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(57) ABSTRACT

An organic light-emitting diode (OLED) display device is
provided having a color emission layer including a plurality
of organic light-emitting elements in a first arrangement and
an electronics layer. The electronics layer includes a plural-
ity of pixel drive circuits each including an electrode con-
tact. The electronics layer includes a plurality of indepen-
dently addressable sub-regions each sub-region including an
identical pattern of electrode contacts created using a single
reticle exposure. Each sub-region is orientated differently
within a plane such that the first arrangement of light-
emitting elements is electrically connected to the patterned
electronics layer.
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1
LARGE AREA OLED MICRODISPLAY AND
METHOD OF MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of provisional patent
application Ser. No. 62/155,821 filed in the United States
Patent and Trademark Office on May 1, 2015, which is
incorporated in its entirety by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to organic light-
emitting diode (OLED) display devices and, more particu-
larly, to a large area display comprising more than one
microdisplay panel having an active matrix organic light-
emitting diode (AMOLED) pixel cell design and method of
fabricating same.

BACKGROUND OF THE INVENTION

OLED display technology has the benefit of a wide
operating temperature range, low power consumption, wide
viewing angle, high contrast and fast response time making
it the best choice for large area displays. While the demand
for these displays continues to increase, the technology still
remains expensive to produce and lacks in overall resolution
and performance quality.

Traditional OLED displays include a stack of thin layers
formed on a substrate. A light-emitting layer of a lumines-
cent organic solid. as well as adjacent semiconductor layers,
is sandwiched between a cathode and an anode. The light-
emitting layer may be selected from any of a multitude of
fluorescent and phosphorescent organic solids. Any of the
layers, and particularly the light-emitting layer, also referred
to herein as the emissive layer or the organic emissive layer,
may consist of multiple sublayers. In an active-matrix
organic light-emitting diode the cathode may include a metal
electrode having low work function, and the anode may
include a transparent electrode made from, for example,
indium tin oxide (ITO) or.

In a typical OLED, either the cathode or the anode is
transparent. Evaporation, spin casting, other appropriate
polymer film-forming techniques, or chemical may form the
films self-assembly. Thicknesses typically range from a few
monolayers to about 1 to 2,000 angstroms. Protection of
OLED against oxygen and moisture can be achieved by
encapsulation of the device. The encapsulation can be
obtained by means of a single thin-film layer situated on the
substrate, surrounding the OLED.

In an OLED device, when an electric current is applied
across the device negatively charged electrons move into the
organic material(s) from the cathode. Positive charges, typi-
cally referred to as holes, move into the organic material(s)
from the anode. The positive and negative charges meet in
the center layers (i.e., the semiconducting organic material),
combine, and produce photons. The wavelength, and con-
sequently the color, of the photons depends on the electronic
properties of the organic material in which the photons are
generated. Pixel drivers can be configured as either current
sources or voltage sources to control the amount of light
generated by the OLEDs in an AMOLED display.

The color of light emitted from the organic light-emitting
device can be controlled by the selection of the organic
material. Generating blue, red and green light simultane-
ously may produce white light. Other individual colors,
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different than red, green and blue, can be also used to
produce in combination a white spectrum. Specifically, the
precise color of light emitted by a particular structure can be
controlled both by selection of the organic material, as well
as by selection of dopants in the organic emissive layers.
Alternatively, filters of red, green or blue, or other colors,
may be added on top of a white light-emitting pixel. In other
examples, white light emitting OLED pixels may be used in
monochromatic displays.

High-resolution active matrix displays may include mil-
lions of pixels and sub-pixels that are individually addressed
by the drive electronics. Each sub-pixel can have several
semiconductor transistors and other IC components. Each
OLED may correspond to a pixel or a sub-pixel. Generally,
however, an OLED display consists of many OLED pixels,
and each OLED pixel may have three sub-pixels associated
with it, in which each sub-pixel may include red, green and
blue color OLEDs or may emit white light, which be filtered
to either red, green or blue.

Some structures for forming a full color image using an
OELD device are generally known. For example, as shown
in FIG. 1A, an independent red, green, blue (RGB) layer
structure uses three organic luminescent layers 20, 22, and
24 independently coated on a substrate 10 for emitting red,
green, and blue light respectively. As shown in FIG. 1B, a
color transformation structure uses color transformation
layers 30, 32, and 34 interposed between the substrate 10
and a blue luminescent layer 36. As shown in FIG. 1C, a
color filter structure uses color filters 40, 42, and 44 for
emitting the red, green and blue light respectively. The color
filters 40, 42, and 44 are interposed between the substrate 10
and a white organic luminescent layer 46.

When using the independent RGB layer structure shown
in FIG. 1A, the RGB material is deposited and patterned
using a shadow mask. As a result, although there is high light
efficiency, the red, green and blue light cannot be minutely
separated from each other. The color transformation struc-
ture shown in FIG. 1B requires that an organic fluorescent
material is deposited on the substrate by an exposure pro-
cess, thereby adding a process step for forming the full color
image. In addition, when using the color transformation
structure, it is difficult to coat the color transformation layer
with a uniform thickness. When using the color filter struc-
ture shown in FIG. 1C, the color filter is formed through a
conventional photolithography process. As a result, a rela-
tively higher resolution display panel is manufactured using
the color filter structure and the color filter structure is more
widely used than the other structures.

The OLED display of the present invention utilizes a new
OLED architecture with a unique pixel design and pattern of
electrode connections through vias. A “via” is a vertical
electrical connection between different layers of conductors
in a physical electronic circuit. In the present invention,
electrical connections to and from OLED displays are pro-
vided to each anode line and cathode line by at least one via.
Each via is formed of a column of conductive material or in
its simplest form provided as an opening leaving free access
to the electrode beneath.

