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Description

Field of the Invention

[0001] The presentinvention relates to an electroluminescent display employing a thick film dielectric. More particularly,
the invention relates to improving the stability of the lower electrodes in such a display.

Background of the Invention

[0002] Thick dielectric electroluminescent displays (TDEL) provide a great advance in flat panel display technology.
TDEL displays comprise a basic structure of a substrate upon which an electrically conductive film is deposited forming
the first electrode. A thick film layer consisting of a ferroelectric material is then deposited on the electrically conductive
film layer. A phosphor film is deposited on the thick film layer followed by an optically transparent but electrically conductive
film to form the second electrode in the structure.

[0003] Various aspects of manufacturing TDEL displays are described in Applicant’'s patent applications:
US20020081371, US20020094451, US20020180346 and US20020192418, as well as in Applicant’s U.S. Patent No.
5,432,015 and International Patent Applications PCT/CA01/01234 and PCT/CA00/00561. The disclosure of these afore-
mentioned applications and issued patent are hereby incorporated by reference in their entirety into the present disclosure.
[0004] TDEL displays provide for several advantages over other types of flat panel displays including plasma displays
(PDP), liquid crystal displays (LCD), thin film electroluminescent displays (TFEL), field emission displays (FED) and
organic electroluminescent devices (OLED). For example, TDEL displays provide greater luminescence and greater
resistance to dielectric breakdown as well as reduced operating voltage as compared to TFEL displays. This is primarily
due to the high dielectric constant of the thick film dielectric materials used in TDEL displays which facilitates the use of
thick layers while still facilitating an acceptably low display operating voltage. The thick film dielectric structure, when
deposited on a ceramic or other heat resistant substrate, may withstand higher processing temperatures than TFEL
devices, which are typically fabricated on glass substrates. This increased temperature tolerance facilitates annealing
of subsequently deposited phosphor films to improve their luminosity and stability.

[0005] In the fabrication of a TDEL structure, sulfide phosphors are deposited in a hydrogen sulfide atmosphere or
evolve hydrogen sulfide during deposition or subsequent thermal processing. The hydrogen sulfide or associated hy-
drogen may react chemically with the lower electrode films (typically gold) causing degradation by coalescing the gold
into spheroids during phosphor deposition. It is believed that the coalescence is caused by the destruction of an oxide
layer inherently present on the gold electrode, thereby increasing the surface tension of the film and causing the coa-
lescence. Furthermore, hydrogen sulfide may reduce the metal oxides of the thick dielectric layer leading to the possibility
of alloying with the gold lower electrode within the display.

[0006] It is therefore desirable to improve the stability of the lower electrodes present in a TDEL display to minimize
any degradation thereof, especially during various steps involved in the production of the display such as phosphor
deposition or thermal processing.

Summary of the Invention

[0007] The present invention relates to improving the stability of lower electrodes present in a thick film dielectric
electroluminescent (TDEL) display employing a thick film dielectric. The display is characteristically constructed on a
rigid heat resistant substrate by a method that entails first depositing the lower electrode structure, then depositing the
thick dielectric structure and finally depositing a thin film structure Incorporating phosphors and an upper conductor that
is optically transparent according to the methods described in Applicant’s U.S. Patent US 6771019 (the disclosure of
which is incorporated herein in its entirety). The entire structure is covered with a sealing layer that protects the thick
and thin film structures from degradation due to moisture or other atmospheric contaminants.

[0008] The stabilization of the lower electrodes in a TDEL display facilitates phosphor deposition and heat treatment
at increased temperatures while minimizing any damage to the lower electrode structure. This provides improved phos-
phor performance. The stabilization of the lower electrodes also minimizes and decreases the possibility of the metal
lower electrode alloying to any extent with reduced metal oxides of the thick film dielectric. Further, stabilization of the
lower electrode reduces the likelihood of hydrogen sulfide permeating the lower gold electrode and coalescing the gold
into spheroids during subsequent phosphor deposition.

[0009] In accordance with the present invention is a stabilized lower electrode present within a TDEL display.
[0010] Alsoin accordance with the present invention is a method and composition for minimizing degradation of lower
electrodes present in a TDEL display.

[0011] According to an aspect of the present invention, the lower electrode of a TDEL display is provided on one or
both sides with a layer of encapsulating material that does not decrease the fraction of the applied voltage across the
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phosphor structure.

[0012] In another aspect, the encapsulating material has a greater tendency to donate oxygen to a surface of the
lower electrode than scavenge oxygen from the electrode. In this manner, the encapsulation layer minimizes chemical
reduction of an oxide layer on the adjacent lower electrode, typically gold.

[0013] In yet another aspect, the encapsulating material is capable of being patterned.

[0014] In still a further aspect, the encapsulating material is electrically conductive.

[0015] In yet a further aspect, the encapsulating material has a high dielectric constant.

[0016] In a further aspect, the encapsulating material may comprise a non-stoichiometric compound that can exist
over a range of the atomic ratio of oxygen in the compound so that its crystal structure and hence its morphological
stability and intimate contact with the lower electrode layer is not disrupted due to a partial loss of oxygen caused by
reaction with a reducing agent.

[0017] In a preferred aspect, the encapsulation material comprises an oxide. Suitable oxides for use in the present
invention are electrically conductive non-stoichiometric oxides, provided that they adhere well to the lower electrode and
to the overlying thick film dielectric structure and do not adversely affect the dielectric constant or other electrical properties
of the dielectric material. A suitable oxide is not overly subject to reduction in the presence of hydrogen, hydrogen sulfide
or other reducing vapours that may be present during display processing or operation to the extent that it may lose its
ability to prevent reduction of the oxide layer on the surface of the gold.

[0018] In a most preferred aspect of the invention, the encapsulating material comprises indium tin oxide (ITO) and
the electrode comprises gold. The indium tin oxide minimizes any reduction and destruction of the oxide layer contained
on the gold electrode as well as minimizing thinning of the gold electrode layer.

[0019] Inaccordance with a further embodiment of the invention, the encapsulating material may comprise a dielectric
material with a high dielectric constant. A preferred dielectric material is barium titanate.

[0020] Itis understood that a combination of oxide and dielectric material can be used to encapsulate the lower gold
electrode in a TDEL display.

[0021] According to another aspect of the invention is a method for increasing the adhesion between the gold electrode
layer and substrate in a TDEL display, the method comprising providing a layer of encapsulating material between the
gold electrode layer and substrate, wherein the material does not significantly reduce the electrical conductivity of the
gold electrode layer.

[0022] According to another aspect of the invention is a method for increasing the adhesion between the gold electrode
layer and the thick film dielectric layer in a TDEL display, the method comprising providing a layer of encapsulating
material between the gold electrode layer and the thick film dielectric wherein the material does not significantly reduce
the electrical conductivity of the gold electrode layer.

[0023] According to yet another aspect of the invention is a method for minimizing diffusion of gold into adjacent
substrate and/or thick film dielectric layer in a TDEL display, the method comprising providing a layer of encapsulating
material between the gold electrode layer and substrate and also between the gold electrode layer and the thick film
dielectric layer.

[0024] According to still a further aspect of the present invention there is provided an encapsulated electrode com-
prising;

- an electrode layer comprising an electrically conductive metallic film;
- an encapsulating material provided on an upper and/or lower surface of said electrode layer, said material reducing
the risk of the electrode from becoming discontinuous and losing its electrical conductivity;

wherein said encapsulated electrode is present in a thick film dielectric electroluminescent display.
[0025] According to another aspect of the present invention there is provided a thick film dielectric electroluminescent
display comprising;

- arigid heat resistant substrate;

- alower electrode layer directly adjacent said substrate, said lower electrode layer comprising an electrically con-
ductive metallic film;

- alayerofencapsulating material provided on an upper and/or lower surface of said electrode layer, said encapsulating
material reducing the risk of the electrode from becoming discontinuous and losing its electrical conductivity;

- athick film dielectric layer adjacent said electrically conductive layer of encapsulating material provided on an upper
surface of said electrode layer;

- a phosphor film deposited on said thick film dielectric layer; and

- an upper electrode layer comprising an optically transparent electrically conductive film.
According to still a further aspect of the present invention is a stabilized electrode comprising;

- an electrically conductive gold film layer having an upper surface and a lower surface, said gold film having a
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thickness of about 100nm to about 1000nm;

- alayer of indium tin oxide provided on the upper surface of said gold layer having a thickness of about 20nm to
about 500nm; and

- alayer of indium tin oxide provided on the lower surface of said gold layer having a thickness of about 10nm to
about 60nm;

wherein said stabilized electrode is present within a thick film dielectric electroluminescent display.
[0026] According to still a further aspect of the present invention is a stabilized electrode comprising;

- an electrically conductive gold film layer having an upper surface and a lower surface, said gold film having a
thickness of about 100nm to about 1000nm;

- alayer of barium titanate provided on the upper surface of said gold layer; and

- alayer of barium titanate provided on the lower surface of said gold layer;

wherein said stabilized electrode is present within a thick film dielectric electroluminescent display.
[0027] According to another aspect of the present invention is a method for stabilizing an electrode within a thick film
dielectric electroluminescent display, said method comprising;

- providing a layer of encapsulating material on an upper and/or lower surface of said electrode, said material reducing
the risk of the electrode from becoming discontinuous and losing its electrical conductivity.

