008/053144 A1 |00 0 0000 0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO0 5000

International Bureau

(43) International Publication Date
8 May 2008 (08.05.2008)

(10) International Publication Number

WO 2008/053144 Al

(51) International Patent Classification:
GO2B 26/02 (2006.01)

(21) International Application Number:
PCT/GB2007/003883

(22) International Filing Date: 15 October 2007 (15.10.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0621635.2 31 October 2006 (31.10.2006) GB

(71) Applicant (for all designated States except US): EAST-
MAN KODAK COMPANY [US/US]; 343 State Street,
Rochester, New York 14650-2201 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BOWER, Christo-
pher [GB/GB]; 4 Warwick Drive, Ely,, Cambridgeshire,
CB6 3EN (GB). RIDER, Christopher [GB/GB]; 4 Ash-
mead Drive, Hardwick, Cambridgeshire CB3 7XT (GB).
FYSON, John [GB/GB]; "Tortworth", 8 Meynell Cres-
cent, Hackney, London E9 7AS (GB). SIMISTER, Eliz-
abeth [GB/GB]; 7 Harford Drive, Watford, Hertfordshire
WD17 3DQ (GB). CLARKE, Andrew [GB/GB]; 64 Bar-
ton Road, Haslingfield, Cambridgeshire CB3 7L.L (GB).

(74) Agent: LEE, Brenda, J.; Kodak Limted, Patent Depart-
ment (W160-G), Headstone Drive, Harrow, Middlesex
HAL 4TY (GB).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,

CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,

ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,

IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,

PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

M, ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,

PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: DISPLAY ELEMENTS

B

o (57) Abstract: A device comprises one or more dielectric layers, one side of the layer or layers being conductive. A hydrophobic
layer is provided on the other side of the dielectric layer. First and second fluids are located on the surface of the hydrophobic layer,
the fluids being immiscible with each other. The first fluid comprises at least one ionic liquid. The conductive layer and first fluid

are arranged such that they can be electrically connected.



10

15

20

25

30

WO 2008/053144

-1-

DISPLAY ELEMENTS

FIELD OF THE INVENTION
The present invention relates to the field of display elements, in particular

to elements making use of the electrowetting principle.

BACKGROUND OF THE INVENTION

There is a need to make low cost displays. One way to make displays
inexpensive is to make them roll-to-roll. This implies that displays can be made
on a large scale using traditional methods of coating and not requiring vacuum
evaporation steps or the like. Some displays rely on the use of expensive liquid
crystals, perhaps with a number of additional filter members such as polarizers
and light coupling films. Avoiding the use of liquid crystal might be seen to be
advantageous. One technology that might give means of roll-to ro}l manufacturing
and without the need for liquid crystals is a display based on electrowetting on a
flexible support.

A basic electrowetting optical element is described in EP1069450,
“Optical element and optical device having it”. A further refinement to this
concept using said element to create a pixel as part of an electrowetting display
device is described in W02004104670 “Display Device”. These devices switch
when a potential is applied that causes a conducting solution to push aside a non-
conducting oil that is usually coloured with a dye or pigment. When the voltage is
removed the liquids relax and the oil covers the whole pixel again.

The manufacture of a low cost electrowetting display on a support requires
air-tight sealing of the two-phase liquid system between two electrodes. The seal
not only confines the liquids within the display, but is also required to prevent
evaporative loss of the two liquid phases, particularly the water phase, since this
has the larger volume and surrounds the oil phase. The water phase is required to
have a large electrical conductance. This is normally achieved by the addition of

salt such as KCl.

PCT/GB2007/003883
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SUMMARY OF THE INVENTION

According to the present invention there is provided a device comprising
one or more dielectric layers, one side of the layer or layers being conductive, a
hydrophobic layer on the opposing side of the dielectric layer, a first and a second
fluid located on the surface of the hydrophobic layer, the fluids being immiscible
with each other, the first fluid comprising at least one ionic liquid, and means for
electrically connecting the conductive layer and the first fluid.

Preferably the support is flexible. However it will be understood by those
skilled in the art that it is not necessary for the support to be flexible.

ADVANTAGEOUS EFFECT OF THE INVENTION

Using an ionic liquid to replace the water phase solves the problem of
requiring an airtight seal, due to the extremely low volatility of the ionic liquid.
The ionic liquid does not evaporate. The seal need only be sufficient to confine
the two liquid phases within the display. A further advantage of the invention is
that the jonic liquid by its nature is intrinsically highly conductive. The ionic
liquid has higher conductivity than using water with added ions. Therefore no
additional salt need be added. In addition, the molecular structure can be tuned to
optimise other properties such as viscosity, interfacial tension and immiscibility.
Furthermore, the device construction is simplified and avoids problems such as

crystallisation of any dissolved salt.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described with reference to the accompanying
drawing in which:
Figures 1A and 1B illustrate the basic minimum requirements to create an
electrowetting element; and
Figure 2 is a graph illustrating change in area of an oil drop against

voltage.
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DETAILED DESCRIPTION OF THE INVENTION

