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Description

[0001] The presentinvention relates generally to elec-
troluminescent devices. More particularly, the presentin-
vention relates to outdoor electroluminescent display de-
vices that are visible under a wide variety of ambient light
conditions.

[0002] There are numerous applications for signs that
can be read under conditions of both low and high am-
bient light (e.g., at night and in daylight). Road signs are
one common example. Typically, these signs are printed
so that they provide high contrast under reflected light.
In daylight, they are readable due to reflected sunlight,
and at night they are visible due to reflected artificial light,
such as from the headlights of an automobile or from a
dedicated spotlight aimed at the sign. Signs that are vis-
ible at night by means of a dedicated spotlight are inef-
ficient from an energy standpoint, because most of the
light from the spotlight is wasted in illuminating regions
that do not require illumination for sign readability. Signs
that rely on lights from automobile headlights from night-
time readability have the disadvantage that they are only
visible when the car is aiming directly at them. In addition,
these signs can be hard to read at nightin rainy conditions
where much of the light from the car headlights is scat-
tered by the rain droplets.

[0003] Cathode ray tube (CRT) technology has been
developed to allow customizable signs that can be read
in the dark. Such displays can be quickly reconfigured
electronically to display a new sign. Other technologies
with similar capabilities include liquid crystal displays,
thin film plasma displays, and organic electroluminescent
displays. However, these displays require complicated
electronics and are too expensive for many simple dis-
play sign applications.

[0004] U.S. Patent No. 5,962,962 describes a basic
organic light emitting device (OLED). The OLED has a
structure in which an anode, an organic light emitting
layer, and a cathode are consecutively laminated, with
the organic light emitting layer sandwiched between the
anode and the cathode. Generally, electrical current flow-
ing between the anode and cathode passes through
points of the organic light emitting layer and causes it to
luminesce. The electrode positioned on the surface
through which light is emitted is formed of a transparent
or semi-transparent film. The other electrode is formed
of a specific thin metal film, which can be a metal or an
alloy.

[0005] The organic light emitting device is usually
formed on a substrate. In some cases, a hole-transport-
ing layer is provided between the anode and the organic
light emitting layer, and an electron-injecting layer is pro-
vided between the cathode and the organic light emitting
layer, for improved performance.

[0006] Another example of an OLED is disclosed in
U.S. Patent No. 5,902,688. This patent discloses dis-
plays produced by providing an insulator that is patterned
in a desired shape. In general, light will be produced in
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an OLED wherever an anode and cathode have a direct
path to a particular point of the OLED. The insulator of
this patent is in the form of an incomplete layer between
the organic layer and one of the electrodes, and prevents
contact of at least one electrode from a pattern of partic-
ular points on the OLED, which prevents those points of
the organic layer from illuminating. To achieve a partic-
ulardisplay, the insulator layer is patterned so as to retard
the flow of current through the organic layer in proportion
to the areas of the desired display that are to be relatively
dark. However, a sign using this display depends only
on the contrast between the illuminated and dark areas
of the device, and the luminance that is possible with
practical OLED devices is relatively low (<10,000 cande-
las per square meter (Cd/m2)). Because of this, while
these displays may be visible during conditions of low
light, they cannot be read under bright ambient conditions
(e.g., in the midday sun). Further, the process of forming
the insulating layer is difficult and time-consuming, which
increases the cost of production of such a device.
[0007] It would be desirable to provide a cost-effective
sign that is readable under low and high ambient light
conditions, which does not suffer from the above disad-
vantages. It would further be desirable to provide a simple
method for production of such a sign.

[0008] A device structure and method are disclosed
that enable the production of outdoor signs utilizing or-
ganic light emitting device (OLED) technology. Exempla-
ry embodiments of the device include an OLED that is
patternedinto a sign combined with an exterior layer com-
prising (1) a highly scattering, non-absorbing coating
over the OLED emitting regions, and (2) a highly absorb-
ing coating over the non-emitting regions. The result is
a sign that can be viewed using organic electrolumines-
cent light under low ambient light conditions, and due to
the exterior coating, can also be viewed under high am-
bient light conditions. Thus, embodiments of the present
invention provide a degree of contrast, both in natural
daylight and at night, which facilitates easy viewing of,
for example, a street sign.

[0009] The features and advantages of the presentin-
vention can be understood more completely by reading
the following detailed description of preferred embodi-
ments in conjunction with the accompanying drawings,
in which like reference indicators are used to designate
like elements, and in which:

Figure 1 is a side view of one embodiment of the
invention;

Figure 2 is a top view of the embodiment in Figure 1;
Figure 3 is atop view of an anode layer applied below
an organic light emitting layer of a device according

to an embodiment of the invention;

Figure 4 is a top view of a cathode layer applied over
an organic light emitting layer of a device according



3 EP 1164 817 B1 4

to an embodiment of the present invention;

Figure 5 is a top view of a patterned coating applied
over a cathode layer of a device according to an em-
bodiment of the present invention;

Figure 6 is a top view of a cathode pattern formed
by evaporating a layer of lithium fluoride followed by
aluminum onto the device through a shadow mask;

Figure 7 is a sign in the form of a red rectangle in a
black background; and

Figure 8 is a sign in the form of a green rectangle in
a white background.

[0010] A representative embodiment of the presentin-
vention includes an OLED display coupled with an adja-
cent layer comprising regions of a highly scattering, non-
absorbing coating, and regions of a highly absorbing
coating, in order to provide both good contrast and visi-
bility in light reflected by the display.

[0011] By an "organic light emitting device" (OLED) is
meant an electroluminescent device comprising two
electrodes (an anode and a cathode) as well as an or-
ganic light emitting layer, generally sandwiched between
the anode and the cathode. When a current passes
through the organic light emitting layer, it luminesces.
[0012] By an "organic light emitting layer" is meant a
layer including at least one organic compound which,
when subjected to an electric current, will luminesce. The
invention is not limited to any particular organic com-
pound but rather encompasses a broad range of such
compounds known in the art.

[0013] By a"highly scattering coating" is meant a coat-
ing that can be easily viewed in reflected light. The highly
scattering coating may comprise particles of a material
having a relatively high index of refraction such as TiO,
or SiO, or ZnO, for example. Typically, the light scattering
particles have an index of refraction greater than 1.4. The
highly scattering coating can be absorbing or non-ab-
sorbing and has a thickness which is thin enough to sub-
stantially transmit the light emitted by the OLED (trans-
mission >20%, preferably >40%). Optionally, the highly
scattering coating is fluorescent and/or colored.

