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FULL-COLOR ACTIVE MATRIX ORGANIC
LIGHT EMITTING DISPLAY WITH HYBRID

FIELD OF THE INVENTION

[0001] This invention generally relates to a full-color
organic light emitting display with metal oxide TFTs and a
color filter.

BACKGROUND OF THE INVENTION

[0002] There is a strong interest in organic light emitting
displays (OLED) because of the properties of organic light
emitting devices. Generally, these devices are of very low
current, low power, and high emission characteristics. Fur-
ther, organic light emitting devices can be produced to emit
virtually any color so that color displays are possible. As is
understood by those skilled in the art, a color display requires
arrays of full-color pixels each of which includes red, green,
and blue sub-pixels. However, it is very difficult to fabricate
organic light emitting devices in arrays of color pixels. At
present the only practical method is to deposit the various
layers of color material required by using a process known as
“fine shadow masking’ or the use of a shadow mask to deposit
the patterned color emitter layers. The major problem is that
this shadow mask is very difficult to make and expensive.
Secondly, this shadow mask can only be used for certain
deposition cycles due to dimension deformation. Moreover,
the shadow mask process has upper size limits that restrict the
process to relatively small displays. On the other hand, dis-
plays for 3G or 4G multi-medium applications require suffi-
cient pixel counts for each display, the mask alignment accu-
racy and the corresponding emitting color crosstalk set a limit
to the size of red, green, and blue sub-pixels.

[0003] High information content color arrays use an active
matrix type of pixel control and address system. Generally,
because the controlling transistors are built into the array, thin
film transistors (TFT) are used. In the prior art, poly-silicon is
used for the switching and control transistors in active matrix
OLED displays (AMOLED). However, poly-silicon requires
relatively high temperatures to process, and, therefore,
adjoining circuitry and substrates are severely limited. Also,
the characteristics of transistors formed in poly-silicon can
vary, even between adjacent devices in an array, because of
the variation in crystal size and position. To better understand
this problem, in a conduction area under a gate of a few
microns length each different transistor can include from one
or two poly-silicon crystalline grains to several crystalline
grains and the different number of crystals in the conduction
area will produce different characteristics. The dimensions
and their physical characteristics among different grains are
also different. In addition, poly-silicon is light sensitive, i.e.
its I-V characteristic is changed by exposure to visible light.
Amorphous silicon is also light sensitive so that devices fab-
ricated from either of these materials require a light shield or
light shielding, which further complicates the manufacturing
process and reduces the aperture ratio (the emitting area over
the pitch area). Small aperture ratio, in turn, requires the
OLED be driven harder for a targeting display brightness and,
thus, sets higher demand to OLED operation lifetime.
[0004] Fundamentally, a pixel driver for an active matrix
organic light emitting display includes two transistors and a
storage capacitor. One transistor serves as a switch and the
other transistor serves as a current regulator for the OLED. A
storage capacitor is connected between the gate and the drain
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(or the source) of the current regulator transistor to memorize
the voltage on the data line after the switching transistor is
turned off. Also, the pixel driver is connected to three bus
lines, a scan or select line, a data line, and a power line, which
are coupled to peripheral control circuitry. However, in the
prior art, or the present state of active matrix organic light
emitting displays, the pixel driver described cannot effec-
tively be achieved with sufficient performance and/or at low
cost.

[0005] Low temperature poly-silicon (LTPS) and amor-
phous silicon (a-Si) have been used to construct pixel driver
circuits for active matrix organic light emitting display back-
panels. In this context, the term “backpanel” refers to any
array of switching circuits, generally arranged in column and
row form, and each pixel or pixel element having a pixel
electrode (either transparent or reflective to the emitted light)
connected to an organic light emitting diode. At the present
time all of the active matrix organic light emitting displays in
the commercial market are fabricated with LTPS backpanels.
Although LTPS provides sufficient operating lifetime needed
for driving OLEDs, the “mura” defect caused by TFT perfor-
mance inhomogeneity is much more serious for LTPS TFTs
being used for driving OLEDs than for driving liquid crystal
displays (LCDs). As a result, more than 2 transistors are often
used in pixel drivers to compensate for the mura inhomoge-
neity. Also, in some applications more than three bus lines
(data, selection, and power) are included for compensation
circuitry. Further, LTPS backpanels require larger storage
capacitors due to relatively higher “OFF” current in the
switching transistors. Although higher mobility in LTPS
backpanels allows transistors with shorter width/length
(W/L) ratio, the higher OFF-current in the switching transis-
tors requires multiple gate design (e.g. a TFT with 2 or 3 gate
electrode in comb pattern between source and drain elec-
trodes) and thus larger space between source and drain elec-
trodes. Thus, the effective area needed for each pixel driver is
substantial compared to the total pitch area. Thus, the OLED
emitter has to be arranged or stacked with the pixel driver for
light emission from the top. The small energy gap of LTPS
also requires that LTPS TFTs are shielded from the light being
emitted as well as from ambient light.

[0006] There has been significant effort to fabricate active
matrix organic light emitting display backpanels using a-Si
TFTs. However, the I-V (current-voltage) performance in
a-Si TFTs is not stable under DC operation (Vth shift and
mobility decrease due to defect density increase) so that it is
hard to use a-Si TFTs for the driver or current regulator
transistor in the backpanel. Pixel control circuits with more
transistors, capacitors, and buslines have been proposed to
stabilize the transistor performance but none of them have
demonstrated the stability needed for commercial applica-
tions. The low carrier mobility (~0.1 to 0.7 cm*/Vsec) also
requires larger W/L ratio (and thus larger TFT size) for the
driver or current regulator transistor. As a result, there is not
sufficient room for an OLED emitted pad for a bottom emis-
sion so that a top emission configuration has to be used.

[0007] Inthe top emission active matrix organic light emit-
ting display design, a planarization layer is needed to separate
the TFT from the bottom electrode of the OLED emitter to
eliminate optical and electrical crosstalk between the two
portions. Two to three photo processes are needed to make
vias through the planarization layer and to pattern the bottom
electrode for the OLED. There is often another 1 to 2 photo
process steps to construct a bank structure for full-color
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OLED processing (such as a well used to confine organic
emitter ink when inkjet printing is used to pattern full-color
emitter layers). Since the bulk conductivity of transparent top
electrode (typically made of indium-tin-oxide or aluminum-
zinc-oxide) is not sufficient for the common electrode to pass
current from pixels to peripheral driver chips, another via is
often needed and another metal bus line is thus needed on the
backpanel. This design severely limits the aperture ratio of the
top emission active matrix organic light emitting display
products to ~50% range. Here “aperture ratio” means a ratio
of emission zone over the sub-pixel pitch size. Moreover,
depositing transparent metal oxide onto OLED layers is typi-
cally done by a sputtering process, retaining OLED perfor-
mance (both power efficiency and operation lifetime) in top
electrode process is one of the remaining challenges.

[0008] Thereis, thus, a strong interest in a bottom emission
active matrix organic light emitting display architecture with
sufficient aperture ratio for the OLED pad, and with low cost
processes at least competitive to other display technologies,
such as active matrix liquid crystal displays.

