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7) ABSTRACT

The invention relates to a substrate for an electroluminescent
(EL) display device comprising a front surface and a rear
surface (7) onto which EL elements are to be arranged. The
substrate comprises a plurality of reflectors (5) diverging
towards the front surface. Furthermore, the relatively narrow
ends (6) of the reflectors (5) are at least substantially
coplanar and form part of said rear surface (7). The substrate
according to the invention can be used in conventional
processes of manufacturing EL devices.
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SUBSTRATE FOR AN ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD OF
MANUFACTURING SAID SUBSTRATE

[0001] The invention relates to a substrate for an elec-
troluminescent (EL) display device comprising a front sur-
face and a rear surface onto which EL elements are to be
arranged. The invention further relates to a display device
and a method of manufacturing said substrate.

[0002] Due to internal reflections at the substrate-air inter-
face of the front surface of a substrate, which is part of an
electroluminescent display device, only about half of the
amount of light produced by the EL elements arranged on
the rear surface will actually be emitted towards an observer.
One way of reducing internal reflections is to provide the
front surface with an optical pattern, e.g. comprising prisms
or lenses. However, especially when substrates having a
considerable thickness are employed, optical crosstalk may
spoil the visibility of the displayed image. Furthermore, the
front surface will not be flat and, consequently, it will be
difficult to apply protective or filtering layers without
destroying the performance of the pattern.

[0003] Another way of reducing internal reflections is to
provide reflectors with which light that would otherwise be
trapped in the substrate is redirected towards the observer.
An example of such a structure is known from U.S. Pat. No.
6,091,195, which describes an electronic display for use in
devices such as television sets, computer terminals, tele-
communication equipment, etc. A specific method of mak-
ing multicolor LEDs on a common substrate is illustrated in
FIGS. 4A to 4D and involves, inter alia, the following steps:
depositing a transparent 5 to 10 um dielectric layer (numeral
19 in said Figures) onto a substrate (37); depositing a green
phosphor layer (22), an etch-stop layer (23) and a red
phosphor layer (21); several photolithographic patterning
steps to create two-dimensional mesa-structures (FIG. 4B)
and remove said red and green phosphors from specific
mesa-structures; depositing and patterning an ITO and a
metal layer to obtain contacts (35); depositing an insulation
layer (25) and etching windows in the same; depositing a
blue OLED layer (20) on the entire structure; and depositing
and patterning a metal layer to form row metal stripe
contacts and metal reflectors (47) on the sides of the mesas
(FIG. 4D).

[0004] The electronic display according to U.S. Pat. No.
6,091,195 cannot be manufactured by using an existing and
relatively straightforward process involving ¢.g. inkjet print-
ing of the red, green, and blue emissive layers. Instead,
virtually every step of the process is at least to some extent
influenced by the fact that mesas and reflectors are included.

[0005] Tt is an object of the present invention to provide a
substrate, which allows the manufacture of an EL display
device comprising reflectors, without having to redesign the
entire process of manufacturing the display device.

[0006] To this end, the substrate mentioned in the opening
paragraph is characterized in that it comprises a plurality of
reflectors diverging towards the front surface, and in that the
relatively narrow ends of the reflectors are coplanar and
form part of said rear surface. Thus, the EL elements can be
arranged on the rear surface of the substrate by means of a
process, which is substantially identical to a process for
arranging EL elements onto a conventional (glass) flat
substrate or requires only few alterations.
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[0007] It is preferred that the space between the reflectors
is filled up with a medium, the outer surface of which is
coplanar with the relatively narrow ends of the reflectors.
The rear surface of the substrate can thus be made at least
substantially flat and can be used in a conventional process
for the manufacture of EL display devices with only minor
adjustments, such as employing smaller EL elements (as will
be explained below in more detail).

[0008] The method according to the present invention is
characterized by the steps of providing a sheet of a trans-
parent material, forming a plurality of divergent bodies, such
as cones or pyramids, of a transparent material in or on a
sheet, with the relatively wide ends of said bodies facing the
sheet.

