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HIGH RESOLUTION DISPLAY PANEL WITH
EMISSIVE ORGANIC LAYERS EMITTING
LIGHT OF DIFFERENT COLORS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The present disclosure generally relates to flat panel
displays formed by controllably depositing materials on a
substrate and systems and methods for manufacturing such
displays, and, more particularly, to organic light emitting
diode displays where light emissive layers are deposited on
a display substrate through a shadow mask.

BACKGROUND

Displays can be created from an array of organic light
emitting devices (“OLEDs”) each controlled by individual
circuits (1.e., pixel circuits) having transistors for selectively
controlling the circuits to be programmed with display
information and to emit light according to the display
information. Thin film transistors (““TFTs”) fabricated on a
substrate can be mncorporated 1nto such pixel circuits.

Generally, such pixel circuits include a drive transistor
that conveys current through an organic emissive layer.
Light 1s generated within the emissive layer due to recom-
bination of holes and electrons passing through the layer in
opposite directions. Accordingly, the intensity of emitted
light 1s controlled by the amount of current tflowing through
the emissive layer, and the color of the emitted light 1s
determined by the energy transitions allowed during recom-
bination events, which 1s a function of the particular organic
material selected as the emissive layer. Furthermore, current
through the emissive layer 1s controlled by the voltage(s)
applied to the drive transistor, which adjusts the conductivity
of the drive transistor’s channel region to control the current
levels through the emissive layers (and the light emission).

Color displays are created by arranging a display with
roughly a third of pixels emitting red light, a third emitting
green light, and a third emitting blue light, with each group
of three pixels forming an RGB pixel group composed of
three sub-pixels that are independently programmed. Color
content 1s displayed by programming each RGB pixel group
to emit light according to a desired color for each position
created by adding the RGB content together. Providing RGB
pixels can be achieved by using emissive layers that gener-
ate light 1n red, green, and blue, respectively and patterning
the appropriate emissive layers in the emissive regions of
desired pixel circuits to create a desired RGB pattern.

Manufacturing such displays thus requires precisely pat-
terming the respective emissive layers such that the appro-
priate emissive material 1s positioned 1n the proper emission
region for each pixel. Shadow masks formed of thin metal
are employed to screen regions where the emissive material
1s not desired while the emissive material 1s deposited on the
display through the shadow mask. A shadow mask thus has
a pattern of holes corresponding to the emission regions of
all the red pixels and 1s aligned such that the holes match
with the red pixels and the red emissive material 1s depos-
ited. The shadow mask can then be moved (or another
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2

shadow mask positioned) such that holes align with the
green pixels, and the green emissive material 1s deposited,

etc. At very high pixel resolution (1.¢., small pixel size) the
holes 1n the shadow mask must become very small and the
accuracy of the procedure suflers from non-uniformities in
the emissive layers and difficulties in accurately aligning
small holes.

In other examples, color displays can be formed from
white emissive layers that are filtered to allow particular
colors to be transmitted. That 1s, emissive layers that gen-
erate white light (which 1s itself a combination of red, green,
and blue) can be provided in the emissive layers of all pixels.
Color filters are arranged on the display substrate associated
with particular pixels such that red, green, and blue light are
transmitted from the display according to a desired RGB
pattern. Filtering each color wastes a lot of power as a lot of
generated light energy 1s simply filtered out with only a
fraction being transmitted to contribute to the displayed
color content.

SUMMARY

Arrangements and layouts are disclosed herein for multi-
color pixel groups suitable for being patterned across a color
display at a high pixel density. Some arrangements include
organic emissive layers emitting distinct colors each depos-
ited across continuous regions of a display panel so as to
include more than one pixel emissive region. Color filters
are situated to partially block light from at least some of the
emissive regions such that primary additive colors are
transmitted from distinct subsets of pixels on the display
panel. Some arrangements provide for emissive layers
deposited 1n alternating parallel stripes along rows or col-
umns of the display. Some arrangements provide for emis-
s1ve layers to be oriented perpendicularly with respect to one
another such that the emissive layers overlap 1n a stacked
confliguration in the emissive regions of at least some pixels.
In some examples, red, green, and blue of pixels are
arranged 1n regular patterns across the display and with the
emissive regions for the blue pixels forming a relatively
larger area of the display than either the red or green pixels.

Aspects of the present disclosure provide a high resolu-
tion display panel including a display substrate, first and
second substantially continuous emissive organic layer, and
one or more first color filters. The display substrate includes
a plurality of driving circuits each including a drive tran-
s1stor coupled to an electrode such that the substrate includes
a plurality of electrodes each coupled to a respective drive
transistor. The first substantially continuous emissive
organic layer 1s deposited 1n a first area of the display panel
including at least two of the plurality of electrodes. The first
emissive organic layer 1s configured to emait light according
to a first color spectrum responsive to current being con-
veyed through the first emissive organic layer. The second
substantially continuous emissive organic layer 1s deposited
in a second area of the display panel including at least two
of the plurality of electrodes. The second emissive organic
layer configured to emit light according to a second color
spectrum responsive to current being conveyed through the
second emissive organic layer. The first color filters are
situated to partially block light emitted from at least one of
the first or the second emissive organic layers such that light
transmitted through the one or more first color filters 1s
characterized by a color spectrum for a first fundamental
color.

Aspects of the present disclosure provide a method of
fabricating a high resolution display panel that includes a
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display substrate with a plurality of driving circuits convey-
ing currents to a plurality of electrodes via drive transistors

and an emission region receiving the currents from the
plurality of electrodes. The method includes depositing first
and second substantially continuous emissive organic layers,
and situating one or more first color filters situated to
partially block light emitted from at least one of the first or
the second emissive organic layers. The first substantially
continuous emissive organic layer 1s deposited with a sub-
stantially constant thickness 1n a first area of the display
panel including at least two of the plurality of electrodes.
The first emissive organic layer 1s configured to emit light
according to a first color spectrum responsive to current
being conveyed through the first emissive organic layer. The
second substantially continuous emissive organic layer 1s
deposited with a substantially constant thickness 1n a second
area ol the display panel including at least two of the
plurality of electrodes. The second emissive organic layer 1s
configured to emit light according to a second color spec-
trum responsive to current being conveyed through the
second emissive organic layer. The one or more one or more
first color filters are situated to such that light transmitted
through the one or more first color filters 1s characterized by
a color spectrum for a first fundamental color.

Aspects of the present disclosure provide a high resolu-
tion display system including a display substrate, a first
multi-color pixel group situated on the display substrate, and
a controller. The first multi-color pixel group 1includes a first
pixel circuit, a second pixel circuit, a first substantially
continuous emissive layer, and a first color filter. The first
pixel circuit includes a first emission region and a driving,
circuit having a drive transistor and a storage capacitor
configured to convey current through the emission region
via the drive transistor according to a charge on the storage
capacitor. The second pixel circuit includes a second emis-
s1on region and a driving circuit having a drive transistor and
a storage capacitor configured to convey current through the
emission region via the drive transistor according to a charge
on the storage capacitor. The first substantially continuous
emissive layer 1s deposited with a substantially constant
thickness 1n a first area including the first emission region
and the second emission region. The first emissive layer 1s
configured to emit light according to a first color spectrum
responsive to current being conveyed through the first
emissive layer. The first color filter 1s situated to partially
block light emitted from the first emission region such that
light of a first fundamental color 1s transmitted through the
first color filter. The controller 1s configured to program the
driving circuits of the first and second pixel circuits accord-
ing to programming information during a programming
cycle such that the pixel circuits emit light according to the
programming mnformation during a driving cycle following
the programming cycle.

The foregoing and additional aspects and embodiments of
the present invention will be apparent to those of ordinary
skill 1n the art 1n view of the detailed description of various
embodiments and/or aspects, which 1s made with reference

to the drawings, a brief description of which 1s provided
next.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings.

FIG. 1A 1s an exploded diagram of a display panel with
a TF'T backplane having an array of electrodes for driving
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current through one or more organic emissive layers and a
pattern of color filters to partially block light from the
emissive layers.

FIG. 1B 1s a circuit diagram of a representative driving,
circuit 1n the TF'T backplane for a pixel 1n an active matrix
display including a storage capacitor and a drive transistor
for conveying current through the emission region according
to charge on the storage capacitor.

FIG. 1C 1s a side view of an emissive region for a single
pixel including stacked emissive layers and a color filter.

FIG. 2A 1s a top view of a layout for an RGBW multi-
color pixel group formed with a substantially continuous
strip of blue emissive material on the blue and white
terminals.

FIG. 2B 1s an aspect view of the RGBW multi-color pixel
group layout with the strip of blue emissive material formed
over a layer of orange emissive material.

FIG. 2C 1s an aspect view of the RGBW multi-color pixel
group layout with the layer of orange emissive material
formed over the strip of blue emissive material.

FIG. 2D 1s a top view of an alternative configuration of the
RGBW multi-color pixel group with the red and green
sub-pixels having elongated emissive regions.

FIG. 2E 1s a top view of a layout for an RGB multi-color
pixel group including emissive layers arranged similarly to
the layouts of FIGS. 2A and 2D.

FIG. 3A 1s a top view of a layout for an RGB multi-color
pixel group formed from alternating strips of orange and
blue emissive material and with a blue sub-pixel enlarged
relative to red and green sub-pixels.

