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OLED MICRO-CAVITY STRUCTURE AND
METHOD OF MAKING

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This application claims the benefit of Korean Patent
Application No. 10-2013-0001321, filed on Jan. 4, 2013,
which is hereby incorporated by reference as if fully set forth
herein. Embodiments of the invention relate to an organic
light emitting diode, and more particularly, to an organic light
emitting diode micro-cavity structure and method of making.
Although embodiments of the invention are suitable for a
wide scope of applications, it is particularly suitable for a
matrix structure having at least three sub-pixel regions.
[0003] 2. Discussion of the Related Art

[0004] In general, an organic electroluminescent (EL)
device, also known as organic light-emitting diode device or
OLED device, can emit light at a predetermined color wave-
length. An OLED device includes an anode for hole injection,
a cathode for electron injection, and an organic emissive
layer, sandwiched between the anode and cathode to enable
hole and electron recombination that yields an emission of
light. OLED devices can be stacked on top of one another so
that one emissive layer emits one color and an other emissive
layer emits another color such that the colors combine to form
one or more colors. To construct a pixilated color display
device such as a television, computer monitor, cell phone
display, or digital camera display, individual OLED devices
or stacked OLED devices can be arranged as a matrix array of
pixels.

[0005] In order for each pixel to produce multiple colors,
the pixels are divided into sub-pixel regions with each sub-
pixel region having an OLED device for emitting a predeter-
mined peak color wavelength or a plurality of color wave-
lengths. Generally, a color pixel display is made of one of two
pixel types. The first pixel type is the RGB pixel type that has
red, green and blue sub-pixel regions. The second pixel type
is the RGBW pixel type that has red, green, blue and white
sub-pixel regions. Red, green and blue sub-pixel regions emit
predetermined peak color wavelengths of red, green and blue,
respectively. A white sub-pixel region emits a plurality of
color wavelengths. In addition to the RGB and RGBW pixel
types, there are other display pixel types having sub-pixel
regions with other predetermined peak color wavelengths,
such as a RGCM pixel type having sub-pixel regions that emit
with peak color wavelengths of red, green, cyan and magenta.
[0006] A matrix of pixels can be electrically driven using
either a passive matrix or an active matrix driving scheme. In
apassive matrix, the OLED sub-pixel regions are sandwiched
between two sets of orthogonal electrodes arranged in rows
and columns. In an active matrix configuration, each OLED
device of a sub-pixel region is activated by switching element
and driving element, such as transistors.

[0007] There are three basic approaches to using OLED
device structures to produce a color display. The first
approach uses different organic electroluminescent materials
for the emissive layers in the sub-pixels of a pixel to emit
different predetermined peak color wavelengths. The second
approach uses a same organic electroluminescent material for
each emissive layer along with different color filters in each
sub-pixel region to emit different predetermined peak color
wavelengths. The third approach uses different organic elec-
troluminescent materials for the emissive layers along with
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along with different color filters in each sub-pixel region to
emit different predetermined peak color wavelengths.

[0008] Inthe first approach of using different organic elec-
troluminescent materials without color filters, each differ-
ently colored sub-pixel region can be constructed using dif-
ferent organic electroluminescent materials for each of the
emissive layers of the OLED devices in the sub-pixel regions
of the pixels. For example, a first organic electroluminescent
material emits a peak red wavelength, a second organic elec-
troluminescent material emits a peak green wavelength, and a
third organic electroluminescent material emits a peak blue
wavelength. These three different organic electroluminescent
materials are each selectively positioned within their respec-
tive sub-pixel regions of the pixels by using one of shadow
masks, thermal transfers from donor sheets, and ink jet print-
ing.

[0009] In the second approach of using a same organic
electroluminescent material for each emissive layer along
with different color filters in each sub-pixel region to emit
different predetermined peak color wavelengths to producing
a color display, the same organic electroluminescent material
in all of the different color sub-pixel regions can be either a
continuous layer across all of the sub-pixel regions or indi-
vidual layers position respectively in each sub-pixel region.
The different color filters used to selectively convert the com-
mon color wavelength emitted from each OLED device to the
different colors of the sub-pixel regions are positioned above
the emissive layer in a top emission device and below the
emissive layer in bottom emission device. In the case of using
the same organic electroluminescent material in the emissive
layer of all of the sub-pixel regions, the organic electrolumi-
nescent material is typically configured to produce a broad
emission spectrum of light, also referred to as white emission
or white light OLED.

[0010] Inthethird approach ofusing different organic elec-
troluminescent materials for the emissive layers along with
different color filters, each differently colored sub-pixel
region can be constructed using different organic electrolu-
minescent materials for each of the emissive layers of the
OLED devices in the sub-pixel regions of the pixels. For
example, a first organic electroluminescent material emits a
peak red wavelength, a second organic electroluminescent
material emits a peak green wavelength, a third organic elec-
troluminescent material emits a peak blue wavelength and a
fourth organic electroluminescent material emits a broad
spectrum of wavelengths or white light. In this example, ared
filter is associated with the first organic electroluminescent
material that emits a peak red wavelength, a green filter is
associated with the second organic electroluminescent mate-
rial that emits a peak green wavelength, a blue filter is asso-
ciated with the third organic electroluminescent material that
emits a peak blue wavelength.

[0011] To improve the luminance output efficiency of the
OLED devices in all three of the above approaches, the micro-
cavity effect can be used. In a micro-cavity OLED device, the
emissive layer structure is disposed between a reflector and a
semi-transmissive reflector, which is at least semi-transparent
to a desired wavelength. The reflector and semi-transmissive
reflector form a Fabry-Perot micro-cavity that enhances the
emission properties of the emissive layer structure disposed
in the micro-cavity. More specifically, light emission near the
wavelength corresponding to the resonance wavelength of the
cavity is enhanced through the cathode while diminishing
other wavelengths that do not correspond to the resonance
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wavelength. The use of a micro-cavity in an OLED device
increases the light extraction efficiency or luminance output
by configuring the depth or length of micro-cavity between a
reflective electrode and a cathode of a sub-pixel region to have
a resonance wavelength corresponding to the desired peak
color wavelength for the sub-pixel region.

[0012] FIG.1 is a view of three sub-pixel regions that each
having a top emission OLED micro-cavity structure accord-
ing to the prior art. As shown in FIG. 1, red sub-pixel region
R, green sub-pixel region G and blue sub-pixel region B are
formed on a substrate 101. The red sub-pixel region R
includes a red emissive layer 151 positioned between a com-
mon cathode 160 and an anode 120R for the red sub-pixel
region R. The green sub-pixel region G includes a green
emissive layer 152 positioned between a common cathode
160 and an anode 120G for the green sub-pixel region G. The
blue sub-pixel region B includes a blue emissive layer 153
positioned between a common cathode 160 and an anode
120B for the blue sub-pixel region B. The anode 120R for the
red sub-pixel region R is on a cavity electrode 110R, which is
on the substrate 101. The anode 120B for the blue sub-pixel
region B is on a cavity electrode 110B, which is on the
substrate 101. The anode 120G for the green sub-pixel region
Gisona cavity electrode 110G, which is on the substrate 101.
The red sub-pixel region R, green sub-pixel region G and blue
sub-pixel region B are separated by banks 140.

[0013] The depth of a micro-cavity between a reflective
electrode and a cathode of a sub-pixel region in the prior art is
configured by controlling the thickness of the emissive layer.
As shown in FIG. 1, the depth of the micro-cavity CDR in the
red sub-pixel region R between the common cathode 160 and
cavity electrode 110R for the red sub-pixel region R is larger
than the depth ofthe micro-cavity CDG in the green sub-pixel
region G between the common cathode 160 and the cavity
electrode 110G for the green sub-pixel region G because the
red emissive layer 151 of the red sub-pixel region R is thicker
than the green emissive layer 152 of the green sub-pixel
region G. The depth of the micro-cavity CDB in the blue
sub-pixel region B between the common cathode 160 and the
cavity electrode 110B for the blue sub-pixel region B is
smaller than the depth of the micro-cavity CDG of the green
sub-pixel region G between the common cathode 160 and the
cavity electrode 110G for the green sub-pixel region G
because the blue emissive layer 153 of the blue sub-pixel
region B is thinner than the green emissive layer 152 of the
green sub-pixel region G.