[0014] By a "highly absorbing coating", is meant one
which substantially absorbs the light emitted by an OLED,
generally corresponding to an absorption >60%, prefer-
ably >90%, most preferably >99%. Optionally additional
properties of the highly absorbing coating, which can ap-
pear alone or in combination with the properties set forth
above, include it being colored, fluorescent, and highly
scattering.

[0015] According to exemplary embodiments of the in-
vention, the highly scattering coating is placed above the
regions of the OLED from which electroluminescent light
is desired to be emitted under nighttime conditions, and
the highly absorbing coating occupies some or all of the
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other regions. A simple implementation for the two types
of coatings is paint. Acrylic enamel is a preferred paint,
but other types of paint may be used. According to one
embodiment, the highly scattering coating comprises
white paint. Of course, other colors, such as green or
red, may be used as the highly scattering coating. Note
that the color emitted by the device during nighttime con-
ditions is determined by the emission color of the OLED.
The layer of non-absorbing paint is selected to be thick
enough to provide good visibility for reflected light in high
ambient light conditions, and thin enough to provide good
visibility for electroluminescent light in low ambient light
conditions.

[0016] The highly absorbing coating may comprise
black paint, for example, or any other color paint which
substantially absorbs the light emitted by an OLED. The
highly absorbing coating is preferably thick enough to
provide good contrast with the highly scattering coating
asreflected light, and to absorb substantially all the OLED
generated light such that substantially no OLED gener-
ated light is emitted from the region of the highly absorb-
ing coating. The thickness of the highly absorbing coating
of course should be sufficientto provide a suitable degree
of absorption, typically no less than 60% absorption. Ex-
amples of highly absorbing coatings other than paint in-
clude opaque materials affixed to the underlying layer,
such as an opaque paper, plastic or metal.

[0017] Regardless of type, the highly scattering or
highly absorbing coatings can be employed in a device
where the OLED is overlaid with an additional substrate
such as a transparent glass or plastic film, which sub-
strate is coated with the highly scattering and/or highly
absorbing coatings. These coatings can be applied by
conventional techniques such as spraying, dipping,
brushing, lamination or by laser printing.

[0018] Generally, the organic light emitting device is
provided as a luminescent display which includes an or-
ganic light emitting layer disposed between two elec-
trodes. The organic light emitting layer emits light upon
application of a voltage across the electrodes. The anode
and cathode inject charge carriers, i.e., holes and elec-
trons, into the organic light emitting layer where they re-
combine to form excited molecules or excitons which emit
light when the molecules or excitons decay. The color of
light emitted by the molecules depends on the energy
difference between the excited state and the ground state
of the molecules or excitons. Typically, the applied volt-
age is about 3-10 volts but can be up to 30 volts or more,
and the external quantum efficiency (photons out/elec-
trons in) is between 0.01% and 5%, but could be up to
10%, 20%, 30%, or more. The organic light emitting layer
typically has a thickness of about 50-500 nanometers,
and the electrodes each typically have a thickness of
about 100-1000 nanometers.

[0019] The cathode generally comprises a material
having a low work function value such that a relatively
small voltage causes emission of electrons from the cath-
ode. The cathode may comprise, for example, calcium
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or a metal such as gold, indium, manganese, tin, lead,
aluminum, silver, magnesium, or a magnesium/silver al-
loy. Alternatively, the cathode can be made of two layers
to enhance electron injection. Examples include a thin
inner layer of LiF followed by a thicker outer layer of alu-
minum or silver, or a thin inner layer of calcium followed
by a thicker outer layer of aluminum or silver.

[0020] The anode typically comprises a material hav-
ing a high work function value. The anode is preferably
transparent so that light generated in the organic light
emitting layer can propagate out of the luminescent dis-
play. The anode may comprise, for example, indium tin
oxide (ITO), tin oxide, nickel, or gold. The electrodes can
be formed by conventional vapor deposition techniques,
such as evaporation or sputtering, for example.

[0021] A variety of organic light emitting layers can be
used in conjunction with exemplary embodiments of the
invention. According to one embodiment, the organic
light emitting layer comprises a single layer. The organic
light emitting layer may comprise, for example, a conju-
gated polymer which is luminescent, a hole-transporting
polymer doped with electron transport molecules and a
luminescent material, or an inert polymer doped with hole
transporting molecules and a luminescent material. The
organic light emitting layer may also comprise an amor-
phous film of luminescent small organic molecules which
can be doped with other luminescent molecules.

[0022] Alternatively, the organic light emitting layer
may comprise two or more sublayers which carry out the
functions of hole injection, hole transport, electron injec-
tion, electron transport and luminescence. Only the lu-
minescent layer is required for a functioning device. How-
ever, the additional sublayers generally increase the ef-
ficiency with which holes and electrons recombine to pro-
duce light. Thus the organic light emitting layer can com-
prise 1-4 sublayers including, for example, a hole injec-
tion sublayer, a hole transport sublayer, a luminescent
sublayer, and an electron injection sublayer. Also, one
or more sublayers may comprises a material which
achieves two or more functions such as hole injection,
hole transport, electron injection, electron transport, and
luminescence.

[0023] Embodimentsinwhichthe organiclight emitting
layer comprises a single layer will now be described.
[0024] According to a first embodiment, the organic
light emitting layer comprises a conjugated polymer. The
term conjugated polymer refers to a polymer which in-
cludes a delocalized pi-electron system along the back-
bone of the polymer. The delocalized pi-electron system
provides semiconducting properties to the polymer and
gives it the ability to support positive and negative charge
carriers with high mobilities along the polymer chain. The
polymer film has a sufficiently low concentration of ex-
trinsic charge carriers than on applying an electric field
between the electrodes, charge carriers are injected into
the polymer and radiation is emitted from the polymer.
Conjugated polymers are discussed, forexample, in R.H.
Friend, 4 Journal of Molecular Electronics 37-46 (1988).
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[0025] One example of a conjugated polymer which
emits light upon application of a voltage is PPV (poly(p-
phenylenevinylene)). PPV emits light in the spectral
range of about 500-690 nanometers and has good re-
sistance to thermal and stress induced cracking. A suit-
able PPV film typically has a thickness of about 100-1000
nanometers. The PPV film can be formed by spin coating
a solution of the precursor to PPV in methanol onto a
substrate and heating in a vacuum oven.

