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(57) ABSTRACT

According to the present specification there is provided an
active matrix OLED display and a method of fabrication
thereof, the method comprising: providing a backplane and
an OLED assembly and then joining the two together. The
backplane comprises a plurality of controllable gated elec-
tronic components each at a predetermined position on or
directly beneath a surface of the backplane substrate. The
controllable gated electronic components are configured to
control one or more pixels of the active matrix OLED
display. The OLED assembly comprises one or more pixel
regions each having one or more pixel contacts. In addition,
the OLED assembly is formed separately from the back-
plane on an OLED substrate different from the backplane
substrate. The joining comprises electrically connecting one
or more of the pixel contacts to the corresponding control-
lable gated electronic components.
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OLED DISPLAY AND METHOD OF
FABRICATION THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Patent Application No. 62/280,555, filed on Jan. 19,
2016, which is incorporated herein by reference in its
entirety.

FIELD

[0002] The present specification relates to OLED displays,
and in particular to active matrix OLED displays and
methods of fabrication thereof.

BACKGROUND

[0003] Single-crystal silicon is used for most electronic
applications. Exceptions exist, such as displays and some
imagers, where amorphous silicon is applied to glass sub-
strates in order to operate the display or imager pixel. In
many applications, the display or imager is fabricated on top
of the silicon electronics. For application to liquid crystal
displays (LCDs), amorphous silicon has provided sufficient
performance. For next generation display devices such as
Organic Light Emitting Diodes (OLED), active matrix drive
transistors made from amorphous silicon have proven prob-
lematic. Fundamentally, LCDs use voltage devices, and
active matrix OLEDs require current devices. Attempts to
extend the conventional approach involve modifying the
prior-art amorphous-silicon on glass. Amorphous-silicon is
applied to the entire substrate panel, typically greater than
two meters on a side, and then is re-crystallized using large
excimer lasers and scanning a line focus across the panel.
The laser has to be pulsed so as to only melt the Si surface
and not the glass. This technique results in the formation of
poly-crystal silicon rather than single-crystal silicon.

[0004] The mobility of any type of amorphous or poly-
crystalline transistor, including non-silicon and organic
devices, is much smaller than the mobility of single-crystal
silicon transistors. Electron mobility in amorphous silicon is
~1 em®/V.s compared to ~100 cm?/V.s for poly-silicon, and
~1500 cm*/V.s for high-quality single-crystal silicon. It is
therefore advantageous to use single-crystal silicon in place
of amorphous silicon in such devices. However, silicon
wafers are typically 300 mm in diameter, compared to
current display panels which can measure at more than 2
meters on a side. In the case of such large area devices,
including large area OLED displays, larger wafers of single
crystal silicon can become prohibitively expensive and/or
technically impractical to fabricate.

[0005] In addition, in making conventional active matrix
OLED displays the light emitting material is typically
deposited as a thin film on an active matrix backplane. This
process has at least two significant limitations: first, even a
small degree of roughness on the surface of the backplane
can interfere with the deposition of the light emitting layers
and cause malfunction in the final display. Second, since the
light emitting layers and the backplane are rigidly attached
to one another, there must be a close match between their
respective coeflicients of thermal expansion (CTE) to avoid
damage to the display as a result of temperature changes.
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This need for a close CTE match limits the types of materials
that can be used for the backplane and for the light emitting
layers.

SUMMARY

[0006] In this specification, elements may be described as
“configured to” perform one or more functions or “config-
ured for” such functions. In general, an element that is
configured to perform or configured for performing a func-
tion is enabled to perform the function, or is suitable for
performing the function, or is adapted to perform the func-
tion, or is operable to perform the function, or is otherwise
capable of performing the function.

[0007] It is understood that for the purpose of this speci-
fication, language of “at least one of X, Y, and Z” and “one
or more of X, Y and Z” can be construed as X only, Y only,
Z only, or any combination of two or more items X, Y, and
Z (e.g, XYZ, XY, YZ, 77, and the like). Similar logic can
be applied for two or more items in any occurrence of “at
least one . . .~ and “one or more . . . ” language.

