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Description

Field of the Invention

[0001] The presentinvention relates generally to elec-
troluminescent displays and more particularly to a low
firing temperature, composite thick film dielectric layer
for an electroluminescent display and to an electrolumi-
nescent display incorporating the same.

Background of the Invention

[0002] Thick dielectric electroluminescent (TDEL) dis-
plays provide a great advance in flat panel display tech-
nology. TDEL displays comprise a basic structure includ-
ing a ceramic or other heatresistant substrate upon which
an electrically conductive film is deposited to define a set
of row electrodes. A thick film dielectric layer consisting
of a ferroelectric material overlies the row electrodes and
is sandwiched between the electrically conductive film
and a thin film structure. The thin film structure includes
one or more thin film dielectric layers sandwiching one
or more phosphor films. A set of optically transparent
column electrodes is deposited on the thin film structure.
The entire basic structure is covered with a sealing layer
to protect the thick and thin film dielectric layers from
degradation due to moisture and/or other atmospheric
contaminants.

[0003] The composite dielectric layers used in these
TDEL displays have a high dielectric constant, allowing
the use of relatively thick dielectric layers in the TDEL
displays without a significant increase in the display op-
erating voltage. However, the dielectric breakdown
strength of these dielectric materials is relatively low, ne-
cessitating the use of a relatively thick dielectric layer,
typically greater than 10 micrometers, to prevent dielec-
tric breakdown during display operation. Typically, the
thick film dielectric layer comprises a sintered perovskite
piezoelectric or ferroelectric material such as lead mag-
nesium niobate (PMN) or lead magnesium titanate-zir-
conate (PMN-PT) with a dielectric constant of several
thousand. There may also be a thinner overlayer of a
compatible piezoelectric or ferroelectric material such as
lead zirconate titanate (PZT) applied using metal organic
deposition (MOD) or sol gel techniques to smooth the
surface of the thick film dielectric layer in preparation for
deposition of the thin film structure.

[0004] Typically, the thick film dielectric layer is sin-
tered at about 850°C onto an alumina substrate onto
which thin film gold row electrodes have been deposited.
This yields a sintered thick film dielectric layer having a
density that is sufficiently high that the remaining poros-
ity, particularly in the upper portion of the thick film die-
lectric layer can be filled using sol gel or MOD techniques.
If the thick film dielectric layer is sintered at temperatures
lower than 850°C, the residual porosity of the thick film
dielectric layer after firing is increased. This makes it
more difficult to smooth the surface of the thick film die-
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lectric layer using a sol gel or MOD process, and tends
to reduce the dielectric constant and dielectric strength
of the composite dielectric layer.

[0005] Using glass material (i.e. glass or glass ceram-
ic) substrates that are commercially available in large
areas is of course desired In order to reduce TDEL man-
ufacturing costs. However, if such a glass material sub-
strate is used, the softening temperature of the glass ma-
terial substrate must notbe exceeded during the sintering
process in order to avoid warping of the glass material
substrate. Since the softening temperature of glass ma-
terial substrates is near 650°C, sintering must be carried
out at temperatures below 650°C but by doing so, the
above-described problems are encountered. As a result,
known thick film dielectric layers remain incompatible
with glass material substrates.

[0006] US PatentNo. 5,814,571 discusses a dielectric
paste used for fabrication of a capacitor which permits
manufacture of a small-sized ceramic oscillator.

[0007] Itis therefore an object of the present invention
to provide a novel low firing temperature thick film die-
lectric layer for an electroluminescent display and to an
electroluminescent display incorporating the same.

Summary of the Invention

[0008] The present invention is a composite thick film
dielectric layer that can be sintered onto a glass material
substrate at temperatures below the softening tempera-
ture of the glass material substrate without significantly
increasing the residual porosity of the thick film dielectric
layer after firing or reducing the dielectric constant and
dielectric strength of the thick film dielectric layer. As a
result, large area commercially available glass material
substrates can be effectively used in the production of
TDEL displays.

[0009] According to an aspect of the present invention
is a composite thick film dielectric layer that can be
formed on a glass substrate such that mechanical defects
such as cracks and voids are minimized and the com-
posite has acceptably low pyrochlore content to achieve
adequate dielectric breakdown strength and high dielec-
tric constant. Itis preferred that the substrate have a ther-
mal expansion coefficient of 4 x106/°C to 10 x10-6/°C
and more preferably a thermal expansion coefficient of
[0010] 5.5x10°6/°Cto9x106/°C. Thisrange ofthermal
expansion helps to ensure that the composite thick die-
lectric layer will not crack. Suitable substrates are known
in the art and include but are not limited glass, glass ce-
ramics and ceramics.

[0011] According to another aspect of the present in-
vention is a composite thick film dielectric layer that fa-
cilitates the use of low cost glass substrates and thus the
economic feasibility of making TDEL displays employing
such. Furthermore, the composite thick film dielectric lay-
er improves the strength of the dielectric layer per se and
reduces the incidence of dielectric breakdown of the
TDEL device when incorporated therein.
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[0012] The composite thick film dielectric layer com-
prises essentially three zones which together provide the
aforementioned desired and beneficial structural and
functional properties for use in a TDEL display. Both the
upper and lower zone are made of individual composi-
tions. In particular, the lower zone is an admixture of two
compositions, a precursor thick film composition and
glass frit composition, while the upper zone is a smooth-
ing composition. The intermediate zone is developed as
a result of sintering of the upper and lower zone at tem-
peratures of up to 650°C. The intermediate zone im-
proves the entire performance of the composite thick film
dielectric layer within a TDEL display.

[0013] Accordingtoyetafurtheraspectoftheinvention
is a sintered composite thick film dielectric layer compris-
ing a lower zone of predominantly PMN or PMN-PT an
upper zone of PZT or barium titanate and an intermediate
zone comprising a composite of PMN or PMN-PT and
PZT or barium titanate. The intermediate zone provides
strength to the thick film dielectric layer and thus helps
to reduce dielectric breakdown. The intermediate zone
also helps to facilitate the distribution of stress within the
entire thick dielectric film and to reduce the density of
defects.

[0014] In accordance with an aspect of the present in-
vention, there is provided a sintered composite thick film
dielectric layer comprising;

(a) a lower zone layer of a thick film composition
comprising;

one or more of lead magnesium niobate (PMN), lead
magnesium niobate-titanate (PMN-PT), lead titan-
ate, barium titanate and lead oxide;

a glass frit composition comprising lead oxide, boron
oxide and optionally silicon dioxide;

(b) an upper zone comprising at least one layer af
lead zirconate titanate (PZT) and/or barium titanate;
(c) an intermediate composite zone comprising a
composite of (a) and (b).

[0015] In a further embodiment of the present inven-
tion, the composite thick film dielectric layer can itself be
layered to provide a multi-layered composite. In other
words, the resultant composite thick film dielectric layer
can be present as a single layer or multiple layers thereof
so long as the overall thickness of the composite thick
film dielectric does not exceed 10 microns in thickness.
Such a multi-layered composite will be understood to
have several intermediate composite zones. A multi-lay-
ered composite provides for overall periodic variation in
the structure which may furtherimprove the strength, sta-
bility and conductivity as incorporated within a TDEL dis-
play.

[0016] According to another aspect of the present in-
vention there is provided a thick film precursor composi-
tion (not claimed) comprising:

85-95% by weight lead magnesium niobate (PMN)
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or lead magnesium niobate titanate (PMN-PT) pow-
der;

up to 10% by weight barium titanate powder, and
up to 15% by weight lead titanate powder, wherein
the PMN or PMN-PT powder and the lead titanate
powder have grain sizes in the range of from 0.2 to
1 micrometers and wherein at least about 20% of
the barium titanate powder has a grain size not great-
er than 50 to 100 nanometers, wherein said precur-
sor composition is suitable for making a thick film
composition which can be used to make a composite
thick film dielectric layer for a TDEL display. The pre-
cursor composition is admixed with a compatible
glass frit composition and vehicle to provide a thick
film composition for deposition on a glass material
substrate.

[0017] In a preferred embodiment between 20-30% of
the barium titanate powder has a grain size not greater
than 50 nanometers. Itis also preferred that the thick film
dielectric composition further comprises up to 8% by
weight lead oxide powder having a grain size in the range
of from 0.2 to 1 micrometers to compensate for lead oxide
evaporated from the thick film paste during sintering.
[0018] According to still another aspect of the present
invention (not claimed) there is provided a thick film com-
position for forming a composite thick film dielectric layer
in an electroluminescent display having a glass material
substrate, said thick film composition comprising:

85-95% by weight lead magnesium niobate (PMN)
or lead magnesium titanate-zirconate (PMN-PT)
powder having a grain size in the range of from 0.2
to 1 micrometers;

up to 10% by weight barium titanate powder, at least
20% of said barium titanate powder having a grain
sizelessthan 50nm and the remainder of said barium
titanate having a grain size In the range of from 0.2
to 1 micrometers;

up to 15% by weight lead titanate powder having a
grain size in the range of from 0.2 to 1 micrometers;
a glass frit composition having a grain size in the
range of from 0.2 to 1 micrometers; and

a vehicle to bind the powders and said glass frit com-
position.