[0026] Various modifications can be made to the PPV
while retaining its luminescent properties. For example,
the phenylene ring of the PPV can optionally carry one
or more substituents each independently selected from
alkyl, alkoxy, halogen, or nitro. Other conjugated poly-
mers derived from PPV may also be used in conjunction
with exemplary embodiments of the invention. Examples
of such derivatives of PPV include: 1) polymers derived
by replacing the phenylene ring with a fused ring system,
e.g., replacing the phenylene ring with an anthracene or
naphthalene ring system. These alternative ring systems
may also carry one or more substituents of the type de-
scribed above with respect to the phenylene ring; 2) pol-
ymers derived by replacing the phenylene ring with a
heterocyclic ring system such as a furan ring. The furan
ring may carry one or more substituents of the type de-
scribed above in connection with the phenylene ring; 3)
polymers derived by increasing the number of vinylene
moieties associated with each phenylene or other ring
system. The above described derivatives have different
energy gaps, which allows flexibility in producing an or-
ganic light emitting layer which emits in a desired color
range or ranges. Additional information on luminescent

conjugated polymers is described in U.S. Patent
5,247,190.
[0027] Other examples of suitable conjugated poly-

mers include polyfluorenes such as 2,7-substituted-9-
substituted fluorenes and 9-substituted fluorene oligom-
ers and polymers. Polyfluorenes generally have good
thermal and chemical stability and high solid-state fluo-
rescence quantum yields. The fluorenes, oligomers and
polymers may be substituted at the 9-position with two
hydrocarbyl moieties which may optionally contain one
or more of sulfur, nitrogen, oxygen, phosphorous or sili-
con heteroatoms; a Cs 5 ring structure formed with the
9-carbon on the fluorene ring or a C4 5 ring structure
formed with the 9-carbon containing one or more heter-
oatoms of sulfur, nitrogen or oxygen; or a hydrocarbyli-
dene moiety. According to one embodiment, the flu-
orenes are substituted at the 2- and 7-positions with aryl
moieties which may further be substituted with moieties
which are capable of crosslinking or chain extension or
atrialkylsiloxy moiety. The fluorene polymers and oligom-
ers may be substituted at the 2- and 7’-positions. The
monomer units of the fluorene oligomers and polymers
are bound to one another at the 2- and 7’-positions. The
2,7’-aryl-9-substituted fluorene oligomers and polymers
may be further reacted with one another to form higher
molecular weight polymers by causing the optional moi-
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eties onthe terminal 2,7’-aryl moieties, which are capable
of crosslinking or chain extension, to undergo chain ex-
tension or crosslinking.

[0028] The above described fluorenes and fluorene ol-
igomers or polymers are readily soluble in common or-
ganic solvents. They are processable into thin films or
coatings by conventional techniques such as spin coat-
ing, spray coating, dip coating and roller coating. Upon
curing, such films demonstrate resistance to common
organic solvents and high heat resistance. Additional in-
formation on such polyfluorenes is described in U.S. Pat-
ent 5,708,130.

[0029] Other suitable polyfluorenes which can be used
in conjunction with exemplary embodiments of the inven-
tion include poly(fluorene) copolymers, such as poly(flu-
orene-co-anthracene)s, which exhibit blue electrolumi-
nescence. These copolymersinclude a polyfluorene sub-
unit such as 2,7-dibromo-9,9-di-n-hexylfluorene (DHF)
and another subunit such as 9,10-dibromoanthracene
(ANT). High molecular weight copolymers from DHF and
ANT can be prepared by the nickel-mediated copolym-
erization of the corresponding aryl dibromides. The final
polymer molecular weight can be controlled by adding
the end capping reagent 2-bromofluorene at different
stages of the polymerization. The copolymers are ther-
mally stable with decomposition temperatures above
400° C and are soluble in common organic solvents such
as tetrahydrofuran (THF), chloroform, xylene, or chlo-
robenzene. They emit blue light having a wavelength of
about 455 nm. Additional information on such polyflu-
orenes is described in Gerrit Klarner et al., "Colorfast
Blue Light Emitting Random Copolymers Derived from
Di-n-hexylfluorene and Anthracene”, 10 Adv. Mater.
993-997 (1998).

[0030] According to a second embodiment of a single
layer device, the organic light emitting layer comprises a
molecularly doped polymer. A molecularly doped poly-
mer typically comprises a binary solid solution of charge
transporting molecules which are moleculary dispersed
in aninert polymeric binder. The charge transporting mol-
ecules enhance the ability of holes and electrons to travel
through the doped polymer and recombine. The inert pol-
ymer offers many alternatives in terms of available do-
pant materials and mechanical properties of the host pol-
ymer binder.

[0031] One example of a molecularly doped polymer
comprises poly(methylmethacrylate) (PMMA) molecu-
larly doped with the hole transporting molecule N,N’-
diphenyl-N,N’-bis (3-methylsphenyl)-1,1’-biphenyl-4,4’-
diamine (TPD) and the luminescent material tris(8-quin-
olinolato)-aluminum(lll) (Alg). TDP has a high hole drift
mobility of 10-3 cm2/volt-sec, while Alq is a luminescent
metal complex having electron transporting properties in
addition to its luminescent properties.

[0032] The doping concentration is typically about
50%, while the molar ratio of TDP to Alg may vary from
about 0.4 to 1.0, for example. A film of the doped PMMA
can be prepared by mixing a dichloroethane solution con-
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taining suitable amounts of TPD, Alg, and PMMA, and
dip coating the solution onto the desired substrate, e.g.,
an indium tin oxide (ITO) electrode. The thickness of the
doped PMMA layer is typically about 100 nanometers.
When activated by application of a voltage, a green emis-
sion is generated. Additional information on such doped
polymers is described in Junji Kido et al., "Organic Elec-
troluminescent Devices Based on Molecularly Doped
Polymers," 61 Appl. Phys. Lett. 761-763 (1992).

