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(7 ABSTRACT

Amethod of forming a compacted pellet of organic materials
adaptable for making an organic layer on a structure which
will form part of an OLED display, includes providing a
sublimable organic material in a powder form; providing a
thermally insulating and non-sublimable inorganic material
in a powder form; forming a mixture of the sublimable
organic powder and thermally insulating and non-sublim-
able inorganic powder; placing such mixture into a die and
using two punches, a lower and an upper punch, to apply
sufficient pressure to the mixture to cause the mixture of
powders to consolidate into a solid pellet; applying heat to
the die during or prior to applying pressure by the opposing
punches to aid in causing the mixture of powders to con-
solidate into a solid compacted pellet, and removing the
pellet from the die.
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MAKING AND USING COMPACTED PELLETS
FOR OLED DISPLAYS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Reference is made to commonly assigned U.S.
patent application Ser. No 09/898,369 filed Jul. 3, 2001
entitled “Method of Handling Organic Material in Making
An Organic Light-Emitting Device” by Van Slyke et al; U.S.
patent application Ser. No. 10/073,690 filed Feb. 11, 2002,
entitled “Using Organic Materials in Making An Organic
Light-Emitting Device” by Ghosh et al, U.S. patent appli-
cation Ser. No. 10/195,947 filed Jul. 16, 2002, entitled
“Compacting Moisture-Sensitive Organic Material in Mak-
ing An Organic Light-Emitting Device” by Ghosh et al, U.S.
patent application Ser. No. 10/226,600 filed Aug. 23, 2002,
entitled “Solid Compacted Pellet of Organic Material for
Vacuum Deposition of OLED displays and Method of
Making Same” by Ghosh et al, and U.S. patent application
Ser. No. 10/348,118 filed Jan. 17, 2003, entitled “Using
Compacted Organic Materials In Making White Light Emit-
ting OLEDS” by Ghosh et al, the teachings of which are
incorporated herein.

FIELD OF THE INVENTION

[0002] The present invention relates generally to an
improved method of consolidating organic materials to a
pellet and for using such pellets for making an organic layer
on a substrate which will form a part of an OLED display.

BACKGROUND OF THE INVENTION

[0003] An organic light-emitting diode (OLED), also
referred to as an organic electroluminescent device, can be
constructed by sandwiching two or more organic layers
between first and second electrodes.

[0004] In a passive-matrix OLED of conventional con-
struction, a plurality of laterally spaced light-transmissive
anodes, for example indium-tin-oxide (ITO) anodes, are
formed as first electrodes on a light-transmissive substrate
such as, for example, a glass substrate. Two or more organic
layers are then formed successively by physical vapor
deposition of respective organic materials from respective
sources, within a chamber held at reduced pressure, typically
less than 10> Torr. A plurality of laterally spaced cathodes
is deposited as second electrodes over an uppermost one of
the organic layers. The cathodes are oriented at an angle,
typically at a right angle, with respect to the anodes.

[0005] Such conventional passive-matrix OLED displays
are operated by applying an electrical potential (also referred
to as a drive voltage) between appropriate columns (anodes)
and, sequentially, each row (cathode). When a cathode is
biased negatively with respect to an anode, light is emitted
from a pixel defined by an overlap area of the cathode and
the anode, and emitted light reaches an observer through the
anode and the substrate.

[0006] In an active-matrix OLED, an array of anodes is
provided as first electrodes by thin-film transistors (TFTs)
which are connected to a respective light-transmissive por-
tion. Two or more organic layers are formed successively by
vapor deposition in a manner substantially equivalent to the
construction of the aforementioned passive matrix device. A
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common cathode is deposited as a second electrode over an
uppermost one of the organic layers. The construction and
function of an active matrix organic light-emitting device is
described in commonly-assigned U.S. Pat. No. 5,550,066,
the disclosure of which is herein incorporated by reference.

[0007] Organic materials, thickness of vapor-deposited
organic layers, and layer configurations, useful in construct-
ing an organic light-emitting device, are described, for
example, in commonly-assigned U.S. Pat. Nos. 4,356,429;
4,539,507; 4,720,432; and 4,769,292, the disclosures of
which are herein incorporated by reference.

