufficient t o

allow bended piercing elements 13 t o abut and pierce a respective piercable bottom

structure 8 of a well 5 .

I n an alternative embodiment, the cartridge 1 comprises a rigid cover 17 and a

cover layer 19 (the latter replacing the piercable foil as a piercable bottom structure

8). The rigid cover 17 and the cover layer 19 are attached to the frame structure 2"

in a way that the rigid cover 17 closes the gap 12 on a side opposite to the working

film 10, a lower surface of the rigid cover 17 being essentially flush with the lower

surface 4 of the frame structure 2". The cover layer 19 (not shown in Fig. 5) pref

erably is placed between the rigid cover 17 and the lower surface 4 of the body 2 .



Preferably, the actuating elements 4 1 are configured as plungers that are slidingly

movable in guiding channels 45 and that are agitated by an agitation mechanism

46. It also preferred that the agitation mechanism 46 for agitating the actuating e l

ements 4 1 is configured as one of a wax pump bladder, a solenoid driven or clamp-

ing mechanism driven lever 51. It is further preferred that the agitation mechanism

46 for agitating the actuating elements 4 1 is configured as a clamping mechanism

driven lever 51 and that the clamping mechanism 52 being hand driven and conf ig

ured to press the body 2,2',2" of a cartridge 1 onto the substrate 42 and electrode

array 20 of the system 40 for liquid droplet manipulation. Alternately, the clamping

mechanism 52 is motor driven.

The Figure 6 shows a 3D top view of a frame-like cartridge 1 according to the third

or fourth related embodiment with an intake device 26 in a passive position. The

body 2,2" of the cartridge 1 preferably comprises a specimen intake 24 that com

prises an intake recess 25 and an intake device 26, the intake device 26 being at

least partially positionable in an active position in the intake recess 25. This speci

men intake 24 is configured to introduce a buccal swab head 55 or other solid m a

terial comprising a sample to investigate.

The Fig. 6 also shows in the cross bar of the body 2 on the right side of the car

tridge a number of wells 5 of different size for pre-depositing reagents and other

liquids like wash fluids etc. I n the longitudinal bar on the rear of the body 2 is

shown a very long well 5, which is configured to take up pre-deposited oil. The oil

can be used for filling the gap 12 prior t o enter sample drops into the gap 12. Com

plete filling of the gap 12 with an oil that is not miscible with the samples that nor

mally are contained in a hydrous droplet and that is inert (e.g. silicon oil) is opt ion

al. As can be seen from Fig. 6, the size of the wells 5 can be chosen according to

the actual need for carrying out particular assays. A flexibly deformable top struc-

ture 7 that is configured as foil impermeable to liquids seals the top side of the

wells 5 . The flexible foil is sealingly attached to the upper surface 3 of the frame

structure 2" by laser welding for example.



I n the longitudinal bar on the front of the body 2 is shown an alternative intake re

cess 25' for introducing a sample of body fluid (like blood, saliva, etc.). This alter

native intake recess 25' preferably is sealed on its top side by a foil that is

impermable to liquids, but that is also piercable with a needle of a medical syringe

and that is flexible for being pushed by a piston-like actuating element for bringing

the sample into the gap 12 of the cartridge 1 after the piercable bottom structure 8

has been pierced from the bottom side of the cartridge 1 with a piercing element

13. The material for the foil that seals the top side of the alternative intake recess

25' preferably is rubber.

I n the right front corner of the cartridge, a frit 56 that is located in a channel which

reaches down to the lower surface 4 of the body 2 and that preferably is combined

with a semi-permeable membrane (not shown) is depicted. This frit 56 and the

channel serves as a vent for the gap 12 as soon as a piercable bottom structure 8

that sealingly closes the bottom of the channel has been pierced from the bottom

side of the cartridge 1 with a piercing element 13.

A large number of intermediate spacers 15 can be seen through the optically t rans

parent rigid cover 17 or cover layer 19. Although all intermediate spacers 15 drawn

here are of equal size and round shape, and although these intermediate spacers

15 are distributed over the gap 12 at equal distances, the shape, size and dist ribu

tion of these intermediate spacers 15 can be chosen as needed, if the intended

electrowetting movements of the droplets 23 are not compromised.

The Figure 7 shows a bottom view of a frame-like cartridge 1 according to the third

or fourth related embodiment of Fig. 6 with an intake device 26 in a passive posi

tion. The working film 10 has been removed here so that the spacer 9 configured as

a peripheral element 9" is visible. Deviating from the cross sections shown in the

Figs. 4 and 5, where the peripheral element 9" extends to the outer borders of the

cartridge 1, the peripheral element 9" here is bordered by a downward extension

57 of the body 2 . This downward extension 57 of the body 2 in combination with

the lower surface of the working film 10 (that is attached to the peripheral element

9") preferably provides the entire cartridge with a flat lower surface. Alternately,



the downward extension 57 of the body 2 is flush with the peripheral element 9"

and the working film 10 is attached to the working film 10 and as well t o the

downward extension 57 of the body 2 .

As being parts of the peripheral element 9", many piercing elements 13 can be

seen here. Depending from the size of the well 5 above, the size and number of the

piercing elements 13 can vary: i.e. for the oil containing well, three piercing e le

ments 13 are depicted (see lower left); for the two largest wells that contain rea

gents, two piercing elements 13 are depicted (see upper right); and for the smaller

wells containing reagents, only one piercing element 13 are depicted (see lower

right). The piercing element 13 that is configured to pierce the piercable bottom

structure 8 below the intake recess 25 is shown on the left side of the top bar of

the body 2 . The shown number, size and shape of these piercing elements 13 is on

ly exemplary here and can vary according to actual needs.

As already noted with respect t o Fig. 6, the shape, size and distribution of the in

termediate spacers 15 can be chosen as needed, if the intended electrowetting

movements of the droplets 23 are not compromised. Here are three exemplary in

termediate spacers 15 shown that clearly deviate from the ones of Fig. 6 .

The Figure 8 shows detailed 3D views of the specimen intake 24 of a frame-like

cartridge 1 according to the third or fourth related embodiment.

Fig. 8A shows a semi cross-section of the specimen intake 24 of the frame-like car

tridge with a partially inserted intake device 26 in the active position. The intake

device 26 preferably comprises a cylinder tube 27 with a first end 28 and with a se

cond end 29, a plunger 30 that is insertable on the first tube end 28 and that is

movable in the cylinder tube 27, and a sealing foil 31 that sealingly closes the se-

cond end 29 of the cylinder tube 27. I n the space inside the cylinder tube 27 and

between the plunger 30 and the sealing foil 31, a pre-deposit of lysis buffer is pro

vided. A frit 56 is also visible. This frit 56 separates the part of the intake recess 25

(the outer chamber) in which the sample carrier, such as a buccal swab head 55, is

placed for lysis of cellular material and the part of the intake recess 25 (the inner



chamber) where the lysate is pressed into after the lysis. The intake device 26 ob

viously has been moved from the passive position (see Figs. 6 and 7) t o the active

position, where the intake recess 25 of the cartridge 1 is located. A flexibly deform-

able top structure 7 that is configured as a foil and that is impermeable t o liquids

seals the top side of intake recess 25. The flexible foil is sealingly attached t o the

upper surface 3 of the frame structure 2" by laser welding for example.

Fig. 8B shows a semi cross-section of the specimen intake 24 of the frame-like car

tridge 1 and of the partially inserted intake device 26 in the active position. The sit

uation depicted here is the following :

1 . A sample was taken with a buccal swab and the specimen (the buccal swab

head 55 with the adhering sample) was introduced into the outer chamber of

the intake recess 25 after peeling off a seal 58 that prevents the intake recess

25 from contamination before use(see Fig. 8A).

2 . The intake device 26 is now pushed into the intake recess 25. The outer cir

cumference of the cylinder tube 27 is sealing gliding in the cylinder-like outer

chamber of the intake recess 25.

The next steps of introducing a sample into the gap 12 of the cartridge 1 will be:

3 . The intake device 26 is pushed further into the intake recess 25 until a pierc

ing structure 59 in the outer chamber of the intake recess 25 is piercing the

sealing foil 3 1 that sealingly closes the second end 29 of the cylinder tube 27.

4 . The lysis buffer originally contained in the cylinder tube 27 is entering the out-

er chamber of the intake recess 25 and the intake device 26 is pushed further

into the intake recess 25 in order t o push out air through the frit 56 between

the outer and the inner chamber of the intake recess 25.

5 . Lysis of cellular material that adheres t o the swab head 55 is performed. Dur

ing lysis, the temperature preferably is enhanced in the intake recess 25. A

heater in the substrate 42 of the system 40 for manipulating droplets (or a l

ternately in the cartridge 1) is preferably used for raising the temperature in

side the intake recess 25 t o the required values.

6 . After lysis, the cylinder tube 27 of the intake device 26 is completely pushed

into the outer chamber of the intake recess 25. When doing this, a large por-



tion of the lysate is pressed through the frit 56 and enters the inner chamber

of the intake recess 25.

7 . I f required, the gap 12 of the cartridge is first filled with oil. The piercable bot

tom structure 8 below the inner chamber of the intake recess 25 then is

pierced by pushing a piercing element 13 against the piercable bottom st ruc

ture 8 with the help of a plunger 41.

8 . The flexibly deformable top structure 7 that sealingly closes the top of the in

ner chamber of the intake recess 25 is pushed inwards with the help of a

plunger 4 1 and by reducing the internal volume of the inner chamber of the

intake recess 25 some of the lysate is release to the gap 12.

The Figure 9 shows a top view of an electrode layout or printed circuit board (PCB)

of a system 40 for liquid droplet manipulation. This particular electrode array 20 of

the system 40 is configured for receiving a frame-like cartridge 1 according to the

third or fourth related embodiment. Accordingly, the shape of the cartridge 1 with

its central opening 14 is indicated in longer dashed lines here. The shape of the

wells 5 and intake recess 25 is indicated in shorter dashed lines.

This electrode array 20 is particularly configured to match for the lysis of cellular

material, for the extraction and PCR amplification of DNA fragments, for the hybrid

ization experiments for genotyping, and for the optical detection. Four alignment

marks in the corners of the electrode array facilitate alignment of the array.

Starting on the left (if required), the entire gap 12 is flooded with silicon (Si) oil.

