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Electrowetting optical element.

FIELD OF THE INVENTION

The present invention relates to an electrowetting optical element., a display

comprising electrowetting optical elements. and a method of manufacturing an

electrowetting optical element.

BACKGROUND

Electrowetting technology is based on modification of an energy balance between

on one hand surface tension forces of liquids and wetting properties of a solid surface,

and on the other hand electrostatic forces induced by an applied voltage over a capacitor

arrangement comprising said boundary layer.

An electrowetting optical element or cell, further referred to as electrowetting

element, according to the state of the art may from bottom to top be comprised of

respectively a first electrode layer stack comprising a substrate, a first electrode layer, an

electrically insulating hydrophobic layer or an insulating layer having a hydrophobic

surface on a side opposite to the first electrode layer, for interfacing to a polar liquid and a

non-polar liquid immiscible with each other, and a second electrode layer stack,

comprising a second electrode which is electrically in contact with the polar liquid and a

superstate for supporting the second electrode layer. The second electrode layer has a

hydrophobicity that is lower than the hydrophobic interface surface of the first electrode

layer stack. This causes the non-polar liquid to be present near the hydrophobic surface of

the first electrode stack and the polar liquid to be present near the less hydrophobic

interface surface of the second electrode stack. Pixel walls attached to the first electrode

layer stack and extending from the first electrode layer stack towards the second

electrode layer stack, form a containment space between the first and second electrode

stacks and the pixel walls. The pixel walls thus form a barrier for the non-polar liquid

between the electrowetting cell and adjacent electrowetting cells.

An electrowetting element can thus form a picture element or pixel. A plurality of

electrically controlled electrowetting elements can together form a display or part thereof

comprising pixels, which can be used for displaying arbitrary images by appropriately

controlling the electrowetting elements forming the display. Electrowetting elements can

have arbitrary shapes determined by the shape of the pixel walls, such that displays can

be manufactured for specific purposes.



An electrowetting element is mainly transparent, except for the non-polar liquid in

each of the pixels formed by the pixel walls. The non-polar liquid is often non-transparent

or has a low optical transmission coefficient. The transmission coefficient of the non-polar

liquid typically depends on the application of the electrowetting element. In a colour

display, an electrowetting element comprising coloured non-polar liquids may be used.

Electrowetting elements can be applied in a transmissive implementation, using for

example backlighting to light-up the display screen. In another implementation the

electrowetting elements may be applied in a reflective set-up, for example by providing a

(specular or diffuse) reflective surface at one of the electrode layers.

The principles of operation of an electrowetting element are as follows. In an

unpowered state, i.e. when no voltage is applied over the first and second electrode, the

lowest energetic state of the system is where the non-polar liquid forms a boundary layer

between the polar liquid and the hydrophobic surface of the insulating layer. This is

because the polar liquid is repelled by the hydrophobic layer. The poor transmissibility of

the non-polar liquid then forms an obstruction to light that penetrates the system.

When a voltage is applied over the electrodes, the lowest energetic state of the

system becomes the situation wherein the (poorly conductive or insulating) non-polar

liquid is pushed aside by the (conductive) polar liquid, and the polar liquid thereby being in

direct contact with the insulating hydrophobic layer. Note that the voltage must be large

enough for the electrostatic forces to overcome the repellent and surface tension forces

that separate the polar liquid from the hydrophobic surface. In this situation, light that

penetrates the system has rather unobstructed access to the insulating hydrophobic layer

because of the well transmissibility of the polar liquid and the non-polar liquid being

pushed aside. In the powered up state, when voltage is applied over the electrodes, the

electrowetting element is thus transmissive. This working principle is used in

electrowetting type displays and screens.

Electrowetting elements according to the state of the art exhibit poor adhesion of

the pixel wall to the hydrophobic surface, causing the pixel walls to deteriorate, thereby

destroying the electrowetting element and it's surrounding electrowetting elements which

are defined by the pixel walls. This is due to the fact that the hydrophobic surface has a

very low contact angle hysteresis and low surface tension which makes it extremely

difficult to apply an uniform coating of photoresist from which the pixel walls are formed.