FIG. 3B 1s a top view of a layout for an RGB multi-color
pixel group similar to the layout in FIG. 3A, but where the
red and green sub-pixels have elongated emissive regions.

FIG. 4A 1s another top view of a layout for RGB multi-
color pixel groups formed from alternating strips of orange
and blue emissive materials and with adjacent blue subpixels
being associated with red and green sub-pixels in alternating
upper and lower rows.

FIG. 4B 15 a top view of a layout for an RGB multi-color
pixel group similar to the layout of FIG. 4A, but where the
blue subpixels 1n each RGB multi-color pixel group have a
larger area than either the red or green subpixels.

FIG. 4C 1s a top view of a layout for an RGB multi-color
pixel group similar to the layout of FIG. 4B but where
adjacent multi-color pixel groups share a common unitary
blue subpixel.

FIG. 4D 1s a top view of a layout for an RGB multi-color
pixel group similar to the layout of FIG. 4B with the red and
green sub-pixels having elongated emissive regions.

FIG. 5 1s a top view of a layout for an RGB multi-color
pixel group formed from parallel strips of red and green
emissive materials overlapped with perpendicularly aligned
strips of blue emissive material.

FIG. 6A 1s a top view of a layout for RGB multi-color
pixel groups formed from parallel strips of red and green
emissive materials overlapped with perpendicularly aligned
strips of blue emissive material with blue sub-pixels
enlarged relative to red and green sub-pixels.

FIG. 6B 1s an aspect view of the RGB multi-color pixel
groups of FIG. 6A showing alignment of the layers of
emissive material and color filters with respect to a TFT
backplane.

While the invention 1s susceptible to various modifica-
tions and alternative forms, specific embodiments have been
shown by way of example in the drawings and will be
described in detail herein. It should be understood, however,
that the invention 1s not imtended to be limited to the
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particular forms disclosed. Rather, the invention 1s to cover
all modifications, equivalents, and alternatives falling within

the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION

FIG. 1A 1s an exploded diagram of a display panel 10 with
a TFT backplane 20 having an array of electrodes for driving
current through one or more organic emissive layers 40 and
a pattern of color filters 60 to partially block light 50 from
the emissive layers 40. The TF'T backplane 20 can be formed
on a substrate and include an array of pixel circuits for
receiving programming information and conveying driving,
currents 30 through the emissive layers 40. Generally, the
TFT backplane 20 includes an array of electrodes (e.g., the
clectrodes 22r, 22¢g, 22b, etc.) arranged 1n rows and columns
with each electrode being associated with a distinct pixel
circuit for driving current through the emissive layers 40 via
its respective electrode.

Generally, the TF'T backplane 1s an active matrix back-
plane and each pixel circuit in the TF'T backplane includes
a drive transistor and a storage capacitor. The drive transistor
1s generally 1n series with 1ts respective electrode such that
currents driven through the drive transistor are also con-
veyed through the corresponding portions of the emissive
layers 40, via its respective electrode. The storage capacitor
1s generally situated to influence the conductance of the
drive transistor such that the current conveyed through the
drive transistor i1s controlled by the charge on the storage
capacitor. The charge on the storage capacitor can be set
(1.e., programmed) according to programming information
conveyed to the pixel circuit via a data line driven by a data
driver according to display information, such as, for
example a digital video stream. Thus, 1n some embodiments,
cach pixel circuit can be programmed according to display
information during a programming cycle, which charges the
storage capacitor via voltage programming, current pro-
gramming, or a combination thereotf, and then driven to emat
light according to the programming information during an
emission cycle following the programming cycle. In some
embodiments, the duration of the programming cycle cor-
responds to an interval during which the pixel circuit 1s
connected to a data line.

An exemplary pixel circuit 100 1s provided 1n FIG. 1B,
which 1s discussed further below. In an example implemen-
tation, the pixel circuits 1 the TEFT backplane 20 can be
configured different from the pixel circuit 100 shown in FIG.
1B. The TFT backplane 20 can include connections to a data
driver 132 and an address driver 134 to program and drive
the pixel circuit 100 to convey the driving currents 30 to the
emission layers 40 and thereby cause emitted light 50 to be
transmitted through the color filter layer 60 such that the
filtered light 70 1s transmitted outward from the display
system 10. As shown 1n the exemplary pixel circuit 100 of
FIG. 1B, a controller 130 receives display data 138 and
sends command signals to the address driver 134 and the
data driver 132 cause the pixel circuit 100 to be programmed
and driven according to the received display data 138. The
controller 130 can also adjust (“tune”) the programming
and/or dniving according to information stored in an asso-
cliated memory 136. For example, the memory 136 can
include a lookup table to provide adjustment values for one
or more pixel circuits 1 the display panel including the pixel
circuit 100 to scale or otherwise adjust programming values
to account for degradation (e.g., aging) of the electrical
components within the pixel circuit 100. For example, the
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programming values can be adjusted to account for changes
in threshold voltage of the driving transistor, changes in the
turn on voltage of the light emitting device, and/or changes
in the current-voltage characteristics of the driving transis-
tor. Additionally or alternatively, the memory 136 can store
coellicients for formulas (or lookup tables) characterizing an
amount of adjustment for each pixel circuit (or subsets
thereol) based on the programming value provided, the
operation history of the pixel circuit, one or more measure-
ments of the pixel circuit (e.g., current values, light emission
values, etc.), and/or the age (“operating hours”) of the
display.

Generally, the TEFT backplane 20 includes a plurality of
distinct pixel circuits that can each be programmed accord-
ing to programming information and driven to provide a
driving current through an emissive region according to the
programming information. The driving currents can be con-
veyed via distinct driving terminals associated with each
pixel circuit. By programming the full panel of such pixel
circuits, the display panel 10 can be driven to display an
image, and dynamically updating the displayed content at a
sufliciently high refresh rate causes the display panel 10 to
display video content. Furthermore, the display panel 10 can
display color content by situating pixels that emit particular
colors across the display panel. For example, the display
panel 10 can be arranged with a regularly repeating pattern
of red, green, and blue pixels such that a light can be
generated from the display panel according to a program-
mable combination of red, green, and blue light. Addition-
ally or alternatively, the display panel 10 can also be
arranged with pixels emitting white light, cyan light,
magenta light, yellow light, orange light, etc. The exemplary
arrangement ol color-specific pixels shown 1 FIG. 1A 1s
described next in detail.

The TFT backplane 20 includes a first pixel group 22 and
a second pixel group 24. Both the first pixel group 22 and the
second pixel group 24 include three distinct pixel circuits
cach having a distinct terminal. The first pixel group 22
includes a red terminal 22r, a green terminal 22¢g, and a blue
terminal 22b. The second pixel group 24 also includes a red
terminal 24r, a green terminal 24¢g, and a blue terminal 24b.
Driving currents 30 are conveyed via the respective termi-
nals 22r,g,b, 24r,g.b, etc. to the emissive layer 40. The
emissive layer 40 i1s arranged with alternating elongated
strips of substantially continuous blue emissive matenal 41,
48 and orange emissive material 45. Certain organic mate-
rials have molecular structures that provide an energy gap
between the highest occupied molecular orbital and the
lowest unoccupied molecular orbital, and by imjecting holes
and Iree electrons to the organic material, luminescent
recombination events occur to emit light with characteristic
energies near the energy gap. Accordingly, particular organic
materials can be selected with electroluminescence spectra
of varying colors, such as materials emitting blue light,
orange light, red light, etc. to generate the emitted light 50
with desired color characteristics. In the display panel 10
shown 1n FIG. 1A, the strips of blue emissive material 41,
48 emit blue light while the strip of orange emissive material
45 emits orange light.

The first strip of blue emissive material 41 1s situated to
overlap (“coat”) the blue terminals 22b, 24b from the first
and second pixel groups 22, 24. The first strip of blue
emissive material 41 can be developed over the blue termi-
nals 22b, 24b by a deposition process using a thin shadow
mask with an elongated slit opeming situated over an area
including the blue terminals 22b, 24b. Similarly, the strip of
orange emissive material 45 1s situated to overlap (*coat™)
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the red and green terminals 22r,g and 24r,g from the first and
second pixel groups 22, 24, and can be developed by a
deposition processing using a thin shadow mask having an
clongated slit opening. Thus, the strips of emissive material
41, 45 generally each extend continuously over an area of
the display panel that includes more than one terminal of the
TFT backplane 20. However, as previously described the
emissivity of the emissive strips 41, 45 (1.¢., the luminance
emitted light 50) i1s regulated by the amount of current
flowing through the materials (and thus the amount of
light-emitting recombination events occurring within the
materials).

The driving currents 30 flow through the emissive layers
40 primarily vertically through the material along the short-
est path between the terminals of the TFT backplane and
corresponding terminals on the opposite side of the emissive
layer 40, which may be, for example, transparent conductive
terminals of indium tin oxide (ITO) or a similar material
providing a supply line voltage (e.g., Vdd or Vss). In
particular, the emissive layers 40 are relatively resistive to
current flowing horizontally along the layers 40, rather than
through the layers 40, thus the driving currents 30 from each
terminal 1n the TFT backplane 20 generally tflow through the
layers 40 only in confined regions situated over each termi-
nal. In other words, the strips of emissive material 41, 45, 48
can be considered as an array of separately programmed
emissive regions for each pixel circuit, even though the
strips 41, 45, 48 are arranged as continuous layers spanning
multiple pixels. In the exemplary configuration of the dis-
play panel 10, the first strip of emissive blue material 41
includes a first area 42 and a second area 43 each situated
over a distinct terminal in the TFT backplane 20. The first
area 42 1s situated to overlap the blue terminal 22b 1n the first
pixel group 22 and emit blue light according to the driving,
current 30 from the blue terminal 22b. The second arca 43
1s similarly situated to overlap the blue terminal 24b 1n the
second pixel group 24 and emit blue light according to the
driving current 30 from the blue terminal 24b.