Then (see top right), from the intake recess 25 lysate (with or without beads) is e n

tering the gap 12. Directly at the entrance to the gap 12, where the piercable bot

tom structure 8 of the corresponding well 5 is pierced, preferably is located a first

large electrode that is accompanied by a second large electrode. The second large

electrode in each case has a cut out, where the first of a row of individual e lec

trodes 44 is placed.

These two large electrodes mark the area, where a portion of the liquid from the

respective well 5 or intake recess 25 is deposited after piercing the piercable bot-



torn structure 8 from below and pressing the flexible deformable top structure 7

from the top. From this portion of liquid, single small droplets of a typical volume of

0 .1 t o 5 µ Ι are separated. The wells adjacent t o the intake recess 25 (from top t o

bottom of the Figure 9) are assigned t o pure wash liquid, master mix B, master mix

A, hybridization buffer, hybridization wash solution 1, hybridization wash solution 2,

and beads for hybridization.

A droplet of lysate and of pure wash liquid are moved by electrowetting t o the wash

zone where these droplets are mixed and washed and the magnetic beads and at-

tached non-important sample parts are moved t o a first waste zone, which is pro

vided by a very large electrode. At the wash zone and at the adjacent mix zone,

master mix portions A and/or B can be added t o the sample droplet. Then, a drop

let is moved t o the zone for polymerase chain reaction (PCR) where the nucleic ac

ids contained in the sample droplet are amplified according t o techniques known

per se. The PCR zone comprises at least two heater zones with a different tempera

ture (e.g. 35 °C and 95 °C) for annealing and separating the strands of the nucleic

acids.

Following PCR, a single ample drop with amplified nucleic acids is split into two

smaller droplets at a splitting zone that preferably is characterized by the particular

shape and arrangement of electrodes as depicted. I n the central dilution zone, both

of these two sample droplets are individually diluted with hybridization buffer and

up t o eight identical droplets are produced from each one of these two split sample

droplets.

At the hybridization spots 1-4 and 9-12 or 5-8 and 13-16, the twice eight sample

droplets are subjected t o hybridization according to techniques known per se. Fo l

lowing hybridization, the added, non-hybridized material is thoroughly washed

away and discarded in a nearby second waste zone (which again is provided by a

very large electrode).

Each one of the sixteen sample droplets is then individually moved (with

electrowetting again) t o a detection zone, where (using bottom reading, top read-



ing, or a mixture or combination of both) the hybridized samples are optically ana

lyzed.

Following analysis of the samples in the sample droplets that are still in the gap 12

of the cartridge 1, the samples are discarded to the first waste zone and the

"electrowetting path" provided by a large row of individual electrodes 44 is washed

and cleaned a sodium hydroxide solution (NaOH) and optionally with a special wash

solution.

When all the experiments and measurements are completed, the cartridge 1 (t o

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, the next cartridge 1

is pressed onto the electrode array 20 and the next experiments can be performed.

I n the Fig. 9 (see on top and on the bottom of the Figure), a large number of con

tact points are seen. Individual electric lines contact each electrode with one of t he

se contact points. I n addition, heaters located in the substrate 42 of the system 40

are also connected to some of these contact points. All contact points are connected

with the central control unit 43 which controls all necessary activations of e.g.

heaters, plungers 4 1 etc. and of all electrical potentials of the electrodes that are

required. On each side of the electrode array is also provided a separate contact

point for contacting with ground potential source of the central control unit 43.

Preferably, the system 40 for liquid droplet manipulation comprises a substrate 42

with an electrode array 20 and a central control unit 43 for controlling the selection

of individual electrodes 44 of the electrode array 43 and for providing the elec

trodes 44 with individual voltage pulses for manipulating liquid droplets 23 by

electrowetting. The preferred system 40 is configured to receive on top of the e lec

trodes 44 the working film 10 of a cartridge 1 according to the present invention.

The system 40 can be a stand alone and immobile unit, on which a number of op

erators is working with cartridges 1 that they bring along. The system 40 thus may

comprise a number of substrates 42 and a number of electrode arrays 20, so that a

number of cartridges 1 can be worked on simultaneously and/or parallel. The num

ber of substrates 42, electrode arrays 20, and cartridges 1 may be 1 or any number



between e.g. 1 and 100 or even more; this number e.g. being limited by the work

ing capacity of the central control unit 43. Alternatively, the system 40 can be can

be implemented as a hand held which only comprises and is able to work with a

single cartridge 1 . Every person of skill will understand that intermediate solutions

that are situated in-between the two extremes just mentioned will also operate and

work within the gist of the present invention.

I n a preferred fifth embodiment, a cartridge 1 according to the present invention

comprises a working film and at least one piercing element 13, for manipulating

samples in liquid droplets with an electrode array 20 when the working film 10 of

the cartridge 1 is placed on said electrode array 20. I n this embodiment, the car

tridge 1 comprises a body 2,2',2" that comprises an upper surface 3, a lower sur

face 4, and a number of wells 5 which are configured to hold therein reagents 6 or

samples 6'. Each well 5 comprises a top opening 72, and a bottom opening 73 for

releasing a liquid from the well 5 . The cartridge further comprises a piercable bot

tom structure 8 which is impermeable to liquids and which is configured to seal at

least one of the bottom openings 73 of the wells 5 . A working film 10 is located be

low the lower surface 4 of the body 2,2',2", is impermeable to liquids, and compris

es a hydrophobic upper surface 11. The cartridge 1 comprises a peripheral spacer 9

which is located below the lower surface 4 of the body 2,2',2" and which connects

the working film 10 t o the body 2,2',2"; and a gap 12 between the lower surface 4

of the body 2,2',2" and the hydrophobic upper surface 11 of the working film 10.

The gap 12 is defined by the peripheral spacer 9 .

I n this fifth embodiment, the cartridge 1 further comprises at least one top piercing

system 60, each located within at least one of the wells 5 for releasing a reagent or

sample 6,6' from said at least one well 5 into the gap 12. Each top piercing system

60 comprises a piston 6 1 and a piercing element 13. The piston 6 1 is configured to

be movable within said well 5 while providing a seal between the piston 6 1 and the

inner wall of the well 5 . The piercing element 13 is configured as a thorn 63 located

at a front side 74 of the piston 6 1 and is configured to pierce the piercable bottom

structure 8 for releasing a reagent or sample 6,6' from said at least one well 5 into

the gap 12 upon moving the piston 6 1 within the well 5 toward its bottom opening

73.



The fifth embodiment of a cartridge 1 according to the present invention is d is

cussed in more detail below. Generally, the embodiments and materials e.g. of the

body 2,2',2", the spacer 9,15, the rigid cover 17 or the cover layer 19, the gap, the

working film 10, and also of the electrode array 20, the substrate 42 and the cen

tral control unit 43, as discussed previously, may be applied also for this fifth em

bodiment according to the present invention. For a better understanding, materials,

material characteristics and dimensions which are suitable for the respective com

ponents of a cartridge 1 and system according to the present invention in the fifth

embodiment are summarized in Table 1 .

Figure 10 shows a vertical cross section through a frame structured cartridge 1 ac

cording to the fifth embodiment comprising a top piercing system 60 according to

the present invention. The body 2 of the cartridge 1 is shown to be configured as a

frame structure 2" with a central opening 14, which is closed by a bottom portion

16. Alternatively, the central opening 14 may extend across the entire height of the

body 2,2", as shown in the Figure 3; or the body 2 may be accomplished as a

plate-like structure 2', as it is exemplarily shown in the Figures 2, 13 and 14. The

cartridge 1 is in contact with an electrode array 20 of a system 40 for liquid droplet

manipulation. The body 2,2',2" comprises a number of wells 5, though only one

specific well 5 is depicted here. Each well 5 comprises a top opening 72 at the up

per surface 3 of the body 2,2',2", a bottom opening 73 at the lower surface 4 of the

body 2,2',2", and an inner bottom 76.

Preferably, the material of the body 2,2',2" is of an inert plastic material that is im

permeable to liquids and that does not take up or interfere with the liquids or sam

ples 6,6' contained in the wells 5, as discussed before and in Table 1 . Possible pro

duction methods are injection molding, cutting and/or punching. I n a particular pre-

ferred embodiment, the body 2,2',2" is made of polypropylene (PP).

The cartridge 1 comprises at least one piercing element 13 that is configured as a

thorn 63 located at a front side 74 of a piston 61. The piston 6 1 with the thorn 63

are located within at least one of the wells 5 of the cartridge, forming a top piercing



system 60 which enables the piercing of a piercable bottom structure 8 from its top

side. The piston 6 1 is movable within said well 5 while providing a seal between the

piston 6 1 and the inner wall of the well 5 . The piercing element 13 is configured to

pierce the piercable bottom structure 8 for releasing a reagent or sample 6,6' from

said at least one well 5 into the gap 12 upon moving the piston 6 1 within the well 5

toward its bottom opening 73.

The cartridge 1 further comprises a working film 10 for manipulating samples with

the electrode array 20 when the working film 10 of the cartridge 1 is placed on said

electrode array 20. This working film 10 is impermeable to liquids and comprises a

hydrophobic upper surface 11, on which the droplets 23 are moved by

electrowetting techniques. The working film 10 shown in Figure 10 is configured as

a monolayer of hydrophobic material that is also electrically insulating. Alternat ive

ly, the working film 10 may be configured as a hydrophobic monolayer of a material

which is not electrically insulating. In this case, an additional dielectric layer, i.e. an

electrically insulating layer 50 has t o be placed between the working film 10 of the

cartridge and the electrode array 20, as it is described above and as it is shown in

Fig. 14. I n a further alternative embodiment, the working film 10 is configured as a

monolayer of electrically non-conductive material, the upper surface 11 of the

working film 10 being treated to be hydrophobic. Principally, all embodiments of the

working film 10 as described in connection with the Figures 1 to 5 are possible a l

ternative embodiments for a working film 10 of the cartridge 1 comprising the top

piercing system 60 described here.

The cartridge 1 also comprises a peripheral spacer 9 that is located below the lower

surface of the body 2,2',2" and that connects the working film 10 t o the body

2,2',2". The cartridge also comprises a gap 12 between the lower surface 4 of the

body 2,2',2" and the hydrophobic upper surface of the working film 10. This gap 12

is defined by the peripheral spacer 9 . I n the embodiment of the cartridge 1 shown

in Figure 10, the peripheral spacer 9 is attached to the lower surface 4 of the

piercable bottom structure 8, i.e. t o the piercable foil 79.

