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OLED DEVICE HAVING MICROCAVITY GAMUT SUBPIXELS
FIELD OF INVENTION

This invention relates to microcavity organic electroluminescent (EL)

devices.
BACKGROUND OF THE INVENTION

Full color organic electroluminescent (EL), also known as organic
light-emitting devices or (OLED), have been recently been demonstrated as a new
type of flat panel display. In simplest form, an organic EL device is comprised of an
anode for hole injection, a cathode for electron injection, and an organic EL medium
sandwiched between these electrodes to support charge recombination that yields
emission of light. An example of an organic EL device is described in commonly-
assigned U.S. Patent No. 4,356,429. In order to construct a pixilated display device
such as is useful, for example, as a television, computer monitor, cell phone display or
digital camera display, individual organic EL elements may be arranged as an array of
pixels in a matrix pattern. To produce a multi-color display, the pixels are further
arranged into subpixels, with each subpixel emitting a different color. This matrix of
pixels can be electrically driven using either a simple passive matrix or an active
matrix driving scheme. In a passive matrix, the organic EL layers are sandwiched
between two sets of orthogonal electrodes arranged in rows and columns. An |
examples of a passive matrix driven organic EL devices is disclosed in commonly-
assigned U.S. Patent No. 5,276,380. In an active matrix configuration, each pixel is
driven by multiple circuit elements such as transistors, capacitors, and signal lines.
Examples of such active matrix organic EL devices are provided in U.S. Patent Nos.
5,550,066 (commonly-assigned); 6,281,634 and 6,456,013.

Full color OLED devices are also known in the art. Typical full color
OLED devices are constructed of pixels having three subpixels that are red, green,
and blue in color. Such an arrangement is known as an RGB design. An example of
an RGB design is disclosed in U.S. Patent No. 6,281,634. Full color organic
electroluminescent (EL) devices, have also recently been described that are
constructed of pixels having four subpixels that are red, green, blue, and white in

color. Such an arrangement is known as an RGBW design. An example of an
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RGBW device is disclosed in commonly-assigned U.S. Patent Publication
2002/0186214A1. In an RGBW device, a high efficiency white emitting pixel is used
to display a portion of the digital image content. This results in improved power
consumption relative to an RGB constructed of similar OLED materials. However,
the red, green, and blue subpixels do not improved in efficiency in this design.
Therefore, no power savings are achieved for displaying any portion of the digital
image content that is pure red, pure blue, or pure green in color such as, for example,
icons and toolbars commonly used in many personal digital assistant (PDA), cell
phone, or digital camera applications. Furthermore, the addition of the fourth
subpixel results in all red, green, and blue subpixels having to be made small to fit the
same total number of subpixels per unit area and achieve the same device pixel
resolution as a comparable RGB device. This results in the current density per unit
area of the associated red, green, and blue subpixels having to be increased in order to
display the same brightness for this pure red, pure blue, or pure green content. It is
known that OLED devices degrade, or become less efficient, more quickly as current
density is increased. For an RGBW display, this may result in content which is pure
red, pure green, or pure blue, and appearing frequently such as, for example, icons
and toolbars causing image burn-in quicker than in an equivalent RGB display and
therefore overall device lifetime is reduced.

Therefore, an RGBW device with improved efficiency and lifetime for
the red, green, and blue subpixels is desired.

SUMMARY OF THE INVENTION
It is an object of the present invention to make use of an OLED

display device that has pixels having gamut subpixels and within gamut subpixels that
can substantially improve the efficiency of the gamut subpixels.

This object is achieved by an OLED device comprising:

(a) an array of light emitting pixels, each pixel including subpixels
having organic layers including at least one emissive layer that produces light and
spaced electrodes, and wherein there are at least three gamut subpixels that produce
colors which define a color gamut and at least one subpixel that produces light within

the color gamut produced by the gamut subpixels; and
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(b) wherein at least one of the gamut subpixels includes a reflector
and a semitransparent reflector which function to form a microcavity.

