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Figure 3
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STABILIZED ELECTRODES IN
ELECTROLUMINESCENT DISPLAYS

FIELD OF THE INVENTION

[0001] The present invention relates to an electrolumines-
cent display employing a thick film dielectric. More par-
ticularly, 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 tech-
nology. 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 depos-
ited on the thick film layer followed by an optically trans-
parent but electrically conductive film to form the second
electrode in the structure.

[0003] Various aspects of manufacturing TDEL displays
are described in Applicant’s co-pending U.S. patent appli-
cation Ser. No. 09/747,315 filed Dec. 22, 2000, Ser. No.
09/761,971 filed Jan. 17, 2001; Ser. No. 09/867,080 filed
May 29, 2001; Ser. No. 09/867,806 filed May 30, 2001 and
09/880,410 filed Jun. 13, 2001 as well as in Applicant’s U.S.
Pat. No. 5,432,015 and International Patent Applications
PCT/CA01/01234 and PCT/CA00/00561. The disclosure of
these aforementioned 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 (L.CD), thin film electrolumi-
nescent 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 oper-
ating voltage as compared to TFEL displays. This is prima-
rily 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 resis-
tant substrate, may withstand higher processing tempera-
tures than TFEL devices, which are typically fabricated on
glass substrates. This increased temperature tolerance facili-
tates 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
hydrogen 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 coalescence. 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.
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[0006] Tt 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 co-pending U.S. patent application
Ser. No. 09/540,288 (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 phosphor
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 perme-
ating the lower gold electrode and coalescing the gold into
spheroids during subsequent phosphor deposition.

[0009] In accordance with the present invention is a sta-
bilized lower electrode present within a TDEL display.

[0010] Also in 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
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 reduc-
tion 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] Instill 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
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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] In accordance with a further embodiment of the
invention, the encapsulating material may comprise a dielec-
tric material with a high dielectric constant. A preferred
dielectric material is barium titanate.

[0020] Tt is 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 elec-
trode 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 conduc-
tivity of the gold electrode layer.

[0022] According to another aspect of the invention is a
method for increasing the adhesion between the gold elec-
trode layer and the thick film dielectric layer in a TDEL
display, the method comprising providing a layer of encap-
sulating material between the gold electrode layer and the
thick film dielectric wherein the material does not signifi-
cantly reduce the electrical conductivity of the gold elec-
trode 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 dis-
play, the method comprising providing a layer of encapsu-
lating material between the gold electrode layer and sub-
strate 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;
[0025] an electrode layer comprising an electrically
conductive metallic film;

[0026] 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 con-
ductivity;
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[0027] wherein said encapsulated electrode is present
in a thick film dielectric electroluminescent display.

[0028] According to another aspect of the present inven-
tion there is provided a thick film dielectric electrolumines-
cent display comprising;

[0029]

[0030] a lower electrode layer directly adjacent said
substrate, said lower electrode layer comprising an
electrically conductive metallic film;

[0031] alayer of encapsulating 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;

[0032] a thick film dielectric layer adjacent said elec-
trically conductive layer of encapsulating material
provided on an upper surface of said electrode layer;

[0033] a phosphor film deposited on said thick film
dielectric layer; and

[0034] an upper electrode layer comprising an opti-
cally transparent electrically conductive film.

a rigid heat resistant substrate;

[0035] According to still a further aspect of the present
invention is a stabilized electrode comprising;

[0036] ancelectrically conductive gold film layer hav-
ing an upper surface and a lower surface, said gold
film having a thickness of about 100 nm to about
1000 nm;

[0037] a layer of indium tin oxide provided on the
upper surface of said gold layer having a thickness of
about 20 nm to about 500 nm; and

[0038] a layer of indium tin oxide provided on the
lower surface of said gold layer having a thickness of
about 10 nm to about 60 nm;

[0039] wherein said stabilized electrode is present
within a thick film dielectric electroluminescent dis-

play.

[0040] According to still a further aspect of the present
invention is a stabilized electrode comprising;

[0041] anelectrically conductive gold film layer hav-
ing an upper surface and a lower surface, said gold
film having a thickness of about 100 nm to about
1000 nm;

[0042] a layer of barium titanate provided on the
upper surface of said gold layer; and

[0043] a layer of barium titanate provided on the
lower surface of said gold layer;

[0044] wherein said stabilized electrode is present
within a thick film dielectric electroluminescent dis-

play.

[0045] According to another aspect of the present inven-
tion is a method for stabilizing an electrode within a thick
film dielectric electroluminescent display, said method com-
prising;

[0046] providing a layer of encapsulating material on
an upper and/or lower surface of said electrode, said
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material reducing the risk of the electrode from
becoming discontinuous and losing its electrical con-
ductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The present invention will become more fully
understood from the description given herein, and from the
accompanying drawings, which are given by way of illus-
tration only and do not limit the intended scope of the
invention.