The cartridge may further comprise one or more intermediate spacers 15 that are

configured as separate elements located within the area of the gap 12 and attached

to the lower surface 4 of the piercable bottom structure 8 or piercable foil 79, as



discussed before. Intermediate spacers 15 preferably have the same height as the

peripheral spacer 9 and preferably define the same gap dimension.

I t may be appropriate dividing or partitioning the gap 12 of a particular cartridge 1

into two or more partial gaps (not shown); such dividing may be accomplished by

having at least one intermediate spacer 15 reaching from the peripheral spacer 9 of

one side of the cartridge to the peripheral spacer 9 of another side of the cartridge.

Such dividing may also be accomplished by having two or more peripheral spacers

9, each of which surrounding only a part of the piercable foil 79 and thus only a

part of the (instead of the entire) foot print of the cartridge 1 .

I n the cartridge shown in Figure 10, the piercable bottom structure 8 is configured

as a piercable foil 79 that may be sealingly attached to the lower surface 4 of the

body 2,2". This piercable foil 79 is impermeable to liquids, has low moisture trans-

mission and is configured to seal at least one of the bottom openings 73 of the

wells 5 of the cartridge 1 which preferably comprise (in each case) a top piercing

system 60 according to the present invention. The piercable foil 79 is sized t o seal

at least one selected well 5 of the cartridge, which comprises a top piercing system

60. Alternatively, the piercable foil 79 may be sized t o seal two or more wells 5 of

the cartridge, independently, whether these wells 5 comprise a top piercing sys

tems 60, whether they remain empty or whether an alternative piercing system is

provided e.g. for piercing the piercable foil 79 from below the body 2 . I n a pre

ferred embodiment, the piercable foil 79 is sized t o cover the complete lower sur

face 4 of the body 2,2',2", sealing the bottom openings 73 of all wells 5 of the body

2,2',2".

The piercable foil 79 shown in Figure 10 is configured as a piercable cover layer 79'

which closes the gap 12 on a side opposite to the working film 10. When configured

as a piercable cover layer 79', the surface of the piercable foil 79 which is oriented

to the gap 12 preferably is hydrophobic to facilitate the manipulation of a liquid

droplet with the electrode array 20. Exemplarily, such a piercable foil 79 may be an

aluminum foil which is coated with a hydrophobic polymer such as Teflon ® on its

surface oriented to the gap 12, and which is further coated with a sealing polymer



such as PP (when the body 2,2',2" is also made of PP) for heat sealing the piercable

foil 79 t o the body 2,2',2".

When the piercable foil 79 is not configured as a piercable cover layer 79', e.g.

when made of a material which is not hydrophobic, or when the body 2 is conf ig

ured as a frame structure 2" with a central opening that extends across the entire

height of the body 2,2" so that additional stabilization is desirable, the cartridge 1

might comprise an additional rigid cover 17 or cover layer 19 which provides the

hydrophobic surface, as exemplarily shown in the Figures 13 and 14.

The piercable bottom structure 8 is preferably configured as a piercable foil 79 that

is sealingly attached (e.g. by welding or gluing) t o the lower surface 4 of the body

2,2',2'. This piercable foil 79 preferably extends over the entire lower surface 4 of

the body 2,2',2". Alternatively, the piercable foil 79 essentially covers the area of

the lower surface 4 below a well 5 comprising the top piercing system 60.

The at least one top piercing system 60 is located within the well 5 as shown in Fig

ure 10. The top piercing system 60 is accomplished t o pierce the piercable bottom

structure 8 of the cartridge 1 for generating a through hole and a fluid path for re-

leasing a reagent or sample 6,6' from that specific well 5 into the gap 12. Though

only one well 5 having the top piercing system 60 is shown, further wells 5 of the

cartridge 1 may comprise such a top piercing system 60 depending on the require

ments of the task the cartridge 1 is designed for.

The at least one top piercing system 60 comprises at least a piston 6 1 and a pierc

ing element 13. Preferably, the piercing element is configured as a thorn 63 located

at a lower front side 74 of the piston 6 1 .

The piston 6 1 is configured t o be movable within the well 5 while providing a seal

between the piston 6 1 and the inner wall of the well 5 . Thus, the piston 6 1 may

sealingly close the top opening 72 of the well 5 for example when being positioned

in a storage position. More particularly, the piston 6 1 with the thorn 63 is movable

up and down between the top opening 72 and the bottom opening 73 of the well 5

the piston 6 1 is integrated. Preferably, the piston 6 1 is adopted in its width t o



sealingly move along the side walls of the well 5 . For this, the piston 6 1 may com

prise a gasket 62 that provides the sealing connection to the side wall of the well 5,

as it is shown in Figure 10. Alternatively, the piston 6 1 may be manufactured in a

size and from a material that directly provides for the sealing connection (not

shown). Such a material may be a deformable polymer like rubber or silicone. I n a

further alternative embodiment, a flexibly deformable top structure 7 is sealingly

attached to the upper surface 3 of the body and an upper actuation side 77 of the

piston 61, as shown on the left side of Figure 14. The height of the piston 6 1 and

thorn 63 is adopted so that in a storage position, the piston 6 1 with its actuation

side 77, which is preferably abutted to move the piston 6 1 within the well 5, is es

sentially flush with the upper surface 3 of the body 2 while the tip of the thorn 63 is

in a safe distance to the piercable bottom structure 8 or the piercable foil 79 re

spectively. Furthermore, the height of the piston 6 1 and thorn 63 are adopted, so

that in a piercing position, the tip of the thorn 63 has opened the piercable bottom

foil and projects into the gap 12 or into an additionally provided relief space, while

the piston 6 1 remains sealing the top opening 72 of the well 5 independently of the

shape of the well 5 .

I n Figure 11, a selection of various exemplary embodiments of the top piercing sys

tem 60 according to the present invention comprising a combination of a piston 6 1

and a thorn 63 are shown :

I n Figure 11A, a 3D view of the top piercing system 60 comprising the piston 6 1

with the thorn 63 is shown. This 3D view shows the piston 6 1 with the thorn 63 up

side down compared t o its position within a well 5 of a cartridge 1 as shown in the

Figures 10, 13 and 14, t o allow a better illustration of the thorn 63. The thorn 63

here is accomplished to be Phillips head shaped with guiding channels 75. This em

bodiment of the thorn 63 is particularly preferred as it allows the liquid to pass the

thorn 63 through its guiding channels 75 when the thorn 63 is already in a piercing

position, thus when the thorn 63 has pierced the piercable bottom structure 8 or

the piercable foil 79 respectively of the cartridge 1 . The piston 6 1 shown in Figure

11A is manufactured as a single injection molded piece, comprising a larger upper

part 66 with an actuation side 77 with which the piston 6 1 may be aligned essen-



tially flush with the upper surface of the body 2, and a smaller lower part 67 with

the front side 74 to which the thorn 63 is attached and which may abut the bottom

of the well 5 the piston 6 1 with the thorn 63 is inserted. The upper and the lower

part 66,67 shown here are cylindrically shaped and are adopted in their size rela-

tive to each other so that they form a flange in which a gasket 62 may be placed.

For illustrational purposes, the gasket 62 is not shown here (please compare with

Fig. 11F).

The top piercing system 60 shown in Figure 11A further comprises a through hole

65 which extends through the entire piston 61. This through hole 65 provides a

pressure relief channel which is necessary when the manufacturing process of pro

ducing the cartridge 1 requires that firstly, the body and the piercable bottom

structure 8 are attached to each other, then a liquid is filled into one or more se

lected wells 5, and only in a last step, a piston 6 1 with the thorn 63 is inserted into

a filled well 5 . I n this process, the through hole 65 is required, as the excess air

needs t o be vented from the well 5 when the piston 6 1 is inserted. Afterwards, the

through hole 65 must be sealed. Alternatively, and more preferred, the manufac

turing process of the cartridge 1 includes in a first step the insertion of the piston

6 1 with the thorn 63 and eventually with a gasket 62 into the selected well 5,

thereby sealingly closing the top opening 72 of the well 5 . Afterwards, the body

2,2',2" may be turned upside down for filling the liquid 6 into that well 5 . Here, in a

last step, the bottom opening 73 of the well 5 is sealed by attaching the piercable

foil 79. I n this more preferred manufacturing process, a through hole 65 must be

avoided in the piston 61, as it would allow the introduced liquid t o leak out when

sealing the bottom opening 73 of the well 5 .

The Figures 11B t o 11G show selected alternative embodiments of the top piercing

system 60 according to the present invention in vertical cross sections. I n all em

bodiments shown here, the top piercing system 60 comprises the piston 61, the

thorn 63 and at least one gasket 62. An actuation side 77 of the piston 61, which is

preferably abutted for moving the piston 6 1 within the well 5, is also indicated.

The 3-dimensional form of the piston 6 1 is adopted in size and shape to the inner

dimensions of the well 5, into which the piston 6 1 shall be integrated as a part of a



top piercing system 60. Thus, when a well 5, into which a top piercing system 60

shall be inserted, is cylindrically formed in its inner dimensions with a circular base

and a flat inner bottom 76; preferably, the piston 6 1 is complementarily formed es

sentially cylindrically with a circular base. Furthermore, the front side 74 of the pis-

ton 61, which preferably abuts the inner bottom 76 of the well 5 in the piercing po

sition, is also configured as a complementary flat front side 74. Such a flat front

side 74 of the piston 6 1 is shown in the Figures 11A, 11B and 11C. I n case the in

ner bottom 76 of the well 5 is tapered; preferably, the front side 74 of the piston 6 1

is correspondingly tapered too. Accordingly, the whole front side 74 of the piston 6 1

may abut the tapered inner bottom 76 of the well 5 . Such a correspondingly t a

pered front side 74 of the piston 6 1 is shown in the Figures 11D-G. I f required, the

front side 74 of the piston 6 1 may comprise more than one tapered surfaces which

form an offset in the area where they adjoin each other (not shown). Thus, the

front side 74 of the piston 6 1 of the at least one top piercing system 60 is adapted

in shape t o the shape of an inner bottom 76 of the well 5 into which the top pierc

ing system 60 is integrated. I n any case, the outer dimension of the piston 6 1 is

preferably adapted to the inner dimension of the well 5 so that the piston 6 1 is

movable within that well 5 while sealingly closing the top opening 72 of the well 5 .