[0033] According to another embodiment of the inven-
tion, the organic light emitting layer comprises two sub-
layers. The first sublayer provides hole transport, elec-
tron transport, and luminescent properties and is posi-
tioned adjacentthe cathode. The second sublayer serves
as a hole injection sublayer and is positioned adjacent
the anode. The first sublayer comprises a hole-transport-
ing polymer doped with electron transporting molecules
and a luminescent material, e.g., a dye or a polymer. The
hole-transporting polymer may comprise poly(N-vinyl-
carbazole) (PVK), for example. The electron transport
molecules may comprise 2-(4-biphenyl)-5-(4-tert-butyl-
phenyl)-1,3,4-oxadiazole (PBD), for example. The lumi-
nescent material typically comprises small molecules or
polymers which act as emitting centers to vary the emis-
sion color. For example, the luminescent materials may
comprises the organic dyes coumarin 460 (blue), cou-
marin 6 (green), or nile red. The above materials are
available commercially, for example from Aldrich Chem-
ical Inc., Lancaster Synthesis Inc., TCI America, and
Lambda Physik Inc. Thin films of these blends can be
formed by spin coating a chloroform solution containing
different amounts of PVK, electron transport molecules,
and luminescent materials. For example, a suitable mix-
ture comprises 100 weight percent PVK, 40 weight per-
cent PBD, and 0.2-1.0 weight percent organic dye.
[0034] The second sublayer serves as a hole injection
sublayer and may comprise poly(3,4)ethylenedioxythi-
ophene/polystyrenesulphonate (PEDT/PSS), for exam-
ple, available from Bayer Corporation, which can be ap-
plied by conventional methods such as spin coating. Ad-
ditional information on hole-transporting polymers doped
with electron transporting molecules and a luminescent
material is described in Chung-Chih Wu et al., "Efficient
Organic Electroluminescent Devices Using Single-Layer
Doped Polymer Thin Films with Bipolar Carrier Transport
Abilities," 44 IEEE Trans. On Elec. Devices 1269-1281
(1997).

[0035] Figures 1 and 2 depict an OLED device 100
patterned to provide light in the form of the letter "A". A
desired sign can, of course, be constructed in a modular
manner from a collection of such one-letter or one-sym-
bol signs. Figure 2 is a top view of the OLED in Figure
1. The device in Figures 1 and 2 comprises a metal cath-
ode 105 and an indium tin oxide (ITO) anode 110. These
electrodes 105, 110 are disposed on opposite sides of
an organic light emitting layer 115. In this embodiment,
the cathode 105 is patterned in the form of the letter "A",
butthe anode 110 could just as well be patterned, or both
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electrodes could be patterned. Alternatively, neither elec-
trode could be patterned. A transparent substrate 120 is
adjacent to the anode 110. The highly scattering coating
130 is applied to the substrate 120 in a desired pattern,
e.g. in the form of the letter "A" corresponding to the pat-
terned cathode 105. The highly absorbing coating 135 is
applied to the substrate 120 in the regions not occupied
by the highly scattering coating 130. A barrier layer 107
comprising, for example, glass or an inorganic coating
such as SisN,4 or SiO,, can be applied over the cathode
105 for protection from water and oxygen.

[0036] There are many other possible embodiments
of the invention. For example, the OLED device need not
be patterned at all. The highly absorbing and highly scat-
tering coatings can define the pattern on the sign, al-
though light is wasted with this approach. In addition, the
highly scattering coating 130 can include pigments that
provide color when viewed as reflected light or which
fluoresce. Preferably, such pigments do not substantially
absorb the light emitted by the OLED under nighttime
operation. Alternatively, phosphors can be added to the
highly scattering coating that shift the wavelength of light
emitted by the OLED. The highly absorbing coating can
also be formed by physically attaching opaque substanc-
es such as paper, plastic, or metal onto the regions where
light is not meant to be emitted. The opaque substances
preferably have enough absorption to provide good con-
trast under reflected light viewing.

[0037] One embodiment of the present invention is a
sign at a roadway intersection, such as a STOP sign.
The exterior of the sign can be painted in the familiar red
background and white letters. The interior of the sign can
comprise an OLED. During daytime operation, the sign
is visible, similar to a conventional street sign, due to the
coatings applied to the exterior of the sign. Ambient day-
light is sufficient to illuminate the background and letters
of the sign. At night, and in conditions of low light, the
sign does not depend on reflected artificial light. Rather,
the sign is visible due to its internal light source, which
illuminates the letters of the sign. Light transmission is
attenuated or blocked by the highly absorbing coating.
Because the sign does not rely on a dedicated spotlight
for nighttime visibility, the sign is much more efficient from
an energy usage standpoint. Because the sign does not
rely on automobile headlights for readability, it is visible
to pedestrians, bicyclists, and others who do not have
bright headlights. In addition, the sign is easily visible
from a vehicle at night in rainy conditions where much of
the light from the car headlights is scattered by the rain
droplets.

EXAMPLE 1

[0038] Figures 3-5 show intermediate steps in the pro-
duction of a patterned, green-emitting OLED device ac-
cording to an embodiment of the present invention. An
indium tin oxide (ITO) coated glass (15 ohm-square) sub-
strate 307 was obtained from Applied Films Corporation,
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and portions of the ITO were etched away using the va-
pors of aqua regia to provide the patterned anode 310
shown in Figure 3. This combined substrate 307 and an-
ode 310 was then mechanically cleaned with a detergent,
soaked in a methanol solution followed by a boiling iso-
propyl alcohol solution, and finally placed in an ozone
cleaner for 5 minutes. An approximately 5 nanometer
(nm) layer of poly(3,4)ethylenedioxythiophene/polysty-
renesulphonate (PEDT/PSS) (not shown) from Bayer
Corporation was then spin coated onto the anode 310.
Approximately 100 nm of a polymer blend consisting of
poly(9-vinyl carbazole) (PVK) from Aldrich Co., 2-(4-bi-
phenylyl)- 5-(4- tert- butyl- phenyl)- 1,3,4- oxadiazole
(PBD) from Aldrich Co., and coumarin 540 from Exciton
Co., with weight percent ratios of 70:30:0.5 was then spin
coated onto the PEDT/PSS layer using dichloroethane
as the solvent. Next, as shown in Figure 4, a cathode
305 comprising an approximately 0.8 nm layer of lithium
fluoride followed by about 100 nm of aluminum was evap-
orated onto the device through a shadow mask to define
the cathode pattern shown in Figure 4. The device was
then transferred to a glove box, and a glass slide was
attached to the cathode side of the device with epoxy to
provide encapsulation. The resulting device consisted of
fourindependently addressable organic light emitting de-
vices 405 that each emitted green light in a square pat-
tern, defined by the areas where the cathodes 305 over-
lap the anode 310.

