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HIGH RESOLUTION ORGANIC
LIGHT-EMITTING DIODE DEVICES,
DISPLAYS, AND RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 61/753,692, filed Jan. 17, 2013, which
is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Aspects of the present disclosure generally relate to
electronic displays and methods for making electronic dis-
plays. More particularly, aspects of the present disclosure
relate to depositing organic light-emissive layers on a sub-
strate so as to fabricate high resolution displays.

INTRODUCTION

[0003] The section headings used herein are for organiza-
tional purposes only and are not to be construed as limiting
the subject matter described in any way.

[0004] Electronic displays are present in many differing
kinds of electronic equipment such as, for example, television
screens, computer monitors, cell phones, smart phones, tab-
lets, handheld game consoles, etc. One type of electronic
display relies on organic light emitting diode (OLED) tech-
nology. OLED technology utilizes an organic light-emissive
layer sandwiched between two electrodes disposed on a sub-
strate. A voltage can be applied across the electrodes causing
charge carriers to be excited and injected into the organic
light-emissive layer. Light emission can occur through pho-
toemission as the charge carriers relax back to normal energy
states. OLED technology can provide displays with a rela-
tively high contrast ratio because each pixel can be individu-
ally addressed to produce light emission only within the
addressed pixel. OLED displays also can offer a wide viewing
angle due to the emissive nature of the pixels. Power effi-
ciency of an OLED display can be improved over other dis-
play technologies because an OLED pixel only consumes
power when directly driven. Additionally, the panels that are
produced can be much thinner than in other display technolo-
gies due to the light-generating nature of the technology
eliminating the need for light sources within the display itself
and the thin device structure. OLED displays also can be
fabricated to be flexible and bendable due to the compliant
nature of the active OLED layers.

[0005] Inkjet printing is a technique that can be utilized in
OLED manufacturing, and may reduce manufacturing cost.
Inkjet printing uses droplets of ink containing OLED layer
material and one or more carrier liquids ejected from a nozzle
at a high speed to produce one or more active OLED layers
including, for example a hole injection layer, a hole transport
layer, an electron blocking layer, an organic light emissive
layer, an electron transport layer, an electron injecting layer,
and a hole blocking layer.

[0006] To form sub-pixels and prevent OLED ink from
spreading between defined sub-pixels, confinement struc-
tures such as banks are provided on the substrate to define
confinement wells. Inkjet printing methods can require sub-
stantial precision. In particular, as pixel density increases, the
confinement areas of the confinement wells are reduced and
small errors in droplet placement can cause the droplet to be
deposited outside the intended well. Moreover, droplet vol-
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umes can be too large with respect to the confinement well
and droplets can undesirably spill over into adjacent sub-
pixels. In addition, non-uniformities can form at the edges of
the confinement wells due to film drying imperfections. As
the confinement well area is reduced, the non-uniformities
can encroach on the active emission area of the pixel creating
undesirable visual artifacts in the light emission from the
pixel caused by the non-uniformities. In addition, the ratio of
the active area to the total area, both the active and non-active
areas, of each pixel (referred to as the “fill factor”) is reduced
due to the confinement structures which in turn can reduce the
lifetime of the display because each pixel has to be driven
using more current to achieve equivalent display brightness
levels and using more current to drive each pixel is known to
reduce the pixel lifetime.

[0007] Although traditional inkjet methods address some
ofthe challenges associated with OLED manufacturing, there
exists a continued need for improvement. For example, there
exists a continued need to reduce the sensitivity of the OLED
manufacturing process to the droplet placement precision, in
particular for OLED displays having a high resolution (i.e.,
high pixel density). Moreover, there exists a need to reduce
undesirable visual artifacts created by the deposition of the
organic light-emissive layer in high resolution displays.
There also exists a need to improve the device lifetime by
improving the fill factor of each pixel such that the area
associated with active elements is increased. Further, there
exists a need for improvement in using and manufacturing
OLED displays in high resolution display applications,
including but not limited to, for example, high resolution
mobile phones and tablet computers, which present chal-
lenges in achieving acceptable resolution, power efficiency,
display lifetime, and manufacturing cost.

SUMMARY

[0008] The present disclosure may solve one or more of the
above-mentioned problems and/or achieve one or more of the
above-mentioned desirable features. Other features and/or
advantages may become apparent from the description which
follows.

[0009] In accordance with an exemplary embodiment of
the present disclosure, a method of manufacturing an organic-
light emitting diode (OLED) display can include providing
on a substrate a first electrode associated with a first sub-pixel
and a second electrode associated with a second sub-pixel,
wherein a gap is formed between the first electrode and the
second electrode and wherein the first electrode and the sec-
ond electrode are positioned in a well having boundaries
defined by a confinement structure on the substrate. The
method can also include depositing in the well with the elec-
trodes positioned therein, active OLED material to form a
substantially continuous layer of active OLED material that
spans the boundaries of the well such that a surface of the
layer of active OLED material that faces away from the sub-
strate has a non-planar topography. The depositing can be via
inkjet printing. The present disclosure also contemplates an
organic light emitting diode (OLED) display made according
to the above method.

[0010] In accordance with an additional exemplary
embodiment of the present disclosure, an organic light-emit-
ting diode (OLED) display can include a first electrode dis-
posed on a substrate, wherein the first electrode is associated
with a first sub-pixel; and a second electrode disposed on the
substrate and spaced from the first electrode to provide a gap
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between the first and second electrodes, wherein the second
electrode is associated with a second sub-pixel. The display
can further include a confinement structure positioned on the
substrate to define boundaries of a well containing the first
electrode and the second electrode; and a substantially con-
tinuous active OLED material layer that spans the boundaries
of the well and is disposed over the first electrode and second
electrodes, wherein a surface of the active OLED material
layer that faces away from the substrate has a non-planar
topography.

[0011] Additional objects and advantages will be set forth
in part in the description which follows, and in part will be
obvious from the description, or may be learned by practice of
the present teachings. At least some of the objects and advan-
tages of the present disclosure may be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

[0012] TItisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion, as claimed. It should be understood that the invention, in
its broadest sense, could be practiced without having one or
more features of these exemplary aspects and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
some exemplary embodiments of the present disclosure
together with the description, serve to explain certain prin-
ciples. In the drawings,

[0014] FIG.11s a partial plan view of a conventional pixel
arrangement.
[0015] FIG. 2 is a partial plan view of an exemplary pixel

arrangement in accordance with the present disclosure;
[0016] FIG. 3A is a cross-sectional view of a confinement
well along line 3A-3A in FIG. 1 of an exemplary embodiment
in accordance with the present disclosure;

[0017] FIG. 3B is a cross-sectional view of a plurality of
confinement wells along line 3B-3B in FIG. 1 of an exem-
plary embodiment in accordance with the present disclosure;
[0018] FIG. 4 is a cross-sectional view similar to the view
of FIG. 3A of another exemplary embodiment of a confine-
ment well in accordance with the present disclosure;

[0019] FIG. 5A isa cross-sectional view similar to the view
of FIG. 3A of another exemplary embodiment of a confine-
ment well in accordance with the present disclosure;

[0020] FIG. 5B is across-sectional view similar to the view
of FIG. 3B of another embodiment of a confinement well in
accordance with the present disclosure;

[0021] FIG. 61s a cross-sectional view of yet another exem-
plary embodiment of a confinement well in accordance with
the present disclosure;

[0022] FIG.7isacross-sectional view of yet another exem-
plary embodiment of a confinement well in accordance with
the present disclosure;

[0023] FIGS. 8-11 are cross-sectional views of another
exemplary embodiment of a confinement well and exemplary
steps for creating an OLED display in accordance with the
present disclosure;

[0024] FIGS. 12-19 are partial plan views of various exem-
plary pixel arrangements in accordance with the present dis-
closure;
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[0025] FIG. 20 is a front view of an exemplary apparatus
including an electronic display in accordance with the present
disclosure; and

[0026] FIG. 21 is a front view of another exemplary appa-
ratus including an electronic display in accordance with the
present disclosure.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0027] Reference will now be made in detail to various
exemplary embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0028] For the purposes of this specification and appended
claims, unless otherwise indicated, all numbers expressing
quantities, percentages, or proportions, and other numerical
values used in the specification and claims, are to be under-
stood as being modified in all instances by the term “about,”
to the extent they are not already so modified. Accordingly,
unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are
approximations that may vary depending upon the desired
properties sought to be obtained. At the very least, and not as
an attempt to limit the application of the doctrine of equiva-
lents to the scope of the claims, each numerical parameter
should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding tech-

niques.

[0029] Itisnoted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the,” and
any singular use of any word, include plural referents unless
expressly and unequivocally limited to one referent. As used
herein, the term “include” and its grammatical variants are
intended to be non-limiting, such that recitation of items in a
list is not to the exclusion of other like items that can be

substituted or added to the listed items.

[0030] Further, this description’s terminology is not
intended to limit the invention. For example, spatially relative
terms—such as “beneath”, “below”, “lower”, “top”, “bot-
tom”, “above”, “upper”, “horizontal”, “vertical”, and the
like—may be used to describe one element’s or feature’s
relationship to another element or feature as illustrated in the
figures. These spatially relative terms are intended to encom-
pass differing positions (i.e., locations) and orientations (i.e.,
rotational placements) of a device in use or operation in
addition to the position and orientation shown in the figures.
For example, if a device in the figures is turned over, elements
described as “below” or “beneath” other elements or features
would then be “above” or “over” the other elements or fea-
tures. Thus, the exemplary term “below” can encompass both
positions and orientations of above and below depending on
the overall orientation of the device. A device may be other-
wise oriented (rotated 90 degrees or at other orientations) and
the spatially relative descriptors used herein interpreted
accordingly.

[0031] As used herein, “pixel” is intended to mean the
smallest functionally complete and repeating unit of a light
emitting pixel array. The term “sub-pixel” is intended to mean
aportion of a pixel that makes up a discrete light emitting part
of the pixel, but not necessarily all of the light emitting parts.
For example, in a full color display, a pixel can include three
primary color sub-pixels such as red, green, and blue. In a



US 2014/0197385 Al

monochrome display, the terms sub-pixel and pixel are
equivalent, and may be used interchangeably.

[0032] Theterm “coupled” when used to refer to electronic
components is intended to mean a connection, linking, or
association of two or more electronic components, circuits,
systems, or any combination of: (1) at least one electronic
component, (2) at least one circuit, or (3) at least one system
in such a way that a signal (e.g. current, voltage, or optical
signal) can be transferred from one to another. The connec-
tion, linking, or association of two or more electronic com-
ponents, circuits, or systems can be direct; alternatively inter-
mediary connections, linkings, or associations may be
present, and thus coupling does not necessarily require a
physical connection.

[0033] One of ordinary skill in the art would generally
accept the term “high resolution” to mean a resolution greater
than 100 pixels per inch (ppi) where 300 ppi can sometimes
be referred to as very high resolution. One of ordinary skill in
the art would also recognize that pixel density does not
directly correlate to the size of the display. Various exemplary
embodiments disclosed herein can be used to achieve high
resolution in small and large display sizes. For example,
displays having a size of about 3 inches to about 11 inches can
be implemented as high resolution displays. Moreover, dis-
plays having larger sizes, such as television displays up to 55"
and beyond, can also be used with various exemplary embodi-
ments described herein to achieve high resolution displays.
[0034] As used herein, a layer or structure being “on” a
surface includes both the case where the layer is directly
adjacent to and in direct contact with the surface over which
it is formed and the case where there are intervening layers or
structures between the layer or structure being formed over
the surface.

[0035] Various factors can influence deposition precision
of organic light-emissive layers in OLED display manufac-
turing techniques such factors include for example, display
resolution, droplet size, target droplet area, droplet placement
error, fluid properties (e.g., surface tension, viscosity, boiling
point) associated with the OLED layer material (e.g., active
OLED materials) inks, which are comprised of a combination
of OLED layer material and one or more carrier fluids, and the
velocity at which the droplets are deposited. As display reso-
lutions increase, for example greater than 100 ppi, or for
example greater than 300 ppi, various issues arise in using
inkjet printing techniques for OLED display manufacturing.
High precision inkjet heads used in the conventional printing
techniques can produce droplet sizes ranging from about 1
picoliter (pL) to about 50 picoliters (pL), with about 10 pL,
being a relatively common size for high precision inkjet print-
ing applications. Droplet placement accuracy of a conven-
tional inkjet printing system is approximately +10 um. In
various exemplary embodiments, confinement wells can be
provided on the substrate to compensate for droplet place-
ment errors. A confinement well can be a structure that pre-
vents OLED material from migrating beyond a desired sub-
pixel area. To ensure that a droplet accurately lands at a
desired location on a substrate, such as entirely within a
confinement well, various exemplary embodiments configure
the confinement well to be as wide as the droplet diameter
plus twice the droplet placement error of the system. For
example, the diameter of a 10 pL droplet is about 25 um and
thus the preceding parameters would indicate the use of a
confinement well of at least 45 pm (25 pm+(2*10 um)) in its
smallest dimension. Even for a 1 pL. droplet, the droplet
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diameter is 12 wm, which indicates a confinement well of at
least 32 wm in its smallest dimension.

[0036] Various pixel layouts that rely ona confinement well
of at least 45 pm in its smallest dimension can be used in
OLED displays having a resolution up to 100 ppi. However, in
high resolution displays of greater than 100 ppi, for example,
10pL droplets are too large and droplet placement accuracies
too poor to reliably provide for consistent loading of droplets
into confinement wells around each sub-pixel. In addition, as
noted above, for high resolution displays, covering an
increased amount of display area with structures used to
define confinement wells can negatively impact the fill factor
of each pixel, where fill factor is defined as the ratio of the
light emitting area of the pixel relative to the total pixel area.
As fill factor decreases, each pixel must be driven harder to
achieve the same overall display brightness thereby decreas-
ing longevity and performance of each pixel of the display.

[0037] To further illustrate some of the above mentioned
challenges of working with very high resolution displays,
FIG. 1 illustrates one conventional pixel layout 1700. Pixel
1750 can comprise sub-pixels 1720, 1730, 1740 arranged ina
side-by-side configuration, sub-pixel 1720 being associated
with light emission in the red spectrum range, sub-pixel 1730
being associated with light emission in the green spectrum
range, and sub-pixel 1740 being associated with light emis-
sion in the blue spectrum range. Each sub-pixel can be sur-
rounded by confinement structures 1704 forming confine-
ment wells directly corresponding to the sub-pixels 1720,
1730, 1740. One sub-pixel electrode can be associated with
each confinement well such that electrode 1726 corresponds
to sub-pixel 1720, electrode 1736 corresponds to sub-pixel
1730, and electrode 1746 corresponds to sub-pixel 1740.
Sub-pixel 1720 can have a width D, sub-pixel 1730 can have
awidth C, and sub-pixel 1740 can have a width B, which may
be the same or differ from each other. As shown, all sub-pixels
can have a length A. In addition, dimensions E, F, and G can
indicate the spacing between confinement well openings. Val-
ues assigned to dimensions E, F, G can be very large in some
instances, e.g., greater than 100 pm, particularly in lower
resolution displays. However, for higher resolution displays,
it is desirable to minimize these dimensions in order to maxi-
mize the active pixel area and thus maximize the fill factor. As
illustrated in FIG. 1, the active pixel area, indicated by the
shaded regions, is the entire area within each of the sub-pixel
confinement wells.