[0028] Anencapsulated electrode and an electroluminescent display according to the invention are defined respectively
in appended claims 1 and 30. A method of stablilising an electrode according to the invenion is defined in appended

claim 41. Preferred features of the invention are defined in appended subclaims 2-29, 31-40 and 42-66.

Brief Description of the Drawings

[0029] The present invention will become more fully understood from the description given herein, and from the
accompanying drawings, which are given by way of illustration only and do not limit the intended scope of the invention.

Figure 1 shows a section of a thick film electroluminescent element display showing the position of the encapsulation
layer(s) of the present invention;

Figure 2 shows a binary phase diagram for gold and lead;
Figure 3 shows a binary phase diagram for gold and bismuth; and
Figure 4 shows a binary phase diagram for gold and indium.

Detailed Description of the Invention

[0030] The present invention relates to the encapsulation of the lower electrode in a thick film dielectric electrolumi-
nescent (TDEL) display constructed on a rigid substrate using a process whereby the lower electrodes are deposited
on the substrate prior to deposition of the thick dielectric film or the phosphor structure.

[0031] More specifically, the invention is the provision of one or more layers of an encapsulating material for the lower
electrode structure (typically gold film) of a thick film electroluminescent display. Such layer(s) of encapsulating material
act to protect the electrode and thus help to prevent reduction of the surface oxide layer on the gold film that is present
to reduce the surface tension of the gold to a point where the gold film comprising the electrode structure does not break
up into spheroidal particles to become mechanically discontinuous and lose electrical conductivity. The encapsulating
material also helps to prevent any substantial alloying of the any reduced metal oxide present in the thick dielectric layer
with the gold lower electrode.

[0032] The encapsulating layer(s) of the present invention generally comprise a material having two or more of the
following properties:

- does not significantly decrease the fraction of the applied voltage across the phosphor structure (Figure 1);

- minimizes permeation of hydrogen sulfide and sulfide containing vapours into the gold electrode layer;

- is capable of being patterned;

- has a crystal structure that is not substantially adversely affected in the presence of reducing agents present during
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TDEL display processing;
- adheres to the lower electrode structure as well as the thick film dielectric structure;
- minimizes reduction of oxide layer of lower electrode;
- facilitates adhesion of the lower electrode to substrate;
- facilitates adhesion of the lower electrode to the overlying thick film dielectric structure; and
- acts as a barrier to in-diffusion of species from adjacent substrate and/or thick film dielectric structure.

[0033] Itis desirable that the encapsulation material for the lower electrode be a dense crystalline material that can
exist in a non-stoichiometric state with respect to the ratio of oxygen to metal atoms while maintaining an essentially
unchanged crystal structure. In particular, the material should contribute oxygen to maintain an oxide layer on the gold
electrode layer in the atmosphere of a reducing agent such as hydrogen sulfide that may permeate the display structure
during display processing. The crystal structure of the oxygen deficient encapsulating layer should not be disrupted to
the extent that its continuity and crystal density are adversely affected in the context of the functional requirements of
the encapsulation layer.

[0034] The layer(s) of encapsulating material may comprise a non-stoichiometric compound that can exist over a
range of the atomic ratio of oxygen in the compound so that its crystal structure and hence its morphological stability
and intimate contact with the gold layer is not disrupted due to a partial loss of oxygen caused by reaction with a reducing
agent. The material must also be capable of being patterned to electrically isolate adjacent lower electrodes.

[0035] As the encapsulating material is selected to minimize chemical reduction of an oxide layer on the adjacent
gold, a suitable material in one embodiment of the invention is an oxide with a greater tendency to donate oxygen to the
surface of the gold film than to scavenge oxygen from it.

[0036] In a preferred embodiment of the present invention, a suitable material for the encapsulation layer is indium
tin oxide (ITO), which is known to exist over a range of oxygen atomic ratios. Indium tin oxide is electrically conductive
with a conductivity sufficiently high that an appreciable voltage drop does not develop across a thin film of the material
incorporated into a thick dielectric electroluminescent display when the display is operated with voltage pulses typically
used to drive the display: As is understood by those of skill in the art, other electrically conductive non-stoichiometric
oxides may also be suitable for the present invention.

[0037] In another embodiment of the present invention, the encapsulating material may be a dielectric material with
a high dielectric constant. One such material is barium titanate. As is understood by those of skill in the art, other dielectric
materials/compounds may also be used in the present invention so long as they also have the aforementioned properties
described for the encapsulating material.

[0038] Itis understood by those of skill in the art that a combination of suitable oxide and suitable dielectric material
may be used in accordance with the presentinvention. For example, a layer of indium tin oxide can be used to encapsulate
the upper surface of a gold electrode and a layer of barium titanate may be used to encapsulate the lower surface of
the gold electrode. Alternatively, this can be rearranged to provide the barium titanate encapsulating layer on the upper
surface of the gold electrode and the indium tin oxide encapsulating layer may be provided on the lower surface of the
gold electrode.

[0039] The encapsulating material of the invention may be used to encapsulate the upper and/or lower sides of the
gold electrode. However it is beneficial to encapsulate both upper and lower sides of the gold electrode layer since
reducing vapours may penetrate from between the gold and the substrate as well as from between the gold and the
thick dielectric layer.

[0040] Itis further understood by one of skill in the art, that the encapsulating material as provided on the lower side
of the gold electrode need not comprise a material with a high dielectric constant since there is no issue of a voltage
drop present between the substrate layer and the lower gold electrode.

[0041] The layer(s) of encapsulating material may be applied onto the substrate or gold electrode of the TDEL display
by a variety of methods including, but not limited to, sputtering.

[0042] The layer(s) of encapsulating material must be sufficiently thick to provide an essentially continuous layer so
that there is no substantial contact between the gold layer and adjacent layers but not too thick in order to avoid difficulties
with mechanical stress due to the difference in thermal expansion coefficient between the encapsulation material and
the substrate and thick film materials. The thickness of the electrically conductive material of the encapsulation layers
may range from about 10nm to 500nm, preferably from about 25nm to about 450nm. More preferably, the lower layer
of electrically conductive material forming an encapsulation layer between the substrate and the gold electrode layer
may have a thickness of about 10nm to about 60nm, preferably about 30nm to 60nm. It is preferred that the upper layer
of electrically conductive material on the gold electrode forming an encapsulating layer have a thickness of about 20nm
to about 500nm, preferably from about 100nm to about 450nm.

[0043] The thickness of the gold layer should typically be in the range of about 100nm to about 1000nm, preferably
about 150nm to about 250nm, with the thickness dependent on the requirements for electrical conductivity of the gold
electrodes for a particular display design. The gold may be derived from an organometallic gold formulation that creates
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an oxide on the surface of the gold when it is fired to form a metallic gold film. It may also be deposited using physical
vapour deposition methods, provided that means are provided to form an oxide layer between the gold and the encap-
sulation layers that is sufficient to modulate the surface tension of the gold in contact with the electrically conductive
encapsulating material so that it maintains a continuous thin film and does not form discontinuous spheroidal particles
so as to cause a loss of electrical conductivity along the film.