One method used to fabricate large area displays is
referred to as tiling. In tiling, a plurality of smaller displays
are arranged in a matrix to create large, high-resolution,
multi-panel displays. Typically, tiling to obtain large area
displays rely upon the stitching of multiple tiles together,
wherein each tile has a pixel or an array thereof. However,
the edge line of these assembled tiled displays produce
visually disturbing seams, resulting from the gaps between
adjacent pixels on adjacent tiles. The interconnections nec-
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essary to supply signals to the display may also be notice-
able, distract the viewer, and otherwise detract from the
overall visual appearance of the image. Therefore, it is
desirable to fabricate tiled, high-resolution, micro-panel
displays, which do not have noticeable or perceptible seams
under the intended viewing conditions.

Flat-panel displays (FPDs) provide the best choice for
constructing “seamless”, tiled screens however, FPDs
depend on the micro fabrication of components that carry
the pixel patterns, which are not viable for very large
displays. Therefore, the inventors have determined that tiles
with arrays of OLED pixels can be micro fabricated and then
assembled together to form a larger area electronic display.
The present invention provides unique designs and methods
for achieving such large, seamless, tiled panels for full color,
high-resolution large area displays. In particular, these large
area displays measure approximately 1 to 3 inches per side
and are ideal for, amongst other things, high-resolution
displays in demand for virtual reality device (e.g. headsets).

Early image sensor technology was manufactured using
micron lithography such that an entire wafer was exposed in
a single shot. During that time, feature sizes were large and
wafers small enough so that a photomask as large as the
walfer itself could project onto the wafer precisely enough to
reproduce the required features. Once silicon processes were
used for submicron feature sizes and wafer sizes increased,
image sensors could no longer be made as large as the wafer
itself in one shot. Lithography moved to smaller masks and
wafer exposure to “step and repeat” methods, such that a
single exposure could only result in a device in the order of
25 mmx25 mm. This created the need for stitching, which
was developed in order to build a device from a sequence of
exposures resulting in a device much larger than the size of
a single mask. A typical pixel array is formed from blocks
of a few thousand pixels. The mask contains a single
instance of this block, and by stepping the mask the equiva-
lent of the block size, the pixel block can be repeated side
by side on the surface of the wafer. Multiple dies can be
formed on the wafer and in some cases, multiple die patterns
can be included in a single reticle to reduce the cost of the
reticle set. The circuitry that surrounds the pixel is then
added to complete the device. Using this method, a single
mask can be used to manufacture large area devices.

It is a primary object of the present invention to provide
a large area display comprised of more than one AMOLED
microdisplay panel fabricated using a single reticle to create
a variety of different display devices with different configu-
rations.

Tt is another object of the present invention to provide a
large area display preferably comprised of, but not limited
to, four AMOLED microdisplay panels arranged together
which are independently addressable and avoid the necessity
of stitching together layers.

It is another object of the present invention to provide a
high-resolution display comprised of more than one AMO-
LED microdisplay for use in virtual reality, high-speed
and/or head mounted devices and applications.

SUMMARY OF THE INVENTION

The present invention cures some of the deficiencies in
the prior art by providing a large area display having more
than one AMOLED microdisplay panel fabricated using a
single reticle for allowing simpler and less expensive manu-
facturing of large area electronic displays.

In accordance with an illustrative embodiment of the
present invention, an organic light-emitting diode (OLED)
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display is provided having an emission layer having a
plurality of light-emitting elements, and an electronics layer.
The electronics layer includes a plurality of independently
addressable display panels, wherein each panel is identically
patterned and arranged in a different orientation and opera-
tively connected to the emission layer. The emission layer
includes an array of light-emitting elements arranged in a
vertically repetitive sequence across the entire color emis-
sion layer. The electronics layer may be patterned using a
single reticle exposure.

In accordance with an illustrative embodiment of the
present invention, an organic light-emitting diode (OLED)
display device is provided having a color emission layer
including a plurality of organic light-emitting elements in a
first arrangement, and an electronics layer. The electronics
layer includes a plurality of pixel drive circuits each includ-
ing an electrode contact, wherein the electronics layer
includes a plurality of independently addressable sub-re-
gions each sub-region including an identical pattern of
electrode contacts. Each sub-region is orientated differently
within a plane, such that the first arrangement of light-
emitting elements is electrically connected to the patterned
electronics layer. The first arrangement of organic light-
emitting elements are arranged in a vertically repetitive
sequence across the entire color emission layer. The pixel
circuit may be a single-crystal silicon circuit. Each sub-
region of the electronics layer may be an OLED microdis-
play panel. Each microdisplay panel may include a plurality
of logic blocks and a plurality of fixed resource blocks.
Adjacent sub-regions of the electronics layer may be orien-
tated differently in the plane by flipping about the axis of
symmetry. Adjacent sub-regions of the electronics layer may
be orientated differently in the plane by rotating ninety
degrees therefrom. Each sub-region of the electronics layer
includes a pattern of electrode contacts electrically con-
nected to provide conduction to individual OLED elements
within the emission layer. The pattern of electrode contacts
may be arranged along a diagonal across each OLED
element. The OLED elements may include an array of
light-emitting pixels having organic layers, which produce
colors defining a color gamut. The colors produced by the
color gamut defining pixels may be red, green and blue. The
OLED device may further comprise a different color filter
associated with each of the color gamut defining pixels.
Each pattern of sub-regions of the electronics layer may be
created using a single reticle exposure. The OLED display
device may be an active matrix device or a passive matrix
device. The OLED display device may be top emitting or
bottom emitting.