[0014] Asshown in FIG. 1, the red color light RCL reflects
back and forth between the common cathode 160 and the
cavity electrode 110R across the entire depth of the micro-
cavity CDR such that the luminance of the red color light
RCL increases by constructive interference. The green color
light GCL reflects back and forth between the common cath-
ode 160 and the cavity electrode 110G across the entire depth
of'the micro-cavity GDR such that the luminance of the green
color light GCL increases by constructive interference. The
blue color light BCL reflects back and forth between the
common cathode 160 and the cavity electrode 110B across
the entire depth of the micro-cavity CDB such that the lumi-
nance of the blue color light BCL increases by constructive
interference.

[0015] The effective micro-cavity depth is defined by opti-
cal distance, which is wavelength. The depth of the micro-
cavity CDR for the red sub-pixel region R is configured to be
deeper than the depth of the micro-cavity CDB for the blue
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sub-pixel region B because the wavelength of the red color
light RCL is longer than the wavelength of blue color light
BCL. The depth of the micro-cavity CDG for the green sub-
pixel region G is configured to be deeper than the depth of the
micro-cavity CDB for the blue sub-pixel region B because the
wavelength of the green color light GCL is longer than the
wavelength of blue color light BCL. The depth of the micro-
cavity CDR for the red sub-pixel region R is configured to be
deeper than the depth of the micro-cavity CDG for the red
sub-pixel region G because the wavelength of the red color
light RCL is longer than the wavelength of green color light
GCL.

[0016] Controlling the thickness of the emissive layers is
difficult. More specifically, the prior art structure requires a
separate deposition process for each sub-pixel region because
each emissive layer is typically a series of sub-layers whose
thicknesses vary depending on the overall thickness of the
emissive layer for that sub-pixel region. Further, the emissive
layers can not be highly defined using the fine metal mask
evaporation technique. Also, patterning of the transparent
anode electrode in the prior art can result in left over residue
that can result in a short circuit between adjacent pixel
regions.

SUMMARY OF THE INVENTION

[0017] Embodiments of the invention is directed to an
organic light emitting diode micro-cavity structure and
method of making that substantially obviates one or more of
the problems due to limitations and disadvantages of the
related art.

[0018] An object of embodiments of the invention is to
provide an anode layer for each sub-pixel region configured
to have a predetermined overall thickness to provide a prede-
termined distance between the reflective electrode and the
cathode layer according to a peak color wavelength for each
sub-pixel region.

[0019] Another object of embodiments of the invention is
to prevent a short circuit between adjacent sub-pixel regions.
[0020] Another object of embodiments of the invention is
to form an emissive layer of a same thicknesses in each
sub-pixel region having a micro-cavity structure.

[0021] Another object of embodiments of the invention is
to reduce the number of masks used to form anodes and cavity
electrodes in sub-pixel regions having micro-cavity struc-
tures.

[0022] Additional features and advantages of embodiments
of the invention will be set forth in the description which
follows, and in part will be apparent from the description, or
may be learned by practice of embodiments of the invention.
The objectives and other advantages of the embodiments of
the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these and other advantages and in accor-
dance with the purpose of embodiments of the invention, as
embodied and broadly described, an organic light emitting
diode includes: a substrate; a first cavity electrode in a first
micro-cavity region of the substrate; a first transparent elec-
trode of a first thickness in the first micro-cavity region, the
first transparent electrode overlaps beyond a first side of the
first cavity electrode; a first emissive layer in electrical con-
nection with the first transparent electrode; and a cathode
layer on the first emissive layer.
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[0024] Inanother aspect, an organic light emitting diode on
a substrate includes: a first reflective electrode having a first
width in a first micro-cavity region of the substrate; a first
transparent electrode having a second width and positioned
on the first reflective electrode, wherein the second width is
larger than the first width; a first emissive layer in electrical
connection with the first transparent electrode; and a cathode
layer on the first emissive layer.

[0025] Inanother aspect, an organic light emitting diode on
a substrate includes: a first cavity electrode having a first
width in a first sub-pixel region of the substrate; a first trans-
parent electrode having a second width and positioned on the
first cavity electrode, wherein the second width is larger than
the first width; a first emissive layer in electrical connection
with the first transparent electrode; and a cathode layer on the
first emissive layer.

[0026] In another aspect, an organic light emitting diode
includes: a substrate; an first sub-pixel region, a second sub-
pixel region, and a third sub-pixel region on the substrate; a
first cavity electrode in the first sub-pixel region of the sub-
strate; a second cavity electrode in the second sub-pixel
region of the substrate; a third cavity electrode in the third
sub-pixel region of the substrate; a first transparent electrode
of'a first thickness in the first sub-pixel region, the first trans-
parent electrode overlaps beyond a side of the first cavity
electrode; second transparent electrodes of a second thick-
ness in the first sub-pixel and second sub-pixel regions, the
second transparent electrode in the second sub-pixel region
overlaps beyond a side of the second cavity electrode; third
transparent electrodes of a third thickness in the first sub-
pixel, second sub-pixel, third sub-pixel regions, the third
transparent electrode in the third sub-pixel region overlaps
beyond a side of the third cavity electrode; an emissive layer
being in electrical connection with the first, second and third
transparent electrodes; and a cathode layer on the emissive
layer.

[0027] Inanother aspect, an organic light emitting diode on
a substrate includes: an R sub-pixel region, a G sub-pixel
region, and a B sub-pixel region on the substrate; a first
reflective electrode in the R sub-pixel region of the substrate;
a second reflective electrode in the G sub-pixel region of the
substrate; a third reflective electrode in the B sub-pixel region
of the substrate; a first transparent electrode of a first thick-
ness in the R sub-pixel region, the first transparent electrode
overlaps beyond a side of the first reflective electrode; second
transparent electrodes of a second thickness in the R sub-pixel
and G sub-pixel regions, the second transparent electrode in
the G sub-pixel region overlaps beyond a side of the second
reflective electrode; third transparent electrodes of a third
thickness in the R sub-pixel, G sub-pixel, B sub-pixel regions,
the third transparent electrode in the B sub-pixel region over-
laps beyond a side of the third reflective electrode; an emis-
sive layer is in electrical connection with the first, second and
third transparent electrodes; and a cathode layer on the emis-
sive layer.

[0028] In another aspect, a method of making an organic
light emitting diode on a substrate includes: forming a cavity
electrode layer across first, second and third micro-cavity
regions of the substrate; forming a first transparent layer of a
first thickness in the first micro-cavity region; forming second
transparent layers of a second thickness in the first and second
micro-cavity regions; forming third transparent layers of a
third thickness in the first, second and third micro-cavity
regions; etching the cavity electrode layer such that the first
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transparent layer in the first micro-cavity region overlaps
beyond a first side of a first cavity electrode, the second
transparent layer in the second micro-cavity region overlaps
beyond a second side of a second cavity electrode, and the
third transparent layer in the third micro-cavity region over-
laps beyond a third side of a third cavity electrode; forming a
first bank between the first and second micro-cavity regions
and a second bank between the second and third micro-cavity
regions; forming a first emissive layer in electrical connection
with the third transparent layer of the first micro-cavity
region; forming a second emissive layer in electrical connec-
tion with the second transparent layer of the second micro-
cavity region; forming a third emissive layer in electrical
connection with the third transparent layer of the third micro-
cavity region; and forming a cathode layer on the first, second
and third emissive layers.

[0029] In yet another aspect, a method of making an
organic light emitting diode on a substrate includes: forming
a cavity electrode layer across first, second and third micro-
cavity regions of the substrate; forming a first transparent
layer of a first thickness in the first, second and third micro-
cavity region; forming second transparent layers of a second
thickness in the first and second micro-cavity regions; form-
ing third transparent layers of a third thickness in the first
micro-cavity regions; etching the cavity electrode layer such
that the first transparent layer in the first micro-cavity region
overlaps beyond a first side of a first cavity electrode, the first
transparent layer in the second micro-cavity region overlaps
beyond a second side of a second cavity electrode, and the
first transparent layer in the third micro-cavity region over-
laps beyond a third side of a third cavity electrode; forming a
first bank between the first and second micro-cavity regions
and a second bank between the second and third micro-cavity
regions; forming a first emissive layer in electrical connection
with the third transparent layer of the first micro-cavity
region; forming a second emissive layer in electrical connec-
tion with the second transparent layer of the second micro-
cavity region; forming a third emissive layer in electrical
connection with the first transparent layer of the third micro-
cavity region; and forming a cathode layer on the first, second
and third emissive layers.

[0030] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included to
provide a further understanding of embodiments of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and
together with the description serve to explain the principles of
embodiments of the invention.

[0032] FIG. 1 is a view of three sub-pixel regions that each
having a top emission OLED micro-cavity structure accord-
ing to the prior art.