[0044] While ranges are provided for the total thickness of the encapsulating material as well as ranges as provided
on top or below the electrode and preferred ranges, one of skill in the art would readily understand that not only are
these ranges applicable to the presently claimed invention but also any sub-range thereof. For example, while the range
for the total thickness of encapsulating material is provided as 10nm to 500nm, one of skill in the art may contemplate
using from about 20nm-450nm, 30nm-400nm, 50nm-350nm and so forth as representative examples. Similarly, the
electrode thickness is provided as about 100nm to about 1000nm, preferably 150nm to about 250nm. However, the
thickness of the electrode used may be any sub-range thereof as for example 200nm-250nm or 200nm-800nm and so
forth.

[0045] The presentinvention provides for increased stability of the gold electrodes as present within a TDEL structure
through a variety of mechanisms.

[0046] Firstly, the thick dielelctric structure is designed to provide a high resistance against dielectric breakdown when
the display is operated at a voltage exceeding 200 volts that is required to provide the necessary display luminance. It
also has a high dielectric constant to minimize the voltage drop across the dielectric structure and thereby maximizes
the voltage across the phosphor for a given applied voltage. Generally, the phosphor delivers greater luminance with
increasing voltage across the phosphor. Therefore, it is desirable to minimize the voltage drop across any additional
layers that may lie between the lower and upper conductor layer in the display. This may be accomplished by minimizing
the thickness of such layers, or by incorporating layers with a high dielectric constant. Stabilizing the lower electrode
with electrically conductive indium tin oxide layer(s) or barium titanate layer(s) may help to minimize any voltage drop
between layers in the display.

[0047] Secondly, the provision of encapsulating layer(s) surrounding the lower electrodes in the TDEL display helps
to prevent reduction of the oxide layer of the gold electrode. For example, the thick dielectric structure typically comprises
a sintered perovskite piezoelectric or ferroelectric material such as PMN-PT with a dielectric constant of several thousand
and a thickness greater than about 10 micrometers to prevent dielectric breakdown. This structure is permeable to a
small degree to vapours, containing hydrogen sulfide as an example, present during display processing and during
display operation. Such vapours may act to reduce the gold lower electrode such that loss of the oxide layer occurs.
The oxide layer on the gold is beneficial to prevent coalescence of the gold leading to electrical discontinuity. The
perovskite dielectric materials may themselves have a catalytic effect on adjacent materials due to a high density of
energetic electrons at the surface of the perovskite material, thereby increasing the rate at which reduction of the oxide
of the gold may occur.

[0048] Thirdly, the provision of encapsulating layer(s) surrounding the lower gold electrode helps to prevent alloying
of the gold with elements from the thick film dielectric used in the displays. Such alloying may reduce the melting
temperature of the gold thus reducing the maximum temperature at which the display can be exposed during subsequent
processing steps. Typically, the thick film dielectric material contains lead and may contain bismuth and other easily
reduced metals. Although these are normally present as oxides, the lead or bismuth may partially be reduced to metal
if reducing agents are employed during process steps used in the fabrication of the displays. The hydrogen sulfide
commonly used as a process gas during deposition and is known to reduce lead. Once reduced, and especially if the
metals have an appreciable vapour pressure at the processing temperatures used such as with lead, the metals may
alloy with the gold. Reaction of these metals with the gold to form alloys, inter-metallic compounds or composites thereof
may be appreciable even though only a small portion of the metals is reduced by in-process reducing agents. This is
due to the relatively large ratio of the thickness of the dielectric layer to the gold layer (typically 20:1 to 50:1). Figures 2
and 3 show binary phase diagrams for the gold lead and gold bismuth systems. From the figures it can be seen that a
melting point reduction of 250°C may occur for about 20 atomic weight percent lead or bismuth in the gold.

[0049] Fourth, the provision of one or more encapsulating layers helps to provide a strong bond between the gold and
the substrate as well as between the gold and the overlying thick film layers. Typically a strong bond is achieved if there
is some inter-diffusion of species in the layers adjacent to the gold into the gold, provide that these do not significantly
reduce the electrical conductivity of the gold. Conversely, it is desirable to minimize diffusion of gold into the adjacent
layers to avoid degradation of the thick film dielectric layers and to prevent an increase in the electrical resistivity of the
gold caused by a thinning of the gold layer and a possible concomitant loss of electrical continuity. Figure 4 shows a
binary phase diagram for the gold indium system. It is seen from the figure that indium will dissolve in gold up to about
5 atomic percent at temperatures up to about 900°C, encompassing the range of temperatures encountered in the
fabrication of thick film electroluminescent displays. Further, it can be seen that there is no significant solubility of gold
in indium, indication that gold should not diffuse into ITO in a reducing atmosphere where the oxygen content may be
significantly reduced at the gold ITO interface.
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[0050] Lastly, the present invention also serves to provide a barrier to in-diffusion of species from the adjacent thick
film layers and also the substrate material to prevent an increase in the electrical resistivity of the gold or a decrease in
the melting temperature of the gold as may happen when it is alloyed with other chemical elements.

[0051] Insummary, the presentinvention provides a stable and high quality TDEL display in which the lower electrodes
are encapsulated with one or more layers of a material that helps to stabilize the electrodes in such a display.

[0052] The above disclosure generally describes the present invention. A more complete understanding can be ob-
tained by reference to the following specific Examples. These Examples are described solely for purposes of illustration
and are not intended to limit the scope of the invention. Changes in form and substitution of equivalents are contemplated
as circumstances may suggest or render expedient. Although specific terms have been employed herein, such terms
are intended in a descriptive sense and not for purposes of limitation.

Examples

[0053] The following examples detail the fabrication of and test results for electroluminescent elements incorporating
encapsulating layers deposited using a sputtering process, but it is understood by those with skill in the art that such
layers may be deposited by any means that enables the deposition of a layer that effectively stabilizes an oxide coating
on the gold during the fabrication process to prevent the gold from forming discontinuous spheroidal particles.

Example 1

[0054] An electroluminescent display was fabricated on a 1.0 mm thick 17 cm x 21 cm alumina substrate (Figure 1).
The substrate was cleaned using standard methods known in the thick film hybrid circuit art. A film of indium tin oxide
(ITO) with a thickness of 600 Angstroms was then sputtered onto the alumina substrate in an Ulvac model SMD-400
sputtering tool. For this deposition the substrate was held at a temperature of 150°C. The deposition was done in an
argon/oxygen atmosphere at a pressure of 0.333 Pa (2.5 millitorr). The argon flow rate was 75 sccm and the oxygen
flow rate was 2.0 sccm. The sputtering target composition was 9 parts by weight indium oxide to 1 part tin oxide. During
the sputtering process the substrate was passed by the target at a rate of 2.3 centimeters per minute for a total of two
passes. The average rate of film growth was about 1 nm per second.

[0055] Onto the ITO film was then sputtered a 170nm gold film. The gold film deposition was done with the substrate
at about 22°C. For this deposition, the sputtering system was evacuated to a base pressure of 8x10-5 Pa (6x107 torr)
prior to deposition and the deposition was carried out under an argon pressure of 0.933 Pa (7 x 103 torr). During the
deposition process the substrate was moved by the target in a single pass. The average rate of film growth was about
170nm per minute.

[0056] After gold film deposition, a second 430nm thick ITO film was sputtered onto the substrate on top of the gold
film layer. The deposition conditions were the same as for the first ITO layer, except that the substrate was passed by
the target 20 times to achieve the final desired thickness.

[0057] To pattern the deposited layers to form a set of parallel electrodes a series of photolithographic steps were
performed. First, the top layer of ITO was patterned using a negative resist (Arch Chemicals Ltd. of Norwalk CT) and
etched using LCE-12™ etchant at a temperature of about 45°C. The etchant comprised an aqueous solution of 18% by
weight hydrochloric acid, 2% by weight nitric acid, 10% by weight ferric chloride and the balance being water. Next, the
gold underlying the removed ITO was etched away using an aqueous solution of 42% by weight potassium iodide, 3%
by weight iodine 1% by weight Fisher Scientific All Purpose Cleaner surfactant and the balance being deionized water.
Finally, the underlying ITO was etched using the LCE-12™ etchant. Following patterning, the substrate was fired in air
at about 850°C for about 15 minutes in a belt furnace.