Similarly, the strip of emissive orange material 43
includes multiple discrete areas corresponding to the distinct
terminals of the TFT backplane 20, where each area in the
orange strip 45 luminesces according to the driving currents
30 from each terminal. By way of example, the strip of
orange emissive material 45 includes a first area 46 situated
to emit orange light according to a driving current 30
conveyed from the green terminal 22¢g and also a second area
47 situated to emit orange light according to a drniving
current 30 conveyed from the red terminal 22g. The pat-
terned color filters 60 are arranged over the strip of orange
emissive material 45 to selectively transmit the red compo-
nents (70) and green components (70) of the emitted orange
light 50. A green filter 62 1s arranged over the first arca 46
and a red filter 1s arranged over the second area 47. Simi-
larly, a green filter 66 and a red filter 68 are arranged over
the orange emissive layer 45 at regions corresponding to the
green terminal 24¢g and the red terminal 24r, respectively, for
the second pixel group 24. The red filters 62, 66 sclectively
transmit the red color content from the electroluminescence
spectrum of the orange emissive material 45 while the green
filters 64, 68 sclectively transmit the green color content
from the electroluminescence spectrum of the orange emis-
sive material 45. In some examples, the red and green filters
can be applied by a lithographic process.

The display panel 10 provides one exemplary arrange-
ment for constructing a high resolution color display. For
example, because the organic emissive materials can be
deposited as substantially continuous elongated strips that
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span multiple pixel circuits, the dimensions of the individual
emissive regions/areas (e.g., the areas 46, 47, etc.) are not
subject to several problems associated with other color
displays. According to some other techniques, shadow
masks made of thin metal (e.g., approximate thickness of 10
um) with openings/holes arranged in a pattern for each color
are placed over a display substrate before depositing color-
specific emissive materials. For example, a shadow mask
with openings at the positions of the red pixels 1s positioned
over a display substrate with the openings aligned with the
red pixels and a red emissive material was deposited; next a
shadow mask with openings at the positions of the blue
pixels 1s positioned over the display substrate and a blue
emissive material was deposited, and so on for additional
colors. These techniques suflers from difliculty 1n aligning
the shadow masks with precision 1n two dimensions (along
both height and width of the display panel), and also
introduce practical limits on the mimimum dimensions of the
distinct emissive regions created via such shadow masks.

At very high display resolutions, with pixel resolutions
approaching (or even exceeding) 300 pixels per inch (pp1),
the pixel pitch (i.e., size of the active region for each pixel)
1s necessarily small, with typical dimensions of each emis-
s1ve region on the order of 10-20 micrometers, which 1s also
the approximate thickness of the shadow mask itself. In such
instances, directional deposition processes suiler from a
shadowing problem resulting in non-uniform thickness of
the deposited organic film across the emissive region, even
where the shadow mask 1s 1n direct contact with the display
substrate. The non-uniform thickness results from the angle
between the direction deposition source and the emissive
region, resulting in some portion of the emissive region
lacking a line-of-sight to the deposition source, due to an
edge of the mask casting a “shadow” blocking a portion of
the emissive region from the deposition source. The shad-
owed portion of the emissive region recerves relatively little
organic material in comparison to the non-shadowed por-
tions of the emissive region. When the dimensions of the
emissive region (1.e., the dimension of the openings in the
shadow mask) are significantly larger than the dimensions of
the thickness of the mask itself, this “shadowing”™ effect can
largely be 1gnored. However, as the dimensions of the
shadow mask approach the thickness of the shadow mask,
the “shadowing” problem 1s exacerbated and can even result
in an absence of organic emissive material 1n a portion of the
€miss1ve region.

Some aspects of the present disclosure allow for a shadow
mask to be formed with elongated openings that correspond
to an area of the TFT backplane 20 spanning more than one
terminal. The elongated openings are less susceptible to
shadowing eflects because the boundaries of the resulting
emissive regions are defined by edges of the shadow mask
in one direction, rather than in both directions. In addition,
the shadow masks can be generally arranged to be caretully
aligned along one direction, with a greater alignment toler-
ance along the orientation of the elongated openings to
facilitate rapid construction and assembly of such displays.

Furthermore, aspects of the present disclosure provide for
situating color filters (e.g., the color filters 70) over one or
more emissive layers (e.g., the orange emissive material 45)
to selectively transmit light from the emissive material
according to 1ts color content. Advantageously, the present
disclosure provides for displays that include color filters
over only a portion (“sub-set”) of the total pixels such that
light generated in the sub-set i1s partially blocked (via the
filters), while light generated by other pixels 1s not filtered.
Using color filters to create color content 1s a wastetul
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energy-consuming process, because the emissive regions are
required to generate light that does not contribute to the
display content (1.e., the light that 1s filtered/absorbed in the
color filters represents energy that does not contribute to the
display content).

Thus, 1n contrast to a display that generates white light in
the emissive regions for each pixel and then situates appro-
priate color filters over every pixel to selectively transmit
light with the desired color content, the arrangement 1n FIG.
1A (and other arrangements discussed herein) allow for
selective filtering of a subset of the pixels while other pixels
emit light without being filtered. Such arrangements
increase the energy efliciency and/or operating lifetime of
such a device by decreasing the amount of light that 1s
inethciently produced (and absorbed 1n filters). In particular,
the operating lifetimes of the emissive regions and/or the
circuit elements 1n the TFT backplane can be extended by
the present display arrangements by decreasing the amount
of electrical stress on the semi-conductive components.
Lowering the light production from each pixel decreases
such stresses by decreasing current density through the
emissive layers and the magnitude of the driving currents 30,
and hence decreasing the voltage stresses on the respective
driving transistors.

Some embodiments of the present disclosure further pro-
vide for multi-color pixel groups formed to include a larger
emissive region for blue light emission than for other colors.
Blue emissive materials are more sensitive to electrical
degradation and typically degrade at a higher rate than
emissive materials for other colors. In some instances, the
lifetimes of display devices due to electrical degradation of
the emissive matenals are controlled predominantly by the
aging ol the blue emissive materials which emit less light
and/or require higher operating voltages over their lifetime
to achieve a steady luminance. However, the aging of blue
emissive materials can be reduced by decreasing the current
density through the emissive material. Thus, a tradeoil may
be made between display brightness (or emissivity, which
correlates with current density) and display aging, which
occurs more rapidly at higher current densities. However, by
increasing the relative area of the blue emissive region(s),
the current density through the blue emissive material can be
decreased while achieving substantially the same light out-
put from the blue material. In other words, a large blue
emissive region allows the total current through the blue
emissive material (and thus the total emissivity) to be the
same as for a small blue emissive region, but the current
density (which determines aging degradation) through the
large region can be less than for the small region. For
example, a multi-color pixel group can include red, green,
and blue sub-pixels and the blue sub-pixel can include an
emission region roughly twice the size of the emission
regions for each of the red and green sub-pixels. In such an
arrangement, the current density through the blue sub-pixel
1s approximately half the value 1t would otherwise be 1f the
blue emission region was the same size as the red and green
emission regions. As a result, the total aging degradation of
such a display 1s generally less than displays with equal
s1zed emissive regions for each color, because the aging 1s
not dominated by the degradation of the blue material.

FIG. 1B 1s a circuit diagram of a representative pixel
circuit 100 1n the TFT backplane 20 for a pixel in an active
matrix display including a storage capacitor 116 and a drive
transistor 112 for conveying current through the emission
region according to charge on the storage capacitor 116. The
pixel circuit 100 1s connected to a data line 122, a select line
120, and first and second power supply lines 124, 126. A
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controller 130 receives display data 138 (such as a video
stream, etc.) indicating an amount of luminance to be
emitted from the pixel circuit 100. The controller 130
operates a data driver 132 and an address drniver 134 to
program the pixel circuit 100 according to the recerved
display data 138 during a programming cycle, and allow the
pixel circuit 100 to emit light during an emission cycle.
During the programming cycle for the pixel circuit 100, the
address driver 134 sets the select line 120 to turn on the
switch transistor 118 such that the data line 122 1s connected
to the storage capacitor 116 via the switch transistor 118.
Programming information 1s conveyed to the pixel circuit
100 to charge the storage capacitor 116 via the data line 122.
The storage capacitor 116 1s desirably arranged such that the
drive transistor 112 1s drniven during the emission cycle
according to a charge developed on the storage capacitor 116
during the programming cycle. As shown in FIG. 1B, the
storage capacitor 116 can be connected between a gate
terminal of the drive transistor 112 and a stable voltage, such
as a ground voltage, reference voltage, etc., suflicient to
allow the storage capacitor 116 to be charged according to
the programming voltage. In some examples, the storage
capacitor can be connected between the gate and/or source
terminals of the drive transistor 112 such that the charge
established on the storage capacitor 116 influences the
conductance of the channel region of the drive transistor
112. Thus, setting charging the voltage on the storage
capacitor 116 thereby controls the current conveyed through
the drive transistor 112 (and through the OLED 114) accord-
ing to the current-voltage characteristics of the drive tran-
sistor 112.

