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(57) ABSTRACT

An OLED display, comprising: a substrate; an OLED having
two spaced-apart electrodes and organic layers disposed there
between, and the OLED disposed over the substrate; an
encapsulation container fixed by perimeter seal to the sub-
strate and disposed over the OLED to provide an enclosure;
and the substrate or the encapsulation container, or both,
including compliant regions that flex, compress, or expand
under stress and reduce stress transfer between the substrate
and the encapsulation container through the perimeter seal.
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PREVENTING STRESS TRANSFER IN OLED
DISPLAY COMPONENTS

FIELD OF THE INVENTION

[0001] The present invention relates to OLED displays and
more particularly to providing moisture protection for the
OLED in the display.

BACKGROUND OF THE INVENTION

[0002] An organic light-emitting diode device, also called
an OLED device, commonly includes a substrate, an anode, a
hole-transporting layer made of an organic compound, an
organic luminescent layer with suitable dopants, an organic
electron-transporting layer, and a cathode. OLED devices are
attractive because of their low driving voltage, high lumi-
nance, wide-angle viewing, and capability for full-color flat
emission displays. Tang et al. described this multilayer OLED
device in their U.S. Pat. Nos. 4,769,292 and 4,885,211.
[0003] A common problem with OLED displays is sensi-
tivity to moisture. They can be particular highly moisture-
sensitive electronic devices, and require humidity control to
levels below about 1000 ppm and some require humidity
control below even 100 ppm. Often, an encapsulation con-
tainer encloses the OLED device and is secured to the sub-
strate to form an enclosure. Desiccant material is formed on
the inside surface of the enclosure to protect the OLED from
moisture. A problem with this arrangement is that stress can
be transferred between the substrate and the encapsulation
container thereby causing mechanical damage to either or
either of such elements (e.g. cracking) or to the adhesive used
to secure the substrate and encapsulation container (e.g.
delamination or cracking). This is particularly a problem as
the OLED displays become larger and can flex during han-
dling. This can also be a problem when the substrate and the
encapsulation container comprise different materials with
different coefficients of expansion.

SUMMARY OF THE INVENTION

[0004] It is therefore an object of the present invention to
provide an OLED display sealed against moisture that it
reduces damage to a substrate and a perimeter seal.

[0005] This object is achieved by an OLED display, com-
prising:

[0006] a. a substrate;

[0007] b.an OLED having two spaced-apatt electrodes and

organic layers disposed there between and the OLED being
disposed over the substrate;

[0008] c.anencapsulation container fixed by perimeter seal
to the substrate and disposed over the OLED to provide an
enclosure; and

[0009] d. the substrate or the encapsulation container or
both, including compliant regions that flex, compress, or
expand under stress and reduce stress transfer between the
substrate or the encapsulation container through the perim-
eter seal.

[0010] It is an advantage of this invention that it reduces
damage to the substrate, to an encapsulation container, and to
a perimeter seal joining the substrate and encapsulation con-
tainer in an OLED display. It is a further advantage of this
invention that it permits the use of materials with different
expansion characteristics for the substrate and encapsulation
container. It is a further advantage of this invention that it
reduces damage to the OLED display caused by other types of
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stress, such as flexing. It is a further advantage of this inven-
tion that the reduction in damage will increase yield in manu-
facturing and reduce the cost of OLED displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a cross-sectional view of one embodi-
ment of an encapsulated OLED display including compliant
regions according to this invention;

[0012] FIG. 2 shows a top view of one embodiment of an
encapsulation container as used in FIG. 1;

[0013] FIG. 3 shows a cross-sectional view of another
embodiment of an encapsulation container according to this
invention;

[0014] FIG. 4 shows a cross-sectional view of another
embodiment of an encapsulated OLED display including
compliant regions according to this invention; and

[0015] FIG. 5 shows a cross-sectional view of another
embodiment of an encapsulated OLED display including
compliant regions according to this invention.

[0016] Since device feature dimensions such as layer thick-
nesses are frequently in sub-micrometer ranges, the drawings
are scaled for ease of visualization rather than dimensional
accuracy.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Theterm “OLED device” or “organic light-emitting
display” is used in its art-recognized meaning of a display
device comprising organic light-emitting diodes as pixels.
The term “bottom-emitting” refers to display devices that
emit light and are viewed through the substrate upon which
they are based. The term “top-emitting” refers to display
devices in which light is primarily not emitted through the
substrate but opposite to the substrate, and are viewed through
the side opposite to the substrate. The term “desiccant” is
employed to designate organic or inorganic materials used to
physically or chemically absorb or react with moisture that
would otherwise damage the highly moisture-sensitive elec-
tronic devices.