[0058] A 22cmdiagonal 320 by 240 pixel electroluminescent display having a thick film dielectric layer was constructed
on the substrate. A thick film composite dielectric layer comprising a thick film dielectric layer screen printed and fired
using PMN-PT based paste 98-42 from MRA (North Adams, MA, U.S.A.) or from Heraeus CL-90-7239 (Conshocken,
PA U.S.A.) and two layers of lead zirconate-titanate spin coated and fired using a metal organic deposition process were
sequentially deposited on the patterned ITO sandwiched gold coated substrate using the methods disclosed in Applicant’s
U.S. Patent US 6771019. A barium titanate layer was deposited on top of the thick film structure using the procedure
described in Applicant’s co-pending U.S. patent application US20020094451 (the entirety of which is incorporated herein
by reference). The phosphor structure for the display incorporated a magnesium barium thioaluminate phosphor film
about 0.4 micrometers thick deposited according to the methods described in Applicant’s co-pending U.S. Patent Ap-
plication US20020122895 (the entirety of which is incorporated herein by reference in its entirety). During the phosphor
deposition the substrate was held at a temperature of about 400°C to about 550°C and the deposition was carried out
in an atmosphere of hydrogen sulfide at a pressure of about 1.33x10-° Pa (104 millitor). The phosphor was annealed
at a peak temperature of about 750°C under nitrogen for about 5 minutes in a belt furnace. A thin film alumina dielectric
layer and an indium tin oxide transparent conductor layer were deposited on top of the phosphor layer to complete the
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device.

[0059] The electrical conductivity of one of the indium tin oxide encapsulated gold row electrodes on the display was
measured immediately following deposition of the encapsulated gold layer, following deposition and firing of the composite
dielectric structure, but before exposure to hydrogen sulfide and phosphor deposition and finally after completion of the
display. The results are shown in Table 1.

Example 2

[0060] A display was built with the lower electrode constructed of organometallic gold that was not encapsulated
between ITO layers. This display was identical to the in aforementioned Example 1, except that the lower electrodes
comprised gold deposited using an organometallic paste as disclosed in Applicant’s co-pending U.S. Patent Application
US20020122895 (the disclosure of which is incorporated herein in its entirety). The gold layer was 450nm thick, and
again, not encapsulated with indium tin oxide layers. As for the display in Example 1, the electrical resistance of one of
the rows on this display was measured after gold deposition, after thick film deposition and firing, and after the device
was completed. These results are also shown in Table 1. The results demonstrate that the display incorporating the ITO
encapsulated gold layer only displayed a modest change in the electrical conductivity during processing. However, the
display with the unencapsulated gold layer demonstrated a large decrease in electrical conductivity, despite its greater
thickness.

[0061] Although preferred embodiments of the invention have been described herein in detail, it will be understood
by those skilled in the art that variations may be made thereto without departing from the claimed scope of the invention.

Table One
A Relative Conductivity of Gold Electrodes at Various Process Stages
Process Stage Unencapsulated ITO Encapsulated
Gold Electrode Gold Electrode
1. After gold deposition and patterning 1.0 1.0
2. After thick film processing 1.5 0.9
3. After phosphor deposition and heat treatment 0.9 0.4

Claims

1. An encapsulated electrode in an electroluminescent display incorporating a thick film dielectric layer, said electrode
comprising:

- an electrode layer comprising an electrically conductive metallic film having an upper and lower surface;

- a thick film dielectric layer adjacent said upper surface of the said electrode layer;

- a layer of encapsulating material provided in between said upper surface of said electrode layer and said thick
film dielectric layer and/or a layer of encapsulating material provided on said lower surface of said electrode,
said encapsulating material reducing the risk of the electrode from becoming discontinuous and losing its elec-
trical conductivity.

2. The encapsulated electrode of claim 1, wherein said encapsulating material does not decrease the fraction of the
applied voltage across a phosphor film present in said thick film dielectric electroluminescent display.

3. The encapsulated electrode of claim 1 or 2, wherein said encapsulating material acts as a barrier to in-diffusion of
species into said electrode from an adjacent substrate and/or thick film dielectric structure present in said thick film

dielectric electroluminescent display.

4. The encapsulated electrode of any one of claims 1, 2 or 3, wherein said encapsulating material increases adhesion
between the electrode and a substrate material that forms part of the thick film dielectric electroluminescent display.

5. The encapsulated electrode of any one of claims 1, 2 or 3, wherein said encapsulating material increases adhesion
between the electrode and a thick dielectric layer present within the thick film dielectric electroluminescent display.

6. The encapsulated electrode of any preceding claim, wherein said electrically conductive metallic film has a surface
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oxide layer and said encapsulating material minimizes chemical reduction of said surface oxide layer.

The encapsulated electrode of claim 6, wherein said encapsulating material has a greater tendency to donate oxygen
to a surface of said electrode than scavenge oxygen from said electrode.

The encapsulated electrode of any preceding claim, wherein said material is a dense crystalline material having a
crystal structure that is not disrupted in the presence of a reducing agent selected from the group consisting of

hydrogen sulfide, sulfur, sulfur vapour and sulfide bearing vapours.

The encapsulated electrode of any preceding claim, wherein said encapsulating material has a thickness of about
10nm to about 500nm.

The encapsulated electrode of any preceding claim, wherein said encapsulating material has a thickness of about
20nm to about 500nm.

The encapsulated electrode of any preceding claim, wherein said encapsulating material has a thickness of about
25nm to about 450nm.

The encapsulated electrode of any preceding claim, wherein said encapsulating material has a thickness of about
100nm to about 450nm.

The encapsulated electrode of any one of claims 1 to 9, wherein said encapsulating material has a thickness of
about 10nm to about 60nm.

The encapsulated electrode of claim 13, wherein said encapsulating material has a thickness of about 30nm to
about 60nm.

The encapsulated electrode of any preceding claim, wherein said encapsulating material is an oxide.
The encapsulated electrode of claim 15, wherein said oxide is indium tin oxide.

The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material is a compound having
a high dielectric constant.

The encapsulated electrode of claim 17, wherein said compound is barium titanate.

The encapsulated electrode of any preceding claim, wherein said electrode has a thickness of about 100nm to about
1000nm.

The encapsulated electrode of any preceding claim, wherein said electrode has a thickness of about 150nm to about
250nm.

The encapsulated electrode of any preceding claim, wherein said electrode is a metallic gold film.

The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material is provided on both
said upper and lower surfaces of said electrode layer and said encapsulating material comprises indium tin oxide.

The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material is provided on both
said upper and lower surfaces of said electrode layer and said encapsulating material comprises barium titanate.

The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material is provided only on
said upper surface of said electrode layer and comprises indium tin oxide or barium titanate.

The encapsulated electrode of any one of claims | to 14, wherein said encapsulating material is provided only on
said lower surface of said electrode layer and comprises indium tin oxide or barium titanate.

The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material provided on said
upper surface of said electrode layer is indium tin oxide and said encapsulating material provided on said lower
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surface of said electrode is barium titanate.
The encapsulated electrode of any one of claims 1 to 14, wherein said encapsulating material provided on said
upper surface of said electrode is barium titanate and said encapsulating material provided on said lower surface

of said electrode is indium tin oxide.

The encapsulated electrode of any one of claims 23, 24, 26 or 27, wherein said encapsulating material on said
upper surface of said electrode has a thickness of about 20nm to about 500nm.

The encapsulated electrode of any one of claims 23, 25, 26 or 27, wherein said encapsulating material on said lower
surface of said electrode has a thickness of about 10nm to about 60nm.

A thick film dielectric electroluminescent display having an encapsulated lower electrode that comprises:
- an electrode layer comprising an electrically conductive metallic film having an upper and lower surface;
- a thick film dielectric layer adjacent said upper surface of the said electrode layer;
- a layer of encapsulating material provided in between said upper surface of said electrode layer and said thick
film dielectric layer and/or a layer of encapsulating material provided on said lower surface of said electrode,
said encapsulating material reducing the risk of the electrode from becoming discontinuous and losing its elec-
trical conductivity.

The thick film dielectric electroluminescent display of claim 30, further comprising:
- arigid heat resistant substrate;
- said electrode layer placed directly adjacent said substrate;
- a phosphor film deposited on said thick film dielectric layer; and
- an upper electrode layer comprising an optically transparent electrically conductive film provided above said
phosphor film.

The display of claim 30 or 31, wherein said layer of encapsulating material comprises an oxide.

The display of claim 30 or 31, wherein said layer of encapsulating material comprises a compound with a high
dielectric constant.

The display of claim 32, wherein said oxide is indium tin oxide.
The display of claim 33, wherein said compound is barium titanate.