By constructing a gamut subpixels with a microcavity structure the
present invention provides improved efficiency and lifetime. It is a further advantage
that such a device can be constructed using a common OLED organic layers for all
subpixels which does not réquire precision patterning to from the subpixels. Itisa
further advantage that such a device can be constructed without the need for color
filter elements, which thereby lowers cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a-d depict RGBW pixel pattern layouts that can be used in
accordance with the present invention;

FIG. 2 depicts a cross sectional view of a pixel according to an
embodiment of the present invention;

FIG. 3 depicts a cross sectional view of a pixel according to an another
embodiment of the present invention; and

FIG. 4 depicts a cross sectional view of a pixel according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

RGBW displays are one example of a type of display that utilizes
within-gamut emission to improve power consumption. Such display devices are
capable of displaying color images through the use of pixels having at least four
different color subpixels. At least three of the subpixels are gamut subpixels that emit
different colors, which define the color gamut of the display. For example, gamut
subpixels might emit light that is either Red, Green, or Blue in color. By illuminating
two or more of the gamut subpixels to varying intensities, other colors can be
generated. These new colors are within-gamut colors. Such a display device also has
at least one additional subpixel that is a within-gamut subpixel, which emits a within-
gamut color light such as white. The term white is used in the present invention to
indicate any light emission which is perceived as approximately white to a viewer.
These within-gamut subpixels generally are more efficient than the gamut subpixels.

FIG. 1 illustrates example pixel configurations for an RGBW device.
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FIG. 1a shows a stripe pattern configuration of an RGBW device pixel
20. Pixel 20 includes gamut subpixels 21a, 21b, and 21c¢ as well as within gamut
pixel 21d. These subpixels can have, for example, the colors Red (R), Green (G),
Blue (B), and White (W) respectively.

FIG. 1b shows a quad pattern configuration of an RGBW device pixel
20. Pixel 20 includes gamut subpixels 21a, 21b, and 21c as well as within gamut
pixel 21d. These subpixels can have, for example, the colors Red (R), Green (G),
Blue (B), and White (W) respectively.

FIG. 1c shows another pattern configuration of an RGBW device pixel
20. Pixel 20 includes gamut subpixels 21a, 21b, and 21c¢ as well as within gamut
pixel 21d. These subpixels can have, for example, the colors Red (R), Green (G),
Blue (B), and White (W) respectively.

FIG. 1d shows another pattern configuration of an RGBW device pixel
20. Pixel 20 includes gamut subpixels 21a, 21b, and 21¢ as well as within gamut
pixel 21d. These subpixels can have, for example, the colors Red (R), Green (G),
Blue (B), and White (W) respectively.

Other patterns of RGBW can be applied to the present invention.
Furthermore, patterns with more than 4 subpixels can also be applied. While in the
above mentioned examples, the subpixels are shown to be arranged in a certain order,
the subpixels can be arranged in other embodiments having different orders.
Furthermore, while the subpixels are shown as being all the same size and shape,
those skilled in the art will recognize that other embodiments can have subpixels with
differing sizes and shapes.

This type of display is more efficient than conventional OLED displays
because the with-gamut subpixels tend to have higher efficiency than at least one of
the gamut subpixels. Typically, the within gamut subpixel is more efficient than all of
the gamut subpixels. Each subpixel can be fabricated using a separate OLED material
designed to emit a different color light. However, a preferred configuration uses a
common broadband or white emitting OLED material common to all subpixels. The
use of a broadband or white emitting OLED material eliminates the need to pattern

the OLED materials for each pixel. In this case, color filters could be used for some
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of the subpixels to convert a broadband or white emission to individual colors. For
example, red, green, and blue color filters could be used in the gamut subpixels of
RGBW devices to form red, green, and blue colors and the within-gamut subpixel is
left unfiltered to emit white. Because the within-gamut subpixel does not have a
filter, it is more efficient than the gamut subpixels.