[0008] Organic materials useful in making OLED dis-
plays, for example organic hole-transporting materials,
organic light-emitting materials predoped with an organic
dopant, and organic electron-transporting materials can have
relatively complex molecular structures with relatively weak
molecular bonding forces, so that care must be taken to
avoid decomposition of the organic material(s) during physi-
cal vapor deposition.

[0009] The aforementioned organic materials are synthe-
sized to a relatively high degree of purity, and are provided
in the form of powders, flakes, or granules. Such powders or
flakes have been used heretofore for placement into a
physical vapor deposition source wherein heat is applied for
forming a vapor by sublimation or vaporization of the
organic material, the vapor condensing on a substrate to
provide an organic layer thereon.

[0010] Several problems have been observed in using
organic powders, flakes, or granules in physical vapor depo-
sition:

[0011] (i) powders, flakes, or granules are difficult to
handle because they can acquire electrostatic charges
via a process referred to as triboelectric charging;

[0012] (i) powders, flakes, or granules of organic
materials generally have a relatively low physical
density (expressed in terms of weight per unit vol-
ume) in a range from about 0.05 to about 0.2 g/em?,
compared to a physical density of an idealized solid
organic material of about 1 g/cm?;

[0013] (iii) powders, flakes, or granules of organic
materials have an undesirably low thermal conduc-
tivity, particularly when placed in a physical vapor
deposition source which is disposed in a chamber
evacuated to a reduced pressure as low as 107° Torr.
Consequently, powder particles, flakes, or granules
are heated only by radiative heating from a heated
source, and by conductive heating of particles or
flakes directly in contact with heated surfaces of the
source. Powder particles, flakes, or granules which
are not in contact with heated surfaces of the source
are not effectively heated by conductive heating due
to a relatively low particle-to-particle contact area;
and

[0014] (iv) powders, flakes, or granules can have a
relatively high ratio of surface area/volume of such
particles and a correspondingly high propensity to
entrap air and/or moisture between particles under
ambient conditions. Consequently, a charge of
organic powders, flakes, or granules loaded into a
physical vapor deposition source which is disposed
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in a chamber must be thoroughly outgased by pre-
heating the source once the chamber has been evacu-
ated to a reduced pressure. If outgasing is omitted or
is incomplete, particles can be ejected from the
source together with a vapor stream during physical
vapor-depositing an organic layer on a structure. An
OLED, having multiple organic layers, can be or can
become functionally inoperative if such layers
include particles or particulates. Compaction of
organic materials for making OLED displays using a
physical vapor deposition method is described by
Van Slyke et al in a commonly assigned U.S. Patent
Application Publication No. 2003/0008071 A1l the
disclosure of which is incorporated herein by refer-
ence.

[0015] Each one, or a combination, of the aforementioned
aspects of organic powders, flakes, or granules can lead to
nonuniform heating of such organic materials in physical
vapor deposition sources with attendant spatially nonuni-
form sublimation or vaporization of organic material and
can, therefore, result in potentially nonuniform vapor-de-
posited organic layers formed on a structure.

[0016] The design and performance of linear evaporation
source for organic materials are described by Steven Van
Slyke et al, SID 2002 Digest, pp. 886-889, 2002. The
organic material in powder form is placed inside a quartz
boat and heated simultaneously by a bottom and a top heater.
The bottom heater is used primarily to degas the powder and
the top heater is operated at a temperature sufficient to
vaporize the upper surface of the organic powder by radia-
tive heating. The linear source provides significant advan-
tages over the conventional point source, especially thick-
ness uniformity over a large surface area of deposition.

[0017] Source design for thermal physical vapor-deposi-
tion of organic materials useful in constructing OLED
displays, is described by R. Spahn in commonly-assigned
U.S. Pat. No. 6,237,529, the disclosure of which is herein
incorporated by reference.

SUMMARY OF THE INVENTION

[0018] Itisan object of the present invention to provide an
improved method of compacting organic material into pel-
lets and using such pellets for depositing an emission layer
for making an OLED display.

[0019] Tt is another object of the present invention to
provide a method of compacting organic powder into a solid
compacted pellet.