[0038] Various factors can influence dimensions E, F, G,
such as, for example, the minimum value for these dimen-
sions can be restricted by the processing method. For
example, in various illustrative embodiments described
herein E=F=G=12 pum as a minimum dimension. For
example, in a display having a 326 ppi resolution, the pixel
pitch can be equal to 78 pm and E=F=G=12 um. The confine-
ment wells associated with each of the sub-pixels 1720, 1730,
1740 can have a target droplet area of 14 pmx66 um (i.e.
dimensions BxA, CxA, and DxA) where 14 pum is signifi-
cantly less than the 45 um smallest dimension discussed
above regarding using inkjet droplets having a volume of 10
pL. It is also less than the 32 pm dimension discussed above
for 1 pL droplets. In addition, the fill factor of the pixel,
defined as the ratio of the active pixel area (i.e. the area
associated with light emission), and the total pixel area is
46%. In other words, 54% of the pixel area corresponds to
confinement structures 1704. Along the same lines, in a dis-
play having a 440 ppi resolution, the pixel pitch, P, can be
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equal to 58 pm and E=F=G=12 um. Confinement wells asso-
ciated with each of the emitting sub-pixels 1720, 1730, 1740
can have a target droplet area of, for example, 7 umx46 pm
where a dimension of 7 um is significantly less than the
minimum dimensions discussed above for accurate droplet
placement of both 10 pL and 1 pL inkjet droplets. In this
instance, the fill factor for a display having 440 ppi is around
30%.

[0039] Deposition techniques in accordance with various
exemplary embodiments described herein can provide
improved reliability in loading of confinement wells and
deposition of active OLED layers for electronic displays,
such as, for example, high resolution displays. Active OLED
layers can include, for example, one or more of the following
layers: a hole injection layer, a hole transport layer, an elec-
tron blocking layer, an organic light emissive layer, an elec-
tron transport layer, an electron injecting layer, and a hole
blocking layer. Implementation of some of the above-identi-
fied active OLED layers is preferred and implementation of
some active OLED layers is optional for electronic displays.
Forexample, at least one hole conducting layer such as a hole
injection layer or a hole transport layer must be present as
well as an organic light emissive layer. All other above-iden-
tified layers may be included as desired to alter (e.g., improve)
light emission and power efficiency of an electronic display
such as an OLED display.

[0040] Various exemplary embodiments of confinement
well configurations described herein can increase the size of
the confinement well while maintaining high pixel resolution.
For instance, various exemplary embodiments use relatively
large confinement wells that span a plurality of sub-pixels,
thereby enabling the use of relatively attainable droplet sizes
and conventional printing system accuracies in the deposition
of the active OLED layers, while also achieving relatively
high pixel densities. Accordingly, inkjet nozzles that deposit
droplet volumes in the range from 1 pL to 50 pL can be used,
rather than requiring specially configured or reconfigured
printheads with smaller droplet volumes and new printing
systems, which may or may not be available. Moreover, by
using such larger confinement wells, small manufacturing
errors will not have a significant negative effect on deposition
precision and the deposited active OLED layers can remain
contained within the confinement well.

[0041] In accordance with various exemplary embodi-
ments, inkjet printing techniques can provide sufficiently uni-
form deposition of active OLED layers. For example, various
components typically used in OLED displays result in topog-
raphies of varying heights on the top surface layer of a con-
finement well, for example, heights differing by about 100
nanometers (nm) or more. For instance, components such as
electrodes may be deposited on a substrate such that a gap is
formed between neighboring electrodes in order to form
separately addressable electrodes each associated with a dif-
fering sub-pixel. Regardless of which active OLED layers are
deposited over the electrodes disposed on the substrate of the
display, height differentials between the plane of the top
surfaces of the electrodes and the top surface of the substrate
of the display in regions between neighboring electrodes can
contribute to the topography of the subsequently deposited
OLED layers. Exemplary inkjet printing techniques and
resulting displays in accordance with the present disclosure
allow the active OLED layers to be deposited such that the
thickness of the active OLED layers are sufficiently uniform,
for example over the active electrode region, where active
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electrode regions can be regions of the electrode associated
with the active sub-pixel area from which light is emitted. In
an exemplary embodiment, a thickness of the OLED layer, at
least over the active electrode region, can be less than the
thickness of the sub-pixel electrodes. Sufficiently uniform
thicknesses of the OLED layers over the active electrode area
can reduce undesirable visual artifacts. For example, OLED
ink formulations and printing processes can be implemented
to minimize non-uniformity in the deposited film thickness
within a given deposition area, even when that area includes
both electrode and non-electrode regions. In other words,
portions within the deposition area not covered by an elec-
trode structure can contribute to the OLED layer topography
such that the OLED layer can sufficiently conform to the
underlying structures over which it is deposited within the
deposition area. Minimizing non-uniformities in the depos-
ited film thickness can provide for substantially uniform light
emission when a particular sub-pixel electrode is addressed
and activated.

[0042] In accordance with yet other exemplary embodi-
ments, pixel layout configurations contemplated by the
present disclosure can increase active region areas. For
example, confinement structures can define confinement
wells having a contiguous area that spans a plurality of sub-
pixels such that non-active portions (e.g., substrate areas
associated with confinement structures) of the display are
reduced. For instance, rather than a confinement structure
surrounding each sub-pixel electrode as in various conven-
tional OLED displays, a plurality of individually addressed
sub-pixel electrodes can be surrounded by a confinement
structure where each sub-pixel electrode can be associated
with a differing pixel. By reducing the area taken up by the
confinement structures, the fill factor can be maximized
because the ratio of the non-active region to the active region
of each pixel is increased. Achieving such increases in fill
factor can enable high resolution in smaller size displays, as
well as improve the lifetime of the display.

[0043] In accordance with yet other exemplary embodi-
ments, the present disclosure contemplates an organic light-
emissive display that includes a confinement structure dis-
posed on a substrate, wherein the confinement structure
defines a plurality of wells in an array configuration. The
display further includes a plurality of electrodes disposed
within each well and spaced apart from one another. The
display further can include first, second, and third organic
light emissive layers in at least one of the plurality of wells,
each layer having first, second, and third light emissive wave-
length ranges, respectively. A number of electrodes disposed
within the well associated with the first and second organic
light-emissive layer differs from a number of electrodes dis-
posed within the well associated with the third organic light
emissive layer.

[0044] In accordance with yet other exemplary embodi-
ments, the present disclosure contemplates an organic light-
emissive display that includes a confinement structure dis-
posed on a substrate, wherein the confinement structure
defines a plurality of wells in an array configuration, includ-
ing a first well, a second well, and a third well. The display
further can include a first plurality of electrodes disposed
within the first well and associated with a differing pixel, a
second plurality of electrodes disposed within the second
well and associated with a differing pixel, and at least one
third electrode disposed within the third well, wherein a num-
ber of electrodes disposed within each of the first and second
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wells differs from a number of electrodes disposed within the
third well. The display can further include a first organic light
emissive layer having a first light-emissive wavelength range
disposed in the first well, a second organic light emissive
layer having a second light-emissive wavelength range dis-
posed in the second well, and third organic light emissive
layer having a third light-emissive wavelength range disposed
in the third well.

[0045] In accordance with various other exemplary
embodiments, pixel layout configurations can be arranged to
extend the lifetime of the device. For example, sub-pixel
electrode size can be based on the corresponding organic
light-emission layer wavelength range. For instance, a sub-
pixel electrode associated with light emission in the blue
wavelength range can be larger than a sub-pixel electrode
associated with light emission in the red or green wavelength
ranges, respectively. Organic layers associated with blue light
emission in OLED devices typically have shortened lifetimes
relative to organic layers associated with red or green light
emission. In addition, operating OLED devices to achieve a
reduced brightness level increases the lifetime of the devices.
By increasing the emission area of the blue sub-pixel relative
to the red and green sub-pixels, respectively, in addition to
driving the blue sub-pixel to achieve a relative brightness less
than a brightness of the red and green sub-pixels (e.g., by
adjusting the current supplied when addressing the sub-pixel
as those of ordinary skill in the art are familiar with), the blue
sub-pixel can serve to better balance the lifetimes of the
differing colored sub-pixels while still providing for the
proper overall color balance of the display. This improved
balancing of lifetimes can increase the overall lifetime of the
display by extending the lifetime of the blue sub-pixels.
[0046] FIG. 2 illustrates a partial, plan view of one exem-
plary pixel arrangement of an organic light-emitting diode
(OLED) display 100 according to an exemplary embodiment
of the present disclosure. FIG. 3A illustrates a cross-sectional
view along section 3A-3A identified in FIG. 2 of one exem-
plary embodiment of a substrate, depicting various structures
for forming an OLED display. FIG. 3B illustrates a cross-
sectional view along section 3B-3B identified in FIG. 2 of one
exemplary embodiment of a substrate, depicting various
structures for forming an OLED display.

[0047] The OLED display 100 generally includes a plural-
ity of pixels, e.g., such as defined by dotted line boundaries
150,151, 152, that when selectively driven emit light that can
create an image to be displayed to a user. In a full color
display, a pixel 150, 151, 152 can include a plurality of sub-
pixels of differing colors. For example, as illustrated in FIG.
2, pixel 150 can include a red sub-pixel R, a green sub-pixel
G, and a blue sub-pixel B. As can be seen in the exemplary
embodiment of FIG. 2, sub-pixels need not be the same size,
although in an exemplary embodiment they could be. Pixels
150, 151, 152 can be defined by driving circuitry that cause
light emission such that no additional structure is necessary to
define a pixel. Alternatively, exemplary embodiments of the
present disclosure contemplate various new arrangements of
pixel definition structures that can be included within display
100 to delineate the plurality of pixels 150, 151, 152. Those
having ordinary skill in the art are familiar with materials and
arrangements of conventional pixel definition structures used
to provide crisper delineation between pixels and sub-pixels.
[0048] With reference to FIGS. 3A and 3B in addition to
FIG. 2, OLED display 100 can include a substrate 102. Sub-
strate 102 can be any rigid or flexible structure that can

Jul. 17,2014

include one or more layers of one or more materials. Substrate
102 can include, for example, glass. polymer, metal, ceramic,
or combinations thereof. While not illustrated for simplicity,
substrate 102 can include additional electronic components,
circuits, or conductive members, with which those having
ordinary skill in the art have familiarity. For instance, thin-
film transistors (TFTs) (not shown) can be formed on the
substrate before depositing any of the other structures that are
discussed in further detail below. TFTs can include, for
example, at least one of a thin film of an active semiconductor
layer, a dielectric layer, and a metallic contact where those of
ordinary skill in the art would be familiar with materials used
in the manufacture of such TFTs. Any of the active OLED
layers can be deposited to conform to any topography created
by TFTs or other structures formed on substrate 102, as dis-
cussed below.

[0049] Confinement structures 104 can be disposed on the
substrate 102 such that the confinement structures 104 define
a plurality of confinement wells. For instance, the confine-
ment structures 104 can be a bank structure. A plurality of
sub-pixels can be associated with each confinement well and
the organic light-emissive material deposited within each
confinement well allows all sub-pixels associated with the
confinement well to have the same light emission color. For
example, in the arrangement of FIG. 2, confinement well 120
can receive droplets of OLED ink associated with sub-pixels
that emit red light denoted by R, confinement well 130 can
receive droplets of OLED ink associated with sub-pixels that
emit green light denoted by G, and confinement well 140 can
receive droplets of OLED ink associated with sub-pixels that
emit blue light denoted by B. Those having ordinary skill in
the art would appreciate, as will be further explained below,
that the confinement wells can also receive various other
active OLED layers, including but not limited to, for example,
additional organic light-emissive material and a hole con-
ducting layer.

[0050] The confinement structures 104 can define confine-
ment wells 120, 130, 140 to confine material associated with
a plurality of sub-pixels. In addition, confinement structures
104 can prevent spreading of OLED ink into adjacent wells,
and/or can assist (through appropriate geometry and surface
chemistry) in the loading and drying process such that the
deposited film is continuous within the region bounded by
confinement structures 104. For example, edges of the depos-
ited films can contact the confinement structures 104 that
surround the confinement wells 120, 130, 140. The confine-
ment structures 104 can be a single structure or can be com-
posed of a plurality of separate structures that form the con-
finement structures 104.

[0051] The confinement structures 104 can be formed of
various materials such as, for example, photoresist materials
such as photoimageable polymers or photosensitive silicone
dielectrics. The confinement structures 104 can comprise one
or more organic components that are, after processing, sub-
stantially inert to the corrosive action of OLED inks, have low
outgassing, have a shallow (e.g. <25 degrees) sidewall slope
at the confinement well edge, and/or have high phobicity
towards one or more ofthe OLED inks to be deposited into the
confinement well, and may be chosen based on the desired
application. Examples of suitable materials include, but are
not limited to PMMA (poly-methylmethacrylate), PMGI
(poly-methylglutarimide), DNQ-Novolacs (combinations of
the chemical diazonaphithoquinone with different phenol
formaldehyde resins), SU-8 resists (a line of widely used,
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proprietary epoxy based resists manufactured by MicroChem
Corp.), fluorinated variations of conventional photoresists
and/or any of the aforementioned materials listed herein, and
organo-silicone resists, each of which can be further com-
bined with each other or with one or more additives to further
tune the desired characteristics of the confinement structures
104.

[0052] Confinement structures 104 can define confinement
wells that have any shape, configuration, or arrangement. For
example, the confinement wells 120, 130, 140 can have any
shape such as rectangular, square, circular, hexagonal, etc.
Confinement wells in a single display substrate can have the
same shape and/or size or differing shapes and/or sizes. Con-
finement wells associated with differing light emission colors
can have differing or the same shapes and/or sizes. Moreover,
adjacent confinement wells can be associated with alternating
light emission colors or adjacent confinement wells can be
associated with the same light emission colors. In addition,
confinement wells can be arranged in columns and/or rows
where the columns and/or rows can have uniform or non-
uniform alignment.

[0053] Theconfinement wells can be formed using any of a
variety of manufacturing methods, such as, for example, ink-
jet printing, nozzle printing, slit coating, spin coating, spray
coating, screen printing, vacuum thermal evaporation, sput-
tering (or other physical vapor deposition method), chemical
vapor deposition, etc. and any additional patterning not oth-
erwise achieved during the deposition technique can be
achieved by using shadow masking, one or more photolithog-
raphy steps (e.g. photoresist coating, exposure, development,
and stripping), wet etching, dry etching, lift-off, etc.