[0009] Tt is preferred that space between the reflectors is
subsequently filled up with a medium having a lower
reflective index than that of the divergent bodies. It is further
preferred that part of the relatively narrow ends of the
divergent bodies and, if present, said medium are planarized.

[0010] The method according to the present invention
allows relatively simple manufacture of a substrate which
can be used in a conventional process for manufacturing EL
display devices.

[0011] The invention will now be explained in more detail
with reference to the drawings, in which an embodiment of
the present invention is shown schematically.

[0012] FIGS. 1A to 1D show four steps of a method of
manufacturing a display device according to the present
invention.

[0013] FIG. 2 is a plan view of the intermediate product
in accordance with FIG. 1A.

[0014] FIG. 3 is a schematic cross-section through a
substrate according to the present invention.

[0015] FIGS. 4A and 4B show the effects of varying the
imaginary apex angle of reflectors comprised in the substrate
shown in FIG. 3.

[0016] FIGS. 1A to 1D and 2 schematically show a
method of manufacturing a substrate according to the
present invention, wherein a conventional glass sheet 1 is
provided with N rows and M columns of polymer cones 2
(FIGS. 1A and 2), preferably by means of a substantially
flat metal die (not shown). Such a dic may comprise (a
pattern of) recesses which correspond to the shape of the
divergent bodies 2, e.g. truncated cones, or recesses which
result in precursors of such bodies 2, e.g. complete cones of
which the top portion should still be removed. The men-
tioned polymer is transparent in at least the visible part (from
about 400 to about 700 nm) of the spectrum and has a
refractive index which is at least substantially equal to that
of the glass sheet 1. The refractive index of the divergent
bodies should preferably differ no more than 5% from that
of the sheet 1. In this particular embodiment, the sheet is
made of glass having a refractive index of 1.52. Examples of
suitable polymers are UV-curable polymers, such as acrylate
laquer #132200040029 (Oss Coatings, Oss, The Nether-
lands), which has a refractive index of 1.50.

[0017] Subsequently, a reflecting layer 3 of e.g. aluminum
or silver is arranged on the cones 2 (FIG. 1B) by means of,
for instance, vacuum deposition, wet silvering or spincoat-
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ing. The space between the cones 2 is filled up with an
interstitial polymer 4 (FIG. 1C), such as Teflon AF1600 or
Teflon AF2400 (both ex Dupont) having a refractive index
of 1.3, by means of spincoating. If the interstitial polymer 4
is itself reflecting or has a refractive index which is suffi-
ciently lower than that of the cones 2, a metal reflecting layer
will not be required because the interface between the cones
2 and the further polymer will be sufficiently reflective.

[0018] By removing the top layer of the structure (FIG.
1D), e.g. by means of polishing, reflectors 5 are obtained, the
narrow ends 6 of which are coplanar with respect to each
other and form a flat rear surface 7 together with the
interstitial polymer 4.

[0019] EL eclements can be arranged on the narrow ends 6
using methods which are well known to the skilled person.
Such methods may involve the deposition of transparent first
electrodes (anodes), one or more EL layers, and second
electrodes (cathodes), which defined EL elements at the
intersection with the first electrodes. In the case of a color
display, wherein the EL elements are divided into two or
more sub-elements of different color, it is preferred that
these sub-elements are configured concentrically, e.g. by
printing concentric rings of substantially the same surface
area.

[0020] Tt is noted that due to the improvement of the
emission efficiency, the reflectors allow the use of EL
elements having a reduced area. Smaller EL elements in turn
yield a decrease of capacitive, driver, and resistive losses.

[0021] Especially when the substrate comprises a metal
reflecting layer 3, an insulation layer is preferably deposited
on the rear surface 7 of the substrate so as to insulate the EL.
elements, in particular the electrode(s) nearest the substrate,
from this metal reflecting layer 3. The rear surface 7 can also
be provided with a planarising layer to further improve its
flatness.