[0019] The thick film composition being suitable for lay-
ering onto a glass substrate for subsequent drying, sin-
tering and deposition of at least one layer of a smoothing
layer comprising PZT and/or barium titanate and further
subsequent sintering at temperatures of up to 650°C.

[0020] The glass frit composition is preferably a pre-
homogenized or mixed powder comprising 87-94% by
weight lead oxide, 6-9% by weight boron oxide and up
to 6% by weight silicon dioxide so as to form a solid so-
lution at a temperature above 550°C. The amount of sil-
icon dioxide is preferably 4 to 6%. The total weight of the
glass frit composition is from 1-8% of the weight of the
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PMN or PMN-PT powder. The glass frit composition may
also comprise additional additives such as but not limited
to small quantities of aluminum oxide, zinc oxide, calcium
oxide and mixtures thereof.

[0021] The vehicle preferably comprises a solvent and
a polymer binder. The vehicle may optionally include vis-
cosity and surface tension modifying agents to allow the
thick film dielectric paste to be deposited on a glass ma-
terial substrate and form a thick dielectric film of the de-
sired thickness and uniformity.

[0022] The smoothing composition comprises lead zir-
conate titanate (PZT) and/or a barium titanate layer. The
smoothing composition is applied as a precursor smooth-
ing composition which upon sintering at suitable temper-
atures of up to 650°C forms the PZT layer that acts to
help fill any pores present on the thick film composition
deposited on the glass substrate. The smoothing com-
position can be deposited on the thick film composition
by a sol-gel process or MOD process. In a preferred as-
pect, the smoothing composition is applied as several
thin layers on the top of the thick film composition.
[0023] According to another aspect of the present in-
vention is a method for making a thick film composition,
said method comprising combining the following;
85-95% by weight lead magnesium niobate (PMN) or
lead magnesium niobate titanate (PMN-PT) powder hav-
ing a grain size in the range of from 0.2 to 1 micrometers;
up to 10% by weight barium titanate powder, atleast 20%
of said barium titanate powder having a grain size less
than 50nm and the remainder of said barium titanate hav-
ing a grain size in the range of from 0.2 to 1 micrometers;
up to 15% by weight lead titanate powder having a grain
size in the range of from 0.2 to 1 micrometers;

a glass frit composition having a grain size in the range
of from 0.2 to 1 micrometers; and

a vehicle to bind the powders and said glass frit compo-
sition.

[0024] The thick film composition is suitable for depo-
sition as a single layer or multiple layers onto a desired
glass substrate, for subsequent sintering attemperatures
of about 660°C.

[0025] According to still a further aspect of the present
invention is a method for making a thick film precursor
composition, said method comprising admixing :

85-95% by weight lead magnesium niobate (PMN)
or lead magnesium niobate titanate (PMN-PT) pow-
der:

up to 10% by weight barium titanate powder, and
up to 15% by weight lead titanate powder, wherein
the PMN or PMN-PT powder and the lead titanate
powder have grain sizes in the range of from 0.2 to
1 micrometers and wherein at least 20% of the bar-
ium titanate powder has a grain size not greater than
50 to 100 nanometers.

[0026] According to a further aspect of the present in-
vention is a method for making the composite thick film
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dielectric layer of the invention, said method comprising
the steps of:

a) providing a oomposition comprising:

- 85-95% by weight lead magnesium niobate
(PMN) or lead magnesium niobate titanate
(PMN-PT) powder;

- upto 10% by weight barium titanate powder, and

- up to 15% by weight lead titanate powder,
wherein the PMN or PMN-PT powder and the
lead titanate powder have grain sizes in the
range of from 0.2 to 1 micrometers and wherein
at least 20% of the barium titanate powder has
a grain size not greater than 50 nanometers;

b) providing a glass frit comprising;

- 8710 94% lead oxide;

- 6to 9% boron oxide: and

- up to 6% silicon dioxide: wherein the grain size
of said glass frit compositonis 0.2 to 1.0 microns,
and

¢) mixing the composition of a) with 1 to 8% of the
composition of b) and a suitable vehicle to bind the
powders and said glass frit composition;

d) layering c) onto a suitable glass substrate and
drying;

e) sintering d) at a temperature of up to 650°C; and
f) applying at least one smoothing layer to e) and
sintering at temperatures of up to 650°C.

[0027] According to another embodiment of the
present invention is a TDEL display incorporating a com-
posite thick film dielectric layer of the present invention.
[0028] According to yet a further embodiment of the
present invention is a TDEL display incorporating a mul-
tilayered composite thick film dielectric layer of the
presentinvention. In this embodiment, two or more layers
of the thick film dielectric layer are provided within the
TDEL display.

[0029] In either of the two aforementioned embodi-
ments, the substrate of the TDEL display may comprise
a glass material and more specifically glass or glass ce-
ramic. As is understood by one of skill in the art, the
present composite thick film dielectric layer and multilay-
ered composite thick film dielectric layer may be incor-
porated within a TDEL display having a ceramic sub-
strate.

[0030] According to an aspect of the present invention
is a thick dielectric electroluminescent display compris-

ing;

- asubstrate comprising a material selected from the
group consisting of glass, glass ceramic and ceram-
ic;

- a lower electrode layer directly adjacent said sub-
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strate, said lower electrode layer comprising an elec-
trically conductive metallic film;

- oneormore layers of a composite thick film dielectric
layer according to the invention adjacent an upper
surface of said electrode layer, said composite layer
comprising; .

(a) a lower zone layer of a thick film composition
comprising; one or more of lead magnesium nio-
bate PMN), lead magnesium niobate-titanate
(PMN-PT), lead titanate, barium titanate and
lead oxide:

a glass frit composition comprising lead oxide,
boron oxide and silicon dioxide;

(b) an upper zone comprising at least one layer
of lead zirconate titanate (PZT) and/or barium
titanate; and

(c) an intermediate composite zone comprising
a composite of (a) and (b);

- aphosphor 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 in-
vention is a thick dielectric electroluminescent dis-
play comprising;

- asubstrate;

- a lower electrode layer directly adjacent said sub-
strate, said lower electrode layer comprising an elec-
trically conductive metallic film;

- oneormore layers of a composite thick film dielectric
layer according to the invention adjacent an upper
surface of said electrode layer, said composite layer
comprising;

(a) a lower zone layer of a thick film composition
comprising; one or more of lead magnesium nio-
bate (PMN), lead magnesium niobate-titanate
(PMN-PT), lead titanate, barium titanate and
lead oxide;

as glass frit composition comprising lead oxide,
boron oxide and silicon dioxide;

(b) an upper zone comprising at least one layer
of lead zirconate titanate (PZT) and/or barium
titanate; and

(c) an intermediate composite zone comprising
a composite of (a) and (b);

- aphosphor film deposited on said thick film dielectric
layer; and

- an upper electrode layer comprising an optically
transparent electrically conductive film.

[0031] Other features and advantages of the present
invention will become apparent from the following de-
tailed description. It should be understood, however, that
the detailed description and the specific examples while
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indicating embodiments of the invention are given by way
of illustration only, since various changes and modifica-
tions within the spirit and scope of the invention will be-
come apparent to those skilled in the art from said de-
tailed description.

Brief Description of the Drawings

[0032] 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 wherein:

Figure 1 shows a section of a portion of a thick film
electroluminescent display of the present invention
and

Figure 2 shows a partial ternary phase diagram for
the lead oxide/boron oxide/silicon oxide system.

Detailed Description of the Preferred Embodiments

[0033] The present invention is a low firing tempera-
ture, composite thick film dielectric layer suitable for use
in an electroluminescent display having a glass material
substrate that can be sintered onto the glass material
substrate at temperatures of about 200°C below sintering
temperatures required for thick dielectric layers disclosed
in the prior art. This temperature reduction facilitates the
use of relatively low cost glass material substrates with
softening temperatures near 650°C that are commercial-
ly available in large areas and therefore, facilitates the
fabrication of large area electroluminescent displays.
Since the thick film dielectric layer permits sintering at
reduced temperatures, the glass material softening tem-
perature is not exceeded thereby avoiding deformation
of the glass material substrate during display processing.
[0034] Turning now to Figure 1, a portion of a thick film
electroluminescent display of the present invention is
shown. As can be seen, the electroluminescent display
includes a glass material (i.e. glass or glass ceramic)
substrate 12. The glass material substrate 12 is prefer-
ably low cost and commercially available in large areas
and typically has a softening temperature near about
650°C. An electrically conductive gold film 14 is depos-
ited on the glass substrate 12 to define a set of row elec-
trodes. A thick film dielectric layer 16 overlies the row
electrodes and is sandwiched between the electrically
conductive film 14 and a thin film structure 18. The thin
film structure 18 includes one or more thin film dielectric
layers and one or more phosphor films. A smoothing layer
20 is provided on the upper portion of the thick film die-
lectric layer 16. The thick film dielectric layer 16 and the
smoothing layer 20 form a composite thick film dielectric
layer 22. A transparent ITO film 24 is deposited on the
thin film structure 18 to define a set of column electrodes.
The entire basic structure is covered with a sealing layer
(not shown) to protect the thick and thin film dielectric
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layers from degradation due to moisture and/or other at-
mospheric contaminants.