[0054] Asillustrated in FIG. 2, confinement wells 120, 130,
140 according to various exemplary embodiments, can be
defined by the confinement structures 104 such that they span
a plurality of pixels 150, 151, 152. For example, pixel 150
includes a red sub-pixel R, a green sub-pixel G, and a blue
sub-pixel B that are each part of a differing confinement well
120, 130, 140. Each confinement well 120, 130, 140 can
include a plurality of electrodes, such as 106, 107, 108, 109,
136, 137, 138, 139, 142, 144, wherein the electrodes within
the confinement wells 120, 130, 140 can be spaced apart from
each other such that a gap S is formed between adjacent
electrodes within a confinement well. In exemplary embodi-
ments, the gap S can be of sufficient size to electrically isolate
an electrode from any adjacent electrode, and in particular,
the active electrode regions of adjacent electrodes can be
isolated from one another. The gap or space S can reduce
current leakage and improve sub-pixel definition and overall
pixel definition.

[0055] While omitted for clarity and ease of illustration,
drive circuitry can be disposed on the substrate 102, and such
circuitry can be disposed either beneath the active pixel areas
(i.e., the light emitting regions) or within the non-active pixel
areas (i.e., the non-light emitting regions). In addition, while
not illustrated, circuitry can also be disposed under confine-
ment structures 104. The drive circuitry can be coupled to
each electrode such that each electrode can be selectively
addressed independently of the other electrodes within the
confinement well. The region of non-uniform topography that
results due to the gap S between electrodes is described in
further detail below.

[0056] Fach electrode 106, 107, 108, 109, 136, 137, 138,
139, 142, 144 within a confinement well 120, 130, 140 can be
associated with a differing sub-pixel. For example, as illus-
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trated in FIG. 2, confinement well 120 can be associated with
red light emission. Electrodes 106, 107, 108, 109 can be
positioned within the confinement well 120 where each elec-
trode is operable to address a sub-pixel of a differing pixel
(e.g., pixels 151 and 152 being illustrated). At least two elec-
trodes can be positioned within each confinement well 120,
130, 140. The number of electrodes positioned within each
confinement well 120, 130, 140 can be the same or differing
from other confinement wells. For example, as illustrated in
FIG. 2, confinement well 140 can include two sub-pixel elec-
trodes 142, 144 associated with blue light emission and con-
finement well 130 can include four sub-pixel electrodes 136,
137, 138, 139 associated with green light emission.

[0057] In an exemplary embodiment, the confinement
structures 104 can be disposed on a portion of the electrodes
106, 107, 108, 109, 136, 137, 138, 139, 142, 144. As illus-
trated in FIGS. 3A and 3B, the confinement well 120 can be
defined by the confinement structures 104 where the confine-
ment structures 104 are disposed partially over a portion of
electrodes 106, 108 and partially directly over substrate 102
without being over an electrode. Alternatively, the confine-
ment structures 104 can be disposed over the substrate 102
between electrodes of adjacent confinement wells. For
example, the confinement structures 104 can be disposed on
substrate 102 in a space formed between electrodes associ-
ated with a differing sub-pixel emission color such that the
confinement structures 104 are directly disposed on substrate
102 and are not disposed over any portion of an electrode. In
such a configuration (not illustrated), the electrodes corre-
sponding to sub-pixels can be disposed either directly adja-
cent to (in abutment with) the confinement structures 104 or
the electrodes can be spaced apart from the confinement
structures 104 such that sub-pixel definition can be achieved.
[0058] Whena voltage is selectively applied to an electrode
106, 107, 108,109, 136, 137, 138, 139, 142, 144, light emis-
sion can be generated within a sub-pixel of a pixel, such as,
pixels 150,151,152, Electrodes 106,107,108, 109, 136, 137,
138, 139, 142, 144, can be transparent or reflective and can be
formed of a conductive material such as a metal, a mixed
metal, an alloy, a metal oxide, a mixed oxide, or a combina-
tion thereof. For example, in various exemplary embodi-
ments, the electrodes may be made of indium-tin-oxide, mag-
nesium silver, or aluminum. Electrodes 106, 107, 108, 109,
136, 137, 138, 139, 142, 144, can have any shape, arrange-
ment, or configuration. For example, referring to FIG. 3A,
electrodes 106, 107, 108, 109, 136, 137, 138, 139, 142, 144,
can have a profile such that the top surface 1064, 108a can be
substantially planar and parallel to the surface of the substrate
102 while the side edges 1065, 1085 of the electrodes can be
substantially perpendicular to or can be angled and/or
rounded with respect to the surface of the substrate.

[0059] Itis further noted that the active portion of the elec-
trode, 1.e. the portion associated with light emission, are those
portions of the electrode which are disposed directly under-
neath the deposited OLED layers without any intervening
insulating substrate structures between the electrode surface
and the OLED layers. By way of example, again with refer-
ence to FIG. 3A, the portions of electrodes 106 and 108 that
are disposed beneath confinement structures 104 are
excluded from the active portion of the electrode area,
whereas the remainder of the regions of electrodes 106 and
108 are included in the active portion of the electrode area.
[0060] The electrodes may be deposited in various ways,
such as, by a thermal evaporation, chemical vapor deposition,
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or sputtering method. The patterning of the electrodes may be
achieved, for example, using shadow masking or photolithog-
raphy. As mentioned above, electrodes 106, 107, 108, 109,
136, 137, 138, 139, 142, 144 can have a thickness and be
spaced apart such that atopography is formed on the substrate
102, shown best in the various cross-sectional views, such as
in FIG. 3A. In an exemplary embodiment, electrodes 106,
107, 108, 109, 136, 137, 138, 139, 142, 144 can have a
thickness ranging from 60 nm to 120 nm, though this range is
nonlimiting and larger or smaller thicknesses are possible as
well.

[0061] One or more active OLED layers can be provided
within each confinement well 120, 130, 140 such as hole
conducting layer 110 and organic light emissive layer 112
shown in FIGS. 3A and 3B. The active OLED layers can be
deposited such that they can sufficiently conform to the
topographies that result from thickness of and spacing
between the electrodes 106, 107, 108, 109, 136, 137, 138,
139, 142, 144 within a confinement well 120, 130, 140, as
well as the thickness of the respective active OLED layers.
For example, the active OLED layers can be continuous
within a well and have a thickness so as to sufficiently con-
form and follow the resultant topography of the underlying
electrode structures disposed within each confinement well.

[0062] The deposited OLED layers may therefore result in
asurface topography that does not lie in a single plane parallel
to the substrate and across the entire confinement well. For
example, one or both of OLED layers 110, 112 can be non-
planar and discontinuous in a single plane of the display
(wherein the plane of the display is intended as a plane par-
allel to substrate 102) due to the relative depression or pro-
trusion associated with any surface feature including elec-
trodes disposed on substrate 102. As shown, the OLED layers
110, 112 can sufficiently conform to underlying surface fea-
ture topographies such that a top surface of the OLED layer
can have a resulting topography that follows the topography
of the underlying surface features. In other words, each
deposited OLED layer sufficiently conforms to all underlying
layers and/or surface features disposed on the substrate 102
such that those underlying layers contribute to the resulting
non-planar top surface topography of the OLED layers after
they are deposited. In this way, in a plane across the confine-
ment well that is parallel to a plane of the display, a discon-
tinuity in layer 110 or 112, or both, can arise as the layer(s)
rise and/or fall, relative to the plane, with the existing surface
features provided from electrodes, circuitry, pixel definition
layers, etc., in the confinement well. While the active OLED
layers 110 and/or 112 need not perfectly conform to the
underlying surface topography (for example, as explained
below there may be local non-uniformities in thickness
around edge regions and the like), a sufficiently conformal
coating in which there are no significant build-ups or deple-
tions of material can promote a more even, uniform, and
repeatable coating.

[0063] As shown in FIG. 3A, each layer 110, 112 can be
substantially continuous within the entire confinement well
120 such that each layer is disposed over substantially all
surface features within the confinement well 120 (e.g. sub-
pixel electrodes, circuitry, pixel definition layers, etc.) where
the edges of each layer contact the confinement structures 104
surrounding the confinement well 120. In various exemplary
embodiments, active OLED layer material can be deposited
to form a discrete continuous layer entirely within a confine-
ment well to substantially prevent any discontinuities in the
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layer within the well (in other words a region within the well
where the active OLED layer material is missing). Such dis-
continuities can cause undesirable visual artifacts within the
emission region of a sub-pixel. It is worth noting that though
each layer 110, 112 is substantially continuous within the
confinement well, it can nonetheless be discontinuous in a
single plane, as noted above, due to the rising/falling of the
layer as it sufficiently conforms to existing topographies of
features disposed in the confinement well over which the
layers are deposited. For example, in exemplary embodi-
ments, if such a rise and/or fall is by an amount, e.g., 100 nm,
greater than the thickness of the thinnest part of the deposited
layer within the well, e.g., 50 nm, the OLED material layer
will not be continuous in a plane parallel to the display within
the well.

[0064] The layers 110, 112 can have a substantially uni-
form thickness within each confinement well which may
provide for more uniform light emission. For the purpose of
this application, substantially uniform thickness can refer to
an average thickness of the OLED layer over planar surface
regions, such as over active electrode regions, but also can
encompass minute variations or local non-uniformities in
thickness as described below. Over the planar surfaceregions,
e.g. 1064, 108a, and bottom surface of gaps in FIG. 3A, it is
anticipated that for a substantially uniform OLED coating the
variation in thickness from an average thickness of the OLED
layer can be less than +20%, such as less than +10% or less
than +5%.

[0065] As noted above, however it is contemplated that
local non-uniformities in thickness may arise in portions of
the layers 110, 112 surrounding changes in surface topogra-
phy and/or surface chemistry, and in such regions, the film
thickness can locally deviate substantially from the +20%,
+10%, or +5% parameters specified above. For example,
local non-uniformities in the thickness of a continuous layer
can occur due to the topography associated with surface fea-
tures disposed on substrate 102 and/or a change in surface
chemistry between the surface features disposed on the sub-
strate 102 such as at the edge of the confinement well struc-
tures 104, at the edge of a pixel definition layer (discussed
below), on the electrode edge sidewalls (e.g. along 1064,
1080), or where the electrode meets the substrate surface.
Local non-uniformities can lead to deviations in film thick-
ness. For example, the local non-uniformities can deviate
from the thickness of the layers 110, 112 provided over the
active electrode regions (e.g. along 1064, 108a) of electrodes
106, 108. The non-uniformities can create generally localized
“edge effect” deviations within a range of approximately 5
um-10 pm around such surface features disposed on substrate
102 in the confinement well, such as at edges of electrodes,
circuitry, pixel definition layers, etc. For the purposes of this
application, such “edge effect” deviations are intended to be
encompassed when describing the OLED film coating as
having a “substantially uniform thickness” within the well.

[0066] Inan exemplary embodiment, the thickness of each
layer 110, 112 can be equal to or less than the thickness of the
electrodes such that the upper surface of each layer does not
lie in a single plane parallel to the plane of the display (i.e., a
plane parallel to the substrate) due to the dip in the film
formed as the layer traverses the gap between the active
regions of the electrodes. This is illustrated, for example, in
FIG. 3A, wherein a dashed line is provided to illustrate a
plane P that is parallel to the plane of the substrate 102. As
shown, layers 110, 112 can each have an average thickness
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that is substantially uniform within the region of layers 110,
112 over with the active electrode regions of electrodes 106,
108. However, layers 110, 112 can also include small and
localized non-uniform thickness in areas associated with
topography changes caused by the surface features such as
around edges of those surface features (e.g. edges of elec-
trodes 106, 108 adjacent to the gap).

[0067] The layers 110, 112 can be deposited using any
manufacturing method. In an exemplary embodiment, the
hole conducting layer 110 and the organic light-emission
layer 112 can be deposited using inkjet printing techniques.
For example, the material of hole conducting layer 110 can be
mixed with a carrier fluid to form an inkjet ink that is formu-
lated to provide reliable and uniform loading into the confine-
ment wells. The ink for depositing hole conducting layer 110
can be delivered to the substrate at high speeds from an inkjet
head nozzle into each confinement well. In various exemplary
embodiments, the same hole conducting material can be
delivered to all of the confinement wells 120, 130, 140 so as
to provide for depositing of the same hole conducting layer
110 within all of the confinement wells 120, 130, 140. After
material is loaded into the confinement wells to form hole
conducting layer 110, the display 100 can be dried to allow
any carrier fluid to evaporate, a process which can include
exposing the display to heat, to vacuum, or ambient condition
for a set period of time. Following drying, the display may be
baked at an elevated temperature so as to treat the deposited
film material, for example, to induce a chemical reaction or
change in film morphology that is beneficial for the quality of
the deposited film or for the overall process. The material
associated with each organic light-emissive layer 112 can be
similarly mixed with a carrier fluid such as an organic solvent
oramixture of solvents to form inkjet inks that are formulated
to provide reliable and uniform loading into the confinement
wells. These inks can then be inkjet deposited using an inkjet
process within the appropriate confinement wells 120, 130,
140 associated with each emission color. For example, the ink
associated with the red organic light-emissive layer, the ink
associated with the green organic light-emissive layer, and
the ink associated with the blue organic light-emissive layer
are separately deposited into the corresponding confinement
wells 120, 130, 140. The differing organic light-emissive
layers 112 can be deposited simultaneously or sequentially.
After loading with one or more of the inks associated with the
organic light emissive layers, the display can be similarly
dried and baked as described above for the hole conducting
layer.

[0068] While not illustrated, additional active OLED layers
of material can be disposed within the confinement well. For
example, OLED display 100 can further include a hole injec-
tion layer, a hole transport layer, an electron blocking layer, a
hole blocking layer, an electron transport layer, an electron
injection layer, a moisture protection layer, an encapsulation
layer, etc., all of which those having ordinary skill in the art
are familiar with but are not discussed in detail here.

[0069] The hole conducting layer 110 can include one or
more layers of material that facilitates injection of holes into
the organic light-emissive layer 112. For example, hole con-
ducting layer 110 can include a single layer of hole conduct-
ing material such as, for example, a hole injection layer.
Alternatively, hole conducting layer 110 can include a plural-
ity oflayers such as at least one of a hole injection layer, such
as Poly(3,4-ethylenedioxythiophene:poly(styrenesulfonate)
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(PEDOT:PSS), and a hole transport layer, such as N,N'-Di-
((1-napthyl)-N,N'-diphenyl}-1,1'-biphenyl)-4,4'-diamine
(NPB).

[0070] The organic light-emissive layer 112 can be depos-
ited over the hole conducting layer 110 such that organic
light-emissive layer 112 sufficiently conforms to the topog-
raphy created by the electrodes, the space between the elec-
trodes, and the topography of the hole conducting layer. The
organic light-emissive layer 112 can include material to
facilitate light emission such as an organic electrolumines-
cence material.

[0071] In an exemplary embodiment, the thickness of the
OLED stack (e.g. all active OLED layers deposited over the
electrodes within a confinement well) can range from 10 nm
to 250 nm. For example, a hole transport layer can having a
thickness ranging from 10 nm to 40 nm; a hole injection layer
can have a thickness ranging from 60 nm to 150 nm; an
organic light-emissive layer can have a thickness ranging
from 30 nm-150 nm, and optionally a hole blocking layer,
electron transport layer, and electron injection layer having
combined thickness ranging from 10 nm to 60 nm.