[0039] A sign 500 illustrating the invention, shown in
Figure 5, was then made with this patterned OLED in the
following manner. A highly scattering coating 510 com-
prising a white paint (Acrylic Enamel Industrial Tough
Coat from Krylon - a division of Sherwin-Williams Com-
pany) was sprayed onto the transparent substrate 307
side of the device above one of the addressable squares.
Around the white paint, a highly absorbing coating 505
comprising black paint (Flat Enamel 1149 Black from
Testors Co.) was applied by means of a brush. Note that
the square 510 comprising the highly scattering coating
corresponds to one of the four elements 405 in Figure 4.
Under low ambient light conditions, the sign 500 can be
activated by applying a voltage across the electrodes.
For this particular device, when a voltage is applied, the
square 510 lights up with a green color against a black
background. With a voltage of 12 volts (V), a luminance
of about 30 Cd/m2 was measured. At this brightness lev-
el, the green sign is easily seenin the dark. With a voltage
of 20V, a luminance of about 500 Cd/m? was measured.
At this brightness level, the green sign is easily seen in
a well-litindoor environment, or outdoors on an overcast
day. In bright daylight, the sign is clearly visible as a white
square against a black background due to the coatings
applied to the exterior of the sign.

EXAMPLE 2

[0040] A patterned, red-emitting OLED device was
made in the following manner. Indium tin oxide (ITO)
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coated glass (15 ohm-square) was obtained from Applied
Films Corporation, and portions of it were etched away
using the vapors of aqua regia to provide the ITO pattern
shown in Figure 3. This substrate was then mechanically
cleaned with a detergent, soaked in a methanol solution
followed by a boiling isopropyl alcohol solution, and finally
placed in an ozone cleaner for 5 minutes. An approxi-
mately 20 nm layer of poly(3,4)ethylenedioxythiophene/
polystyrenesulphonate (PEDT/PSS) from Bayer Corpo-
ration was then spin coated onto the ITO. Approximately
50 nm of a red-emitting polymer (Red-A obtained from
Dow Chemical Co.) was then spin coated onto the
PEDT/PSS layer using xylene as the solvent. Next, a
cathode consisting of an approximately 0.8 nm layer of
lithium fluoride followed by about 200 nm of aluminum
was evaporated onto the device through a shadow-mask
to define the cathode pattern shown in Figure 6. The cath-
ode deposition was carried out in a glove box. After cath-
ode deposition, a glass slide was attached to the cathode
side of the device with epoxy to provide encapsulation.
The resulting device consists of 2 independently ad-
dressable OLEDs which emit red light in a rectangular
pattern.

[0041] A sign illustrating this invention was then made
with this patterned OLED in the following manner. A high-
ly scattering red fluorescent coating (Fluorescent Red
#FS28915 available from Model Master) with a similar
red color to that of the OLED emission color was sprayed
onto a glass slide. The area of the slide covered by the
fluorescent red coating was chosen to match the emis-
sive area of one of the OLED devices when the glass
slide is overlayed onto the emitting surface of the OLED
device. Around this fluorescent red region of the slide, a
highly absorbing coating consisting of a black paint (Kry-
lon Industrial tough coat latex enamel #563725 semi-flat
black) was sprayed around the rectangle as illustrated in
Figure 7. The slide was then overlayed onto the emissive
side of the OLED device to complete the sign in the form
of arectangle. In bright daylight, the sign is clearly visible
as a fluorescent red rectangle against a black back-
ground. Under low ambient light conditions, the sign can
be activated by applying a voltage across the device. For
this particular device, when a voltage is applied, the rec-
tangle lights up with a red color against a black back-
ground. With a voltage of 5V, a luminance of about 120
Cd/m2 was measured. At this brightness level, the red
sign is easily seen in a well-litindoor environment or out-
doors on an overcast day. For this particular example,
the transmission of the red light emitted by the OLED
through the fluorescent red coating was measured to be
approximately 40%, and the absorption of the red light
emitted by the OLED through the black absorbing coating
was greater than 99%. This embodiment also illustrates
that one or more of the highly absorbing coating and the
highly scattering coating can be applied to an additional
substrate (in this case a glass slide) rather than directly
onto the OLED.
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EXAMPLE 3

[0042] A patterned, green-emitting OLED device was
made in the following manner. Indium tin oxide (ITO)
coated glass (15 ohm-square) was obtained from Applied
Films Corporation, and portions of it were etched away
using the vapors of aqua regia to provide the ITO pattern
shown in Figure 3. This substrate was then mechanically
cleaned with a detergent, soaked in a methanol solution
followed by a boiling isopropyl alcohol solution, and finally
placed in an ozone cleaner for 5 minutes. An approxi-
mately 30 nm layer of poly(3,4)ethylenedioxythiophene/
polystyrenesulphonate (PEDT/PSS) from Bayer Corpo-
ration was then spin coated onto the ITO. Approximately
70 nm of a green-emitting polymer (Green-B purchased
from Dow Chemical Co.) was then spin coated onto the
PEDT/PSS layer using xylene as the solvent. Next, a
cathode consisting of an approximately 0.8 nm layer of
lithium fluoride followed by about 200 nm of aluminum
was evaporated onto the device through a shadow-mask
to define the cathode pattern shownin Figure 6. The cath-
ode deposition was carried out in a glove box. After dep-
osition of the cathode, a glass slide was attached to the
cathode side of the device with epoxy in order to provide
encapsulation. The resulting device consists of two in-
dependently addressable OLEDs which emit green light
in a rectangular pattern.