[0035] The thick film dielectric layer 16 comprises a
thick film dielectric composition, a glass frit composition
and a vehicle to bind the thick film dielectric composition
and the glass frit composition. This enables the thick film
dielectric layer to be applied onto the glass material sub-
strate 12 as a paste. The paste can then be sintered at
temperatures of up to 650°C.

[0036] The thick film dielectric composition preferably
comprises one or more perovskite-forming precursor
powders selected from lead magnesium niobate (PMN),
lead magnesium niobate-titanate (PMN-PT), lead titan-
ate, and barium titanate. Lead oxide (PbO) powder may
optionally be included to compensate for lead oxide evap-
orated from the thick film dielectric composition during
sintering or heat treatment steps.

[0037] The glass frit composition preferably comprises
lead oxide, boron oxide and silicon oxide and has a melt-
ing temperature below 550°C.

[0038] The vehicle preferably comprises a solvent and
a polymer binder to hold the deposited thick film dielectric
layer together prior to sintering. Viscosity and surface
tension modifying agents may optionally be included in
the vehicle to allow deposition of a thick film dielectric
layer 16 of the required thickness and thickness uniform-
ity using the selected deposition method. Deposition
methods include screen-printing, spraying, and roll coat-
ing. Suitable agents such as the aforementioned sol-
vents, polymer binders, viscosity and surface tension
modifying agents for use in the invention are well known
to those of skill in the art.

[0039] The perovskite-forming precursor powders
may be included in the thick film dielectric composition
in different proportions. The major phase is preferably
PMN or PMT-PT and is present at between 85 and 95%
of the total thick film dielectric composition weight. The
remaining perovskite-forming precursor powders may be
present in the following weight percentages:

barium titanate  upto 10 %
lead oxide up to 8 %
lead titanate upto15%

[0040] The glass frit composition may be present as a
pre-homogenized or mixed powder comprising lead ox-
ide, boron oxide (B,0s), and silicon oxide (SiO,) in ap-
proximately the following weight percentages:

lead oxide 87 to 94%
boron oxide 6% to 9%
silicon dioxide up to 6%

[0041] The lead oxide, boron oxide and silicon dioxide
powders form a solid solution above 550°C. The total
weight of the glass frit composition is from 1 % to 8 % of
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the weight of PMN or PMT-PT.. The partial ternary phase
diagram for the lead oxide/boron oxide/silicon oxide sys-
tem of the glass frit composition is shown in Figure 2.
[0042] The grain size of the perovskite-forming precur-
sor powders and the glass frit composition powders
should be one micron or less and larger than 0.2 microns
on average with the following exception. The grain size
of approximately 20 to 30% of the barium titanate powder
should be 50 to 100 nanometers and more preferably up
to 50 nanometers to ensure that it is adequately dis-
persed within the sintered thick film dielectric layer.
[0043] The vehicleisformulated to provide appropriate
deposition properties, and does not have a significant
effect on the properties of the sintered thick film dielectric
layer provided that the constituent elements are burned
or volatilized off as the deposited films are heated prior
to sintering. However, the properties of the vehicle are
important in achieving the deposition of defect free lay-
ers, as is the milling time of the paste to reduce the size
of the particulates in the paste. The viscosity, as well as
the solid-to-liquid ratio of the paste, are important param-
eters in determining an optimum paste for defect free
printing or deposition. The optimum viscosity and solid-
to-liquid fraction are different for deposition on glass ma-
terial substrates than they are for deposition on ceramic
substrates, possibly because of differences in their mi-
cro-roughness.

[0044] In formulating the thick film dielectric composi-
tion there are a number of trade-offs to consider. As the
sintering temperature is lowered, the porosity of the sin-
tered thick film dielectric layer increases since the sinter-
ing process is further from completion. Further, the frac-
tion of pyrochlore phase in the sintered thick film dielectric
layer tends to be higher. The present invention enables
achievement of a composite thick film dielectric layer that
can be formed on a glass material substrate without me-
chanical defects such as cracks and voids and that also
has acceptably low pyrochlore content to respectively
achieve adequate dielectric breakdown strength and a
high dielectric constant. This is achieved by a judicious
choice of chemical composition and physical properties
of the thick film dielectric paste used to form the thick film
dielectric layer 16. The selected composition of the thick
film dielectric paste is of course dependent on the glass
material composition to the extent that chemical species
from the glass material interdiffuse with or react with the
thick film dielectric layer 16.

[0045] Barium titanate added as a powder to the PMN
or PMN-PT powder has been found to increase the die-
lectric breakdown strength of capacitors formed by de-
positing a metal electrode on top of the composite thick
film dielectric layer 22. When thick film dielectric electro-
luminescent devices are fabricated using these compos-
ite thick film dielectric layers, the incidence of dielectric
breakdown in the electroluminescent devices when they
are driven with a repeating sequence of alternating po-
larity voltage pulses has been found to be markedly re-
duced. While the reason for the improvement is not fully
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understood, it is presumed that the addition of barium
titanate powder reduces the defect density in the thick
film dielectric layer, possibly by suppressing unwanted
phases such as compounds with the pyrochlore structure
that may have a low dielectric constant. A composite
structure with component materials, some being ferroe-
lectric and others with a low dielectric constant would be
expected to have a positive or negative charge present
at boundaries between the two types of phases, in ac-
cordance with electromagnetic theory as applied to die-
lectric materials. Such accumulated charge may be as-
sociated with chemically active sites, and, if an electric
field is present, might nucleate dielectric breakdown.
Suppression of phases with low dielectric constant may
therefore reduce the probability of dielectric breakdown.
Another possibility is that different crystal or amorphous
phases within the composite dielectric have different
thermal expansion properties, and during temperature
cycling associated with device fabrication may cause the
development of mechanical stress within the structure,
leading to crystal or structural defects that may be asso-
ciated with dielectric breakdown. Furthermore, it is pos-
sible that the intrinsic breakdown strength of barium ti-
tanate infused PMN or PMN-PT powder may be higher
than that of pure PMN or PMN-PT, to help improve the
overall breakdown strength. The reasons dielectric
breakdown and the improvement noted with the addition
of barium titanate powder to the thick film dielectric paste,
however, may be other than those given above.

[0046] The smoothing layer 20 preferably includes
several thin layers deposited on the thick film dielectric
layer 18 using sol gel or MOD techniques. The sol gel or
MOD thin layers can be formulated to provide a lead zir-
conate titanate (PZT) smoothing layer 20 as described
in Applicant’s copending Patent Application Publication
No. WO 2000/070917 and/or a barium titanate layer as
described in Applicant’s co-pending U.S. Patent Appli-
cation Publication No. US 658 967 A filed on January 17,
2001. Briefly, the smoothing layer is provided as a pre-
cursor smoothing solution containing PZT. Upon sinter-
ing at suitable temperatures, the smoothing solution re-
acts with the thick layer composition to help fill any pores
and/or voids and forms the intermediate zone and the
PZT upperlayer, The behaviour ofthe MOD solution used
to depositthe MOD layer is significantly different for glass
material substrates than it is for the alumina substrates
described in the prior art. These differences are in part
due to the different thick film dielectric firing temperatures
used for the different substrate materials The optimum
MOD solution viscosity is different for different substrate
materials.

[0047] Addition of the MOD thin layers can significantly
alter the properties of the underlying thick film dielectric
layer, especially if it is incompletely sintered. Although
the PZT smoothing layer 20 nominally has a lower die-
lectric constant than the thick film dielectric layer 16, the
deposition and firing at 650°C of thin PZT smoothing lay-
ers on top of the thick film dielectric layer 16 is observed
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toincrease the capacitance per unit area of the composite
thick film dielectric layer 22 as measured by sandwiching
it between conductive electrodes, especially ff the thick
film dielectric layer 16 is fired at temperatures below
850°C, particularly near about 650°C. Further increases
in capacitance are observed if additional thin layers of
PZT are deposited and sequentially fired. This is counter
to the expectation of a reduction in capacitance as the
thickness of the composite thick film dielectric layer 22
is increased using a material with a lower dielectric con-
stant. Thus, the MOD deposition steps aid in further sin-
tering of the composite thick film dielectric layer 22 as
the MOD layers are applied and help achieve the objec-
tive of developing a composite thick film structure with a
high dielectric constant that can be processed at temper-
atures not exceeding 650°C. It is expeditious to apply
several very thin MOD layers rather than one or two MOD
layers to achieve the desired final thickness to maximize
the capacitance

[0048] In a second embodiment of the present inven-
tion, the sintered composite thick film dielectric layer 22
may also be further layered upon itself to provide further
periodic variation within the entire dielectric structure. In
this manner a first composite thick film dielectric layer is
deposited and sintered, then a second composite thick
film dielectric layer is deposited on the first layer and so
on as desired. It is understood by one of skill in the art
that the individual layers can be made of varying thick-
ness so long as the overall thickness of the thick film
dielectric structure is about 10 microns.