[0009] Itwould be highly advantageous, therefore, to rem-
edy the foregoing and other deficiencies inherent in the prior
art.

[0010] Accordingly, it is an object of the present invention
to provide a new and improved full-color, active matrix
organic light emitting display.

[0011] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display which is relatively simple and inexpen-
sive to manufacture and which results in higher fabrication
yields.

[0012] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display utilizing pixel control circuits with
relatively uniform characteristics.

[0013] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display that can be constructed with relatively
large areas.

[0014] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display that can be constructed with high pixel
density.

[0015] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display with bottom emission and relatively
high aperture ratio.

[0016] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display requiring low cost processes at least
competitive to other display technologies.

[0017] It is another object of the present invention to pro-
vide a new and improved full-color, active matrix organic
light emitting display with higher switch rate and higher
frame rate beyond 60 Hz (higher carrier mobility in MO-TFT
enables the frame rate to 120 Hz or beyond).

[0018] Itisanother object of the present invention to design
a full-color, AMOLED with optimized energy efficiency,
color gamut, operation lifetime in addition to the lowest
manufacturing cost and highest manufacturing yield, ie. a
full-color AMOLED with the best performance/cost ratio.
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SUMMARY OF THE INVENTION

[0019] Briefly, to achieve the desired objects of the instant
invention in accordance with a preferred embodiment
thereof, provided is a full-color active matrix organic light
emitting display including a transparent substrate, a color
filter positioned on an upper surface of the substrate, and a
metal oxide thin film transistor backpanel positioned in over-
lying relationship on the color filter and defining an array of
pixels. An array of organic light emitting devices is formed on
the backpanel and positioned to emit light downwardly
through the backpanel, the color filter, and the substrate in a
full-color display.

[0020] The array of light emitting pixels is categorized in
two sub-groups with a first subgroup emitting light in a first
wavelength zone and a second subgroup emitting light in a
second wavelength zone, the second wavelength zone having
a longer wavelength than the first wavelength zone. The light
emitting layer (first subgroup) in the OLED stacks respon-
sible for the first emission zone is made with an up-patterned
film forming method. While the second subgroup of emitting
pixels is formed with the corresponding light emission layer
patterned at full-color pixel level with thermal deposition
through a shadow mask, or with one of the printing methods
using an electroluminescent ink.

[0021] Traditionally, a full-color display pixel is con-
structed with three color primaries or subgroups (referred to
herein as sub-pixels) emitting in blue (400-500 nm), green
(500-600 nm), and red (600-700 nm). One approach to
achieve such primary colors in the prior art is from a white
OLED emitter plus a color filter set. To achieve the needed
color purity, one has to cut the emission profile from both the
long and short wavelength sides and shape the emission pro-
file according to display color standards (i.e. generating suf-
ficiently pure white light is not a simple task). Further, the
filtering of the white light to obtain the three primary colors
results in a substantial loss of light (as much as two thirds).
The challenges for such an approach are that no sufficient
light or power efficiency could be achieved for product
requirements.

[0022] Inthe present invention, a new method is disclosed
of forming two primary-color sub-pixels from an OLED with
emission profile covering two primary colors (for example,
with a profile bandwidth in the 100-200 nm range), along with
a pair of long-pass and short-pass wavelength optical filters
having a cut-off near the middle of the emission profile. In
contrast to the prior art, the optical filters utilized in this
invention do not absorb light in the transmission band. The
desired emission profile can be achieved with a color filter
that only cuts light emitted in the unwanted region, but no
light absorption occurs in the transmission region. The energy
efficiency of the full-color display is thus optimized.

[0023] Only one fine patterning at full-color pixel level is
involved in fabricating such a full-color AMOLED array, in
contrast to the conventional 3 patterning steps required for
OLEDs with red, green, and blue emitting materials. The
full-color architecture and the corresponding fabrication pro-
cess are thus simplified significantly. This process also allows
an existing AMOLED fabrication line based on 3 fine pat-
terning steps to improve the throughput (or a reduction of the
corresponding manufacturing cost) by 3 times. Such process
simplification also improves the process yield.

[0024] Inone arrangement of the preferred embodiment of
the full-color active matrix organic light emitting display, the
organic emitting material for the first emission zone is chosen
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to cover the 400-600 nm range. Similar to other layers in the
OLED stack, the emission layer is deposited without a fine
patterning process. A red emitting material with an emission
profile in the 600-700 nm range is formed in a location cor-
responding to that for red pixels with one of the known
patterning means or techniques. The OLED emitter arrays are
classified into two subgroups with the first group of pixels
emitting sky-blue color (the emission profile in the 400-600
nm range) and the second group of pixels emitting red color
(emission profile in the 600-700 nm range). A full-color dis-
play pixel comprising red, green, and blue sub-pixels can be
achieved by combining such two color OLED arrays with a
set of color filters in corresponding pixel locations. The color
filter layer corresponding to the red pixels can be left open, or
with a filter just trimming the red OLED emitter further to
maximize the color gamut. A long-wavelength-pass filter
with cut-off wavelength near 500 nm is placed in front of the
sky-blue emitter to achieve the desired green color. A short-
wavelength-pass filter with cut-off wavelength near 500 nm is
placed in front of the sky-blue emitter to achieve the desired
blue color. To maximize display efficiency and enrich the
color gamut of the display, one could also add a fourth sub-
pixel with the sky-blue emitter unfiltered (i.e. no optical fil-
ter).

[0025] In another arrangement of the preferred embodi-
ment of the full-color active matrix organic light emitting
display, the organic emitting material for the first emission
zone is chosen to cover the 400-500 nm emission range.
Similar to other layers in the OLED stack, this emission layer
is deposited without a fine patterning process. A yellow emit-
ting material with emission profile in a 500-700 nm range is
formed in a location corresponding to that for green and red
pixels with one of the standard patterning methods. The
OLED emitter arrays are classified into two subgroups with
the first subgroup of pixels emitting blue color (an emission
profile in the 400-500 nm range) and the second subgroup of
pixels emitting yellow color (an emission profile in the 500-
700 nm range). A full color display pixel comprising red,
green, and blue sub-pixels can be achieved by combining the
two color OLED array with a set of color filters in correspond-
ing pixel locations. The color filter layer corresponding to the
blue pixel can be left open, or with a filter just trimming the
blue OLED emitter further to desired color coordinates. A
long-wavelength-pass filter with cut-off wavelength near 600
nm is placed in front of the yellow emitter to achieve the
desired red color. A short-wavelength-pass filter with cut-off
wavelength near 600 nm is placed in front of the yellow
emitter to achieve the desired green color. To maximize dis-
play efficiency and enrich the color gamut of the display, in
the full-color pixel set, one could also add a fourth sub-pixel
with the yellow emitter without an optical filter.