Furthermore the adhesion of the photoresist to the hydrophobic surface is very poor, thus

resulting in poor adhesion and deterioration of the pixel walls. This problem may already



occur during manufacturing of the electrowetting elements, when pixel walls are created.

As a result, the yield of commercial manufacturing processes is lowered and in addition

the technical life of electrowetting displays is shortened.

In the art, adhesion of the pixel walls can be improved by performing a surface

modification of the hydrophobic surface for making this surface less hydrophobic. After

manufacturing of the pixels walls the surface is returned to a hydrophobic state by an

annealing step. However the return to a hydrophobic state with minimal contact angle

hysteresis is often not perfect causing imperfect spreading of the oil after switching to the

unpowered state. Such a method thus leads to problems with the opening and closing of

the pixels during switching operation.

SUMMARY OF THE INVENTION

The present invention has for its object to obviate the above mentioned problems

and disadvantages of the prior art, and to provide an electrowetting optical element having

an improved structural integrity and switching behavior.

In accordance with an aspect of the invention the above mentioned object is

achieved by an electrowetting optical element comprising a first electrode layer stack and

a second electrode layer stack, and a containment space formed between said first

electrode layer stack and said second electrode layer stack, one or more pixel walls

extending between said first and second electrode stacks, for defining sides of said

containment space, said containment space at least containing a polar liquid and a non-

polar liquid, the polar and non-polar liquids being immiscible with each other.

Said first electrode layer stack comprises a substrate, a first electrode layer and an

insulating layer having a hydrophobic interface surface with said containment space, and

said second electrode layer stack comprises a superstrate and a second electrode layer

having a second interface surface with said containment space. Said hydrophobic

interface surface has a higher hydrophobicity than the second interface surface.

The electrowetting element is arranged for enabling powering of said first and

second electrode layers for rearranging said polar liquid relative to said non-polar liquid.

The pixel walls are fixedly mounted on said second interface surface of said

second electrode layer stack and extend towards said first electrode layer, wherein an end

face of said one or more pixel walls opposite said first electrode layer stack faces said

hydrophobic interface surface in a loose manner.



The wording 'in a loose manner' indicates that no fixation or structural attachment

is achieved of the end face of the pixel walls with the hydrophobic interface of the first

electrode layer stack. This end face may be, but is not necessarily, contiguous to the

hydrophobic surface of the first electrode layer stack. An advantage of this embodiment is

that it can be easily created in a manufacturing process since no structural attachment is

required between the pixel walls and the first electrode layer stack.

Since the pixel walls are created on the less hydrophobic second interface surface

of the second electrode layer, their height is such that the pixel walls extend from the

second electrode layer stack sufficiently far to the first electrode layer stack in order to

prevent spreading of the non-polar liquid from pixel to pixel and containing the non-polar

liquid within each pixel. This can be done without deteriorating the structural integrity of

the pixel walls, simply because the connection between the pixel walls and the less

hydrophobic second interface surface is mechanically stronger than a connection between

the pixel walls and the hydrophobic interface surface as in the prior art. Thus the

structural integrity of the end product is improved.

Pixel walls having a height such that they span the full distance between the

second and first electrode layer have an advantage that they function as spacers keeping

the first and second electrode layer at the desired distance. This also improves the optical

and structural properties of the electrowetting element.

By the terms 'hydrophobic interface surface', and 'less hydophobic second interface

surface' it is meant that the respective surfaces of the first and second electrode layer

stacks are such that their interfaces with the containment space are hydrophobic and less

hydrophobic or hydrophilic respectively.

Usually, the polar liquid will be water, or a substance that is based primarily on

water, since water is readily available and consist of molecules having a structure as such

they form an electrical dipole. However, the skilled person will appreciate that other polar

liquids may also be suitable for use in an electrowetting element. Moreover, the non-polar

liquid will often be an oily substance with a suitable colour and suitable optical properties.