To mitiate programming in the pixel circuit 100, the
address driver 134 operates a select line 120 to turn on a
switch transistor 118. For example, the address driver 134
can set the select line 120 high to turn on the switch
transistor 118 and thereby connect the pixel circuit to the
data line 122. The data line 122 is set to an appropriate
programming voltage based on the display data 138 via the
data driver 132. The programming voltage can optionally be
adjusted to account for aging degradation according to
information in the memory 136. The programming voltage
on the data line 122 1s conveyed, via the switch transistor
118, to a storage capacitor 116 which 1s connected to the gate
of a drive transistor 112. The storage capacitor 116 1is
connected to a ground voltage at a terminal opposite the one
connected to the gate of the drive transistor 112, to thereby
situate the storage capacitor to be charged according to the
difference between the programming voltage and the ground
voltage. However, it 1s specifically noted that the storage
capacitor 116 can also be connected to another stable voltage
suitable for allowing the storage capacitor 116 to be charged
according to the programming voltage, such as, for example,
a power supply voltage line (e.g., Vdd or Vss), a terminal of
an OLED, or another terminal suflicient to prevent the
storage capacitor 116 from floating during programming.
The dnive transistor 112 1s connected in series with a light
emitting device 114, which can be an OLED, for example.
The drive transistor 112 and light emitting device 114 series
1s connected between {irst and second power supply lines
Vdd 124 and Vss 126. The power supply lines Vdd 124 and
Vss 126 can provide fixed voltages or can optionally be
dynamically adjusted. For example, one or both of the power
supply lines 124, 126 can be adjusted to a value suilicient to
reverse bias the light emitting device 114 during a program-
ming cycle to thereby prevent emission from the light
emitting device 114 during the programming cycle while the
light emitting device 114 1s being programmed.
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Thus, the pixel circuit 100 can be operated to emit light
according to programming information by turning on the
switch transistor 118, via the address driver 134, while a
suitable programming voltage 1s established on the storage
capacitor 116, via the data driver 132. The switch transistor
118 1s then turned off and the voltage on the storage
capacitor 116 controls gate-source voltage of the drive
transistor by setting the voltage on the gate of the drive
transistor 112. Because the conductance of the channel
region ol the drive transistor 112 1s influenced by 1ts gate-
source voltage (e.g., according to the current-voltage char-
acteristics of the drive transistor 112), the current level
through the drive transistor 112 1s determined by the charge
on the storage capacitor 116. Furthermore, because the
emissivity of the light emitting device 114 1s established by
the current flowing through the light emitting device 114, the
light output from the pixel circuit 100 1s controlled accord-
ing to the voltage on the storage capacitor 116 during the
driving cycle.

In some examples, the data driver 132 can set the data line
122 to a programming voltage, which allows the storage
capacitor 116 to be charged according to the programming
voltage. In other examples, the data line 122 can optionally
convey programming currents and the pixel circuit 100 can
be arranged to allow the storage capacitor 116 to be charge
according to a voltage suflicient to maintain the program-
ming current (or a current related to the programming
current) through the drive transistor 112 or another transistor
such as a mirror transistor.

In some pixel architectures disclosed herein, the pixel
circuits can include a stacked (*layered”) region forming
one or more OLEDs and including more than one distinct
emissive layer emitting light according to the current pass-
ing through each layer (such as 1 FIGS. 2A-2E). FIG. 1C
1s a side view ol an exemplary emissive region for a single
pixel including stacked emissive layers and a color filter
provided for 1llustrative purposes. The stacked region shown
in FIG. 1C can be considered two OLEDs 171, 172 con-
nected 1n series between a driving electrode 142 and a power
supply line 166. The power supply line 166 can be a
transparent conductive material such as indium tin oxide
(ITO) arranged on or near the encapsulation substrate 170.
Each OLED 171, 172 imcludes a cathode (the electron
injection layers 144, 156 (FILs)) and an anode (the hole
transport layer 152 and hole injection layer 164).

The driving electrode 142 1s situated on a TFT backplane
140. The driving electrode 142 can be similar to the elec-
trodes (“terminals™) of the TFT backplane 20 in FIG. 1A
(c.g., the terminals 22r,g,b of the first pixel group). The
driving electrode 142 1s connected 1n series with a driving
transistor for a pixel circuit within the TFT backplane such
that current conveyed via the driving electrode 142 1s
controlled by the pixel circuit. For example, with reference
to the pixel circuit 100 of FIG. 1B, the driving electrode 142
can be connected to the drain terminal of the driving
transistor 112. Referring again to FIG. 1C, the electron
injection layer (EIL) 144 1s situated on the driving electrode
142. The FIL 144 can generally be formed from a material
including a conductive metal with a relatively high work
function suitable for providing free electrons to the OLEDs
171, 172, such as, for example, aluminum, gold, etc. The
EIL 144 can also be a retlective material such that light
emitted from one or both of the OLEDs 171, 172 1s
redirected toward the cap glass 170. The EIL 144 can also
be considered the cathode terminal of the OLED, and in
some embodiments can be integrated with or otherwise
combined with the driving electrode 142.
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The first OLED 171 1ncludes the EIL 144, a hole blocking,
layer 146 (HBL), a first emissive layer 148 (EL-1), an
clectron blocking layer 150 (EBL), and a hole transport layer
152 (HTL). The HBL 146 1s situated over the EIL 144 to
prevent positively charged holes from reaching the EIL,
where the holes would recombine with electrons outside of
the first emissive layer 148 (EL-1). The EL-1 148 i1s an
organic film with a molecular structure suitable for emitting
light 149 with a first color 1n response to hole-electron
recombination events occurring within ELL-1 148. The HBL
146 thus increases the efliciency of the first OLED 171 by
maximizing the number of recombination events (and thus
emission events) that occur within EL-1 148. The EBL
similarly increases the efliciency of the first OLED 171 by
blocking free electrons from traveling to the HTL 1352, to
thereby prevent the occurrence of inethicient (1.e., non-light
generating) recombination events outside the emissive layer
148.

One or more mntermediate layers 154 are provided
between the HTL 152 (which 1s also the anode of the first
OLED 171) and the FIL 156 (which 1s also the cathode of
the second OLED 172). The intermediate layers 154 can
include substantially transparent and/or semi-transparent
materials suitable for conveying positive charged holes
traveling from the second OLED 172 to the HTL 152 of the
first OLED 171. In some instances, the intermediate layers
154 can include tungsten trioxide, other nitrides and/or
oxides, conductive metals, etc.

The second OLED 172 1includes the EIL 156, an electron
transport layer 158 (ETL), a second emissive layer 160
(EL-2) a hole transport layer 162 (HTL), and the HIL 164.
The EIL 156 and HIL 164 define the cathode and anode of
the second OLED 172, respectively. The FEIL 156 1s situated
on the intermediate layers 154 and releases free electrons
through the E'TL 1358 toward the emissive layer 160. In some
examples, the FIL 156 and the ETL 158 can be combined 1n
a single layer. The EL-2 160 1s another organic film with a
molecular structure suitable for emitting light 161 with a
second color 1n response to hole-electron recombination
events occurring within the EL-2 160. The HTL 162 and the
HIL 164 are situated on the EL-2160 for conveying posi-
tively charged holes to the EL-2 160.

Thus, current flowing through the OLEDs 171, 172 results
in the generation of the first light 149 in the first emissive
layer 148 (EL-1), and the second light 161 from the second
emissive layer 160 (EL-2). The generated light 149, 161 1s
conveyed through the transparent and/or semi-transparent
layers, including the power supply line 166 formed of ITO
toward the encapsulation glass 170. A color filter 168 1s
included on one side of the encapsulation glass 170 to allow
the generated light 149, 161 to be selectively transmitted
according to 1ts color content. For example, the transmission
spectrum of the color filter 168 can be such that the
transmitted light 1s substantially red light, green light, or
blue light. In one example, the light 149 emitted from EL-1
148 can be blue light while the light 161 emitted from the
EL-2 160 can be orange light such that the combined light
149, 161 jointly includes a significant portion of the visible
color spectrum and can be considered white light. Thus, the
color filter 168 can selectively transmit particular color
contributions to the white light (e.g., red, green, blue color

contributions). In another example, the light 149 ematted
from EL-1 148 can be red light while the light 161 ematted

from the EL-2 160 can be blue light and the color filter 168
can be red or blue so as to selectively transmit light from one
of the emissive layers (e.g., EL-1 148 or EL-2160) while

largely blocking (*“absorbing’™) light from the other one.
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The exemplary emissive region shown in FIG. 1C refers
to a pixel circuit arranged to be “top-driven” with current
flowing from the power supply line 166, through the OLEDS
171, 172 toward the dniving electrode 142 which regulates
the current level according to a series-connected driving
transistor within the backplane 140. However, aspects of the
present disclosure apply to bottom-driven pixel circuits
arranged with a driving transistor connected 1n series with an
anode of a layered OLED device, and current tlows from the
driving electrode, through the OLED, and toward another
power supply line. In bottom-driven pixel arrangements, it 1s
also contemplated that the color filters (e.g., the color filters
60 1n FIG. 1A) can be applied to the display substrate (e.g.,
via a lithographic process).