[0049] The dielectric breakdown strength of the com-
posite thick film dielectric layer is related to the detailed
chemical and physical structure of the composite layer.
Dielectric breakdown typically initiates at defects or
anomalies in the film. The probability of a dielectric break-
down event is dependent on the number of defects
present, and therefore on the area of the electrolumines-
cent display of which it is a part. It may be affected by
the nature of layers immediately adjacent to the compos-
ite thick film dielectric layer, the distribution of stress with-
in the composite layer and the environment, particularly
the moisture level to which an electroluminescent display
containing the dielectric layer is subjected.

[0050] In accordance with the present invention, the
composite thick film dielectric layer is fabricated by first
depositing and sintering a PMN or PMN-PT based paste
onto a glass material substrate to form a thick film die-
lectric layer and then applying a PZT smoothing layer 20
deposited using a metal organic deposition (MOD) proc-
ess to have a composite structure. The composition of
this composite layer near the juncture with the glass ma-
terial substrate is predominantly derived from the initially
deposited PMN or PMN-PT and the composition near its
upper surface is predominantly PZT. In the intervening
zone these two materials intermingle and react to form
a composite thick film dielectric layer that yields in-
creased dielectric strength.

[0051] The mechanical integrity of electroluminescent
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devices constructed using the present invention are de-
pendent to an extent on the physical properties of the
glass material substrate, particularly the thermal expan-
sion coefficient of the substrate. The thermal expansion
coefficient should be in the range of 4 x 106/°C to 10 x
10%/°C, and preferably in the range of 5.5 x 106/°C to 9
x 10-6/°C. If the thermal expansion coefficient of the sub-
strate material is too low with respect to that of the com-
posite thick film dielectric layer, the dielectric layer may
crack.

[0052] In summary, the composite thick film dielectric
layer of the present invention provides increased dielec-
tric and mechanical strength and thus is an improvement
in the reliability of electroluminescent displays. It also en-
ables the thickness of the thick film dielectric layer to be
reduced thus, saving costs, and provides an ability to
achieve higher display luminosity by concentrating the
available applied voltage across the phosphor layer.
[0053] The above disclosure generally describes the
present invention. A more complete understanding can
be obtained by reference to the following specific Exam-
ples. 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 equiv-
alents are contemplated as circumstances may suggest
or render expedient. Although specific terms have been
employed herein, such terms are intended in a descrip-
tive sense and not for purposes of limitation.

Examples

[0054] The following examples detail the fabrication of
and test results for electroluminescent elements incor-
porating the composite thick film dielectric composition
of the present invention.

Example 1

[0055] With reference to Figure 1, an electrolumines-
cent device was constructed on a 2 centimeter by 2 cen-
timeter by 0.5 centimeter thick PP8C glass substrate ob-
tained from Nippon Electric Glass Co. Ltd. of Osaka. Ja-
pan using the general methods described in U.S. Patent
Application Publication No. US 6 771 019 in combination
with the methods described herein. The device had a
barium titanate barrier layer between the thick dielectric
layer as described in Applicant co-pending U.S. Patent
Application Publication No. US 6 589 674 filed January
17, 2001 and a 0.5 micron thick zinc sulfide phosphor
layer. The lower electrode was gold and the upper trans-
parent electrode was indium tin oxide (ITO).

[0056] The thick film dielectric paste was formulated
with perovskite-forming powdered precursor materials
including 600 grams of PMN obtained from Ferro of (Ni-
agara Falls, NY USA), 18 grams of lead oxide, 20 grams
of lead titanate and 20 grams of barium titanante, all with
a typical particle diameter of about one micrometer and
an additional 6 grams of barium titanate obtained from
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TPL of (Albuguerque, NM, USA) with a particle diameter
of about 50 nanometers. The precursor materials were
blended into a slurry consisting of a solution of 140 grams
of alpha-terpineol, 5 grams of acetone, 4 grams of Em-
phos PS-220 (obtained from Witco of Houston, TX) and
4 grams of di-n-butyl phthalate into which 15 grams of
CF 7589 glass frit (obtained from Ferro Electronic Mate-
rials of 4511 Hyde Park Blvd. Niagara Falls, NY USA)
was added and milled for about two hours until the frit
particle size was reduced to about one micrometer. Upon
addition of the precursor material, the resulting slurry was
further milled for an additional two hours and then passed
through a 10 micrometer filter to remove large particles.
The milling was carried out using a zirconia 3mm ball mill
to minimize contamination. To the filtered slurry was add-
ed vehicle consisting of 1 to 3% ethyl cellulose in o-ter-
pineol to adjust the viscosity to between 0.03 to 5 Pas
(30 and 5000 centipoise). The average size of the parti-
cles (D50) as measured by a Microtrac particle size an-
alyzer in the milled slurry was 0.63 micrometers.

[0057] The thick film dielectric paste was screen-print-
ed on the gold patterned glass substrate, The printed
substrate was dried at between 120°C and 200°C. A sec-
ond layer was printed and dried, then the deposited film
was cold isostatically pressed according to the methods
described in Applicant’s co-pending Patent Application
Publication No. WO 2000/070917 and then fired using a
belt furnace at a peak sintering temperature of 650°C for
about, 30 minutes to form a thick film layer about 10 mi-
crometers thick.

[0058] Next, twolayers of lead zirconate-titanate (PZT)
yielding MOD solution spin coated on the thick film layer
also using the methods disclosed in Applicant’s co-pend-
ing Patent Application Publication No. WO 2000/070917
and fired at 650°C to form a layer between 0.3 and 1.8
micrometers thick after firing. The composition of the
MOD solution for the first layer was adjusted so that the
viscosity was 10 mPas (10 centipoise). The thickness of
the first layer was 0.5 micrometers. The thickness meas-
urement was made using x-ray fluorescence on a MOD
samples deposited and fired on a glass substrate and it
is recognized that the actual thickness on the thick film
layer was different due to the surface roughness and po-
rosity of the thick film. The viscosity of the MOD solution
was adjusted to within the range 20-40 mPas (20 to 40
centipoise) and the thickness of the second layer using
the same measuring technique was about 1.5 microme-
ters.

[0059] Following deposition of the PZT layers a barium
titanate thin film layer 50 to 100 nanometers thick was
deposited using the methods described in Applicant’s
Patent Application Publication No. WO 2000/070917 and
fired also at 650°C. A phosphor layer consisting of ZnS:
Mn was deposited on the barium titanate layer, an upper
thin film dielectric layer comprising a 50 nanometer thick
alumina layer and an indium tin oxide transparent con-
ductor film were deposited in sequence to form the de-
vice. The device was tested by applying an alternating
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polarity pulsed voltage waveform of amplitude 220 volts
with a pulse duration of 32 microseconds and a pulse
repetition rate of 240 Hz. The luminance of the device
was measured to be 3000.cd/m2 and no dielectric break-
down occurred.

Example 2

[0060] An electroluminescent device was constructed
as in Example 1, except that the ratio of alpha terpineol
to the otheringredients in the milled slurry was increased
by about 65% and the milling time following the addition
of the perovskite-forming precursor materials was 6
hours rather than 2 hours. For this device the thick film
layer after firing was 13 micrometers thick and the PZT
layer was between 0.3 to 1.8 micrometers thick. Under
the same testing conditions as for Example 1, the lumi-
nance was measured to be about 3000 cd/m2 and no
dielectric breakdown occurred.

Example 3.

[0061] An electroluminescent device was constructed
similar to thatin Example 2. except that CF7567 frit rather
than CF7583 frit from Ferro Electronic Materials was add-
ed to the paste formulation. The CF 7567 frit differs from
the CF 7583 frit in that CF7583 has a softening temper-
ature of 372°C and a sealing temperature of 480°C, and
CF7567 has a softening temperature of 358°C and a seal-
ing temperature of 420°C. The performance of the device
was similar to that of Example 2.

Example 4

[0062] An electroluminescent device as in Example 2
was constructed, except that EG2012 frit from Ferro Elec-
tronic Materials was used in place of CF7583 frit. EG2012
frit differs from CF7583 fritin that EG2012 has a softening
temperature of 350°C and a sealing temperature of
410°C. The performance of the device was similar to that
of Example 2.

Example 5

[0063] An electroluminescent device as in Example 1
was constructed, except that the slurry following the ad-
dition of the perovskite-forming precursor materials was
16 hours rather than 2 hours. This reduced the average
particle size (D50) as measured with a Microtrac analyzer
to 0.51. The performance of this device was similar to
that of Example 1.

Example 6

[0064] An electroluminescent device as in Example 1
was constructed, except that the amount of lead titanate
in the perovskite-forming precursor mix was increased
from 20 grams to 60 grams. The luminance of this device

10

15

20

25

30

35

40

45

50

55

was slightly lower than that for Example 1.

Example 7

[0065] An electroluminescent device as in Example 1
was constructed, except that the amount of lead oxide in
the perovskite-forming precursor mix was increased from
18 grams to 27 grams. The luminance of this device was
slightly lower than for Example 1.

Example 8

[0066] An electroluminescent device was constructed
as in Example 2, except that barium titanate was not add-
ed as a perovskite forming precursor mix. The perform-
ance of this device was that the dielectric breakdown
voltage was somewhat lower than that for Example 2.