[0020] Tt is a further object of the invention to provide a
method of making an organic layer from a solid compacted
pellet of organic material and on a substrate which will form
part of an OLED display.

[0021] Ttisstill a further object of the present invention to
provide a method of compacting a mixture of sublimable
organic powder and a thermally insulating and non-sublim-
able inorganic powder into a solid compacted pellet.

[0022] In one aspect, the present invention provides a
method of forming a solid compacted pellet of organic
materials adaptable for making an organic layer on a struc-
ture which will form part of an OLED display, comprising
the steps of:
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[0023] (a) providing a sublimable organic material in
a powder form,

[0024] (b) providing a thermally insulating and non-
sublimable inorganic material in a powder form;

[0025] (c) forming s mixture of the sublimable
organic powder and thermally insulating and non-
sublimable inorganic powder;

[0026] (d) placing such mixture into a die and using
two punches, a lower and an upper punch, to apply
sufficient pressure to the mixture to cause the mix-
ture of powders to consolidate into a solid pellet;

[0027] () applying heat to the die during or prior to
applying pressure by the opposing punches to aid in
causing the mixture of powders to consolidate into a
solid compacted pellet, and

[0028] (f) removing the compacted pellet from the
die.

[0029] In another aspect, the present invention provides a
method of making an OLED display wherein emission layer
is deposited using a compacted cylindrical pellet of organic
materials comprising the steps of:

[0030] (a) providing a compacted cylindrical pellet of
organic material including a mixture of at least one
host and one dopant along with non-sublimable and
thermally insulating inorganic material;

[0031] (b) placing such a compacted cylindrical pel-
let inside a receptacle disposed in a physical vapor
deposition chamber;

[0032] (c) positioning a substrate of a partially
formed OLED device in the physical vapor deposi-
tion chamber in a spaced relationship with respect to
the receptacle,

[0033] (d) evacuating the physical deposition cham-
ber to a reduced pressure;

[0034] (c) applying heat to a surface of the com-
pacted cylindrical pellet of organic material by elec-
trically energizing the heater disposed in the evapo-
ration source to cause at least a portion to sublime to
provide a mixture of vapors of the organic materials
including the host and the dopant(s) to form an
emission layer on the substrate; and

[0035] (f) rotating the compacted cylindrical pellet
after a certain instant in order to expose a fresh
portion of organic materials on the pellet to the
heater and discarding the non-sublimable and ther-
mally insulating inorganic material during the pro-
cess of rotation.

[0036] A feature of the present invention is that a solid
compacted pellet of organic material can be compacted by
the method of the invention wherein at least one organic
OLED material and at least one thermally insulating inor-
ganic material are mixed prior to the compaction process to
improve the thermal properties and physical strength.

[0037] Another feature of the present invention is that a
solid compacted pellet of an OLED material can be made by
the method of the present invention wherein a powder of at
least one OLED host material and a powder of at least one
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organic dopant material are mixed or blended to provide a
mixture prior to compacting the mixture into a solid com-
pacted pellet of organic material.

[0038] Another feature of the present invention is that a
solid compacted pellet of organic material including a host
and one or more organic dopants eliminates the need of
co-evaporation which require more than one evaporation
source disposed inside a vacuum chamber.

[0039] Another beneficial feature of the present invention
is that the solid compacted pellet of organic material is
cooled at the center and a small fraction of the rotating
surface is heated at a given instant thereby causing uniform
deposition and homogeneous composition of the organic
layers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0040]

[0041] FIGS. 2A-2F schematically indicate a sequence of
process steps for forming a solid pellet from a mixture of
organic and ceramic powders in a die disposed in a uniaxial
press in accordance with the present invention, wherein:

[0042] FIG. 2A shows the die having organic and ceramic
powder mixture filled inside a die cavity over a lower punch;

[0043] FIG. 2B shows an upper punch positioned into the
die cavity and contacting an upper surface of the powder
material;

[0044] FIG. 2C shows pressure being applied by the
uniaxial press to the upper and lower punches to cause the
organic and ceramic powder mixture material to consolidate
into a solid pellet;

FIG. 1 depicts a prior art OLED,;