The display of claim 34 or 35, wherein said indium tin oxide or barium titanate is provided as a layer with a thickness
of about 10nm to 500nm.

The display of claim 36, wherein said thickness is about 10nm to about 450nm.

The display of claim 34, 36 or 37, wherein said indium tin oxide is provided on an upper surface of said electrode
layer and has a thickness of about 100nm to about 450nm.

The display of claim 35, 36 or 37, wherein said barium titanate is provided on a lower surface of said electrode layer
and has a thickness of about 30nm to about 60nm.

The display of any one of claims 30 to 39, further comprising a sealing layer over the entire display to protect from
moisture and/or atmospheric contaminants.

A method for stabilizing an electrode having an upper and lower surface within a thick film dielectric electroluminescent
display having a thick film dielectric layer, said method comprising:

- providing a layer of encapsulating material between said upper surface of said electrode and said thick film
dielectric layer and/or providing a layer of encapsulating material on said lower surface of said electrode,
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said encapsulating material reducing the risk of the electrode from becoming discontinuous and losing its electrical
conductivity.

The method of claim 41, wherein said encapsulating material does not decrease the fraction of the applied voltage
across a phosphor film present in a thick film dielectric electroluminescent display.

The method of claim 41 or 42, wherein said encapsulating material acts as a barrier to in-diffusion of species into
said electrode from adjacent substrate and/or thick film dielectric structures present in a thick film dielectric electro-

luminescent display.

The method of any one of claims 41 to 43, wherein said electrically conductive metallic film has a surface oxide
layer and said encapsulating material minimizes chemical reduction of said surface oxide layer.

The method of claim 44, wherein said encapsulating material has a greater tendency to donate oxygen to a surface
of said electrode than scavenge oxygen from said electrode.

The method of any one of claims 41 to 45, wherein said material is a dense crystalline material having a crystal
structure that is not disrupted in the presence of a reducing agent selected from the group consisting of hydrogen
sulfide, sulfur, sulfur vapour and sulfide bearing vapours.

The method of any one of claims 41 to 46, wherein said encapsulating material is an oxide.

The method of claim 47, wherein said oxide is indium tin oxide.

The method of any one of claims 41 to 46, wherein said encapsulating material is a compound having a high dielectric
constant.

The method of claim 49, wherein said compound is barium titanate.

The method of any one of claims 41 to 50, wherein said encapsulating material has a thickness of about 10nm to
about 500nm.

The method of any one of claims 41 to 51, wherein said encapsulating material has a thickness of about 25nm to
about 450nm.

The method of any one of claims 41 to 51, wherein said encapsulating material is provided on a lower surface of
said electrode layer and has a thickness of about 10nm to about 60nm.

The method of claim 53, wherein said encapsulating material has a thickness of about 30nm to about 60nm.

The method of any one of claims 41 to 51, wherein said encapsulating material is provided on an upper surface of
said electrode layer and has a thickness of about 20nm to about 500nm.

The method of claim 55, wherein said encapsulating material has a thickness of about 100nm to about 450nm.
The method of any one of claims 41 to 56, wherein said electrode has a thickness of about 100nm to about 1000nm.
The method of any one of claims 41 to 57, wherein said electrode has a thickness of about 150nm to about 250nm.
The method of any one of claims 41 to 58, wherein said electrode is a metallic gold film.

The method of any one of claims 41 to 46, wherein said encapsulating material is provided on both said upper and
lower surfaces of said electrode and said encapsulating material comprises indium tin oxide.

The method of any one of claims 41 to 46, wherein said encapsulating material is provided on both said upper and
lower surfaces of said electrode and said encapsulating material comprises barium titanate.

The method of any one of claims 41 to 46, wherein said encapsulating material provided on said upper surface of
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said electrode is indium tin oxide and said encapsulating material provided on said lower surface of said electrode
is barium titanate.

The method of any one of claims 41 to 46, wherein said encapsulating material provided on said upper surface of
said electrode is barium titanate and said encapsulating material provided on said lower surface of said electrode
is indium tin oxide.

The method of any one of claims 41 to 63, wherein said encapsulating material is provided by sputtering.

The method of any one of claims 41 to 64, wherein said encapsulating material increases adhesion between the
electrode and a substrate material that forms part of the thick film dielectric electroluminescent display.

The method of any one of claim 41 to 64, wherein said encapsulating material increases adhesion between the
electrode and a thick dielectric layer present within the thick film dielectric electroluminescent display.

Patentanspriiche

1.

Eingekapselte Elekirode in einer Elektrolumineszenzanzeige, die eine dielektrische Dickfilmschicht enthalt, wobei
die Elektrode umfasst:

- eine Elektrodenschicht, die einen elektrisch leitenden Metallfilm mit einer oberen und unteren Oberflache
umfasst;

- eine dielektrische Dickfilmschicht, die zu der oberen Oberflache der Elektrodenschicht benachbart ist;

- eine Schicht aus Einkapselungsmaterial, die zwischen der oberen Oberflache der Elektrodenschicht und der
dielektrischen Dickfilmschicht vorgesehen ist, und/oder eine Schicht aus Einkapselungsmaterial, die auf der
unteren Oberflache der Elektrode vorgesehen ist, wobei das Einkapselungsmaterial das Risiko verringert, dass
die Elektrode diskontinuierlich wird und ihre elektrische Leitfahigkeit verliert.

Eingekapselte Elektrode nach Anspruch 1, in der das Einkapselungsmaterial den Bruchteil der Spannung, Uber
einen in der Elektrolumineszenzanzeige mit dielektrischem Dickfilm vorhandenen Phosphor-Film angelegt, nicht
verringert.

Eingekapselte Elektrode nach Anspruch 1 oder 2, in der das Einkapselungsmaterial als Barriere gegen ein Eindif-
fundieren von Spezies in die Elektrode aus einem benachbarten Substrat und/oder einer in der Elektrolumineszenz-
anzeige mit dielektrischem Dickfilm vorliegenden dielektrischen Dickfilmstruktur wirkt.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1, 2 oder 3, in der das Einkapselungsmaterial die Haftung
zwischen der Elektrode und einem Substratmaterial erhdht, welches einen Teil der Elektrolumineszenzanzeige mit
dielektrischem Dickfilm bildet.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1, 2, oder 3, in dem das Einkapselungsmaterial die
Haftung zwischen der Elektrode und einer innerhalb der Elektrolumineszenzanzeige mit dielektrischem Dickfilm
vorliegenden dielektrischen Dickschicht erhoht.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der der elektrisch leitende Metallfilm eine
Oberflachen-Oxidschicht aufweist und das Einkapselungsmaterial die chemische Reduktion der Oberflachen-Oxid-
schicht minimiert.

Eingekapselte Elektrode nach Anspruch 6, in der das Einkapselungsmaterial eine gréRere Tendenz aufweist, Sau-
erstoff an eine Oberflache der Elektrode abzugeben, als Sauerstoff aus der Elektrode abzufangen.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Material ein dichtes kristallines
Material mit einer Kristallstruktur ist, die in Anwesenheit eines Reduktionsmittels, das ausgewahlt ist aus der Gruppe

bestehend aus Schwefelwasserstoff, Schwefel, Schwefeldampf und Sulfidtragenden Dampfen, nicht zerstort wird.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Einkapselungsmaterial eine Dicke
von etwa 10 nm bis etwa 500 nm aufweist.
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Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Einkapselungsmaterial eine Dicke
von etwa 20 nm bis etwa 500 nm aufweist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Einkapselungsmaterial eine Dicke
von etwa 25 nm bis etwa 450 nm aufweist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Einkapselungsmaterial eine Dicke
von etwa 100 nm bis etwa 450 nm aufweist.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 9, in der das Einkapselungsmaterial eine Dicke
von etwa 10 nm bis etwa 60 nm aufweist.

Eingekapselte Elektrode nach Anspruch 13, in der das Einkapselungsmaterial eine Dicke von etwa 30 nm bis etwa
60 nm aufweist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der das Einkapselungsmaterial ein Oxid ist.
Eingekapselte Elektrode nach Anspruch 15, in der das Oxid Indiumzinnoxid ist.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial eine Verbin-
dung mit einer hohen Dielektrizitdtskonstanten ist.

Eingekapselte Elektrode nach Anspruch 17, in der die Verbindung Bariumtitanat ist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der die Elektrode eine Dicke von etwa 100
nm bis etwa 1000 nm aufweist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der die Elektrode eine Dicke von etwa 150
nm bis etwa 250 nm aufweist.