In accordance with an illustrative embodiment of the
present invention, a method of manufacturing an organic
light-emitting diode display device is provided. The method
includes assembling a plurality of independently address-
able display panels in an array, each of the panels having a
color emission layer including a plurality of organic light-
emitting elements each having a contact and patterned in a
first arrangement. The method further includes assembling
an electronics layer having a plurality of differently orien-
tated sub-regions created using a single reticle exposure, by
forming a plurality of single-crystal silicon pixel drive
circuits adapted to provide a plurality of electrical signals for
activating one of the plurality of corresponding organic
light-emitting elements of the color emission layer, forming
a plurality of electrode contacts coupled to receive the
plurality of electrical signals provided by the pixel drive
circuitry, and forming a plurality of vias for coupling the
plurality of electrode contacts to the plurality of the organic
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light-emitting element contacts. The method further includes
coupling the patterned first arrangement of light-emitting
elements to the patterned electronics layer by the plurality of
vias.

The method may include forming a plurality of electrode
contacts further comprising forming a conductive layer on a
transparent substrate, and etching the conducting layer to
produce an electrode pattern by means of photolithography
so as to form a plurality of electrodes on the transparent
substrate. The method may include aligning the pattern of
electrodes with the patterned first arrangement of light-
emitting elements of the color emission layer. The electron-
ics layer may be produced using small area photo exposure
tools including a mask. The electronics layer may be formed
formed using continuous die patterning.

These advantages of the present invention will be appar-
ent from the following disclosure and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

To these and to such other objects that may hereinafter
appear, the present invention relates to a large area OLED
microdisplays and method of manufacturing same as
described in detail in the following specification and recited
in the annexed claims, taken together with the accompany-
ing drawings, in which like numerals refer to like parts in
which:

FIGS. 1A-1C are schematic views showing conventional
structures for forming a color image in an OLED device;

FIGS. 2A-2C are diagrammatic top views showing a
conventional wafer structure with reticle design in accor-
dance with an illustrative embodiment of the present inven-
tion;

FIG. 2D is an enlarged top view showing a single die
reticle field area that includes sub-fields and scribe lines in
accordance with an illustrative embodiment of the present
invention;

FIG. 2E is a diagrammatic top view showing a semicon-
ductor wafer having a plurality of integrated circuit dies
formed thereon in accordance with an illustrative embodi-
ment of the present invention,

FIG. 3 is a schematic view showing a large format display
made with a single reticle in accordance with an illustrative
embodiment of the present invention;

FIG. 4 is a schematic view showing a large format display
made with a single reticle in accordance with another
embodiment of the present invention;

FIG. 5 is an enlarged view of a single reticle in accordance
with the large format display of FIG. 4;

FIG. 6 is a schematic view showing a pixel arrangement
with anode pattern for forming a color image in accordance
with conventional OLED display devices;

FIG. 7 is a schematic view showing a pixel arrangement
with anode pattern for forming a color image in accordance
with the large format display of FIG. 3;

FIG. 8 is a sectional view of an idealized bottom-emitting
OLED microdisplay device;,

FIG. 9 1s a sectional view of an idealized top-emitting
AMOLED microdisplay device including the location of
electrical contact between the anodes and subpixels;

FIG. 10 is a cross-sectional view of a bottom-emitting
OLED display device forming a full color image with
independent red, green, and blue layer structure, in accor-
dance with another embodiment of the present invention;

FIG. 11 is a cross-sectional view of a top-emitting OLED
display device forming a full color image with independent
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red, green, and blue layer structure, in accordance with
another embodiment of the present invention;

FIG. 12 is a cross-sectional view of a bottom-emitting
OLED display device forming a full color image with a color
filter structure, in accordance with another embodiment of
the present invention; and

FIG. 13 is a cross-sectional view of a top-emitting OLED
display device forming a full color image with a color filter
structure, in accordance with another embodiment of the
present invention.

DETAILED DESCRIPTION

FIGS. 3 and 4 illustrate a multi-panel display device
formed from the tiling of multiple OLED microdisplay
panels together to achieve a large area. In its broadest
context, the display device includes multiple panels each
having an electronics layer having a plurality of identically
patterned sub-regions orientated differently within the plane,
and one or more emission layers operatively connected to
each electronics layer. It should be noted that the display
device described in the various embodiments of the inven-
tion are for illustrative purposes and the present invention is
not limited to the specific devices described herein.

FIGS. 2A-2D illustrate semiconductor processing where
integrated circuits are fabricated on semiconductor wafers
200, preferably silicon wafers. In the process, a stepper
machine is used to print images on a wafer. The images on
the wafer are mounted and cut into rectangular pieces called
dies. The dies are formed side-by-side on the semiconductor
wafer by exposing a pattern on the photomask, called a
reticle 210. The reticle is a transparent substrate, such as
quartz, that is placed the near focal plane of a projection
system. Radiation, such as ultra violet light, is passed
through the reticle, to define the image being projected. The
image consists of one or more die and various test and
measurement structures between and around the die. Fach
die includes a primary die area that is patterned according to
an integrated circuit design. Fach die also includes test
structures. Test structures are typically formed on a wafer in
thin vertical and horizontal scribe lines (also referred to
herein as scribe lanes) situated between adjacent primary
die. The test structures include some or all of the processing
layers used to form the integrated circuit.

FIG. 2A illustrates a conventional single-crystal wafer
200 that has been organized into multiple identical patterns,
each consisting of geometric data present on the reticle.
Though the term “reticle” literally applies to the tooling used
to pattern the wafer, herein we shall also use the term to
signify the portion of a wafer uniquely fabricated from this
pattern.

Cost-effective silicon substrate use and wafer-level pro-
cessing require that a single wafer yield as many usable
integrated circuits or dies, as possible. In order for this to be
possible, minimizing damage to the dies is important when
sawing through scribe sheets. Several parameters are con-
trolled in order to provide a precise cut. The arrangement of
dies on the wafer surface and the corresponding scribe
sheets are shown in FIG. 2A. The single-crystal wafers 200
are generally circular with the integrated circuits 210 con-
structed thereon, which are separated from one another by a
grid formed by scribe lanes 220. As illustrated in FIG. 24,
usable wafer area is limited by the circular shape of the
periphery and the number and width of the scribe lanes,
which results in partial non-functional devices 215.