[0018] Turning now to FIG. 1, there is shown a cross-
sectional view of one embodiment of an encapsulated OLED
display including compliant regions according to this inven-
tion. OLED display 100 is formed over substrate 10. OLED
display 100 includes an OLED 25 disposed over substrate 10
and having organic layers 30 disposed between two spaced-
apart electrodes 20 and 40. An encapsulation container 70 is
disposed over OLED 25 and is fixed to substrate 10 by perim-
eter seal 50, providing enclosure 55. A desiccant 60 can be
located in enclosure 55 to protect the OLED display from
moisture incursion around or through perimeter seal 50.
Encapsulation container 70 includes one or more compliant
regions 75 that can flex, compress, or expand under stress.
The compressing, expanding, or flexing of compliant regions
75 under stress reduces the stress transferred from encapsu-
lation container 70 to substrate 10 or to perimeter seal 50, and
from substrate 10 to encapsulation container 70 or to perim-
eter seal 50. Encapsulation container 70 can also include
sealing base 85, which is a region designed to form a seal with
perimeter seal 50, and a fitting region 80, which is designed to
shape the encapsulation container to fit over OLED 25. Flex-
ing, compressing, or expanding of the compliant regions also
reduces the stress transferred from the inner portion of the
encapsulation container 70 to the seal base 85. The compliant
regions can be formed by any way that provides for sufficient
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flexing, compressing, or expanding. The compliant regions
can comprise multiple bends in a thin flexible material such as
metal foils, polymer films, or rubbers to form accordion-like
regions. Alternately, solid compliant materials such as poly-
mers can form the compliant regions or rubbers that have
sufficiently low modulus. These solid compliant materials
can be a single material or composite materials including
other organic or inorganic components.

[0019] Encapsulation container 70 can comprisean organic
solid, an inorganic solid, or a combination of organic and
inorganic solids. Encapsulation container 70 can be flexible,
or can include a flexible portion and a rigid portion, and can be
processed as separate individual pieces, such as sheets or
wafers, or as continuous rolls. Typical encapsulation con-
tainer materials include glass, plastic, metal, ceramic, semi-
conductor, metal oxide, metal nitride, metal sulfide, semicon-
ductor oxide, semiconductor nitride, semiconductor sulfide,
carbon or combinations thereof. Encapsulation container 70,
oraportion thereof, can be a flexible foil, e.g. a metal foil such
as aluminum foil, a metal-coated polymer sheet, or a multi-
layer laminated foil comprising a polymer layer, a graphite
layer, and a layer of aluminum foil. One example of the latter
material is eGraf, which is commercially available from
Graftech. In one desirable embodiment, encapsulation con-
tainer 70 is a metal foil. The portion of encapsulation con-
tainer 70 over organic layers 30 is transparent if OLED dis-
play 100 is top-emitting, but portions that cover non-emitting
regions can be opaque. Encapsulation container 70 can be a
homogeneous mixture of materials, a composite of materials,
multiple layers of materials, or an assembly of multiple mate-
rials such as a rigid transparent window with an opaque frame
and flexible foil in the compliant regions.

[0020] Turning now to FIG. 2, there is shown a top view of
one embodiment of an encapsulation container 70 as used in
FIG. 1. Sealing base 85 encircles the entire encapsulation
container, to provide a complete seal around the OLED dis-
play. To reduce stress transfer, compliant region 75 can be
provided inside sealing base 85. All or part of encapsulation
container 70 can be formed of a flexible foil. Encapsulation
container 70 is desirably formed of flexible foil in compliant
region 75, and the compliant regions can be provided by
spaced-apart bends in the foil. Other regions of encapsulation
container 70 can be flexible or rigid. Encapsulation container
70 can also include a rigid portion 90 disposed between or
within the compliant regions. Rigid portion 90 can be trans-
parent, e.g. for viewing a top-emitting OLED display.
[0021] Turning now to FIG. 3, there is shown a cross-
sectional view of another embodiment of an encapsulation
container according to this invention. Encapsulation con-
tainer 150 has a compliant region 160 on the vertical portions
of the encapsulation container.