FIG. 2 shows the cross section of one pixel of a device according to the
present invention having, for example, a stripe pattern with three gamut subpixels
21a, 21b, and 21¢ and one within-gamut subpixel 21d. These subpixels emit light
30a,30b, and 30c, which have gamut colors and light 30d, which has a within-gamut
color. The device shown in FIG. 2 is shown to be active matrix with active matrix
circuitry 110, however, alternate embodiments which are passive matrix which do not
have active matrix circuitry can be applied to the present invention FIG. 2 also shows
a configuration that is bottom emitting, that is where light (30a, 30b, 30c, and 30d) is
extracted in the direction of the substrate. Gamut subpixels 21a, 21b, and 21c¢ are
formed using a microcavity structure. Microcavity structures are formed using a
reflector and semi-transparent reflector. The organic EL medium is formed between
the reflector and the semi-transparent reflector. The layers between the reflector and
the semi-transparent reflector create an optical cavity, which is then adjusted in
thickness and refractive index to resonate at a desired wavelength. Examples of
microcavity structures are shown in (U.S. Patent Nos. 6,406,801 B1; 5,780,174 Al,
and JP 11288786). Preferred materials for the reflector that are highly reflective
include Ag, Al, Au or alloys composed of one or more of these materials. The semi-
transparent reflector is partially reflective and partially transmissive. Preferred
materials for the semi-transparent reflector include Ag, Au or alloys composed of one
or both of these materials. These materials have a thickness selected to cause them to
be semi-transparent, that is partially transmitting and partially reflective. This
thickness may be in the range of, for example, between 5 nm and 50 nm, and is more
preferably between 15 nm and 30 nm. If conductive material are used to form the
reflector or the semi-transparent reflector, then the reflector, the semi-transparent
reflector, or both, can also serve the function of an electrode, either the anode or the

cathode, for the organic EL medium. An alternate semi-transparent reflector structure
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composed of a quarter wave stack (QWS) of transparent materials with alternating
high and low refractive indexes is also known and can be applied to the present
invention by someone skilled in the art In a bottom emission configuration, such as
shown, where the light is viewed through the substrate, the semi-transparent reflector
is located between the organic EL layers and the substrate and the reflector is located
above the substrate, the semi-transparent reflector, and the organic EL layers.
Alternately, in a top emission configuration, that is where the light is viewed in the
direction opposite the substrate, the reflector is located between the organic EL layers
and the substrate and the semi-transparent reflector is located above the substrate, the
reflector, and the organic EL layers.

The active matrix circuitry 110 is formed above a substrate 100.
Active matrix circuitry 110 includes a first thin film transistor (TFT) comprised of a
semiconductor active layer 111, a gate dielectric 112, a gate conductor 113, a first
insulating layer 114, and a second insulating layer 117. Active matrix circuitry 110
further includes one signal line 116 that carries the luminance signal and one power
line 115 to supply power to the transistor. Methods of fabricating the TFT Circuitry
are well known in the art. While only a single transistor, signal line, and power line
are shown for each subpixel, typically, each subpixel also has a second transistor (not
shown) as well as a capacitor (not shown) and additional select lines (not shown).
Many types of circuits having different numbers and configurations of circuit
components are known in the art and it is understood that a wide variety of these
circuits will work with this invention. Examples of active matrix configurations
include U.S. Patent Nos. 5,550,066; 6,281,634, and 6,501,466. While, the TFTs
shown are fabricated with a thin film semiconductor active layer 111, it is understood
that with semiconducting substrates, the substrate may actually serve this function. A
top gate structure, that is where the gate conductor 113 and the gate dielectric 112 are
above the semiconductor active layer 111, is shown, however, it is also known in the
art that TFTs with an inverse structure known as bottom gate can be used to drive
organic EL devices.

Above the active matrix circuitry, semi-transparent reflectors 120a,

120b, and 120c¢ are formed in gamut subpixel 21a, 21b, and 21c respectively. These
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semi-transparent reflectors 120a, 120b, and 120c can be formed of a reflective metal
such as Ag, Au, Al, and alloys thereof, which are made to be thin so as to also be
semi-transparent. It is possible, although not required that the semi-transparent
reflector also serves as one of the electrodes for the organic EL media.