FIGS. 2B and 2C have labeled single reticles “L”, “A”,
and “R”. Each reticle typically contains multiple semicon-
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ductor chips (e.g. identically designed). Breaking down the
design of the wafer as a whole into an array of sub-blocks
or sub-fields within a reticle allows for “step-and-repeat”
processes that are applied to the wafer during the manufac-
ture of its semiconductor chips (e.g., photolithography).
FIG. 2B illustrates partitioning of the design into multiple
sub-blocks 205, while FIG. 2C illustrates placement of the
sub-blocks 205 in the reticle 210 as sub-fields. A plurality of
sub-fields 205 may fit on a single reticle 210. Some sub-
fields 205 may be repeated multiple times within a reticle
210 and all sub-fields 205 are electrically coupled.

FIG. 2D illustrates a single reticle 210 having a plurality
of sub-fields 220 including scribe line structures. Different
design rules are applied at the boundaries due to misalign-
ment tolerances, which adds considerable complexity to the
layout architecture. FIG. 2E illustrates an example of a
stitched display device consisting of a plurality of sub-fields
250.

Referring to FIG. 3, the display device 300 includes an
emissive area 301 divided into four quadrants, 1. 11, III, IV
composed using a single reticle exposure (e.g. FIG. 2D).
Each quadrant represents a separate and independently con-
trolled microdisplay panel 302A, 302B, 302C, and 302D.
Each microdisplay panel 302 comprises a plurality of light-
emitting elements each arranged in an array laid out over a
substrate. Individual images displayed by each microdisplay
panel 302 may constitute a sub-region of the larger overall
composite image collectively displayed by the full color
multi-panel display device 300.

According to the present invention, expensive costs of the
masks in semiconductor processing is greatly reduced by
using a single mask set for multiple die sizes, thereby
reducing the cost of silicon and improving the resulting die
per wafer. Multiple panels, or tiles, are exposed in a single
reticle, and each placed adjacent one another to form a larger
device or array. The panels of the present invention are
independently addressable and may be, but are not neces-
sarily, wired through the scribe region between adjacent
panels.

The microdisplay panels 302 are tiled to define the display
device 300 and form a peripheral edge 306 with internal
seams 308. The seams 308 are formed along internal bound-
aries between adjacent panels 302. Scribe lanes 310 sur-
round the peripheral edge 306 of the display device. Each of
the panels 302 includes a number of sub-fields 320, which
may include fixed resource blocks and multiple logic blocks
303. The fixed resource blocks can include a plurality driver
circuits, auxiliary circuits, transceiver blocks, 1/O banks, and
a memory block. The logic blocks 303 can contain logic
cells or gates configured to implement the intended logic
functionality. The panels 302 may be connected to one or
more adjacent panels through interconnect lines that enable
the fixed resource blocks and logic blocks in one panel to
communicate with the fixed resource and logic blocks in an
adjacent panel. Pads 312 are disposed on one peripheral
edge of each panel 302 of the display device, while electrical
connections are disposed on one or both of the other
peripheral edges. In this case, electrical connections between
the individual panels 302 within the device after the tiling
process are not required. It is to be understood that none,
some, or all of the backplane layers and/or organic layers
could be conventionally stitched.

FIG. 3 illustrates the exemplary tile combination of a 2x2
panel arrangement using a single reticle exposure. Each
reticle exposure measure 25.5 mmx25.5 mm. Each reticle
exposure has a plurality of sub-fields (e.g. FIG. 2D). One
skilled in the art should appreciate that the number of
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sub-fields in a single reticle exposure is based on the size of
the panel and reticle used. Thus, the maximum size of a die
that can be produced is dependent upon the maximum reticle
exposure size.

The OLED display device shown in FIG. 3 is formed
using a single reticle that is rotated 90 degrees between each
exposure. Traditionally, the red, green, and blue (RGB) color
pixel arrangement is used where contact of the anode of each
sub-pixel occurs across the central axis of each pixel unit
(shown in FIG. 6). According to this embodiment, which is
described in further detail in FIG. 7, a conventional RGB
color pixel arrangement is patterned consistently across the
entire display. Each of the four quadrants I, II, 111, and TV
require the rendered data to be rotated 90 degrees before
being applied to the display for imaging. In particular, the
reticle is exposed to quadrant I, rotated 90 degrees and
exposed to quadrant II, rotated 90 degrees and exposed to
quadrant III, and rotated another 90 degrees and exposed to
quadrant IV.

FIG. 4 is a schematic view showing a multi-panel display
device 400 according to another embodiment of the present
invention. The display device according to this embodiment
is identical to the display device according to the embodi-
ment described with reference to FIG. 3 except that the
single reticle is orientated differently within exposures such
that the fixed resource blocks, multiple logic blocks, and
electrical connections are arranged in a different manner. In
FIG. 4, the same reference numerals denote the same
elements as in FIG. 3, and detailed descriptions of same
elements are omitted.

FIG. 4 illustrates another tile combination of a 2x2 panel
arrangement using a single reticle exposure. Each reticle
exposure measures 24 mmx32 mm. The tolerance of the
butting area is less than 2 um. According to this embodi-
ment, a conventional RGB color pixel arrangement may be
patterned consistently across the entire display. The arrange-
ment is such that the reticle is exposed to quadrant I, flipped
and exposed to quadrant 11, rotated 180 degrees and exposed
to quadrant III, and flipped and exposed to quadrant IV.

FIG. 5 illustrates a demonstrative layout of a pixel array
500 on display layer 502 in accordance with the multi-panel
display device 400 of FIG. 4. The pixel array 500 is one
possible implementation of the emissive area 301 of quad-
rant 1 of the device illustrated in FIG. 4.