[0026] The desired objects of the instant invention are fur-
ther achieved in accordance with a preferred method of fab-
ricating a full-color active matrix organic light emitting dis-
play. The method includes the steps of providing a transparent
substrate formed of one of glass, organic film, or a combina-
tion thereof and one of rigid or flexible, positioning a color
filter on an upper surface of the substrate, depositing a spacer
layer on the upper surface of the color filter, and forming a
metal oxide thin film transistor backpanel on the spacer layer
and defining an array of pixels. The method further includes
the step of positioning an array of organic light emitting
devices on the backpanel to emit light downwardly through
the backpanel, the spacer layer, the color filter, and the sub-
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strate in a full-color display. The array of light emitted pixels
is categorized in two subgroups with the first subgroup emit-
ting in a first emitting wavelength zone and the second sub-
group emitting in a second emitting wavelength zone, with
the second wavelength being longer than the first wavelength.
The light emitting layer in the OLED stacks responsible for
the first emission zone is made with an un-patterned film
forming method. While the second group of emitting pixels is
formed with the corresponding light emission material pat-
terned at full-color pixel level with thermal deposition
through a shadow mask, or with one of the well known print-
ing methods from an electroluminescent ink in gaseous, lig-
uid or solid form.

[0027] The method also includes the step of forming the
corresponding color filter in long-wavelength-pass, or short-
wavelength-pass form. Placing such a filter set in front of the
OLED with an emitting profile covering two color primaries,
and form the emitting pixels with red, green, and blue color
primaries without optical loss in the corresponding transmis-
sion zone. The method also includes adding a non-filtered
OLED emitter to further improve display efficiency and color
richness.

[0028] The spacer layer and the materials of the backpanel
are selected to be substantially transparent to light emitted
from the organic light emitting devices with larger aperture
ratio. The metal oxide used in the thin film transistors of the
backpanel is preferably amorphous (or with grain size in
nanometer range, substantially smaller than TFT dimensions)
to substantially improve the repeatability, or uniformity, and
the reliability of the thin film transistors over the entire array
or matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The foregoing and further and more specific objects
and advantages of the instant invention will become readily
apparent to those skilled in the art from the following detailed
description of a preferred embodiment thereof taken in con-
Junction with the drawings, in which:

[0030] FIG. 1is a simplified layer diagram of a display in
accordance with the present invention;

[0031] FIG. 2 is a circuit diagram of a single color element
in accordance with the present invention;

[0032] FIG.3isacircuit diagram of another embodiment of
a single color element in accordance with the present inven-
tion,;

[0033] FIG. 4 is a simplified layer diagram representing
layersina full-color OLED pixel area within the OLED array;
[0034] FIG. 5 illustrates a color filter arrangement for the
color filter of a single pixel matching the single OLED of FIG.
4,

[0035] FIG. 6 is a front view of the full-color pixel corre-
sponding to the color filter arrangement illustrated in FIG. 5;
[0036] FIG. 7 is a simplified layer diagram representing
layers in a single OLED of an OLED array;

[0037] FIG. 8 illustrates a color filter arrangement for the
color filter of a single pixel matching the single OLED of FIG.
7; and

[0038] FIG. 91is a front view of the single pixel color filter
arrangement illustrated in FIG. 8.

DETAILED DESCRIPTION OF THE DRAWINGS

[0039] Referring to FIG. 1, a simplified layer diagram of a
display 10 in accordance with the present invention is illus-
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trated. Display 10 includes a substrate 12 which in this
embodiment is preferably glass but which could be any rela-
tively rigid clear or transparent material, such as various
plastics, etc. In the present context, the term “transparent” or
“substantially transparent” is defined to mean material
capable of optically transmitting light in the visible light
range (400 nm to 700 nm) at greater than 70%. Further, it is
intended that display 10 can be of a size similar to displays
used in modern television, computer monitors, or portable
electronics. The size of a full-color pixel comprising a set of
red, green, and blue sub-pixels is of hundreds of microns for
large size TV, or tens of microns for multi-medium, high
information content mobile phones and the like. A color filter
14 is deposited on the upper surface of substrate 12 and
generally, includes plastic material with a relatively low heat
tolerance, i.e. generally below 250° C. Color filter 14 is fab-
ricated in three-color pixels (red, green, blue) in a well known
fashion, i.e. each pixel includes three color elements, each of
whichis controllable to add a selected amount of each color to
produce any selected ultimate or combined color in accor-
dance with well known procedures.

[0040] A spacer layer 16 is deposited on the upper surface
of color filter 14 which provides several functions including
planarization of color filter 14 and a more compatible inter-
face (i.e. layer 16 ensures a better match, both chemically and
optically, between materials at each interface. Because the
various materials of color filter 14 are deposited in separate
layers, planarization is preferred for a better surface for the
deposition of the following components.

[0041] A metal oxide thin film transistor (MO TFT) layer
18 is formed on the upper surface of spacer layer 16. The
metal oxide thin film transistors can be formed at relatively
low temperatures (e.g. as low as room temperature) by pro-
cesses such as physical vapor deposition, by a solution pro-
cess including printing or coating, or by a surface chemical
reaction. Printing includes any process such as ink jetting,
dispensing, off-set printing, gravure printing, screen printing,
etc. Coating includes any process such as slot coating, curtain
coating, spray coating, etc. Physical vapor deposition
includes any process such as sputtering, thermal deposition,
e-beam deposition, etc. Surface chemical reaction includes
surface reaction in gaseous or liquid environment.

[0042] In addition to planarization, spacer layer 16 pro-
vides heat protection for color filter 14 during fabrication of
(MO TFT) layer 18. 1t has been found, for example, that
annealing the metal oxide layer improves reliability and the
characteristics of the transistors. This annealing procedure is
performed by heating the gate metal of each of the transistors
to over 300° C. with pulsed infra red energy. The heat
absorbed by the gate metal anneals the metal oxide semicon-
ductor adjacent the gate metal and spacer layer 16 protects the
color filter from excessive heat (less than 250° C.). Additional
information about this process can be found in a copending
United States Patent Application entitled “Laser Annealing of
Metal Oxide Semiconductor On Temperature Sensitive Sub-
strate Formations”, filed 21 May 2008, bearing Ser. No.
12/124,420, and included herein by reference. The metal
oxide TFTs are formed in an amorphous metal oxide semi-
conductor, such as ZnO, InO, AlZnO, ZnInO, InAlZnO,
InGaZnO, ZnSnO, GaSnO, InGaCuO, InCuO, AICuO, etc.
Here it should be understood that the term “amorphous”
includes any semi-crystalline or non-crystalline metal oxide
with grain size in the film plane significantly smaller than the
TFT channel dimension. Because the amorphous metal oxide
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has small, standard grain size the characteristics of the TFTs
formed in layer 18 are not substantially different from each
other. Further, the metal oxide is transparent to light so that
light can be transmitted downwardly through layer 18, layer
16, color filter 14 and substrate 12. Examples of materials that
are preferable for spacer layer 16 include Si0,, SiN, polyim-
ide, BCB, or acrylic polymers.