[0022] Turning now to FIG. 4, there is shown a cross-
sectional view of another embodiment of an encapsulated
OLED display including compliant regions according to this
invention. OLED display 200 includes a substrate 210 that is
formed of a flexible material. The substrate 210 can be plastic
with amoisture barrier coating or can be a transparent portion
of glass or plastic with compliant regions and seal regions of
metal foil, plastic, rubber, or other compliant materials. For
top emitting OLED devices the substrate 210 can be opaque
and can be formed of a metal foil or rigid metal with compli-
ant regions of metal foil, plastic, rubber, or other compliant
materials. Substrate 210 can include compliant regions 230
that are provided by spaced-apart bends in the substrate, by
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solid compliant materials as discussed in FIG. 1, or by flex-
ures formed in the substrate as described below in the
embodiment of FIG. 5. Encapsulation container 240 can be a
rigid material or can include compliant regions as described
above.

[0023] Turning now to FIG. 5, there is shown a cross-
sectional view of another embodiment of an encapsulated
OLED display 250 including compliant regions 270 accord-
ing to this invention. In this embodiment the compliant
regions are formed by flexures that comprise only one or two
bends in a thin flexible material such as metal foils, polymer
films, or rubbers. The flexure formed by the combination of
the material and the geometry must be capable of reducing the
stress transferred between encapsulation container 260 and
substrate 10 through the perimeter seal.

[0024] Akey design parameter for the flexure-type compli-
ant regions of the embodiment of FIG. 5 and the compliant
regions of the embodiments of FIG. 1, FIG. 2, FIG. 3, and
FIG. 4 relates to the level of stress transferred between the
substrate and the encapsulation container through the perim-
eter seal. Thelevel of stress transferred due to thermal expan-
sion or contraction, due to flexing ofthe OLED display, or due
to any other forces applied to the substrate, encapsulation
container, or the perimeter seal must remain less than the
cohesive and adhesive strengths of the substrate, encapsula-
tion container, and perimeter seal. Delamination of the encap-
sulation container from the perimeter seal or the substrate
from the perimeter seal is particularly sensitive to peel forces
between the perimeter seal and either the encapsulation con-
tainer or the substrate. To insure robust encapsulation of the
OLED display, the compliant regions must be designed to
maintain peel stress levels below the peel strength of both the
perimeter seal to substrate and the perimeter seal to encapsu-
lation container. The specific level of compliance depends on
the material choices for the substrate, encapsulation con-
tainer, and perimeter seal, as well as the level of stress to
which the OLED display will exposed during the manufac-
turing and use of the display.

[0025] Perimeter seal 50 can be organic, inorganic, or a
combination of organic and inorganic. The organic perimeter
seal material can include epoxies, polyurethanes, acrylates,
silicones, polyamides, polyolefins, and polyesters, or combi-
nations thereof. The inorganic perimeter seal material can
include glass, ceramic, metal, semiconductor, metal oxide,
semiconductor oxide, and metal solder, or combinations
thereof The perimeter seal can be bonded between the sub-
strate and the encapsulation container in a bonding step
accomplished by pressing, by melting and cooling, by reac-
tion curing, or by a combination thereof Typical materials
bonded by pressure include pressure-sensitive adhesives.
Typical materials bonded by melting and cooling include
glass; hot melt adhesives such as polyolefins, polyesters,
polyamides, or combinations thereof, or inorganic solders
such as indium, tin, lead, silver, gold, or combinations
thereof. Typical reaction curing methods include reactions
resulting from heat, radiation such as UV radiation, mixing of
two or more components, removal of ambient oxygen, or
combinations thereof. Typical materials bonded by reaction
curing include acrylates, epoxies, polyurethanes, silicones, or
combinations thereof. Other inorganic materials typically
used in adhesive materials include glass, ceramic, metal,
semiconductor, metal oxide, semiconductor oxide, or combi-
nations thereof.
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[0026] Stress in the OLED display can come from several
sources. The substrate or the encapsulation container, or both,
can flex. The stress from one (the substrate or the encapsula-
tion container) can be transferred to the other through one or
more parts of the perimeter seal. Alternatively, the tempera-
ture of the OLED display can change, either through changes
in the environment of the OLED display, or through heating
and cooling of the display itself by its own functioning. Such
heating and cooling will cause expansion and contraction of
the materials comprising the display. If the substrate and
encapsulation container are formed from different materials
with different coefficients of expansion, the different expan-
sion rates can cause stress to be placed upon the perimeter
seal, or cause stress to be transferred between the substrate
and encapsulation container through the perimeter seal. Such
stress can break the perimeter seal, or crack or break a fragile
part of the OLED display, e.g. a glass substrate. Compliant
regions that flex, expand, or compress under the stress can
reduce the stress transferred to or through the perimeter seal.

