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o (57) Abstract: A display device based on e.g. oil layer break up or oil layer displacement having at least two different states, having
a wall (13) height which is insignificant compared to the pixel width and also to the typical curvature of the oil interface at the tip of
the dosing needle (15), the pixels are dosed without inserting the needle into the pixels. As the dosing needle no longer has to enter
the pixel, pixels can be dosed with oil (5) from a relatively large injection needle.
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Display device

The invention relates to a method for manufacturing an optical element
comprising at least one first fluid and a second fluid immiscible with each other the device at
least having one support plate comprising a surface area less wettable to the second fluid.

In particular the invention relates to a method for manufacturing a display
device comprising picture elements (pixels) having at least one first fluid and a second fluid
immiscible with each other within a space between a first transparent support plate and a
second support plate. In such displays based on electrowetting, the one fluid generally is
electroconductive or polar e.g. water, while the other fluid is an oil.

Optical switches may be used in shutter appiications, diaphragms, but also in
switchable color filters in e.g. display applications. If the fluid is a (colored) oil and the
second fluid is water (due to interfacial tensions) a two-layer system is provided which
comprises a water layer and an oil layer. However, if a voltage is applied between the water
and an electrode on the first support plate the oil layer moves aside or breaks up due to
electrostatic forces. Since parts of the water now penetrate the oil layer the picture element
becomes partly transparent.

Display devices based on this principle have been described in PCT-
Application WO 03/00196 (PH — NL 02.0129).

In most of the embodiments shown in this Application a picture element
corresponds to a defined space (e.g. a substantially closed space) and in the second state the
other fluid substantially completely adjoins the first support plate. In one embodiment shown
in this Application picture elements are described in which the picture element walls do not
extend across the whole picture element thickness.

The performance of these display devices, in particular the control of gray
levels within one display device, is critically dependent on the reproducible dosing of oil to
several picture elements (pixels) in said display device. In mass fabrication this is also
essential for reproducible manufacturing of large numbers of display devices.

When oil is dosed accurately to separate picture elements with uniform
geometry and surface properties on a pixel-by-pixel base, then very good gray level control

can be obtained. While this can be done for large picture elements containing
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correspondingly large oil volumes by injecting the oil into the water layer, as the picture
element size decreases the dosing becomes more difficult if not impossible at very small
picture element dimensions. Apart from this dosing on a pixel-by-pixel base is very time
consuming.

It is one of the objects of the present invention to overcome at least partly the
above-mentioned problems.

To this end a method according to the invention comprises the steps of:

- defining the less wettable surface area;

- providing a layer of the first fluid at least at the less wettable surface areas;
- introducing the second fluid from the upper side of said first fluid layer; and
- closing a space between a further transparent support plate and the support
plate.

The invention is based on the insight that that although the oil may contact the
picture element walls it preferentially migrates to the less wettable surface after introduction
of the oil e.g. after a needle injecting the oil has passed. This is possibly due to a preference
of the picture element walls (or inter-pixel surfaces) to remain water wet.

The inventive method makes introduction of the second fluid possible by
means of an injection into the first fluid without using pixel-by-pixel techniques, for instance
by means of spreading the second fluid over the first fluid.

In this way the second fluid can be introduced into the first fluid of several
display elements simultaneously.

Although not strictly necessary the less wettable surface area is preferably

separated by more wettable surfaces provided on walls.

These and other aspects of the invention are apparent from and will be
elucidated with reference to the embodiments described hereinafter.

In the drawings:

Figure 1 is a diagrammatic cross-section of a part of a display device, to show
the principle on which display principle the invention is based,

Figures 2 and 3 are further diagrammatic cross-section of a part of such a
display device according to the invention,

Figure 4 is a diagrammatic cross-section of a part of a display device, which

shows the present method of manufacturing, while
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Figure 5 in a diagrammatic cross-section of a part of a display device shows
some limitations of the present method of manufacturing and
Figure 6 in a diagrammatic cross-section shows the method of
manufacturingaccording to the invention.
The Figures are diagrammatic and not drawn to scale. Corresponding elements

are generally denoted by the same reference numerals.

Fig. 1 shows a diagrammatic cross-section of a part of a display device 1
which shows the principle on which a display device according to the invention is based.
Between two transparent substrates or support plates 3, 4 a first fluid 5 and a second fluid 6
are provided, which are immiscible with each other. The first fluid 5 is for instance an alkane
like hexadecane or as in this example a (silicone) oil. The second fluid 6 is electroconductive
or polar, for instance water or a salt solution (e.g. a solution of KCl in a mixture of water
and ethyl alcohol).

In a first state, when no external voltage is applied (Fig. 1a) the fluids 5, 6
adjoin the first and second transparent support plates 3, 4 of e.g. glass or plastic. On the first
support plate 3 a transparent electrode 7, for example indium (tin) oxide is provided and an
intermediate less wettable (hydrophobic) layer 8, in this example an amorphous
fluoropolymer (AF1600).