The 3-dimensional form of the thorn 63 is adopted to pierce the piercable bottom

structure 8 for releasing a reagent or sample 6,6' from the well 5 into the gap upon

moving the piston 6 1 within the well 5 towards its bottom opening 73.

Preferably, the ability of the piston 6 1 t o sealingly close the top opening 72 of the

well is provided by a gasket 62 which is tightly attached to the piston 61. I n the

Figures 11B-11G, each piston 6 1 shown has at least one gasket 62. Preferably, the

gasket 62 is shaped as an O-ring which completely surrounds an outer side of the

piston 61. The gasket 62 is preferably attached to the upper part 66 of the piston

6 1 for sealingly abutting the inner wall of the well 5 . By the upper part 66 of the

piston 6 1 which projects over the lower part of the piston 61, a flange is formed to

which the gasket 62 may be attached (see Figures. 11F and 11G). Alternatively, the

gasket 62 may be positioned in a circular groove of the piston 6 1 which is formed

at least by its upper part 66 (see Figures 11B-11E). The flange and the circular

groove are means to secure that the gasket 62 remains on the piston 6 1 when the



piston 6 1 is moved within the well 5 . Other means for securing a gasket 62 on a

piston 6 1 known in the art may be used were appropriate.

The choice of the form of the gasket 62 for providing the seal while still enabling a

movement of the piston 6 1 is known in the art. To mention some forms which are

suitable for a top piercing system 60 according to the present invention without re

stricting the gasket 62 to these forms, such selected forms shall here exemplarily

be mentioned : the Figures 11B, 11D, H E show a gasket 62 which is accomplished

as a typical O-ring known in the art. The Figure 11C shows a gasket 62 which is

configured as a lip seal. The Figure 11F shows a gasket 62 accomplished as an O-

ring (left) or a quad-ring (right), while Figure 11G shows a gasket 62 accomplished

as a bellow seal. Particularly a gasket 62 accomplished as a bellow seal might be

preferred as it is known to provide for a good sealing quality without providing s ig

nificant friction resistance. This would facilitate the movement of the piston 6 1

within the well 5 .

The piston 6 1 may also comprise more than one gasket 62, as shown in Figure

11D. A piston 6 1 having e.g. two separate gaskets 62 would provide an increased

sealing surface which abuts the inner side of the wall of the well 5 . However, this

embodiment has the disadvantage that the friction resistance which is generated

upon the movement of the piston 6 1 within the well 5 is increased. I n any case, the

form and number of gaskets 62 attached to a piston 6 1 of the top piercing system

60 has t o be chosen to balance the requirement of a tight closure of the top open

ing 72 of the well 5 while still enabling the movement of the piston 6 1 within the

well using reasonable driving forces, thus, enabling e.g. manual or motorized press

ing down the piston 6 1 e.g. by using a finger or an actuating element 4 1 (see Fig.

14). This balance not only ensures that no liquid may leak out of the well 5, but ad

ditionally that an overpressure is generated within the well 5 upon the movement of

the piston 6 1 towards the bottom opening 73 of the well 5 . This overpressure pro-

vides an important force which enables the release of the liquid (be it a reagent or

a sample 6,6') from the well into the gap 12 when the thorn 63 of the top piercing

system 60 has pierced the piercable bottom structure 8 . Suitable materials for a

gasket 42 are known in the art; typically, rubber is preferred. Exemplarily, Neo-

prene ® and Viton ® are mentioned here as O-ring material.



As may further be taken from the Figures 11B-11G, and as it is particularly pre

ferred, the piston 6 1 and the thorn 63 may be produced in one piece, e.g. by inj ec

tion molding. This is shown in the Figures 11B, 11C, HE, and 11G. As a suitable

material for producing the piston 6 1 and thorn 63 as a single piece is Polypropy l

ene. Alternatively, the piston 6 1 and the thorn 63 may be produced in multiple sep

arate pieces in a first step and afterward, the single pieces are attached to each

other e.g. by gluing, welding, or press fit, as it is shown in Figure 11D and 11F. Ac

cording to Figure 11F, the thorn 63 may be produced from a different material that

the piston 61. For example, the thorn 63 may be produced from a metal or another

strong material for facilitating the piercing of the piercable bottom structure 8 . Such

a thorn 63 made of metal may be inserted into the molding form before the piston

parts are produced by backmolding.

The thorn 63 is located at the front side 74 of the piston 6 1 and is configured to

pierce the piercable bottom structure 8, i.e. the piercable foil 79 for releasing a re

agent or sample 6,6' from said well 5 into the gap 12 upon moving the piston 6 1

within the well 5 toward the bottom opening of that well 5 . For this, the thorn 63

comprises at its lower end a tip portion 70 with a tip that is firstly abutted to the

piercable foil 79 when the piston 6 1 has been moved far enough within the well 5

and, when the piston 6 1 is moved further towards the bottom opening 73 of the

well 5, pierces the piercable foil 79.

To provide a good transfer of the force, with which the piston 6 1 is moved toward

the bottom opening 73 of the well 5 (which may be manually or automatically), t o

the tip of the thorn 63 for piercing, the thorn 63 is in a preferred embodiment lo

cated centrically on the front side 74 of the piston 61. I n this case, the longitudinal

axis 68 of the thorn 63 runs congruent with the longitudinal axis 78 of the piston

61. This is shown in the Figures 11A-11F and H, and in the Figures 10, 13, and 14.

Alternatively, the thorn 63 is located eccentrically on the front side 74 of the piston

61. Here, the thorn 63 may be located on the piston 6 1 so that the longitudinal ax

es 68,78 of the piston 6 1 and thorn 63 run parallel t o each other (not shown), or

the thorn 63 is located on the piston 6 1 so that its longitudinal axis 68 is tilted to

the longitudinal axis 78 of the piston 6 1 by an angle. This situation is shown in Fig-



ure 11G. Here, though the thorn 63 is arranged with its longitudinal axis 68 in an

angle with respect t o the longitudinal axis 78 of the piston 61, the tip of the thorn

63 remains to be located on the longitudinal axis 78 of the piston 61. However, the

thorn 63 may be arranged eccentrically so that the tip of the thorn 63 is also off-

center with respect t o the piston 61. A tilted positioning of the thorn 63 with re

spect t o the longitudinal axis 78 of the piston 6 1 has the advantage that upon

piercing, a broader opening within the piercable foil 79 is generated through which

the liquid may simply flow out without the need of additional guiding elements.

I n Figure 11H, a 3D view of a top piercing system 60 in a particularly preferred em

bodiment is shown. I n contrast t o Figure 11A, the lower part 67 of the piston 6 1

has a frustoconical shape. Furthermore, the thorn 63 has a neck portion 69 which is

frustoconically shaped, too. This is particularly preferred as the frustoconical shape

enables an easier demolding of the piston 6 1 with thorn 63 in the production pro-

cess. The front side 74 of the piston 6 1 is tapered. Correspondingly, the well 5, into

which the piston 6 1 with the thorn 63 shall be inserted, is shaped complementarily,

having complementarily frustoconically shaped inner walls and a complementarily

tapered inner bottom 76 (not shown here). The thorn 63 is Philips-head shaped,

with the guiding channels 75 extending over the entire height of the thorn 63. The

upper part 66 of the piston 6 1 shown in Figure 10 however has a cylindrical shape,

and forms together with the lower part 67 a flange in which a gasket 62 may be

placed. The longitudinal axis 68 of the thorn 63 runs congruent with the longit udi

nal axis 78 of the piston 61.

The top piercing system 60 which comprises a piston 6 1 with a thorn 63, is accom

plished to be positionable within a well 5 of the body 2 . The top piercing system 60

is preferably accomplished for wells 5 which are sized t o take up a liquid sample

volume of 10-400 µ Ι, most preferably of 20-50 µ Ι. Exemplarily, such wells are con

figured being 5-20 mm in diameter and 5-20 mm deep, most preferably 7 mm in

diameter and 8 mm deep. Correspondingly, a piston 6 1 with a thorn 63 would be

adapted in size t o fit into such a well 5, which would in this case be most preferably

7 mm in diameter and 8 mm deep.

Suitable reagents 6 or samples 6' which may be hold or stored in a well 5 and re

leased therefrom using a top piercing system 60 according to the present invention



are for example wash liquids, buffers, master mixes, or other used e.g. in PCR am

plification or hybridization experiments as described above. Furthermore, oils which

are for example used for partially or entirely filling the gap 12 prior to enter sample

droplets 23 into the gap 12, and which are inert (e.g. silicon oil) and not miscible

with the samples, may be hold or stored in one or more wells 5 comprising the top

piercing system 60. Particularly useful storable liquids are such liquids which are

stable upon storage at room temperature. I n case a reagent 6 or sample 6' has t o

be stored in a well 5 comprising a top piercing system 60 at a lower temperature

such as 4°C or -20°C, preferably the whole cartridge 1 is stored at that tempera-

ture, too. Otherwise, if a reagent 6 or sample 6' which is stored in such a well 5 has

t o be heated, e.g. prior to its release into the gap 12, the whole cartridge 1 may be

heated correspondingly. I n this case, the materials of the cartridge components

may be chosen so that the cartridge might be exposed to temperatures e.g. up t o

70°C.

I n Figure 12, an overview of different selected embodiments of the thorn 63 is g iv

en. The thorn 63 is located at a front side 74 of the piston 6 1 (the piston 6 1 is not

shown here) and is configured to pierce the piercable bottom structure 8 for releas-

ing a liquid (a reagent or sample 6,6') from the well 5 when the piston 6 1 with the

thorn 63 are moved within the well 5 towards its bottom opening 73.

I n its simplest embodiment, the thorn 63 is cone-shaped (not shown), and is at

tached to the front side 74 of the piston 6 1 with its base, so that the tip is directed

towards the bottom opening 73 of the well 5 into which the top piercing system 60

is inserted. Upon movement of the piston 61, the thorn 63 is guided through the

bottom opening 73 of the well 5 and onto the piercable foil 79. Upon further move

ment of the piston 6 1 toward the bottom opening 73 of the well 5, the tip of the

thorn 63 disrupts the piercable foil 79 which has sealed the bottom opening 73 of

the well, and is guided at least partially through the piercable foil 79, too. Thereby,

the piercable foil 79 is opened, and a fluid path is provided so that the reagent or

sample 6,6' may be released from the well 5 into the gap 12. I n this case, the

piercable foil 79 preferably is made of a non-elastic material.