The within-gamut subpixel 21d does not have a semi-transparent
reflector but instead has only a transparent electrode 130. The transparent electrode
130 is typically constructed of a metal oxide such as, but not limited to, indium-tin
oxide (ITO), zinc-tin oxide (ZTO), tin-oxide(SnOx), indium oxide (InOx),
molybdnum oxide (MoOx), tellurium oxide (TeOx), antimony oxide (SbOx), and zinc
oxide (ZnOx). Transparent electrode 130 is also electrically connected down to the
active matrix components either directly as shown or with an intermediate conductor.
The use of a transparent electrode without a semi-transparent reflector results in the
within-gamut subpixel not having a microcavity structure.

For gamut subpixel 21a, transparent cavity-spacer layer 140a is formed
above semi-transparent reflector 120a. The transparent cavity-spacer layer 140a can
be constructed of a metal oxide such as, but not limited to, indium-tin oxide (ITO),
zinc-tin oxide (ZTO), tin-oxide(SnOx), indium oxide (InOx), molybdnum oxide
(MoOx), tellurium oxide (TeOx), antimony oxide (SbOx), and zinc oxide (ZnOx). In
this case the transparent cavity-spacer layer 140a also serves as an electrode for the
organic EL media 210 so that transparent cavity-spacer layer 140a must be electrically
connected down to the active matrix components. This can be achieved either directly
or if the semi-transparent reflector 120a is of a conducting material such as Ag, Al,
Au or alloys thereof, through the semi-transparent reflector 120a as shown or with
other intermediate conductors. If transparent cavity-spacer layer 140a is not
conductive, then the semi-transparent reflector 120a can serve as the electrode for the
organic EL media 210, and would therefore be connected down to the active matrix
circuitry 110. Alternately, the transparent electrode 130, transparent cavity spacer
layer 140a, and semi-transparent reflector 120a could be formed of three (or more)
different layers in which case the transparent electrode would be in electrical contact
with the active matrix circuitry and the cavity-spacer layer could be between the

transparent electrode and the semi-transparent reflector. The thickness and index of



10

15

20

25

30

WO 2005/020344 PCT/US2004/025741

refraction of transparent cavity-spacer layer 140a is optimized in conjunction with the
thickness and index of refraction of the organic EL media 210 in order to tune the
cavity to resonate at the wavelength desired for the color of light for subpixel 21a, for
example red. Tuning thickness and refractive index to achieve the desired
microcavity emission is well known in the art.

Gamut subpixel 21b is similarly constructed using cavity-spacer layer
140b above semi-transparent reflector 120b. In this case, the thickness and index of
refraction of cavity-spacer layer 140b is optimized in conjunction with the thickness
and index of refraction of the organic EL media 210 in order to tune the cavity to
resonate at a different wavelength desired for the color of light for subpixel 21b, for
example green.

Gamut subpixel 21c¢ is shown here as not having a cavity-spacer layer.
In this case, only the thickness and index of refraction of the organic EL media 210 is
optimized in order to tune the cavity to resonate at a different wavelength desired for
the color of light for subpixel 21c, for example blue. If the organic EL media 210 is
common to all subpixels, as shown, then organic EL media 210 is optimized only for
this gamut subpixel, and the other gamut subpixels are separately tuned using their
respective cavity-spacer layers. This configuration minimizes the number of different
cavity-spacer layers which need to be deposited and patterned. However, in an
alternate embodiment, all gamut subpixels could include a cavity-spacer layer with
each separately optimized to tune to the desired colors. Use of these above mentioned
cavity spacer layer is preferred in order to allow the organic EL media 210 to be
deposited without patterning for each subpixel. However, in an alternate
embodiment, one or more of the organic layers of the organic EL media can be
pattered and separately adjusted in thickness or refractive index to tune the
microcavity of each of the gamut subpixels. In this configuration, the cavity space
layer can be used or eliminated. However, this requires precision patterning of at
least one of the organic layers.