[0027] The substrate can be an organic solid, an inorganic
solid, or a combination of organic and inorganic solids. The
substrate can be rigid or flexible and can be processed as
separate individual pieces, such as sheets or wafers, or as a
continuous roll. If the substrate is flexible, it is meant that it is
notrigid and provides no structural benefit, e.g. glass of 1 mm
thickness or less. Typical substrate materials include glass,
plastic, metal, ceramic, semiconductor, metal oxide, metal
nitride, metal sulfide, semiconductor oxide, semiconductor
nitride, semiconductor sulfide, carbon, or combinations
thereof, or any other materials commonly used in the forma-
tion of OLED devices, which can be either passive-matrix
devices or active-matrix devices. The substrate can be a
homogeneous mixture of materials, a composite of materials,
or multiplelayers of materials. The substrate can be flexible in
one portion and rigid in another portion. For example, in FIG.
4, compliant region 230 can be flexible, while other parts of
substrate 210 can be rigid. By rigid, it is meant that the
substrate or portion thereof is not flexible enough to relieve
stress, e.g. through compliant regions as described herein.
This can include substrates that provide little structural ben-
efit and include a limited degree of flexibility, e.g. glass of 1
mm thickness or less. The substrate can be an OLED sub-
strate, that is a substrate commonly used for preparing OLED
devices, e.g. active-matrix low-temperature polysilicon or
amorphous-silicon TFT substrate. For a top-emitting appli-
cation, where the EL. emission is viewed through the top
electrode, the transmissive characteristic of the bottom sup-
port is immaterial, and therefore can be light transmissive,
light absorbing or light reflective. For a bottom-emitting
application, where the EL emission is viewed through the
bottom electrode and substrate, the substrate can be any trans-
missive material including, but not limited to, glass and plas-
tic.

[0028] OLED devices that can be used in this invention
have been well described in the art, and OLED display 100
caninclude layers commonly used for such devices. A bottom
electrode 20 is formed over OLED substrate 10 and is most
commonly configured as an anode, although the practice of
this invention is not limited to this configuration. Example
conductors for this application include, but are not limited to,
indium-tin oxide, indium-zinc oxide, gold, iridium, molyb-
denum, palladium, platinum, aluminum or silver. Ifthe device
is bottom-emitting, the electrode must be transparent or
nearly transparent. For such applications, metals must be thin
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(preferably less than 25 nm) or one must use transparent
conductive oxides (e.g. indium-tin oxide, indium-zinc oxide),
or a combination of these materials. Any suitable process
suich as evaporation, sputtering, chemical vapor deposition, or
electrochemical deposition can deposit desired anode mate-
rials. Anode materials can be patterned using well-known
photolithographic processes.

[0029] Organic layers 30 comprise several layers as
described in the art. While not always necessary, it is often
useful that a hole-transporting layer be formed and disposed
over the anode. Any suitable process such as evaporation,
sputtering, chemical vapor deposition, electrochemical depo-
sition, thermal transfer, or laser thermal transfer from a donor
material can deposit desired hole-transporting materials.
Hole-transporting materials useful in hole-transporting lay-
ers are well known to include compounds such as an aromatic
tertiary amine, where the latter is understood to be a com-
pound containing at least one trivalent nitrogen atom that is
bonded only to carbon atoms, at least one of which is a
member of an aromatic ring. In one form the aromatic tertiary
amine can be an arylamine, such as a monoarylamine, diary-
lamine, triarylamine, or a polymeric arylamine. Klupfel et al.
in U.S. Pat. No. 3,180,730 illustrate exemplary monomeric
triarylamines. In U.S. Pat. Nos. 3,567,450 and 3,658,520,
Brantley et al. discloses other suitable triarylamines substi-
tuted with one or more vinyl radicals, or comprising at least
one active hydrogen-containing group.