[0043] The figure of merit in thin film transistors (TFTs) is
defined by uV/L* where p is the mobility, V is the voltage and
L is the gate length. A major problem is partially remedied by
the recent advance in metal oxide semiconductor materials in
which mobility as high as 80 cm?/V-sec has been demon-
strated. One of the unique features of metal oxide semicon-
ductors is that carrier mobility is less dependent on grain size
of films, that is, high mobility amorphous metal oxide is
possible. However, in order to achieve the high mobility
required for high performance applications, the volume car-
rier density of the metal oxide channel should be high and the
thickness of the metal oxide film should be small (e.g. <100
nm and preferably <50 nm). It has been found, however, that
for these very thin channels, the interfacial interactions of the
metal oxide with the underlying and overlaying material are
no longer negligible.

[0044] The control of interfacial interactions can be imple-
mented in either or both of two ways: (1) interaction with the
underlying structure; and (2) interaction with the overlying
structure. To fabricate TFTs, any or all of the following func-
tions for the overlying and the underlying structures may be
used. For example, different functions may be used on differ-
ent portions or surfaces of a TFT. As examples of uses of the
different functions, weak interaction can be used to adjust the
threshold of the TFT and strong interactions are preferred for
the good ohmic contacts in the source/drain regions. Some
possible functions of overlying structures include: (1) passi-
vation—provides weak or no interaction; (2) Gate—provides
weak or no interaction; and (3) source/drain—provide strong
interaction. Also, some possible functions of underlying
structures include: (1) passivation—provides weak or no
interaction; (2) Gate—provides weak or no interaction; and
(3) source/drain—provide strong interaction. The functions
of overlying and underlying structures needed for any specific
embodiment of a TFT depends on the configuration of the
TFT. Multiple functions may be needed for either the overly-
ing or the underlying structure. Additional information on the
control of interfacial interactions can be found in copending
United States Patent Application entitled “Metal Oxide TFT
with Improved Carrier Mobility”, bearing Ser. No. 12/173,
995, filed on 16 Jul. 2008 and incorporated herein by refer-
ence.

[0045] A layer 20 of organic light emitting devices
(OLEDs) is formed on the surface of MO TFT layer 18 so that
light generated in OLED layer 20 is directed downwardly
through MO TFT layer 18, spacer 16, color filter 14 and
substrate 12. OLED layer 20 comprises a stack of organic
materials (details to be described in conjunction with FIGS. 4
and 7 below) between two contact electrodes on top and
bottom. The bottom electrodes are patterned and connected
with pixel drivers formed in layer 18, an array of OLEDs can
be formed and addressed accordingly by MO TFT layer 18. A
full-color AMOLED could be achieved with a non-patterned
organic stack in OLED layer 20, along with a set of red, green,
and blue color filters in layer 14 by using only white light
emitting OLEDs. Display efficiency is the contemporary
challenge for this approach because approximately %5 of the
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emitted light from a white emitter is cut-off (filtered) from the
front view of the display. Moreover, the transmission profile
in the needed emission zone of the color primaries also needs
to be shaped by means of absorption methods to achieve the
needed purity for the color primaries. As a result, red, green,
and blue color pixels produced from a white OLED emitter
plus an absorption type of color filter set do not provide the
needed power efficiency for product design, especially for
portable displays powered with rechargeable batteries. One
improvement in this approach is to add in a non-filtered white
OLED sub-pixel in addition to the red, green, and blue pri-
mary color sub-pixels to form a 4 sub-pixel full-color pixel
set.

[0046] Full-color AMOLED can also be made with a set of
OLED emitting in red, green, and blue zones. With sufficient
color purity, no color filter layer is needed. Patterning the light
emission layer with different materials to the sub-pixel level
is often made with a shadow mask with windows correspond-
ing to the emitting pad areas of the targeting sub-pixel. The
challenge for this approach is that at least three deposition
chambers and three fine mask sets are required for the three
color emission layers. Other layers in the OLED stack may
also need to be patterned when the performance of the red,
green, and blue OLED emitting elements are fully optimized.
In addition, alignment among the masks during the OLED
fabrication is tedious and is the major yield loss factor in
making full-color displays. Equipment cost, process through-
put and large-size, and fine shadow masking are also chal-
lenging factors in this approach.

[0047] Originally this application disclosed a full-color
AMOLD with a non-patterned OLED layer 20 providing
sky-blue color emission (blue-green color emission in 400-
600 nm wavelength). A blue color sub-pixel is then formed
from the sky-blue OLED with a short-wavelength-pass color
filter in layer 14 with a cut-off wavelength at approximately
500 nm. A green color sub-pixel is formed from the sky-blue
OLED with a long-wavelength-pass color filter in layer 14
with a cut-off wavelength of approximately 500 nm. The red
color sub-pixel is formed by an energy down-conversion
color filter in layer 14 at the corresponding locations in a color
display. The energy down-conversion color filter absorbs the
sky-blue light emitted by the OLED and emits light in the
600-700 nm region in response thereto. This approach relies
on an energy conversion color filter with good energy match
between the color filter and the sky-blue OLED emitter, good
absorption efficiency in the filter layer, and high conversion
efficiency.

[0048] To further improve the power efficiency of
AMOLED provided from this approach, a non-filtered sky-
blue sub-pixel can also be added in the full-color pixel. Full-
color display elements with four sub-pixels in blue, green,
red, and sky-blue colors are thus formed. The unfiltered sub-
pixel improves the display power efficiency along with
enrichment of the color.

[0049] Inthe present invention, a full-color AMOLED dis-
play structure is disclosed along with corresponding methods
of fabrication including producing an OLED array in layer 20
with two emission colors made with a single fine patterning
process. This approach eliminates the need for alignment
among different fine masks and thus eliminates color
crosstalk between neighboring sub-pixels. By combining the
two-color layer 20 with corresponding long-wavelength-pass
or short-wavelength-pass filters in layer 14, full-color
AMOLED displays can be achieved with low fabrication
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cost, high color gamut, and the high power efficiency needed
for high information content displays of all sizes.

[0050] In conjunction with the two emission color OLED
made with a single fine patterning process, one approach to
achieve the red color sub-pixel with high efficiency is to insert
a patterned red emission layer at the corresponding locations
in the non-patterned organic layers for the sky-blue OLED.
Such single step fine patterning in full-color pixels does not
generate the alignment complexity seen in multiple fine pat-
terning for red, green, and blue colored emitters in the prior
art but retains simplicity in obtaining full-color pixels in
AMOLED displays.

[0051] Generally, two specialized examples of full-color
OLED displays including a hybrid structure and process are
disclosed below. Each of the two examples include two of the
color primaries defined by an OLED emitter with an emission
zone covering the range of two primary colors and a patterned
emission layer with an emission covering the third primary
color positioned in the emission zone. A set of long-wave-
length-pass and short-wavelength-pass optical filters separate
the emission in the emission zone into the two primary colors.
[0052] A first specialized type of OLED generator 50 and
color filter 60 in accordance with the present invention is
illustrated in FIGS. 4-6. Referring specifically to FIG. 4, a
simplified layer diagram representing layers in single OLED
50 of an OLED array (corresponding to layer 20 in FIG. 1) is
illustrated. In this specific example, OLED 50 includes a
cathode 52, an electron injection layer 53 and an electron
transport layer 54. This specific arrangement of OLEDs
includes a patterned anode pad corresponding to each sub-
pixel (explained above and not shown), a hole injection layer
55, and a hole transport layer 56. It will be understood that
many of these various layers can be individually provided (as
shown) or combined with or into other layers and the various
layers illustrated are simply for example. Light emission lay-
ers 57 and 58 are provided between electron transport layer 54
and hole transport layer 56. In certain specific applications,
layer 58 can alternatively be inserted between layer 57 and
electron transport layer 54. While a bottom anode is illus-
trated and described, it will be understood that a bottom
common cathode configuration could be used by reversing
the OLED stack. It should be specifically noted that all of the
organic layers (53, 54, 55, 56, and 57) are deposited without
fine patterning at the pixel level. Only layer 58 requires pat-
terning which can be achieved with thermal deposition
through a fine-shadow-mask or by means of a printing
method known to the skilled artisan in the field.