Example 9

[0067] An electroluminescent device was constructed
as in Example 2, except that the amount of one micron
sized barium titanate powder added to the perovskite-
forming precursor mix was 36 grams rather than 20
grams. The luminance of this device was slightly lower
than that in Example 2.

Example 10

[0068] An electroluminescent device was constructed
as in Example 2, except that the amount of glass frit add-
ed to the paste slurry was 36 grams rather than 15 grams.
The luminance of this device was slightly lower than that
in Example 2.

Example 11

[0069] An electroluminescent device was constructed
as in Example 1, except that the substrate was a glass
ceramic material with a thermal coefficients of expansion
(TCE) of 6.4 x 10-6/°C rather than PP8C glass. The PP8C
glass has a TCE of 8.2 x 10-6/C. The device had perform-
ance similar to that of Example 1. Another device con-
structed on a PD200 glass substrate material obtained
from Asahi Glass Electronic Materials of Hillsboro, or
having a TCE of 7.9 x 10-6/°C also has a similar perform-
ance to that of Example 1.

Example 12

[0070] Three electroluminescent devices were con-
structed asin Example 1, exceptthat two substrates were
glass ceramic materials containing silicon aluminum,
magnesium, zinc and titanium oxides with respective TC-
Es of 3.6 x 106/°C, 4.0 x 10-6/°C, and the third substrate
was a glass ceramic material containing lithium, alumi-
num and silicon oxides with a TCE less than 1 x 10 /°C.
The thick dielectric structure was observed to be cracked
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after processing, indicating that the TCE of the glass was
not in the correct range.

Example 13

[0071] An electroluminescent device was constructed
as in Example 1, except that the thick film layer prior to
PZT deposition was 17 micrometers thick, the MOD so-
lution used to deposit the first and second PZT layers
had a viscosity of 20 centipoise, the thickness of the first
PZT layer was 0.8 micrometers and the thickness of the
second PZT layer was 0.6 micrometers. This process
provided a device with more holes within the composite
dielectric structure by microscopic examination than that
of Example 1. This device also had a loss tangent (die-
lectric loss factor at a frequency of 1000 Hz for the com-
posite dielectric layer about ten times higher than that of
the device of Example 1 and a more gradual turn-on of
luminance as the driving voltage was increased as com-
pared to the device of Example 1. The loss tangent was
measured by depositing a conductive electrode directly
on top of the thick dielectric rather than the thin film phos-
phor-containing structure for an electroluminescent de-
vice, and measuring the complex electrical impedance
of the resulting capacitor. Although the performance of
this device was inferior to that of the device in Example
1, The MOD process used to make it is advantageous in
thatitfacilitates the use of more air-stable MOD solutions.

Example 14

[0072] A multi-layered composite structure was fabri-
cated using alternate layers of sintered PMN layers and
sol gel or MOD derived PZT layers which improve the
strength, stability and performance of an electrolumines-
cent device as fabricated on a glass substrate. The im-
provement is believed attributable to a further sintering
of the PMN layers while the PZT layers are fired. The
multi-layered structure affords more intimate contact and
greater interaction between the PMN and the PZT pre-
cursor materials to further sinter the PMN and reduce
porosity of the composite dielectric structure to reduce
the incidence of cracks and improve its resistance to di-
electric breakdown when it is incorporated into a TDEL
device.

[0073] With reference to Figure 1. an electrolumines-
cent device was constructed on a five centimeter by 5
centimeter by 1.8 millimeter thick PD200 glass substrate
obtained from Asahi Glass of Hillsboro, Oregon, USA
using the general methods described in Applicant’s U.S.
Patent Application Publication No. US 6 771 019 in com-
bination with the methods described herein. The device
has a barium titanate layer between a multi-layered com-
posite thick dielectric layer as described in Applicants co-
pending U.S. Patent Application Publication No. US 6
589 674 January 17, 20001 and a 0.5 micron thick man-
ganese activated zinc sulfide phosphor layer. The lower
electrode was 0.9 micrometer thick gold formed by print-
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ing and firing TR1207gold-containing paste from Tanaka
Kikinzoku International of Tokyo, Japan and the upper
electrode was indium tin oxide.

The multi-layered composite thick dielectric layer was
formed by the following process. A first thick film layer of
thickness about 5 micrometers similar to that described
in example 1 was printed on the substrate on which the
lower electrode had been applied, densified by compres-
sion and fired in the range of 700°C to 720°C for about
18 minutes. The thick film paste for this layer was pre-
pared using a mixture of PMN powders, one with a par-
ticle size distribution characterized as having a d50 of
0.45 , micrometers and a d90 of 0.63 and the other with
a particle size disrtribution characterized as having a d50
of 0.36 micrometers and a d90 of 0.63. The powders
were mixed in a weight ratio of about 1.14:1 and used to
formulate the pastes as described in example 1. The pow-
ders were prepared by grinding in a planetary ball mill
for 2 hours and 16 hours respectively. Next, , a 0.5 mi-
crometer thick layer of PZT was deposited and fired at
about 700°C for about 7 minutes The PZT was deposit-
edusing the MOD process described in Example 1, but
with the MOD solution adjusted to have a viscosity in the
range of about 9 to 15 centipoise.

[0074] A second thick film layer, also of thickness of
about 5 micrometers was then deposited onto the first
thick film layer to form the multi-layered composite thick
dielectric. A second 0.5 micrometer thick layer of PZT
using the same process as for the second step, was de-
posited onto the second thick film layer. A third layer of
PZT was applied using the same process to increase the
thickness of the topmost PZT layer to about 1 micrometer.
During the repeated firings in this process, intermixing
and inter-diffusion of the PMN and PZT layers occurred,
It was observed that the completed dielectric structure
was free of cracks when examined under a microscope.
[0075] The completed TDEL device was tested using
the test procedure defined in example 1, but with avoltage
amplitude of 60 volts above the threshold voltage of 154
volts measured for the device. The luminance was about
3900 candelas per square meter with a high degree of
uniformity.

Example 15

[0076] The following example illustrates that the in-
stant invention provides benefits for reduction of dielec-
tric cracks in TDEL displays processed on ceramic sub-
strates as well as on glass substrates. As with the device
of example 14, a multi-layered composite thick dielectric
layer was constructed incorporating two thick film layers.
The first layer was fired at a lower temperature than the
second layer to avoid over-firing of the first layer since it
is subjected to a greater number of firings. With the thick
film paste formulation used for low temperature firing, it
was noted that firing at high temperature for an exces-
sively long period of time caused a reduction in the ef-
fective dielectric constant of the dielectric layer, leading
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to reduced device performance.

[0077] The TDEL device was constructed on a 5 cen-
timeter by 5 centimeter 1 millimeter thick alumina sub-
strate patterned with a gold lower electrode. The multi-
layered composite thick dielectric layer was formed on
the patterned substrate using a process similar to that of
example 14. The first thick film layer was printed with
CL90-7239 from Heraeus Incorporated of Conshohock-
en, PA and had a thickness of about 9 micrometers. It
was densified and fired at 600°C for about 15 minutes.
Next a PZT layer was applied using the MOD process
with the viscosity of the MOD solution adjusted to about
20 mPas (20 centipoise). The nominal thickness of this
layer was about 1 micrometer as determined by x-ray
fluorescence on a similar layer deposited but not dried
on a glass substrate. Next a second thick film layer was
printed, densified and fired at a temperature of 860°C for
15 minutes. Following this two more layers of PZT were
applied as for example 14. The dielectric layer was ob-
served to be free of cracks when viewed under a micro-
scope.

[0078] A barium titanate layer 100 to 200 nanometers
thick was deposited as described in example 14 on top
of the dielectric layer, followed by a 400 nanometer euro-
pium activated barium thioaluminate phosphor layer us-
ing the methods of U.S. Patent Application Publication
No. US 2002-0122895. On top of this, a 50 nanometer
thick alumina layer and an indium tin oxide upper elec-
trode layer were deposited to complete the device.
[0079] The device was tested using the method of ex-
ample 1 and the luminance was measured to be 146
candelas per square meter. Also, the device did not break
down when a voltage of up to at least 300 volts was ap-
plied.

[0080] Although preferred embodiments of the inven-
tion have been described herein in detail, it will be un-
derstood by those skilled in the art that variations may
be made thereto without departing from the invention as
defined by the appended claims.

Claims
1. A composite thick film dielectric layer comprising

(a) a lower zone layer of a thick film composition
comprising

one or more of lead magnesium niobate (PMN),
lead magnesium niobate-titanate (PMN-PT),
lead titanate, barium titanate and lead oxide;

a glass frit composition comprising lead oxide,
boron oxide and silicon dioxide; and

(b) an upper zone comprising at least one layer
of lead zirconate titanate (PZT) and/or barium
titanate; and

(c) an intermediate composite zone comprising
a composite of (a) and (b).
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2. The composite of claim 1, wherein said lower zone
comprises

- 85-95% by weight lead magnesium niobate
(PMN) or lead magnesium niobate titanate
(PMN-PT) powder;

- up to 10% by weight barium titanate powder;
- up to 15% by weight lead titanate powder,
wherein the PMN or PMN-PT powder and the
lead titanate powder have grain sizes in the
range of from 0.2 to 1 micrometers and wherein
at least 20% of the barium titanate powder has
a grain size not greater than 50 to 100 nanom-
eters;

- a glass frit composition having a grain size in
the range of from 0.2 to - 1 micrometers: and

- a vehicle to bind the powders and said glass
frit composition.