Eingekapselte Elektrode nach irgendeinem vorangehenden Anspruch, in der die Elektrode ein metallischer Goldfilm
ist.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial sowohl auf
der oberen als auch auf der unteren Oberflache der Elektrodenschicht vorgesehen ist und das Einkapselungsmaterial
Indiumzinnoxid umfasst.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial sowohl auf
der oberen als auch auf der unteren Oberflache der Elektrodenschicht vorgesehen istund das Einkapselungsmaterial
Bariumtitanat umfasst.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial nur auf der
oberen Oberflache der Elektrodenschicht vorgesehen ist und Indiumzinnoxid oder Bariumtitanat umfasst.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial nur auf der
unteren Oberflache der Elektrodenschicht vorgesehen ist und Indiumzinnoxid oder Bariumtitanat umfasst.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial, das auf der
oberen Oberflache der Elektrodenschicht vorgesehen ist, Indiumzinnoxid ist und das Einkapselungsmaterial, das
auf der unteren Oberflache der Elektrode vorgesehen ist, Bariumtitanat ist.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 1 bis 14, in der das Einkapselungsmaterial, das auf der
oberen Oberflache der Elektrode vorgesehen ist, Bariumtitanat ist und das Einkapselungsmaterial, das auf der

unteren Oberflache der Elektrode vorgesehen ist, Indiumzinnoxid ist.

Eingekapselte Elektrode nach irgendeinem der Anspriiche 23, 24, 26 oder 27, in der das Einkapselungsmaterial
auf der oberen Oberflache der Elektrode eine Dicke von etwa 20 nm bis etwa 500 nm aufweist.
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Eingekapselte Elektrode nach irgendeinem der Anspriiche 23, 25, 26 oder 27, in der das Einkapselungsmaterial
auf der unteren Oberflache der Elektrode eine Dicke von etwa 10 nm bis etwa 60 nm aufweist.

Elektrolumineszenzanzeige mit dielektrischem Dickfilm und einer eingekapselten unteren Elektrode, die umfasst:

- eine Elektrodenschicht, die einen elektrisch leitenden Metallfilm mit einer oberen und unteren Oberflache
umfasst;

- eine dielektrische Dickfilmschicht, die zu der oberen Oberflache der Elektrodenschicht benachbart ist;

- eine Schicht aus Einkapselungsmaterial, die zwischen der oberen Oberflache der Elektrodenschicht und der
dielektrischen Dickfilmschicht vorgesehen ist, und/oder einer Schicht aus Einkapselungsmaterial, die auf der
unteren Oberflache der Elektrodenschicht vorgesehen ist, wobei das Einkapselungsmaterial das Risiko verrin-
gert, dass die Elektrode diskontinuierlich wird und ihre elektrische Leitfahigkeit verliert.

Elektrolumineszenzanzeige mit dielektrischem Dickfilm nach Anspruch 30, weiter umfassend:
- ein starres warmebestandiges Substrat;
- wobei die Elektrodenschicht direkt benachbart zu dem Substrat angeordnet ist;
- einen Phosphor-Film, der auf der dielektrischen Dickfilmschicht abgeschieden ist; und
- eine obere Elektrodenschicht, die einen optisch transparenten elektrisch leitenden Film umfasst, der (iber dem
Phosphor-Film vorgesehen ist.

Anzeige nach Anspruch 30 oder 31, in der die Schicht aus Einkapselungsmaterial ein Oxid umfasst.

Anzeige nach Anspruch 30 oder 31, in der die Schicht aus Einkapselungsmaterial eine Verbindung mit einer hohen
Dielektrizitatskonstante umfasst.

Anzeige nach Anspruch 32, in der das Oxid Indiumzinnoxid ist.
Anzeige nach Anspruch 33, in der die Verbindung Bariumtitanat ist.

Anzeige nach Anspruch 34 oder 35, in der das Indiumzinnoxid oder Bariumtitanat als Schicht mit einer Dicke von
etwa 10 nm bis 500 nm vorgesehen ist.

Anzeige nach Anspruch 36, in der die Dicke etwa 10 nm bis etwa 450 nm betragt.

Anzeige nach Anspruch 34, 36 oder 37, in der das Indiumzinnoxid auf einer oberen Oberflache der Elektrodenschicht
vorgesehen ist und eine Dicke von etwa 100 nm bis etwa 450 nm aufweist.

Anzeige nach Anspruch 35, 36 oder 37, in der das Bariumtitanat auf einer unteren Oberflache der Elektrodenschicht
vorgesehen ist und eine Dicke von etwa 30 nm bis etwa 60 nm aufweist.

Anzeige nachirgendeinem der Anspriiche 30 bis 39, weiter umfassend eine Versiegelungsschicht Giber der gesamten
Anzeige, um vor Feuchtigkeit und/oder atmosphéarischen Verunreinigungen zu schiitzen.

Verfahren zur Stabilisierung einer Elektrode mit einer oberen und unteren Oberflache innerhalb einer Elektrolumi-
neszenzanzeige mit dielektrischem Dickfilm, die eine dielektrische Dickfilmschicht aufweist, wobei das Verfahren
umfasst:

- Bereitstellen einer Schicht aus Einkapselungsmaterial zwischen der oberen Oberflache der Elektrode und der
dielektrischen Dickfilmschicht und/oder Bereitstellen einer Schicht aus Einkapselungsmaterial auf der unteren
Oberflache der Elektrode,

wobei das Einkapselungsmaterial das Risiko verringert, dass die Elektrode diskontinuierlich wird und ihre elektrische
Leitfahigkeit verliert.

Verfahren nach Anspruch 41, in dem das Einkapselungsmaterial nicht den Bruchteil der Spannung verringert, welche
Uber einen in einer Elektrolumineszenzanzeige mit dielektrischem Dickfilm vorliegenden Phosphor-Film angelegt ist.

14
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Verfahren nach Anspruch 41 oder 42, in dem das Einkapselungsmaterial als Barriere gegeniiber einem Eindiffun-
dieren von Spezies in die Elektrode aus benachbartem Substrat und/oder benachbarten, in einer Elektrolumines-
zenzanzeige mit dielektrischem Dickfilm vorliegenden dielektrischen Dickfilmstrukturen wirkt.
Verfahren nach irgendeinem der Anspriiche 41 bis 43, in dem der elektrisch leitende Metallfilm eine Oberflachen-
Oxidschicht aufweist und das Einkapselungsmaterial die chemische Reduktion der Oberflachen-Oxidschicht mini-

miert.

Verfahren nach Anspruch 44, in dem das Einkapselungsmaterial eine gréRRere Tendenz aufweist, Sauerstoff an
eine Oberflache der Elektrode abzugeben, als Sauerstoff von der Elektrode abzufangen.

Verfahren nach irgendeinem der Anspriiche 41 bis 45, in dem das Material ein dichtes kristallines Material mit einer
Kristallstruktur ist, die in Anwesenheit eines Reduktionsmittels, das ausgewabhlt ist aus der Gruppe bestehend aus
Schwefelwasserstoff, Schwefel, Schwefeldampf und Sulfidtragenden Dampfen nicht zerstort wird.

Verfahren nach irgendeinem der Anspriiche 41 bis 46, in dem das Einkapselungsmaterial ein Oxid ist.

Verfahren nach Anspruch 47, in dem das Oxid Indiumzinnoxid ist.

Verfahren nach irgendeinem der Anspriiche 41 bis 46, in dem das Einkapselungsmaterial eine Verbindung mit einer
hohen Dielektrizitdtskonstanten ist.

Verfahren nach Anspruch 49, in dem die Verbindung Bariumtitanat ist.

Verfahren nach irgendeinem der Anspriiche 41 bis 50, in dem das Einkapselungsmaterial eine Dicke von etwa 10
nm bis etwa 500 nm aufweist.

Verfahren nach irgendeinem der Ansprtiche 41 bis 51, in dem das Einkapselungsmaterial eine Dicke von etwa 25
nm bis etwa 450 nm aufweist.

Verfahren nach irgendeinem der Anspriiche 41 bis 51, in dem das Einkapselungsmaterial auf einer unteren Ober-
flache der Elektrodenschicht vorgesehen ist und eine Dicke von etwa 10 nm bis etwa 60 nm aufweist.