FIG. 6 illustrates a conventional pixel arrangement 600 in
an OLED display device. The arrangement 600 is composed
of a number of pixel units 602 each including at least one
light-emitting element configured to emit light. Each pixel
unit 602 in the display device has at least three organic
light-emitting diode (OLED) sub-pixels. The three OLED
sub-pixels are a red (R) OLED sub-pixel 604, a green (G)
OLED sub-pixel 606, and a blue (B) OLED sub-pixel 608,
which emit red, green and blue light respectively, and which
define a gamut of the display device. The commonly used
red, green, and blue (RGB) OLED sub-pixels are described
as an example of the three OLED sub-pixels. In other
embodiments, OLED sub-pixels of other three colors may
be used, or alternatively a white (W) OLED sub-pixel or a
yellow (Y) OLED sub-pixel may be selected as one or more
of the OLED sub-pixels.

In accordance with the display device provided by the
present invention, one pixel unit 602 includes three OLED
sub-pixels of different colors, wherein the plurality of pixels
are arranged in an array each defining one panel. According
to this embodiment, contact 612 to the anode is positioned
centrally within each sub-pixel 604, 606, and 608, thereby
arranging all contacts 612 within a pixel unit 602 in a
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straight line, and all contacts 612 within a quadrant in
uniform rows or columns. The three OLED sub-pixels may
be arranged in a straight line (as shown in FIG. 6) or in other
embodiments arranged in a square, diamond, or any other
form according to actual requirements (not shown).

Referring to FIG. 6, the seam 610 formed between the
boundary of two rotated quadrants, specifically the seam
between quadrant 1 and quadrant II, the seam between
quadrant 1T and quadrant III, and the seam between quadrant
1II and IV, create a strong visual artifact resulting from the
change in direction of the color filter arrangement. In
quadrants I and 1II the color filter stripes run in a vertical
direction, while in quadrants 1T and TV the color filter strips
run in a horizontal direction, this visual discontinuity is
eliminated by the method of the present invention resulting
in the configuration illustrated in FIG. 7.

FIG. 7 illustrates an improved pixel arrangement 700 in
accordance with the OLED display device referenced in
FIG. 3. According to this embodiment, contact 712 to the
anode of each sub-pixel 704, 706, 708 within a pixel unit
702 is shifted vertically to define an overall diagonal pattern
within each quadrant. Each of the four quadrants thereby
allows the single anode pattern to be exposed in the same
vertical pattern. The RGB color strip pattern extends verti-
cally across the entire display, no longer creating a visible
seam 710, such that no visual artifact results between the
quadrants.

FIGS. 8 and 9 illustrate structural views of an OLED
display device according to various embodiments of the
present invention. It should be understood, however, that
various embodiments of the present disclosure may be
implemented on other types of transmissive or emissive
displays.

Referring to FIG. 8, a single display pixel is illustrated in
accordance with an OLED display device 800 having a
transparent substrate 802, a first electrode 804 and a second
electrode 814 having one or more organic electrolumines-
cent layers 812 formed therebetween. At least one electrolu-
minescent layer being light-emitting and at least one of the
electrodes being transparent, the first and second electrodes
defining one or more light-emissive areas. The electrodes
may be considered row and column electrodes in a passive-
matrix control scheme (not shown) or as anode and cathode
in an active-matrix control scheme (as shown) with thin-film
circuitry provided between the electrical connectors and the
electrodes. It should be understood that other generation
type OLED display devices known to those of ordinary skill
in the art may be utilized, and that this invention is not
limited to the specific structure described herein.

The organic electroluminescent layers 812 are activated
by applying a voltage 822 across the first and second
electrodes 804 and 814 to emit light. The organic electrolu-
minescent layers 812 may include an organic hole-injecting
layer 806, an organic electron-transporting layer 8§10, and an
organic light-emitting layer 808 (color emission layer) dis-
posed between the organic hole-injecting layer 806 and the
organic electron-transporting layer 810. The organic light-
emitting layer 808 is preferably comprised of red (R)
luminescent layer 816, a green (G) luminescent layer 818,
and a blue (B) luminescent layer 820, which emit red, green
and blue light respectively.

Referring to FIG. 9, the OLED display device is an
idealized structure of a top-emitting active matrix organic
light emitting diode (AMOLED) microdisplay 900 fabri-
cated onto controlling and processing circuitry. The OLED
display device is similar to the OLED display device illus-
trated in FIG. 8, except that the OLED display device of 9
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is a top-emitting type OLED display device, wherein light
for displaying an image is generated at a top portion of the
OLED display device and is provided upwards. As the
OLED display device of FI1G. 9 is top-emitting, the first and
second electrodes 908 and 912 function as the anode and
cathode respectively. The device 900 includes a single
crystal silicon substrate layer 902 with integrated active
matrix drives 904, a polarized insular layer 906 with vias
above the substrate layer 902, and individual anode elec-
trodes 908 for each color sub-pixel positioned above the
insular layer 906. A white light emitting OLED layer 910 is
deposited onto the anode layer 908, followed by a cathode
layer 912 deposited on the OLED layer 910. One or more
transparent seal layers 914 cover the cathode layer 912.
Color filter layer 916 including a red color filter strip 918, a
green color filter strip 920, and a blue color filter 922 are
deposited onto the seal layers 914 and covered by a trans-
parent protective layer or antireflective layer (not shown).
Contact 924 to the anode is positioned within each sub-pixel.

FIGS. 10-13 illustrate structural views of an OLED dis-
play device having thin-film-transistor (TFT) backplane
technology in lieu of OLED backplanes utilizing single
crystal silicon circuits as described above. It should be
understood, however, that these other embodiments may be
implemented on other generation type OLED display
devices, and that this invention is not limited to the specific
structure described herein. The OLED display device with
TFT backplane forms a full color image using RGB layer
structures.