[0048] FIG. 1 shows a section of a thick film electrolu-
minescent element display showing the position of the
encapsulation layer(s) of the present invention,

[0049] FIG. 2 shows a binary phase diagram for gold and
lead;

[0050] FIG. 3 shows a binary phase diagram for gold and
bismuth; and

[0051] FIG. 4 shows a binary phase diagram for gold and

indium.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] 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.

[0053] 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 mechani-
cally 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.

[0054] The encapsulating layer(s) of the present invention
generally comprise a material having two or more of the
following properties:

[0055] does not significantly.decrease the fraction of
the applied voltage across the phosphor structure
(FIG. 1),

[0056] minimizes permeation of hydrogen sulfide
and sulfide containing vapours into the gold elec-
trode layer;

[0057] is capable of being patterned;

[0058] has a crystal structure that is not substantially
adversely affected in the presence of reducing agents
present during TDEL display processing;

[0059] adheres to the lower electrode structure as
well as the thick film dielectric structure;
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[0060] minimizes reduction of oxide layer of lower
electrode;

[0061] facilitates adhesion of the lower electrode to
substrate;

[0062] facilitates adhesion of the lower electrode to
the overlying thick film dielectric structure; and

[0063] acts as a barrier to in-diffusion of species from
adjacent substrate and/or thick film dielectric struc-
ture.

[0064] It is 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.

[0065] The layer(s) of encapsulating material may com-
prise 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.

[0066] As the encapsulating material is selected to mini-
mize 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.

[0067] Inapreferred embodiment of the present invention,
a suitable material for the encapsulation layer is indium tin
oxide (ITO), which is known to exXist 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 electrolumines-
cent 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-stoichio-
metric oxides may also be suitable for the present invention.

[0068] 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 aforemen-
tioned properties described for the encapsulating material.

[0069] It is understood by those of skill in the art that a
combination of suitable oxide and suitable dielectric mate-
rial may be used in accordance with the present invention.
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
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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.

[0070] 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.

[0071] It is 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.

[0072] 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.

[0073] 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 10 nm to 500
nm, preferably from about 25 nm to about 450 nm. More
preferably, the lower layer of electrically conductive mate-
rial forming an encapsulation layer between the substrate
and the gold electrode layer may have a thickness of about
10 nm to about 60 nm, preferably about 30 nm to 60 nm. It
is preferred that the upper layer of electrically conductive
material on the gold electrode forming an encapsulating
layer have a thickness of about 20 nm to about 500 nm,
preferably from about 100 nm to about 450 nm.

[0074] The thickness of the gold layer should typically be
in the range of about 100 nm to about 1000 nm, preferably
about 150 nm to about 250 nm, 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 cre-
ates 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
encapsulation layers that is sufficient to modulate the surface
tension of the gold in contact with the electrically conduc-
tive encapsulating material so that it maintains a continuous
thin film and does not form discontinuous spheroidal par-
ticles so as to cause a loss of electrical conductivity along the
film.

[0075] 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
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total thickness of encapsulating material is provided as 10
nm to 500 nm, one of skill in the art may contemplate using
from about 20 nm-450 nm, 30 nm-400 nm, 50 nm-350 nm
and so forth as representative examples. Similarly, the
electrode thickness is provided as about 100 nm to about
1000 nm, preferably 150 nm to about 250 nm. However, the
thickness of the electrode used may be any sub-range thereof
as for example 200 nm-250 nm or 200 nm-800 nm and so
forth.

[0076] The present invention provides for increased sta-
bility of the gold electrodes as present within a TDEL
structure through a variety of mechanisms.

[0077] 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 minimiz-
ing the thickness of such layers, or by incorporating layers
with a high dielectric constant. Stabilizing the lower elec-
trode 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.

[0078] 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 com-
prises 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 them-
selves 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.

[0079] Thirdly, the provision of encapsulating layer(s)
surrounding the lower gold electrode helps to prevent alloy-
ing 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 tem-
perature at which the display can be exposed during subse-
quent 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
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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).

[0080] FIGS. 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.

[0081] 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 1o 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. FIG. 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. Fur-
ther, 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.

[0082] 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.

[0083] Insummary, the present invention 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.

[0084] The above disclosure generally describes the
present invention. A more complete understanding can be
obtained by reference to the following specific Examples.
These Examples are described solely for purposes of illus-
tration 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

[0085] The following examples detail the fabrication of
and test results for electroluminescent elements incorporat-
ing encapsulating layers deposited using a sputtering pro-
cess, but it is understood by those with skill in the art that
such layers may be deposited by any means that enables the
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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

[0086] An electroluminescent display was fabricated on a
1.0 mm thick 17 emx21 cm alumina substrate (FIG. 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 sputter-
ing 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 2.5 millitorr. The
argon flow rate was 75 scem 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 sput-
tering 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.