[0045] FIG. 2D shows the upper punch removed from the
die cavity;

[0046] FIG. 2E shows the die removed from the press and
the lower punch removed from the die cavity, with the pellet
shown clinging to side surfaces of the die cavity; and

[0047] FIG. 2F depicts a pellet plunger useful for remov-
ing the pellet from the die and capturing the pellet in a
compliant container;

[0048] FIG. 3 depicts a cross-sectional view of a cylin-
drical compacted pellet having a cooling tube extended
through its center for use in making an OLED display;

[0049] FIG. 4 depicts a cross-sectional end view of the
cylindrical compacted pellet of FIG. 3;

[0050] FIG. 5 depicts the schematic representation of a
physical vacuum deposition chamber for making OLED
displays using the compacted organic material mixed with
thermally insulating inorganic material as an evaporation
source according to the invention; and

[0051] FIG. 6 an enlarged cross-sectional view of the
evaporation source of FIG. 5.

[0052] The term “powder” is used herein to denote a
quantity of individual particles, which can be flakes, gran-
ules, or mixtures of varied particles and shapes comprising
single or plurality of molecular species.
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DETAILED DESCRIPTION OF THE
INVENTION

[0053] The organic layers of an OLED display include an
organic or organo-metallic material that produces light,
known as electroluminescence (EL), as a result of electron-
hole recombination in the layer. Hereinafter, the term
“organic” will be taken to include both purely organic as
well as organo-metallic materials. The organic layers of an
OLED include an organic or organo-metallic material that
produces light, known as electroluminescence (EL), as a
result of electron-hole recombination in the layer. Herein-
after, the term “organic” will be taken to include both purely
organic as well as organo-metallic materials. Turning to
FIG. 1, a detailed structure of an OLED 100 of the prior art
is shown, wherein an emission layer (EML) 125 is situated
between a hole-transport layer (HTL) 124 and an ¢lectron-
transport layer (ETL) 126. Each of these layers is composed
predominantly of organic materials. The two transport layers
124 and 126 deliver holes from an anode 122 and electrons
from a cathode 127, respectively, to the emission layer 125.
An optional hole injection layer 123 facilitates the injection
of holes from the anode 122 to the HTL 124. The emission
layer 125 functions as the primary site for electron-hole
recombination and emission of the resulting electrolumines-
cent (EL) light. In this respect, the functions of the indi-
vidual organic layers are distinct and therefore can be
optimized independently. Thus, the emission layer 125 can
be optimized for a desirable EL color and high luminance
efficiency. A substrate 121 provides mechanical support for
the OLED 100 and for electrical leads connecting the OLED
100 to a source of electric current. Layers 122 through 127
together along with the substrate 121 comprise the OLED
100. Either the cathode 127 or both the anode 122 and the
substrate 121, are transparent to the EL light.

[0054] When an electrical potential difference (not shown)
is applied between the anode 122 and the cathode 127, the
cathode 127 injects electron into the HTL 124, and they
migrate across that layer to the emission layer 125. At the
same time, holes are injected from the anode 122 into the
HTL 124, and they migrate across that layer to the emission
layer 125. The holes and electrons recombine in the emis-
sion layer 125, frequently near the junction between the HTL
124 and the emission layer 125. Part of the energy released
by the recombination process is emitted as electroluminesc-
nce which escapes through the transparent anode or cathode
and/or the substrate.

[0055] Turning to FIG. 2A-2F, a sequence of process steps
is indicated schematically for forming a solid pellet 313p of
organic materials. A uniaxial press 200 includes a fixed
platform 212 and a movable platform 214 mounted on posts
216. Movable platform 214 can be driven by hydraulic
means or a combination of hydraulic and air or mechanical
means (not shown) and supports a die 220 and a lower punch
222.