In the following figures and accompanying descriptions,
several examples of arrangements (“architectures™) for
arranging a multi-color pixel group with emissive layers that
span multiple terminals and with color filters arranged to
filter light from a subset of the pixels 1n each arrangement.
It 1s specifically contemplated that the pixel groups disclosed
herein are can be patterned across a display panel and
arranged 1n rows and columns to allow for independently
controlled color content across a display panel to thereby
generate color images and/or video. In addition, it 1s spe-
cifically noted that the arrangements and architectures
described herein include layouts for emissive regions, driv-
ing terminals, and/or color filters, and can be applied to a
variety ol pixel circuits employing a variety of different
programming and drniving schemes. In addition, it 1s spe-
cifically understood that additional layers and/or materials
can be included between and/or around emissive layers,
such as described by way of example 1n FIG. 1C.

Furthermore, for clarity and consistency of the present
disclosure, the arrangements and architectures included
herein are described as top-driven pixel circuits situated on
a TFT backplane substrate including a pattern of separately
controllable driving terminals. However, it 1s noted that the
present disclosure applied to other pixel circuit layouts
including bottom-driven arrangements.

FIG. 2A 1s a top view of a layout 200 for an RGBW
multi-color pixel group formed with a substantially continu-
ous strip of blue emissive material 220 on a blue driving
terminal 206 and a white driving terminal 208. The RGBW
pixel group includes a red pixel R1 defined by the red
driving terminal 202, a green pixel G1 defined by a green
driving terminal 204, and blue and white pixels (B1 and W1)
defined by a blue driving terminal 206 and a white driving
terminal 208, respectively. An orange emissive material 222
1s distributed 1n a layer covering all the terminals in the
RGBW group. Thus, orange light 1s produced from the
emissive regions for the red and green pixels (R1 and G1)
via the orange emissive layer 222. A red filter 212 1s situated
over R1 to selectively transmit the red content 1n the ematted
orange light, while a green color filter 214 1s situated over
(1 to selectively transmit the green content in the emitted
orange light. A blue filter 216 1s situated over Bl to
selectively transmit the blue light (emitted via the blue
emissive strip 220) while blocking light from the orange
layer 222. The white pixel emits substantially all the sub-
stantially white light from the combined stack of orange
light (via the orange layer 222) and blue light (irom the blue
layer 220).

In some embodiments of the layout 200, the red, green,
blue, and white pixels of the RGBW pixel group each
include emissive regions with a similar size and/or area.
Generally, the size and/or shape of the emissive region of the
pixels 1 the layout 200 are defined by the size of the
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corresponding driving terminals (e.g., the driving terminals
202, 204, 206, 208). In some cases the driving terminals
202-208 can cach be approximately the same size. For
example, the RGBW pixel group can be arranged as a square
divided 1n quadrants and each quadrant can include one of
the driving terminals 202-208. Furthermore, each of the
driving terminals 202-208 can be a square or rounded square
with similar heights and widths, and the color filters 212-216
can be arranged with similar dimensions to the driving
terminals 202-206 so as to filter light from the respective
emissive regions of the pixels R1, G1, Bl.

FIG. 2B 1s an aspect view of the RGBW multi-color pixel
group layout 200 with the strip of blue emissive material 220
formed over a layer of orange emissive material 222. In
some embodiments, a display panel formed with pattern of
pixels arranged according to the layout 200 can be formed
by depositing (“developing”) the orange emissive layer 222
in a substantially uniform, continuous layer across the
display panel. Following the development of the orange
layer 222, any desired intermediate layers can be situated,
and a shadow mask can be aligned with an elongated
opening over the blue and white pixels B1l, W1. For
example, the elongated opeming can extend across multiple
such pixel groups 1n a continuous line of adjacent alternating
blue and white pixels in multiple RGBW pixel groups. The
blue emissive layer 220 can be deposited in the desired
region while the shadow mask blocks the blue emissive
matenal from the red and green pixels R1, G1. Additional
layers and/or conductive power supply lines can be arranged
on the emissive regions of the display panel and the color
filters can then be arranged such that the desired colors are
transmitted from each of the red, green, blue, and white
pixels 1n each group. As previously noted, a lithographic
process can be employed to apply appropriate color-selec-
tive filtering materials (e.g., the color filters 212, 214, 216)
to the display substrate and/or encapsulation substrate.

FIG. 2C 1s an aspect view of the RGBW multi-color pixel
group layout 200 with the layer of orange emissive material
222 formed over the strip of blue emissive material 220. In
an exemplary process to construct a display panel with
RGBW pixel group layout 200, a shadow mask 1s situated
with an elongated opening over blue and white terminals for
multiple pixels and the blue emissive material 220 1s depos-
ited in a substantially continuous layer 1n the region defined
by the shadow mask opening. Intermediate layers are situ-
ated as desired and the entire display panel 1s coated with a
substantially continuous layer of the orange emissive mate-
rial 222. The color filters 212, 214, 216 are arranged over the
red, green, and blue pixels (R1, G1, Bl) to selectively
transmit red, green, and blue light. Thus, the layout 200 of
FIG. 2A can be achieved without regard to the order of the
orange and blue emissive materials 222, 220 1n the stacked
emissive regions of the blue pixel B1 and white pixel W1.

FIG. 2D 1s a top view of an alternative configuration of the
RGBW multi-color pixel group layout 240 with a red pixel
R2 and a green pixel G2 each having elongated emissive
regions. The emissive materials 220, 222 in the RGBW pixel
group 240 are arranged similarly to the emissive layers in the
RGBW pixel group 200 in FIGS. 2A-2C, with the orange
emissive material 222 distributed 1n a substantially continu-
ous layer across all pixels in the group, and a strip of blue
emissive material 220 over the blue terminal 206 and the
white terminal 208. Thus, the blue pixel B2 and the white
pixel W2 are arranged similarly to the pixels B1 and W1 in
the pixel group layout 200. However, the arrangement of the
red driving terminal 232 and the green driving terminal 234
differs from the RGBW pixel group layout 200. As shown 1n
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FIG. 2D, the RGBW pixel group layout 240 1s arranged
roughly as a square with approximately equal width and
height. The driving terminals for the red and green pixels
232, 234 are each arranged as rectangles with a length
spanmng (or nearly spanming) the height dimension of the
RGBW pixel group 240. The width of the terminals 232, 234
1s approximately one quarter the width of the RGBW pixel
group layout 240. In some embodiments, the elongated
driving terminals 232, 234 can have approximately the same
surface area as the terminals 202, 204 arranged approxi-
mately as squares in quadrants of the square-shaped multi-
color pixel group layout 200.

A red color filter 242 1s situated to selectively transmit the
red light from the orange emissive layer 222 receiving
current from the red driving terminal 232. Similarly, a green
color filter 244 1s situated to selectively transmit the green
light from the orange emissive layer 222 recerving current
from the green driving terminal 232. The dimensions, size,
and/or shape of the color filters 242, 244 can be selected to
correspond to the dimensions, size, and/or shape of the
respective driving terminals 232, 234. In some examples, the
color filters 242, 244 can be larger than their corresponding
driving terminals 232, 234 to allow the color filters 242, 244
to completely overlap the emissive regions of the pixels R2,
(G2, while allowing for some alignment tolerance in posi-
tioming the color filters 242, 244 with respect to the pixels
R2, G2 (and their respective driving terminals 232, 234).

While the present disclosure includes two specific
arrangements for the red and green pixels with R1, G1
approximately arranged as squares 1n quadrants of the layout
200 (FIG. 2A) and R2, G2 approximately arranged as
adjacent rectangles extending the length of the pixel group
layout 240 (F1G. 2D), the present disclosure extends to other
arrangements. Generally, the driving terminals for the red
and green pixels can be arranged to divide a portion of a
multi-color pixel group that includes a layer of orange
emissive material into distinct areas that are separately
programmed and driven to emit light. Red and green color
filters are situated 1n regions corresponding to the driving
terminals such that red light 1s selectively transmitted from
one pixel and green light 1s selectively transmitted from the
other pixel, and the shape of the color filters can be a shape
that 1s based on the shape of the driving terminals. The red
and green color filters are situated over the portions of the
orange emissive material driven by the independently pro-
grammed driving terminals such that the transmitted light
from each pixel circuit 1s substantially red and green,
respectively.

FIG. 2E 1s a top view of a layout for an RGB multi-color
pixel group layout 260 including emissive layers 220, 222
arranged similarly to the layouts of FIGS. 2A and 2D. The
arrangement of the RGB pixel group 260 includes red,
green, and blue pixels (R3, G3, and B3). The red pixel R3
and green pixel G3 pixels are arranged similarly to the red
and green pixels R1, G1 1in the RGBW layout 200, with the
red and green pixels each arranged as a separately pro-
grammed quadrant of the square-shaped pixel group layout
260. The blue pixel B3 includes a blue driving terminal 266
that conveys current through the stacked emissive region
including the strip of blue emissive material 220 and the
orange emissive material 222. A blue color filter 276 1s
situated to cover the blue pixel B3 such that the light from
the blue emissive material 220 i1s transmitted while the
orange light from the orange emissive material 222 1is
blocked. Where a display panel 1s formed by patterning the
layout 260 across a panel, adjacent blue pixels from multiple
RGB pixel groups can be arranged 1n a continuous column

10

15

20

25

30

35

40

45

50

55

60

65

16

(or row) of the panel, and the blue color filtering material can
be applied to the strip of blue emissive material 220 across
its entire length (or nearly entire length).