[0087] Onto the ITO film was then sputtered a 170 nm
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 6x10~” torr prior
to deposition and the deposition was carried out under an
argon pressure of 7x107> torr. During the deposition process
the substrate was moved by the target in a single pass. The
average rate of 10 film growth was about 170 nm per minute.

[0088] After gold film deposition, a second 430 nm 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.

[0089] 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 Conn.) and
etched using LCE-12TM 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-
12TM etchant. Following patterning, the substrate was fired
in air at about 850° C. for about 15 minutes in a belt furnace.

[0090] A 22 cm diagonal 320 by 240 pixel electrolumi-
nescent display having a thick film dielectric layer was
constructed on the substrate. A thick film composite dielec-
tric layer comprising a thick film dielectric layer screen
printed and fired using PMN-PT based paste 98-42 from
MRA (North Adams, Mass., US.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 co-pending U.S. patent
application Ser. No. 09/540,288. 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
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application Ser. No. 09/761,971 filed Jan. 17, 2001 (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 Appli-
cant’s co-pending U.S. patent application Ser. No. 09/798,
203 (the entirety of which is incorporated herein by refer-
ence 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 10~* 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 device.

[0091] The electrical conductivity of one of the indium tin
oxide encapsulated gold row electrodes on the display was
measured immediately following deposition of the encap-
sulated gold layer, following deposition and firing of the
composite dielectric structure, but before exposure to hydro-
gen sulfide and phosphor deposition and finally after
completion of the display. The results are shown in Table 1.

Example 2

[0092] A display was built with the lower electrode con-
structed 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
Ser. No. 09/798,203 (the disclosure of which is incorporated
herein in its entirety). The gold layer was 450 nm 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.

[0093] 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 spirit of the invention.

TABLE One

A Relative Conductivity of Gold Electrodes at Various Process Stages

Process Stage ITO Encapsulated

Electrode Unencapsulated Gold Electrode Gold

1. After gold deposition 1.0 1.0
and patterning

2. After thick film 15 0.9
processing

3. After phosphor 0.9 04
deposition and heat
treatment

Aug. 14, 2003

1. An encapsulated electrode comprising;

an electrode layer comprising an electrically conductive
metallic film;

a layer of encapsulating material provided on an upper
and/or lower surface of said electrode layer, said mate-
rial 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.

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, 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 claim 1, wherein said
encapsulating material increases adhesion between the elec-
trode and a substrate material that forms part of the thick
film dielectric electroluminescent display.

5. The encapsulated electrode of claim 1, wherein said
encapsulating material increases adhesion between the elec-
trode and a thick dielectric layer present within the thick film
dielectric electroluminescent display.

6. The encapsulated electrode of claim 1, wherein said
electrically conductive metallic film has an surface oxide
layer and said encapsulating material minimizes chemical
reduction of said surface oxide layer.

7. 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.

8. The encapsulated electrode of claim 1, 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 sul-
fide, sulfur, sulfur vapour and sulfide bearing vapours.

9. The encapsulated electrode of claim 1, wherein said
encapsulating material has a thickness of about 10 nm to
about 500 nm.

10. The encapsulated electrode of claim 9, wherein said
encapsulating material has a thickness of about 25 nm to
about 450 nm.

11. The encapsulated electrode of claim 9, wherein said
encapsulating material has a thickness of about 1 0 nm to
about 60 nm.

12. The encapsulated electrode of claim 11, wherein said
encapsulating material has a thickness of about 30 nm to
about 60 nm.

13. The encapsulated electrode of claim 9, wherein said
encapsulating material has a thickness of about 20 nm to
about 500 nm.

14. The encapsulated electrode of claim 13, wherein said
encapsulating material has a thickness of about 100 nm to
about 450 nm.

15. The encapsulated electrode of claim 1, wherein said
encapsulating material is an oxide.

16. The encapsulated electrode of claim 15, wherein said
oxide is indium tin oxide.



US 2003/0152803 Al

17. The encapsulated electrode of claim 1, wherein said
encapsulating material is a compound having a high dielec-
tric constant.

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

19. The encapsulated electrode of claim 9, wherein said
encapsulating material is provided on a lower surface of said
electrode layer and has a thickness of about 10 nm to about
60 nm.

20. The encapsulated electrode of claim 9, wherein said
encapsulating material is provided on an upper surface of
said electrode layer and has a thickness of about 20 nm to
about 500 nm.