[0033] FIG. 2 is a view of three sub-pixel regions that each
having a top emission OLED micro-cavity structure accord-
ing to an exemplary embodiment of the invention.

[0034] FIG. 3 is a view of a sub-pixel region having a top
emission OLED micro-cavity structure connected to drive
circuitry according to an exemplary embodiment of the inven-
tion.
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[0035] FIG. 4 is a view of three sub-pixel regions each
having a top emission OLED micro-cavity structures accord-
ing to an exemplary embodiment of the invention.

[0036] FIG. 5 is a view of four sub-pixel regions that each
having a top emission OLED micro-cavity structures using
color filters according to an exemplary embodiment of the
invention.

[0037] FIG. 6 is a view of three sub-pixel regions that each
having a bottom emission OLED micro-cavity structure
according to an exemplary embodiment of the invention.
[0038] FIG. 7 is a view of three sub-pixel regions that each
having a bottom emission OLED micro-cavity structure
using color filters according to an exemplary embodiment of
the invention.

[0039] FIGS. 8A to 80 illustrate exemplary steps for a
method of making three sub-pixel regions that each have atop
emission OLED micro-cavity structure according to an exem-
plary embodiment of the invention.

[0040] FIGS. 9A to 9M illustrate exemplary steps for a
method of making three sub-pixel regions that each have a
bottom emission OLED micro-cavity structure according to
an exemplary embodiment of the invention.

[0041] FIG. 10 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is larger than the width of an upper transparent
electrode on the lower transparent electrode.

[0042] FIG. 11 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is smaller than the width of an upper transpar-
ent electrode on the lower transparent electrode.

[0043] FIG. 12 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is smaller than the combined width of two
misaligned upper transparent electrodes located above the
lower transparent electrode.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. The invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will convey the
concept of the invention to those skilled in the art. In the
drawings, the thicknesses of layers and regions are exagger-
ated for clarity. Like reference numerals in the drawings
denote like elements.

[0045] It will also be understood that when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. In contrast, when an element is referred
to as being “directly on” another element, there are no inter-
vening elements present.

[0046] The same reference numbers indicate the same com-
ponents throughout the specification.

[0047] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. Thus, a first element discussed below
could be termed a second element without departing from the
teachings of the present invention.

Jul. 10,2014

[0048] The word “an organic light emitting display device
of top emission type” is used herein to mean an organic
light-emitting display device in which light from organic light
emitting elements is emitted to the top part of the organic light
emitting display device and to mean an organic light emitting
display device in which lights from organic light emitting
elements is emitted in the direction to the opposite side of the
substrate on which thin film transistors for operating the
organic light emitting display device are formed.

[0049] The word “an organic light emitting display device
of bottom emission type” is used herein to mean an organic
light emitting display device in which light from organic light
emitting elements is emitted to the bottom part of the organic
light emitting display device and to mean an organic light
emitting display device in which light from organic light
emitting elements is emitted in the direction to the substrate
on which thin film transistors for operating the organic light
emitting display device are formed.

[0050] The word “an organic light emitting display device
of double-sided emission type” is used herein to mean an
organic light emitting display device in which light from
organic light emitting elements is emitted to the top and the
bottom part of organic light emitting display device. Each of
organic light emitting display device of top emission type,
bottom emission type and double-sided emission type can be
arranged optimally, such that thin film transistors do not inter-
fere in the emitting direction of organic light emitting ele-
ments by arranging thin film transistors, anode, and cathode
to optimize respective emitting type.

[0051] The word “a flexible display device” is used herein
to mean a display device in which flexibility is applied. The
word can be used for equivalent meaning with bendable dis-
play apparatus, rollable display apparatus, unbreakable dis-
play apparatus, foldable display apparatus, etc. A flexible
organic light emitting display device herein is one aspect of
various flexible display devices.

[0052] The word “a transparent display device” is used
herein to mean a display device in which at least part of screen
area of the display device watched by viewers is transparent.
Transparency of the transparent display device is used herein
to mean transparency of which viewers could recognize the
object in the back of the display device. For example, herein,
the transparent display apparatus means a display device with
at least 20% of transmittance.

[0053] Respectively, the features of various embodiments
of the present invention can be combined or joined in part or
as a whole, and as the skilled in the arts can understand, can be
diversely interworked and operated. Each of embodiments
may be practiced independently to each other, or practiced
with associative relationships.

[0054] FIG. 2 is a view of three sub-pixels regions that each
having a top emission OLED micro-cavity structure accord-
ing to an exemplary embodiment of the invention. As shown
in FIG. 2, ared sub-pixel region R, a green sub-pixel region G
and a blue sub-pixel region B are formed on a substrate 201.
A cavity electrode 210R for the red sub-pixel region R is on
the substrate 201. A first anode layer 221R, a second anode
layer 225R and a third anode layer 227R are stacked on the
cavity electrode 210R. A cavity electrode 210G for the green
sub-pixel region G is on the substrate 201. A first anode layer
225G and a second anode layer 227G are stacked on the cavity
electrode 210G. The cavity electrode 210B for the blue sub-
pixel region B is on the substrate 201. A first anode layer 227B
is on the cavity electrode 210B. The red sub-pixel region R
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includes a red emissive layer 251 positioned between a com-
mon cathode 260 and the third anode layer 227R. The green
sub-pixel region G includes a green emissive layer 252 posi-
tioned between the common cathode 260 and the second
anode layer 227G. The blue sub-pixel region B includes a
blue emissive layer 253 positioned between the common
cathode 260 and the first anode layer 227B. The red sub-pixel
region R, green sub-pixel region G and blue sub-pixel region
B are separated by banks 240. The red emissive layer 251, the
green emissive layer 252, and the blue emissive layer 253
have a same thickness.

[0055] As shown in FIG. 2, the depth of the micro-cavity
CDR in the red sub-pixel region R between the common
cathode 260 and the cavity electrode 210R for the red sub-
pixel region R is larger than the depth of the micro-cavity
CDG in the green sub-pixel region G between the common
cathode 260 and the cavity electrode 210G for the green
sub-pixel region G. The depth of the micro-cavity CDB in the
blue sub-pixel region B between the common cathode 260
and the cavity electrode 210B for the blue sub-pixel region B
is smaller than the depth of the micro-cavity CDG of'the green
sub-pixel region G between the common cathode 260 and the
cavity electrode 210G for the green sub-pixel region G. The
depth of the micro-cavity CDR in the red sub-pixel region R
is larger than the depth of the micro-cavity CDG in the green
sub-pixel region G because the combination of the first anode
layer 221R, second anode layer 225R and third anode layer
227R in the red sub-pixel region R is thicker than the combi-
nation of the first anode layer 225G and the second anode
layer 227G in the green sub-pixel region G. The depth of the
micro-cavity CDG in the green sub-pixel region G is larger
than the depth of the micro-cavity CDB in the blue sub-pixel
region B because the combination of the first anode layer
225G and the second anode layer 227G in the green sub-pixel
region G is thicker than the first anode layer 227B in the blue
sub-pixel region B.

[0056] As shown in FIG. 2, the depth of the micro-cavity
can be varied to be the same optical distance as desired
wavelength of light for the sub-pixel. The relative depths of
one sub-pixel to another sub-pixel is not limited to the above
embodiments. For example, the depth of micro-cavities for
two adjacent sub-pixels may be the same while another sub-
pixel has a micro-cavity with a different depth. The depths of
the micro-cavities depends on the differences in thicknesses
amongst the first anode layer, the second anode layer and the
third anode layer as well which of the first anode layer, the
second anode layer and the third anode layer are provided in
the sub-pixel.

[0057] As shown in FIG. 2, the common cathode 260 is
both reflective and semi-transmissive while the cavity elec-
trode 210 is substantial reflective. In the alternative, the com-
mon cathode 260 could be formed of a first cathode layer in
the first micro-cavity region, a second cathode layer in the
second micro-cavity region, and a third cathode layer in the
third micro-cavity region in which the first, second and third
cathode layers are separate from one another. The red color
light RCL reflects back and forth between the common cath-
ode 260 and the cavity electrode 210R across the entire depth
of the micro-cavity CDR such that the luminance of the red
color light RCL increases by constructive interference. The
green color light GCL reflects back and forth between the
common cathode 260 and the cavity electrode 210G across
the entire depth of the micro-cavity GDG such that the lumi-
nance of the green color light GCL increases by constructive
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interference. The blue color light BCL reflects back and forth
between the common cathode 260 and the cavity electrode
210B across the entire depth of the micro-cavity CDB such
that the luminance of the blue color light BCL increases by
constructive interference.