Verfahren nach Anspruch 53, in dem das Einkapselungsmaterial eine Dicke von etwa 30 nm bis etwa 60 nm aufweist.

Verfahren nach irgendeinem der Anspriche 41 bis 51, in dem das Einkapselungsmaterial auf einer oberen Ober-
flache der Elektrodenschicht vorgesehen ist und eine Dicke von etwa 20 nm bis etwa 500 nm aufweist.

Verfahren nach Anspruch 55, in dem das Einkapselungsmaterial eine Dicke von etwa 100 nm bis etwa 450 nm
aufweist.

Verfahren nach irgendeinem der Anspriche 41 bis 56, in dem die Elektrode eine Dicke von etwa 100 nm bis etwa
1000 nm aufweist.

Verfahren nach irgendeinem der Anspriiche 41 bis 57, in dem die Elektrode eine Dicke von etwa 150 nm bis etwa
250 nm aufweist.

Verfahren nach irgendeinem der Anspriiche 41 bis 58, in dem die Elektrode ein metallischer Goldfilm ist.
Verfahren nach irgendeinem der Anspriiche 41 bis 46, in dem das Einkapselungsmaterial sowohl auf der oberen
als auch der unteren Oberflache der Elektrode vorgesehen ist und das Einkapselungsmaterial Indiumzinnoxid um-
fasst.

Verfahren nach irgendeinem der Anspriiche 41 bis 46, in dem das Einkapselungsmaterial sowohl auf der oberen
als auch auf der unteren Oberflache der Elektrode vorgesehen ist und das Einkapselungsmaterial Bariumtitanat

umfasst.

Verfahren nach irgendeinem der Anspriiche 41 bis 46, in dem das Einkapselungsmaterial, das auf der oberen
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Oberflache der Elektrode vorgesehen ist, Indiumzinnoxid ist und das Einkapselungsmaterial, das auf der unteren
Oberflache der Elektrode vorgesehen ist, Bariumtitanat ist.

Verfahren nach irgendeinem der Anspriche 41 bis 46, in dem das Einkapselungsmaterial, das auf der oberen
Oberflache der Elektrode vorgesehen ist, Bariumtitanat ist und das Einkapselungsmaterial, das auf der unteren
Oberflache der Elektrode vorgesehen ist, Indiumzinnoxid ist.

Verfahren nach irgendeinem der Anspriiche 41 bis 63, in dem das Einkapselungsmaterial durch Sputtern bereitge-
stellt wird.

Verfahren nach irgendeinem der Anspriiche 41 bis 64, in dem das Einkapselungsmaterial die Haftung zwischen
der Elektrode und einem Substratmaterial erhéht, welches einen Teil der Elektrolumineszenzanzeige mit dielektri-
schem Dickfilm bildet.

Verfahren nach irgendeinem der Anspriiche 41 bis 64, in dem das Einkapselungsmaterial die Haftung zwischen
der Elektrode und einer dielektrischen Dickschicht erhdht, welche innerhalb der Elektrolumineszenzanzeige mit
dielektrischem Dickfilm vorliegt.

Revendications

1.

Electrode encapsulée dans un affichage électroluminescent incorporant une couche diélectrique a film épais, ladite
électrode comprenant :

- une couche d’électrode comprenant un film métallique électriquement conducteur comportant une surface
supérieure et inférieure ;

- une couche diélectrique a film épais adjacente a ladite surface supérieure de ladite couche d’électrode ;

- une couche de matériau d’encapsulation disposée entre ladite surface supérieure de ladite couche d’électrode
et ladite couche diélectrique a film épais et/ou une couche de matériau d’encapsulation disposée sur ladite
surface inférieure de ladite électrode, ledit matériau d’encapsulation réduisant le risque que I'électrode devienne
discontinue et perde sa conductivité électrique.

Electrode encapsulée selon la revendication 1, dans laquelle ledit matériau d’encapsulation ne diminue pas la
fraction de la tension appliquée aux bornes d’un film fluorescent présent dans ledit affichage électroluminescent
diélectrique a film épais.

Electrode encapsulée selon la revendication 1 ou 2, dans laquelle ledit matériau d’encapsulation agit comme barriére
a la diffusion d’espéce dans ladite électrode a partir d’un substrat adjacent et/ou a partir de la structure diélectrique
a film épais, présente dans ledit affichage électroluminescent diélectrique a film épais.

Electrode encapsulée selon I'une quelconque des revendications 1, 2 ou 3, dans laquelle ledit matériau d’encap-
sulation augmente I'adhérence entre I'électrode et un matériau de substrat qui forme une partie de I'affichage
électroluminescent diélectrique a film épais.

Electrode encapsulée selon I'une quelconque des revendications 1, 2 ou 3, dans laquelle ledit matériau d’encap-
sulation augmente I'adhérence entre I'électrode et une couche diélectrique épaisse présente au sein de I'affichage
électroluminescent diélectrique a film épais.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit film métallique
électriguement conducteur a une couche d’'oxyde de surface et ledit matériau d’encapsulation minimise la réduction
chimique de ladite couche d’oxyde de surface.

Electrode encapsulée selon la revendication 6, dans laquelle ledit matériau d’encapsulation a une plus grande
tendance a donner de I'oxygéne a une surface de ladite électrode qu’a désactiver 'oxygéne de ladite électrode.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau est un

matériau cristallin dense ayant une structure de cristal qui n’est pas interrompue en présence d’'un agent réducteur
choisi dans le groupe consistant en le sulfure d’hydrogéne, le soufre, une vapeur de soufre et des vapeurs portant
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du sulfure.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau d’en-
capsulation a une épaisseur d’environ 10 nm a environ 500 nm.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau d’en-
capsulation a une épaisseur d’environ 20 nm a environ 500 nm.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau d’en-
capsulation a une épaisseur d’environ 25 nm a environ 450 nm.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau d’en-
capsulation a une épaisseur d’environ 100 nm a environ 450 nm.

Electrode encapsulée selon I'une quelconque des revendications 1 a 9, dans laquelle ledit matériau d’encapsulation
a une épaisseur d’environ 10 nm a environ 60 nm.

Electrode encapsulée selon la revendication 13, dans laquelle ledit matériau d’encapsulation a une épaisseur d’en-
viron 30 nm a environ 60 nm.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ledit matériau d’en-
capsulation est un oxyde.

Electrode encapsulée selon la revendication 15, dans laquelle ledit oxyde est de 'oxyde d’indium étain.

Electrode encapsulée selon 'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
est un composé ayant une haute constante diélectrique.

Electrode encapsulée selon la revendication 17, dans laquelle ledit composé est le titanate de baryum.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ladite électrode a une
épaisseur d’environ 100 nm a environ 1 000 nm.

Electrode encapsulée selon 'une quelconque des revendications précédentes, dans laquelle ladite électrode a une
épaisseur d’environ 150 nm a environ 250 nm.

Electrode encapsulée selon I'une quelconque des revendications précédentes, dans laquelle ladite électrode est
un film en or métallique.

Electrode encapsulée selon 'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
est disposé sur les deux dites surfaces supérieure et inférieure de ladite couche d’électrode et ledit matériau d’en-
capsulation comprend de I'oxyde d’'indium étain.

Electrode encapsulée selon 'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
est disposé sur les deux dites surfaces supérieure et inférieure de ladite couche d’électrode et ledit matériau d’en-
capsulation comprend du titanate de baryum.

Electrode encapsulée selon I'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
n’est disposé que sur ladite surface supérieure de ladite couche d’électrode et comprend de I'oxyde d’indium étain
ou du titanate de baryum.

Electrode encapsulée selon I'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
n’est disposé que sur ladite surface inférieure de ladite couche d’électrode et comprend de 'oxyde d’indium étain
ou du titanate de baryum.

Electrode encapsulée selon 'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation

disposé sur ladite surface supérieure de ladite couche d’électrode est de 'oxyde d’'indium étain et ledit matériau
d’encapsulation disposé sur ladite surface inférieure de ladite électrode est du titanate de baryum.
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Electrode encapsulée selon 'une quelconque des revendications 1 a 14, dans laquelle ledit matériau d’encapsulation
disposé sur ladite surface supérieure de ladite électrode est du titanate de baryum et ledit matériau d’encapsulation
disposé sur ladite surface inférieure de ladite électrode est de 'oxyde d’indium étain.