[0056] InFIG.2A, organic powder 313a is filled in the die
cavity 226 to a fill level 313b over the lower punch 222. The
term “organic powder” used in this disclosure refers to
materials in the form of powder, flakes, particulates or
granules of organic hole-transporting material or organic
electron transporting or organic emission material and those
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organic materials mixed with thermally insulating and non-
sublimable inorganic material includes:

[0057] (a) zirconia; or
[0058] (b) alumina, or
[0059] (c) silica, or
[0060] (d) titania, or
[0061] (e) magnesia, or mixtures thereof
[0062] Organic materials are mixed with highly thermally

insulating and non-sublimable inorganic materials as
described hereinbefore in order to control the thermal prop-
erty of the compacted organic material so that the heat is
confined primarily on the top surface while maintaining the
bottom surface at least 100° C. below that of the top surface.
Heating coils 230 heat the die 220 from an ambient tem-
perature of about 20° C. to a temperature of about 300° C.,
and at least one cooling coil 240 can cool the die 220
relatively rapidly, for example from a temperature of 300° C.
to a temperature of 50° C. or to an ambient temperature. The
die 220 can also be heated inductively.

[0063] InFIG. 2B, an upper punch 224 is positioned in the
die cavity 226 to contact an upper surface (the fill-level
313b) of the organic powder 313a.

[0064] The interior surface 221 of the die 220 is a polished
surface, and at least the surface 223 of the lower punch 222
and the surface 225 of the upper punch 224 are polished
surfaces. Taken together, the die 220 and the lower and
upper punches 222 and 224 are also referred to as a die in
portions of this disclosure.

[0065] In FIG. 2C, the movable platform 214 is shown
driven upwardly in a direction towards the fixed platform
212, and pressure is applied by the upper and lower punches
224, 222 respectively. The uniaxial press 200, which applies
pressure in only one direction, acts on the upper punch 224
and the lower punch 222 so that such upper and lower
punches (224 and 222, respectively) together apply pressure
to cause the organic material 313z in the die 226 to con-
solidate into a solid pellet 313p. Compaction pressure
applied by the uniaxial press 200 varied between 2,000 and
15,000 psi, more preferably between 3,000 and 8,000 psi to
obtain high density solid pellets. The punches 222 and 224
are preposition inside the die 220 to form a cavity prede-
termined to contain the correct volume of OLED powder to
achieve the required solid dimension after consolidation.

[0066] In FIG. 2D, the movable platform 214 has been
lowered and the upper punch 224 has been removed from the
die 220. The die 220 can be heated during or prior to
applying pressure by the opposing punches 224, 222. This is
true so long as the heated mixture of particles aids in causing
the mixture of powders to consolidate into a solid pellet. If
the die 220 was heated prior to or during formation of the
solid pellet 313p, the upper punch 224 is removed from the
die upon cooling to a temperature in a range from 20° C. to
80° C. via the at least one cooling coil 240.

[0067] InFIG.2E, the dic 220 is shown removed from the
uniaxial press 200, and the lower punch 222 is removed
from the die 220. For illustrative purposes only, the organic
solid pellet 313p depicted clinging to the interior surface 221
of the die 220.
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[0068] In FIG. 2F, a pellet plunger 250 is used for
removing the solid pellet 313p from the die 220. The solid
pellet 313p is captured in a compliant container 260 to
minimize damage to the solid pellet 313p.

[0069] Heating the die 220 prior to or during application
of pressure in the uniaxial press 200 can provide increased
densification of a solid pellet 313p during a shortened
interval of pressure application or, alternatively, at a lower
pressure. A preferred range of die temperature extends from
50° C. to 300° C. The die temperature is generally main-
tained below the glass transition temperature, Tg, of the
organic materials which will form the solid pellet 313p. The
die 220 is cooled to a preferred temperature in a range from
80° C. to 20° C. prior to removing the solid pellet 313p from
the die 220 and preferably prior to removing the upper punch
224 from the die 220.

[0070] A removable shroud (not shown) can be used to
surround the lower punch 222, the die 220, and at least a
portion of the upper punch 224. The shroud, and thus the
elements enclosed by it, can be evacuated to a reduced
pressure. Alternatively, an inert gas can be introduced into
the shroud to provide an inert, i.c., a chemically non-
reactive, atmosphere within the shroud so that the organic
powder (e.g., 313a) and the solid pellet (e.g. 313p) formed
therefrom are protected from decomposition in cases where
the die 220 is heated to a temperature of up to 300° C. This
is also helpful for organic powders which are very suscep-
tible to moisture because it can be trapped inside the pellet
313p during the consolidation process.