[0058] The depth of the micro-cavity CDR for the red sub-
pixelregion R, shown in FIG. 2, is configured to be larger than
the depth of the micro-cavity CDB for the blue sub-pixel
region B because the wavelength of the red color light RCL is
longer than the wavelength of blue color light BCL. The depth
of the micro-cavity CDG for the green sub-pixel region G,
shown in FIG. 2, is configured to be larger than the depth of
the micro-cavity CDB for the blue sub-pixel region B because
the wavelength of the green color light GCL is longer than the
wavelength of blue color light BCL. The depth of the micro-
cavity CDR for the red sub-pixel region R, shown in FIG. 2,
is configured to be larger than the depth of the micro-cavity
CDG for the green sub-pixel region G because the wavelength
of the red color light RCL is longer than the wavelength of
green color light GCL.

[0059] A width WA of the first anode layers 221R, 225G
and 227B respectively in the sub-pixel regions R, G, and B is
larger than a width WR of the cavity electrodes 210R, 210G,
and 210B respectively in the sub-pixel regions R, G, and B.
Because the width WA of the first anode layers 221R, 225G
and 2278 is wider than the width WR of the cavity electrodes
210R, 210G and 210B, the first anode layers 221R, 225G and
227B overlap beyond at least one side of the cavity electrodes
210R, 210G and 210B, respectively. The first anode layers
221R, 225G and 2278 are transparent electrodes made of, for
example, indium tin oxide (ITO). The cavity electrodes 210R,
210G and 210B can be made of reflective metals, such as
silver or a silver alloy. The OLED micro-cavity structures in
FIG. 2 are top emission device because the light emanating
from the sub-pixel regions R, G, and B is reflected from the
cavity electrodes 210R, 210G and 210B through the common
cathode 260. In a top emission device, the cavity electrodes
preferably have substantially reflection while the common
cathode is both semi-transmissive and reflecting. In a bottom
emission device, the cavity electrodes are both semi-trans-
missive and reflecting while the common cathode is substan-
tially reflective.

[0060] FIG. 3 is a view of a sub-pixel region having a top
emission OLED micro-cavity structure connected to drive
circuitry according to an exemplary embodiment of the inven-
tion. As shown in FIG. 3, the cavity electrode 210R of the red
sub-pixel region R can be contacted to a driving device 272
mounted on a display substrate 271. The substrate 271 for an
OLED device can be a flattening layer on the passivation layer
273 overlying the driving device 272.

[0061] FIG. 4 is a view of three sub-pixel regions that each
having a top emission OLED micro-cavity structures accord-
ing to an exemplary embodiment of the invention. As shown
in FIG. 4, ared sub-pixel region R, a green sub-pixel region G,
and a blue sub-pixel region B are formed on a substrate 301.
The cavity electrode 310R for the red sub-pixel region R is on
the substrate 301. A first anode layer 321R, a second anode
layer 325R and a third anode layer 327R are stacked on the
cavity electrode 310R. The cavity electrode 310G for the
green sub-pixel region G is on the substrate 301. A first anode
layer 321G and a second anode layer 325G are stacked on the
cavity electrode 310G. The cavity electrode 310B for the blue
sub-pixel region B is on the substrate 301. A first anode layer
321B is on the cavity electrode 310B. A continuous white
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emissive layer 351 is positioned on the third anode layer 327R
of'the red sub-pixel region R, the second anode layer 325G of
the green sub-pixel region G, the first anode layer 321B of the
blue sub-pixel region B and the banks 340 between the sub-
pixel regions. A common cathode 360 is formed on the white
emissive layer 351. The red, green and blue sub-pixel regions
R, G and B can have micro-cavity structures CDR, CDG and
CDB with respective depths that correspond to the optical
wavelength of the color emitted from the sub-pixel region.
[0062] As shown in FIG. 4, the common cathode 360 is
both reflective and semi-transmissive. The red color light
RCL reflects back and forth between the common cathode
360 and the cavity electrode 310R across the entire depth of
the micro-cavity CDR such that the luminance of the red color
light RCL increases by constructive interference. The green
color light GCL reflects back and forth between the common
cathode 360 and the cavity electrode 310G across the entire
depth of the micro-cavity CDG such that the luminance of the
green color light GCL increases by constructive interference.
The blue color light BCL reflects back and forth between the
common cathode 360 and the cavity electrode 310B across
the entire depth of the micro-cavity CDB such that the lumi-
nance of the blue color light BCL increases by constructive
interference.

[0063] FIG. 5 is a view of four sub-pixel regions that each
having a top emission OLED micro-cavity structures using
color filters according to an exemplary embodiment of the
invention. The four sub-pixel regions shown in FIG. 5§ have
the same common cathode and anode layers shown in FI1G. 4.
The four sub-pixel regions in FIG. 5 are each shown with
respective driving circuits 453 on a device substrate 454 and
white emissive layers 455 and 456 are provided for each of the
white, blue, green and red sub-pixel regions W, B, G and R
over the banks layer 440 along with blue, green and red color
filters 471, 472 and 473 for the blue, green and red sub-pixel
regions B, G and R, respectively.

[0064] As shown in FIG. 5, the red, green, blue color filters
471,472,473 for the red, green, and blue sub-pixel regions R,
G, and B are in a black matrix layer 480 over the common
cathode 460. A transparent resin for the white sub-pixel
region W may be in a black matrix layer 480 over the common
cathode 460. A transparent cover layer 490 is on the black
matrix 480. A continuous yellow emissive layer 456 on a
continuous blue emissive layer 455 both form the white emis-
sive layers 455 and 456. Other combinations of two or more
color emissive layers can be used to form white emissive
layers. In another alternative, the pair of yellow emissive
layer on a blue emissive layer can be individually formed in
each of the sub-pixel regions.

[0065] The overall thickness of the red anode layer 411R is
larger than the overall thickness of the green anode layer
411G while the overall thickness of the blue anode layer 411B
is less than the overall thickness of the green anode layer
411G. The red color light RCL comes from a red color filter
471 after a wavelength of light from the white emissive layers
455 and 456 reflects back and forth between the common
cathode 460 and the cavity electrode 410R such that the
luminance of the red color light RCL increases by construc-
tive interference of the reflected light wavelength that comes
through the red color filter 471. The green color light GCL
comes from a green color filter 472 after a wavelength of light
from the white emissive layers 455 and 456 comes reflects
back and forth between the common cathode 460 and the
cavity electrode 410G such that the luminance of the green
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color light GCL increases by constructive interference of the
reflected wavelength of light that comes through the green
color filter 472. The blue color light BCL comes from a blue
color filter 473 after a wavelength of light from the white
emissive layers 455 and 456 reflects back and forth between
the common cathode 460 and the cavity electrode 410B such
that the luminance of the blue color light BCL increases by
constructive interference of the reflected wavelength of light
that comes through the blue color filter 473. The white color
light WCL comes from the transparent cover layer 490 after a
wavelength of light from the white emissive layers 455 and
456 reflects back and forth between the common cathode 460
and the cavity electrode 410R. In the alternative, the white
color light WCL may come from the transparent resin after a
wavelength of light from the white emissive layers 455 and
456 reflects back and forth between the common cathode 460
and the cavity electrode 410R.

[0066] The white sub-pixel region W emits a broad spec-
trum of wavelengths, and can have internal reflection between
the common cathode 460 and the cavity electrode 410W for
the blue color wavelength of the white color light WCL, if the
overall thickness of the white anode layer 411W is the same
as the overall thickness of the blue anode layer 411B. In the
alternative, the white sub-pixel region W can have internal
reflection between the common cathode 460 and the cavity
electrode 410W for the red color wavelength of the white
color light WCL, if the overall thickness of the white anode
layer 411W is the same as the overall thickness of the red
anode layer 411R. In the alternative, the white sub-pixel
region W can have internal reflection between the common
cathode 460 and the cavity electrode 410W for the green color
wavelength of the white color light WCL, if the overall thick-
ness of the white anode layer 411W is the same as the overall
thickness of the green anode layer 411G.