[0043] A sign illustrating this invention was then made
with this patterned OLED in the following manner. A high-
ly scattering green coating (Testor's Spray Enamel
#1601 Transparent Candy Emerald Green) with a green
color similar to that of the OLED emission color was
sprayed onto a thin transparent plastic film (3M Trans-
parency Film PP2200). The area of the film covered by
the green coating was chosen to match the emissive area
of one of the OLED devices when the film is overlayed
onto the emitting surface of the OLED device. Around
this green region of the slide, a thick layer of a highly
scattering coating consisting of a white paint (Acrylic
Enamel Industrial Tough Coat from Krylon - a division of
Sherwin-Williams Company) was sprayed around the
rectangle as illustrated in Figure 8. The transparent plas-
tic film was then overlayed onto the emissive side of the
OLED device to complete the sign in the form of a rec-
tangle. In bright daylight, the sign is clearly visible as a
green rectangle against a white background. Under low
ambient light conditions, the sign can be activated by
applying a voltage across the device. For this particular
device, when a voltage is applied, the rectangle lights up
with a green color against a white background. With a
voltage of 4.5V, a luminance of about 1200 Cd/m?2 was
measured. At this brightness level, the green sign is eas-
ily seen in a well-lit indoor environment or outdoors on
an overcast day. For this particular example, the trans-
mission for the green light emitted by the OLED through
the green coating was measured to be approximately
40%, and the absorption of the green light emitted by the
OLED through the white absorbing coating was meas-
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ured to be about 90%. This example demonstrates that
one or more of the highly absorbing coating and the highly
scattering coating can be applied to an additional sub-
strate (in this case a thin transparent plastic film) rather
than directly onto the OLED. The example also shows
that the a white paint can serve as the highly absorbing
layer if it has a sufficient thickness (as in this EXAMPLE
3), or as the highly scattering layer if it is thin (as in EX-
AMPLE 1).

[0044] Additional embodiments of the invention in-
volve various methods of implementing the outdoor dis-
play. The simplest method is to continuously provide
power to the OLED day and night. This method may not
be the most desirable mode of operation, because during
the high ambient light conditions of daylight, the sign is
read through reflected light rather than OLED light and
hence power is wasted. An alternative method involves
utilizing a timing circuit to power the OLED during a se-
lected time interval (e.g., at night). This method is more
desirable than the first, but is not effective during unex-
pected low ambient light conditions such as during an
overcast day. A more desirable method involves control-
ling the powering of the OLED using a circuit which in-
cludes a photosensor or electric eye that can sense when
low ambient light occurs and which provides power to
the OLED at these times. The circuit can be designed to
provide a fixed voltage to the OLED when the ambient
light drops below a pre-set threshold value, or the circuit
can modify the voltage applied to the OLED continuously
in response to the ambient lighting conditions.

[0045] While the foregoing description includes many
details, it is to be understood that these have been in-
cluded for purposes of explanation only, and are not to
be interpreted as limitations of the present invention.
[0046] For completeness, various aspects of the in-
vention are set out in the following numbered clauses:

1. A display device comprising:

an organic light emitting device comprising an
organic light emitting layer disposed between
two electrodes, whereby said organic light emit-
ting layer luminesces when electricity flows be-
tween said electrodes;

a highly absorbing coating on a first region of
the organic light emitting device; and

a highly scattering coating on a second region
of the organic light emitting device.

2. Thedisplay device of clause 1, wherein the organic
light emitting layer comprises a plurality of organic
layers.

3. The display device of clause 1, wherein the highly
scattering coating comprises particles having an in-
dex of refraction greater than 1.4.
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4. The display device of clause 3, wherein the parti-
cles comprise TiO,, Zn0O, and/or SiO,.

5. The display device of clause 1, wherein the highly
scattering coating comprises a pigment.

6. The display device of clause 5, wherein the pig-
ment comprises a fluorescent material.

7. The display device of clause 1, wherein the first
and second regions form a random pattern on the
organic light emitting device.

8. The display device of clause 1, wherein at least
one of the electrodes is substantially transparent.

9. The display device of clause 1, further comprising
a substrate between the highly scattering coating
and one of the two electrodes.

10. The display device of clause 9, wherein the elec-
trode and the substrate are both substantially trans-
parent.

11. The display device of clause 1, wherein at least
one of the highly scattering coating and the highly
absorbing coating comprises paint.

12. Thedisplay device of clause 1, wherein said high-
ly absorbing coating comprises an opaque material.

13. The display device of clause 1, wherein at least
one of the highly scattering coating and the highly
absorbing coating is applied to a substrate, and the
substrate is laminated onto the organic light emitting
device.

14. The display device of clause 1, wherein said high-
ly absorbing coating comprises paper, plastic, or
metal.

15. The display device of clause 1, wherein at least
one of the electrodes is patterned.

16. The display device of clause 15, in the form of a
street sign.

17. The display device of clause 16, wherein the lu-
minance of the display device is between about 30
Cd/m?2 and 10,000 Cd/m?2.

18. The display device of clause 17, wherein the volt-
age applied between the electrodes is between 2
volts and 20 volts.

19. The display device of clause 11, wherein the
highly scattering coating changes the observed color
of the organic light emitting layer.
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20. The display device of clause 19, wherein the
highly absorbing coating is at least one of colored,
fluorescent and scattering.

21. The display device of clause 19, wherein said
highly scattering coating comprises a fluorescent
material.

22. Amethod for making a display device comprising
the steps of:

coating a first electrode layer with an organic
light emitting layer;

coating the organic light emitting layer with a
second electrode layer;

applying a highly scattering coating and a highly
absorbing coating above the organic light emit-
ting layer, corresponding to a pattern to be dis-
played.

23. The method of clause 22, wherein at least one
of said electrode layers forms a pattern correspond-
ing to the pattern to be displayed.

24. The method of clause 22, comprising applying
the highly scattering coating and the highly absorb-
ing coating to form a randomly displayed pattern.

25. The method of clause 22, wherein at least one
of said electrodes is transparent or substantially
transparent.

26. The method of clause 23, further comprising ap-
plying the highly scattering coating in a pattern cor-
responding to the pattern formed by at least one of
said electrode layers.

27. The method of clause 23, wherein the first elec-
trode layer forms a pattern and the second electrode
layer is substantially transparent.

28. The method of clause 22, wherein the highly scat-
tering layer comprises particles having an index of
refraction greater than 1.4.