[0022] The divergent bodies 2 and hence the reflectors 5
may have various shapes, such as a cone, pyramid or dome.
Depending on the pitch and dimensions of the EL elements
as well as on the requirements of a specific application, the
shape of the reflectors can be varied to obtain certain optical
characteristics.

[0023] As an example, optical modelling by ray tracing
was conducted on a truncated cone as shown in FIG. 3. Such
a cone is defined by the radii of the narrow and wide ends
of the reflectors, denoted by “r,” and “p”, respectively, and
by the height “h,” of the truncated cone. FIGS. 4A and 4B
show the angular luminance “L,” as a function of the
viewing angle “6” of a substrate without reflectors (dotted
line) and of reflectors having a relatively small (FIG. 4A)
and a relatively large (FIG. 4B) imaginary apex angle “f”,
respectively; “r” denotes the radius of the emissive elements
that are arranged on the reflectors. FIGS. 4A and 4B clearly
show that, in both cases, the luminance has a direction
normal to the front surface if the substrate is increased
considerably and that the angular distribution is modified.

[0024] The invention is not limited to the above-described
embodiments which can be varied in a number of ways
within the scope of the claims.

[0025] Within the context of this application, an electrolu-
minescent display device is a device, which, while making
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use of the phenomenon of electroluminescence, emits light
when the device is suitably connected to a power supply. The
term electroluminescence includes several phenomena
which have the common feature that light is emitted by
electrical excitation of gases (for example: plasma display
panels), liquids or solid materials (for example: organic LED
display panels).

[0026] In summary, the invention relates to a substrate for
an electroluminescent (EL) display device comprising a
front surface and a rear surface onto which EL elements are
to be arranged. The substrate comprises a plurality of
reflectors diverging towards the front surface. Furthermore,
the relatively narrow ends of the reflectors are at least
substantially coplanar and form part of said rear surface. The
substrate according to the invention can be used in conven-
tional processes of manufacturing EL devices.

1. A substrate for an electroluminescent (EL) display
device comprising a front surface and a rear surface (7) onto
which EL elements are to be arranged, characterized in that
the substrate comprises a plurality of reflectors (5) diverging
towards the front surface and in that the relatively narrow
ends (6) of the reflectors (5) are at least substantially
coplanar and form part of said rear surface (7).

2. A substrate as claimed in claim 1, wherein the space
between the reflectors (5) is filled up with a medium (4), the
outer surface of which is coplanar with the relatively narrow
ends (6) of the reflectors (5).

3. A substrate as claimed in claim 1 or 2, wherein the
reflectors (5) comprise a divergent body (2), such as a
truncated cone or pyramid, of a transparent material and
wherein the divergent surface of this body (2) is provided
with a reflecting layer (3).

4. A substrate as claimed in any one of the preceding
claims, wherein the reflectors (5) are arranged in rows and
columns.

5. A display device comprising a substrate as claimed in
any one of the preceding claims, wherein emissive elements
are arranged on at least some of the narrows ends (6) of the
reflector (5).

6. A method of manufacturing a substrate for an EL
device, the method comprising the steps of providing a sheet
(1) of a transparent material, forming a plurality of divergent
bodies (2), such as cones or pyramids, of a transparent
material in or on a sheet (1), with the relatively wide ends
of said bodies (2) facing the sheet (1).

7. A method as claimed in claim 6, wherein the divergent
bodies (2) are deposited on the sheet (1), preferably by
means of a die.

8. A method as claimed in claim 7, wherein the divergent
bodies (2) have a refractive index which is at least substan-
tially equal to that of the sheet (1).

9. A method as claimed in any one of claims 6 to 8,
wherein a reflecting layer (3) is deposited on the divergent
bodies (2).

10. A method as claimed in any one of claims 6 to 9,
wherein the space between the divergent bodies (3) is filled
up with a medium (4) having a lower refractive index than
that of the divergent bodies.

11. A method as claimed in any one of claims 6 to 10,
wherein the relatively narrow ends (6) of the divergent
bodies (2) and, if present, the medium (4) are planarized.
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