I n a more preferred embodiment, the thorn 63 comprises a neck portion 69 and a

tip portion 70 with the tip, as shown in the Figures 12A-12F, and 12H. The thorn 63

is connected with or attached to the front side 74 of the piston 6 1 with the base of

its neck portion 69, while the tip is directed towards the bottom opening 73 of the

well 5 when the piston 6 1 with the thorn 63 is inserted. Preferably, the neck portion

69 is cylindrically or frustoconically shaped. A thorn 63 having a frustoconical neck

portion 69 is shown in Figure 11H. The use of such a neck portion 69 provides more

stability t o the unit of piston 6 1 and thorn 63 particularly when the tip of the thorn

pierces the piercable foil 79. The basis of the cylinder may be a circle, as shown in

the Figures 12A-12F, and 12H. The basis of the neck portion 69 may however be

another than a circle, for example may be a triangle, a rectangle or may be conf ig

ured star-like, with two, three or more tips. I n Figure 12G, exemplarily a thorn 63

having a star-like base with four tips and a cone-shaped tip portion with the same

star-like base is shown.

The height of the neck portion 69 and the height of the tip portion 70 may vary de

pending e.g. on the height of the well 5, on the friction resistance which is generat

ed upon moving the piston 6 1 within the well 5, and on the strength / material of

the piercable foil 79.

I n a particular preferred embodiment of the thorn 63, the tip portion 70 of the

thorn 63 is configured to be cone-shaped, as it is shown in the Figures 12A-12D,

12F, and 12G. Alternatively, the tip of the thorn 63 may be generated upon t aper

ing/beveling the tip portion 70, so that the tip is positioned off-center with respect

to the longitudinal axis 68 of the thorn 63, as it is shown in the Figures 12E and

12H.

Preferably, the thorn 63 comprises at least one guiding channel 75. More prefera

bly, the at least one guiding channel 75 is located at the tip portion 70 of the thorn

63, but may project into the neck portion 69 of the thorn 63. The presence of one

or more guiding channels 75 is preferred as it simplifies the release of the reagent

or sample 6,6' from the well 5 into the gap 12: Each guiding channel 75 provides

an outlet or fluid path which allows the release of the oil, liquid reagent or sample

from the well 5 through that outlet when the tip of the thorn 63 has pierced the



piercable foil 79 and penetrates it. Due t o the overpressure which is generated by

the movement of the piston 6 1 within the well 5 towards the bottom opening 73,

the liquid may be pressed out of the well, guided by the guiding channels 75.

I n a preferred embodiment, guiding channels 75 are provided in that the tip portion

70 or the complete thorn 63 is provided in a Phillips-head shape. This is shown in

the Figures 12C and 12D and in Figure 11H. Alternatively, a guiding channel 75

may be accomplished as an eccentric slit which might extend over the entire cross-

sectional dimension at least of the tip portion 70 of the thorn 63. Such an eccentric

guiding slit is shown exemplarily in the Figure 12F. Otherwise, guiding channel 75

may be provided by the basic form chosen for the thorn 63, as may be seen in the

Figure 12G. Here, the inner edges of the star-like neck and tip portion provide the

guiding channels 75 which allow the flow of the liquid reagent or sample 6,6' when

the thorn 63 has pierced the piercable foil 79. I n Figure 12H, the thorn 63 compris-

es a chamfer which acts as a guiding channel 75.

Nevertheless, also in the case the thorn 63 does not comprise a guiding channel 75,

the reagent or sample 6,6' may be released of the well 5 . Release is here enabled

by an erratic opening which is generated in the piercable foil 79 upon piercing, in

particular when the piercable foil 79 is of a non-elastic material. The release may

further be enabled by a backward movement of the piston 6 1 after the thorn 63 has

pierced the piercable foil 79. This backward movement is caused by the gasket 62

of the piston 61, which is deformed during the movement of the piston 6 1 towards

the bottom opening 73. When the piston 6 1 and the thorn 63 are arrived in the

piercing position, the gasket 62 tends to deform back towards its original shape,

thereby the piston 6 1 with the thorn 63 are slightly moved back into the well 5 .

This then provides a space between the thorn 63 and the piercable foil 79, through

which the liquid reagent or sample 6,6' may flow out.

I n Figure 13, a vertical cross section through a cartridge 1 in the fifth embodiment

according to the present invention comprising alternative top piercing systems 60 is

shown. The cartridge 1 is not yet in contact with the electrode array 20 of a system

40 for liquid droplet manipulation, but is presented in a confirmation that is suitable



for being stored or transported : In the embodiment shown, the cartridge 1 com

prises a plate-like body 2,2' and a working film 10 for manipulating samples with

the electrode array 20, wherein the working film 10 is configured as a monolayer

which is impermeable to liquids, which comprises a hydrophobic upper surface 11,

and which provides for the electrical insulation of the electrodes 44 of the electrode

array when the cartridge 1 is placed with its working film 10 on that array 20.

Alternatively, the body 2 of the cartridge 1 may be configured as a frame structure

2" with a central opening 14, which is closed by a bottom portion 16, or with a cen-

tral opening 14 that extends across the entire height of the body 2,2", as discussed

above. The body 2,2' comprises at least one well 5, each well 5 comprising a top

opening 72 at the upper surface 3 of the body 2,2',2", a bottom opening 73 at the

lower surface 4 of the body 2,2',2", and an inner bottom 76.

The working film 10 exemplarily shown in Figure 10 is of a material that is heat

shrinkable and sized so that it may be used as an overall closure for the cartridge

1 . For this, the working film 10 is wrapped around the whole cartridge and is after

wards shrunk by the application of heat to provide for the tight closure. The work

ing film 10 can be heat shrunk by exposing it t o a heat gun which blows air hot

enough to shrink the film. In this way, it is ensured that no liquids, which are pro

vided by the cartridge 1, may leak out during transportation or storage, for exam

ple. A suitable material for such a heat-shrinkable working film 10 is for example a

linear COP with a low crystal Iin ity, or a heat-shrinkable PE. I t is clear to a skilled

person that the working film 10 may be accomplished in other embodiments which

were discussed before, depending on the requirements for the cartridge 1 and the

electrode array 20.

The cartridge 1 shown in Figure 13 also comprises at least one peripheral spacer 9

and an intermediate spacer 15 in embodiments and combinations thereof as dis-

cussed previously. The cartridge 1 also comprises a piercable bottom structure 8

that is configured as a piercable foil 79 which is sealingly attached to the lower sur

face 4 of the body 2,2'. Furthermore, the cartridge 1 shown comprises at least two

wells 5, each with a top piercing system 60. The two wells 5 are filled partially with

a reagent or sample 6,6'. I t is indicated by two dotted, parallel, essentially vertical



wavelike lines that not a complete cartridge is shown, but only two sections which

are of particular interest for the description of a top piercing system 60 according to

the present invention.

The piercable foil 79 shown in Figure 13 is not configured as a piercable cover layer

79' which closes the gap 12 on a side opposite to the working film 10, as shown in

Figure 10. Instead, the cartridge 1 comprises an additional rigid cover 17, which

closes the gap 12 and which provides the hydrophobic upper surface of the gap 12.

The hydrophobic surface may be provided directly be the material of the rigid cover

17, or may be provided by an additional coating of the lower surface of the rigid

cover 17 which closes the gap 12. Exemplarily, such a coating may be a Teflon ®

coating which is applied to the lower surface of the rigid cover 17 e.g. by spin-

coating.

Optionally, this rigid cover 17 may be coated on its underside or upper side with an

electrically conductive layer that may be (or may be not) connected to a ground po

tential source of the system 40 for liquid droplet manipulation. A suitable coating

may be provided using indium tin oxide (ITO). However, such an electrically con

ductive coating is not necessary for manipulating droplets by electrowetting tech-

niques. I n the embodiment shown in Figure 13, the hydrophobic upper surface of

the gap 12 is provided by the rigid cover 17.

The cartridge 1 presented in Figure 13 further comprises an additional thorn relief

spacer layer 64 which is positioned between the piercable foil 79 and the rigid cover

17. The thorn relief spacer layer 64 comprises a relief opening 7 1 which is posi

tioned below the bottom opening 73 of the well 5 comprising a top piercing system

60 according to the present invention. I n this way, the thorn relief spacer layer 64

with its relief opening 7 1 provides an additional space which may accommodate the

tip of the thorn 63 when penetrating the piercable foil 79 after piercing the

piercable bottom structure 8; thus, preventing that the thorn 63 reaches the work

ing layer 10 and eventually damages its upper surface 11. Additionally, the relief

opening 7 1 provides an outlet path and thereby guidance for the oil, liquid reagent

or sample 6'6" which has been released from the well 5 upon piercing the piercable

foil 79.



The thorn relief spacer layer 64 is attached to the lower side of the piercable bot

tom structure 8, i.e. the piercable foil 79, and t o the rigid cover 17 by e.g. gluing or

(laser) welding. For gluing, an adhesive tape may be used, for example.

The thorn relief spacer layer 64 is preferably made of a material which may be

sealed t o the piercable foil 79 and the rigid cover 17, which is not swelling upon the

contact with a liquid and which has good dimensional stability properties. Exempla-

rily, gasket material such as polyethylene-terephthalat modified with glycol (PETG)

shall be mentioned here; alternatively, acrylic or other (cheaper) material with

similar properties may be used.

The thickness of the thorn relief spacer layer 64 may be adapted to the design of

the well 5, particularly to the design of the bottom opening 73, to the length of the

thorn 63, and t o the distance the piston 6 1 shall move between the storage position

and the piercing position. Preferably, the thorn relief spacer layer 64 has a t hick

ness of 0.2-0.7 mm, more preferably of 0.4-0.6 mm.