[0067] FIG. 6 is a view of three sub-pixel regions that each
having a bottom emission OLED micro-cavity structure
according to an exemplary embodiment of the invention. As
shown in FIG. 6, red sub-pixel region R, green sub-pixel
region G and blue sub-pixel region B are formed on a sub-
strate 501. The cavity electrode 510R for the red sub-pixel
region R is on the substrate 501. A first anode layer 521R, a
second anode layer 525R and a third anode layer 527R are
stacked on the cavity electrode 510R. The cavity electrode
510G for the green sub-pixel region G is on the substrate 501.
A first anode layer 525G and a second anode layer 527G are
stacked on the cavity electrode 510G. The cavity electrode
510B for the blue sub-pixel region B is on the substrate 501.
A first anode layer 527B is on the cavity electrode 510B. A
yellow emissive layer 556 on a blue emissive layer 555 both
form white emissive layers 555 and 556 in the red, green and
blue sub-pixel regions R, G, and B. The white emissive layers
555 and 556 are positioned between the common cathode 560
and the third anode layer 527R in the red sub-pixel region R.
The white emissive layers 555 and 556 are positioned
between the common cathode 560 and the second anode layer
527G in the green sub-pixel region G. The white emissive
layers 555 and 556 are positioned between the common cath-
ode 560 and the first anode layer 527B in the blue sub-pixel
region B. The third anode layer 527R in the red sub-pixel
region R, the second anode layer 527G in the green sub-pixel
region G, and the first anode layer 527B in the blue sub-pixel
region B are separated by banks 540. In the alternative, emis-
sive layers on each of the anode layers could be ared emissive
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layer in the red sub-pixel region, a green emissive layer in the
green sub-pixel region and a blue emissive layer in the blue
sub-pixel region.

[0068] As shown in FIG. 6, the depth of the micro-cavity
CDR in the red sub-pixel region R between the common
cathode 560 and the cavity electrode 510R for the red sub-
pixel region R is larger than the depth of the micro-cavity
CDG in the green sub-pixel region G between the common
cathode 560 and the cavity electrode 510G for the green
sub-pixel region G. The depth of the micro-cavity CDB in the
blue sub-pixel region B between the common cathode 560
and the cavity electrode 510B for the blue sub-pixel region B
is smaller than the depth of the micro-cavity CDG of'the green
sub-pixel region G between the common cathode 560 and the
cavity electrode 510G for the green sub-pixel region G. The
depth of the micro-cavity CDR in the red sub-pixel region R
is larger than the depth of the micro-cavity CDG in the green
sub-pixel region G because the combination of the first anode
layer 521R, second anode layer 525R and third anode layer
527R in the red sub-pixel region R is thicker than the combi-
nation of the first anode layer 525G and second anode layer
527G in the green sub-pixel region G. The depth of the micro-
cavity CDG in the green sub-pixel region G is larger than the
depth of the micro-cavity CDB in the blue sub-pixel region B
because the combination of the first anode layer 525G and
second anode layer 527G in the green sub-pixel region G is
thicker than the first anode layer 527B in the blue sub-pixel
region B.

[0069] As shown in FIG. 6, red, green and blue light RCL,
GCL and BCL is emitted from the substrate 501. A red color
filter 511 is in the substrate 501 corresponding to the cavity
electrode 510R of the red sub-pixel region R. A green color
filter 512 is in the substrate 501 corresponding to the cavity
electrode 510G of the green sub-pixel region G. A blue color
filter 513 is in the substrate 501 corresponding to the cavity
electrode 510B of the blue sub-pixel region B.

[0070] As shown in FIG. 6, the common cathode 560 is
substantially reflective and each of the cavity electrodes
510R, 510G and 513B are both semi-transmissive and reflect-
ing. The red color light RCL comes from the red color filter
511 after a wavelength of light from the white emissive layers
555 and 556 reflects back and forth between the common
cathode 560 and the cavity electrode 510R such that the
luminance of the red color light RCL increases by construc-
tive interference of the reflected light wavelength that comes
through the red color filter 511. The green color light GCL
comes from a green color filter 512 after a wavelength of light
from the white emissive layers 555 and 556 comes reflects
back and forth between the common cathode 560 and the
cavity electrode 510G such that the luminance of the green
color light GCL increases by constructive interference of the
reflected wavelength of light that comes through the green
color filter 572. The blue color light BCL comes from a blue
color filter 513 after a wavelength of light from the white
emissive layers 555 and 556 reflects back and forth between
the common cathode 560 and the cavity electrode 510B such
that the luminance of the blue color light BCL increases by
constructive interference of the reflected wavelength of light
that comes through the blue color filter 513.

[0071] Asshownin FIG. 6, the cavity electrode 510R in the
red sub-pixel region R, the cavity electrode 510G in the green
sub-pixel region G, and the cavity electrode 510B in the blue
sub-pixel region B are each both reflective and semi-trans-
missive. A cavity electrode that is both reflective and semi-
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transmissive can be a very thin layer of metal, such as silver,
or a metal alloy, such as silver and magnesium. In the alter-
native, a cavity electrode that is both reflective and semi-
transmissive can be a very thin layer of metal or metal alloy on
a layer of transparent conductive material, such as ITO.
[0072] FIG. 7 is a view of three sub-pixel regions that each
having a bottom emission OLED micro-cavity structure
using color filters according to an exemplary embodiment of
the invention. The three sub-pixel regions R, G and B shown
in FIG. 7 have the same common cathode and anode layers
shown in FIG. 6. Unlike three sub-pixel regions in FIG. 6, the
three sub-pixel regions in FIG. 7 are each shown with respec-
tive driving circuits 672 on a device substrate 671.

[0073] AsshowninFIG.7, the three sub-pixel regions R, G
and B are separated by banks 640, The red, green and blue
color filters 673, 674 and 675 for the red, green and blue red
sub-pixel regions R, G and B are in a over-coating layer 602.
The red color filter 673 is in the over-coating layer 602 under
the semi-transmissive cavity electrode 614R in the red sub-
pixel region R. The green color filter 674 is in the over-coating
layer 602 under the semi-transmissive cavity electrode 614G
in the green sub-pixel region G. The blue color filter 675 is in
the over-coating layer 602 under the semi-transmissive cavity
electrode 614B in the blue sub-pixel region B.

[0074] The overall thickness of the red anode layer 615R is
larger than the overall thickness of the green anode layer
615G while the overall thickness of the blue anode layer 615B
is less than the overall thickness of the green anode layer
615G. The red color light RCL comes from the red color filter
673 after a wavelength of light from the white emissive layers
655 and 656 reflect back and forth between the common
cathode 660 and the cavity electrode 614R such that the
luminance of'the red color light RCL is increases by construc-
tive interference of the reflected light wavelength through the
red color filter 673. The green color light GCL comes from a
green color filter 674 after a wavelength of light from the
white emissive layers 655 and 656 reflects back and forth
between the common cathode 660 and the cavity electrode
614G such that the luminance of the green color light GCL is
increases by constructive interference of the reflected wave-
length of light through the green color filter 674. The blue
color light BCL comes from a blue color filter 675 after a
wavelength of light from the white emissive layers 655 and
656 reflects back and forth between the common cathode 660
and the cavity electrode 614B such that the luminance of the
blue color light BCL increases by constructive interference of
the reflected wavelength of light through the blue color filter
675.

[0075] FIGS. 8A to 80 illustrate exemplary steps for a
method of making three sub-pixel regions that each have a top
emission OLED micro-cavity structure according to an exem-
plary embodiment of the invention. As shown in FIG. 8A, the
method for making three sub-pixel regions that each have a
top emission OLED micro-cavity structure starts on a sub-
strate 701, which could be the flattening layer positioned
above driving devices for the sub-pixel regions. A cavity
electrode layer 710, which is substantially reflective for a top
emission device, can be made of silver or a silver alloy that is
deposited by sputtering on the substrate 701, as shown in FIG.
8B. As shown in FIG. 8C, a first transparent layer 721 of
transparent material, such as ITO, of a first predetermined
thickness is deposited on the cavity electrode layer 710. A first
light exposure process patterns a photoresist 722 on the first
transparent layer 721. As shown in FIG. 8D, a first patterned
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photoresist 722 is formed on the first transparent layer 721 in
the red sub-pixel region R. A wet etch of the first transparent
layer 721 using, for example, oxalic acid, forms a first trans-
parent electrode 721R in the red sub-pixel region R. The
formation of the first transparent electrode 721R in the red
sub-pixel region R results in some residue 721' around the
first transparent electrode 721R, as shown in FIG. 8E.

[0076] As shown in FIG. 8F, the second transparent layer
725 of transparent material, such as ITO, of a second prede-
termined thickness is deposited over the cavity electrode
layer 710 and the first transparent electrode 721R in the red
sub-pixel region R. A second light exposure process patterns
a photoresist 726 on the second transparent layer 725. As
shown in FIG. 8G, a second patterned photoresist 726 is
formed on the second transparent layer 725 in the red sub-
pixel region R and on the second transparent layer 725 in the
green sub-pixel region G. A wet etch of the second transparent
layer 725 using, for example, oxalic acid, forms a second
transparent electrode 725R on the first transparent electrode
721R in the red sub-pixel region R and a first transparent
electrode 725G in the green sub-pixel region G. The forma-
tion of the second transparent electrode 725R in the red sub-
pixel region R and the first transparent electrode 725G in the
green sub-pixel region G results in additional residue 725'
around the first transparent electrode 721R and the second
transparent electrode 725R and also around the first transpar-
ent electrode 725G, as shown in FIG. 8H.