[0071] The punch surfaces 223 and 225 can be planar
surfaces. Alternatively, the surface 223 of the lower punch
222, or the surface 225 of the upper punch 224 can be a
concave surface, or both surfaces 223 and 225 can have a
concave shape, so that a solid pellet will have, respectively,
co-planar major surfaces, one planar major surface and one
convex major surface, or two convex major surfaces.

[0072] FIGS. 3-5 show apparatus for using compacted
pellets made in accordance with the invention for depositing
an emission layer in making an OLED display. Turning to
FIG. 3, there is shown a cross-sectional view of an evapo-
ration source 300 for evaporating organic materials accord-
ing to the invention. A compacted cylindrical pellet 320
including organic material mixed with non-sublimable ther-
mally insulating inorganic material is nested inside a refrac-
tory receptacle 350. The compacted cylindrical pellet 320 is
molded onto first cooling tube 310 which is used as a support
member as well as the cooling tube for cooling a bottom
surface 323 of the compacted cylindrical pellet 320 during
physical vapor deposition and is located co-axially at the
center of the compacted cylindrical pellet 320. The first
cooling tube 310 is closed at one end for ease of water or
coolant circulation. A second cooling tube 330 is placed
concentrically within the first cooling tube 310 as an inlet for
the coolant while the first cooling tube 310 is used as an
outlet for the coolant. The coolant is introduced through the
second cooling tube 330 as shown by an arrow 332 and the
coolant exits through the first cooling tube 310 as indicated
by an arrow 312. The compacted cylindrical pellet 320 is
rotated along its axis to expose a certain surface area from
a top surface 322 of the compacted cylindrical pellet 320 to
a heating filament 340 in order to sublime the organic
material and deposit on a substrate spaced apart from the
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evaporation source 300. The first cooling tube 310, on which
the compacted cylindrical pellet 320 is molded onto, is
attached to a rotating shaft (not shown) so that the com-
pacted cylindrical pellet 320 can be rotated manually or with
an electric motor. The heating element 340 is a single or
plurality of electrically conductive wire or wires or a rod or
a flat bar made from tantalum, tungsten or molybdenum
metal and energized by high amperage DC current source
(FIG. 5). The compacted cylindrical pellet 320 including the
first cooling tube 310 and the second cooling tube 330 can
be rotated at a specific rate of revolution about their common
axis so that a fresh top surface 322 can be exposed to the
heating element 340 at a given instant while the bottom
surface 323 is cooled and maintained a temperature differ-
ence of at least 100° C. between the top surface 322 and the
bottom surface 323 during the physical vapor deposition
process. The organic vapor is allowed to escape through
openings 362 of a lid 360 which encloses the receptacle 350.
Rotation of the compacted cylindrical pellet permits collec-
tion of non-sublimable thermally insulating inorganic mate-
rial to collect in a tray 370 located inside the receptacle 350.

[0073] FIG. 4 shows a cross-sectional end view of the
evaporation source 300, wherein the compacted cylindrical
pellet 320 is nested inside the receptacle 350 as described
hereinbefore. An arrow 324 indicates the direction of rota-
tion for the compacted cylindrical pellet 320 which enables
collection of debris 372 in the tray 370. The debris 372
includes primarily non-sublimable thermally insulating inor-
ganic material and some unused organic material.