The thickness of the rigid cover 17 preferably is adapted to the thickness of the

thorn relief spacer layer 64 and of the piercable foil 79. I n a preferred embodiment,

these three layers result in a total height of about 0.4 - 1.9 mm, when sealingly at

tached to each other. I n a particularly preferred embodiment of a cartridge 1 com

prising the piercable foil 79, the thorn relief spacer layer 64 and a rigid cover 17, as

shown in Figure 13, the rigid cover 17 is configured as a thinner film of about 200

prn, and is made of Mylar®, which is a transparent, flexible polyester foil on the ba

sis of polyethylene terephthalat from DuPont. Alternatively, the rigid cover 17 may

be made of acrylic. This allows the provision of a thicker rigid cover 17, which

would increase the stability to the cartridge 1 . Such a thicker rigid cover 17 might

be desired when the body 2 of the cartridge 1 is configured as a frame structure 2"

with a central opening that extends across the entire height of the body 2,2". Such

a thicker rigid cover 17 might even replace the thorn relief spacer layer 64 when it

is provided with an appropriate thickness (which is e.g. up t o 1.6 mm). This em

bodiment is discussed in Figure 14.



The rigid cover 17 is attached to a lower side of the thorn relief spacer layer 64.

Thereby, the rigid cover 17 encloses the gap 12 on a side opposite to the working

film 10. For the release of the reagent or sample 6,6' from the well 5, not only the

thorn relief spacer layer 64 but additionally the rigid cover layer 17 has t o comprise

an opening below a well 5 which comprises a top piercing system 60 according to

the present invention, which allows the liquid to flow from the well 5 into the gap

12. This opening is provided by the cover hole 18. Thus, the rigid cover 17 com

prises at least one cover hole 18 which is situated below the bottom opening 73 of

the well 5 and below the relief opening 7 1 of the thorn relief spacer layer 64.

Both, the relief opening 7 1 and the cover hole 18 may be configured to have essen

tially the same diameter and being arranged one upon the other, so that they form

a single path for the released liquid reagent or sample 6,6' below the bottom open

ing 73 of the well 5 . This situation is exemplarily shown for the well 5 at the right

side of the cartridge 1 of Fig. 13. Alternatively, the relief opening 7 1 and the cover

hole 18 may be shifted by a distance to each other, so that they still provide a con

tinuous opening through which the liquid reagent or sample 6,6' may flow from the

well 5 into the gap 12. The provision of such a lateral adjustment is a simple met h

od t o guide the released liquid into a desired direction through the layers 64,17 into

the gap 12. This situation is shown for the well 5 at the left side of the cartridge 1

of Fig. 13. Though the relief opening 7 1 and the cover hole 18 may be configured

having essentially the same diameter, also when they are shifted to each other,

they may alternatively vary in their diameter, as it is shown for the left well 5 .

Here, the cover hole 18 is configured as an elongated slit for guiding liquid to a po-

sition on the working film which is aside from the bottom opening 73 of well 5 and

from the relief opening 7 1 of thorn relief spacer layer 64.

I n Figure 13, two alternative embodiments of a top piercing system 60, each in

serted into a well 5 of the body 2 of the cartridge 1 are shown :

On the right side, a cartridge 1 is shown with the piston 6 1 and the body 2,2', both

being produced as separate pieces, with the piston 6 1 comprising the gasket 62, as

discussed above. On the left side, the body 2,2' and the piston 6 1 are produced in a

two-component injection molding process, so that the body 2,2' and the piston 6 1



are produced from a first material, while the gasket 62 is produced e.g. from a se

cond, elastomeric material that connects the body 2,2' with the piston 61. Such an

embodiment of the body 2,2' and the piston 6 1 typically requires the production in

two parts: an upper part which comprises the upper part of the body, the gasket 62

and the piston 61, and a lower part comprising the lower part of the body 2 . Both

parts may then be joined along a mold separation line (indicated by the dotted hor

izontal line on the left side of the cartridge 1) e.g. by friction welding or gluing. It is

clear t o a skilled person that this embodiment shown on the left side of the car

tridge 1 in Figure 13 is suitable for a body 2 which is configured in a plate-like

structure 2' or a frame structure 2" equally.

As discussed above, the form of the piston 6 1 is adopted to the inner dimensions of

the well 5, into which the top piercing system 60 shall be integrated. I n Figure 13,

the two wells 5 are shown having a tapered bottom. Consequently, the front side

74 of the piston 6 1 is also tapered complementarily, so that the piston 6 1 may abut

the bottom of the well 5 with its front side 74 to stop the movement of the piston

6 1 within the well 5 toward its bottom opening 73 in a piercing position. Alterna

tively, the bottom of the well 5 may comprise one or more guiding bars which may

be abutted by the front side 74 of the piston 61, and which help guiding the liquid

reagent or sample 6,6' towards the bottom opening 73 of the well 5 when the in

ternal pressure in the well 5 rises upon the movement of the top piercing system

60 within the well 5 towards its bottom opening 73 (not shown). The actuation side

77 of the piston 61, which is preferably abutted for moving the piston 6 1 within the

well 5, is also indicated.

Figure 14 shows a vertical cross section through selected parts of a plate-like st ruc

tured cartridge 1 in the fifth embodiment according to the present invention, com

prising alternative embodiments of the top piercing system 60, and alternative em-

bodiments of the foils between the body 2 and the spacer 9 :

The cartridge 1 is shown to be in contact with the electrode array 20 of a system 40

for liquid droplet manipulation. The body 2 of the cartridge 1 is configured as a

plate-like structure 2'. Alternatively, and as discussed before, the body 2 of the car

tridge 1 may be configured as a frame structure 2" with a central opening 14,



which is closed by a bottom portion 16, or with a central opening 14 that extends

across the entire height of the body 2,2", as discussed above. The body 2,2' com

prises at least one well 5 . Each well 5 comprises a top opening 72 at the upper sur

face 3 of the body 2,2',2", a bottom opening 73 at the lower surface 4 of the body

2,2',2", and an inner bottom 76.

Two selected parts of the cartridge 1 are shown in this Figure 14, each part com

prising a well 5 having a top piercing system 60 of different embodiments according

t o present invention. I t is again indicated by two parallel dotted, vertical wavelike

lines that not a complete cartridge is shown but only the selected sections which

are of particular interest of the description of a top piercing system 60 of the pre

sent invention.

The cartridge 1 shown in Figure 14 comprises a working film 10 which is configured

as a monolayer of a hydrophobic material which is not electrically insulating. To

avoid a shortage between the individual electrodes 44 of the electrode array 20, an

additional dielectric layer is required that is located between the electrode array 20

and the working film 10 when the cartridge 1 with the working film 10 is placed on

the electrode array 20. This additional dielectric layer may be positioned on the

electrode array 20 before the cartridge 1 is placed thereon with its working film 10,

or alternatively, the dielectric film 50 is attached t o the working film 10, as d is

cussed previously. It may also be preferred providing the electrode array 20 with a

permanent cover from dielectric material that protects the electrodes from ox ida

tion and contamination. I n Figure 14, a dielectric layer is shown which is configured

as a separate electrically insulating film 50, which coats the electrodes 44 and sub

strate 42 of the system 40 for liquid droplet manipulation. The coating may be ir

removable or removable, depending on the need, as discussed above. The pre

ferred material for a working film of a monolayer of hydrophobic non-dielectric m a

terial is for example polytetrafluorethylene or polytetrafluorethen (PTFE), as dis-

cussed above.

The cartridge 1 shown in Figure 14 further comprises at least one peripheral spacer

9 that is located below the lower surface 4 of the body 2,2' and that connects the

working film 10 t o the body 2,2'. The cartridge 1 also comprises a gap 12 between

the lower surface of the body 2,2' and the hydrophobic upper surface 11 of the



working film 10. This gap 12 is defined by the peripheral spacer 9 . The peripheral

spacer 9 here is attached to the rigid cover 17. The cartridge 1 shown in Figure 14

further comprises at least one intermediate spacer 15 that is located within the ar

ea of the gap 12. This at least one intermediate spacer preferably has the same

height as the peripheral spacer 9 and preferably defines the same gap height, as

discussed before.

The cartridge 1 also comprises the piercable bottom structure 8 which is accom

plished as a piercable foil 79. This piercable foil 79 is sealingly attached to the lower

surface 4 of the body 2,2", is impermeable to liquids and is configured to seal the

bottom opening 73 of at least one well 5, which preferably comprises a top piercing

system 60 according to the present invention. E.g. depending on a required part i

tioning of the gap 12 by the spacers 9,15, the piercable foil 79 may be sized t o seal

one or more well 5 of the cartridge, independently, whether these wells 5 comprise

a top piercing system 60 or not. The piercable foil 79 may alternatively be sized t o

completely cover the lower surface 4 of the body 2 of the cartridge 1, sealing all

wells 5, as discussed before.

The cartridge 1 shown in Figure 14 further comprises a rigid cover 17, which is at-

tached to the lower side of the piercable foil 79, e.g. by gluing of welding. The rigid

cover 17 may be coated on its underside with an electrically conductive layer that

may be connected to a ground potential source of the system 40 for liquid droplet

manipulation. A suitable coating may be provided using indium tin oxide (ITO).

However, the electrically conductive coating is not necessary for carrying out drop-

let manipulations by electrowetting techniques.

As in the embodiment shown in Figure 13, the hydrophobic upper surface of the

gap 12 in the embodiment shown in Figure 14 is provided by the rigid cover 17.

The hydrophobic surface may be provided directly be the material of the rigid cover

17, or may be provided by an additional coating of the lower surface of the rigid

cover 17 which closes the gap 12. Exemplarily, such a coating may be a Teflon ®

coating which is applied to the lower surface of the rigid cover 17 e.g. by spin-

coating. The rigid cover 17 comprises a cover hole 18 which is located below the



bottom opening 73 of the well 5 which comprises a top piercing system 60, as pre

viously discussed.

The cartridge 1 shown in Figure 14 does not comprise an additional thorn relief

spacer layer 64. Instead, the cover hole 18 of the rigid cover 17 is used as an addi

tional space for accommodating the tip of the thorn 63. Thus, in the embodiments

shown in Figure 14, the cover hole 18 of the rigid cover 17 is used t o prevent that

the thorn 63 reaches the working layer 10 and eventually damages its upper sur

face 11 when the top piercing system 60 has been moved into the piercing position

(thus, when the thorn 63 has pierced the piercable foil 79 and the piston 6 1 abuts

or is about t o abut the bottom of the well 5). Additionally, the length of the thorn

63 and the size of the piston 6 1 may be adapted to the height of the gap 12 and

the height of the rigid cover 17 (or vice versa).