29. The method of clause 28, wherein said particles
comprise TiO,, ZnO, and/or SiO,.

30. The method of clause 22, wherein the highly scat-
tering coating comprises a pigment.

31. The method of clause 30, wherein the pigment
comprises a fluorescent material.

32. The method of clause 22, wherein the highly scat-
tering coating, the highly absorbing coating, or both
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comprise paint.

33. Themethod of clause 22, wherein the highly scat-
tering coating and the highly absorbing coating, or
both comprise paper, plastic, or metal.

34. The method of clause 22, wherein the luminance
of the display device is between about 30 Cd/m?2 and
10,000 Cd/m?2.

35. The method of clause 22, wherein the voltage
applied between the electrodes is between 2 volts
and 20 volts.

36. The method of clause 22, wherein the highly scat-
tering coating changes the observed color of the or-
ganic light emitting layer.

37. The method of clause 22, comprising coating the
first electrode layer with a plurality of organic layers.

38. The method of clause 22, further comprising the
step of adding a substrate layer between the highly
scattering coating and said electrode.

39. The method of clause 38, wherein both said sub-
strate and said electrode are transparent or substan-
tially transparent.

40. A method for displaying a pattern visible in both
light and dark comprising the step of applying elec-
tricity between said electrodes of the device of clause
1 whenitis dark, and not applying electricity between
said electrodes when it is light.

41. The method of clause 40, wherein the step of
applying electricity is controlled with an electric eye
which applies electricity between the electrodes de-
pendent on the level of light.

42. The device of clause 1, further comprising a de-
vice which controllably applies electricity between
said electrodes depending on the amount of light.

Claims

A display device comprising:

an organic light emitting device comprising an
organic light emitting layer disposed between
two electrodes, whereby said organic light emit-
ting layer luminesces when electricity flows be-
tween said electrodes;

a light absorbing coating on a first region of the
organic light emitting device for absorbing light
generated by the organic light emitting layer; and
a light scattering coating on a second region of
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the organic light emitting device,

wherein the first region and the second region are
distinct and non-overlapping.

The display device of claim 1, wherein the organic
light emitting layer comprises a plurality of organic
layers.

The display device of claim 1, wherein at least one
of the electrodes is substantially transparent.

The display device of claim 1, further comprising a
substrate between the highly scattering coating and
one of the two electrodes.

The display device of claim 1, wherein at least one
of the highly scattering coating and the highly ab-
sorbing coating is applied to a substrate, and the
substrate is laminated onto the organic light emitting
device.

The device of any preceding claim, further compris-
ing a device which controllably applies electricity be-
tween said electrodes depending on the amount of
light.

A method for making a display device comprising
the steps of:

coating a first electrode layer with an organic
light emitting layer;

coating the organic light emitting layer with a
second electrode layer;

applying a light scattering coating and a light ab-
sorbing coating for absorbing light generated by
the organic light emitting layer above the organic
light emitting layer, corresponding to a pattern
to be displayed,

wherein the lightabsorbing coating and the light scat-
tering coatings are present in distinct and non-over-
lapping regions and are disposed above the organic
light emitting layer.

The method of claim 7, further comprising the step
of adding a substrate layer between the highly scat-
tering coating and said electrode.

A method for displaying a pattern visible in both light
and dark comprising the step of applying electricity
between said electrodes of the device of claim 1
when it is dark, and not applying electricity between
said electrodes when it is light.

The method of claim 9, wherein the step of applying
electricity is controlled with an electric eye which ap-
plies electricity between the electrodes dependent
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on the level of light.

Patentanspriiche

1.

Displayanordnung, aufweisend:

eine organische Licht emittierende Anordnung,
aufweisend eine organische Licht emittierende
Schicht, die sich zwischen zwei Elektroden be-
findet, wobei die organische Licht emittierende
Schicht luminesziert, wenn Elektrizitat zwischen
den Elektroden flief3t,

eine Licht absorbierende Beschichtung auf ei-
nem ersten Bereich der organischen Licht emit-
tierenden Anordnung zum Absorbieren von
Licht, welches durch die organische Licht emit-
tierende Schicht erzeugt wird, und

eine Licht streuende Beschichtung auf einem
zweiten Bereich der organischen Licht emittie-
renden Anordnung

wobei der erste Bereich und der zweite Bereich von-
einander verschieden und nicht Gberlappend sind.

Displayanordnung nach Anspruch 1, wobei die or-
ganische Licht emittierende Schicht eine Vielzahl
von organischen Schichten aufweist.

Displayanordnung nach Anspruch 1, wobei zumin-
dest eine der Elektroden im Wesentlichen transpa-
rent ist.

Displayanordnung nach Anspruch 1, weiterhin auf-
weisend ein Substrat zwischen der hochstreuenden
Beschichtung und einer der beiden Elektroden.

Displayanordnung nach Anspruch 1, wobei zumin-
dest eine der hochstreuenden Beschichtungen und
der hochabsorbierenden Beschichtung auf ein Sub-
strat aufgebracht wird und das Substrat auf die or-
ganische Licht emittierende Anordnung laminiert
wird.

Anordnung nach irgendeinem der vorhergehenden
Anspriiche, weiterhin aufweisend eine Anordnung,
die kontrollierbar in Abhangigkeit von der Menge des
Lichts Elektrizitat zwischen die Elektroden aufbringt.

Verfahren zur Herstellung einer Displayanordnung,
aufweisend die Schritte:

Beschichtung einer ersten Elektrodenschicht
mit einer organischen Licht emittierenden
Schicht,
Beschichten der organischen Licht emittieren-
den Schicht mit einer zweiten Elektroden-
schicht,
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Aufbringen einer Licht streuenden Beschich-
tung und einer Licht absorbierenden Beschich-
tung zur Absorption von Licht, welches durch
die organische Licht emittierende Schicht er-
zeugtwird, oberhalb der organischen Licht emit-
tierenden Schicht, korrespondierend zu einem
darzustellenden Muster,

wobei die Licht absorbierende Beschichtung und die
Licht streuenden Beschichtungen in unterschiedli-
chenund nicht Giberlappenden Bereichen vorhanden
sind und oberhalb der organischen Licht emittieren-
den Schicht angeordnet sind.

Verfahren nach Anspruch 7, weiterhin aufweisend
den Schritt der Zugabe einer Substratschicht zwi-
schen die hochstreuende Beschichtung und die
Elektrode.