[0074] Referring to FIG. 5, there is shown a schematic of
the physical vapor deposition chamber 500 for OLED dis-
plays including a bell jar 510 which is kept under ultra high
vacuum, wherein a solid compacted pellet 520 of organic
material is placed inside a receptacle 530 located on the base
plate 540 of the physical vapor deposition chamber 500. For
the sake of simplicity, a simple evaporation source 550
including the solid compacted pellet of organic material 520,
the receptacle 530, a heater 560 and a baffle 562, is con-
nected to a DC power supply 570 for providing electrical
energy in order to evaporate or sublime the solid compacted
pellet of organic material 520. The heater 560 and the baffle
562 are constructed using refractory and electrically con-
ductive metals like Ta, Mo or W. The heater 560 is provided
with a series of openings 564 in the form of a hole or a slit
to permit organic vapor to escape from the evaporation
source 550 for deposition on a suitable receiving substrate
572 which is anchored to a fixture spaced apart from the
evaporation source 550. The substrate 572 is equipped with
a rotatable shutter 574 to protect it from deposition of any
unwanted vapor on to the substrate 572. A thickness con-
troller 580 located outside the bell jar 510 controls the rate
of vapor deposition on the substrate 572. A crystal 582 is
placed in close proximity to the substrate 572 to measure
accurately the rate of vapor deposition on to the substrate
572 wherein the crystal 582 is electrically connected to the
thickness controller 580 which monitors the rate of vapor
deposition from the solid compacted pellet of organic mate-
rial 520.

[0075] In accordance with the present invention, emission
layers in an OLED display can be deposited using a com-
pacted cylindrical pellet 320 of organic material, wherein the
emission layer is formed by the steps comprising:
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[0076] (a) providing a compacted cylindrical pellet of
organic material including a mixture of at least one
host and one dopant along with non-sublimable and
thermally insulating inorganic material;

[0077] (b) placing such a compacted cylindrical pel-
let inside a receptacle disposed in a physical vapor
deposition chamber;

[0078] (c) positioning a substrate of a partially
formed OLED device in the physical deposition
chamber in a spaced relationship with respect to the
receptacle;

[0079]

sure;

[0080] (c) applying heat to a surface of the com-
pacted cylindrical pellet of organic material by elec-
trically energizing the heater disposed in the evapo-
ration source to cause at least a portion to sublime to
provide a mixture of vapors of the organic materials
including the host and the dopant(s) to form an
emission layer on the substrate; and

[0081] (f) rotating the compacted cylindrical pellet
after a certain instant in order to expose a fresh
portion of organic materials on the pellet to the
heater and discarding the non-sublimable thermally
insulating inorganic material during the process of
rotation.

(d) evacuating the chamber to a reduced pres-

[0082] The term “dopant” will be understood to include
emissive dyes which are well known in the OLED art. The
term “host” is also well known in the OLED art. For
example see commonly assigned U.S. Pat. Nos. 4,539,507,
4,720,432 and 4,769,292. Examples of thermally insulating
and non-sublimable inorganic materials are zirconia, alu-
mina, silica, titania or magnesia or mixtures thereof.

[0083] FIG. 6 is a partial enlarged view of the evaporation
source 550 which is a part of the vapor deposition chamber
500 as shown in FIG. 5. The evaporation source 550
includes the solid compacted pellet 520 of organic material,
the heater 560, the baffle 562, and the receptacle 530. The
receptacle is made from electrically insulating and high
temperature resistant materials like quartz or ceramic mate-
rials like alumina, zirconia, mullite or boron nitride. The
heater 560 is anchored to an electrically insulating standoff
554. The geometry and size of the solid compacted pellet
generally depends on the application. While a relatively
simple crucible source 550 is shown in FIG. 5 for illustra-
tive purposes, it will be appreciated that numerous other
source configurations can be effectively used to provide
evaporated or sublimed vapors of organic materials within a
deposition zone. For depositing HTL and ETL from a solid
compacted pellet comprising a single organic material, a
simple rectangular shape having flat surfaces is adequate.
For depositing EML, it is preferred to select a rotary
compacted cylindrical pellet comprising at least one host
and one dopant of organic materials being mixed with
non-sublimable thermally insulating inorganic material.

[0084] The invention has been described in detail with
particular reference to certain preferred embodiments
thereof, but it will be understood that variations and modi-
fications can be effected within the spirit and scope of the
invention.
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PARTS LIST
[0085] 100 OLED
[0086] 121 substrate
[0087] 122 anode
[0088] 123 hole injection layer
[0089] 124 hole transport layer (HTL)
[0090] 125 emission layer (EML)
[0091] 126 electron transport layer (ETL)
[0092] 127 cathode
[0093] 200 uniaxial press
[0094] 221 interior surface
[0095] 212 fixed platform
[0096] 214 movable platform
[0097] 216 post
[0098] 220 die