As discussed before, the height of the rigid cover 17 may further be adapted to the

embodiment of the body 2 : a thicker rigid cover 17 might be desired when the body

2 of the cartridge 1 is configured as a frame structure 2" with a central opening

that extends across the entire height of the body 2,2". Here, a thicker rigid cover

17 would improve the dimensional stability of the cartridge 1 while providing a re-

lief space for the thorn 63. On the other hand, a thinner rigid cover 17 might be de

sired e.g. when the body 2 is configured as a plate-like structure 2', which inherent

ly is more stable than a frame structured body.

Preferably, the height of the rigid cover 17 is 0.2 - 1.8 mm, more preferably of 0.4

- 1.5 mm. In a particularly preferred embodiment, the rigid cover 17 has a height

(or a thickness, respectively) of 1.5 mm.

I n the embodiment of the top piercing system 60 shown on the left side of the car

tridge 1, the piston 6 1 with the thorn 63 has just left the storage position. The pis-

ton 6 1 does not comprise a gasket 62. Instead, the piston 6 1 is manufactured in a

size and from a material that directly provides for the sealing connection to the side

wall of the well 5, and the cartridge 1 comprises a flexibly deformable top structure

7, which sealingly covers the top opening 72 of the well 5 which comprises the top

piercing system 60. For keeping the piston 6 1 in a controllable position within the



well 5, the piston 6 1 is preferably glued to the flexibly deformable stop structure 7

with its actuation side 77. I n this way, the piston 6 1 is movable within the well 5 by

applying a pressure on the upper surface of the flexibly deformable top structure 7 .

For reducing the friction between the piston 6 1 and the inner side of the wall of the

well 5 upon the movement of the piston 61, the piston 6 1 may be coated with an

anti-friction coating at least on its sides which contact the inner wall of the well 5

(not shown). Such an anti-friction coating might be for example a Teflon ® coating

(Teflon ® is a trademark of DuPont).

Preferably and as depicted, the flexibly deformable top structure 7 is configured as

a flexible foil that is sealingly attached to the upper surface 3 of the frame structure

2". The flexible foil preferably is made of an elastomeric material, such as a rubber

or a thermoplastic elastomer (TPE) membrane and preferably is sealingly attached

to the upper surface 3 of the frame structure 2" by welding. Alternatively, the flexi-

bly deformable top structure 7 is configured as a flexible top portion of the body 2

that is integrated in the frame structure 2" (not shown). I n this case, the body m a

terial preferably is TPE.

The well 5 of the cartridge 1 shown on the left side comprises a tapered bottom,

the bottom declining towards the bottom opening 73. Correspondingly, the front

side 74 of the piston 6 1 is complementarily tapered, so that the piston 6 1 prefera

bly may abut with its complete front side 74 the bottom of the well 5 . This helps

ensuring that the top piercing system 60 may be moved into a stable piercing posi

tion without the piston 6 1 bouncing between the side walls of the well 5 . Such un-

controlled movement of the piston 6 1 and the thorn 63 might result in that the

thorn 63 unintentionally damages parts of the cartridge 1 . Additionally, the eff icien

cy of the release of the liquid reagent or sample 6,6' may be increased, in that the

front side 74 of the piston 6 1 pushes the last leftovers of the liquid towards the bot

tom opening 73 of the well 5 for the release.

For automatically moving the top piercing system 60 within the well 5, the cartridge

1 comprises an actuating element 41, as it is previously discussed. The actuating

element 4 1 may be guided by a guiding channel 45 (not shown). Such an actuating

element 4 1 is preferably agitated by an agitation mechanism 46, which is controlled



by the central control unit 43. Preferably, the agitation mechanism 46 is configured

as, or comprises one of a wax pump bladder, a solenoid driven or clamping mecha

nism driven lever 51, as discussed above. For a precise positioning of the actuating

element 41, the piston 6 1 may comprise on its actuation side 77 a positioning

groove 80. This positioning groove 80 is provided by a slight deepening in the sur

face of the actuation side 77 of the piston 61, which guides the actuating element

4 1 in an actuation position. Preferably, the positioning groove 80 is located cent ral

ly on the actuation side 77 of the piston 61, so that the applied force induces a

movement of the piston 6 1 within the well 5 without risking that the piston 6 1 is

tilted within the well 5 and may then not be moved into the piercing position.

I n the embodiment of the top piercing system 60 shown in Figure 14 on the right

side of the cartridge 1, the top piercing system 60 comprise a gasket 62 which pro

vides the seal between the piston 6 1 and the inner wall of the well 5, as discussed

above. The piston 6 1 with the thorn 63 and the gasket 62 has been moved into the

piercing position. Thus, the thorn 63 has already opened the piercable foil 79, and

the reagent or sample 6,6' has already partly been pressed out through the bottom

opening 73 of the well 5 and through the cover hole 18 of the rigid cover 17 into

the gap 12. Here, the top piercing system 60 has been moved manually within the

well 5 towards its bottom opening 73 by hand. This is indicated by the finger which

is pressed centrally onto the actuation side 77 of the piston 61, so that the top

piercing system 60 may be moved toward the bottom opening 73 of the well 5

without being tilted. The piston 6 1 is not yet abutting the bottom of the well 5 with

its front side 74, but pushes the remaining reagent or sample 6,6' towards the bot-

torn opening 73 of the well 5 .

The following table provides an overview of materials, thicknesses, and characteris

tics of the selected components of a cartridge 1, which are suitable for a cartridge 1

in the fifth embodiment according to the present invention :

Table 1:



Kapton®

The invention further relates to a system 40 for liquid droplet manipulation which

comprises a substrate 42 with an electrode array 20 and a central control unit 43

for controlling the selection of individual electrodes 44 of the electrode array 43 and

for providing the electrodes 44 with individual voltage pulses for manipulating liquid

droplets 23 by electrowetting, as discussed above. The preferred system 40 is con-



figured to receive on top of the electrodes 44 the working film 10 of a cartridge 1

according to the present invention comprising at least one top piercing system 60 in

one of its wells 5 .

The system 40 can be a stand alone and immobile unit, on which a number of op

erators is working with cartridges 1 that they bring along. The system 40 thus may

comprise a number of substrates 42 and a number of electrode arrays 20, so that a

number of cartridges 1 can be worked on simultaneously and/or parallel. The num

ber of substrates 42, electrode arrays 20, and cartridges 1 may be 1 or any number

between e.g. 1 and 100 or even more; this number e.g. being limited by the work

ing capacity of the central control unit 43. Alternatively, the system 40 can be can

be implemented as a hand held which only comprises and is able to work with a

single cartridge 1 . Every person of skill will understand that intermediate solutions

that are situated in-between the two extremes just mentioned will also operate and

work within the gist of the present invention.

The system 40 may comprise actuating elements 4 1 for actuating the at least one

top piercing system 60 of a cartridge 1 for releasing reagents, treatment liquids, oil,

reaction liquids or sample containing liquids into the gap 12 of the cartridge 1 . The

substrate 42 may comprise an electrically insulating film, layer or cover 50 that is

applied to the electrode array 20, that covers all individual electrodes 44 of the

electrode array 20 and that separates the individual electrodes 44 from each other.

The invention also relates to a method of releasing a reagent or sample 6,6' from a

well 5 of a cartridge 1 with a working film 10 and at least one piercing element 13

for manipulating samples in liquid droplets with an electrode array 20 when the

working film 10 of the cartridge 1 is placed on said electrode array 20. I n that

method a cartridge is provided which comprises a body 2,2',2" that comprises an

upper surface 3, a lower surface 4, and a number of wells 5 configured to hold

therein reagents 6 or samples 6'. Each well 5 comprises a top opening 72, and a

bottom opening 73 for releasing a liquid from the well 5 . The provided cartridge 1

further comprises a piercable bottom structure 8 impermeable to liquids and con

figured to seal at least one of the bottom openings 73 of the wells 5, and a working

film 10 located below the lower surface 4 of the body 2,2',2", the working film 10



being impermeable to liquids and comprising a hydrophobic upper surface 11. The

cartridge 1 still further comprises a peripheral spacer 9 located below the lower sur

face 4 of the body 2,2',2" and connecting the working film 10 t o the body 2,2',2", a

gap 12 between the lower surface 4 of the body 2,2',2" and the hydrophobic upper

surface 11 of the working film 10, the gap 12 being defined by the peripheral spac

er 9 . The cartridge 1 even further comprises at least one top piercing system 60,

each located within at least one of the wells 5 for releasing a reagent or sample 6,6'

from said at least one well 5 into the gap 12; wherein each top piercing system 60

comprises a piston 6 1 and a piercing element 13, the piercing element 13 being

configured as a thorn 63 located at a front side 74 of the piston 61. The method in

cludes the further steps of moving the piston 6 1 within said well 5 toward its bot

tom opening 73 while providing a seal between the piston 6 1 and the inner wall of

the well 5, piercing the piercable bottom structure 8 with the thorn 63, and releas

ing a reagent or sample 6,6' from said at least one well 5 into the gap 12 upon

moving the piston 6 1 within the well 5 .

Generally, the cartridge 1 as described herein may be used independently of its or i

entation within the 3-dimensional space. Preferably, the cartridge 1 is used with the

gap 12 being oriented horizontally, however, also the cartridge 1 might be oriented

vertically or even oriented upside down with the electrode array 20 positioned on

top of the gap 12 is possible.

Furthermore, the configuration of the different parts of the cartridge 1, the elec

trode array 20 and the central control unit 43, and the combination of the different

configurations is within the knowledge of the skilled person based on the disclosure

and discussion within this document. Thus, as long as a gap 12 is formed for the

manipulation of samples in liquid droplet, the gap 12 being enclosed by hydropho

bic surfaces, while the electrode array 20 is electrically insulated, and while the bot

tom opening 73 of a well 5 which comprises a top piercing system 60 is covered by

a piercable bottom structure, all combinations of the discussed elements are possi

ble. Were appropriate and necessary, elements as previously discussed e.g. for the

related embodiments shown in the Figures 1 to 9 may be used exchangeable also in

the fifth embodiment according to the present invention of a cartridge comprising

the top piercing system 60 as described herein.



The expressions "electrode array", "electrode layout", and "printed circuit board

(PCB)" are utilized in this patent application as synonyms.

Any combination of the features of the different embodiments of the cartridge 1

disclosed in this patent application 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 re

fer to similar elements of the cartridge 1 and system 40 of the present invention.