3. The composite of claim 2, wherein said vehicle com-
prises one or more agents selected from the group
consisting of solvent, polymer binder and viscosity
and surface tension modifying agents.

4. The composite of any preceding claim, wherein be-
tween 20-30% of the barium titanate powder has a
grain size not greater than 50 to 100 nanometers.

5. The composite of claim 4, wherein between 20-30%
of the barium titanate powder has a grain size not
greater than 50 nanometers.

6. The composite of any preceding claim, wherein said
glass frit composition comprises a pre-homogenized
or mixed powder comprising 87-94% by weight lead
oxide, 6-9% by weight boron oxide and up to 6% by
weight silicon dioxide.

7. The composite of any preceding claim, wherein said
glass frit composition comprises 4 to 6% by weight
silicon dioxide.

8. The composite of any preceding claim, wherein said
glass composition forms a solid solution at a tem-
perature above 550°C.

9. The composite of any preceding claim, wherein said
glass frit composition further comprises an additive
selected from the group consisting of aluminum ox-
ide, zinc oxide, calcium oxide and mixtures thereof.

10. The composite of any preceding claim, further com-
prising up to 8% by weight lead oxide powder having
a grain size in the range of from 0.2 to 1 micrometer.

11. The composite of any preceding claim, wherein said
composite is provided as a single layer or multiple
layers.
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The composite of any preceding claim, wherein said
composite is provided on a substrate having a ther-
mal expansion coefficient of 4 x 106/°C to 10 x 106/
°C.

The composite of claim 12, wherein said composite
is provided on a substrate having a thermal expan-
sion coefficient of 5.5 x 106/°C to 9 x 10-6/°C.

The composite of claim 12 or 13, wherein said com-
posite comprises a substrate material selected from
the group consisting of glass, glass ceramic and ce-
ramic.

A method for making a composite thick film dielectric
layer, said method comprising the steps of:

a) providing a composition comprising

- 85-95% by weight lead magnesium nio-
bate (PMN) or lead magnesium niobate ti-
tanate (PMN-PT) powder;

- up to 10% by weight barium titanate pow-
der; and

- up to 15% by weight lead titanate powder,
wherein the PMN or PMN-PT powder and
the lead titanate powder have grain sizes in
the range of from 0.2 to 1 micrometers and
wherein at least 20% of the barium titanate
powder has a grain size not greater than 50
to 100 nanometers;

b) providing a glass frit comprising

- 87 to 94% lead oxide;

- 6 to 9% boron oxide; and

- up to 6% silicon dioxide; wherein the grain
size of said glass frit compositon is 0.2 to
1.0 microns,

¢) mixing the composition of a) with 1 to 8% of
the composition of b) and a vehicle to bind the
powders and said glass frit composition;

d) layering c) onto a suitable glass substrate and
drying;

e) sintering d) at a temperature of 650°C ; and
f) applying at least one smoothing layer to e) and
sintering at temperatures of up to 650°C.

The method of claim 15, wherein said smoothing lay-
er contains PZT.

A method for making a lower zone of a thick film
composition of claim 1 or 2, said method comprising:

- mixing the lead magnesium niobate (PMN) or
lead magnesium niobate titanate (PMN-PT)
powder barium titanate powder and lead titanate
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19.

20.

21.
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powder with 1to 8% of the glass frit composition,
wherein the glass frit composition comprises

- 87 to 94% lead oxide;

- 6 to 9% boron oxide; and

- up to 6% silicon dioxide,

The method of claim 17, wherein the method further
comprises initially mixing said glass frit composition
with a vehicle.

The method of claim 18, wherein said vehicle com-
prises an agent selected from the group consisting
of a solvent, a polymer binder and a viscosity and
surface tension modifying agent and mixtures there-
of.

The method of claim 17, 18 or 19, further comprising
sintering said composition onto a substrate at a tem-
perature of up to 650°C.

The method of claim 20, wherein said substrate has
a thermal expansion coefficient of 4 x 10-6/°C to 10
x 10-6/°C.

The method of claim 21, wherein said substrate has
a thermal expansion coefficient of 5.5 x 106/°C to 9
x 106/°C.

The method of claim 20, 21 or 22, wherein said sub-
strate is a material selected from the group consist-
ing of glass, glass ceramic and ceramic.

A thick film dielectric electroluminescent display in-
corporating a composite of any one of claims 1 to 14.

A thick film dielectric electroluminescent display
comprising

- a substrate;

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

- a first layer of a composite thick film dielectric
layer of any one of claims 1 to 14, adjacent an
upper surface of said electrode layer;

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

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

The display of claim 25, wherein said substrate com-
prises a material having a thermal expansion coef-
ficient of 4 to 10 x10-6/°C

The display of claim 25 or 26, wherein said display
further comprises a second layer of a composite thick
film dielectric layer sintered onto said first layer.
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The display of claim 25, 26 or 27, wherein said lower
zone layer has a thickness of up to 9 micrometers.

The display of claim 25, 26 or 27, wherein said upper
zone of said second layer of said composite thick
film dielectric layer comprises two layers of PZT.

The display of claim 29, wherein said PZT layers
have a thickness of 1 micrometer.

The display of claim 29 or 30, wherein said display
further comprises a barium titanate layer on top of
said PZT layers.

The display of claim 31, wherein said barium titanate
layer has a thickness of 100nm to 200nm.

The display of any one of claims 25 to 32, wherein
said phosphor film is an europium activated barium
thioaluminate.

The display of claim 33, wherein said phosphor film
has a thickness of about 400nm.

The display of any one of claims 25 to 34, wherein
said electrically conductive film comprises indium tin
oxide.

The display of any one of claims 25 to 35, wherein
said substrate comprises a material selected from
the group consisting of glass, glass ceramic and ce-
ramic.

A thick film dielectric laminate comprising

- two or more layers of the composite of any one
of claims 1 to 14.

Patentanspriiche

1.

2.

Komposit einer dielektrischen Dickfilmschicht, um-
fassend

(a) im unteren Bereich bzw. Zone eine Schicht
einer Dickfilmzusammensetzung, umfassend
eines oder mehrere von Bleimagnesiumniobat
(PMN), Bleimagnesiumniobat-titanat (PMN-
PT), Bleititanat, Bariumtitanat und Bleioxid,
eine Glasfrittenzusammensetzung, umfassend
Bleioxid, Boroxid und Siliciumdioxid, und

(b) eine obere Zone bzw. Bereich, umfassend
mindestens eine Schicht von Bleizirkonattitanat
(PZT) und/oder Bariumtitanat, und

(c) eine Komposit-Zwischenzone, umfassend
ein Komposit von (a) und (b).

Komposit gemaf Anspruch 1, wobei die untere Zone
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10.

1.

24
umfaldt

- 85-95 Gew.-% Bleimagnesiumniobat (PMN)
oder  Bleimagnesiumniobat-titanat  (PMN-
PT)-Pulver,

- bis zu 10 Gew.-% Bariumtitanatpulver,

- bis zu 15 Gew.-% Bleititanatpulver, wobei das
PMN- oder PMN-PT-Pulver und das Bleititanat-
pulver Korngrofien in dem Bereich von 0,2 bis
1 wm aufweisen, und wobei mindestens 20%
des Bariumtitanatpulvers eine Korngréf3e von
nicht groRer als 50 bis 100 nm aufweisen,

- eine Glasfrittenzusammensetzung mit einer
Korngréfie in dem Bereich von 0,2 bis 1 um, und
- einen Trager, um die Pulver- und die Glasfrit-
tenzusammensetzung zu binden.

Komposit gemal Anspruch 2, wobei der Trager ein
oder mehrere Mittel, ausgewahlt aus der Gruppe,
bestehend aus L&sungsmitteln, Polymerbindemit-
teln und Viskositats- und Oberflachenspannung-mo-
difizierenden Mitteln, umfal3t.

Komposit gemaR einem vorhergehenden Anspruch,
wobei zwischen 20-30% des Bariumtitanatpulvers
eine KorngréRRe von nicht grofRer als 50 bis 100 nm
aufweisen.

Komposit gemal® Anspruch 4, wobei zwischen
20-30% des Bariumtitanatpulvers eine KorngréfRe
von nicht groRer als 50 nm aufweisen.

Komposit gemafR einem vorhergehenden Anspruch,
wobei die Glasfrittenzusammensetzung ein vor-ho-
mogenisiertes oder gemischtes Pulver, umfassend
87-94 Gew.-% Bleioxid, 6-9 Gew.-% Boroxid und bis
zu 6 Gew.-% Siliciumdioxid, umfaf3t.

Komposit gemaf einem vorhergehenden Anspruch,
wobei die Glasfrittenzusammensetzung 4 bis 6
Gew.-% Siliciumdioxid umfafdt.