[0030] A more preferred class of aromatic tertiary amines
are those which include at least two aromatic tertiary amine
moieties as described in U.S. Pat. Nos. 4,720,432 and 5,061,
569. Such compounds include those represented by structural
Formula A.

Q Q
I\G/ 2

wherein:

[0031] Q, and Q, are independently selected aromatic tet-
tiary amine moieties; and

[0032] G is alinking group such as an arylene, cycloalky-
lene, or alkylene group of a carbon-to-carbon bond.

[0033] In one embodiment, at least one of Q1 or Q2 con-
tains a polycyclic fused ring structure, e.g., naphthalene.
When G is an aryl group, it is conveniently a phenylene,
biphenylene, or naphthalene moiety.

[0034] A useful class of triarylamines satisfying structural
Formula A and containing two triarylamine moieties is rep-
resented by structural Formula B.

B
Ry
|
R]_ (lj_ R3
Ry
where:
[0035] R, and R, each independently represent a hydrogen

atom, an aryl group, or an alkyl group or R, and R, together
represent the atoms completing a cycloalkyl group; and
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[0036] R, and R, each independently represent an aryl
group, which is in turn substituted with a diaryl substituted
amino group, as indicated by structural Formula C.

wherein R and R are independently selected aryl groups. In
oneembodiment, at least one of R or R contains a polycyclic
fused ring structure, e.g., naphthalene.

[0037] Another class of aromatic tertiary amines is the tet-
raaryldiamines. Desirable tetraaryldiamines include two dia-
rylamino groups, such as indicated by Formula C, and linked
through an arylene group. Useful tetraaryldiamines include
those represented by Formula D.

D
R R
7\N—eAr -)—N/ 8
e
/ A
Al Ro
wherein:
[0038] each Are is an independently selected arylene

group, such as a phenylene or anthracene moiety;

[0039] nis an integer of from 1 to 4; and

[0040] Ar, R, Rg, and R, are independently selected aryl
groups.

[0041] In atypical embodiment, at least one of Ar, R, Ry,

and R, is a polycyclic fused ring structure, e.g., naphthalene.
[0042] The various alkyl, alkylene, aryl, and arylene moi-
eties of the foregoing structural Formulae A, B, C, D, can each
in turn be substituted. Typical substituents include alkyl
groups, alkoxy groups, arvl groups, aryloxy groups, and halo-
gens such as fluoride, chloride, and bromide. The various
alkyl and alkylene moieties typically contain from 1 to about
6 carbon atoms. The cycloalkyl moieties can contain from 3 to
about 10 carbon atoms, but typically contain five, six, or
seven carbon atoms—e.g., cyclopentyl, cyclohexyl, and
cycloheptyl ring structures. The aryl and arylene moieties are
usually phenyl and phenylene moieties.

[0043] The hole-transporting layer in an OLED device can
be formed of a single or a mixture of aromatic tertiary amine
compounds. Specifically, one can employ a triarylamine,
such as a triarylamine satisfying the Formula B, in combina-
tion with a tetraaryldiamine, such as indicated by Formula D.
When a triarylamine is employed in combination with a tet-
raaryldiamine, the latter is positioned as a layer interposed
between the triarylamine and the electron-injecting and trans-
porting layer.

[0044] Another class of useful hole-transporting materials
includes polycyclic aromatic compounds as described in EP 1
009 041. In addition, polymeric hole-transporting materials
can be used such as poly(N-vinylcarbazole) (PVK), poly-
thiophenes, polypyrrole, polyaniline, and copolymers such as
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate),
also called PEDOT/PSS.