As described above, in order to minimize the number of deposition
steps and patterning steps, one of the gamut subpixels may have no cavity-spacer

layer. Another preferred method to reduce the number of deposition and patterning
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steps is to use the same material, thickness, and refractive index to form one of the
cavity-spacer layers, for example, cavity-spacer layer 140b and the transparent
electrodes of the non-gamut subpixels, for example transparent electrode 130.

An interpixel dielectric layer 160, as such as is described in U.S.
Patent No. 6,246,179, is preferably used to cover the edges of the transparent
electrodes to prevent shorts or strong electric fields in this area. The interpixel
dielectric layer 160 can also cover the cavity spacer as shown if the cavity spacer is
conductive or forms part of the electrode. While use of the interpixel dielectric layer
160 1s preferred, it is not required for successful implementation of the present
invention.

Each of the subpixels further includes organic layers forming an
organic EL media 210. There are numerous configurations of the organic EL media
210 layers wherein the present invention can be successfully practiced. Examples of
organic EL media layers that emit broadband or white light are described, for
example, in commonly-assigned EP 1 187 235, U.S. Patent Publication No.
20020025419 (commonly-assigned) , EP 1 182 244, U.S. Patent Nos. 5,683,823
(commonly-assigned); 5,503,910; 5,405,709 (commonly-assigned), and 5,283,182.
As shown in commonly-assigned EP 1187235A2, a white emitting organic EL media
can be achieved by the inclusion of the following layers; a hole injecting layer 211, a
hole transporting layer 212 that is disposed over the hole injecting layer 211 and is
doped with a rubrene compound for emitting light in the yellow region of the
spectrum, a light emitting layer 213 doped with a blue light-emitting compound
disposed over the hole transporting layer 212, and an electron transporting layer 214
disposed over the light emitting layer 213. Alternate embodiments where one or more
different organic EL media materials are used for different subpixels can also be
applied to the present invention.

Above the organic EL media 210, the reflector 220 is formed. The
reflector 220 can be formed of materials such as Al, Ag, Au, or alloys thereof. The
reflector 220 can also serve as the second electrode for the organic EL media 210.

While the transparent cavity spacers are shown here as being between

the semi-transparent reflectors and the organic EL media, in alternate embodiments,
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the cavity step spacers can be formed instead between the organic EL media and the
reflector.

In another alternate embodiment where one or more of the layers of the
organic EL media 210 is not common to all subpixels but is instead individually
patterned for each subpixel, then the cavity-spacer layers can be eliminated and the
microcavity for the gamut subpixels can be tuned by tuning the thickness, refractive
index, or both of one or more of the layers forming the organic EL media 210
separately for each gamut subpixel. In this case, if the organic EL media 210 is
designed to emit broadband light, it may be preferable to use the same thickness for
one or more of the organic EL media 210 layers for the within-gamut subpixels and
one or more of the gamut subpixels to minimize the number of deposition steps.

FIG. 3 shows a cross section of a further embodiment of the present
invention, which is top emitting, that is where light (30a, 30b, 30c, and 30d) is
extracted in the direction away from the substrate. In order to realize this top emitting
configuration, reflectors 150a, 150b, 150c, and 150d are located between the organic
EL media 210 and the substrate 100. These reflectors 150a, 150b, 150c, and 150d can
be formed of materials such as Ag, Au, Al, or alloys thereof. These reflectors 150a,
150b, 150c, and 150d can also serve as an electrode for the organic EL media 210 as
shown in which case it must be connected down to the active matrix circuitry. In this
embodiment, the semi-transparent reflector 230 must be formed above organic EL
media 210 for the gamut subpixels 21a, 21b, and 21c. However, the semi-transparent
reflector 230 must patterned so as to not be present in the within-gamut subpixel 21d.
A transparent electrode 240 must be used over the within-gamut subpixel 21d. The
transparent electrode can also be present over the other subpixels as shown to reduce
the need for patterning, although this is not required. The transparent electrode 240
could be constructed of a metal oxide such as, but not limited to, indium-tin oxide
(ITO), zinc-tin oxide (ZTO), tin-oxide(SnOx), indium oxide (InOx), molybdnum
oxide (MoOx), tellurium oxide (TeOx), antimony oxide (SbOx), and zinc oxide
(ZnOx).