Komposit gemaf einem vorhergehenden Anspruch,
wobei die Glaszusammensetzung eine feste Lésung
bei einer Temperatur von oberhalb 550°C bildet.

Komposit gemaR einem vorhergehenden Anspruch,
wobei die GJasfrittenzusammensetzung weiter ein
Additiv, ausgewahlt aus der Gruppe, bestehend aus
Aluminiumoxid, Zinkoxid, Calciumoxid und Gemi-
schen davon, umfafit.

Komposit gemaR einem vorhergehenden Anspruch,
weiter umfassend bis zu 8 Gew.-% Bleioxidpulver
mit einer KorngrofRe in dem Bereich von 0,2 bis 1 wm.

Komposit gemaf einem vorhergehenden Anspruch,
wobei das Komposit als eine Einzelschicht oder
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16.
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Mehrschichten angeordnet ist.

Komposit gemaf einem vorhergehenden Anspruch,
wobei das Komposit auf einem Substrat mit einem
thermischen Ausdehnungskoeffizienten von 4 x
106/°C bis 10 x 10-6/°C angeordnet ist.

Komposit gemaf Anspruch 12, wobei das Komposit
auf einem Substrat mit einem thermischen Ausdeh-
nungskoeffizienten von 5,5 x 10-6/°C bis 9 x 10-6/°C
angeordnet ist.

Komposit gemal Anspruch 12 oder 13, wobei das
Komposit ein Substratmaterial, ausgewahlt aus der
Gruppe, bestehend aus Glas, Glaskeramik und Ke-
ramik, umfafdt.

Verfahren zur Herstellung eines Komposits einer di-
elektrischen Dickfilmschicht, wobei das Verfahren
die Schritte umfaft:

(a) das Bereitstellen einer Zusammensetzung,
umfassend

- 85-95 Gew.-% Bleimagnesiumniobat
(PMN)- oder Bleimagnesiumniobat-titanat
(PMN-PT)-Pulver,

- bis zu 10 Gew.-% Bariumtitanatpulver, und
- bis zu 15 Gew.-% Bleititanatpulver, wobei
das PMN oder PMN-PT-Pulver und das
Bleititanatpulver KorngréfRen in dem Be-
reich von 0,2 bis 1 um aufweisen, und wobei
mindestens 20% des Bariumtitanatpulvers
eine Korngrof3e von nicht gréRer als 50 bis
100 nm aufweisen,

b) das Bereitstellen einer Glasfritte, umfassend

- 87 bis 94% Bleioxid,

- 6 bis 9% Boroxid, und

- bis zu 6% Siliciumdioxid, wobei die Korn-
gréRe der Glasfrittenzusammensetzung
0,2 bis 1,0 um betragt,

c¢) das Mischen der Zusammensetzung von a)
mit 1 bis 8% der Zusammensetzung von b) und
einem Trager, um die Pulver und die Glasfritten-
zusammensetzung zu binden,

d) das Schichten von c) auf ein geeignetes Glas-
substrat und das Trocknen,

e) das Sintern von d) bei einer Temperatur von
650°C, und

f) das Aufbringen von mindestens einer Glat-
tungsschicht auf ) und das Sintern bei Tempe-
raturen von bis zu 650°C.

Verfahren gemaf Anspruch 15, wobei die Glattungs-
schicht PZT enthalt.
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Verfahren zur Herstellung einer unteren Zone einer
Dickfilmzusammensetzung gemaf Anspruch 1 oder
2, wobei das Verfahren umfaldt:

- das Mischen des Bleimagnesiumniobat
(PMN)-  oder Bleimagnesiumniobat-titanat
(PMN-PT)-Pulvers, Bariumtitanatpulvers und
Bleititanatpulvers mit 1 bis 8% der Glasfritten-
zusammensetzung, wobei die Glasfrittenzu-
sammensetzung umfalfit

- 87 bis 94% Bleioxid,

- 6 bis 9% Boroxid, und

- bis zu 6% Siliciumdioxid.

Verfahren gemafl Anspruch 17, wobei das Verfah-
ren weiter das anfangliche Mischen der Glasfritten-
zusammensetzung mit einem Trager umfal3t.

Verfahren gemal® Anspruch 18, wobei der Trager
ein Mittel, ausgewahlt aus der Gruppe, bestehend
aus einem Losungsmittel, einem Polymerbindemit-
tel und einem Viskositats- und Oberflachenspan-
nungs-modifizierenden Mittel und Gemischen da-
von, umfafdt.

Verfahren gemafl Anspruch 17, 18 oder 19, weiter
umfassend das Sintern der Zusammensetzung auf
einem Substrat bei einer Temperatur von bis zu
650°C.

Verfahren gemaf Anspruch 20, wobei das Substrat
einen thermischen Ausdehnungskoeffizienten von 4
x 106/°C bis 10 x 10-6/°C aufweist.

Verfahren gemaR Anspruch 21, wobei das Substrat
einen thermischen Ausdehnungskoeffizienten von
5,5 x 106/°C bis 9 x 10-6/°C aufweist.

Verfahren gemaf Anspruch 20, 21 oder 22, wobei
das Substrat ein Material, ausgewahlt aus der Grup-
pe, bestehend aus Glas, Glaskeramik und Keramik,
ist.

Elektrolumineszenzanzeige mit dielektrischem
Dickfilm, einbringend ein Komposit gemafl einem
der Anspriiche 1 bis 14.

dielektrischem

Elektrolumineszenzanzeige mit

Dickfilm,umfassend

- ein Substrat,

- eine untere Elektrodenschicht direkt angren-
zend an das Substrat, wobei die untere Elektro-
denschicht einen elektrisch leitfahigen metalli-
schen Film umfafit,

- eine erste Schicht eines Komposits einer di-
elektrischen Dickfilmschicht gemaR einem der
Anspriiche 1 bis 14, angrenzend an die obere
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Oberflache der Elektrodenschicht,

- einen Phosphorfilm, abgeschieden auf der di-
elektrischen Dickfilmschicht, und

- eine obere Elektrodenschicht, umfassend ei-
nen optisch transparenten elektrisch leitfahigen
Film.

Anzeige gemafl Anspruch 25, wobei das Substrat
ein Material mit einem thermischen Ausdehnungs-
koeffizienten von 4 bis 10 x 10-6/°C umfalt.

Anzeige gemaf Anspruch 25 oder 26, wobei die An-
zeige weiter eine zweite Schicht eines Komposits
einer dielektrischen Dickfilmschicht, gesintert auf
der ersten Schicht, umfaft.

Anzeige gemal Anspruch 25, 26 oder 27, wobei die
untere Zonenschicht eine Dicke von bis zu 9 pum auf-
weist.

Anzeige gemal Anspruch 25, 26 oder 27, wobei die
obere Zone der zweiten Schicht des Komposits einer
dielektrischen Dickfilmschicht zwei Schichten von
PZT umfalit.

Anzeige gemal Anspruch 29, wobei die PZT-
Schichten eine Dicke von 1 pm aufweisen.

Anzeige gemal Anspruch 29 oder 30, wobei die An-
zeige weiter eine Bariumtitanatschicht oben auf den
PZT-Schichten umfaft.

Anzeige gemal Anspruch 31, wobei die Bariumtita-
natschicht eine Dicke von 100 nm bis 200 nm auf-
weist.

Anzeige gemaR einem der Anspriiche 25 bis 32, wo-
bei der Phosphorfilm ein Europium-aktiviertes Bari-
umthioaluminat ist.

Anzeige gemal Anspruch 33, wobei der Phosphor-
film eine Dicke von etwa 400 nm aufweist.

Anzeige gemaR einem der Anspriiche 25 bis 34, wo-
bei der elektrisch leitfahige Film Indiumzinnoxid um-
faft.

Anzeige gemal einem der Anspriiche 25 bis 35, wo-
bei das Substrat ein Material, ausgewahlt aus der
Gruppe, bestehend aus Glas, Glaskeramik und Ke-
ramik, umfaf3t.

Dielektrisches Dickfilmlaminat, umfassend

- zwei oder mehr Schichten des Komposits ge-
maRk einem der Anspriiche 1 bis 14.
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Revendications

Couche diélectrique de film épais composite com-
prenant

(a) une couche de zone inférieure d’'une com-
position de film épais comprenant

un ou plusieurs composés parmile magnésium-
niobate de plomb (PMN), le magnésium-niobate
et titanate de plomb (PMN-PT), le titanate de
plomb, le titanate de baryum et I'oxyde de
plomb ;

une composition de fritte de verre comprenant
de 'oxyde de plomb, de I'oxyde de bore et du
dioxyde de silicium ; et

(b) une zone supérieure comprenant au moins
une couche de titanate et zirconate de plomb
(PZT) et/ou de titanate de baryum ; et

(c) une zone composite intermédiaire compre-
nant un composite de (a) et de (b).