[0045] Light-emitting layers produce light in response to
hole-electron recombination. The light-emitting layers are
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commonly disposed over the hole-transporting layer. Any
suitable process such as evaporation, sputtering, chemical
vapor deposition, electrochemical deposition, or radiation
thermal transfer from a donor material can deposit desired
organic light-emitting materials. Useful organic light-emit-
ting materials are well known. As more fully describedin U.S.
Pat. Nos. 4,769,292 and 5,935,721, the light-emitting layers
of the OLED element comprise a luminescent or fluorescent
material where electroluminescence is produced as a result of
electron-hole pair recombination in this region. The light-
emitting layers can be comprised of a single material, but
more commonly include a host material doped with a guest
compound or dopant where light emission comes primarily
from the dopant. The dopant is selected to produce color light
having a particular spectrum. The host materials in the light-
emitting layers can be an electron-transporting material, as
defined below, a hole-transporting material, as defined above,
or another material that supports hole-electron recombina-
tion. The dopant is usually chosen from highly fluorescent
dyes, but phosphorescent compounds, e.g., transition metal
complexes as described in WO 98/55561, WO 00/18851, WO
00/57676, and WO 00/70655 are also useful. Dopants are
typically coated as 0.01 to 10% by weight into the host mate-
rial. Host and emitting molecules known to be of use include,
but are not limited to, those disclosed in U.S. Pat. Nos. 4,768,
292;5,141,671; 5,150,006; 5,151,629; 5,294,870, 5,405,709;
5,484,922, 5,593,788; 5,0645,948; 5,683,823; 5,755,999;
5,928.802; 5,935,720; 5,935,721; and 6,020,078.

[0046] Metal complexes of 8-hydroxyquinoline and similar
derivatives (Formula E) constitute one class of useful host
materials capable of supporting electroluminescence, and are
particularly suitable for light emission of wavelengths longer
than 500 nm, e.g., green, yellow, orange, and red.

- N

1

wherein:

[0047] M represents a metal,

[0048] nisan integer of from 1 to 3; and

[0049] 7 independently in each occurrence represents the

atoms completing a nucleus having at least two fused aro-
matic rings.

[0050] From the foregoing it is apparent that the metal can
be a monovalent, divalent, or trivalent metal. The metal can,
for example, be an alkali metal, such as lithium, sodium, or
potassium; an alkaline earth metal, such as magnesium or
calcium, or an earth metal, such as boron or aluminum. Gen-
erally any monovalent, divalent, or trivalent metal known to
be a useful chelating metal can be employed.

[0051] 7 completes a heterocyclic nucleus containing at
least two fused aromatic rings, at least one of which is an
azole or azine ring. Additional rings, including both aliphatic
and aromatic rings, can be fused with the two required rings,
if required. To avoid adding molecular bulk without improv-
ing on function the number of ring atoms is usually main-
tained at 18 or less.
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[0052] Thehost material in the light-emitting layers can be
an anthracene derivative having hydrocarbon or substituted
hydrocarbon substituents at the 9 and 10 positions. For
example, derivatives of 9,10-di-(2-naphthyl)anthracene con-
stitute one class of useful host materials capable of supporting
electroluminescence, and are particularly suitable for light
emission of wavelengths longer than 400 nm, e.g., blue,
green, yellow, orange or red.

[0053] Benzazole derivatives constitute another class of
useful host materials capable of supporting electrolumines-
cence, and are particularly suitable for light emission of
wavelengths longer than 400 nm, e.g., blue, green, yellow,
orange or red. An example of a useful benzazole is 2,2',2"-(1,
3,5-phenylene)tris| 1-phenyl-1H-benzimidazole].

[0054] Desirable fluorescent dopants include perylene or
derivatives of perylene, derivatives of anthracene, tetracene,
xanthene, rubrene, coumarin, rhodamine, quinacridone,
dicyanomethylenepyran compounds, thiopyran compounds,
polymethine compounds, pyrilium and thiapyrilium com-
pounds, derivatives of distryrylbenzene or distyrylbiphenyl,
bis(azinyl)methane boron complex compounds, and car-
bostyryl compounds.

[0055] Other organic emissive materials can be polymeric
substances, e.g. polyphenylenevinylene derivatives,
dialkoxy-polyphenylenevinylenes, poly-paraphenylene
derivatives, and polyfluorene derivatives, as taught by Wolk et
al. in commonly assigned U.S. Pat. No. 6,194,119 Bl and
references cited therein.

[0056] While not always necessary, it is often useful to
include an electron-transporting layer disposed over the light-
emitting layers. Any suitable process such as evaporation,
sputtering, chemical vapor deposition, electrochemical depo-
sition, thermal transfer, or laser thermal transfer from a donor
material can deposit desired electron-transporting materials.
Preferred electron-transporting materials for use in the elec-
tron-transporting layer are metal chelated oxinoid com-
pounds, including chelates of oxine itself (also commonly
referred to as 8-quinolinol or 8-hydroxyquinoline). Such
compounds help to inject and transport electrons and exhibit
both high levels of performance and are readily fabricated in
the form of thin films. Exemplary of contemplated oxinoid
compounds are those satisfying structural Formula E, previ-
ously described.