Referring to FIG. 10, the OLED display device 1000 is
identical to the OLED device 800 illustrated in FIG. 8,
except that the OLED display device 1000 of FIG. 10 is a
bottom generation type OLED device, wherein light for
displaying an image is generated at a bottom portion of the
OLED device and is provided downwards. In FIG. 10, the
same reference numerals denote the same elements as in
FIG. 8, and detailed descriptions of same elements are
omitted. The OLED display device 1000 includes a plurality
of first electrodes 804 extending in a first direction, and a
plurality of second electrodes 814 extending in a second
direction perpendicular to the first direction to form the
plurality of sub-pixels within the first electrodes. The
organic light-emitting layer 812, interposed between first
and second electrodes includes RGB OLED sub-pixels 816,
818, and 820 respectively.

A support 1020 may be positioned below the second
electrode 814 to support the second electrode 814. The
support 1020 may include a plurality of switching elements
(not shown) for selectively controlling electrical signals to
the second electrodes. In an active-matrix control scheme (as
illustrated) a thin film transistor (TFT) 1030 is used as a
switching element and the second electrode is an anode, and
the first electrode is a cathode. It should be understood that
in other control schemes, other configurations are utilized,
including passive-matrix, and therefore the present inven-
tion is not limited to an AMOLED device

The support 1020 includes the substrate 802, a plurality of
insulating layers 1002, 1004, 1006, and 1008, and a plurality
of TFTs 1030 for transferring electrical signals to each of the
second electrodes 814. In accordance with the preferred
embodiment, the substrate 802 is transparent so as to allow
light generated by the device to pass therethrough and may
include, for example, material such as glass, plastic, quartz,
or the like. A substrate insulation layer 1002 is coated onto
the surface of the substrate 802 for electrically isolating the
substrate 802
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A plurality of active layers 1032 of the TFT are positioned
on an upper surface of the substrate insulation layer 1002.
Each of the active layers corresponds to one of the plurality
of second electrodes 814 respectively. The active layer
includes a source portion 1032A, a channel portion 1032B,
and a drain portion 1032C. A gate insulation layer 1004 is
coated onto the substrate and active layer, and a portion is
removed thereby leaving a raised gate insulation layer 1004.
The gate insulation layer 1004 planarizes the upper surface
of the substrate 802 and the stepped portion of the active
layer 1032. A gate electrode 1034 is positioned on the gate
insulation layer 1004 in vertical alignment with the channel
portion 1032B of the active layer 1032. A first insulation
layer 1006 is applied to the gate electrode 1034 and gate
insulation layer 1004 to planarize the upper surface of the
gate insulation layer 1004 and the stepped portion of the gate
electrode 1034. A source electrode 1036 and a drain elec-
trode 1038 are positioned on the planarized gate insulation
layer 1004 corresponding to the source and drain portions
10324, 1032C of the active layer 1032 respectively. When
a data signal is applied to the source electrode 1032A, the
drain electrode 1032C makes electrical contact with the
source electrode 1032A in accordance with the voltage of
the signal applied to the gate electrode 1034. A portion of the
gate insulating layer 1004 covering the source and drain
portions is opened and the source and drain electrodes 1036,
1038 make electrical contact with the source and drain
portions 1032A, 1032C respectively. It is to be understood
that a single layer gate electrode is described for illustrative
purposes and that double, triple, multi-layer, or other con-
figurations of gate electrodes known to one of ordinary skill
in the art may utilized. A second insulation layer 1008 is
applied to the first insulation layer 1006 and source and drain
electrodes 1036, 1038 to planarize the upper surface of the
first insulation layer 1006 and the stepped source and drain
electrodes 1036, 1038. The second electrode 814 is posi-
tioned on the second insulation layer 1008. A portion of the
second insulation layer covering the drain electrode 1038 is
opened to form a via hole or contact hole 1040

A conductive oxide material is filled into the contact hole
1040 to form a pixel electrode 1040. The pixel electrodes
1040 are generally connected to the drain electrodes 1038
through the via holes 1042 formed in the second insulation
layer 1008. The second electrode 814 makes electrical
contact with the drain electrode 1038 through the pixel
electrode 1040. The second electrode 814 can be formed at
the same time with the pixel electrode 1040. The gate
voltage applied to the gate electrode controls the current
passing to the second electrode.

The first electrode 804, which functions in this embodi-
ment as a cathode, is formed on the organic light-emitting
layer and protects the organic light-emitting layer from
disturbances and moisture. The first electrode 804 can
include a metal that has low ionization potential and a low
work function. A protective layer can also be coated on the
first electrode to protect the first electrode.

Referring to FIG. 11, the OLED display device 1100 is
identical to the OLED device 1000 illustrated in FIG. 10,
except that the OLED display device of FIG. 10 is a top
generation type OLED display device, wherein light for
displaying an image is generated at a top portion of the
OLED display device and is provided upwards. In FIG. 11,
the same reference numerals denote the same elements as in
FIG. 10, and detailed descriptions of same elements are
omitted. As the OLED device of FIG. 11 is top type, the first
and second electrodes function as the anode and cathode
respectively.
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According to this embodiment, the first electrode 804 is a
transparent electrode, for example, indium tin oxide (ITO),
for allowing light generated in the light-emitting layer to
pass upwardly therethrough. A transparent sealing layer can
be formed on the first electrode for protecting the electrode
from disturbances and moisture. The second electrode 814,
which functions as the cathode, can include a metal that have
a low ionization potential and low work function. Unlike the
bottom generation type OLED display illustrated in FIG. 10,
the hole-injecting layer and hole-transporting layer can
formed between the first electrode 804 and organic light-
emitting layer 812, and the electron-transporting layer can
be formed between the second electrode 814 and the organic
light-emitting layer 812. The organic light-emitting layer
812 is independently coated using RGB OLED layers,
which are deposited and patterned using a shadow mask.