[0077] As shown in FIG. 8], the third transparent layer 727
of transparent material, such as ITO, of a third predetermined
thickness is deposited over the cavity electrode layer 710, the
second transparent electrode 725R in the red sub-pixel region
R, and the first transparent electrode 725G in the green sub-
pixel region G. A third light exposure process patterns a
photoresist 728 on the third transparent layer 727. As shown
in FIG. 81, a third patterned photoresist 728 is formed on the
third transparent layer 727 in the red sub-pixel region R, on
the third transparent layer 727 in the green sub-pixel region G,
and on the third transparent layer 727 in the blue sub-pixel
region B. A wet etch of the third transparent layer 727 using,
for example, oxalic acid, forms a third transparent electrode
727R on the second transparent electrode 725R in the red
sub-pixel region R, a second transparent electrode 727G on
the first transparent electrode 725G in the green sub-pixel
region G, and a first transparent electrode 727B in the blue
sub-pixel region B. The formation of the third transparent
electrode 727R in the red sub-pixel region R, the second
transparent electrode 725G in the green sub-pixel region G
and the first transparent electrode 7278 in the blue sub-pixel
region B results in more residue 727" around the first trans-
parent electrode 721R, the second transparent electrode
725R, the third transparent electrode 727R and also around
the first transparent electrode 725G and the second transpar-
ent electrode 727G and also around the first transparent elec-
trode 727B, as shown in FIG. 81].

[0078] The residues 721', 725' and 727' can accumulate
from the etching of the first, second and third transparent
layers 721, 725 and 727. The residues 721', 725" and 727" are
conductive and can cause short circuiting between adjacent
sub-pixels. As shown in FIG. 87, the red and green sub-pixel
regions R and G have the most accumulations such that short
circuiting between the red and green sub-pixel regions R and
G could occur if the residues 721', 725" and 727" were left to
remain.
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[0079] As shown in FIG. 8K, the residues 721', 725' and
727" are removed during a wet etching of cavity electrode
layer 710 to form the cavity electrode 710R in the red sub-
pixel region R, the cavity electrode 710G in the green sub-
pixel region G and the cavity electrode 710B in the blue
sub-pixel region B. For example, wet etchants for the cavity
electrode layer 710 are composed of materials that can wet
etch of metal materials, such as aluminium, silver, a silver
alloy, other metal materials or a metal alloy composed of
other metal materials. Also, the photoresist 728 on the third
transparent layer 727 can be removed before the wet etching
of the cavity electrode layer 710, or after the wet etching of
the cavity electrode layer 710. That means the third transpar-
ent layer 727 or the photoresist 728 can be a mask for wet
etching of the cavity electrode layer 710. During the wet
etching of the cavity electrode layer 710, the first transparent
electrode 721R in the red sub-pixel region R, the first trans-
parent electrode 725G in the green sub-pixel region G and the
first transparent electrode 7278 in the blue sub-pixel region B
respectively act as masks for the cavity electrode 710R in the
red sub-pixel region R, the cavity electrode 710G in the green
sub-pixel region G and the cavity electrode 710B in the blue
sub-pixel region B. The wet etching of the cavity electrode
layer 710 undercuts beneath the first transparent electrode
721R in the red sub-pixel region R, the first transparent elec-
trode 725G in the green sub-pixel region G and the first
transparent electrode 727B in the blue sub-pixel region B.
Thus, the cavity electrode 710R in the red sub-pixel region R,
the cavity electrode 710G in the green sub-pixel region G and
the cavity electrode 710B in the blue sub-pixel region B
respectively overlap past the sides of the first transparent
electrode 721R in the red sub-pixel region R, the first trans-
parent electrode 725G in the green sub-pixel region G and the
first transparent electrode 7278 in the blue sub-pixel region B
by a distance U, as shown in FIG. 8L.

[0080] AsshowninFIG. 8M, banks 740 of insulating mate-
rial are then formed at the periphery of the sub-pixel regions
R, G, and B to separate and isolate both the transparent and
cavity electrodes of a sub-pixel region from the transparent
and cavity electrodes of another sub-pixel region. As shown
in FIG. 8N, a red emissive layer 751 is deposited on the third
transparent electrode 727R in the red sub-pixel region R, a
green emissive layer 752 is deposited on the second transpar-
ent electrode 727G in the green sub-pixel region G, and a blue
emissive layer 753 is deposited on the first transparent elec-
trode 7278 in the blue sub-pixel region B. Since all of the red,
green and blue emissive layers 751, 752 and 753 have the
same thickness, each can be highly defined using an evapo-
ration deposition technique with a fine metal mask. Alterna-
tively, a continuous white emissive layer can be deposited
across the sub-pixels of an OLED display with each sub-pixel
having a color filter for that color of the sub-pixel.

[0081] As shown in FIG. 80, a common cathode 760 is
deposited across the banks 740 and the red, green and blue
emissive layers 751, 752 and 753. The common cathode 760
is both reflective and semi-transmissive for a top emission
OLED device and can be made of, for example, a very thin
layer of an alloy of silver and magnesium.

[0082] The depth of the micro-cavity CDR in the red sub-
pixel region R is the combined thicknesses of the first anode
layer 721R, the second anode layer 725R, the third anode
layer 727R and the red emissive layer 751. The depth of the
micro-cavity CDG in the green sub-pixel region G is the
combined thicknesses of the first anode layer 725G and sec-
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ond anode layer 727G and the green emissive layer 752. The
depth of the micro-cavity CDB in the blue sub-pixel region B
is the combined thicknesses of the first anode layer 727B in
the blue sub-pixel region B and the blue emissive layer 753.
Because the thickness of each emissive layer is the same in
exemplary embodiments of the invention, the depth of a
micro-cavity for a sub-pixel is based on the number of anode
layers in the sub-pixels. There are three masks used in three
light exposure steps to provide the appropriate number of
anode layers in each of the sub-pixels.

[0083] FIGS. 9A to 9M illustrate exemplary steps for a
method of making three sub-pixel regions that each have a
bottom emission OLED micro-cavity structure according to
an exemplary embodiment of the invention. As shown in FIG.
9A, the method for making three sub-pixel regions that each
have a bottom emission OLED micro-cavity structure starts
on a substrate 801, which could be the flattening layer posi-
tioned above driving devices for the sub-pixel regions. A red
color filter 811, a green color filter 812 and a blue color filter
813 correspond respectively to red, green and blue sub-pixel
regions R, G, and B of the substrate 801. A cavity electrode
layer 810, which is both semi-transmissive and reflective for
a bottom emission device, can be made of a very thin layer of
silver or a silver alloy deposited by sputtering on the substrate
801, as shown in FIG. 9B.

[0084] As shown in FIG. 9B, a first transparent layer 821 of
transparent material, such as ITO, of a first predetermined
thickness is deposited on the cavity electrode layer 810. A first
light exposure process patterns a photoresist 822 on the first
transparent layer 821. As shown in FIG. 9C, a first patterned
photoresist 822 is formed on the first transparent layer 821 in
the red, green and blue sub-pixel regions R, G, and B. A wet
etch of the first transparent layer 821 using, for example,
oxalic acid, forms a first transparent electrode 821R in the red
sub-pixel region R, a first transparent electrode 821G in the
green sub-pixel region G, and a first transparent electrode
821B in the blue sub-pixel region B, as shown in FIG. 9D. The
formation of the first transparent electrodes 821R, 821G and
821B in the red, green and blue sub-pixel regions R, G, and B
results in some residue 821' around the first transparent elec-
trodes 821R, 821B and 821G respectively in the red, green
and blue sub-pixel regions R, G, and B, as shown in FIG. 9D.