Verfahren zur Anzeige eines Musters, welches so-
wohlim Hellen als auch im Dunkeln sichtbar ist, auf-
weisend den Schritt des Aufbringens von Elektrizitat
zwischen die Elektroden der Anordnung nach An-
spruch 1, wenn es dunkel ist, und des nicht Aufbrin-
gens von Elektrizitdt zwischen die Elektroden, wenn
es hell ist.

Verfahren nach Anspruch 9, wobei der Schritt des
Aufbringens von Elektrizitdt mit einem elektrischen
Auge kontrolliert wird, welches Elektrizitat zwischen
den Elektroden in Abhangigkeit von der Menge an
Licht aufbringt.

Revendications

1.

Dispositif d’affichage comprenant :

un dispositif émetteur de lumiére organique
comprenant une couche émettrice de lumiére
organique disposée entre deux électrodes, de
telle sorte que ladite couche émettrice de lumié-
re organique devient lumineuse lorsque de
I'électricité circule entre lesdites électrodes ;
un revétement absorbant la lumiére sur une pre-
miére zone du dispositif émetteur de lumiére or-
ganique afin d’absorber la lumiére produite par
la couche émettrice de lumiére organique ; et
un revétement diffusant la lumiére sur une se-
conde zone du dispositif émetteur de lumiére
organique,

dans lequel la premiére zone et la seconde zone
sont distinctes et ne se recouvrent pas.

Dispositif d’affichage selon la revendication 1, dans
lequel la couche émettrice de lumiére organique
comprend une pluralité de couches organiques.
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Dispositif d’affichage selon la revendication 1, dans
lequel au moins I'une des électrodes est sensible-
ment transparente.

Dispositif d’affichage selon la revendication 1, com-
prenant, en outre, un substrat entre le revétement
fortement diffusant et celui des deux électrodes.

Dispositif d’affichage selon la revendication 1, dans
lequel au moins I'un du revétement fortement diffu-
sant et du revétement fortement absorbant est ap-
pliqué sur un substrat, et le substrat est laminé sur
le dispositif émetteur de lumiére organique.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant, en outre, un dispositif qui
applique maniére commandée de I'électricité entre
lesdites électrodes en fonction de la quantité de lu-
miére.

Procédé de réalisation d’'un dispositif d’affichage
comprenant les étapes de:

revétement d’'une premiére couche d’électrode

avec une couche émettrice de Ilumiére
organique ;
revétement de la couche émettrice de lumiére
organique avec une seconde couche
d’électrode ;

application d’'un revétement diffusant la lumiéere
et d’'un revétement absorbant la lumiére destiné
a absorber la lumiére produite par la couche
émettrice de lumiére organique au-dessus de la
couche émettrice de lumiére organique, en cor-
respondance avec un motif a afficher,

dans lequel le revétement absorbant la lumiére et le
revétement diffusant la lumiére sont présents dans
des zones distinctes et ne se recouvrant pas et sont
disposés au-dessus de la couche émettrice de lu-
miére organique.

Procédé selon la revendication 7, comprenant, en
outre, I'étape d’ajout d’'une couche de substrat entre
le revétement fortement diffusant et ladite électrode.

Procédé d’affichage d’un motif visible a la fois clair
et sombre comprenant I'étape d’application d’élec-
tricité entre lesdites électrodes du dispositif selon la
revendication 1, lorsqu’il est sombre, et de non ap-
plication d’électricité entre lesdites électrodes, lors-
qu'il est clair.

Procédé selonlarevendication 9, dans lequel I'étape
d’application d’électricité est commandée avec un
oeil électronique qui applique de I'électricité entre
les électrodes en fonction du niveau de lumiére.



EP 1164 817 B1

FIG. 1

130 135

100
AW

120—"

110
115—>

107—"

[
105

FIG. 2

1 [ ]

135

130 —

12



EP 1164 817 B1

310 LY
T
O
L]

13



EP 1164 817 B1

FIG. 8

14



EP 1164 817 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 5962962 A [0004]
US 5902688 A [0006]

-patent literature cited in the description

R.H. FRIEND. Journal of Molecular Electronics,
1988, vol. 4, 37-46 [0024]

JUNJI KIDO et al. Organic Electroluminescent De-
vices Based on Molecularly Doped Polymers. Appl.
Phys. Lett., 1992, vol. 61, 761-763 [0032]

15

US 5247190 A [0026]
US 5708130 A [0028]

CHUNG-CHIH WU et al. Efficient Organic Electrolu-
minescent Devices Using Single-Layer Doped Poly-
mer Thin Films with Bipolar Carrier Transport Abili-
ties. IEEE Trans. On Elec. Devices, 1997, vol. 44,
1269-1281 [0034]



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap
FABBEXEREE
EP1164817B1 NFF(RE)R 2009-01-07
EP2001305028 RiFH 2001-06-08
BRBESANHE
BRBESANTE

BRBRSXTH

[ﬁ\]iviﬁﬂk DUGGAL ANIL RAJ

TURNER LARRY GENE
EHBA DUGGAL, ANIL RAJ

TURNER, LARRY GENE
IPCH %S HO05B33/12 HO5B33/10 HO5B33/22 HO1L51/50 HO5B33/02 HO1L51/52
CPCH k5 HO01L27/3239 HO1L51/5281 HO5B33/10 HO5B33/12 H0O5B33/22
L&A 09/592075 2000-06-12 US
H N FF sk EP1164817A3

EP1164817A2
SAEREERE Espacenet
BEGR) I1G. 7
—FFIAENA KBS (OLED ) BRMWAMRENBEEMA S E, B 700 —_ e thd
REEBH RIS SIEOLED , HEERILKTS  ZABEHE 725 I i
OLED% ¥ X 15 F 75 ) 5 857 A9 SRR B R IR & ¢ K 450 b i 35 IR Ut 770
BREER. EREERFENKERGTALUMERENEBEX (EL) I 5
KMEBHIFE , FEATFADBRE | LA NESTEXR RS TUE, e 165

735

730 —



https://share-analytics.zhihuiya.com/view/b8028f3a-6859-4eb7-a76b-c8a8d5caa3f5
https://worldwide.espacenet.com/patent/search/family/024369174/publication/EP1164817B1?q=EP1164817B1