[0072] In an exemplary embodiment, it is contemplated
that droplets having a volume of about 10 pL or less may be
used to produce each oflayers 110, 112. In various exemplary
embodiments, droplet volumes of 5 pL. or less, 3 pL or less, or
2 pL or less may be used. The OLED layers 110, 112 can be
formed using from 1 to 20 droplets having the above
described volumes.

[0073] Inoneexemplary and nonlimiting embodiment, the
present disclosure contemplates confinement wells arranged
such that the areas of the wells associated with red, green, or
blue light emissions 120, 130, 140 can be 66 umx66 pum for
displays having a resolution of 326 ppi (e.g., Pitch=78 um)
where the width between neighboring wells in this embodi-
ment can be 12 pm. The area associated with red or green
sub-pixel light emission of such an arrangement can be 31.5
pumx31.5 um, and the area associated with blue sub-pixel light
emission can be 66 umx30 pm, leading to an overall pixel fill
factor of 65%, as compared to the fill factor of 46% for the
conventional RGB side-by-side layout described with refer-
ence to FIG. 1. For another exemplary and nonlimiting
embodiment, a display having a resolution of 440 ppi (e.g.,
Pitch=58 pm), it is contemplated to arrange confinement
wells such that areas of the wells associated with red, green,
or blue light emissions 120, 130, 140 can be 46 umx46 pm,
where again the width between neighboring wells in this
embodiment is 12 um. An area associated with red or green
sub-pixel light emission of such a display structure can be
20.3 umx20.3 pm, while an area associated with blue sub-
pixel light emission can be 76 pumx49.1 pum, thereby produc-
ing a fill factor of approximately 46%, as compared to the fill
factor of 30% for the conventional RGB side-by-side layout
described with reference to FIG. 1. In these embodiments the
width between adjacent wells can be 12 um, but as discussed
above, this width can take on different values, and while a
smaller value may be desirable (to provide for a greater pro-
portion of the substrate area assigned to the active electrode
areas), processing constraints on the formation of the well
structure and circuit layout constraints may effectively set a
lower bound on this dimension. The value of 12 pm is selected
as representative for these examples, but one having ordinary
skill in the art would appreciate that other dimensions could
be used, forexample, larger dimensions like 20 um, or smaller
dimensions, like 8 um, 6 wm, or even 1 pm without departing
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from the scope of the present disclosure and claims. One
having ordinary skill in the art can further appreciate that
while in the above examples, the red, green, and blue con-
finement wells each have identical dimensions, other arrange-
ments are possible. For example, two confinement wells asso-
ciated with differing emission colors can have the same
dimensions and one confinement well associated with yet
another differing emission color can have a differing dimen-
sion or the confinement wells associated with each emission
color can have differing dimensions.

[0074] These exemplary, non-limiting arrangements in
accordance with the present disclosure provide for confine-
ment wells having minimum well dimensions of greater than
45 pm even for the very high resolution case of 440 ppi, and
therefore can permit droplet volumes, for example, of around
10 pL, to be used, thereby simplifying manufacturing by
allowing for the use of droplet volumes that are available from
existing inkjet printing. In addition, the above exemplary,
non-limiting arrangements increase pixel fill factor as com-
pared to a conventional RGB side-by-side layout by about
43% and 84% for the 326 ppi and 440 ppi cases respectively.
More generally, the various exemplary embodiments in
accordance with the present disclosure provide enhance-
ments in the fill factor of high resolution displays manufac-
tured using inkjet, such as very high resolution displays, for
which enhancements of 40% or more are possible.

[0075]  As those of ordinary skill in the art are familiar with,
a common electrode (not shown) can be disposed over the
organic light-emissive layer 112 following deposition. After
the common electrode is deposited, the resulting topography
of the common electrode can sufficiently conform to topog-
raphy of organic light-emissive layer 112. The common elec-
trode can be deposited using any manufacturing technique,
for example, by vacuum thermal evaporation, sputtering,
chemical vapor deposition, spray coating, inkjet printing, or
other techniques. The common electrode can be transparent
or reflective and can be formed of a conductive material such
as a metal, a mixed metal, an alloy, a metal oxide, a mixed
oxide, or a combination thereof. For example, indium tin
oxide or a thin layer of magnesium silver. The thickness of the
common electrode can range from approximately 30 nm to
500 nm.

[0076] In addition, the common electrode can have any
shape. arrangement, or configuration. For example, the com-
mon electrode can be disposed as a discrete layer associated
with single sub-pixel, or a single pixel. Alternatively, the
common electrode can be disposed over multiple sub-pixels
or pixels, for example, over the entire pixel arrangement of
the display 100. For instance, the common electrode can be
blanket deposited within the confinement wells 120, 130, 140
as well as over the confinement structures 104. Additional
active OLED layers (not shown for simplicity) can be depos-
ited onto the organic light emissive layer 112 before deposi-
tion of a common electrode, such as electron transport layers,
electronic injection layers, and/or hole blocking layers. Such
additional OLED layers can be deposited by inkjet printing,
by vacuum thermal evaporation, or by another method.
[0077] In accordance with exemplary embodiments, the
OLED device 100 can have a top emissive configuration or a
bottom emissive configuration. For example, as illustrated in
FIG. 3A, in a top emissive configuration, electrodes 106, 108
can be reflective electrodes and the common electrode that is
disposed over the organic light-emissive layer can be a trans-
parent electrode. Alternatively, in a bottom emissive configu-
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ration, electrodes 106, 108 can be transparent and the com-
mon electrode can be reflective.

[0078] In another exemplary embodiment, the OLED dis-
play 100 can be an active-matrix OLED (AMOLED). An
AMOLED display, as compared to a passive-matrix OLED
(PMOLED) display, can enhance display performance, but
relies on active drive circuitry, including thin film transistors
(TFTs), on the substrate and such circuitry is not transparent.
While PMOLED displays have some elements, such as con-
ductive bus lines that are not transparent, AMOLED displays
have substantially more elements that are non-transparent. As
a result, for a bottom emission AMOLED display, the fill
factor may be reduced compared to a PMOLED because light
can only be emitted through the bottom of the substrate
between the non-transparent circuit elements. For this reason,
it may be desirable to use a top emission configuration for
AMOLED displays since using such a configuration may
permit the OLED device to be constructed on top of such
non-transparent active circuit elements. Thus, light can be
emitted through the top of the OLED device without concern
for the opacity of the underlying elements. In general, using a
top emission structure can increase the fill factor of each pixel
150 of display 100 because light emission is not blocked by
additional non-transparent elements (e.g. TFTs, driving cir-
cuitry components, etc.) deposited on the substrate 102.

[0079] In addition, non-active areas of each pixel can be
limited to the confinement structures, surface features, and/or
pixel definition layers (examples of which are described in
further detail below) formed on the substrate 102. A conduc-
tive grid also can be disposed on substrate 102 to prevent an
undesirable voltage drop across the display 100, which can
arise because the transparent top electrodes used in top emis-
sion OLED structures typically have low conductivities.
When the common electrode is blanket deposited within the
confinement wells 120, 130, 140 and over the confinement
structures 104, the conductive grid can be disposed on non-
active portions of the substrate 102 and coupled to the com-
mon electrode through via holes formed in selected confine-
ment structures 104. However, the present disclosure is not
limited to a top emission active-matrix OLED configuration.
The techniques and arrangements discussed herein can be
used with any other type of displays such as bottom emission
and/or passive displays as well as those one of ordinary skill
in the art would understand how to make using appropriate
modifications.

[0080] In an exemplary embodiment, as illustrated in FIG.
3A, each confinement well can include a plurality of active
sub-pixel regions that span W1 and W2, respectively, and are
separated by gap S, and are confined within a well having
width CW. The dimensions, W1, W2, and CW are primarily
related to pixel pitch, which correlates to the resolution (e.g.
326 ppi, 440 ppi) of the display. The dimension of the gap S
is related to restrictions associated with fabrication tech-
niques and processes, and layout. In general, it may be desir-
able to minimize the dimension associated with the gap S. For
example, 3 pm may be a minimum dimension; however, one
of ordinary skill in the art would appreciate that dimensions
from as smallas 1 um to greater than 10 um are possible. The
height H of confinement structures 104 is also related to
processing restrictions rather than a particular display layout
or resolution. While an exemplary value of the height H of
confinement structures 104 may be 1.5 um, the height H, can
range from 0.5 pm to 5 um in various exemplary embodi-
ments. Referring to FIG. 3B, BW is the width of the confine-
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ment structures 104 between adjacent wells (e.g., wells 120
and 130 in FIG. 3B). As described above, it may be desirable
to minimize this dimension and an exemplary value is 12 pm.
However, one of ordinary skill would understand that this
value can be arbitrarily large (e.g. hundreds of microns) in
some instances, and can also be as small as 1 um, depending
on fabrication techniques and processes that may permit such
a small value for BW.

[0081] Referring now to FIG. 4, a cross-sectional view of
an exemplary embodiment of a confinement well 220 of a
display 200 is illustrated. The arrangement of FIG. 4 is similar
to that described above with reference to FIG. 3A, with like
numbers used to represent like elements except using the 200
series as opposed to the 100 series. As illustrated, however,
the OLED display 200 also includes an additional surface
feature 216 disposed in the gap S between electrodes 206,
208.

[0082] Surface feature 216 can be any structure that does
not directly provide electrical current into the OLED films
disposed over it, thereby comprising a non-active region of
the pixel area between the active regions associated with the
electrodes 206 and 208. For example, the surface feature 216
can further comprise an opaque material. As depicted in FIG.
4, a hole conducting layer 210 and organic light-emissive
layer 212 can be deposited over a portion of such circuitry
elements, as represented topographically by surface feature
216. In the case that surface feature 216 contains electrical
elements, such elements may be further coated with an elec-
trically insulating material so as to electrically isolate those
elements from the OLED films deposited onto surface feature
216.

[0083] In an exemplary embodiment, surface feature 216
can include driving circuitry, including but not limited to, for
example, an interconnect, bus lines, transistors, and other
circuitry with which those having ordinary skill in the art are
familiar. In some displays, driving circuitry is disposed proxi-
mal to the active region of the pixel driven by such circuitry to
minimize complicated interconnections and to reduce the
voltage drop. In some cases, the confinement well would
surround an individual sub-pixel, and such circuitry can be
outside the confinement well region such that the circuitry
would not be coated with active OLED layers. However, in
the exemplary embodiment of FIG. 4, as well as others
described herein, because the confinement well 220 can con-
tain a plurality of sub-pixels that are associated with differing
pixels, such driving circuitry elements can be provided within
the confinement wells, which may optimize the electrical
performance of the drive electronics, optimize drive electron-
ics layout, and/or optimize the fill factor.

[0084] The hole conducting layer 210 and organic light
emissive layer 212 can be deposited (as previously discussed,
for example, with reference to FIGS. 3A and 3B) into the
region defined by confinement well structures 204 and over
the surface feature 216 such that layers 210, 212 sufficiently
conform to underlying surface feature topographies and have
a substantially uniform thickness in the confinement well,
leading to layers 210 and 212 having non-planar top surfaces.
In the configuration wherein surface feature 216 extends
above the plane of the top surface of the electrode a distance
greater than the thickness of one or both of the layers 210 and
212, then one or both of those layers will also be discontinu-
ous in a plane parallel to the plane of the display within the
well 220. Thus, one or both layers 210, 212 will be non-planar
and discontinuous in a plane parallel to the plane of the
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display due to the protrusion associated with the surface
feature 216. As above, this is illustrated, for example, by the
dashed line illustrating a plane P that is coplanar with the
surface of 212 that is disposed over the electrodes 206, 208.
As shown, the layer 212 is not planar across the entire con-
finement well and instead sufficiently conforms to the under-
lying topographies such that the layer 212 has an overall
non-planar top surface due to the gap region S and protrusion
216. In other words, one or both of the layers 210, 212 will
rise and fall across the confinement well to sufficiently con-
form to the existing topography of the well prior to the depo-
sition of the layers 210, 212.

[0085] While the surface feature 216 is illustrated in FIG. 4
as having a thickness greater than the electrodes, the surface
feature 216 can alternatively have a thickness less than or
equal to the electrodes. Moreover, while surface feature 216 is
illustrated in FIG. 4 as being disposed on substrate 202,
surface feature 216 can be further disposed over one or both
of electrodes 206, 208. Surface feature 216 can differ for each
confinement well in the array and not all confinement wells
have to include a surface feature. Surface feature 216 can
further function as a pixel definition layer where the non-
transparent properties of surface feature 216 can be used to
define portions of sub-pixels or overall pixel arrangements.
[0086] Referring now to FIGS. 5A and 5B, partial cross-
sectional views of another exemplary embodiment of a dis-
play confinement well in accordance with the present disclo-
sure is illustrated. The arrangement of FIGS. 5A and 5B is
similar to that described above with reference to FIGS. 3A
and 3B, with like numbers used to represent like elements
except using the 300 series as opposed to the 100 series. As
illustrated in FIGS. 5A and 5B, however, the OLED display
300 also includes a definition layer 314. Definition layer 314
can be deposited on substrate 302 where confinement struc-
tures 304 can be disposed over the definition layer 314. In
addition, definition layer 314 can be disposed over a non-
active portion of electrodes 306, 308. Definitionlayer 314 can
be any physical structure having electrically insulating prop-
erties used to define portions of OLED display 300. In an
embodiment, definition layer 314 can be a pixel definition
layer that can be any physical structure used to delineate
pixels within the pixel array. Definition layer 314 can also
delineate sub-pixels.

[0087] As illustrated, in an exemplary embodiment, the
definition layer 314 can extend beyond the confinement struc-
tures 304 to over a portion of electrodes 306, 308. Definition
layer 314 can be made of an electrically resistant material
such that the definition layer 314 prevents current flow and
thus can reduce unwanted visual artifacts by substantially
preventing light emission through the edges of the sub-pixel.
Definition layer 314 can also be provided to have a structure
and chemistry to mitigate or prevent the formation of non-
uniformities where the OLED films coat over the edge of the
definition layer. In this way, definition layer 314 can assist in
masking film non-uniformities formed around surface fea-
tures that would otherwise be included in the active regions of
the pixel area and then contribute to pixel non-uniformity;
such non-uniformities could occur, for example, at the exte-
rior edges of each sub-pixel where the OLED films contact
the confinement well, or at the interior edges of the each
sub-pixel where the OLED films contact the substrate sur-
face.

[0088] Thehole conducting layer310 and the organic light-
emissive layer 312 can each be deposited within the region
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defined by the confinement structure 304 and over the pixel
definition layers so as to form a continuous layer within the
confinement well 320. As described above with respect to
FIGS. 3A and 3B, the layers 310, 312 can sufficiently con-
form to the overall topography of the confinement well, and
thus may have non-planar surfaces and/or be discontinuous in
aplane of the display, as illustrated for example by plane P in
FIG. 5A. As explained above with reference to exemplary
embodiment of F1G. 3 A, the thickness of the hole conducting
layer 310 and the organic light-emissive layer 312 can be
substantially uniform, as described above.