[0085] AsshowninFIG. 9E, a second transparent layer 825
of transparent material, such as ITO, of a second predeter-
mined thickness is deposited over the cavity electrode layer
810 and the first transparent electrodes 821R, 821G and 821B
in the red, green and blue sub-pixel regions R, G, and B. A
second light exposure process patterns a photoresist 826 on
the second transparent layer 825. As shown in FIG. 9F, a
second patterned photoresist 826 is formed on the second
transparent layer 825 in the red sub-pixel region R and on the
second transparent layer 825 in the green sub-pixel region G.
A wet etch of the second transparent layer 825 using, for
example, oxalic acid, forms a second transparent electrode
825R on the first transparent electrode 821R in the red sub-
pixel region R and a second transparent electrode 825G on the
first transparent electrode 821G in the green sub-pixel region
G, as shown in FIG. 9G. The formation of the second trans-
parent electrode 825R in the red sub-pixel region R and the
second transparent electrode 825G in the green sub-pixel
region G results in additional residue 825' around the first
transparent electrode 821R in the red sub-pixel region R and
also around the first transparent electrode 821G in the green
sub-pixel region G, as shown in FIG. 9G.
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[0086] Asshownin FIG. 9H, the third transparent layer 827
oftransparent material, such as ITO, of a third predetermined
thickness is deposited over the cavity electrode layer 810, the
second transparent electrode 825R in the red sub-pixel region
R, the second transparent electrode 825G in the green sub-
pixel region G, and the first transparent electrode 821B in the
blue sub-pixel region B. A third light exposure process pat-
terns a photoresist 828 on the third transparent layer 827. As
shown in FIG. 91, a third patterned photoresist 828 is formed
on the third transparent layer 827 in the red sub-pixel region
R. A wet etch of the third transparent layer 827 using, for
example, oxalic acid, forms a third transparent electrode
827R on the second transparent electrode 825R in the red
sub-pixel region R. The formation of the third transparent
electrode 827R in the red sub-pixel region R results in more
residue 827" around the first transparent electrodes 821R in
the red sub-pixel region R, as shown in FIG. 9J.

[0087] The residues 821', 825' and 827' can accumulate
from the etching of the first, second and third transparent
layers 821, 825 and 827. The residues 821', 825' and 827" are
conductive and can cause short circuiting between adjacent
sub-pixels. As shown in FIG. 9], the red and green sub-pixel
regions R and G have the most accumulations such that short
circuiting between the red and green sub-pixel regions R and
G could occur if the residues 721', 725" and 727" were left to
remain.

[0088] As shown in FIG. 9K, the residues 821', 825' and
827" are removed during a wet etching of cavity electrode
layer 810 to form the cavity electrode 810R in the red sub-
pixel region R, the cavity electrode 810G in the green sub-
pixel region G and the cavity electrode 810B in the blue
sub-pixel region B. For example, wet etchants for the cavity
electrode layer 810 are composed of materials that can wet
etch of metal materials, such as aluminium, silver, a silver
alloy, other metal materials or a metal alloy composed of
other metal materials. Also, the photoresist 828 on the third
transparent layer 827 can be removed before the wet etching
of the cavity electrode layer 810, or after the wet etching of
the cavity electrode layer 810. That means the third transpar-
ent layer 827 or the photoresist 828 can be a mask for wet
etching of the cavity electrode layer 810. During the wet
etching of the cavity electrode layer 810, the first transparent
electrode 821R in the red sub-pixel region R, the first trans-
parent electrode 821G in the green sub-pixel region G and the
first transparent electrode 821B in the blue sub-pixel region B
respectively act as masks for the cavity electrode 810R in the
red sub-pixel region R, the cavity electrode 810G in the green
sub-pixel region G and the cavity electrode 810B in the blue
sub-pixel region B. The wet etching of the cavity electrode
layer 810 undercuts beneath the first transparent electrode
821R in the red sub-pixel region R, the first transparent elec-
trode 821G in the green sub-pixel region G and the first
transparent electrode 821B in the blue sub-pixel region B.
Thus, the cavity electrode 810R in the red sub-pixel region R,
the cavity electrode 810G in the green sub-pixel region G and
the cavity electrode 810B in the blue sub-pixel region B
respectively overlap past the sides of the first transparent
electrode 821R in the red sub-pixel region R, the first trans-
parent electrode 821G in the green sub-pixel region G and the
first transparent electrode 821B in the blue sub-pixel region
B, as shown in FIG. 9K.

[0089] As shown in FIG. 91, banks 840 of insulating mate-
rial are then formed at the periphery of the sub-pixel regions
R, G, and B to separate and isolate both the transparent and

BOE
Page 26

Exhibit 1014



US 2014/0191202 A1

cavity electrodes a sub-pixel region from the transparent and
cavity electrodes of another sub-pixel region. As shown in
FIG. 9M, a blue emissive layer 855 and then a yellow emis-
sive layer 856 is deposited on the third transparent electrode
827R in the red sub-pixel region R, the second transparent
electrode 825G in the green sub-pixel region G, the first
transparent electrode 821B in the blue sub-pixel region B and
the banks 840. Alternatively, pairs of yellow and green emis-
sive layers can be positioned in each of the sub-pixels
between the banks 840. A common cathode 860 is deposited
on the yellow emissive layer 856. The common cathode 860
is substantially reflective and can be made of, for example,
silver, silver alloy or some other reflective material.

[0090] FIG. 10 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is larger than the width of an upper transparent
electrode on the lower transparent electrode. As shown in
FIG. 10, a transparent electrode stack of a second transparent
electrode 933 and a first transparent electrode 931 is formed
on a cavity electrode layer 910, which is on a substrate 901,
and then a wet etch of the cavity electrode layer 910 occurs to
form a patterned cavity electrode 910X. The residue 934 from
the formation of the first and second transparent electrodes
931 and 933 is removed by the wet etch. The width W1 ofthe
first transparent electrode 931 determines the width of the
patterned cavity electrode 910X. Further, the cavity electrode
910X is undercut by a distance U on both sides of the first
transparent electrode 931. The second transparent electrode
933 has no affect on the patterning because the second trans-
parent electrode 933 is within the periphery of the first trans-
parent electrode 931. There are instances were a second trans-
parent electrode, a third transparent electrode or some
combination of first, second and third transparent electrodes
can affect the patterning of the cavity electrode positioned
below the first transparent electrode. The cavity electrode
910X can be reflective or semi-transmissive and can be
applied to a top emission OLED device or a bottom emission
OLED device.

[0091] FIG. 11 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is smaller than the width of an upper transpar-
ent electrode on the lower transparent electrode. As shown in
FIG. 11, a transparent electrode stack of a second transparent
electrode 1033 and a first transparent electrode 1031 is
formed on a cavity electrode layer 1010, which is on a sub-
strate 1001, and then a wet etch of the cavity electrode layer
1010 occurs to form a patterned cavity electrode 1010Y. The
residue 1034 from the formation of the first and second trans-
parent electrodes 1031 and 1033 is removed by the wet etch.
The first transparent electrode 1031 was unintentionally pat-
terned to be smaller than the second transparent electrode
1033. The width W2 of'the second transparent electrode 1033
determines the width of the patterned cavity electrode 1010Y
because the second transparent electrode 1033 overlaps down
both sides of the first transparent electrode 1031 due to the
unintentional patterning of the second transparent electrode
1033. Further, the cavity electrode 1010Y is undercut by a
distance U on both sides of the second transparent electrode
1033. Although the resultant cavity electrode 1010Y may be
slightly wider than other cavity electrodes of other sub-pixels,
the residue 1034 is removed and the cavity electrode 1010Y is
appropriately patterned to the transparent electrode stack of
the second transparent electrode 1033 and the first transparent
electrode 1031. The cavity electrode 1010Y can be reflective
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or semi-transmissive and can be applied to a top emission
OLED device or a bottom emission OLED device.

[0092] FIG. 12 shows the etching of a cavity electrode
when a width of a lower transparent electrode on a cavity
electrode layer is smaller than the combined width of two
misaligned upper transparent electrodes located above the
lower transparent electrode. As shown in FIG. 12, a transpar-
ent electrode stack of a third transparent electrode 1137, a
second transparent electrode 1133 and a first transparent elec-
trode 1131 is formed on a cavity electrode layer 1110, which
is on a substrate 1101, and then a wet etch of the cavity
electrode layer 1110 occurs to form a patterned cavity elec-
trode 1110Z. The residue 1138 from the formation of'the first,
second and third transparent electrodes 1131, 1133 and 1137
is removed by the wet etch. The third transparent electrode
1137 was unintentionally patterned to be on one side of the
first transparent electrode 1131. The second transparent elec-
trode 1133 was unintentionally patterned to be on the other
side of the first transparent electrode 1131. The width W3 of
a combination of the second transparent electrode 1133 on
one side of the first transparent electrode 1131 and the third
transparent electrode 1137 on the other side of the first trans-
parent electrode 1131 determines the width of the patterned
cavity electrode 1110Z. Further, the cavity electrode 11107 is
undercut by a distance U on both the second transparent
electrode 1133 on one side and the third transparent electrode
1137 on the other side. Although the resultant cavity electrode
1110Z may be slightly wider than other cavity electrodes of
other sub-pixels, the residue 1134 is removed and the cavity
electrode 1110Z is appropriately patterned to the transparent
electrode stack of the third transparent electrode (1137), the
second transparent electrode 1133 and the first transparent
electrode 1131. The cavity electrode 1110Z can be reflective
or semi-transmissive and can be applied to a top emission
OLED device or a bottom emission OLED device.