Electrode encapsulée selon 'une quelconque des revendications 23, 24, 26 ou 27, dans laquelle ledit matériau
d’encapsulation sur ladite surface supérieure de ladite électrode a une épaisseur d’environ 20 nm a environ 500 nm.

Electrode encapsulée selon 'une quelconque des revendications 23, 25, 26 ou 27, dans laquelle ledit matériau
d’encapsulation sur ladite surface inférieure de ladite électrode a une épaisseur d’environ 10 nm a environ 60 nm.

Affichage électroluminescent diélectrique a film épais comportant une électrode inférieure encapsulée qui
comprend :

- une couche d’électrode comprenant un film métallique électriquement conducteur ayant une surface supérieure
et inférieure ;

- une couche diélectrique a film épais adjacente a ladite surface supérieure de ladite couche d’ électrode ;

- une couche de matériau d’encapsulation disposée entre ladite surface supérieure de ladite couche d’électrode
et ladite couche diélectrique a film épais et/ou une couche de matériau d’encapsulation disposée sur ladite
surface inférieure de ladite électrode, ledit matériau d’encapsulation réduisant le risque que I'électrode devienne
discontinue et perde sa conductivité électrique.

Affichage électroluminescent diélectrique a film épais selon la revendication 30, comprenant en outre :
- un substrat rigide résistant a la chaleur ;
- ladite couche d’électrode est placée directement adjacente audit substrat ;
- un film luminescent disposé sur ladite couche diélectrique a film épais ; et
- une couche d’électrode supérieure comprenant un film électriquement conducteur optiquement transparent
disposé au-dessus dudit film fluorescent.

Affichage selonlarevendication 30 ou 31, dans lequel ladite couche de matériau d’encapsulation comprend un oxyde.

Affichage selon la revendication 30 ou 31, dans lequel ladite couche de matériau d’encapsulation comprend un
composé ayant une haute constante diélectrique.

Affichage selon la revendication 32, dans lequel ledit oxyde est I'oxyde d’'indium étain.
Affichage selon la revendication 33, dans lequel ledit composé est 'oxyde de titanate de baryum.

Affichage selon la revendication 34 ou 35, dans lequel ledit oxyde d’'indium étain ou titanate de baryum est disposé
sous forme de couche ayant une épaisseur d’environ 10 nm a 500 nm.

Affichage selon la revendication 36, dans lequel ladite épaisseur est d’environ 10 nm a environ 450 nm.

Affichage selon la revendication 34, 36 ou 37, dans lequel ledit oxyde d’'indium étain est disposé sur une surface
supérieure de ladite couche d’électrode et a une épaisseur d’environ 100 nm a environ 450 nm.

Affichage selon la revendication 35, 36 ou 37, dans lequel ledit titanate de baryum est disposé sur une surface
inférieure de ladite couche d’électrode et a une épaisseur d’environ 30 nm a environ 60 nm.

Affichage selon I'une quelconque des revendications 30 a 39, comprenant en outre une couche de scellage sur
I'affichage entier pour protéger contre I’humidité et/ou les contaminants atmosphériques.

Procédé de stabilisation d’'une électrode ayant une surface supérieure et inférieure au sein d’un affichage électro-
luminescent diélectrique a film épais ayant une couche diélectrique a film épais, ledit procédé comprenant les étapes

consistant a :

- fournir une couche de matériau d’encapsulation entre ladite surface supérieure de ladite électrode et ladite
couche diélectrique a film épais et/ou fournir une couche de matériau d’encapsulation sur ladite surface supé-
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rieure de ladite électrode,
- ledit matériau d’encapsulation réduisant le risque que I'électrode devienne discontinue et perde sa conductivité

électrique.

Procédé selon larevendication 41, dans lequel ledit matériau d’encapsulation ne diminue pas la fraction de la tension
appliquée aux bornes d’'un film fluorescent présent dans un affichage électroluminescent diélectrique a film épais.

Procédé selon la revendication 41 ou 42, dans lequel ledit matériau d’encapsulation agit comme une barriere a la
diffusion d’espéces dans ladite électrode a partir d’'un substrat adjacent et/ou a partir de structures diélectriques a
film épais présentes dans ledit affichage électroluminescent diélectrique a film épais.

Procédé selon 'une quelconque des revendications 41 a 43, dans lequel ledit film métallique électriquement con-
ducteur a une couche d’oxyde de surface et ledit matériau d’encapsulation minimise une réduction chimique de

ladite couche d’oxyde de surface.

Procédé selon la revendication 44, dans lequel ledit matériau d’encapsulation a une plus grande tendance a donner
de I'oxygene a une surface de ladite électrode qu’a désactiver 'oxygene de ladite électrode.

Procédé selon I'une quelconque des revendications 41 a 45, dans laquelle ledit matériau est un matériau cristallin
dense ayant une structure de cristal qui n’est pas interrompue en présence d’un agent réducteur choisi dans le
groupe consistant en le sulfure d’hydrogene, le soufre, une vapeur de soufre et des vapeurs portant du sulfure.

Procédé selon 'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation est un oxyde.

Procédé selon la revendication 47, dans lequel ledit oxyde est I'oxyde d’indium étain.

Procédé selon 'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation est un
composé ayant une haute constante diélectrique.

Procédé selon la revendication 49, dans lequel ledit composé est le titanate de baryum.

Procédé selon I'une quelconque des revendications 41 a 50, dans lequel ledit matériau d’encapsulation a une
épaisseur d’environ 10 nm a environ 500 nm.

Procédé selon I'une quelconque des revendications 41 a 51, dans lequel ledit matériau d’encapsulation a une
épaisseur d’environ 25 nm a environ 450 nm.

Procédé selon I'une quelconque des revendications 41 a 51, dans lequel ledit matériau d’encapsulation est disposé
sur une surface inférieure de ladite couche d’électrode et a une épaisseur d’environ 10 nm a environ 60 nm.

Procédeé selon la revendication 53, dans lequel ledit matériau d’encapsulation a une épaisseur d’environ 30 nm a
environ 60 nm.

Procédé selon I'une quelconque des revendications 41 a 51, dans lequel ledit matériau d’encapsulation est disposé
sur une surface supérieure de ladite couche d’électrode et a une épaisseur d’environ 20 nm a environ 500 nm.

Procédé selon la revendication 55, dans lequel ledit matériau d’encapsulation a une épaisseur d’environ 100 nm a
environ 450 nm.

Procédé selon 'une quelconque des revendications 41 a 56, dans lequel ladite électrode a une épaisseur d’environ
100 nm a environ 1 000 nm.

Procédé selon 'une quelconque des revendications 41 a 57, dans lequel ladite électrode a une épaisseur d’environ
150 nm a environ 250 nm.

Procédé selon 'une quelconque des revendications 41 a 58, dans lequel ladite électrode est un film en or métallique.

Procédé selon I'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation est disposé
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sur les deux dites surfaces supérieure et inférieure de ladite électrode et ledit matériau d’encapsulation comprend
de 'oxyde d’indium étain.

Procédé selon I'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation est disposé
sur les deux dites surfaces supérieure et inférieure de ladite couche d’électrode et ledit matériau d’encapsulation
comprend du titanate de baryum.

Procédé selon 'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation disposé
sur ladite surface supérieure de ladite couche d’électrode est de I'oxyde d’indium étain et ledit matériau d’encap-
sulation disposé sur ladite surface inférieure de ladite électrode est du titanate de baryum.

Procédé selon 'une quelconque des revendications 41 a 46, dans lequel ledit matériau d’encapsulation disposé
sur ladite surface supérieure de ladite électrode est du titanate de baryum et ledit matériau d’encapsulation disposé
sur ladite surface inférieure de ladite électrode est de 'oxyde d’indium étain.

Procédé selon 'une quelconque des revendications 41 a 63, dans lequel ledit matériau d’encapsulation est fourni
par pulvérisation cathodique.

Procédé selon 'une quelconque des revendications 41 a 64, dans lequel ledit matériau d’encapsulation augmente
'adhérence entre I'électrode et un matériau de substrat qui forme une partie de I'affichage électroluminescent
diélectrique a film épais.

Procédé selon 'une quelconque des revendications 41 a 64, dans lequel ledit matériau d’encapsulation augmente

I'adhérence entre I'électrode et une couche diélectrique épaisse présente au sein de I'affichage électroluminescent
diélectrique a film épais.
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