However, the non-polar liquid may be formed by any suitable substance that can be used

in an electrowetting optical element, immiscible with the polar liquid and not containing

molecules having a non-zero chemical polarity.

According to an embodiment according to the invention, a slit is present in

between the end face and the hydrophobic interface for entrainment of the non-polar liquid

into the slit. This improves the operational behaviour of the electrowetting element, since



upon switching the electrowetting element in a powered up state the non-polar liquid will

retract from the hydrophobic surface into a low energetic state. Moreover, the small

capillary surface that is formed on one edge of the pixel wall near the hydrophobic surface

of the first electrode in the powered up state, as a result of the non-polar liquid being

entrained in the slit, reduces the amount of light scattering and thus improves the optical

properties of the electrowetting element. In this embodiment, the height of the pixel walls

is thus slightly smaller than the distance between the first and second electrode layer, for

forming the slit.

The optical properties of the electrowetting element can also be improved by a

further embodiment wherein the pixel walls comprise a hydrophobic surface. In that case,

the polar liquid will be repelled by the pixel walls, such that energetically the non-polar

liquid will more likely stay near the pixel walls. In a powered up state, with this

embodiment, the capillary surface mentioned herein above at one edge of the slit between

the pixel wall and the hydrophobic surface, will be larger since the non-polar liquid (oil) will

tend to 'crawl up' the pixel wall. The amount of light scattering in this embodiment is

further reduced.

In a further embodiment according to the invention, the hydrophobic surface of the

pixel walls is formed on the end face of the pixel walls opposite said first electrode layer.

This allows the non-polar liquid which is attracted by both the hydrophobic surface and the

hydrophobic first surface in the powered up state of the electrowetting cell to be entrained

into the slit more easily.

According to a second aspect of the present invention, there is provided an

electrowetting display comprising one or more electrowetting elements as described

above. By appropriately controlling, said electrowetting elements can advantageously be

operated, combined to form a display for displaying arbitrary images or shapes for various

purposes.

According to a third aspect of the present invention, there is provided a method of

manufacturing an electrowetting optical element comprising providing a second electrode

layer stack comprising a superstrate and a second electrode layer having a second

interface surface, fixedly mounting pixel walls on said second interface surface of said

second electrode layer stack , thereby forming a containment space defined at least by

said second interface surface and said pixel walls, filling said containment space with a

polar liquid and a non-polar liquid, which polar liquid and non-polar liquid are immiscible

with each other, end covering said containment space with a first electrode layer stack



comprising a substrate, a first electrode layer and an insulating layer having a

hydrophobic interface surface. The hydrophobicity of said hydrophobic interface surface is

higher than the hydrophobicity of the second interface surface. An end face of said pixel

walls faces said hydrophobic interface surface of said first electrode layer stack in a loose

manner..

An advantage of the method of the present invention is that the method of

manufacturing can be performed straightforwardly, since the array of containment spaces

formed on the second electrode layer on which the pixel walls are fixedly mounted can be

more easily filled with first the polar liquid to a desired level and the non-polar liquid

subsequently, than an electrowetting element according to the prior art. Moreover, since

the structural integrity of the mounting of the pixel walls on the second electrode surface is

much better than in a method according to the prior art, the present method of

manufacturing provides a higher yield of fully functioning electrowetting elements than in

the method according to the prior art.

In an embodiment, the method step of covering said containment space is

performed such that a slit is formed between said end face and said hydrophobic interface

surface. This allows easy entrainment of the non-polar liquid, since this liquid is also

attracted into the slit by capillary action of the hydrophobic interface surface of the first

electrode layer stack and the end face of the pixel walls..

In a particular embodiment, the method further comprises a step of making the

pixel walls hydrophobic, allowing the non-polar liquid to crawl up the pixel walls.

In respect of the above, it is to be noted that the degree as to which the pixel walls

possess hydrophobic / hydrophilic properties may be optimised in order to prevent the

non-polar liquid from adhering to the pixel walls when the pixel walls are too much

hydrophobic (thereby hindering the switchability of the electrowetting element)..