Hereinafter, an OLED display device identical to FIG. 9
is described, wherein the color filter is formed through a
conventional photolithography process, except that the
OLED display device 1200 of FIG. 12 is a bottom genera-
tion type OLED device, wherein light for displaying an
image is generated at a bottom portion of the OLED device
and is provided downwards. In FIG. 12, the same reference
numerals denote the same elements as in FIG. 9, and detailed
descriptions of same elements are omitted. The OLED
display device 1200 includes a plurality of first electrodes
912 extending in a first direction, and a plurality of second
electrodes 908 extending in a second direction perpendicular
to the first direction to form the plurality of sub-pixels within
the first electrodes 912. The organic light-emitting layer 910,
interposed between first and second electrodes 912, 908
includes RGB OLED color filter layer 916 for individually
emitting red, green, and blue light by filtering the light from
the bottom portion of the OLED display device.

A support 1220 may be positioned below the second
electrode 908 to support the second electrode 908. The
support 1220 may include a plurality of switching elements
(not shown) for selectively controlling electrical signals to
the second electrodes. In an active-matrix control scheme (as
illustrated) a thin film transistor (TFT) is used as a switching
element and the second electrode is an anode, and the first
electrode is a cathode. It should be understood that in other
control schemes, other configurations are utilized, including
passive-matrix, and therefore the present invention is not
limited to an AMOLED device.

The support 1220 includes the substrate 902, a plurality of
insulating layers 1202, 1204, 1206, 1208, and a plurality of
TFTs 1230 for transferring electrical signals to each of the
second electrodes 908. In accordance with the preferred
embodiment, the substrate 902 is transparent so as to allow
light generated by the device to pass therethrough and may
include, for example, material such as glass, plastic, quartz,
or the like. A substrate insulation layer 1202 is coated onto
the surface of the substrate for electrically isolating the
substrate.

A plurality of active layers 1232 of the TFT are positioned
on an upper surface of the substrate insulation layer 1202.
Each of the active layers 1232 corresponds to one of the
plurality of second electrodes 908 respectively. The active
layer 1232 includes a source portion 1232A, a channel
portion 1232B, and a drain portion 1232C. A gate insulation
layer 1204 is coated onto the substrate 902 and active layer
1232, and a portion is removed thereby leaving a raised gate
insulation layer. The gate insulation layer 1204 planarizes
the upper surface of the substrate 902 and the stepped
portion of the active layer 1232. A gate electrode 1234 is
positioned on the gate insulation layer 1204 in vertical
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alignment with the channel portion 1232B of the active layer
1232. A first insulation layer 1206 is applied to the gate
electrode 1234 and gate insulation layer 1204 to planarize
the upper surface of the gate insulation layer 1204 and the
stepped portion of the gate electrode. A source electrode
1236 and a drain electrode 1238 are positioned on the
planarized gate insulation layer 1204 corresponding to the
source and drain portions 1232A, 1232C of the active layer
respectively. When a data signal is applied to the source
electrode 1236, the drain electrode 1238 makes electrical
contact with the source electrode 1236 in accordance with
the voltage of the signal applied to the gate electrode. A
portion of the gate insulating layer 1204 covering the source
and drain portions 12324, 1232C is opened and the source
and drain electrodes 1236, 1238 make electrical contact with
the source and drain portions 1232A, 1232C respectively. It
is to be understood that a single layer gate electrode is
described for illustrative purposes and that double, triple,
multi-layer, or other configurations of gate electrodes known
to one of ordinary skill in the art may utilized.

The color filter layer 916 is coated on the first insulation
layer 1206. The color filter layer 916 is patterned through a
photolithography process such that each of the sub-pixels
emits one light color among red, green, and blue. The color
filter layer 916 includes a red filter 918 for emitting red light,
a green filter 920 for emitting green light, and a blue filter
922 for emitting blue light. The sub-pixel corresponding to
the red filter is red sub-pixel, the sub-pixel corresponding to
the green filter is green sub-pixel, and the sub-pixel corre-
sponding to the blue filter is blue sub-pixel. A second
insulation layer 1208 is applied to color filter layer 916 to
planarize the upper surface of the color filter layer 916. The
second electrode 908 is positioned on the surface of the
planarized second insulation layer 1208. In one example, the
second insulation layer 1208 may be an organic resin layer.
A portion of the second insulation layer 1208 and color filter
layer 916 covering the drain electrode 1238 is opened to
form a via hole or contact hole 1240. A conductive oxide
material is filled into the contact hole to form a pixel
electrode 1240. The pixel electrodes 1240 are generally
connected to the drain electrodes 1238 through the via holes
formed in the second insulation layer. The second electrode
1238 makes electrical contact with the drain electrode
through the pixel electrode 1040. The gate voltage applied to
the gate electrode controls the current passing to the second
electrode.

A driving voltage is applied to first and second electrodes,
such that the plurality of electrons and holes are emitted into
the organic light-emitting layer from the cathode and anode
respectively. Once in the organic light-emitting layer 916,
the electrons and holes recombine to emit light. A hole-
injecting layer and a hole-transporting layer can be formed
between the second electrode 908 and the organic light-
emitting layer 916, and an electron-transporting layer can be
formed between the first electrode 912 and the organic
light-emitting layer 910.

The first electrode 912, which functions in this embodi-
ment as a cathode, is formed over the organic light-emitting
layer 916 and protects the organic light-emitting layer from
disturbances and moisture. The first electrode 912 can
include a metal that has low ionization potential and a low
work function. A protective layer can also be coated on the
first electrode to protect the first electrode.