[0053] As understood in the art, electrons and holes com-
bine in the emission layer to generate photons or light that is
then emitted in a specific direction, in this case in the direction
of the anode. Further, the color of the light emitted can be
controlled or selected in accordance with the material incor-
porated into light emission layers 57 and 58. In this embodi-
ment, light emission layer 57 is constructed to emit blue-
green (skyblue) light in a range or band of approximately 400
nm to 600 nm. The blue-green emitter can be made with a
single emitter with broad emission profile covering blue and
green colors or with blue and green emitters in a bilayer or in
a blend form and could also be made in a green and a blue
OLED stacking form. Second light emission layer 58 is con-
structed to emit light generally in the range or band of red
light and is much smaller than light emission layer 57. Second
light emission layer 58 is patterned on light emission layer 57
by some convenient means such as: thermal deposition with a
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fine mask, by one of printing or coating processes (see
description above) including inkjet printing, solution dis-
pensing, transfer printing, offset printing etc.; laser induced
thermal transfer; or contact printing. The un-patterned layer
57, in the area of the stack including patterned red emission
layer 58, serves electron transport and hole blocking func-
tions in the red emission sub-pixel locations. It should be
noted that only one fine patterning step is involved in this
novel process and all of the remaining layers in the OLED
stack are made without the requirement of fine patterning
versus three fine patterning steps required in the prior art.
[0054] Itshould be noted that the energy level of carriers in
red emission layer 58 is lower than the energy level of carriers
in sky-blue emission layer 57. Therefore, carriers tend to
migrate through sky-blue emission layer 57 and into the lower
energy level of red emission layer 58, where they combine in
a well known fashion to produce red light. Thus, in the area
where red emission layer 58 is positioned on sky-blue emis-
sion layer 57, substantially only red emissions occur and
sky-blue emission layer 57 provides only electron transport
and hole blocking functions.

[0055] Referring additionally to FIGS. 5 and 6, color filter
arrangement 60 for a single full-color pixel for use in con-
junction with an array of OLED generators 50 is illustrated.
Color filter 60 is illustrated with an optional black matrix or
surround pattern having four openings or zones: a blue color
zone 62, a red color zone 63, a green color zone 64, and an
optional skyblue color zone 65. In this embodiment, blue
color zone 62 is formed by a magenta color filter or a short-
wavelength-pass filter which absorbs light in the range of
approximately 500 nm to 600 nm and passes only blue color
in a wavelength range shorter than 500 nm. Green color zone
64 1s formed by a yellow color filter which absorbs light in a
range shorter than 500 nm and passes light with a wavelength
longer than 500 nm. Red color zone 63 has either no color
filter or a filter trimming the red emission profile toward a red
color standard required by NTSC. The optional skyblue zone
has no color filter so as to pass the original emission profile
from layer 57.

[0056] Thus, specialized type of OLED generator 50 and
matching color filter 60 in accordance with the present inven-
tion are illustrated and disclosed. Generally, color filter 60
will be positioned on a transparent substrate as illustrated in
FIG. 1. A spacer layer and/or an optional planarization layer
may be positioned on the color filter or may be considered a
portion of the color filter. A metal oxide thin film transistor
(MO TFT) layer is formed on the upper surface of the spacer
layer or on the color filter, if the spacer layer is not present or
is formed as a component of the color filter. A layer of organic
light emitting devices (OLEDs) is formed on the surface of
the MO TFT layer so that light generated in the OLED layer
is directed downwardly through the MO TFT layer, the color
filter, and the substrate. As will be understood from the above
description, in the manufacturing of OLED generator 50 only
one fine patterning step is involved which substantially
reduces process cost and yield loss and substantially
improves display resolution.

[0057] A second specialized type of OLED generator 70
and color filter 80 in accordance with the present invention is
illustrated in FIGS. 7-9. OLED generator 70 and color filter
80 are incorporated into a display generally as described
above with relation to OLED generator 50 and color filter 60.
Referring specifically to FIG. 7, a simplified layer diagram
representing layers in single OLED 70 of an OLED array
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(corresponding to layer 20 in FIG. 1) is illustrated. In this
specific example, OLED 70 includes a common cathode 72,
an electron injection layer 73 and an electron transport layer
74. This specific arrangement of OLEDs includes an array of
anode pads connected to corresponding pixel drivers at the
same sub-pixel location (explained above and not shown), a
hole injection layer 75, and a hole transport layer 76. It will be
understood that many of these various layers can be individu-
ally provided (as shown) or combined with or into other
layers and the various layers illustrated are simply for
example. Light emission layers 77 and 78 are provided
between electron transport layer 74 and hole transport layer
76. While a bottom anode configuration is illustrated and
described, it will be understood that a bottom cathode con-
figuration could also be used by reversing the OLED stack.

[0058] As explained above, the color of the light emitted
can be controlled or selected in accordance with the material
incorporated into light emission layers 77 and 78. In this
embodiment, light emission layer 77 is constructed to emit
blue light in a range or band of approximately 400 nm to 500
nm. Itis deposited without patterning at the pixel level, simi-
lar to other layers in the OLED layer stack other than emission
layer 78. Second light emission layer 78 is constructed to emit
yellow (green-red) light in a range or band of approximately
500 nm to 700 nm and is deposited by thermal deposition with
a fine mask or by a fine printing method known to artisans in
the field. The yellow (green-red) emitter can be made with a
single emitting material with broad emission in the 500-700
nm range, or with green and red emitters in a bilayer or in a
blend form and could also be made in a green and a red OLED
stacking form. Second light emission layer 78 is patterned on
blue light emission layer 77 by some convenient means such
as: thermal deposition with a fine mask, by one of printing or
coating processes (see description above) including inkjet
printing, solution dispensing, transfer printing, offset printing
etc.; laser induced thermal transfer; or contact printing. In the
OLED pixel with patterned layer 78 providing yellow emis-
sion, the layer 77 covered by the patterned layer 78 becomes
an electron transport and hole blocking layer in the stack
because of the difference in energy levels (described above).
In specific applications, the order of layer 78 and layer 77 can
be reversed, based on the relative energy level structures and
carrier transport characteristics.