Reference numbers

1 cartridge 35 26 intake device

2,2',2 " body 27 cylinder tube

2' plate-like structure of 2 28 first end of 27

2" frame structure of 2 29 second end of 27

3 upper surface of 2,2',2" 30 plunger

4 lower surface of 2,2',2" 40 3 1 sealing foil

5 well 40 system with 20

6 reagent 4 1 actuating element

6' sample 42 substrate

7 flexibly deformable top structure 43 central control unit

8 piercable bottom structure 45 44 individual electrode

9 peripheral spacer 45 guiding channel

9' integrated peripheral rim 46 agitation mechanism

9" separate peripheral element 47 abutment surface

10 working film 48 surface level of 44

11 hydrophobic upper surface of 10 50 49 surface of 42

12 gap 50 electrically insulating film,

13 piercing element or cover

14 central opening 5 1 lever

15 intermediate spacer 52 clamping mechanism

16 bottom portion 55 53 outer part of 2

17 rigid cover 54 ground connection

18 cover hole 55 buccal swab head

19 cover layer 56 frit

20 electrode array 57 downward extension of 2

21 optical fiber 60 58 seal

22 window 59 piercing structure

23 droplet 60 top piercing system

24 specimen intake 6 1 piston of 60

25 intake recess 62 gasket of 6 1

25' alternative intake recess 65 63 thorn of 6 1



thorn relief spacer layer 73 bottom opening of a wel

through hole of 6 1 74 front side of piston

upper part of 6 1 75 guiding channel of thorn

lower part of 6 1 76 inner bottom of a well

longitudinal axis of 63 77 actuation side of 6 1

neck portion of 63 78 longitudinal axis of 6 1

tip portion of 63 79 piercable foil

relief opening of 64 79' piercable cover layer

top opening of a well 80 positioning grove of 77



What is claimed is:

1 . A cartridge (1) with a working film (10) and at least one piercing element

(13) for manipulating samples in liquid droplets with an electrode array (20)

when the working film (10) of the cartridge (1) is placed on said electrode ar

ray (20), wherein the cartridge (1) comprises:

a) a body (2,2',2") that comprises an upper surface (3), a lower surface (4),

and a number of wells (5) configured to hold therein reagents (6) or

samples (6'), each well (5) comprising a top opening (72), and a bottom

opening (73) for releasing a liquid from the well (5);

b) a piercable bottom structure (8) impermeable to liquids and configured to

seal at least one of the bottom openings (73) of the wells (5);

c) a working film (10) located below the lower surface (4) of the body

(2,2',2"), the working film (10) being impermeable to liquids and com

prising a hydrophobic upper surface (11);

d) a peripheral spacer (9) located below the lower surface (4) of the body

(2,2',2") and connecting the working film (10) to the body (2,2',2"); and

e) a gap (12) between the lower surface (4) of the body (2,2',2") and the

hydrophobic upper surface (11) of the working film (10), the gap (12)

being defined by the peripheral spacer (9);

wherein the cartridge (1) further comprises

f) at least one top piercing system (60), each located within at least one of

the wells (5) for releasing a reagent or sample (6,6') from said at least

one well (5) into the gap (12);

wherein each top piercing system (60) comprises a piston (61) and a

piercing element (13), the piston (61) being configured to be movable

within said well (5) while providing a seal between the piston (61) and

the inner wall of the well (5), and the piercing element (13) being conf ig

ured as a thorn (63) located at a front side (74) of the piston (61) and

being configured to pierce the piercable bottom structure (8) for releas

ing a reagent or sample (6,6') from said at least one well (5) into the gap

(12) upon moving the piston (61) within the well (5) toward its bottom

opening (73).



2 . Cartridge (1) according to claim 1, wherein the piercable bottom structure

(8) is configured as a piercable foil (79) that is sealingly attached to the low

er surface (4) of the body (2,2',2").

Cartridge (1) according to claim 2, wherein the piercable foil (79) is sized t o

seal the bottom openings (73) of all wells (5) of the body (2,2',2").

Cartridge (1) according to claim 1, wherein a front side (74) of the piston

(61) of the at least one top piercing system (60) is adapted in shape to a

shape of an inner bottom (76) of the well (5) into which the at least one top

piercing system (60) is integrated.

Cartridge (1) according to claim 4, wherein the inner bottom (76) of the

well (5) which comprises the at least one top piercing system (60) is conf ig

ured as a taper-bottom, and wherein the front side (74) of the piston (61) of

said at least one top piercing system (60) is configured as a complementary

tapered front side (74).

Cartridge (1) according to claim 4, wherein the inner bottom (76) of the

well (5), which comprises the at least one top piercing system (60) is conf ig

ured as a flat bottom, and wherein the front side (74) of the piston (61) of

said at least one top piercing system (60) is configured as a complementary

flat front side (74).

Cartridge (1) according to claim 1, wherein the thorn (63) comprises a neck

portion (69) and a tip portion (70) with the tip, the tip portion (70) being

configured to pierce the piercable bottom structure (8).

Cartridge (1) according to claim 1, wherein the thorn (63) comprises at

least one guiding channel (75) for providing an outlet path for releasing the

reagent or sample (6,6') from the well (5) when the thorn (63) of the top

piercing system (60) has pierced the piercable bottom structure (8).



9 . Cartridge (1) according t o claim 7, wherein the tip (70) of the thorn (63) is

Phillips head shaped.

10. Cartridge (1) according t o claim 1, wherein the top piercing system (60)

comprises at least one gasket (62) attached t o an upper part (66) of the p is

ton (61) for sealingly abutting the inner wall of the well (5).

11. Cartridge (1) according t o claim 10, wherein the at least one gasket (62) is

an O-ring, or a quad-ring, or a bellow.

12. Cartridge (1) according t o claim 1, wherein the piston (61) and the thorn

(63) of the top piercing system (60) are made as a single injection molded

piece.

13. Cartridge (1) according t o claim 1, wherein the cartridge (1) further com

prises a thorn relief spacer layer (64) that is attached t o a lower side of the

piercable bottom structure (8) and that comprises a relief opening (71) sit u

ated below the bottom opening (73) of the well (5), said relief opening (71)

providing an additional space for the thorn (63) after piercing the piercable

bottom structure (8), and providing an outlet path for releasing the reagent

or sample (6,6') into the gap (12).

14. Cartridge (1) according t o claim 13, further comprising a rigid cover (17) that

is attached t o a lower side of the thorn relief spacer layer (64), said rigid

cover (17) enclosing the gap (12) on a side opposite t o the working film (10)

and comprising at least one cover hole (18) which is situated below the bot

tom opening (73) of the well (5) and below the relief opening (71) of the

thorn relief spacer layer (64).

15. Cartridge (1) of claim 1, wherein the peripheral spacer (9) surrounds a part

or the entire foot print of the cartridge (1) and is attached t o the lower sur

face (4) of the piercable bottom structure (8).



16. Cartridge of claim 15, wherein the cartridge (1) comprises at least one in

termediate spacer (15) configured reaching from the peripheral spacer (9) of

one side of the cartridge (1) t o the peripheral spacer (9) of another side of

the cartridge (1) or as a separate element located within the area of the gap

(12), the intermediate spacer (15) being attached to the lower surface (4) of

the piercable bottom structure (8).

17. The cartridge of claim 1, wherein the working film (10) is configured as a

monolayer of a hydrophobic material.

18. The cartridge of claim 1, wherein the working film (10) is configured as a

monolayer of electrically non-conductive material, the upper surface (11) of

the working film (10) being treated to be hydrophobic.

20. A system (40) for liquid droplet manipulation, the system comprising a sub

strate (42) with an electrode array (20) and a central control unit (43) for

controlling the selection of individual electrodes (44) of the electrode array

(20) and for providing the electrodes (44) with individual voltage pulses for

manipulating liquid droplets (23) by electrowetting, wherein the system (40)

is configured to receive on top of the electrodes (44) a cartridge (1) accord

ing t o claim 1 with at least one top piercing system (60) and with the work

ing film (10) placed on the electrode array (20).

21. The system of claim 20, wherein the system (40) comprises actuating ele

ments (41) for actuating the at least one top piercing system (60) of a car

tridge (1) for releasing reagents, treatment liquids, oil, reaction liquids or

sample containing liquids into the gap (12) of the cartridge (1).

22. The system of claim 20, wherein the substrate (42) comprises an electrically

insulating film, layer or cover (50) that is applied to the electrode array (20),

that covers all individual electrodes (44) of the electrode array (20) and that

separates the individual electrodes (44) from each other.



A method of releasing a reagent or sample (6,6') from a well (5) of a car

tridge (1) with a working film (10) and at least one piercing element (13) for

manipulating samples in liquid droplets with an electrode array (20) when

the working film (10) of the cartridge (1) is placed on said electrode array

(20), wherein the method comprises the following steps:

- providing a cartridge (1) which comprises:

a) a body (2,2',2") that comprises an upper surface (3), a lower surface

(4), and a number of wells (5) configured to hold therein reagents (6)

or samples (6'), each well (5) comprising a top opening (72), and a

bottom opening (73) for releasing a liquid from the well (5);

b) a piercable bottom structure (8) impermeable to liquids and conf ig

ured to seal at least one of the bottom openings (73) of the wells (5);

c) a working film (10) located below the lower surface (4) of the body

(2,2',2"), the working film (10) being impermeable to liquids and

comprising a hydrophobic upper surface (11);

d) a peripheral spacer (9) located below the lower surface (4) of the

body (2,2',2") and connecting the working film (10) t o the body

(2,2',2");

e) a gap (12) between the lower surface (4) of the body (2,2',2") and

the hydrophobic upper surface (11) of the working film (10), the gap

(12) being defined by the peripheral spacer (9); and

f ) at least one top piercing system (60), each located within at least one

of the wells (5) for releasing a reagent or sample (6,6') from said at

least one well (5) into the gap (12); wherein each top piercing system

(60) comprises a piston (61) and a piercing element (13), the pierc

ing element (13) being configured as a thorn (63) located at a front

side (74) of the piston (61);

- moving the piston (61) within said well (5) toward its bottom opening (73)

while providing a seal between the piston (61) and the inner wall of the

well (5);

- piercing the piercable bottom structure (8) with the thorn (63); and

- releasing a reagent or sample (6,6') from said at least one well (5) into the

gap (12) upon moving the piston (61) within the well (5).
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