Referring to FIG. 13, the OLED display device is iden-
tical to the OLED display device illustrated in FIG. 12,
except that the OLED display device 1200 of FIG. 12 is atop
generation type OLED display device, wherein light for
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displaying an image is generated at a top portion of the
OLED display device and is provided upwards. In FIG. 13,
the same reference numerals denote the same elements as in
FIG. 12, and detailed descriptions of same elements are
omitted. As the OLED display device of FIG. 13 is top
generation type, the first and second electrodes 912, 908
function as the anode and cathode respectively.

According to this embodiment, the first electrode 912 is a
transparent electrode, for example, indium tin oxide (ITO),
for allowing light generated in the light-emitting layer to
pass upwardly therethrough. A transparent sealing layer
1302 can be formed on the first electrode 912 for protecting
the electrode from disturbances and moisture. The second
electrode 908, which functions as the cathode, can include a
metal that have a low ionization potential and low work
function. Unlike the bottom generation type OLED display
illustrated in FIG. 12, the hole-injecting layer and hole-
transporting layer can formed between the first electrode 912
and organic light-emitting layer 916, and the electron-
transporting layer can be formed between the second elec-
trode 908 and the organic light-emitting layer 916.

According to this embodiment, the color filter layer 916
is coated on the transparent sealing layer 1302. The color
filter layer 916 is patterned through a photolithography
process such that each of the sub-pixels emits one light color
among red, green, and blue. The color filter layer includes a
red filter 918 for emitting red light, a green filter for emitting
green light 920, and a blue filter 922 for emitting blue light.
The sub-pixel corresponding to the red filter is red sub-pixel,
the sub-pixel corresponding to the green filter is green
sub-pixel, and the sub-pixel corresponding to the blue filter
is blue sub-pixel. The color filter type OLED display device
described in connection with FIGS. 12 and 13, can be
manufactured without the use of a shadow mask.

It is to be understood that the disclosure describes a few
embodiments and that many variations of the invention can
easily be devised by those skilled in the art after reading this
disclosure and that the scope of the present invention is to be
determined by the following claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display
device, comprising:

a color emission layer including a plurality of organic

light-emitting elements in a first arrangement; and

an electronics layer including a plurality of pixel drive

circuits each including an electrode contact, wherein
the electronics layer includes a plurality of indepen-
dently addressable sub-regions each sub-region includ-
ing an identical pattern of electrode contacts,

wherein each sub-region is orientated differently within a

plane, and

wherein the first arrangement of light-emitting elements is

electrically connected to the patterned electronics layer.

2. The OLED display device of claim 1, wherein the first
arrangement the organic light-emitting elements are
arranged in a vertically repetitive sequence across the entire
color emission layer.

3. The OLED display device of claim 1, wherein the pixel
circuit is a single-crystal silicon circuit.

4. The OLED display device of claim 1, wherein each
sub-region of the electronics layer is an OLED microdisplay
panel.

5. The OLED display device of claim 4, wherein each
microdisplay panel includes a plurality of logic blocks and
a plurality of fixed resource blocks.
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6. The OLED display device of claim 1, wherein adjacent
sub-regions of the electronics layer are orientated differently
in the plane by flipping about the axis of symmetry.

7. The OLED display device of claim 1, wherein adjacent
sub-regions of the electronics layer are orientated differently
in the plane by rotating ninety degrees therefrom.

8. The OLED display device of claim 1, wherein each
sub-region of the electronics layer includes a pattern of
electrode contacts electrically connected to provide conduc-
tion to individual OLED elements within the emission layer.

9. The OLED display device of claim 8, wherein the
pattern of electrode contacts is arranged along a diagonal
across each OLED element.

10. The OLED display device of claim 1, wherein the
OLED elements include an array of light-emitting pixels
having organic layers, which produce colors defining a color
gamut.

11. The OLED device of claim 10, wherein the colors
produced by the color gamut defining pixels are red, green
and blue.

12. The OLED device of claim 10, further comprising a
different color filter associated with each of the color gamut
defining pixels.

13. The OLED display device of claim 1, wherein each
pattern of the sub-region of the electronics later is created
using a single reticle exposure.

14. The OLED display device of claim 1,
device is an active matrix device.

15. The OLED display device of claim 1,
device is a passive matrix device.

16. The OLED display device of claim 1,
device is a top emitting.

17. The OLED display device of claim 1,
device is bottom emitting.

18. A method of manufacturing an organic light-emitting
diode display device, comprising:

wherein the

wherein the

wherein the

wherein the
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assembling a plurality of independently addressable dis-
play panels in an array, each of the panels having a
color emission layer including a plurality of organic
light-emitting elements each having a contact and pat-
terned in a first arrangement;

assembling an electronics layer having a plurality of

differently orientated sub-regions created using a single

reticle exposure, comprising:

forming a plurality of single-crystal silicon pixel drive
circuits adapted to provide a plurality of electrical
signals for activating one of the plurality of corre-
sponding organic light-emitting elements of the
color emission layer;

forming a plurality of electrode contacts coupled to
receive the plurality of electrical signals provided by
the pixel drive circuitry; and

forming a plurality of vias for coupling the plurality of
electrode contacts to the plurality of the organic
light-emitting element contacts; and

coupling the patterned first arrangement of light-emitting

elements to the patterned electronics layer by the
plurality of vias.

19. The method according to claim 18, wherein forming
a plurality of electrode contacts further comprising: forming
a conductive layer on a transparent substrate; and etching the
conducting layer to produce an electrode pattern by means
of photolithography so as to form a plurality of electrodes on
the transparent substrate.

20. The method according to claim 19, wherein the pattern
of electrodes aligns with the patterned first arrangement of
light-emitting elements of the color emission layer.

21. The method according to claim 18, wherein the
electronics layer is produced using small area photo expo-
sure tools including a mask.

22. The method according to claim 18, wherein the
electronics layer is formed using continuous die patterning.
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