[0059] Referring additionally to FIGS. 8 and 9, a color filter
arrangement 80 for a single full-color pixel for use in con-
junction with an array of OLED generators 70 is illustrated.
Color filter 80 is illustrated with an optional black matrix or
surround pattern having three openings or zones: a blue color
zone 82, a green color zone 83, and a red color zone 84. In this
embodiment, blue color zone 82 has no filters and simply
passes blue light generated from light emission layer 77. A
color trimming/shaping filter could also or alternatively be
placed in the zone 82 to optimize the emission color of the
blue color. Green color zone 83 is formed by placing a short-
wavelength-pass filter (which absorbs light only for wave-
lengths longer than approximately 600 nm) in front of the
yellow OLED emitter. Red color zone 84 is formed by placing
a long-wavelength-pass filter (which absorbs light only for
wavelengths shorter than approximately 600 nm) in front of
the yellow OLED emitter. The drawings in FIGS. 8 and 9
depict a full-color pixel comprising red, green, and blue sub-
pixels as color primaries of the AMOLED display. An addi-
tional fourth sub-pixel with unfiltered yellow OLED emis-
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sion could be added to the full-color set to increase display
power efficiency and color richness.

[0060] Thus, specialized type of OLED generator 70 and
matching color filter 80 in accordance with the present inven-
tion are illustrated and disclosed. As will be understood from
the above description, in the manufacturing of OLED genera-
tor 70 only one fine patterning step is involved. Also, the fine
patterning step covers two sub-pixels so that less process
accuracy is demanded. Thus, this process involves less fine
patterning which substantially reduces process cost and yield
loss and substantially improves display resolution.

[0061] Thus, in this disclosure the term “full-color” display
is defined to mean a display in which the pixels include at least
the three different color elements, red, green, and blue and in
some specific applications a fourth emitter sub-pixel passing
the unfiltered, broad OLED emission.

[0062] Itis important to understand that the organic layers
in the OLED stack (see FIGS. 4 and 7) are made without
patterning except layer 58 and layer 78, respectively. Such
structure and corresponding process provide great simplicity
over traditional full-color OLED forming methods from pat-
terned red, green, and blue emitter layers at the pixel level. No
cross-alignment among fine masks is needed in this new
method. Generally, a seal or protective coating 22 is formed
over the entire structure to seal the OLEDs from the surround-
ing atmosphere, which can be detrimental to continued opera-
tion.

[0063] Thus, a display using low power, high output
OLEDs can be manufactured relatively inexpensively. Fur-
ther, with this invention it is possible to make the single
patterning mask over large size displays and thus manufac-
ture displays large enough to compete with present day tele-
vision screens, computer monitors typically made from glass
with a size in meter length ranges (Generation-V line or
higher). On the other hand, since the single patterning process
eliminates alignment errors generated in multiple fine mask
processes, with a pattern covering two sub-pixels (rather than
one in the prior art), a full-color display can be achieved with
finer pitch size; enabling high information content and digital
display formats in portable display products. Large size, full-
color AMOLED or high pixel density small size displays
were not possible using the prior art multiple fine-shadow-
mask process or the like. Also, it is known that OLEDs can be
operated with relatively low power and they produce or gen-
erate relatively high amounts of light. Adding unfiltered
broad-band OLED sub-pixels into full-color emitter set fur-
ther improves display power efficiency and color richness.
[0064] The metal oxide thin film transistors used in back-
panel 18 are deposited at low (e.g. room) temperature and
require a minimum of operations. For example, MO TFT
backpanel 18 can be manufactured using four photo masks
and, if the compound semiconductor pattern is formed by a
printing process (e.g. ink jetting, dispensing, off-set printing,
gravure printing, screen printing, etc.), the backpanel can be
completed with three photo masks. Further, the characteris-
tics of the TFT's can be enhanced by annealing and control of
interfacial interactions performed without overheating color
filter 14 in accordance with the described procedures. The
relatively high mobility of the metal oxide semiconductor
material and the low leakage current (low OFF current)
allows the use of small size storage capacitors, which can be
overlaid with the power line to further increase space avail-
able for the emitter pad and thus the aperture ratio of the
sub-pixel. The low leakage and simplified manufacturing
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techniques can be further enhanced by selectively anodizing
the gate metal material at low temperature to form the gate
dielectric at the transistor channel area and the capacitor area.
In a preferred embodiment, an active matrix organic light
emitting diode pixel driver (backpanel) was constructed with
an aperture ratio larger than 50% and only the metal power
lines and the TFT areas are opaque to visible light so that the
remaining area can be used to define the emitter pad. In a
specific embodiment the selection line, the data line and the
power line were formed of opaque metal and used as a mask
for pixel electrode patterning. A transparent pixel electrode is
deposited and patterned over the transparent area of each
pixel or through a self-aligned patterning process from the
back side. For a display with 100 ppi full-color pixels, 85 pm
by 255 pm sub-pixel area greater than an 80% aperture ratio
was achieved.

[0065] Inoneexample, the TFTs were made with Al as the
gate electrode and AlO as the gate insulator. Indium-tin-oxide
(ITO) or aluminum was used as the source and drain elec-
trodes. In-Zn-O or 1-Al-Zn-O was sputtered and patterned
over the channel and source/drain area. The width and the
length of the channel were 200 um and 20 um, respectively.
All the deposition and patterning processes were carried out
without substrate or color filter heating. A post baking was
carried out at 150° C. for 30-90 minutes. At least one TFT in
each element had n-type characteristics, with ON current at
20V of approximately 0.5 mA and OFF current at =20V of a
few picoamps. The ON/OFF ratio was over 107 at 20V and the
electron mobility was observed in arange of 5 cm*/Vsec to 20
cm?/Vsec. This example demonstrates the high mobility, high
switch ratio TFTs that can be fabricated with amorphous
metal oxide semiconductor material at low temperatures.
Such low process temperature allows metal-oxide based
TFTs to be used for electronic circuits on flexible plastic
substrates.

[0066] Turning now to FIG. 2, a circuit diagram of a single
color element, designated 30, in a pixel is illustrated. As will
be understood from the disclosure, the two transistors, one
capacitor, three bus line element 30 is possible because of the
novel construction and the use of metal oxide semiconductor
transistors. Pixel 30 is a common cathode arrangement
wherein all of the cathodes of all of the elements in the array
are connected to a common terminal or conductor. It will be
understood that, three color elements similar to color element
30 are incorporated in each full-color pixel to illuminate the
red/green/blue colors for each pixel. As understood by those
skilled in the art, a full-color display incorporates an array of
pixels generally oriented in rows and columns, with each
full-color pixel including three primary color elements, each
element in association with one of ared, green, or blue area of
color filter 14. As disclosed as a part of this invention, unfil-
tered broad-emission from the OLEDs can be added into each
full-color pixel set to increase display power efficiency and
color richness (gamut).