In a further embodiment, only the end face of the pixel walls opposite said

hydrophobic interface surface of said first electrode layer stack is provided with a

hydrophobic interface surface. This counteracts the adhesion of the non-polar liquid to

sides of the pixel walls and allows the non-polar liquid to be more easily entrained into

said slit.

In another embodiment the step of filling said containment space comprises filling

said containment space with said polar liquid to an upper edge of said pixel walls or above

said edge and evaporating said polar liquid such as to yield all of said containment space

being filled to a predetermined level, further comprising a step of filling a remainder of said



containment space with said non-polar liquid. The upper edge can coincide with the pixel

wall end face. This enables filling the electrowetting element without the need to monitor

the level of the polar liquid during the filling. While evaporating the polar liquid, the level

will be monitored. When the correct level is reached, the non-polar liquid is supplied to the

remainder of the containment space.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will further be described with reference to the enclosed drawings

wherein embodiments of the invention are illustrated, and wherein:

Figure 1 illustrates an electrowetting optical element in accordance with the

invention;

Figure 2a-2c illustrate various method steps of the method for manufacturing of

electrowetting optical element in accordance with the present invention;

Figure 3 schematically illustrates a method of the present invention.

DETAILED DESCRIPTION

In figure 1, an electrowetting optical element or electrowetting element generally

indicated with reference numeral 1, and situated between adjacent electrowetting

elements, is illustrated. In the electrowetting element 1 , a containment space 25 is present

between a first electrode layer stack 3 and a second electrode layer stack 5 . The first

electrode layer stack 3 comprises a substrate 11 , an insulating layer 12, a first electrode

layer 13 and an optional reflective Iayer14 that will be described below. The first electrode

layer stack 3 is formed of an electrically conducting material such as indium tin oxide

(ITO) and has a hydrophobic interface surface 10 forming the interface with the

containment space 25. The hydrophobic interface surface 10 can be formed by a layer of

a suitable fluoropolymer, such as CYTOPtm or AF1600tm.

The second electrode layer stack 5 comprises a superstrate 7 and a second

electrode layer 6 supported by the superstrate 7 . The second electrode layer 6 is in

contact with the polar liquid 29, the second electrode layer 6 having a less hydrophobic or

hydrophilic interface surface. The second electrode layer 6 is formed by a layer of

transparent conductive material such as ITO or any other transparent conducting material.

Also a conductive organic material known in the art have lower hydrophobic properties

than the hyrophobic first interface surface 10 can be used. The second electrode layer 6

must contact the polar liquid 29 in the electrowetting element 1 , but does not necessarily



be a contiguous layer as shown in figure 1. It is sufficient if it covers at least a part of the

containment space 25.

The first and second electrode layer 6 , 13 together allow the electrowetting

element 1 to be powered on and off by applying an appropriate voltage to them.

The superstate layer 7 and substrate layer 11 may be formed by any suitable

material. These layers will often be formed by a transparent glass layer, and dependent

on whether the electrowetting optical cell is of the transparent type or reflective type, the

substrate layer 11 may be formed by a non-transparent layer as well. Alternatively,

superstrate layer 7 and substrate layer 11 may be formed from a rigid or flexible polymer

material such as polyethersulfone (PES), polyimide (PI), polythiophene (PT), phenol

novolac (PN), or polycarbonate (PC).

The optionally reflective layer 14 allows the electrowetting element to be used in a

reflective manner having light incident on the superstrate side or the side of the second

electrode layer stack 5 of the element 1 being reflected by the reflecting layer 14 and

exiting again through the second electrode layer stack 5 side. The reflective layer 14 can

be made from a metal such as aluminium, deposited on the substrate 11. In reflective type

electrowetting elements, the reflective layer 14 may also act as first electrode layer.

The electrically isolating layer 12 can be formed of for example silicon dioxide or

aluminum oxide or any other suitable material which prevents a short circuit in applying

the electrical voltage and allows an electrical field to build up such that the polar liquid is

attracted to the first electrode layer 13, driving the non-polar liquid aside.