[0089] In an exemplary embodiment, as illustrated in FIG.
5A, each confinement well can include a plurality of active
sub-pixel regions including W1 and W2 separated by gap S
and contained within a confinement well having width CW,
with W1, W2, and CW being primarily related to the pixel
pitch, as discussed above with reference to FIG. 3A. Simi-
larly, the dimension of the gap S is related to fabrication and
processing techniques, and layout, wherein S may range in
exemplary embodiments from 1 um to greater than 10 pm,
with, 3 um being an exemplary dimension for S. The height H
of confinement structures 304 may be as described above with
reference to FIG. 3A. Referring to FIG. 5B, BW is, as
described above, the width of the confinement structures 304
between adjacent wells and can be selected as described
above with reference to FIG. 3B.

[0090] The dimension T associated with the thickness of
the definition layer can be variable based on fabrication tech-
niques and processing conditions, and the type of definition
layer material that is used. In various exemplary embodi-
ments, the dimension T associated with the thickness of the
definition layer can range from 25 nm to 2.5 pm, but from 100
nm to 500 nm can be considered the most typical range. The
dimensions labeled B1,B2inFIG.5A and B1,B1'in FI1G. 5B,
associated with the extension of the definition layer beyond
the edge of the confinement structure 104 within the confine-
ment wells, can be selected as desired. However, a larger
dimension may contribute to a reduction in fill factor by
reducing the amount of available active pixel electrode area.
Therefore, it may be desirable to select the minimum dimen-
sion that will serve the desired function, which is generally to
exclude edge non-uniformities from the active electrode area.
In various exemplary embodiments, this dimension can range
from 1 pm to 20 pm, and may, for example, range from 2 pm
to 5 um.

[0091] With reference now to FIG. 6, across-sectional view
of an exemplary embodiment of a confinement well 420 of a
display 400 isillustrated. The arrangement of FIG. 6 is similar
to that described above with reference to FIGS. 5A and 5B,
with like numbers used to represent like elements except
using the 400 series as opposed to the 300 series. As shown,
however, the OLED display 400 also includes an additional
definition layer 416 disposed in the gap S between electrodes
406, 408. As shown in FIG. 6, the definition layer 416 can be
a surface feature that has a somewhat differing structure than
the surface feature of FIG. 4 in that a portion of the additional
definition layer 416 extends throughout the gap S on the
substrate 402 and over portions of electrodes 406, 408 adja-
cent the gaps. The additional definition layer 416 can have
any topography, with the one illustrated in FIG. 6 being
exemplary only. As illustrated in FIG. 6, a notch 417 can be
present in the surface of the additional definition layer 416
that faces away from the substrate 102. The notch 417 can be
formed using various methods. For example, notch 417 may
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result from the manufacturing process such that during depo-
sition of the additional definition layer 416, the layer 416 can
generally conform to any topography present within the con-
finement well such as electrodes 406, 408 where notch 417 is
formed by the differing thickness between a substantially
uniform thickness over the electrodes 406, 408 and a substan-
tially non-uniform thickness with surfaces not associated the
top surface of electrodes 406, 407. Alternatively, notch 417
can be omitted and the top surface of additional definition
layer 416 can have a substantially planar topography, for
instance, in the case that the additional definition layer 416 is
deposited using a non-conformal deposition method such that
the underlying surface topography is smoothed out.

[0092] In either configuration, the hole conducting layer
410 and/or the organic light-emissive layer 412 can be depos-
ited (as previously discussed, for example, with reference to
FIGS. 3A and 3B) such that layers 410, 412 sufficiently
conform to the topography of the additional definition layer
416 and have a substantially uniform thickness, as has been
described above.

[0093] The distance between the top surface (i.e., the sur-
face facing away from the substrate) of the additional defini-
tion layer 416 and the substrate 402 can be greater than or less
than the distance between the top surface of the electrodes
406, 408 and the substrate 402. Alternatively, the distance
between the top surface of the additional definition layer 416
and the substrate 402 can be substantially equal to the dis-
tance between the top surface of the electrodes 406, 408 and
the substrate 402. In other words, the thickness of the addi-
tional definition layer 416 can be such that it ranges from
being positioned between the top surface of the substrate and
the top surfaces of the surrounding confinement structures
404, or such that it substantially lies in the same plane as the
top surfaces of the confinement structures 404. Alternatively,
the additional definition layer 416 can be substantially the
same height as the electrodes 406, 408 such that the additional
definition layer 416 does not overlap a portion of the elec-
trodes 406, 408, but rather fills in the gap S between them.
[0094] Hole conducting layer 410 and organic light-emis-
sive layer 412 can be disposed over the portions of definition
layer 414 that extend beyond the confinement structure 404
and into the well 420, and the layers 410, 412 can extend over
the additional definition layer 416 within the confinement
well 420 defined by confinement structure 404. The addi-
tional definition layer 416 can be made of an electrically
resistant material such that the additional definition layer 416
can prevent current flow and thus may reduce undesirable
visual artifacts by preventing light emission through the
edges of the sub-pixel. The definition layer 414 and the addi-
tional definition layer 416 can be made of the same or differ-
ing materials.

[0095] In an exemplary embodiment, as illustrated in FIG.
6, each confinement well can include a plurality of active
sub-pixel regions including W1 and W2 separated by gap S
and contained within a confinement well having width CW,
with W1, W2, CW, and S being primarily related to the pixel
pitch, as discussed above. As above, 3 un may be a minimum
dimension for S, but one of ordinary skill in the art would
appreciate that dimensions from as small as 1 pm to even
greater than 10 pm are possible. The height H of confinement
structures 404 can be chosen and with the ranges as described
above with reference to FIGS. 3A and 3B, for example.
[0096] The dimension T1 associated with the thickness of
the definition layer and the dimension T2 associated with the
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thickness of the additional definition layer can be variable
based on fabrication techniques, processing conditions and
the type of definition layer material that is used. As a result,
the dimension T1 associated with the thickness of the defini-
tion layer and the dimension T2 associated with the thickness
of the additional definition layer can range from 50 nm to 2.5
um, for example, from 100 nm to 500 nm. The dimensions
SB1, SB2, and B2 associated with the extension of the defi-
nition layer inside the edge of the confinement well can be
selected as desired. However, alarger dimension will contrib-
ute to a reduction in fill factor by reducing the amount of
available active pixel electrode area. Therefore, it may be
desirable to select the minimum dimension that will serve the
desired function, which is generally to exclude edge non-
uniformities from the active electrode area. In various exem-
plary embodiments, this dimension can range from 1 um to 20
um, and may for example range from 2 pm to 5 pm.

[0097] As those having ordinary skill in the art would
appreciate based on the present disclosure, any of the dis-
closed definition layer configurations can be used in any
combination of differing ways to achieve a desirable pixel
definition configuration. For example, definition layer 414
and/or additional definition layer 416 can be configured to
define any pixel and/or a sub-pixel region or any partial pixel
and/or sub-pixel region where definition layer 414 can be
associated a definition layer deposited under any confinement
structures 404 and additional definition layer 416 can be
associated with any definition layer deposited within a con-
finement well between electrodes such as in confinement well
420. An artisan of ordinary skill would recognize that the
cross-sections shown within the present disclosure are merely
illustrative cross-sections and therefore the present disclosure
1s not to be limited to the specific cross-sections illustrated.
For instance, while FIGS. 3A and 3B are illustrated along line
3A-3A and 3B-3B respectively, a different cross-sectional
view, taken along a different line, for example including in
directions orthogonal to 3A-3A and 3B-3B, may reflect dif-
fering definition layer configurations. In an exemplary
embodiment, definition layers can be used in combination to
outline a pixel, such as pixels 150, 151, 152 illustrated in FIG.
2. Alternatively, definition layers can be configured to define
a sub-pixel such that the definition layers completely or par-
tially surround a sub-pixel electrode within a confinement
well.

[0098] Referring now to FI1G. 7, a cross-sectional view of
yet another exemplary embodiment is illustrated. OLED dis-
play 500 can include surface feature 516 and a definition layer
514. The arrangement of FIG. 7 is similar to that described
above with reference to FIG. 4, with like numbers used to
represent like elements except using the 500 series as opposed
to the 200 series. As illustrated in FIG. 7, however, OLED
display 500 further includes a definition layer 514 disposed
under confinement structures 504. The definition layer 514
can be any physical structure used to define portions of OLED
display 500. In an embodiment, definition layer 514 can be a
definition layer that can be any physical structure used to
delineate pixels within the pixel array and/or sub-pixels with
apixel. As illustrated, in an exemplary embodiment, the defi-
nition layer 514 can extend beyond the confinement structure
504 and over a portion of electrodes 506, 508. Definition layer
514 can be made of an electrically resistant material such that
the definition layer 514 prevents current flow and thus can
reduce unwanted visual artifacts by preventing light emission
through the edges of the sub-pixel. In this way, definition
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layer 514 can assist in masking film layer non-uniformities
formed at the edge of each sub-pixel that may occur due to
edge drying effects. The hole conducting layer 510 and the
organic light-emissive layer 512 can be deposited (as previ-
ously discussed, for example, with reference to FIGS. 3A and
3B) such that layers 510, 512 sufficiently conform to under-
lying surface feature topographies and have a substantially
uniform thickness, as has been described above.

[0099] Those having ordinary skill in the art would appre-
ciate that the various arrangements and structures, e.g. sur-
face features, definition layers, etc., are exemplary only and
that various other combinations and arrangements may be
envisioned and fall within the scope of the present disclosure.
[0100] Referring now to FIGS. 8-11, partial cross-sectional
views of the substrate exhibiting various exemplary steps
during an exemplary method of manufacturing an OLED
display 600 are illustrated. While the method of manufactur-
ing will be discussed below with reference to display 600, any
and/or all of the steps described can be used in manufacturing
other OLED displays, for example OLED displays 100, 200,
300, 400, and 500 described above. As illustrated in FIG. 8,
electrodes 606, 608 and surface features 616 can be provided
over substrate 602. The electrodes 606, 608 and surface fea-
tures 616 can be formed using any manufacturing method
such as inkjet printing, nozzle printing, slit coating, spin
coating, vacuum thermal evaporation, sputtering (or other
physical vapor deposition method), chemical vapor deposi-
tion, etc., and any additional patterning not otherwise
included in the deposition technique can be achieved by using
shadow masking, photolithography (photoresist coating,
exposure, development, and stripping), wet etching, dry etch-
ing, lift-off, etc. The electrodes 606, 608 can be formed simul-
taneously with surface features 616 or sequentially with
either the electrodes or the surface features being formed first.
[0101] Definition layer 614 and additional definition layer
618 can then be deposited over the surface features 616 and
electrodes 606, 608, as illustrated in FIG. 9. Layers 614 and
618 can be formed using any manufacturing method, such as
inkjet printing, nozzle printing, slit coating, spin coating,
vacuum thermal evaporation, sputtering (or other physical
vapor deposition method), chemical vapor deposition, etc.,
and any needed additional patterning not otherwise included
in the deposition technique can be achieved by using shadow
masking, photolithography (photoresist coating, exposure,
development, and stripping), wet etching, dry etching, lift-
off, etc. Definition layer 614 can be formed simultaneously
with additional definition layer 618 or the layers 614, 618 can
be formed sequentially with either layer 614 or 618 being
formed first.

[0102] Confinement structures 604 are provided over defi-
nition layers 614. The confinement structures 604 can be
formed to define confinement wells 620 that surround a plu-
rality of sub-pixel electrodes 606, 608 while spanning a plu-
rality of pixels. The confinement structures 604 can be formed
using any manufacturing method, such as inkjet printing,
nozzle printing, slit coating, spin coating, vacuum thermal
evaporation, sputtering (or other physical vapor deposition
method), chemical vapor deposition, etc., and any additional
patterning not otherwise included in the deposition technique
can be achieved by using shadow masking, photolithography
(photoresist coating, exposure, development, and stripping),
wet etching, dry etching, lift-off, etc. In one exemplary tech-
nique, as illustrated in FIG. 10, confinement structure mate-
rial can be deposited over substrate 602 in a continuous layer
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604' and the layer can then be patterned using a mask 607 such
that a portion 605 of layer 604' can be removed to expose the
sub-pixel electrodes 606, 608. The confinement structures
604 are formed by the material of layer 604' remaining after
portions 605 are removed. Alternatively, confinement struc-
tures 604 can be formed by actively depositing material to
form only the confinement structure such that the deposited
confinement structure 604 can define boundaries and the con-
finement wells are formed within the boundaries of the depos-
ited confinement structures 604.

[0103] In anexemplary embodiment, as illustrated in FIG.
10, each confinement well can include a plurality of active
sub-pixel regions including W1 and W2 separated by gap S.
As above, the dimensions, W1, W2, and CW are primarily
related to the pixel pitch. And the dimension of the gap S is
related to restrictions associated with fabrication techniques
and processing, and layout, and may range from 1 pum to even
greater than 10 wm, with 3 pm being an exemplary minimum
dimension. The dimensions SB1 and SB2 associated with the
extension of the definition layer inside the edge of the con-
finement well can be selected as desired. However, a larger
dimension will contribute to a reduction in fill factor by
reducing the amount of available active pixel electrode area.
Therefore, it may be desirable to select the minimum dimen-
sion that will serve the desired function, which is generally to
exclude edge non-uniformities from the active electrode area.
In various exemplary embodiments, this dimension can range
from 1 um to 20 pm, and may for example range from 2 pum to
5 pm.

[0104] As illustrated in FIG. 11, a hole conducting layer
610 can then be deposited using inkjet printing within the
confinement well 620. For example, inkjet nozzle 650 can
direct droplet(s) 651 of hole conducting material within a
target area defined within the confinement well 620. The hole
conducting layer 610 may further comprise two discrete lay-
ers, for example, ahole injection layer and a hole transporting
layer, and these layers can be sequentially deposited by an
inkjet method as described herein. In addition, organic light-
emissive layer 612 can be deposited using inkjet printing
within the confinement well 620 over the hole conducting
layer 610. Inkjet nozzle 650 can direct droplet(s) 651 of
organic light-emissive material within a target area over the
hole conducting layer 610. One of ordinary skill in the art
would appreciate that while a single nozzle is discussed with
reference to FIG. 11, multiple nozzles can be implemented to
provide droplets containing hole conducting material or
organic light-emissive material within a plurality of confine-
ment wells. As those of ordinary skill in the art are familiar
with, in some embodiments, the same or differing colors of
organic light-emissive material can be deposited from mul-
tiple inkjet nozzle heads simultaneously. In addition, droplet
ejection and placement on the target substrate surface can be
performed using technology known to those of ordinary skill
in the art.

[0105] Inanexemplary embodiment, a single organic light-
emissive layer 612 can be deposited within confinement well
620 such as a red, green, or blue layer. In an alternative
exemplary embodiment, a plurality of organic light emissive
layers can be deposited within confinement well 620, one
over the other. Such an arrangement can work, for example,
when the light emissive layers have differing light emissive
wavelengths ranges such that when one light emissive layer is
activated to emit light, the other light emissive layer does not
emit light or interfere with the light emission of the first
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organic light-emissive layer. For example, a red organic light-
emissive layer or a green organic light-emissive layer can be
deposited within confinement well 620 and then a blue
organic light-emissive layer can be deposited over the red or
green organic light-emissive layer. In this way, while a con-
finement well can include two different light-emissive layers,
only one light emissive-layer is configured to emit light
within the confinement well.