[0067] Color element 30 is coupled between a data line 32
and a selection line 34. Each pixel in the column with element
301s coupled to data line 32 and to a separate selection line 34.
Similarly, each element in the row with element 30 is coupled
to selection line 34 and to a different data line. Thus, by
addressing data line 32 and selection line 34, pixel 30 is
specifically selected. In a similar fashion each element in the
array can be selected or addressed and the brightness con-
trolled by a signal on the data line.
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[0068] The control circuit of element 30 includes a switch-
ing transistor 36, a current regulator or driver transistor 38,
and a storage capacitor 40. The gate of switching transistor 36
is connected to selection line 34 and the source-drain are
connected between data line 32 and the gate of driver transis-
tor 38. An OLED 42 that is being controlled by the control
circuit has the cathode connected to the common terminal or
conductor and the anode is connected through the source-
drain of driver transistor 38 to a power source, Vdd. Storage
capacitor 40 is connected between the power source, Vdd, and
the gate of driver transistor 38.

[0069] Thus, when a select signal appears on selection line
34 and a data signal appears on data line 32, pixel 30 is
addressed or selected. The signal on selection line 34 is
applied to the gate of switching transistor 36, turning on the
transistor. The data signal on data line 32 is applied through
the source-drain of switching transistor 36 to the gate of driver
transistor 38, turning driver transistor ON according to the
amplitude and/or duration of the data signal. Driver transistor
38 then supplies power, generally in the form of driving
current, to OLED 42, the brightness or intensity of light
generated by OLED 42 depends upon the amount and/or
duration of current supplied. Because of the efficiency of
OLED 42 the driving current, i.e. the element current pro-
vided by driver transistor 38, is generally in a range of sub
microampere to a few microamperes. Storage capacitor 40
memorizes the voltage on data line 32 after switching tran-
sistor 36 is turned off.

[0070] Turning now to FIG. 3, a circuit diagram of another
embodiment of a single color element, designated 30", in a
pixel is illustrated. In this embodiment components similar to
those in FIG. 2 are designated with similar numbers and a
prime (') is added to each number to indicate the different
embodiment. Pixel 30' is a common anode arrangement
wherein all of the anodes of all of the elements in the array are
connected to a common terminal or conductor. Color element
30'is coupled between a data line 32' and a selection line 34'.
Each pixel in the column with element 30" is coupled to data
line 32' and to a separate selection line 34'. Similarly, each
element in the row with element 30" is coupled to selection
line 34" and to a different data line. Thus, by addressing data
line 32' and selection line 34", pixel 30" is specifically selected.
In a similar fashion each element in the array can be selected
or addressed and the brightness controlled by a signal on the
data line.

[0071] Thecontrol circuit of element 30' includes a switch-
ing transistor 36', a current regulator or driver transistor 38',
and a storage capacitor 40'. The gate of switching transistor
36' is connected to selection line 34' and the source-drain are
connected between data line 32' and the gate of driver tran-
sistor 38'. An OLED 42' that is being controlled by the control
circuit has the anode connected to the common terminal or
conductor and the cathode is connected through the source-
drain of driver transistor 38' to a power source, Vss. Storage
capacitor 40' is connected between the power source, Vss, and
the gate of driver transistor 38'.

[0072] Thus, a full-color active matrix organic light emit-
ting display is disclosed that includes a transparent substrate,
a color filter positioned on an upper surface of the substrate,
a spacer layer formed on the upper surface of the color filter,
a metal oxide thin film transistor backpanel formed on the
spacer layer and defining an array of pixels, and an array of
organic light emitting devices formed on the backpanel and
positioned to emit visible light in two emission profiles down-
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wardly through the backpanel, the spacer layer, the color
filter, and the substrate in a full-color display. The combina-
tion of the color filter and the array of organic light emitting
devices made with a single fine-patterning step allows the
simplified manufacture of organic light emitting devices and,
therefore the use of the devices. Also, the metal oxide thin
film transistor backpanel allows the light to be transmitted
down through the backpanel and the substrate to substantially
increase the aperture ratio for a substantial reduction in pixel
size (or improvement in light emission).

[0073] Various changes and modifications to the embodi-
ment herein chosen for purposes of illustration will readily
occur to those skilled in the art. To the extent that such
modifications and variations do not depart from the spirit of
the invention, they are intended to be included within the
scopethereof which is assessed only by a fair interpretation of
the following claims.

[0074] Having fully described the invention in such clear
and concise terms as to enable those skilled in the art to
understand and practice the same, the invention claimed is:

1-29. (canceled)

30. A full-color active matrix organic light emitting display
comprising:

an array of full-color display pixels;

each full-color display pixel including sub pixels emitting

red, green, and blue primary colors, each sub-pixel
including at least one organic light emitting diode with
an emission profile; and

each full-color display pixel including at least two organic

light emitting diodes defining at least two sub-pixels
emitting a first light emission band with wavelengths
substantially extending across the range of two of the
three primary colors.

31. The full-color active matrix organic light emitting dis-
play as claimed in claim 30 wherein each full-color display
pixel includes at least one organic light emitting diode defin-
ing at least one sub-pixel emitting a second light emission
band with wavelengths substantially extending across the
range of a third primary color of the three primary colors.

32. The full-color active matrix organic light emitting dis-
play as claimed in claim 31 wherein the first light emission
band includes shorter wavelengths than the second light eris-
sion band.

33. The full-color active matrix organic light emitting dis-
play as claimed in claim 32 wherein the first light emission
band includes shorter a range of wavelengths approximately
400 nm to 600 nm and the second light emission band
includes a range of wavelengths approximately 600 nm to 700
nm.

34. The full-color active matrix organic light emitting dis-
play as claimed in claim 31 wherein the first light emission
band includes longer wavelengths than the second light emis-
sion band.

35. The full-color active matrix organic light emitting dis-
play as claimed in claim 32 wherein the first light emission
band includes shorter a range of wavelengths approximately
500 nm to 700 nm and the second light emission band
includes a range of wavelengths approximately 400 nm to 500
nm.

36. The full-color active matrix organic light emitting dis-
play as claimed in claim 30 further including a color filter
array layer positioned between a viewer’s eye and the array of
full-color display pixels converting light emission in the first
light emission band into two of the three primary colors.
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37. The full-color active matrix organic light emitting dis-
play as claimed in claim 30 wherein the color filter array layer
positioned between a viewer’s eye and the array of full-color
display pixels includes a short-wavelength-pass optical color
filter and a long-wavelength-pass optical color filter with
cut-off edges midway in the first light emission band.

38. The full-color active matrix organic light emitting dis-
play as claimed in claim 37 wherein the cut-off edges of the
short-wavelength-pass optical color filter and the long-wave-
length-pass optical color filter are at approximately 500 nm
and an emission profile of the corresponding two organic light
emitting diodes emitting the second light emission band
includes arange of wavelengths approximately 400 nm to 600
nm.

39. The full-color active matrix organic light emitting dis-
play as claimed in claim 37 wherein the cut-off edges of the
short-wavelength-pass optical color filter and the long-wave-
length-pass optical color filter are at approximately 600 nm
and the emission profile of the corresponding two organic
light emitting diodes emitting the second light emission band
includes a range of wavelengths approximately 500 nm to 700
nm.

40. The full-color active matrix organic light emitting dis-
play as claimed in claim 36 wherein each full-color display
pixel includes at least one additional sub-pixel positioned to
emit light directly, not through the color filter array layer.