While in FIG. 3, the reflectors (150a, 150b, 150c, and 150d) form one

electrode for the organic EL media 210, in an alternate embodiment, a separate
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electrode could be formed over the reflector and below the organic EL media 210,
which then becomes part of the microcavity cavity for the gamut subpixels 21a, 21b,
and 21c. This electrode could be constructed of a metal oxide such as, but not limited
to, indium-tin oxide (ITO), zinc-tin oxide (ZTO), tin-oxide(SnOx), indium oxide
(InOx), molybdnum oxide (MoOx), tellurium oxide (TeOx), antimony oxide (SbOx),
and zinc oxide (ZnOx).

While the transparent electrode 240 is shown in FIG. 3 as being above
the semi-transparent reflector 230, in another alternate embodiment, it could be
located between the semi-transparent reflector 230 and the organic EL media 210. In
this case, the transparent electrode 240 would form one of the electrodes for the
organic EL media 210 for all the subpixels and become part of the microcavity cavity.

The embodiments described above illustrate examples where the
efficiency and lifetime of the all gamut subpixels have been improved by using
microcavity while still maintaining the ability to generate broadband or white
emission from the within-gamut subpixels. However, other embodiments are possible
whereby only some of the gamut subpixels are improved by using a microcavity
structure. That is, some of the gamut subpixels are not constructed as to form a
microcavity. An example of such a configuration is shown if FIG. 4 which has two
microcavity gamut subpixels 22b and 22¢, one non-microcavity gamut subpixel 22a
and a within-gamut subpixel 22d. In this case, non-microcavity gamut subpixel 22a,
is formed using a reflector 220 and a transparent electrode 130a. The transparent
electrode can be of the same material and thickness as used for the transparent
electrode 130d of the within-gamut subpixel 22d. If the organic EL media 210 used is
white or broadband emitting, then a color filter 301 may be used to achieve the
desired gamut color for these subpixels. The use of color filters to convert broadband
emission to narrow band emissions of a specific color is known in the art. As long as
at least one of the gamut subpixels is constructed as a microcavity, then some
improvement in lifetime and efficiency will be realized according to the present

invention.
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The invention has been described in detail with particular 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.
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20
2la
21b
2lc
21d
22a
22b
22¢
22d
30a
30b
30c
30d
100
110
111
112
113
114
115
116
117
120a
120b
120c
130
130a
130d
140a

PARTS LIST

Pixel

Gamut Subpixel

Gamut Subpixel

Gamut Subpixel
Within-Gamut Subpixel
Non-Microcavity Gamut Subpixel
Microcavity Gamut Subpixel
Microcavity Gamut Subpixel
Within-Gamut Subpixel
Light

Light

Light

Light

Substrate

Active Matrix Circuitry
Semiconductor Active Layer
Gate Dielectric

Gate Conductor

First Insulating Layer

Power Line

Signal Line

Second Insulating Layer
Semi-Transparent Reflector
Semi-Transparent Reflector
Semi-Transparent Reflector
Transparent Electrode
Transparent Electrode
Transparent Electrode

Transparent Cavity-Spacer Layer

-13-
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Parts List cont’d

140b Transparent Cavity-Spacer Layer
150a Reflector

150b Reflector

150c Reflector

150d Reflector

160 Interpixel Dielectric

210  Hole Injecting Layer

212 Hole Transporting Layer
213 Light Emitting Layer

214  Electron Transporting Layer
220  Reflector

230  Semi-Transparent Reflector
240  Transparent Electrode

310  Color Filter
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CLAIMS:

1. An OLED device comprising:

(a) an array of light emitting pixels, each pixel including subpixels
having organic layers including at least one emissive layer that produces light and
spaced electrodes, and wherein there are at least three gamut subpixels that produce
colors which define a color gamut and at least one subpixel that produces light within
the color gamut produced by the gamut subpixels; and

(b) wherein at least one of the gamut subpixels includes a reflector
and a semitransparent reflector which function to form a microcavity.