[0106] Layers 610 and 612 can be deposited so as to suffi-
ciently conform to the topography of definition layer 614,
surface structure 616, additional definition layer 618, and
electrodes 606, 608, as has been described above, and can
have a substantially uniform thickness as described above.

[0107] The various aspects described above with reference
to FIGS. 3A-11 can be used for a variety of pixel and sub-
pixel layouts in accordance with the present disclosure, with
FIG. 2 being one exemplary and nonlimiting such layout.
Various additional exemplary layouts contemplated by the
present disclosure are depicted in FIGS. 12-18. The various
exemplary layouts illustrate that there are many ways to
implement the exemplary embodiments described herein; in
many cases, the selection of any particular layout is driven by
various factors, such as, for example, the underlying layout of
the electrical circuitry, a desired pixel shape (which are
depicted as rectangular and hexagonal shape in the illustrated
embodiments, but can be other shapes as well, such as chev-
rons, circles, hexagons, triangles, and the like), and factors
related to visual appearance of the display (such as visual
artifacts that can be observed for differing configurations and
for differing types of display content, such as text, graphics,
or moving video). Those having ordinary skill in the art would
appreciate that a number of other layouts fall within the scope
of the present disclosure and can be obtained through modi-
fication and based on the principles described herein. Further,
those having ordinary skill in the art would understand that
although for simplicity only the confinement structures that
define the confinement wells are described below in the
descriptions of FIGS. 12-18, any of the features, including
surface features, circuitry, pixel definition layers, and other
layers, described above with reference to FIGS. 3A-11 can be
used in combination with any of the pixel layouts herein.

[0108] FIG. 12 depicts a partial plan view of an exemplary
embodiment of pixel and sub-pixel layout for an OLED dis-
play 700, and is similar to the layout of FIG. 2 with further
aspects of the layout being described below. A confinement
structure 704, for example, a bank structure, as discussed
above can be provided on a substrate to define a plurality of
confinement wells 720, 730, 740 in an arrayed configuration.
Each confinement well 720, 730, 740 can include a substan-
tially continuous layer of OLED material (indicated by the
shaded regions) such that the organic layer extends through
the confinement well 720, 730, 740 to the confinement struc-
ture 704 surrounding the confinement well, for example,
edges of the layer of OLED material in each well 720, 730,
740 may contact the confinement structure 704. OLED layers
can include, for example, one or more of hole injecting mate-
rials, hole transporting materials, electron transporting mate-
rials, electron injecting materials, hole blocking materials,
and organic light emissive materials providing for emission
of differing light-emissive wavelength ranges. For example,
confinement well 720 can include an organic light-emissive
layer associated with light emission within the red wave-
length range and is indicated by R, confinement well 730 can
include an organic light-emissive layer associated with light
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emission within the green wavelength range indicated by G,
and confinement well 740 can include an organic light-emis-
sive layer associated with light emission within the blue
wavelength range indicated by B. The wells 720, 730, 740 can
have a variety of arrangements and configurations, including
with respect to each other (e.g., layouts). For example, as
illustrated in FIG. 12, confinement wells 720 and confine-
ment wells 730 that respectively contain red organic light-
emissive layer R and green organic light-emissive layer G are
disposed in rows R, R, in an alternating arrangement. Alter-
nating with the rows R, and R, are rows R,, R, of the con-
finement wells 740 that contain blue organic-light emissive
layer B. Confinement wells 720, 730 also can be alternatively
arranged within the rows R, R5.

[0109] A plurality of electrodes 706, 707, 708. 709; 736,
737,738, 739; and 742, 744 can be disposed in each confine-
ment well 720, 730, 740, respectively, wherein each electrode
can be associated with a sub-pixel associated with a particular
light emission color such as red, green, or blue light emission.
A pixel 750, 751, 752, 753, identified in FIG. 12 by dashed
lines, can be defined to include one sub-pixel having red light
emission, one sub-pixel having green light emission, and one
sub-pixel having blue light emission. For example, each con-
finement well 720, 730, 740 can respectively include a plu-
rality of electrodes 706, 707, 708, 709; 736, 737, 738, 739;
and 742, 744 configured such that their associated electrode
active regions correspond to the electrode outlines shown in
FIG. 12, are spaced apart from each other. Confinement wells
720, 730, 740 can have a differing number and/or arrange-
ment of electrodes within the confinement well. Alternatively,
additional arrangements are possible, such as arrangements
with other sets of colors than red, green, and blue, including
combinations of colors involving more than three sub-pixel
colors. Other arrangements are also possible in which more
than one sub-pixel of a single color is associated with a
particular pixel, for example, each pixel can have associated
with it one red, one green, and two blue sub-pixels, or other
combinations of numbers of sub-pixels of a particular color
and other combinations of colors. Moreover, if multiple lay-
ers of differing light-emissive material are positioned over
each other, it is contemplated that differing color sub-pixels
may overlap each other. As illustrated in FIG. 12, sub-pixel
electrodes can be spaced apart from structures that define the
confinement wells. In an alternative embodiment, the sub-
pixel electrodes can be deposited such that they are directly
adjacent to the confinement well structures such that no gap
occurs between the electrode and the confinement structure.
In addition, the confinement well structures can be disposed
over a portion of the sub-pixel electrodes.

[0110] In addition, adjacent confinement wells can have
differing sub-pixel arrangements. For example, as illustrated
in FIG. 12, confinement wells 720 and 730 include a 2x2
active electrode region arrangement, and confinement well
740 includes a 1x2 active electrode region arrangement, with
the active electrode regions in the 2x2 arrangements being
squares of the same size and the active electrode regions in the
1x2 arrangement being rectangles of the same size. As noted
above, electrodes within differing confinement wells can
have differing surface areas of active regions.

[0111] In one exemplary arrangement, the active regions
associated with the electrodes used to address sub-pixels of
light-emission within the blue wavelength range B can have a
greater surface area than the active regions associated with the
electrodes used to address light-emission within the red and/
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or green wavelength range R, G. It may be desirable for the
active regions of the electrodes associated with the sub-pixels
having light-emission in the blue wavelength range B to have
a greater surface area than the active regions associated with
a sub-pixel electrode associated with a red or green light
emission because sub-pixels associated with blue light emis-
sion often have substantially shorter lifetimes than sub-pixels
associated with having red or green light emission when
operating at the same area brightness levels. Increasing the
relative active area of the sub-pixels associated with blue light
emission enables operation at relatively lower area brightness
levels while still maintaining the same overall display bright-
ness, thereby increasing the lifetime of the sub-pixels associ-
ated with blue light emission and the overall lifetime of the
display. It is noted that sub-pixels associated with red and
green light emission may be correspondingly reduced in rela-
tion to the sub-pixel associated with blue light emission. This
can lead to the sub-pixels associated with red and green
light-emission to be driven at a higher brightness level in
relation to a sub-pixel associated with blue light-emission
which can reduce the red and green OLED device lifetime.
However, the lifetimes of the sub-pixels associated with red
and green light emission can be significantly longer than the
lifetime associated with the sub-pixel associated with the blue
sub-pixel that the sub-pixel associated with the blue light
emission remains the limiting sub-pixel with respect to the
overall display lifetime. While the active regions of the elec-
trodes within confinement well 740 are illustrated as being
arranged with their elongate direction extending horizontally
in FIG. 12, the electrodes could alternatively be arranged such
that their elongate direction extends vertically in FIG. 12.

[0112] Intervals between adjacent confinement wells can
be equal throughout the pixel layout or can vary. For example,
with reference to FIG. 12, an interval b' between confinement
wells 720, 730 can be greater than or equal to the interval f
between confinement wells 720 or 730 and 740. In other
words, the horizontal interval between adjacent confinement
wells in a row may differ from the vertical interval between
adjacent confinement wells in adjacent rows, in the orienta-
tion of FIG. 12. Moreover, the horizontal interval b' in rows
R,, R, may be equal to or differ from the horizontal interval a'
inR,, R,

[0113] Spacing (gaps) between the active regions of the
electrodes within each of the differing confinement wells 720,
730, 740 also can be the same or differ and may vary depend-
ing on the direction of spacing (e.g., horizontal or vertical). In
one exemplary embodiment, the gaps d and e between the
active regions of the electrodes within the confinement wells
720,730 can be the same and can differ from the gap between
active regions of the electrodes within the confinement well
740. Further, in various exemplary embodiments, the gaps
between adjacent active electrode regions within a confine-
ment well are less than the gaps between adjacent active
electrode regions in neighboring confinement wells, either in
the same or differing rows. For example, ¢, d, and e may each
be less than either a, b, or fin FIG. 12.

[0114] InFIG. 12 there is shown a gap between the interior
edges of each confinement well, e.g. 720, and the exterior
edges of each of the active electrode regions associated within
that confinement well, e.g. 706, 707, 708, 709. However, as
illustrated in FIG. 2, according to various exemplary embodi-
ments, such a gap may not be present and the exterior edge of
each of active electrode regions may be the same as the
interior edge of the confinement well. This configuration can
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be achieved, for example, using a structure like the one illus-
trated in FIG. 3A, where the configuration show in FIG. 12, in
which such a gap is present, can be achieved, for example,
using a structure like the one illustrated in FIG. 5A. However,
other structures may also be able to achieve the same con-
figurations illustrated in FIGS. 2 and 12.

[0115] Pixels 750, 751, 752, 753 can be defined based on
the confinement well arrangement and corresponding sub-
pixel layout. The overall spacing, ot pitch, of pixels 750, 751,
752, 753 can be based on the resolution of the display. For
example, the higher the display resolution, the smaller the
pitch. Inaddition, adjacent pixels can have differing sub-pixel
arrangements. For example, as illustrated in FIG. 12, pixel
750 includes a red sub-pixel R in the top left portion, a green
sub-pixel G in the top right portion, and a blue sub-pixel B in
spanning the majority of the bottom portion of the pixel. The
sub-pixel layout of pixel 751 is similar to that of pixel 750
except the relative positions of the green sub-pixel G and the
red sub-pixel R being switched, with the green sub-pixel G in
the top left portion, a red sub-pixel R in the top right portion.
Pixels 752 and 753, which are adjacent and underneath pixels
751, 750 respectively, are mirror images of pixels 751 and
750, respectively. Thus, pixel 752 includes a blue sub-pixel B
in the top portion, a green sub-pixel G in the bottom left
portion, and a red sub-pixel R in the bottom right portion. And
pixel 753 includes a blue sub-pixel in the top portion, a green
sub-pixel in the bottom left portion, and a red sub-pixel in the
bottom right portion.

[0116] In an exemplary embodiment for a high resolution
display according to FIG. 12 and having 326 pixels per inch
(pp1), a pixel including a red sub-pixel, a green sub-pixel, and
a blue sub-pixel can have overall dimensions of approxi-
mately 78 umx78 um, corresponding to the overall pitch of
the display needed to achieve 326 ppi. Assuming for this
embodiment that a'=b'=f'=12 um, reflecting, as previously
discussed, the state of the art minimum spacing between
confinement regions, further assuming that a=b=f=12 um+6
pm=18 pm, reflecting a case in which a definition layer is
utilized that extends 3 pm inside the confinement well edge,
and finally assuming c=d=e=3 um as a typical gap between
electrode active regions within a confinement well, the areas
associated with each of the red and green sub-pixels can be
28.5 umx28.5 um and the area associated with the blue sub-
pixels can be 60 umx27 pm. The surface area of the blue
sub-pixels can be greater than each of the red and green
sub-pixels to increase overall display lifetime as described
above. Such a layout can have confinement wells associated
with groupings of 2x2 red and green sub-pixels having
dimensions of 66 pmx66 um, and confinement wells associ-
ated with groupings of 1x2 blue sub-pixels having dimen-
sions of 66 pmx66 pm. Such dimensions provide for straight-
forward loading of active OLED material with conventional
inkjet print heads and printing systems while also providing
for a high resolution display with high fill factor of greater
than 50%, such as 53%. Such dimensions also provide for
such features in a structure having a definition layer that can
provide for enhanced film uniformity within the active elec-
trode region by blocking current flow through the film region
immediately adjacent to the confinement well wall.

[0117] In a corresponding exemplary embodiment for a
high resolution display having 440 pixels per inch (ppi) a
pixel including a red sub-pixel, a green sub-pixel, and a blue
sub-pixel can have an overall dimension of approximately 58
umx58 pum where assuming the same value for the dimen-
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sions a, b, ¢, d, e, f, a', V', and f' as in the immediately previous
example, the area associated with each of the red and green
sub-pixels can be 18.5 umx18.5 um and the area associated
with the blue sub-pixels can be 40 umx17 pm. The surface
area of the blue sub-pixels can be greater than each of the red
and green sub-pixels to increase overall display lifetime as
described above. Such a layout can have confinement wells
associated with groupings of 2x2 red and green sub-pixels
having dimensions of 46 pmx46 um, and confinement wells
associated with groupings of 1x2 blue sub-pixels having
dimensions of 46 pmx46 um. Such dimensions provide for
relatively straightforward loading of active OLED material
with conventional inkjet print heads and printing systems
while also providing for a high resolution display with high
fill factor of 40%.

[0118] In each of the above exemplary embodiments, vari-
ous values for the dimensions a, b, ¢, d, e, f, a', b', f' can be
implemented. However, one of ordinary skill in the art would
recognize that these dimensions vary. For example, the spac-
ing between confinement walls (a', b', f') can be varied, as
previously discussed from as little as 1 pm to as large as
hundreds of microns for large ppi. The gap between active
electrode regions within a confinement well (c, d, e) can vary,
as discussed above, from as little as 1 wm to as large as tens of
microns. The gap between the active electrode regions and the
edge of the confinement walls (effectively half the difference
between a' and a, b' and b' and f' and {, respectively) can also
vary, as discussed above, from as little as 1 pm to as large as
10 um. Furthermore, as these dimensions are varied, they
apply constraints, along with the ppi (that determines the
overall pitch of the display), that limit the range of values
allowed for the confinement well dimensions and the active
electrode regions contained therein. In the above exemplary
embodiments, for simplicity, square confinement wells of the
same dimension are used for all three colors. However, the
confinement wells need not be square, and need not all be the
same size. In addition, the dimensions provided for in FIG. 12
indicate various common dimensions, for example, the gap
between active electrode regions within the red confinement
wells and the green confinement wells, but in some exemplary
embodiments, those gaps are not common dimensions but
differ from each other.

[0119] FIG. 13 depicts a partial plan view of another exem-
plary pixel/sub-pixel layout of an OLED display 800. Fea-
tures common to previously discussed exemplary embodi-
ments are not described. For simplicity, differences will be
discussed.