41. The full-color active matrix organic light emitting dis-
play as claimed in claim 40 wherein the emission profile of
the at least one additional sub-pixel positioned to emit light
directly includes one of the first light emission band, the
second light emission band, or both.

42. The full-color active matrix organic light emitting dis-
play as claimed in claim 31 further including an array of pixel
driving circuits connected to control each sub-pixel, each
pixel driving circuit including at least one thin film transistor.

43. The full-color active matrix organic light emitting dis-
play as claimed in claim 31 further including an array of pixel
driving circuits connected to control each sub-pixel, each
pixel driving circuit including at least one switch thin film
transistor, one driving thin film transistor, and one storage
capacitor.

44. The full-color active matrix organic light emitting dis-
play as claimed in claim 43 wherein the one driving thin film
transistor has an active channel including at least a semicon-
ductor metal oxide film.

45. A full-color active matrix organic light emitting display
comprising:

an array of full-color display pixels, each full-color display

pixel including sub-pixels formed from organic light
emitting devices in an array of organic light emitting
devices, each organic light emitting device having an
emission profile and an emission zone;

each full-color display pixel including two groups of sub

pixels, each sub-pixel including at least one organic light
emitting diode with a light emission profile;

the emission profile of a first group of the two groups

including a blanket emission layer without pixel level
patterning and comprising one of a first light emission
band and a second light emission band; and

the emission profile of a second group of the two groups

including another emission layer patterned within each
full-color pixel and comprising another of the first light
emission band and the second light emission band.
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46. The full-color active matrix organic light emitting dis-
play as claimed in claim 45 wherein the patterned emission
layer is in contact with the blanket emission layer without
pixel level patterning.

47. The full-color active matrix organic light emitting dis-
play as claimed in claim 46 wherein the blanket emission
layer without pixel level patterning serves charge transfer
and/or charge block functions in an area in contact with the
patterned emission layer.

48. The full-color active matrix organic light emitting dis-
play as claimed in claim 47 wherein the light emission wave-
length of the blanket emission layer without pixel level pat-
terning is shorter than the light emission wavelength of the
patterned emission layer.

49. The full-color active matrix organic light emitting dis-
play as claimed in claim 46 wherein the second light emission
band is emitted from the blanket emission layer without pixel
level patterning and extends in a range of approximately 400
nm to 500 nm, the patterned emission layer emitting the first
light emission band and extends in a range of approximately
500 nm to 700 nm.

50. The full-color active matrix organic light emitting dis-
play as claimed in claim 46 wherein the first light emission
band is emitted from the blanket emission layer without pixel
level patterning and extends in a range of approximately 400
nm to 600 nm, the patterned emission layer emitting the
second light emission band and extends in a range of approxi-
mately 600 nm to 700 nm.

51. The full-color active matrix organic light emitting dis-
play as claimed in claim 45 further including a color filter
array layer positioned between a viewer’s eye and the array of
full-color display pixels converting light emission in the first
light emission band into two of the three primary colors.

52. The full-color active matrix organic light emitting dis-
play as claimed in claim 45 wherein the color filter array layer
positioned between a viewer’s eye and the array of full-color
display pixels includes a short-wavelength-pass optical color
filter and a long-wavelength-pass optical color filter with
cut-off edges midway in the first light emission band.

53. The full-color active matrix organic light emitting dis-
play as claimed in claim 52 wherein the cut-off edges of the
short-wavelength-pass optical color filter and the long-wave-
length-pass optical color filter are at approximately 500 nm
and an emission profile of the corresponding two organic light
emitting diodes emitting the second light emission band
includes a range of wavelengths approximately 400 nm to 600
nm.

54. The full-color active matrix organic light emitting dis-
play as claimed in claim 52 wherein the cut-off edges of the
short-wavelength-pass optical color filter and the long-wave-
length-pass optical color filter are at approximately 600 nm
and the emission profile of the corresponding two organic
light emitting diodes emitting the second light emission band
includes a range of wavelengths approximately 500 nm to 700
nm.

55. The full-color active matrix organic light emitting dis-
play as claimed in claim 51 wherein each full-color display
pixel includes at least one additional sub-pixel positioned to
emit light directly, not through the color filter array layer.

56. The full-color active matrix organic light emitting dis-
play as claimed in claim 55 wherein the emission profile of
the at least one additional sub-pixel positioned to emit light
directly includes one of the first light emission band, the
second light emission band, or both.
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57. The full-color active matrix organic light emitting dis-
play as claimed in claim 51 wherein the color filter array layer
further includes a black matrix surrounding the emission zone
of each organic light emitting.

58. The full-color active matrix organic light emitting dis-
play as claimed in claim 46 wherein the patterned emission
layer includes a printed or coated layer formed by one of
inkjet printing, solution dispensing, transfer printing, offset
printing, laser induced thermal transfer, and contact printing.

59. The full-color active matrix organic light emitting dis-
play as claimed in claim 46 wherein the patterned emission
layer includes a thermally deposited layer with patterns
defined by a shadow mask.

60. The full-color active matrix organic light emitting dis-
play as claimed in claim 45 wherein the first group of the two
groups includes one of blue and green organic light emitting
diodes in a bilayer, blue and green organic light emitting
diodes in in a blend form, and blue and green organic light
emitting diodes in a stacking form.

61. The full-color active matrix organic light emitting dis-
play as claimed in claim 45 further includes an array of pixel
driving circuits connected to control each sub-pixel. each
pixel driving circuit in the array of pixel driving circuits
including at least one thin film transistor.

62. The full-color active matrix organic light emitting dis-
play as claimed in claim 61 further including an array of pixel
driving circuits connected to control each sub-pixel, each
pixel driving circuit including at least one switch thin film
transistor, one driving thin film transistor, and one storage
capacitor.

63. The full-color active matrix organic light emitting dis-
play as claimed in claim 61 wherein the one driving thin film
transistor has an active channel including at least a semicon-
ductor metal oxide film.
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64. A full-color active matrix organic light emitting display
comptrising:

an array of full-color display pixels, each full-color display
pixel including at least one organic light emitting diode
with an emission profile across 200 nm in visible spec-
trum,

an array of pixel driving circuits, connected to the array of
full-color display pixels, and controlling the at least one
organic light emitting diode in each pixel of the array of
full-color display pixels; and

each pixel driving circuit of the array of pixel driving
circuits including at least one thin film transistor.

65. The full-color active matrix organic light emitting dis-
play as claimed in claim 64 wherein the emission profile of
the at least one organic light emitting diode is in a range of
approximately 500 nm to 700 nm.

66. The full-color active matrix organic light emitting dis-
play as claimed in claim 64 wherein the emission profile of
the at least one organic light emitting diode is in a range of
approximately 400 nm to 600 nm.

67. The full-color active matrix organic light emitting dis-
play as claimed in claim 64 wherein each pixel driving circuit
of the array of pixel driving circuits includes at least one
switch thin film transistor, one driving thin film transistor, and
one storage capacitor.

68. The full-color active matrix organic light emitting dis-
play as claimed in claim 64 wherein the at least one thin film
transistor of each pixel driving circuit of the array of pixel
driving circuits includes an active channel comprising ate
least a semiconductor metal-oxide film
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