[0057] Other electron-transporting materials include vari-
ous butadiene derivatives as disclosed in U.S. Pat. No. 4,356,
429 and various heterocyclic optical brighteners as described
in U.S. Pat. No. 4,539,507. Certain benzazoles are also useful
electron-transporting materials. Other electron-transporting
materials can be polymeric substances, e.g. polyphenylenevi-
nylene derivatives, poly-paraphenylene derivatives, polyfiuo-
rene derivatives, polythiophenes, polyacetylenes, and other
conductive polymeric organic materials known in the art.
[0058] An upper electrode 40 most commonly configured
as a cathode is formed over the electron-transporting layer, or
over the light-emitting layers if an electron-transporting layer
is not used. Ifthe device is top-emitting, the electrode must be
transparent or nearly transparent. For such applications, met-
als must be thin (preferably less than 25 nm) or one must use
transparent conductive oxides (e.g. indium-tin oxide, indium-
zine oxide), or a combination of these materials. Optically
transparent cathodes have been described in more detail in
U.S. Pat. No. 5,776,623. Evaporation, sputtering, or chemical
vapor deposition can deposit cathode materials. When
needed, patterning can be achieved through many well known
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methods including, but not limited to, through-mask deposi-
tion, integral shadow masking as described in U.S. Pat. No.
5,276,380 and EP 0 732 868, laser ablation, and selective
chemical vapor deposition.

[0059] OLED display 100 can include other layers as well.
For example, a hole-injecting layer can be formed over the
anode, as described in U.S. Pat. No. 4,720,432, U.S. Pat. No.
6,208,075, EP 0 891 121 Al, and EP 1 029 909 Al. An
electron-injecting layer, such as alkaline or alkaline earth
metals, alkali halide salts, or alkaline or alkaline earth metal-
doped organic layers, can also be present between the cathode
and the electron-transporting layer.

[0060] Desiccant 60 is used to physically or chemically
absorb or react with moisture that would otherwise damage
the highly moisture-sensitive OLED 25. The level of moisture
inside OLED display 100 must be kept below 1000 ppm, and
in some cases even lower. Therefore, the second desiccant
material has an equilibrium humidity level less than 1000
ppm. Typical moisture-absorbing materials meeting this
requirement include metals such as alkali metals (e.g. Li, Na),
alkaline earth metals (e.g. Ba, Ca), or other moisture-reactive
metals (e.g. Al, Fe); alkaline metal oxides (e.g. Li,0, Na,0);
alkaline earth metal oxides (e.g. MgO, CaO, BaO); sulfates
(e.g. anhydrous MgSQO,); metal halides (e.g. CaCl,); perchlo-
rates (e.g. Mg(ClO,),); molecular sieves; tris(8-quinolino-
lato)aluminum (Alq) and aluminum/Alq mixtures; organo-
metallic compounds described by Takahashi et al. in U.S. Pat.
No. 6,656,609 and by Tsuruoka et al. in U.S. Patent Applica-
tion 2003/0110981, including organometallic compounds of
the type:

whereinR |, R,, and R are selected from the group consisting
of alkyl groups, aryl groups, cycloalkyl groups, heterocyclic
groups, and acyl groups having one or more carbon atoms,
and M is a trivalent metallic atom; organometallic com-
pounds of the type:

wherein each of R, R,, R;, R, and R is selected from the
group consisting of alkyl groups, alkenyl groups, aryl groups,
cycloalkyl groups, heterocyclic groups, and acyl groups hav
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ing one or more carbon atoms, and M is a trivalent metal atom;
organonietallic compounds of the type:

wherein each of R}, R,, R;, and R, is selected from the group
consisting of alkyl groups, alkenyl groups, aryl groups,
cycloalkyl groups, heterocyclic groups, and acyl groups hav-
ing one or more carbon atoms, and M is a tetravalent metal
atom; and metals with work functions less than 4.5 eV and
oxidizable in the presence of moisture, or combinations
thereof. Moisture-absorbing material can be packaged within
moisture permeable containers or binders. Desiccant 60 can
be a single material, a homogeneous mixture of materials, a
composite of materials, or multiple layers of materials, and
can be deposited from a vapor or from solution, or they can be
provided in a porous matrix such as a permeable package or
tape. Particularly useful desiccant materials include those that
are particulate materials formed into a polymeric matrix that
can be patterned, as described by Boroson et al. in U.S. Pat.
No. 6,226,890.