The blue driving terminal 266 spans roughly one-half of
the square-shaped pixel group layout 260. The blue pixel B3
has a larger emissive region (as measured by area) than the
emissive regions ol either the red or green pixels R3, G3.
Thus, blue light 1s emitted from approximately one-half of
the plxel group, rather than approximately one-fourth, as 1n
the pixel group layouts 200, 240 of FIGS. 2A-2D. Further-
more, a display panel patterned according to the layout 260,
transmits blue light from roughly half (or nearly half) of the
display area of the panel, similar to the display panel 10 of
FIG. 1A. Stmilar to the discussion of the relative sizes of the
blue pixel areas in connection with FIG. 1A, providing a
layout (e.g., the layout 260) with an increased relative size
of the blue pixel allows for decreasing the current density
through the strip of blue emissive material 220 without loss
of display brightness and thereby allows for decreasing the
aging degradation of the display panel.

FIG. 3A 1s a top view of a layout 300 for an RGB
multi-color pixel group formed from alternating strips of
orange emissive material 322 and blue emissive material
320 and with a blue sub-pixel B4 enlarged relative to red and
green sub-pixels (R4, G4). The red pixel R4 includes a red
driving terminal 302; the green pixel G4 includes a green
driving terminal 304; and the blue pixel B4 includes a blue
driving terminal 306. The arrangement of the drniving ter-
minals 302-306 in the RGB pixel group 300 of FIG. 3A 1s
similar to the driving terminal arrangement 1n the layout 260
of FIG. 3A. Generally, the RGB pixel group of FIG. 3A 1s
arranged as a square with the red pixel R4 and green pixel
(G4 each occupying roughly one quadrant of the square, and
the blue pixel B4 occupying roughly the remaining half of
the square. The strip of orange emissive material 322 1s
substantially continuous layer that covers the driving termi-
nals 312, 314 of the red and green pixels (R4, G4). A red
color ﬁlter 312 and a green color filter 314 are situated over
the portions of the orange emissive material 322 driven by
the red driving terminal 302 and the green driving terminal
304, respectively. Thus, the RGB pixel group 300 transmits
red hght from the red pixel R4, green light from the green
pixel G4, and unfiltered blue light 1s emitted from the blue
pixel B4. As described previously, the relatively large size of
the blue pixel B4 1n comparison to the red and green pixels
(R4, G4) reduces degradation associated with the blue
emissive material 320 by reducing the current density
through the blue emissive material. The layout 300 of the
RGB pixel group 1n FIG. 3A 1s similar to the layouts of the
multi-color pixel groups 22, 24 of FIG. 1A.

FIG. 3B 1s a top view of a layout 340 for an RGB
multi-color pixel group similar to the layout 300 1n FIG. 3A,
but where the red and green sub-pixels (R5, G5) have
clongated emissive regions. The RGB pixel group 1s roughly
arranged as a square, and the blue pixel BS occupies roughly
half of the square, similar to the blue pixel B4 in FIG. 3A.
However, 1n the layout 340, a red driving terminal 332 and
a green dniving terminal 334 are arranged as adjacent
rectangles that jointly span roughly half of the square-
shaped pixel group. The rectangular red and green driving
terminals 332, 334 can have lengths roughly spanning the
height of the square-shaped pixel group, and with widths
roughly spanning one-quarter the width of the square-shaped
pixel group. A red color filter 342 and a green color filter 334
are situated over the portions of the orange emissive material
322 driven by the red driving terminal 332 and the green
driving terminal 334, respectively. In some examples, the
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layout 340 1s preferred over the layout 300 of FIG. 3A,
because the layout 340 situates all three pixels RS, G5, BS
of the multi-color pixel group 1 a single row, rather that
splitting the red and green pixels across two rows (pixels R4,
G4 of FIG. 3A). In some embodiments, arranging all the
pixels RS, G5, BS 1n a single row as 1n the layout 340 can
allow for less redundancy and more umiform spacing in

selection, addressing, programming, and/or power supply
lines 1 the TF'T backplane.

In comparison to the arrangements 1n FIGS. 2A-2E, the
RGB pixel group layouts 300, 340 of FIGS. 3A-3B do not
include blue color filters, because the blue pixels B4, BS
include only blue emissive material and are not stacked
emissive regions also including orange emissive material.
Display panels formed by patterning either of the layouts
300, 340 can thus be operated at a higher energy efliciency
than the displays arranged according to the layouts 200, 240,
260 of FIGS. 2A-2E, because less light 1s filtered (i.e.,
wasted).

FIG. 4A 1s another top view of a layout 400 for RGB
multi-color pixel groups formed from alternating strips of
orange emissive material 420, 424 and blue emissive mate-
rial 422 and with adjacent blue pixels being associated with
red and green sub-pixels 1n alternating upper and lower
rows. Thus, a first RGB pixel group includes a red pixel R6,
a green pixel G6, and a blue pixel B6. A second RGB pixel
group includes a red pixel R7, a green pixel G7, and a blue
pixel B7. The red pixel R6 and the green pixel G6 include
a common, substantially continuous strip of orange emissive
material 420 that spans respective driving terminals 402,
404 for the red and green pixels R6, G6. A red filter 412
selectively transmits red light from the red pixel R6 while a
green filter 414 selectively transmits green light from the
green pixel G6. Similarly, the red pixel R7 and the green
pixel G7 include a common, substantially continuous strip
ol orange emissive material 424 that spans respective driv-
ing terminals 432, 434 for the red and green pixels R7, G7.
A red filter 442 selectively transmits red light from the red
pixel R7 while a green filter 444 selectively transmits green
light from the green pixel G7. The blue pixels B6, B7
include a common, substantially continuous strip of blue
emissive material 422 that spans respective driving termi-
nals 406, 436 for the blue pixels B6, B7. The blue pixels B6,
B7 are situated between the adjacent red and green pixels
R6, G6 1n the first RGB pixel group and the adjacent red and
green pixels R7, G7 in the second RGB pixel group.

The substantially continuous strips of orange emissive
material 420 can be developed by placing a shadow mask
with an elongated opening aligned over an area including the
driving terminals 402, 404 for the red and green pixels R,
(6 and depositing the orange emissive material 420 to form
the substantially continuous strip with roughly uniform
thickness while preventing the orange emissive material 420
from reaching the emissive regions for the blue pixels B6,
B’7. The elongated opening of the shadow mask (and thus the
substantially continuous layer 420) can optionally extend to
span multiple alternating adjacent red and green pixels from
additional RGB pixel groups (not shown). Further, the
shadow mask can be arranged with an additional elongated
opening aligned over an area including the driving terminals
432, 434 for the red and green pixels R7, G7. Alternatively,
the strip of orange emissive material 424 can be developed
via a separate shadow mask.

Before and/or after the strips of orange emissive materials
420, 424, another shadow mask 1s placed over the display
panel with an elongated opening in the shadow mask aligned
over an area including the driving terminals 406, 436 of the
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blue pixels B6, B7. The elongated opening in the shadow
mask can extend to include emissive regions for additional
blue pixels 1n the display panel such that the strip of blue
emissive material 422 spans an area including multiple blue
pixels and has a substantially constant thickness across the
area. The shadow mask used to develop the strip of blue
emissive material 422 can optionally be the same as the one
used for the red and green pixels, but repositioned to align
its elongated opening with the blue pixels B6, B7 while
covering the red and green pixels R6, G6, R7, G7.

The red and green pixels R6, G6 of the first RGB pixel
group can be adjacent pixels 1n a first row of a display panel.
The blue pixels B6, B7 of the first and second RGB pixel
groups can be adjacent pixels in a second row 1mmediately
above or below the red and green pixels R6, G6 of the first
group. The red and green pixels R7, G7 of the second RGB
pixel group can be adjacent pixels 1n a third row 1mmedi-
ately adjacent the second row. Thus, the first and second
pixel groups can span two columns and three rows of a

display panel. Alternatively, the layout can be rotated by 90
degrees such that the two pixel groups include three columns
and two rows.

In some examples of the layout 400, each of the pixels
R6-B6 and R7-B7 can have an approximately equal area and
have approximately equally sized driving terminals. For
example, the two pixel groups can be arranged as a rectangle
divided 1nto six approximately equally-sized squares
arranged 1 a 2 by 3 array, with the upper two squares
occupied by the red and green pixels R6, G6, the middle two
squares occupied by the blue pixels B6, B7 and the lower
two squares occupied by the red and green pixels R7, G7.

FIG. 4B 1s a top view of a layout 450 for an RGB
multi-color pixel group similar to the layout of FIG. 4A, but
where the blue pixels B6', B7' in each RGB multi-color pixel
group have a larger area than either the red or green pixels
R6, G6, R7, G7. As shown 1n the layout 450, a blue emissive
layer 452 1s provided 1n a substantially continuous strip that
includes the blue pixels B6', B7'. The blue pixels B6', B7' are
driven via driving terminals 4356, 458 that are separately
programmed and driven to cause the blue emissive layer to
emit light according to independently determined luminance
values. Thus, the drniving terminals 456, 458 define respec-
tive portions of the substantially continuous strip of blue
emissive material 452 included 1n the blue pixel B6' for the
first RGB pixel group and the blue pixel B7' for the second
RGB pixel group, respectively.