Preferably, the hydrophobic interface surface 10 exhibits a small contact angle

hysteresis for improving the switchability of the optical cell, i.e. enabling smooth opening

and closing of the cell upon switching in the powered up and powered off state.

Pixel walls 19 are fixedly mounted on the less hydrophobic or hydrophilic surface

of the second electrode layer 6 . As a result of the mounting of the pixel walls 19 on the

second electrode layer, and due to the physical properties of the less hydrophobic

surface, a strong mechanical connection between the pixel walls 19 and the hydrophilic

surface interface 6 is achieved. This results in a good structural integrity of the pixel walls

as mounted on the second electrode layer stack 5 .

The pixel walls 19, and the first and second electrode layer stacks 3 and 5

respectively, define the containment space 25 of the electrowetting optical cell 1 . The

containment space 25 is filled with a polar liquid 29 and a non-polar liquid 30. The polar

liquid 29 and non-polar liquid 30 are immiscible with each other. In addition, the polar



liquid 29 is formed of a substance having molecules with non-zero chemical polarity. The

non-polar liquid is formed of a substance having molecules with negligible or very small

chemical polarity. As a result, switching of the electrodes in the powered up and powered

off state modifies the balance of forces between the non-polar liquid and the polar liquid

and the hydrophobic surface, causing these liquids to rearrange suitably for opening and

closing the electrowetting optical cell.

The pixel walls 19 can be dimensioned such that they span the distance between

the second electrode layer stack 5 and the first electrode layer stack 3 . This way, the pixel

walls 19 prevent spreading of the non-polar liquid 30 to adjacent electrowetting elements.

The pixel walls 19 are optionally provided with hydrophobic surfaces 2 1 such that the non-

polar liquid 30 will stay contiguous to the pixel walls more easily than the polar-liquid,

which is repelled by the hydrophobe surface of the pixel walls 19.

The pixel walls 19 comprise end faces 34 opposite the hydrophobic surface 10 of

the first electrode layer 3 . In figure 1 a small slit 32 is shown in between the end faces 34

and the hydrophobic surface layer 10 of the first electrode layer 12. This enables the non-

polar liquid 30 to entrain the slits 32, and to form a small interface 24 on the other side of

the slit near the edge of the pixel walls 19 resulting from capillary action within the slit 32.

An effect of the small capillary interface is that it greatly reduces the amount of light

scattering caused by the pixel walls 19 in the electrowetting optical cell 1 .

To further improve the entrainment of the non-polar liquid into the slit, the end

faces 34 of the pixel walls 19 may be provided with a hydrophobic surface 35 thus

enabling the non-polar liquid 30 to more easily be entrained into slit 32 in the powered

state of the electrowetting element and easy return of the non-polar liquid onto the

hydrophobic interface surface 10 of the first electrode layer stack 3 .

In figure 2a-c, various method steps of a method of manufacturing an

electrowetting element in accordance with the invention are illustrated. Figure 3 provides a

schematic overview of such a method. A reference will now be made to figures 3 and 2a-c

for explaining the methods of the present invention.

In step 65 of the method illustrated in figure 3 , a manufacturing method is started

by providing a second electrode layer stack 5 comprised of a substrate layer 7 and a

second electrode layer 6 having a less hydrophobic surface. The second electrode layer 6

may be provided by a suitable coating, e.g. ITO in view of its optical and electrical

properties, which can be made less hydrophobic or hydrophilic using a plasma processing

technique with a oxygen (02) processing gas.



In step 67, pixel walls 19 are mounted on the less hydrophobic surface 6 of the

second electrode layer stack 5 using a suitable technique such as dry film resist

lithography (DFR) wherein a photoresist layer is deposited on the hydrophilic surface of

layer 6 and which is etched leaving only the pixel walls 19. as a consequence. The pixel

walls 19 are created such that they are fixedly mounted on the less hydrophobic surface

of the second electrode layer 6 .