[0061] Theinvention has been described in detail with par-
ticular reference to certain preferred embodiments thereof,
but it will be understood that variations and modifications can
be effected within the spirit and scope of the invention.

PARTS LIST
[0062] 10 substrate
[0063] 20 electrode
[0064] 25 OLED
[0065] 30 organic layers
[0066] 40 electrode
[0067] 50 perimeter seal
[0068] 55 enclosure
[0069] 60 desiccant
[0070] 70 encapsulation container
[0071] 75 compliant region
[0072] 80 fitting region
[0073] 85 sealing base
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[0074] 90 rigid portion

[0075] 100 OLED display

[0076] 150 encapsulation container
[0077] 160 compliant region
[0078] 200 OLED display

[0079] 210 substrate

[0080] 230 compliant region
[0081] 240 encapsulation container
[0082] 250 OLED display

[0083] 260 encapsulation container
[0084] 270 compliant region

1. An OLED display, comprising:

a. a substrate;

b. an OLED having two spaced-apart electrodes and
organic layers disposed there between, and the OLED
disposed over the substrate;

c. an encapsulation container fixed by perimeter seal to the
substrate and disposed over the OLED to provide an
enclosure; and

d. the substrate or the encapsulation container, or both,
including compliant regions that flex, compress, or
expand under stress and reduce stress transfer between
the substrate or the encapsulation container through the
perimeter seal.

2. The OLED display of claim 1 wherein the encapsulation
container is formed of a flexible foil in the compliant regions
and the compliant regions are provided by spaced-apart bends
in the foil.

3. The OLED display of claim 2 wherein the encapsulation
container includes a rigid portion disposed between the com-
pliant regions.

4. The OLED display of claim 3 wherein the rigid portion
is transparent.

5. The OLED display of claim 1 wherein the substrate is
formed of a flexible material and the compliant regions are
provided by spaced-apart bends in the substrate.

6. The OLED display of claim 1 wherein the encapsulation
container is formed of a flexible foil in the compliant regions
and the compliant regions are provided by flexures formed in
the foil.

7. The OLED display of claim 6 wherein the encapsulation
container includes a rigid portion disposed between the com-
pliant regions.

8. The OLED display of claim 7 wherein the rigid portion
is transparent.

9. The OLED display of claim 1 wherein the substrate is
formed of a flexible material and the compliant regions are
provided by flexures formed in the substrate.

* ok ok k¥



LR EH(F)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

B 1EOLED & /RS54 4 h i 1 h453%

US20090026945A1

US11/782797

BOROSON MICHAELK &
BRmHMICHELEX =
PALONE THOMASW

BOROSON MICHAELK &
BHHMICHELEXS
PALONE THOMASW

BOROSON MICHAELK &
BRmHMICHELEX =

patsnap

AFF ()R 2009-01-29

HiEA 2007-07-25

PALONE THOMASW
R & A BOROSON MICHAEL L
RICKS MICHELE L
PALONE THOMAS W
KBAA BOROSON, MICHAEL L.
RICKS, MICHELE L.
PALONE, THOMAS W.
IPCH &= HO01L51/52 H01J1/62
CPCH¥E= HO01L51/524 HO1L2251/5315 Y02E10/549 HO1L51/0097 HO1L2251/5338 Y02P70/521
HAth 23 FF 325k US7812531
SNEBEEE Espacenet USPTO
HEGR) 7§ 7§ ﬁ& i
—FfOLEDE ~88 , GiF : E4X,0LED , EAWMNARFHBRMREE

HEWANE , OLEDREEENR L HEAR , HEALEHEETER
L, AREEOLED LA UREMAS BRI ERFIARE , FEN
ATEH  ERSFKORIAXE , B EDZERDERNE

2R 2 (BB 1 ) 4538

e
=B



https://share-analytics.zhihuiya.com/view/ce4661a5-1cac-4d4d-88c6-20de1d9ee44d
https://worldwide.espacenet.com/patent/search/family/039971064/publication/US2009026945A1?q=US2009026945A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090026945%22.PGNR.&OS=DN/20090026945&RS=DN/20090026945