[0093] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that
embodiments of the invention cover the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light emitting diode, comprising:

a substrate;

a first cavity electrode in a first micro-cavity region of the
substrate;

a first transparent electrode of a first thickness in the first
micro-cavity region, the first transparent electrode over-
laps beyond a first side of the first cavity electrode;

a first emissive layer in electrical connection with the first
transparent electrode; and

a cathode layer on the first emissive layer.

2. The organic light emitting diode according to claim 1,
wherein the first transparent electrode overlaps beyond a sec-
ond side of the first cavity electrode that is opposite to the first
side.

3. The organic light emitting diode of claim 1, wherein the
cathode layer is reflective.

4. The organic light emitting diode of claim 1, wherein the
cathode layer is semi-transmissive.

5. The organic light emitting diode of claim 1, wherein the
first cavity electrode is reflective.
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6. The organic light emitting diode of claim 1, wherein the
first cavity electrode is semi-transmissive.

7. The organic light emitting diode according to claim 1,
further comprising:

a second cavity electrode in a second micro-cavity region

of the substrate;

athird cavity electrode in a third micro-cavity region of the
substrate;

a second transparent electrode of a second thickness in the
second micro-cavity region, the second transparent layer
overlaps beyond a third side of the second cavity elec-
trode;

a third transparent electrode of a third thickness in the third
micro-cavity region, the third transparent layer overlaps
beyond a fourth side of the third cavity electrode;

a second emissive layer in electrical connection with the
second transparent electrode of the second micro-cavity
region; and

a third emissive layer in electrical connection with a third
transparent electrode of the third micro-cavity region,
wherein the cathode layer is on the second and third
emissive layers.

8. The organic light emitting diode of claim 7, wherein the
cathode layer comprises a first cathode layer in the first micro-
cavity region, a second cathode layer in the second micro-
cavity region, a third cathode layer in the third micro-cavity
region.

9. The organic light emitting diode of claim 7, wherein the
second thickness is less than the first thickness.

10. The organic light emitting diode of claim 9, wherein the
third thickness is less than the second thickness.

11. The organic light emitting diode of claim 9, wherein the
second and third cavity electrodes are reflective.

12. The organic light emitting diode of claim 9, wherein the
second and third cavity electrodes are semi-transmissive

13. The organic light emitting diode of claim 7, wherein the
first, second and third emissive layers emit a same color.

14. An organic light emitting diode on a substrate, com-
prising:

a first cavity electrode having a first width in a first sub-

pixel region of the substrate;

a first transparent electrode having a second width and
positioned on the first cavity electrode, wherein the sec-
ond width is larger than the first width;

a first emissive layer in electrical connection with the first
transparent electrode; and

a cathode layer on the first emissive layer.

15. The organic light emitting diode according to claim 14,
wherein the first transparent electrode overlaps beyond both a
first side of the first cavity electrode and a second side of the
first cavity electrode opposite to the first side.

16. The organic light emitting diode of claim 15, wherein
the first cavity electrode is reflective.

17. The organic light emitting diode of claim 15, wherein
the first cavity electrode is semi-transmissive.

18. The organic light emitting diode of claim 15, wherein
the cathode layer electrode is reflective.

19. The organic light emitting diode of claim 15, wherein
the cathode layer electrode is semi-transmissive.

20. An organic light emitting diode, comprising:

a substrate;

an first sub-pixel region, a second sub-pixel region, and a
third sub-pixel region on the substrate;

Jul. 10,2014

a first cavity electrode in the first sub-pixel region of the
substrate;

a second cavity electrode in the second sub-pixel region of
the substrate;

a third cavity electrode in the third sub-pixel region of the
substrate;

a first transparent electrode of a first thickness in the first
sub-pixel region, the first transparent electrode overlaps
beyond a side of the first cavity electrode;

second transparent electrodes of a second thickness in the
first sub-pixel and second sub-pixel regions, the second
transparent electrode in the second sub-pixel region
overlaps beyond a side of the second cavity electrode;

third transparent electrodes of a third thickness in the first
sub-pixel, second sub-pixel, third sub-pixel regions, the
third transparent electrode in the third sub-pixel region
overlaps beyond a side of the third cavity electrode;

an emissive layer being in electrical connection with the
first, second and third transparent electrodes; and

a cathode layer on the emissive layer.

21. The organic light emitting diode of claim 20, wherein

the first sub-pixel region is Red sub-pixel region, the second
sub-pixel region is Green sub-pixel region, and the third
sub-pixel region is Blue sub-pixel region.

22. The organic light emitting diode of claim 20, wherein

the first, second, and third cavity electrodes are reflective.

23. The organic light emitting diode of claim 20, wherein

the first, second, and third cavity electrodes are semi-trans-
missive.

24. The organic light emitting diode of claim 20, wherein

the cathode layer on the emissive layer is reflective.

25. The organic light emitting diode of claim 24, wherein

the cathode layer on the emissive layer is semi-transmissive.

26. The organic light emitting diode of claim 20, further

comprising:

a fourth sub-pixel region on the substrate;

a fourth cavity electrode in the fourth sub-pixel region of
the substrate; and

a fourth transparent electrode of a fourth thickness in the
fourth sub-pixel region, the fourth transparent electrode
overlaps beyond a side of the fourth cavity electrode,
wherein the emissive layer is in electrical connection
with the fourth transparent electrode.

27. The organic light emitting diode of claim 26, the fourth

sub-pixel region is white sub-pixel region.

28. The organic light emitting diode of claim 26, the fourth

thickness is same as one of the first thickness, the second
thickness and the third thickness

29. A method of making an organic light emitting diode on

a substrate, comprising:

forming a cavity electrode layer across first, second and
third micro-cavity regions of the substrate;

forming a first transparent layer of a first thickness in the
first micro-cavity region;

forming second transparent layers of a second thickness in
the first and second micro-cavity regions;

forming third transparent layers of a third thickness in the
first, second and third micro-cavity regions;

etching the cavity electrode layer such that the first trans-
parent layer in the first micro-cavity region overlaps
beyond a first side of a first cavity electrode, the second
transparent layer in the second micro-cavity region over-
laps beyond a second side of a second cavity electrode,
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and the third transparent layer in the third micro-cavity
region overlaps beyond a third side of a third cavity
electrode;

forming a first bank between the first and second micro-

cavity regions and a second bank between the second
and third micro-cavity regions;

forming a first emissive layer in electrical connection with

the third transparent layer of the first micro-cavity
region;

forming a second emissive layer in electrical connection

with the third transparent layer of the second micro-
cavity region;

forming a third emissive layer in electrical connection with

the third transparent layer of the third micro-cavity
region; and

forming a cathode layer on the first, second and third emis-

sive layers.

30. The method of claim 29, wherein the first, second and
third emissive layers are formed at the same time for a same
color.

31. A method of making an organic light emitting diode on
a substrate, comprising:

forming a cavity electrode layer across first, second and

third micro-cavity regions of the substrate;

forming first transparent layers of a first thickness in the

first, second and third micro-cavity region;

forming second transparent layers of a second thickness in

the first and second micro-cavity regions;
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forming a third transparent layer of a third thickness in the
first micro-cavity regions;

etching the cavity electrode layer such that the first trans-
parent layer in the first micro-cavity region overlaps
beyond a first side of a first cavity electrode, the first
transparent layer in the second micro-cavity region over-
laps beyond a second side of a second cavity electrode,
and the first transparent layer in the third micro-cavity
region overlaps beyond a third side of a third cavity
electrode;

forming a first bank between the first and second micro-
cavity regions and a second bank between the second
and third micro-cavity regions;

forming a first emissive layer in electrical connection with
the third transparent layer of the first micro-cavity
region;

forming a second emissive layer in electrical connection
with the second transparent layer of the second micro-
cavity region;

forming a third emissive layer in electrical connection with
the first transparent layer of the third micro-cavity
region; and

forming a cathode layer on the first, second and third emis-
sive layers.

32. The method of claim 31, wherein the first, second and

third emissive layers are formed at the same time for a same
color.
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