2. Composite selon la revendication 1, dans lequel la-

dite zone inférieure comprend

- 85-95% en poids de poudre de magnésium-
niobate de plomb (PMN) ou de poudre de ma-
gnésium-niobate et titanate de plomb (PMN-
PT);

- jusqu’a 10% en poids de poudre de titanate de
baryum ;

- jusqu’a 15% en poids de poudre de titanate de
plomb, la poudre de PMN ou de PMN-PT et la
poudre de titanate de plomb ayant une granu-
lométrie dans la plage comprise entre 0,2 et 1
micrometre, et au moins 20% de la poudre de
titanate de baryum ayant une granulométrie ne
dépassant pas 50 a 100 nanometres ;

- une composition de fritte de verre ayant une
granulométrie dans la plage comprise entre 0,2
et 1 micrometre ; et

- un support pour lier les poudres et ladite com-
position de fritte de verre.

Composite selon larevendication 2, dans lequel ledit
support comprend un ou plusieurs agents sélection-
nés dans le groupe constitué par un solvant, un liant
polymérique et des agents modificateurs de la vis-
cosité et de la tension superficielle.

Composite selon I'une quelconque des revendica-
tions précédentes, dans lequel entre 20 et 30% de
la poudre de titanate de baryum a une granulométrie
ne dépassant pas 50 a 100 nanométres.

Composite selon la revendication 4, dans lequel en-
tre 20 et 30% de la poudre de titanate de baryum a
une granulométrie ne dépassant pas 50 nanome-
tres.
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Composite selon 'une quelconque des revendica-
tions précédentes, dans lequel la composition de frit-
te de verre comprend une poudre pré-homogénéi-
sée ou mélangée comprenant 87-94% en poids
d’oxyde de plomb, 6-9% en poids d’oxyde de bore
et jusqu’'a 6% en poids de dioxyde de silicium.

Composite selon I'une quelconque des revendica-
tions précédentes, dans lequel ladite composition de
fritte de verre comprend 4 a 6% en poids de dioxyde
de silicium.

Composite selon 'une quelconque des revendica-
tions précédentes, dans lequel ladite composition de
fritte de verre forme une solution solide a une tem-
pérature supérieure a 550°C.

Composite selon 'une quelconque des revendica-
tions précédentes, dans lequel ladite composition de
fritte de verre comprend en outre un additif sélec-
tionné dans le groupe constitué par 'oxyde d’alumi-
nium, I'oxyde de zinc, 'oxyde de calcium et des mé-
langes de ceux-ci.

Composite selon I'une quelconque des revendica-
tions précédentes, comprenant en outre jusqu’'a 8%
en poids de poudre d’oxyde de plomb ayantune gra-
nulométrie dans la plage comprise entre 0,2 et 1 mi-
crometre.

Composite selon I'une quelconque des revendica-
tions précédentes, dans lequel ledit composite est
obtenu sous la forme d’'une couche simple ou de
couches multiples.

Composite selon 'une quelconque des revendica-
tions précédentes, dans lequel ledit composite est
obtenu sur un substrat ayant un coefficient de dila-
tation thermique compris entre 4 x 10-6/°C et 10 x
10-6/°C.

Composite selon la revendication 12, dans lequel
ledit composite est obtenu sur un substrat ayant un
coefficient de dilatation thermique compris entre 5,5
x 10°6/°C et 9 x 10-6/°C.

Composite selon la revendication 12 ou 13, dans
lequel ledit composite comprend un matériau de
substrat sélectionné dans le groupe constitué par le
verre, la vitrocéramique et la céramique.

Procédé pour réaliser une couche diélectrique de
film épais composite, ledit procédé comprenant les
étapes consistant a :

a) obtenir une composition comprenant

- 85-95% en poids de poudre de magné-
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sium-niobate de plomb (PMN) ou de poudre
de magnésium-niobate et titanate de plomb
(PMN-PT) ;

-jusqu’a 10% en poids de poudre de titanate
de baryum ; et

-jusqu’a 15% en poids de poudre de titanate
de plomb, la poudre de PMN ou de PMN-
PT et la poudre de titanate de plomb ayant
une granulométrie dans la plage comprise
entre 0,2 et 1 micrométre, et au moins 20%
de la poudre de titanate de baryum ayant
une granulométrie ne dépassant pas 50 a
100 nanométres ;

b) obtenir une composition de fritte de verre
comprenant

- 87 a 94% d’oxyde de plomb ;

- 6 a 9% d’oxyde de bore ; et

- jusqu’a 6% de dioxyde de silicium ; la gra-
nulométrie de ladite composition de fritte de
verre étant comprise entre 0,2 et 1 micron,

¢) mélanger la composition de a) avec 1 a 8%
de la composition de b) et un support pour lier
les poudres et ladite composition de fritte de
verre ;

d) appliquer une couche de c) sur un substrat
de verre approprié et sécher ;

e) fritter d) a une température de 650°C ; et

f) appliquer au moins une couche de lissage sur
e) et fritter a des températures allant jusqu’a
650°C.

Procédé selon larevendication 15, dans lequel ladite
couche de lissage contient du PZT.

Procédé pour réaliser une zone inférieure d’'une
composition de film épais selon la revendication 1
ou 2, ledit procédé consistant a :

- mélanger la poudre de magnésium-niobate de
plomb (PMN) ou de magnésium-niobate et tita-
nate de plomb (PMN-PT), la poudre de titanate
de baryum et la poudre de titanate de plomb
avec 1 a 8% de la composition de fritte de verre,
la composition de fritte de verre comprenant

- 87 a 94% d’oxyde de plomb ;

- 6 a 9% d’oxyde de bore ; et

- jusqu’a 6% de dioxyde de silicium.

Procédé selon la revendication 17, dans lequel le
procédé consiste en outre a mélanger initialement
ladite composition de fritte de verre avec un support.

Procédé selon la revendication 18, dans lequel ledit
support comprend un agent sélectionné dans le
groupe constitué par un solvant, un liant polymérique
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et un agent modificateur de la viscosité et de la ten-
sion superficielle, et des mélanges de ceux-ci.

Procédé selon les revendications 17, 18 ou 19, con-
sistant en outre a fritter ladite composition sur un
substrat a une température allant jusqu’a 650°C.

Procédé selon la revendication 20, dans lequel ledit
substrat a un coefficient de dilatation thermique com-
pris entre 4 x 10-6/°C et 10 x 10-6/°C.

Procédé selon la revendication 21, dans lequel ledit
substrat a un coefficient de dilatation thermique com-
pris entre 5,5 x 106/, Cet 9 x 10-6/°C.

Procédé selon la revendication 20, 21 ou 22, dans
lequel ledit substrat est un matériau sélectionné
dans le groupe constitué par le verre, la vitrocérami-
que et la céramique.

Affichage électroluminescent diélectrique a film
épais dans lequel est incorporé un composite de
'une quelconque des revendications 1 a 14.

Affichage électroluminescent diélectrique a film
épais comprenant

- un substrat ;

- une couche d’électrode inférieure directement
adjacente audit substrat, ladite couche d’élec-
trode inférieure comprenant un film métallique
électriguement conducteur ;

- une premiere couche d’'une couche diélectri-
que de film épais composite selon 'une quel-
conque des revendications 1 a 14, adjacente a
une surface supérieure de ladite couche
d’électrode ;

- un film de phosphore déposé sur ladite couche
diélectrique de film épais ; et

- une couche d’électrode supérieure compre-
nant un film électriquement conducteur et opti-
quement transparent.

Affichage selon la revendication 25, dans lequel ledit
substrat comprend un matériau ayant un coefficient
de dilatation thermique compris entre 4 et 10 x 10-6/
°C.

Affichage selon la revendication 25 ou 26, dans le-
quel ledit affichage comprend en outre une seconde
couche d’une couche diélectrique de film épais com-
posite, frittée sur ladite premiére couche.

Affichage selon la revendication 25, 26 ou 27, dans
lequel ladite couche de zone inférieure a une épais-

seur allant jusqu’a 9 micrometres.

Affichage selon la revendication 25, 26 ou 27, dans
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lequel ladite zone supérieure de ladite seconde cou-
che de ladite couche diélectrique de film épais com-
posite comprend deux couches de PZT.

Affichage selon la revendication 29, dans lequel les-
dites couches de PZT ont une épaisseur de 1 micro-
métre.

Affichage selon la revendication 29 ou 30, dans le-
quel ledit affichage comprend en outre une couche
de titanate de baryum par-dessus lesdites couches
de PZT.

Affichage selon la revendication 31, dans lequel la-
dite couche de titanate de baryum a une épaisseur
comprise entre 100 nm et 200 nm.

Affichage selon I'une quelconque des revendica-
tions 25 a 32, dans lequel le film de phosphore est
un thioaluminate de baryum activé par de I'europium.

Affichage selon larevendication 33, dans lequel ledit
film de phosphore a une épaisseur d’environ 400 nm.

Affichage selon I'une quelconque des revendica-
tions 25 a 34, dans lequel ledit film électriquement
conducteur comprend de l'oxyde stannique d’in-
dium.

Affichage selon I'une quelconque des revendica-
tions 25 a 35, dans lequel ledit substrat comprend
un matériau sélectionné dans le groupe constitué
par le verre, la vitrocéramique et la céramique.

Stratifié diélectrique a film épais comprenant :

- deux ou plusieurs couches du composite selon
'une quelconque des revendications 1 a 14.
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