The basic minimum requirements to create an electrowetting pixel element
or device on a support are shown in Figure 1. A layer of hydrophobic matetial 1
is provided. This layer 1 has low surface energy. The material may be
amorphous Teflon fluoropolymer AF1600 (Dupont) or a similar material. A layer
2 is provided below layer 1. Layer 2 is a support, which in this embodiment also
acts as a dielectric layer. The device may include more than one dielectric layer.
Layer 3 is a conducting layer that forms the bottom electrode. In this embodiment
the layer 3 is a layer of sputter coated platinum of approximately 10nm thickness.
It will be appreciated by those skilled in the art that any other suitable material
may be used. A droplet of oil 4 such as decane is placed on top of this layered
structure. The structure need not be planar. For instance a textured structure
could be fabricated to take advantage of superhydrophobicity effects. The droplet
4 is coloured using an oil-soluble, water-insoluble dye such as Oil Blue. The
droplet is dielectric with low conductivity. A conducting liquid 5 is placed on top
of the oil droplet. The conducting liquid is immiscible with the oil droplet. The
conducting liquid is usually water with ions dissolved therein. In the absence of
applied voltage between the conducting layer 3 and an electrode in contact with
the conductive liquid (not shown) the oil drop 4 spreads to cover the hydrophobic
layer 1. This is illustrated in Figure 1A. When either a DC or AC voltage is
applied between the lower conducting layer 3 and the electrode the afea of the oil
drop in contact with the hydrophobic layer 1 decreases and the contact angle of
the oil droplet increases, i.e. the interface between the droplet 4 and the
conductive liquid 5 changes. This can be seen in Figure 1B. The change in

contact angle is described by the Young-Lippman equation,

2

cos@ = cosO, +
’ ZYLVd
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where 0 is contact angle in the absence of applied voltage and 0 the

voltage dependent contact angle, € the dielectric constant of the layers of thickness

d, and ypv is the interfacial tension between the oil and water solutions.

Example

An experiment using the arrangement as described above was used. In
accordance with the invention the conductive water phase was replaced by an
ionic liquid, in this example Ethyl Methylimidazole dicyanamid (EMIM DCA). It
will be understood by those skilled in the art that any suitable ionic liquid may be
used. The ionic liquid used has a low viscosity, is highly conductive and is non-
volatile. The change in area of the decane drop with applied DC voltage is shown
in Figure 2.

In a preferred embodiment the support layer is flexible. However this is
not an essential feature of the invention. The support layer may equally be rigid.
Possible rigid supports include glass and silica, metal, silicon or any other

semiconductor material. It will be understood by those skilled in the art that any

“suitable material may be used for the support layer.

The conductive liquid may be a single ionic liquid or it may be a
mixture of more than one ionic liquid. Alternatively the conductive liquid may be
an ionic liquid in combination with other non-ionic liquids. An ionic liquid is
defined as salts or mixtures of salts whose melting point is below 100° C. (P.
Wasserscheid, W. Keim, Angew. Chem. (2001), 112, 3926). Liquid salts of this
type known from the literature consist of anions, such as halostannates,
haloaluminates, hexafluorophosphates or tetrafluoroborates combined with
substituted ammonium, phosphonium, pyridinium or imidazolium cations.
Further examples might include the use of cations such as; quaternary ammonium,;
phosphonium cation; imidazolium cation; pyridinium cation; pyrazolium cation
and triazolium cation. Further examples may include the use of anions such as;

halides, bis(perfluoroalkylsulphonyl)amides, alkyltosylates und aryltosylates,
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perfluoroalkyltosylates, nitrates, sulphates, hydrogensulphates, alkylsulphates and
arylsulphates, perfluoroalkylsulphates, sulphonates, alkylsulphonates and
arylsulphonates, perfluorinated alkylsulphonates and arylsulphonates,
alkylcarboxylates and arylcarboxylates, perfluoroalkylcarboxylates, perchlorates,
tetrachloroaluminates, saccharinates, in particular dicyanamide, tetrafluoroborate,
hexafluorophosphate and phosphate.

The dye in the oil may be a liquid or a pigment.

Using the ionic liquid on top of the decane + dye drop meant that the
system was not destroyed by evaporation and was stable for several days. In
contrast, a similar experiment using water + 0.1M KCL as the conductive liquid
top layer was only stable for a period of order tens of minutes, due to evaporation
of the water.

The invention has been described in detail with reference to preferred
embodiments thereof. It will be understood by those skilled in the art that

variations and modifications can be effected within the scope of the invention.
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CLAIMS

1. A device comprising one or more dielectric layers, one side of the
layer or layers being conductive, a hydrophobic layer on the opposing side of the
dielectric layer, a first and a second fluid located on the surface of the
hydrophobic layer, the fluids being immiscible with each other, the first fluid
comprising at least one ionic liquid, and means for electrically connecting the

conductive layer and the first fluid.

2. A device as claimed in claim 1 wherein the one or more dielectric

layers are flexible.

3. A device as claimed in claim 1 or 2 wherein the ionic liquid has
low viscosity.
4. A device as claimed in claim 1, 2 or 3 wherein the ionic liquid has

a low molecular weight.

5. A device as claimed in any of claims 1 to 4 wherein the dielectric

layer and the hydrophobic layer are formed of the same material.

6. A device as claimed in any preceding claim wherein both fluids are

liquids.

7. A device as claimed in any preceding claim wherein the liquid
layer is divided by partition means into a number of individual elements each of
which contains the two fluids and whereby the first fluid in each element is

individually electrically addressable.

8. A device as claimed in any preceding claim wherein the entire

device is flexible.
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9 A display device comprising at least one device as claimed in any

preceding claim.

10. A method of providing an indicator or display comprising
providing one or more dielectric layers, one side of the layer or layers being
conductive, providing a hydrophobic layer on the opposing side of the dielectric
layer, providing a first and a second fluid on the surface of the hydrophobic layer,
the fluids being immiscible with each other and the first fluid comprising at least
one ionic liquid, and applying a potential between the conductive layer and the

first fluid such that the interface between the first and second fluid changes.

11. A method as claimed in claim 10 wherein the one or more

dielectric layers provided are flexible.
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