21. The encapsulated electrode of claim 19, wherein said
electrode has a thickness of about 100 nm to about 1000 nm.

22. The encapsulated electrode of claim 21, wherein said
electrode has a thickness of about 150 nm to about 250 nm.

23. The encapsulated electrode of claim 21, wherein said
electrode is a metallic gold film.

24. The encapsulated electrode of claim 9, 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.

25. The encapsulated electrode of claim 9, wherein said
encapsulating material is provided on both said upper and
lower surfaces of said electrode layer and said encapsulating
material comprises barium titanate.

26. The encapsulated electrode of claim 9, wherein said
encapsulating material provided on said upper surface of
said electrode layer is indium tin oxide and said encapsu-
lating material provided on said lower surface of said
electrode is barium titanate.

27. The encapsulated electrode of claim 9, 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.

28. The encapsulated electrode of claim 26, wherein said
encapsulating material on said upper surface of said elec-
trode has a thickness of about 20 nm to about 500 nm.

29. The encapsulated electrode of claim 26, wherein said
encapsulating material on said lower surface of said elec-
trode has a thickness of about 10 nm to about 60 nm.

30. A thick film dielectric electroluminescent display
having an encapsulated lower electrode that comprises;

an electrode layer comprising an electrically conductive
metallic film; and

an encapsulating material provided on an upper and/or
lower surface of said electrode, said encapsulating
material minimizing the electrode from becoming dis-
continuous and losing its electrical conductivity.
31. The thick film dielectric electroluminescent display of
claim 30, further comprising;

a rigid heat resistant substrate;

said electrode layer placed directly adjacent said sub-
strate, said electrode layer comprising an electrically
conductive metallic film;

a thick film dielectric layer adjacent said layer of
encapsulating material provided on an upper surface
of said electrode layer;
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a phosphor film deposited on said thick film dielectric
layer; and

an upper electrode layer comprising an optically trans-
parent electrically conductive film provided above said
phosphor film.

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

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

34. The display of claim 32, wherein said oxide is indium
tin oxide.

35. The display of claim 33, wherein said compound is
barium titanate.

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

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

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

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

40. The display of claim 36, further comprising a scaling
layer over the entire display to protect from moisture and/or
atmospheric contaminants.

41. A method for stabilizing an electrode within a thick
film dielectric electroluminescent display, said method com-
prising;

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

42. 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.

43. The method of claim 41, 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 electrolumines-
cent display.

44. The method of claim 41, wherein said electrically
conductive metallic film has a surface oxide layer and said
encapsulating material minimizes chemical reduction of said
surface oxide layer.

45. 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.

46. The method of claim 41, 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.

47. The method of claim 41, wherein said encapsulating
material is an oxide.

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

49. The method of claim 41, wherein said encapsulating
material is a compound having a high dielectric constant.
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50. The method of claim 49, wherein said compound is
barium titanate.

51. The method of claim 48, wherein said encapsulating
material has a thickness of about 10 nm to about 500 nm.

52. The method of claim 51, wherein said encapsulating
material has a thickness of about 25 nm to about 450 nm.

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

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

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

56. The method of claim 55, wherein said encapsulating
material has a thickness of about 100 nm to about 450 nm.

57. The method of claim 51, wherein said electrode has a
thickness of about 100 nm to about 1000 nm.

58. The method of claim 57, wherein said electrode has a
thickness of about 150 nm to about 250 nm.

59. The method of claim 57, wherein said electrode is a
metallic gold film.

60. The method of claim 51, wherein said encapsulating
material is provided on both said upper and lower surfaces
of said electrode and said encapsulating material comprises
indium tin oxide.

61. The method of claim 51, wherein said encapsulating
material is provided on both said upper and lower surfaces
of said electrode and said encapsulating material comprises
barium titanate.

62. The method of claim 51, wherein said encapsulating
material provided on said upper surface of said electrode is
indium tin oxide and said encapsulating material provided
on said lower surface of said electrode is barium titanate.

63. The method of claim 51, 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.

64. The method of claim 51, wherein said encapsulating
material is provided by sputtering.
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65. The method of claim 51, wherein said encapsulating
material increases adhesion between the electrode and a
substrate material that forms part of the thick film dielectric
electroluminescent display.

66. The method of claim 51, wherein said encapsulating
material increases adhesion between the electrode and a
thick dielectric layer present within the thick film dielectric
electroluminescent display.

67. 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 100 nm to about 1000 nm;

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

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

wherein said stabilized electrode is present within a thick
film dielectric electroluminescent display.

68. A stabilized electrode comprising;

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

a layer of barium titanate having a thickness of about 20
nm to about 500 nm provided on the upper surface of
said gold layer; and

a layer of barium titanate having a thickness of about 10
nm to about 60 nm provided on the lower surface of
said gold layer;

wherein said stabilized electrode is present within a thick
film dielectric electroluminescent display.
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