[0099] 222 lower punch
[0100] 223 surface

[0101] 224 upper punch
[0102] 225 surface

[0103] 226 die cavity

[0104] 230 heating coil
[0105] 240 cooling coil
[0106] 250 pellet plunger
[0107] 260 compliant container
[0108] 300 evaporation source
[0109] 310 first cooling tube

[0110] 312 arrow

[0111] 313« organic material
[0112] 3135 fill level

[0113] 313p solid pellet

[0114] Parts List cont’d
[0115] 320 compacted cylindrical pellet
] 322 top surface
] 323 bottom surface
1 324 arrow
[0119] 330 second cooling tube
] 332 arrow
] 340 heating element
] 350 refractory receptacle
[0123] 360 lid
[0124] 362 opening
[0125] 370 tray
[0126] 372 debris
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[0127] 500 vapor deposition chamber
[0128] 510 bell jar

[0129] 520 solid compacted pellet
[0130] 530 receptacle

[0131] 540 base plate

[0132] 550 evaporation source
[0133] 554 standoff

[0134] 560 heater

[0135] 562 baffle

[0136] 564 opening

[0137] 570 DC power supply

[0138] 572 substrate

[0139] 574 rotatable shutter

[0140
[0141

What is claimed is:

1. A method of forming a compacted pellet of organic
materials adaptable for making an organic layer on a struc-
ture which will form part of an OLED display, comprising
the steps of:

] 580 thickness controller
1 582 crystal

(a) providing a sublimable organic material in a powder
form;

(b) providing a thermally insulating and non-sublimable
inorganic material in a powder form;

(c) forming a mixture of the sublimable organic powder
and thermally insulating and non-sublimable inorganic
powder;

(d) placing such mixture into a die and using two punches,
alower and an upper punch, to apply sufficient pressure
to the mixture to cause the mixture of powders to
consolidate into a solid pellet,

(e) applying heat to the die during or prior to applying
pressure by the opposing punches to aid in causing the
mixture of powders to consolidate into a solid com-
pacted pellet, and

() removing the pellet from the die.

2. The method of claim 1, wherein the mixture includes at
least one sublimable organic material and one thermally
insulating non-sublimable inorganic material.

3. The method of claim 1, wherein the mixture includes
more than one sublimable organic materials comprising at
least one host and one dopant and at least one thermally
insulating non-sublimable inorganic material.

4. A method of making an OLED display wherein emis-
sion layer is deposited using a compacted cylindrical pellet
of organic materials comprising the steps of:

(2) providing a compacted cylindrical pellet of organic
material including a mixture of at least one host and one
dopant along with non-sublimable and thermally insu-
lating inorganic material,

(b) placing such a compacted cylindrical pellet inside a
receptacle disposed in a physical vapor deposition
chamber;
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(¢) positioning a substrate of a partially formed OLED
device in the physical deposition chamber in a spaced
relationship with respect to the receptacle;

(d) evacuating the chamber to a reduced pressure;

() applying heat to a surface of the compacted cylindrical
pellet of organic material by electrically energizing the
heater disposed in the evaporation source to cause at
least a portion to sublime to provide a mixture of vapors
of the organic materials including the host and the
dopant(s) to form an emission layer on the substrate;
and

(f) rotating the compacted cylindrical pellet after a certain
instant in order to expose a fresh portion of organic
materials on the pellet to the heater and discarding the
non-sublimable thermally insulating inorganic material
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g) zirconia; or
(h) alumina, or
(i) silica, or
(j) titanis, or

(k) magnesia, or mixtures thereof.
6. A method of making an OLED device using the

compacted pellets of claim 1 comprising the steps of:

(g) subliming organic material from the top surface of the
compacted cylindrical pellet and maintaining the bot-
tom surface of the compacted cylindrical pellet at a
lower temperature than the top surface with the tem-
perature difference between the top and bottom sur-
faces being at least 100° C.

7. The method of claim 6 further including the step of

cooling the bottom surface of the compacted cylindrical

during the process of rotation. pellet.

5. The method of claim 4 wherein the thermally insulating
and non-sublimable inorganic material includes ¥ % x x %
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