The red and green pixels R6, G6, R7, G7 are each roughly
as squares of dimension d1. The blue pixels Bé6', B7' are each
arranged as rectangles with a width approximately given by
the widths of the red and green pixels R6, G6, R7, G7 (e.g.,
d1) and a height given by d2, which 1s larger than d1. Thus,
the areas of the two blue pixels B6', B7' are each larger than
the areas of the red and green pixels R6, G6, R7, G7. The
width of the strip of blue emissive material 452 1s larger than
d2 to allow for an alignment tolerance while still achieving
nearly complete coverage of the driving terminals 456, 458
of the blue pixels B6', B7'. In an example, d2 can be
approximately twice d1 such that the emissive region of
cach of the blue pixels B6', B7' 1s roughly twice the area of
the emissive regions of each of the red and green pixels R6,
G6, R7, G7.

When patterning a display panel according to the layout
450, the red and green pixels R6, G6 can be immediately
below another pair of red and green pixels for another RGB
pixel group (not shown), and the orange emissive layer 420
can extend, along the width of the strip, to cover the other
pair of red and green pixels. In some instances, the width
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dimensions of the alternating strips of orange and blue
emissive material deposited on a display panel can be
approximately equal, even where the blue pixels (e.g., B6',
B7") are each roughly twice the area of each of the red and
green pixels R6, G6, R7, G7, because the strips of orange
emissive material (e.g., 420, 424) cover a region of red and
green pixels that 1s two pixels wide (e.g., approximately
twice the dimension d1, plus an alignment margin). The
region of red and green pixels can be two rows of checkered
red and green pixels, alternating adjacent pairs of red and
green pixels, or some other regularly repeating pattern of red
and green pixels.

Furthermore, while the blue pixels B6', B7' are shown as
extended along a vertical dimension d2, such that the blue
pixels B6', B7' are included 1n a single column, the present
disclosure also applies to enlarged blue pixels that are
rotated with an extended dimension roughly spanning a pair
of red and green pixels. For example, the layout 450 can be
modified with the blue pixels B6', B7' pixels each rotated 90
degrees clockwise about an axis located centrally between
the two. Thus, the first blue pixel B6' can be situated
immediately below the red and green pixels R6, G6 1n the
first RGB pixel group, and the blue pixel B7' can be situated
immediately above the red and green pixels R7, G7 1n the
second RGB pixel group.

FIG. 4C 1s a top view of a layout 460 for an RGB
multi-color pixel group similar to the layout of FIG. 4B but
where adjacent multi-color pixel groups share a common
unitary blue pixel B6/B7. In the layout 460, the common
unitary blue pixel B6/B7 can occupy roughly the same area
as the combination of the blue pixels B6', B7' in the layout
450 of FIG. 4B. The common unitary blue pixel B6/B7
includes a single driving terminal 466 that is programmed
according to a luminance value based on programming
information for the first and second multi-color pixel groups.
Thus, 1n the layout 460, adjacent multi-color pixel groups
share a single blue pixel (e.g., the blue pixel B6/B7), while
still maintaining the distinct red and green pixels R6, G6,
R7, G7. The common blue pixel B6/B7 1s driven to emit blue
light with a luminance that 1s based on incoming blue
content of a displayed image from the regions of the first and
second pixel group. In some examples, the blue pixel B6/B7
can be drniven according to an average blue luminance
contribution from two adjacent RGB pixels corresponding to
the first and second RGB pixel groups 1n the layout 460.

FIG. 4D 1s a top view of a layout 470 for an RGB
multi-color pixel group similar to the layout 450 of FIG. 4B
with the red and green sub-pixels having elongated emissive
regions. The alternating strips of orange emissive material
420, 424 and blue emissive material 452 are situated as in
the layout 450 shown in FIG. 4B. However, the strips of
orange emissive material 420, 424 are divided into red and
green pixels (e.g., the pixels R8, G8, R9, (G9) by rectangular
driving terminals 482, 484, 493, 495 clongated along the
extended direction of the strip of orange emissive material
420, 424. The rectangular driving terminals 482, 484, 493,
495 are situated to include two adjacent rows of the red and
green pixels 1n the strip of orange emissive material 420,
424. Red color filters 472, 474 and green color filters 492,
494 are situated to selectively transmit the red content, and
green content, respectively, emitted in the strips of orange
emissive material 420, 424.

Thus, the rectangular driving terminals 482, 484, 493, 495
are arranged 1n two adjacent rows of red and green pairs for
cach RGB pixel group. By contrast, the layout 450 includes
alternating red and green square driving terminals 1n a single
row. The red and green pixels R8, G8, R9, G9 have a width
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spanning the two adjacent blue pixels B8, B9 and a height
dimension sufliciently small to allow the strip of orange
emissive material 420 to overlap both red and green driving

terminals 482, 484. In some examples, the red and green
pixels R8, G8, R9, GY in the layout 470 have a height

roughly half that of the red and green pixels R6, G6, R7, G7
in the layout 450 of FIG. 4B, and have a width roughly twice
that of the red and green pixels in the layout 450.

FIG. 5 1s a top view of a layout 500 for an RGB
multi-color pixel group formed from parallel strips of red
and green emissive materials 520, 522 overlapped with
perpendicularly aligned strips of blue emissive material 524.
The layout 500 includes a first RGB pixel group including
a red pixel R10, a green pixel G10, and a blue pixel B10. The
layout 500 also includes a second RGB pixel group includ-
ing a red pixel R11, a green pixel G11, and a blue pixel B11.
It 1s noted that the arrangement of the driving terminals 1n
the layout 500 can be the same or similar as the arrangement
of driving terminals in the layout 400 of FIG. 4A.

In reference to the layout 500 of FIG. 5, the red pixel R10
1s driven by a driving terminal 502 to convey current through
the red emissive material 520. The green pixel G10 1s driven
by a drniving terminal 504 to convey current through the
green emissive material 522. The blue pixel B10 1s driven by
a driving terminal 506 to convey current through the red
emissive material 520 and the blue emissive material 524,
which are arranged in a stacked configuration. The blue
pixel B11 1s driven by a driving terminal 516 to convey
current through the green emissive material 522 and the blue
emissive material 524, which are arranged in a stacked
configuration.

Generally, the strip of blue emissive material 524 can be
situated over or under the red and green emissive materials
520, 522. However, both strips of the red and green emissive
material 520, 522 are advantageously on the same side (e.g.,
over or under) of the blue emissive material 524 to provide
celliciency 1n constructing a display panel including the
pattern 500. For example, a process can begin with depos-
iting the strip of red emissive material 520 (or a pattern of
such strips) on a display substrate via a shadow mask having,
an elongated opening aligned to include the emissive region
of the red pixels R10, R11 and the blue pixel B10. The
shadow mask can then be translated by roughly the dimen-
sion of a single pixel such that the elongated opening 1s
aligned to include the emissive region of the green pixels
(10, G11 and the blue pixel B11, and the green emissive
material 522 can be deposited. To develop the substantially
continuous strip of blue emissive material 524 oriented
perpendicularly to the two red and green strips 520, 522, the
same shadow mask can be rotated about 90 degrees, or
another shadow mask can be positioned over the display
substrate with an elongated opening aligned to include the
emissive regions of the blue pixels B10, B11, and the blue
emissive material 524 can be deposited. Because the trans-
lation of the shadow mask while maintaining a parallel
orientation of the shadow mask’s elongated opening 1is
generally a faster process than either rotating a shadow mask
or positioning a different shadow mask, the substantially
continuous strips of red and green emissive material 520,
522 are desirably deposited consecutively

A blue color filter 508 1s situated to selectively transmut
the blue content from the light emitted 1n the blue pixels
B10, B11. In some examples, the blue color filter 508 can be
applied to continuously span a row of adjacent blue pixels
including the blue pixels B10, B11. In reference to the layout
500 of FIG. 5, 1t 1s noted that the only pixels 1n the RGB

pixel groups that are filtered are the blue pixels B10, B11,
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while the red and green pixels emit unfiltered light. The net
luminance of a typical display 1s dominantly provided by red
and green color contributions, with blue light contributions
providing much less light overall (perhaps as little as 3% 1n
total luminance contributions 1n a typical display). Further-
more, the human retina 1s generally more sensitive (“respon-
s1ve”) to red and green light than blue light and so bright
images can be perceived while relying primarily on red and
green color contributions to a given image. Thus, by filtering
the blue pixels, rather than the red or green pixels, there 1s
relatively little light that 1s wastefully generated only to be
blocked by a color filter. Accordingly, the layout 500 pro-
vides for a relatively high degree of energy efliciency by
filtering only the blue light contributions to the total lumi-
nance and emitting the red and green contributions to the
total luminance without significant color filters to partially
block the light generated 1n those regions.

FIG. 6A 1s a top view of a layout 600 for RGB multi-color
pixel groups formed from parallel strips of red and green
emissive materials 620, 622 overlapped with perpendicu-
larly aligned strips of blue emissive material 625, 626 and
with blue pixels B12, B13 enlarged relative to red and green
sub-pixels R12, G12, R13, G13. FIG. 6B 1s an aspect view
of the RGB multi-color pixel groups of FIG. 6A showing

alignment of the layers of emissive material 620, 622, 624,
626 and color filters 608, 618 with respect to a TFT

backplane 630.