[0120] Display 800 can have a greater separation between
the active regions associated with sub-pixel electrodes within
a confinement well than for example, sub-pixel electrodes of
display 700 as illustrated in FIG. 12. Spacing between adja-
cent active regions associated with electrodes 806, 807, 8§08,
809; 836, 837, 838, 839; and 842, 844 within respective
confinement wells 820, 830, 840 can be greater than an inter-
val between adjacent active electrode regions in adjacent
confinement wells. For example, the active regions associated
with electrode 836 can be spaced apart from one another a
predetermined distance g, and similarly for the active regions
associated with electrode 838. The interval k between adja-
cent active electrode regions in neighboring confinement
wells 820, 830 can be less than the interval g between the
active regions associated with electrodes 836, 838, and the
interval m between the active regions associated with elec-
trode 842 (and similarly for electrode 844) can be greater than
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the interval n between the adjacent active electrode regions in
neighboring confinement well 840 and confinement wells
820, 830. Such spacing can provide for greater spacing
between sub-pixel electrodes disposed within a confinement
well and associated with the same light emission color while
providing for a closer arrangement of sub-pixel electrodes
associated with a single defined pixel. This spacing can
reduce undesirable visual artifacts such that the display
appears to be an array of closely arranged RGB triplets and
not an array of closely arranged RRRR quadruplets, GGGG
quadruplets, and BB pairs.

[0121] Another exemplary pixel/sub-pixel layout for a dis-
play in accordance with the present disclosure is depicted in
FIG. 14. A confinement structure 904 can be provided on a
substrate to define a plurality of confinement wells 920, 930,
940 in an arrayed configuration. Each confinement well 920,
930, 940 can include a substantially continuous layer of
OLED material (indicated by the shaded regions) such that
edges of the organic layer extends throughout the confine-
ment well 920, 930, 940 to the confinement structure 904
surrounding the confinement well, for example, edges of the
layer of OLED material in each well 920, 930, 940 may
contact the confinement structure 904. Active OLED layers
can include, for example, without limitation, one or more of
hole injecting materials, hole transporting materials, electron
transporting materials, electron injecting materials, hole
blocking materials, and organic light emissive materials pro-
viding for emission of differing light-emissive wavelength
ranges. For example, confinement well 920 can include an
organic light-emissive layer associated with light-emission
within the red wavelength ranges range R, confinement well
930 can include an organic light-emissive layer associated
with light-emission within the green wavelength range G, and
confinement well 940 can include an organic light-emissive
layer associated with light-emission within the blue wave-
length range B. The organic light-emissive layers can be
disposed within the wells in any arrangement and/or configu-
ration. For example, the organic light-emissive layers dis-
posedinconfinement wells 920,930, 940 are arranged having
an alternating arrangement within each row. Adjacent rows
can have the same arrangement or differing arrangement. In
addition, while the adjacent rows of confinement wells 920,
930, 940 are illustrated as having a uniform alignment, adja-
cent rows of confinement wells 920, 930, 940 can alterna-
tively have a non-uniform alignment such as an offset
arrangement. Moreover, confinement wells 920 and 930 can
be reversed in the alternative pattern.

[0122] The configuration of each well 920, 930, 940 can
have a rectangular shape such that each well is elongated in a
vertical direction. Wells 920, 930, 940 can have approxi-
mately the same dimensions in the elongated vertical direc-
tion. In addition, wells 920, 930, 940 can have approximately
the same width. However, the entire well 940 associated with
a blue organic light-emissive layer can correlate to a single
sub-pixel and thus pixel, while wells 920, 930 associated with
the red and green organic light-emissive layer can correlate to
a plurality of sub-pixels and thus a plurality of pixels. For
example, confinement wells 920, 930 can include a plurality
of electrodes such that each electrode is associated with a
differing sub-pixel of a differing pixel. As illustrated in FIG.
14, well 920 includes two electrodes 926, 928 and is associ-
ated with two differing pixels 950, 951.

[0123] A differing number of electrodes 926, 928, 936,
938, 946 can be disposed within differing confinement wells.
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For example, some confinement wells 920, 930 can include a
plurality of electrodes 926, 928; and 936, 938 so as to selec-
tively address electrodes disposed in the same confinement
well but produce light emission for differing sub-pixels in
differing pixels, while other confinement wells 940 only
include one electrode 946 to address an electrode disposed in
one confinement well associated with one pixel. Alterna-
tively, the number of electrodes disposed in confinement well
940 can be half of the number of electrodes disposed in other
confinement wells 920, 930. In addition, electrodes within
differing confinement wells can have differing surface areas.
For example, electrodes associated with light-emission
within the blue wavelength range can have a greater surface
area than electrodes associated with light-emission within the
red and/or green wavelength range to improve the life of
display 900 and reduce power consumption.

[0124] Pixels 950,951 can be defined based on the confine-
ment well arrangement and corresponding sub-pixel layout.
The overall spacing, or pitch, of pixels 950, 951 can be based
on the resolution of the display. For example, the higher the
display resolution, the smaller the pitch. In addition, adjacent
pixels can have differing pixel arrangements. For example, as
illustrated in FIG. 14, pixel 950 can include a green sub-pixel
G on the left, a blue sub-pixel B in the middle, and a red
sub-pixel R on the right. Pixel 951 can include a red sub-pixel
R on the left, a blue sub-pixel B in the middle and a green
sub-pixel G on the right.

[0125] FIG. 15 depicts a partial plan view of an exemplary
embodiment of a pixel and sub-pixel layout for an OLED
display 1000. Features common to embodiments discussed
above are not described (though similar labels can be found
witha 1000 series in FIG. 15). For simplicity, differences will
be discussed. Confinement structure 1004 can be configured
to define a plurality of wells 1020, 1030, 1040. Wells 1020,
1030, 1040 can be arranged such that wells 1020, 1030, 1040
are aligned in uniform rows where wells associated with red
light emission and green light emission (for example 1020,
1030) alternate within a single row and wells associated with
blue light emission (for example 1040) are within a single
row. In addition, wells 1020, 1030, 1040 can be configured
such that the wells 1020, 1030, 1040 are aligned within a
uniform column such that columns of wells 1020, 1040 alter-
nate with columns of wells 1030, 1040. Confinement wells
1020 and 1030 can be alternatively arranged such that con-
finement wells 1030 begin the alternating pattern.

[0126] Each confinement well 1020, 1030, 1040 can be
approximately the same size. However, the number of elec-
trodes associated with each well 1020, 1030, 1040 can differ.
For example, as illustrated in FIG. 15, the well associated
with red light emission 1020 can include electrodes 1026,
1027, 1028, 1029, the well associated with green light emis-
sion 1030 can include electrodes 1036, 1037, 1038, 1039, and
the well associated with blue light emission 1040 can include
electrodes 1046, 1048. While electrodes within confinement
well 1040 are illustrated as being arranged horizontally
spaced, the electrodes could alternatively be arranged so as to
be vertically spaced.

[0127] While electrodes 1026, 1027, 1028, 1029, 1036,
1037,1038, 1039 are illustrated in FIG. 15 as having a square
shape and electrodes 1046, 1048 are illustrated as having a
rectangular shape, electrodes having any shape are contem-
plated as within the scope of the present disclosure such as,
for example, circular, chevrons, hexagonal, asymmetrical,
irregular curvature, etc. A plurality of differing shapes of
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electrodes could be implemented within a single confinement
well. In addition, differing confinement wells can have dif-
fering shaped electrodes. The size and shape of the electrode
can influence the distance between the electrodes and thus the
overall layout of the display. For example, when the shapes
are complementary, electrodes can be spaced closer together
while still maintaining electrical isolation between adjacent
electrodes. In addition, the shape and spacing of the elec-
trodes can influence the degree of visual artifacts created.
Electrode shapes can be selected to reduce undesired visual
artifacts and enhance image blending to produce a continuous
image.

[0128] Pixels 1050, 1051, shown in dashed lines, can be
defined based on based on the confinement well arrangement
and corresponding sub-pixel layout. The overall spacing, or
pitch, of pixels 1050, 1051 can be based on the resolution of
the display. For example, the higher the display resolution, the
smaller the pitch. In addition, pixels can be defined as having
an asymmetrical shape. For example, as illustrated in FIG. 15,
pixel 1050, 1051 can have an “L” shape.

[0129] FIG. 16 depicts a partial plan view of an exemplary
embodiment of a pixel and sub-pixel layout for an OLED
display 1100. Features common to exemplary embodiments
discussed above will not be described (though similar labels
with an 1100 series can be found in FIG. 16). Confinement
structure 1104 can be configured to define a plurality of
confinement wells 1120, 1130, 1140 in a plurality of columns
C,, C,, C;, C, Columns C,, C,, C;, C, can be arranged to
produce a staggered arrangement. For example, the confine-
ment wells in columns C,, and C; can be offset from columns
C, and C,, producing a staggered row arrangement while
maintaining a uniform column arrangement. Pixels 1150,
1151 can be defined based on the pitch of the confinement
well arrangement. The pitch of the confinement well arrange-
ment can be based on the resolution of the display. For
example, the smaller the pitch the higher the display resolu-
tion. In addition, pixels can be defined as having an asym-
metrical shape. For example, as illustrated in FIG. 16 by the
dashed lines, pixel 1150, 1151 can have a non-uniform shape.
[0130] FIG. 17 depicts a partial plan view of an exemplary
embodiment of a pixel and sub-pixel layout for an OLED
display 1200. Features common to embodiments discussed
above are not described (though similar labels with a 1200
series can be found in FIG. 17). As illustrated in FIG. 17,
confinement structure 1204 can be configured to define a
plurality of confinement wells 1220, 1230, 1240. Each con-
finement well 1220, 1230, 1240 can have a differing area. For
example, the well 1220 associated with red light emission R
can have an area greater than the well 1230 associated with
the green light emission G. In addition, confinement wells
1220, 1230, 1240 can be associated with a differing number
of pixels. For example, confinement well 1220 can be asso-
ciated with pixels 1251, 1252, 1254, 1256 and confinement
wells 1230, 1240 can be associated with pixels 1251, 1252.
Wells 1220, 1230, 1240 can be configured in uniform rows
R, Ry, Ry, Ry, Ry Rows R, R;, and R can be associated
with blue light emission wells 1240 and rows R, and R, canbe
associated with alternating red light emission wells 1220 and
green light emission wells 1230. The confinement structure
1204 can have a variety of dimensions D, D,, D;, D,. For
example, D, can be greater than D,, D5, or D,,, D, can be less
than D, D;, or D, and D, can be approximately equal to D,,.
[0131] FIG. 18 depicts a partial plan view of an exemplary
embodiment of a pixel and sub-pixel layout for an OLED
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display 1300. Features common to embodiments discussed
above, for example FIG. 17, are not described (though similar
labels with a 1300 series can be found in FIG. 18). Confine-
ment structure 1304 can be configured to define a plurality of
confinement wells 1320, 1330, 1340. Wells 1320, 1330, 1340
can be arranged such that wells associated with red light
emission 1320 and green light emission 1330 can be alter-
nated within a row with wells associated with blue light
emission 1340.

[0132] While various pixel and sub-pixel layouts are
described above, the exemplary embodiments in no way limit
the shape, arrangement, and/or configuration of confinement
wells that span a plurality of pixels as described. Instead,
confinement wells associated with the present disclosure in
combination with inkjet printing manufacturing methods
allow for flexible pixel layout arrangements to be selected.
[0133] Various pixel layouts are contemplated that can
enable a high resolution OLED display using inkjet printing.
For example, as illustrated in FIG. 19, confinement structures
1404 can create a hexagonal pattern such that a pixel 1450 can
comprise a confinement well 1420 associated with red emis-
sion R, a confinement well 1430 associated with green emis-
sion G, and a confinement well 1440 associated with blue
emission B. Due to the pitch, the shape of the confinement
wells, and the ability to pack the confinement wells closer
together, an OLED display having high resolution can be
created using inkjet printing.

[0134] Embodiments disclosed herein can be used to
achieve high resolution in any OLED display. Accordingly, it
can be applied to various electronic display apparatuses.
Some non-limiting examples of such electronic display appa-
ratuses include television displays, video cameras, digital
cameras, head mounted displays, car navigation systems,
audio systems including a display, laptop personal comput-
ers, digital game equipment, portable information terminals
(such as a tablet, a mobile computer, a mobile telephone,
mobile game equipment or an electronic book), image play-
back devices provided with recording medium. Exemplary
embodiments of two types of electronic display apparatuses
are illustrated in FIGS. 20 and 21.

[0135] FIG. 20 illustrates a television monitor and/or a
monitor of a desktop personal computer that incorporates any
of the OLED displays according to the present disclosure.
Monitor 1500 can include a frame 1502, a support 1504, and
a display portion 1506. The OLED display embodiments
disclosed herein can be used as the display portion 1506.
Monitor 1500 can be any size display, for example up to 55"
and beyond.

[0136] FIG. 21 illustrates an exemplary embodiment of a
mobile device 1600 (such as a cellular phone, tablet, personal
data assistant, etc.) that incorporates any of the OLED dis-
plays accordingto the present disclosure. Mobile device 1600
can include a main body 1062, a display portion 1604, and
operation switches 1606. The OLED display embodiments
disclosed herein can be used as the display portion 1604.
[0137] Using various aspects in accordance with exemplary
embodiments of the present disclosure, some exemplary
dimensions and parameters could be useful in attaining high
resolution OLED displays with an increased fill factor. Tables
1-3 include conventional dimensions and parameters as well
as prophetic, non-limiting examples in accordance with
exemplary embodiments of the present disclosure associated
with an OLED display having a resolution of 326 ppi where
Table 1 describes a sub-pixel associated with red light-emis-
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sion, Table 2 describes a sub-pixel associated with green
light-emission, and Table 3 describes a sub-pixel associated
with blue light-emission. Tables 4-6 include conventional
dimensions and parameters as well as prophetic, non-limiting
examples in accordance with exemplary embodiments of the
present disclosure associated with a display having a resolu-
tion 0of 440 ppi where Table 4 describes a sub-pixel associated
with red light-emission, Table 5 describes a sub-pixel associ-
ated with green light-emission, and Table 6 describes a sub-
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pixel associated with blue light emission.