Additionally plasma processing of the second electrode layer stack 5 with the pixel

walls 19 using a processing gas comprising CF4 can be performed. This renders the pixel

walls 19 to be hydrophobic. This is preferably performed only to the end face 34 of the

pixel wall 19, prior to etching of the pixel walls, enabling the non-polar liquid to be

entrained into the slits 32 to be formed when completing the manufacturing of the

electrowetting element.

After the pixel walls 19 are formed in step 67, the containment spaces 25 formed

on the second electrode layer stack 5 are filled in step 68 with a suitable polar liquid 29

and a non-polar liquid 30. Step 68 consists, in the present embodiment, of three separate

steps 681 , 683 and 685. In step 681 , the containment spaces formed by means of the

pixel walls 19 are filled with the polar liquid 29. Often, the polar liquid 29 will primarily

comprise water and/or more soluble organic substances such as glycol and / or methanol.

In step 683, part of the polar liquid 29 is evaporated. Since evaporation takes place

equally across the full surface of the polar liquid, after evaporation, the level at which the

containment spaces between the pixel walls 19 on the second surface are filled is equal

across the surface. Evaporation can be improved by the addition of methanol in the polar

liquid 29, which will evaporate more readily than other solvents in the mixture, such that

the overall level of the polar liquid 29 will be reduced by a certain amount, for example

approximately 25%, after evaporation (the methanol being no longer present in the polar

liquid 29).

In figure 2a, the step of evaporation of the polar liquid is illustrated. Figure 2a

shows the second electrode layer stack 5 comprising the superstrate layer 7 and the

second electrode layer 6 having the less hydrophobic surface. The step 681 of filling is

performed by filling the containment spaces 25 completely and increasing the level of the

polar liquid 29 to a level above the height of the pixel walls 19. Then, evaporation 683

takes place as schematically illustrated by the arrows 40 above the surface of the polar

liquid 29. The level of the polar liquid 29 thereby decreases equally across the surface, to

a predetermined level which is schematically illustrated by dotted lines 42. As can be



seen, in each containment space 25 of the electrowetting element 1 the level of the polar

liquid after evaporation is equal

Subsequently in step 685, the non-polar liquid 30 is added to the containment

spaces of the second electrode surface 5 . Alternatively, the non-polar liquid 30 may also

be added to the surface of the first electrode layer 3 , simply by allowing an amount of non-

polar liquid 30 to spread across the surface 10 of the first electrode layer stack 3 .

After step 685 of filling step 68, the electrowetting element 1 is to be covered with

the first electrode layer stack 3 in step 69. Step 69 is illustrated in figure 2b. In the

presently described method it is assumed that the non-polar liquid 30 is already filled to a

level above the pixel walls of the second electrode layer stack 5 , as illustrated in figure 2b.

A frame 45 running across the sides of the second electrode layer stack 5 , and comprising

an amount of glue or an adhesive substance, allows the first electrode layer stack 3 to be

mounted firmly on top of the second electrode layer stack 5 , closing the containment

spaces.

Step 69 of covering the second electrode layer stack 5 with the first electrode layer

stack 3 , comprises the step of pressing the first electrode layer stack 3 slowly on top of

the second electrode layer stack 5 (step 691), and simultaneously allowing the excess

non-polar liquid 30 to be removed from the containment spaces 25 in step 693. This is

done by exerting a force primarily on to the mid portion of the first electrode layer stack 3 .

The forces 5 1 and 52 on the sides of the first electrode layer stack 3 may be smaller than

the force 50 exerted on the mid portion of the first electrode layer stack 3 such as to

slightly deform the first electrode layer stack 3 allowing the mid portion of the first

electrode layer stack 3 to touch the end faces 34 of the pixel walls 19 on the second

electrode layer stack 5 earlier than on the sides and edges of the first electrode layer. The

excess non-polar liquid 30 in the containment spaces 25 is thereby forced outward to the

periphery of the second electrode layer stack 5 where it is removed by step 693.