2. The OLED device of claim 1 wherein the reflector in the also
functions as an electrode for at least one of the subpixels.

3. The device of claim 1 wherein the semi-transparent reflector
also functions as an electrode for one of more the subpixels.

4. The OLED device of claim 1 wherein the colors produced by
the gamut subpixels are red, green and blue, and the color produced by the within
gamut subpixel is white.

5. The OLED device of claim 1, wherein the organic layers
produce broadband emission and are common to all the subpixels of all the pixels.

6. The OLED device of claim 5, wherein at least one of the gamut
subpixels further comprises a color filter element.

7. The OLED device of claim 1, wherein the device is a passive
matrix device.

8. The OLED device of claim 1, wherein the device is an active
matrix device.

9. The OLED device of claim 1, wherein the gamut subpixels
having a microcavity structure further comprise a transparent cavity-spacer layer,
wherein the thickness of the transparent cavity space layer, refractive index of the
transparent cavity space layer, or both are separately adjusted for each different color
gamut subpixel in conjunction with the thickness and refractive index of the organic

layers for each gamut subpixel to tune the microcavity to the desired colors.
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10.  The OLED device of claim 9, wherein the transparent cavity
spacer layer of one of the gamut subpixels is formed of the same material and
thickness as the transparent electrode of at least one of the within gamut subpixels.

11. The OLED device of claim 1, wherein the all but one of the
gamut subpixels having a microcavity structure further comprise a transparent cavity-
spacer layer, wherein the thickness of the transparent cavity space layer, refractive
index of the transparent cavity space layer, or both are separately adjusted for each
different color gamut subpixel in conjunction with the thickness and refractive index
of the organic layers for each gamut subpixel to tune the microcavity to the desired
color.

12.  The OLED device of claim 11, wherein the transparent cavity
spacer layer of one of the gamut subpixels is formed of the same material and
thickness as the transparent electrode of at least one of the within gamut subpixels.

13.  The OLED device of claim 1, wherein one or more of the
layers of the organic layer is separately patterned for one or more of the subpixels.

14. The OLED device of claim 13, wherein one or more of the
layers of the organic layers is separately patterned for each of the gamut subpixels.

15.  The OLED device of claim 13, wherein organic layers
generates a broadband emission and all the layers of the organic layers are the same

for one or more of the gamut subpixels and one or more of the within-gamut

subpixels.

16.  The OLED device of claim 1, wherein the device is bottom
emitting.

17.  The OLED device of claim 1, wherein the device is top
emitting.
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FIG. 1A

21a 21b 21c

) 3

20/f. R G B

PCT/US2004/025741

/4

\\ R\
2oj R W
G B
/ /
‘el ad
21b 21c
FIG. 1B

21a 21b 21c

-

1 )|

1
207 6

W

I

r/

21d

FIG. 1D



001 oLl 9Ll
:_/,\ A
N:J// f \Doﬁ
AV—‘—‘ ) — T 1 1 L T
TR s o et e
L N N “ ” v
o]

V N\ v/////
oov L\ 0

-

N\

qL¢

\L
4

Dl

wk\orv

~00C!

QM\OPN



PCT/US2004/025741

- 3/4

WO 2005/020344

¢ Old

00l CLl

FFF//; , \©~P
AN //// ﬁ/
¢_F —

m_F/ﬂ

L1 //W_Il:w\\ Dﬂurhl\\ _L/r _ _\ E#\_\ — w\\o:
\\\\&\dom_\ § Doixﬂ\\\\\\,wmwﬂ\\\\\\ Z\|

om_/g o051 S o
ARAN <
N—N}ﬂ
4 /
%%

~P0G 1

Y, , MANN

: OL¢
mvwlﬂﬁ
FAl D 9vvvvvvv\
ove /ﬂ é& & ,
0¢c¢




000000000000

/////////////////

NNNNN

N
N
N II
e |
[ L\

FIG. 4

Nson

120b/

Oa

I\
N *3\@@4

301 “k, \/\\\\\N\
A AV
—
110

N N
i P A
| s |
1 1 \\ | — |

'1300

R\




INTERNATIONAL SEARCH REPORT

ernational Application No

CT/US2004/025741

CLASSIFICATION OF SUBJECT MATTER

TPC 7 HOTLB1 720 HO1L27/15

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 HOIL GO9G

Minimum documentation searched (classificalion system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic dala base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ, WPI Data, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