TABLE 1
For a sub-pixel associated with red  Length of ~ Width Area of
emission in display having Sub-pixel  of Sub-  Confinement
resolution of 326 ppi (um) pixel (um) Well (um?)
Conventional sub-pixel 65.9 105 690.7
Sub-pixel associated with 315 315 989.5
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 59.9 9.0 5379
Definition Layer
Sub-pixel associated with 285 285 809.8
Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

TABLE 2
For a sub-pixel associated with Length of  Width Area of
green emission in display having Sub-pixel ~ of Sub-  Confinement
resolution of 326 ppi (um) pixel (um)  Well (um?)
Conventional sub-pixel 65.9 105 690.7
Sub-pixel associated with 315 315 989.5
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 39.9 9.0 5379
Definition Layer
Sub-pixel associated with 28.5 28.5 809.8
Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

TABLE 3
TFor a sub-pixel associated with Lengthof  Width Area of
blue emission in display having Sub-pixel  of Sub-  Confinement
resolution of 326 ppi (um) pixel (um) Well (um?)
Conventional sub-pixel 65.9 21.0 1381.4
Sub-pixel associated with 30.0 65.9 1979.1
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 39.9 18.0 1075.9
Definition Layer
Sub-pixel associated with 27.0 59.9 1619.6

Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

TABLE 4
For a sub-pixel associated withred ~ Length of ~ Width Area of
emission of a display having Sub-pixel  of Sub-  Confinement
resolution of 440 ppi (um) pixel (um) Well (um?)
Conventional sub-pixel 45.7 5.4 2484
Sub-pixel associated with 214 21.4 456.4
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 39.7 3.9 159.2
Definition Layer
Sub-pixel associated with 18.4 18.4 3372
Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

TABLE 5
For a sub-pixel associated with Length of  Width Area of
green emission of a display having  Sub-pixel ~ of Sub-  Confinement
resolution of 440 ppi (um) pixel (um) Well (um?)
Conventional sub-pixel 45.7 5.4 2484
Sub-pixel associated with 214 214 456.4
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 39.7 3.9 156.2
Definition Layer
Sub-pixel associated with 18.4 18.4 3372
Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

TABLE 6
For a sub-pixel associared with Length of  Width Area of
blue emission of a display having Sub-pixel ~ of Sub-  Confinement
resolution of 440 ppi (um) pixel (um) Well (um?)
Conventional sub-pixel 45.7 10.9 496.8
Sub-pixel associated with 20.0 45.7 912.8
Confinement Structure as
illustrated in FIGS. 3A, 3B
Conventional sub-pixel with Pixel 39.7 7.9 3124
Definition Layer
Sub-pixel associated with 17.0 39.7 674.4

Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

[0138] Table 7 includes conventional dimensions and
parameters as well as prophetic, non-limiting examples in
accordance with exemplary embodiments of the present dis-
closure associated with a pixel within a display having a
resolution of 326 ppi where the pixel includes a red sub-pixel,
a green sub-pixel, and a green sub-pixel.

TABLE 7
Active Area Total

For a display having resolution of of Pixel Area of Fill
326 ppi {um?) Pixel (um) Factor*
Conventional Confinement 2762.7 6070.6 46%
Structure
Confinement Structure as 3958.2 6070.6 65%
illustrated in FIGS. 3A, 3B
Conventional Confinement 2151.8 6070.6 35%

Structure with Pixel Definition Layer
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TABLE 7-continued

Active Area Total

For a display having resolution of of Pixel Area of Fill
326 ppi {um?) Pixel (um) Factor*
Confinement Structure with 3239.2 6070.6 53%

definition layer as illustrated in
FIGS. 5A, 5B

*(Active Area/Total Area) rounded up to the nearest percentage point

[0139] As illustrated in Table 7 above, it is contemplated
that various exemplary embodiments in accordance with the
present disclosure can achieve a fill factor improvement over
conventional confinement structures. For example, a fill fac-
tor for a display that contemplates a confinement structure
illustrated in FIGS. 3A and 3B can increase the fill factor by
about 43% over a conventional structure, thereby achieving a
total fill factor of 65%. In another embodiment, a fill factor for
a display that contemplates a confinement structure as illus-
trated in FIGS. 5A and 5B can improve the fill factor by about
51% over a conventional structure thereby achieving a total
fill factor of 53%.

[0140] Table 8 includes conventional dimensions and
parameters as well as prophetic, non-limiting examples in
accordance with exemplary embodiments of the present dis-
closure associated with a pixel within a display having a
resolution of 440 ppi where the pixel includes a red sub-pixel,
a green sub-pixel, and a green sub-pixel.

TABLE 8
Active Area Total
For a display having resolution of of Pixel Area of Fill
440 ppi {um?) Pixel (um) Factor*
Conventional Confinement 993.5 33324 30%
Structure
Confinement Structure as 1825.6 33324 55%

illustrated in FIGS. 3A, 3B

Conventional Confinement 624.8
Structure with Pixel Definition Layer
Confinement Structure with
definition layer as illustrated in
FIGS. 5A, 5B

33324 19%

1348.9 33324 40%

*(Active Area/Total Area) rounded up to the nearest percentage point

[0141] As illustrated in Table 8 above, it is contemplated
that various exemplary embodiments in accordance with the
present disclosure can achieve a fill factor improvement over
conventional confinement structures. For example, a fill fac-
tor for a display that contemplates a confinement structure
illustrated in FIGS. 3A and 3B can improve the fill factor by
about 84% over conventional structure thereby achieving a
total fill factor of 55%. In another embodiment, a fill factor for
a display that contemplates a confinement structure as illus-
trated in FIGS. 5A and 5B can improve the fill factor by about
116% over a conventional structure thereby achieving a total
fill factor of 40%.

[0142] Various exemplary embodiments described above
and pursuant to the present disclosure can permit inkjet print-
ing of OLED displays having relatively high pixel density and
increased fill factors by increasing the size of the confinement
wells into which the OLED material droplets are loaded and
thereby enable the use of attainable droplet sizes and attain-
able inkjet system droplet placement accuracies, according to
the present disclosure. Due to the larger confinement well
areas, high resolution OLED displays can be manufactured
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using sufficiently large inkjet droplet volumes and attainable
droplet placement accuracies, without needing to utilize too
small of droplet volumes or excessively high droplet place-
ment accuracies that could pose prohibitive challenges in
inkjet equipment design and printing techniques. Without
implementing a confinement well that spans a plurality of
sub-pixels according to the present disclosure, droplet size
and system droplet placement errors could significantly
increase issues in any high resolution display manufactured
using existing inkjet heads, as the droplets would have too
large volumes and would overfill each sub-pixel well and the
conventional droplet placement accuracies would lead to mis-
placement of droplets either entirely or partially outside of the
target confinement well, both of which would lead to undes-
ired errors in film deposition and corresponding visual
defects in the final display appearance. The ability to achieve
high pixel density with existing droplet volumes and droplet
placement accuracies enables the techniques described herein
to be utilized in the manufacture of displays of relatively high
resolutions for many applications, from small size displays,
such as, for example, are found in smart phones and/or tab-
lets, and large size displays, such as, for example, ultra high
resolution televisions. Moreover, achieving OLED material
layer(s) of substantially uniform thickness that sufficiently
conform to underlying topography, in accordance with exem-
plary embodiments, can promote overall OLED display per-
formance and quality, and in particular can permit desirable
performance and quality to be achieved in high resolution
OLED displays. One or more of the above described embodi-
ments can achieve a reduced fill factor. In conventional pixel
arrangements, a fill factor for a display having a resolution in
the range of 300-440 ppi has a fill factor of less than 40%, and
frequently less than 30%. In contrast, exemplary embodi-
ments of the present disclosure may achieve a fill factor of
greater than 40%, and in some instances as high as 60%, for
displays having a resolution in the range of 300-440 ppi. The
exemplary embodiments can be used for any pixel size and
arrangement, including pixel arrangements within high reso-
lution displays.

[0143] The exemplary embodiments can be used with any
size display and more particularly with small displays having
a high resolution. For example, exemplary embodiments of
the present disclosure can be used with displays having a
diagonal size in the range of 3-70 inches and having a reso-
lution greater than 100 ppi, for example, greater than 300 ppi.

[0144] Although various exemplary embodiments
described contemplate utilizing inkjet printing techniques,
the various pixel and sub-pixel layouts described herein and
the way of producing those layouts for an OLED display can
also be manufactured using other manufacturing techniques
such as thermal evaporation, organic vapor phase deposition,
organic vapor jet printing. In exemplary embodiments, alter-
native organic layer patterning can also be performed. For
example, patterning methods caninclude shadow masking (in
conjunction with thermal evaporation) and organic vapor jet
printing. In particular, though the pixel layouts described
herein, in which multiple sub-pixels of the same color are
grouped together and in which the deposited OLED film
layers span substantial topographies within the grouped sub-
pixel regions, have been conceived for inkjet printing appli-
cations, such layouts can also have beneficial alternative
application to vacuum thermal evaporation techniques for
OLED film layer deposition, in which the patterning step is
achieved using shadow masking. Such layouts as described
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herein provide for larger shadow mask holes and increased
distances between such holes, thereby potentially improving
the overall mechanical stability and general practicality of
such shadow masks. While vacuum thermal evaporation tech-
niques with shadow masks may be not as low cost as inkjet
techniques, the use of the pixel layouts in accordance with the
present disclosure and the use of OLED film layer coatings
spanning substantial topographies within the grouped sub-
pixels associated with the same color, also represent a poten-
tially important application of the present disclosure
described herein.

[0145] Although only a few exemplary embodiments have
been described in detail above, those skilled in the art will
readily appreciate that many modifications are possible in the
example embodiments without materially departing from this
disclosure. Accordingly, all such modifications are intended
to be included within the scope of this disclosure as defined in
the following claims.

[0146] It is to be understood that the various embodiments
shown and described herein are to be taken as exemplary.
Elements and materials, and arrangement of those elements
and materials, may be substituted for those illustrated and
described herein, and portions may be reversed, all as would
be apparent to one skilled in the art after having the benefit of
the description herein. Changes may be made in the elements
described herein without departing from the spirit and scope
of the present disclosure and following claims, including their
equivalents.

[0147] Those having ordinary skill in the art will recognize
that various modifications may be made to the configuration
and methodology of the exemplary embodiments disclosed
herein without departing from the scope of the present teach-
ings.

[0148] Those having ordinary skill in the art also will
appreciate that various features disclosed with respect to one
exemplary embodiment herein may be used in combination
with other exemplary embodiments with appropriate modifi-
cations, even if such combinations are not explicitly disclosed
herein.

[0149] It will be apparent to those skilled in the art that
various modifications and variations can be made 1o the
devices, methods, and systems of the present disclosure with-
out departing from the scope of the present disclosure and
appended claims. Other embodiments of the disclosure will
be apparent to those skilled in the art from consideration of
the specification and practice of the disclosure disclosed
herein. It is intended that the specification and examples be
considered as exemplary only.

What is claimed is:

1. A method of manufacturing an organic light-emitting
diode (OLED) display comprising:

providing on a substrate a first electrode associated with a

first sub-pixel and a second electrode associated with a

second sub-pixel, wherein a gap is formed between the

first electrode and the second electrode and wherein the

first electrode and the second electrode are positioned in

a well having boundaries defined by a confinement
structure on the substrate; and

depositing in the well with the electrodes positioned
therein, active OLED material to form a substantially
continuous layer of active OLED material that spans the
boundaries of the well such that a surface of the layer of
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active OLED material that faces away from the substrate
has a non-planar topography, wherein the depositing is
via inkjet printing.

2. The method of claim 1, wherein the layer of active
OLED material has a substantially uniform thickness.

3. The method of claim 2, wherein the layer of active
OLED material includes local non-uniformities in thickness.

4. The method of claim 3, whetein the local non-uniformi-
ties in thickness are within 5 um-10 um of edges of surface
features in the well.

5. The method of claim 1, the layer of active OLED mate-
rial has a thickness less than a thickness of the first electrode
and the second electrode.

6. The method of claim 1, wherein the active OLED mate-
rial comprises light-emissive material.

7. The method of claim 6, wherein the light-emissive mate-
rial has a light-emissive wavelength range that is the same for
the first sub-pixel and the second sub-pixel.

8. The method of claim 1, wherein the layer of active
OLED material comprises two layers of active OLED mate-
rials including a light-emissive material and a hole conduct-
ing material.

9. The method of claim 8, wherein the hole conducting
material is at least one of a hole injecting material and a hole
transporting material.

10. The method of claim 1, wherein the first and second
sub-pixels correspond to differing pixels.

11. The method of claim 1, further comprising providing a
structure on the substrate within the gap between the first
electrode and the second electrode.

12. The method of claim 11, wherein the structure com-
prises an electrically resistive material.

13. The method of claim 1, further comprising depositing a
definition layer on the substrate and a portion of the first
electrode and the second electrode and then depositing the
confinement structure over the definition layer.

14. The method of claim 13, wherein the definition layer
comprises an electrically resistive material.

15. The method of claim 13, further comprising depositing
a structure on the substrate in the gap between the first elec-
trode and the second electrode.

16. The method of claim 15, further comprising depositing
a second definition layer on the structure.

17. The method of claim 1, wherein the organic light-
emissive display is a top emission display.

18. The method of claim 1, wherein the display has a fill
factor greater than 40%.

19. The method of claim 1, wherein the display has a fill
factor greater than 60%.

20. The method of claim 1, wherein the display has a
resolution of at least 100 ppi.

21. The method of claim 1, wherein the display has a
resolution of at least 300 ppi.

22. An organic light-emitting diode (OLED) display. com-
prising:

a first electrode disposed on a substrate, wherein the first

electrode is associated with a first sub-pixel;

a second electrode disposed on the substrate and spaced
from the first electrode to provide a gap between the first
and second electrodes, wherein the second electrode is
associated with a second sub-pixel;

a confinement structure positioned on the substrate to
define boundaries of a well containing the first electrode
and the second electrode; and



US 2014/0197385 Al

asubstantially continuous active OLED material layer that
spans the boundaries of the well and is disposed over the
first electrode and second electrodes, wherein a surface
of the active OLED material layer that faces away from
the substrate has a non-planar topography.

23. The display of claim 22, wherein the active OLED
material layer has a substantially uniform thickness.

24. The display of claim 23, wherein the active OLED
material layer includes local non-uniformities.

25. The display of claim 24, wherein the local non-unifor-
mities in thickness are within 5 pm to 10 pm of edges of
surface features in the well.

26. The display of claim 22, wherein the active OLED
material layer has a thickness less than a thickness of the first
electrode and the second electrode.

27. The display of claim 22, wherein the active OLED
material layer comprises a light-emissive material.

28. The display of claim 27, wherein the light-emissive
material has a light-emissive wavelength range that is the
same for the first sub-pixel and the second sub-pixel.

29. The display of claim 22, wherein the active OLED
material layer comprises two active OLED material layers
including a light-emissive material layer and a hole conduct-
ing material layer.

30. The display of claim 29, wherein the hole conducting
material is chosen from at least one of a hole injecting mate-
rial and a hole transporting material.

31. The display of claim 22, wherein the first and second
sub-pixels correspond to differing pixels.

21
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32. The display of claim 22, further comprising a structure
disposed on the substrate within the gap between the first
electrode and the second electrode.

33. The display of claim 32, wherein the structure com-
prises an electrically resistive material.

34. The display of claim 22, further comprising a definition
layer disposed on the substrate over a portion of the first
electrode and the second electrode, wherein the confinement
structure is disposed over the definition layer.

35. The display of claim 34, wherein the definition layer
comprises an electrically resistive material.

36. The display of claim 34, further comprising a structure
disposed on the substrate in the gap between the first electrode
and the second electrode.

37. The display of claim 36, further comprising a second
definition layer disposed over the structure.

38. The display of claim 22, wherein the display is a top
emission display.

39. The display ofclaim 22, wherein the display is anactive
matrix device.

40. The display of claim 22, wherein the display has a fill
factor greater than 40%.

41. The display of claim 22, wherein the display has a fill
factor greater than 60%.

42. The display of claim 22, wherein the display has a
resolution of at least 100 ppi.

43. The display of claim 22, wherein the display has a
resolution of at least 300 ppi.
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