In order to allow the excess non-polar liquid 30 to be removed from the second

electrode layer stack 5 , as illustrated in figure 2c, a frame 55 of the second electrode layer

stack 5 surrounding the electrowetting elements 1 comprises channels 58, 59, 60 and 6 1

in the corners thereof. When the non-polar liquid 30 is pressed outwards towards the

periphery of the second electrode layer stack 5 , it will be pressed through the channels

58-61 formed in the frame 55 prior to fixing the first electrode layer stack 3 to the second

electrode layer stack 5 .



Subsequently, in step 72, the outlets 58-61 in the frame of the electrowetting

elements 1 formed are closed by a suitable substance, such as a resin. The electrowetting

element 1 according to the present invention is then ready for further processing

dependent on the application, and the manufacturing method is ended in step 74.

As will be appreciated by the person skilled in the art, the present invention may be

practiced otherwise than as specifically described herein. Obvious modifications to the

embodiments disclosed, and specific design choices, will be apparent to the skilled

reader. The scope of the invention is only defined by the appended claims.



CLAIMS

1. Electrowetting optical element comprising a first electrode layer stack and a

second electrode layer stack, and a containment space formed between said first

electrode layer stack and said second electrode layer stack, one or more pixel walls

extending between said first and second electrode stacks for defining sides of said

containment space, said containment space at least containing a polar liquid and a non-

polar liquid, the polar and non-polar liquids being immiscible with each other, said first

electrode layer stack comprising a substrate, a first electrode layer and an insulating layer

having a first interface surface with said containment space, and said second electrode

layer stack comprising a superstrate and a second electrode layer having a second

interface surface with said containment space, said hydrophobic interface surface having

a higher hydrophobicity then said second interface surface, and said electrowetting

element being arranged for enabling powering of said first and second electrode layers for

rearranging said polar liquid relative to said non-polar liquid, characterised in said pixel

walls being fixedly mounted on said second interface surface of said second electrode

layer stack and extending towards said first electrode layer, wherein an end face of said

one or more pixel walls opposite said first electrode layer stack faces said hydrophobic

interface surface in a loose manner.

2 . Electrowetting element according to claim 1, wherein a slit is present in between

said end face and said hydrophobic interface surface for entrainment of said non-polar

liquid into said slit.

3 . Electrowetting element according to any of the previous claims, wherein said one

or more pixel walls comprise a hydrophobic surface.

4 . Electrowetting element according to claim 3 , wherein said hydrophobic surface is

formed on said end face of said pixel walls opposite said first electrode layer.

5 . Electrowetting display comprising one or more electrowetting optical elements in

accordance with any of the previous claims.

6 . Method of manufacturing an electrowetting optical element comprising:

- providing a second electrode layer stack comprising a superstrate and a

second electrode layer having a second interface surface;

fixedly mounting pixel walls on said second interface surface of said second

electrode layer stack , thereby forming a containment space defined by said second

interface surface and said pixel walls;



filling said containment space with a polar liquid and a non-polar liquid,

which polar liquid and non-polar liquid are immiscible with each other; and

covering said containment space with a first electrode layer stack

comprising a substrate, a first electrode layer and an insulating layer having a

hydrophobic interface surface, wherein the hydrophobicity of said hydrophobic interface

surface is higher than the hydrophobicity of the second interface surface, such that an end

face of said pixel walls faces said hydrophobic interface surface of said first electrode

layer stack in a loose manner.

7 . Method according to claim 6 , wherein the step of covering said containment space

comprises forming a slit between said end face and said hydrophobic interface surface for

entrainment of said non-polar liquid into said slit.

8 . Method according to claim 6 or claim 7 wherein said step of mounting said pixel

walls, further comprises forming a hydrophobic surface on to said pixel walls.

9 . Method according to claim 8 , wherein the step of forming a hydrophobic interface

surface comprises forming a hydrophobic surface on the end face of said pixel walls

opposite said first electrode layer.

10. Method according to claim 6 , wherein said step of filling comprises

filling said containment space with said polar liquid to an upper edge of said pixel

walls or above said edge;

- evaporating said polar liquid such as to yield all of said containment space being

filled to a predetermined level, further comprising a step of filling a remainder of said

containment space with said non-polar liquid.
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