2 March 2000 (2000-03-02)
page 6, paragraph 3
page 9, paragraph 3

paragraphs ‘0004!, °0014!'; figure 2

Y WO 00/11728 A (BURROUGHES JEREMY HENLEY ;
CAMBRIDGE DISPLAY TECH (GB))

page 10, paragraphs 4,5; figures 3,4

Y US 2002/186214 Al (SIWINSKI MICHAEL J) 1-6,9,
12 December 2002 (2002-12-12)

11,13,
14,16,17

1-3,7-17

Ny S

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

'A* document defining the general state of the art which is nol
considered to be of particular relevance

‘E" earlier document but published on or after the international
filing date

*'L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citalion or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

‘P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive siep when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
inthe an.

‘&' document member of the same patent family

Date of the actual completion of the international search

25 January 2005

Date of mailing of the intemational search repon

01/02/2005

Name and mailing address of the ISA

European Patent Office, P.B8. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Faou, M

Form FCT".SA210 (sgccrd sheet) (January 2004)

page 1 of 2

Relevant 10 claim No.




rnationat Application No

INTERNATIONAL SEARCH REPORT
HT/US2004/025741

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
y EP 0 616 488 A (HITACHI LTD) 1-5,7,
21 September 1994 (1994-09-21) 9-12,15,
16

column 2, lines 13-22; figures 1,2
column 3, lines 10-15
column 5, lines 33-44
column 6, lines 25-27

Y US 2003/107314 Al (YAMADA JIRO ET AL) 1-3,7,8,
12 June 2003 (2003-06-12) 13,14,17
paragraphs ‘0034!, ‘0036!, ‘0041!,

‘0042!'; figure 1

Y PATENT ABSTRACTS OF JAPAN 1,2,4-6

vol. 2000, no. 06,

22 September 2000 (2000-09-22)

-& JP 2000 068069 A (IDEMITSU KOSAN CO
LTD), 3 March 2000 (2000-03-03)
abstract; figure 4

paragraphs €0004!, ‘0020!, ‘0051!,
‘0056! :

A GB 2 349 979 A (CAMBRIDGE DISPLAY TECH) 10,12,15
15 November 2000 (2000-11-15)
pages 8,9

Form FCT"SA/210 (continuatior of second sheet) (January 2004)

page 2 of 2



INTERNATIONAL SEARCH REPORT
rnational Application No
Information on patent family members
" petent familym ’qﬁ/uszooa/ozwm
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2002186214 Al 12-12-2002  NONE

WO 0011728 A 02-03-2000 AU 5434399 A 14-03-2000
CN 1319260 T 24-10-2001
EP 1114473 Al 11-07-2001
WO 0011728 Al 02-03-2000
JP 3504922 B2 08-03-2004
JP 2002523807 T 30-07-2002
us 6693611 Bl 17-02-2004

EP 0616488 A 21-09-1994 JP 2797883 B2 17-09-1998
JP 6275381 A 30-09-1994
DE 69410513 D1 02-07-1998
DE 69410513 T2 04-03-1999
EP 0616488 A2 21-09-1994
us 5554911 A 10-09-1996

US 2003107314 Al 12-06-2003 JP 2003234186 A 22-08-2003
CN 1426269 A 25-06-2003
US 2004147200 Al 29-07-2004

JP 2000068069 A 03-03-2000 NONE

GB 2349979 A 15-11-2000 NONE

Fomm FCT'ISA'210 (patent famity annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