In the layout 600, a first RGB pixel group includes a red
pixel R12, a green pixel G12, and a blue pixel B12, and a
second RGB pixel group includes a red pixel R13, a green
pixel G13, and a blue pixel G13. Substantially continuous
parallel strips of red emissive material 620 and green
emissive material 622 are arranged over the red pixels R12,
R13 and green pixels G12, G13, respectively. The strips of
red and green emissive material 620, 622 also extend over
a portion ol the blue pixels B12, B13. A substantially
continuous strip of blue emissive material 623 1s oriented
perpendicularly to the red and green strips 620, 622 and
covers the blue pixel B12. Another substantially continuous
strip of blue emissive material 626 1s also oriented perpen-
dicularly to the red and green strips 620, 622 and covers the
blue pixel B13.

In the first RGB pixel group, the red pixel R12 includes
a dnving terminal 602 for conveying current through the red
emissive material 620; the green pixel G12 includes a
driving terminal 604 for conveying current through the
green emissive material 622; and the blue pixel B12 includes
a driving terminal 606 for conveying current through the
blue emissive material 625, the red emissive material 620,
and the green emissive material 622. A blue color filter 608
1s situated to selectively transmit the blue light from the blue
pixel B12 (e.g., by blocking the red and green light from the
portions of the red and green emissive materials overlapping,
the driving terminal 606). In the second RGB pixel group,
the red pixel R13 includes a drniving terminal 612 ifor
conveying current through the red emissive material 620; the
green pixel G13 includes a drniving terminal 614 for con-
veying current through the green emissive material 622; and
the blue pixel B13 includes a driving terminal 616 for
conveying current through the blue emissive maternial 625,
the red emissive material 620, and the green emissive
material 622. A blue color filter 608 1s situated to selectively
transmit the blue light from the blue pixel B12 (e.g., by
blocking the red and green light from the portions of the red
and green emissive materials overlapping the driving termi-
nal 606). As shown i1n FIGS. 6 A-6B, the first RGB pixel

group 1s roughly arranged as a square with the red and green
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pixels R12, G12 each occupying roughly one quadrant of the
square and the blue pixel B12 approximately occupying the
remaining hall of the square. Similarly, the second RGB
pixel group 1s roughly arranged as a square with the red and
green pixels R13, G13 each occupying roughly one quadrant
of the square and the blue pixel B13 approximately occu-
pyving the remaining half of the square.

While the arrangement of the overlapping emissive
regions 1n the layout 600 1s distinct from other layouts

disclosed herein, 1t 1s noted that the arrangement of the
driving terminals in the layout 600 of FIGS. 6 A-6B can be
the same or similar to the arrangement of the drniving
erminals 1n the layout 300 of FIG. 3A. Thus, the ratio of
areas ol the display panel occupied by red, green, and blue
pixels 1 a display panel patterned according to the layout
600 can be the same or similar to a display panel patterned
according to either the layout 300. Furthermore, the discus-
sions above regarding the relative size (“area™) of the blue
emissive region with respect to the red and green emissive
regions 1n the layout 300 for the RGB pixel group so as to
mitigate the aging degradation of the display also applies to
the layout 600 of FIGS. 6A-6B.

High resolution display panels and/or display systems can
be constructed according to any of the layouts disclosed
herein by patterning the layouts across a display panel to
create a regularly repeating pattern of evenly distributed red,
green, blue, and/or white emitting pixels that are separately
programmed.

Generally, the physical dimensions of the multi-color
pixel groups described herein can be selected for a particular
implementation once constraints for total display size, and
display resolution are known. By way of example, a display
s1ze 3 1mches wide by 1.69 inches high with a resolution of
1920 by 1080 pixels, each multi-color pixel group 1s roughly
situated 1n an area given by a square with sides roughly
0.0016 1inches (or roughly 40 um). For the same display size
with a resolution of 1280 by 720 pixels, each multi-color
pixel group 1s roughly situated in an area given by a square
with sides roughly 0.0023 inches (or roughly 60 um). Thus,
achieving such displays generally require pixel pitch of
approximately 40-80 um, which corresponds to pixel den-
sities approaching, or even exceeding, 300 pixels per inch.

The exemplary layouts disclosed herein are described as
oriented along rows and/or columns for purposes of clarity
in referring to arranging the layouts on a display panel.
However, it 1s specifically understood that any of the layouts
described herein can be rotated by 90 degrees and references
to rows/columns described herein therefore apply equally to
similar descriptions referring to columns/rows of a display
panel.

Circuits disclosed herein generally refer to circuit com-
ponents being connected or coupled to one another. In many
instances, the connections referred to are made via direct
connections, 1.e., with no circuit elements between the
connection points other than conductive lines. Although not
always explicitly mentioned, such connections can be made
by conductive channels defined on substrates of a display
panel such as by conductive transparent oxides deposited
between the various connection points. Indium tin oxide 1s
one such conductive transparent oxide. In some 1nstances,
the components that are coupled and/or connected may be
coupled via capacitive coupling between the points of con-
nection, such that the points of connection are connected in
series through a capacitive element. While not directly
connected, such capacitively coupled connections still allow
the points of connection to influence one another via
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changes 1n voltage which are retlected at the other point of
connection via the capacitive coupling eflects and without a
DC bias.

Furthermore, 1n some 1nstances, the various connections
and couplings described herein can be achieved through
non-direct connections, with another circuit element
between the two points of connection. Generally, the one or
more circuit element disposed between the points of con-
nection can be a diode, a resistor, a transistor, a switch, etc.
Where connections are non-direct, the voltage and/or current
between the two points of connection are suiliciently related,
via the connecting circuit elements, to be related such that
the two points of connection can influence each another (via
voltage changes, current changes, etc.) while still achieving,
substantially the same functions as described herein. In
some examples, voltages and/or current levels may be
adjusted to account for additional circuit elements providing
non-direct connections, as can be appreciated by individuals
skilled 1n the art of circuit design.

Any of the circuits disclosed herein can be fabricated
according to many different fabrication technologies, includ-
ing for example, poly-silicon, amorphous silicon, organic
semiconductor, metal oxide, and conventional CMOS. Any
of the circuits disclosed herein can be modified by their
complementary circuit architecture counterpart (e.g., n-type
transistors can be converted to p-type transistors and vice
versa).

While particular embodiments and applications of the
present invention have been illustrated and described, it 1s to
be understood that the invention 1s not limited to the precise
construction and compositions disclosed herein and that
various modifications, changes, and variations can be appar-
ent from the foregoing descriptions without departing from
the spirit and scope of the invention as defined in the
appended claims.

What 1s claimed 1s:

1. A high resolution display panel comprising:

a display substrate including at least first and second
substantially continuous emissive layers [that are com-
mon to), the lengths of said layers spanning multiple
pixels along the lengths of said layers, said first and
second emissive layers having different colors, each of
said pixels including

a first driving terminal aligned with a segment of said first
emissive layer to form a first sub-pixel, the first and
second emissive layers overlapping in an area defined
by the first driving terminal, the first sub-pixel produc-
ing light of a first color 1n response to current being
conveyed through said first and second emissive [layer}
layers Trom said first driving terminal,

second and third driving terminals aligned with different
portions of said second emissive layer and located on a
first side of said second emissive layer to form second
and third sub-pixels producing light of a second color
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in response to current being conveyed through said
second emissive layer from said second and third
driving terminals, [and}

first and second color filters aligned with said second and
third driving terminals and located on the opposite side
of said second emissive layer from said second and
third driving terminals to [produce] transmit light of
third and fourth colors from said second and third
sub-pixels, and

a thivd color filter aligned with said first driving terminal
and located on an opposite side of said first and second
emissive layers from said first driving terminal to
transmit light of a fifth color from said first sub-pixel.

2. The high resolution display panel according to claim 1,
wherein said emissive layers, and said color filters, are
arranged such that [the] a first fundamental color, a second
fundamental color, and a third fundamental color are emitted
from the display panel via said first, second and third
sub-pixels arranged 1n a regularly repeating pattern across
the display panel.

3. The ligh resolution display panel according to claim 2,
wherein said first emissive layer emits blue light, said
second emissive layer emits orange light, and said first and
second color filters transmit red and green light.

4. The high resolution display panel according to claim 3,
wherein said first driving terminal occupies a larger surface
area ol the display panel than said second and third driving
terminals.

5. The high rvesolution display panel according to claim 4,
wherein the third color filter transmits blue light.

6. The high vesolution display panel accorvding to claim 1,
wherein the third color filter transmits blue light.

7. The high rvesolution display panel according to claim 6,
wherein said first driving tevminal occupies a lavger surface
area of the display panel than said second and thivd driving
terminals.

8. The high resolution display panel according to claim 1,
wherein each pixel further comprises:

a fourth driving terminal aligned with portions of said
first emissive layer different from portions of said first
emissive layer aligned with said first terminals, to form
a fourth sub-pixel producing light of the first color in
response to current being conveyed through said first
emissive layver and through said second emissive layer
from said first driving terminal,

wherein the first and second emissive layers overlap in an
area defined by the fourth driving terminal.

9. The high resolution display panel according to claim 8§,
wherein the first color is white vesulting from the blue light
emitted from the first emissive layer and the orvange light
emitted from the second emissive layer.

10. The high resolution display panel according to claim
8, wherein the fourth sub-pixel is such that said light of the
first color, white, is transmitted from said avea defined by the
Jourth driving terminal substantially unfiltered.
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