When a voltage is applied (voltage source 9) via interconnections 20, 21 the
layer S moves aside or breaks up into small droplets (Fig. 1b). This occurs when the
electrostatic energy gain is larger than the surface energy loss due to the creation of curved
surfaces. As a very important aspect it was found that reversible switching between a
continuous film 5 covering the support plate 3 and a film adjoining the wall 2 is achieved by
means of the electrical switching means (voltage source 9).

Figure 2 shows an embodiment of a display device according to the invention,
in which the picture element walls 13 do not extend across the whole picture element
thickness. Such walls may be obtained by offset printing or other printing techniques known
in the art. It appears that the oil film 5 is very stable, which is enhanced even further as the
picture element size decreases. So during switching the oil remains confined in each area.
The other reference numerals have the same meaning as those in Figure 1.

The layer 13 in this example is approximately 20 pm thick or less and consists

of a lower part 13°, more wettable to the first fluid (hydrophobic) and an upper less wettable
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(hydrophilic) part 13° (see Figure 3). In this way the wetting of the lower part of the picture
element wall by the oil ensures a homogeneous optical off —state. Then when the picture
element is activated the reversibility of oil movement due to the less wettable (hydrophilic)
upper part is also maintained.

As mentioned in the introduction the performance of such electrowetting
display picture elements, in particular gray level control, is critically dependent on the
reproducible dosing of oil to display picture elements. A methodology used to dose larger
picture elements utilizes for instance a micromanipulator driven syringe 15 (inserted through
the water layer 6 in the direction of arrow 16) to add the required amount of colored oil to a
picture element (Fig. 4a). When the pendant oil droplet 5’ touches the hydrophobic
fluoropolymer layer 8 it spreads to form a film (in this example with a thickness of the order
of 10 microns (Fig. 4b).

The minimum film thickness depends on both the picture element size and
also the oil/water interfacial tension. Using this method the syringe (or dosing needle) 15
must be inserted into each picture element area, which requires that the needle dimension
must be smaller than that of the picture element to be manufactured. For smaller picture
elements however the needle dimension cannot be reduced correspondingly (Fig. 5), leading
to the possibility of intermixing oil droplets 5 of neighboring pictures. Moreover filling at a
picture element level is rather time-consuming.

Figure 6 shows a method according to the invention to dose picture elements
in an electrowetting display, in which the oil droplets 5° may have a larger diameter than the
picture element area. The syringe (or dosing needle) 15 is moved across the display substrate,
for instance in a lateral movement as shown by arrow 17, while the liquid 5’ is continuously
dosed through the liquid 6 (water). What has been observed is that although the oil 5
contacts the picture element walls it preferentially migrates to the hydrophobic fluoroplymer
surface. This is probably because the more wettable picture element walls prefer to remain
water wet. So, the picture elements can be dosed without inserting the needle into the picture
elements (Fig. 6). As the dosing needle no longer has to enter the picture element, picture
elements can be dosed with oil from a relatively large injection needle. Maintaining a fixed
height of the dosing needle relative to the substrate is also helpful, while automisation of this
procedure improves dosing homogeneity.

The invention is not restricted to the examples mentioned above. Instead of
using a needle spraying of oil droplets 5’ is also possible, as shown in the right hand side of

Figure 6. Different colored oils can also be dosed to adjacent picture element rows with this
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method. Pixels may be separated by chemically preparing the substrate instead of using
physical walls.

The invention resides in each and every novel characteristic feature and each
and every combination of characteristic features. Reference numerals in the claims do not
limit their protective scope. Use of the verb “to comprise” and its conjugations does not
exclude the presence of elements other than those stated in the claims. Use of the article “a”

or “an” preceding an element does not exclude the presence of a plurality of such elements.
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CLAIMS:

1. A method for manufacturing an optical element comprising at least one first
fluid (6) and a second fluid (5) immiscible with each other the device at least having one
support plate comprising a surface area less wettable to the second fluid, the method
comprising the steps of:

- defining the less wettable surface area;

- providing a layer of the first fluid (6) at least at the less wettable surface

areas;

- introducing the second fluid (5) from the upper side of said first fluid layer;
and

- closing a space between a further transparent support plate (3) and the support
plate (4)

2. A method according to Claim 1 in which areas having a more wettable surface

area surround the less wettable surface areas.

3. A method according to Claim 1 in which the more wettable surfaces (137) are
provided on walls (13).
4, A method according to Claim 1 for manufacturing a display device in which

the second fluid is introduced by means of an injection through the first fluid.

5. A method according to Claim 1 for manufacturing a display device in which

the second fluid is introduced by means of spreading the second fluid over the first fluid.

6. A method according to Claim 4 or Claim 5 in which the second fluid is

introduced into the first fluid of several display picture elements simultaneously.
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