[0008] An aspect of the present specification provides a
method of forming an active matrix OLED display, the
method comprising providing a backplane. The backplane
comprises a backplane substrate comprising a support mate-
rial and one or more component substrates formed sepa-
rately from the support material and then secured to the
support material each at a predetermined position on the
support material. The backplane also comprises a plurality
of controllable gated electronic components formed on or
directly beneath a surface of the corresponding component
substrates. The controllable gated electronic components are
configured to control one or more pixels of the active matrix
OLED display. The method further comprises providing an
OLED assembly comprising one or more pixel regions each
having one or more pixel contacts. The OLED assembly is
formed separately from the backplane on an OLED substrate
different from the backplane substrate. The method also
comprises joining the OLED assembly to the backplane, the
joining comprising electrically connecting one or more of
the pixel contacts to the corresponding controllable gated
electronic components.

[0009] Each pixel region can comprise a light emissive
area and at least one of the pixel contacts corresponding to
each pixel region can be contained within the corresponding
light emissive area.

[0010] The electrically connecting can comprise using a
flexible conductive link to connect the one or more of the
pixel contacts to the corresponding controllable gated elec-
tronic components.

[0011] The flexible conductive link can comprise one or
more of a conductive epoxy, a solder, and a low temperature
solder.

[0012] The method can further comprise underfilling with
a substantially black underfill at least a portion of gaps
between the OLED assembly and the backplane joined
together.

[0013] The backplane substrate can comprise a plurality of
through holes configured for allowing injecting an underfill
through the through holes into at least a portion of gaps
between the OLED assembly and the backplane joined
together.

[0014] One or both of the backplane and the OLED
assembly can be flexible and can be configured to be
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unrolled one against the other one or more of before and
during the backplane being joined to the OLED assembly.
[0015] The method can further comprise depositing an
underfill on at least a portion of one or both of the backplane
and the OLED assembly before one is unrolled against the
other in order to fill with the underfill at least a portion of
gaps between the OLED assembly and the backplane joined
together.

[0016] The OLED assembly can further comprise an opti-
cal barrier between each pixel region and its adjacent pixel
regions, the optical barrier configured to at least partially
block a light emitted at each pixel region from entering
adjacent pixel regions through the OLED assembly.

[0017] The optical barrier can comprise grooves in a first
surface of the OLED substrate, the grooves configured to at
least partially block the light emitted at each pixel region
from entering the adjacent pixel regions through the OLED
assembly.

[0018] The optical barrier can further comprise further
grooves in a second surface of the OLED substrate, the
second surface opposite the first surface, the further grooves
aligned with the grooves.

[0019] The grooves can extend through a full thickness of
the OLED substrate thereby separating a portion of the
OLED substrate corresponding to each pixel region from
portions of the OLED substrate corresponding to adjacent
pixel regions.

[0020] The OLED assembly can be joined to the back-
plane and then at least a portion of gaps between the OLED
assembly and the backplane can be filled by an underfill
before the grooves are formed.

[0021] The OLED substrate can be secured to a support
and then the grooves can be formed before depositing one or
more light emitting layers on the OLED substrate to form the
OLED assembly and the joining the OLED assembly to the
backplane.

[0022] The support can be removed from the OLED
substrate after the joining the OLED assembly to the back-
plane.

[0023] The OLED substrate can be secured to the support
using an adhesive and the removing can comprise using a
UV laser to ablate the adhesive.

[0024] The grooves can be formed by one or more of: wet
chemical etching, laser etching, scribing, sawing using a
dicing saw, and deep reactive ion etching.

[0025] The grooves can be configured to be one or more
of: totally internally reflecting and metalized, in order to at
least partially reflect the light emitted at that pixel region
away from the adjacent pixel regions.

[0026] The grooves can be configured to be one or more
of: light scattering and light absorbing, in order respectively
to at least partially scatter and partially absorb the light
emitted at each pixel region and propagating towards adja-
cent pixel regions through the OLED assembly.

[0027] The grooves can be at least partially filled with one
or more of: a light scattering material and a light absorbing
material, in order respectively to at least partially scatter and
partially absorb the light emitted at each pixel region and
propagating towards adjacent pixel regions through the
OLED assenibly.

[0028] A further aspect of the present specification pro-
vides a method of forming an active matrix OLED display,
the method comprising providing a backplane. The back-
plane comprises a backplane substrate and a plurality of
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controllable gated electronic components each at a prede-
termined position on or directly beneath a surface of the
backplane substrate. The controllable gated electronic com-
ponents are configured to control one or more pixels of the
active matrix OLED display. The method further comprises
providing an OLED assembly comprising one or more pixel
regions each having one or more pixel contacts. The OLED
assembly is formed separately from the backplane on an
OLED substrate different from the backplane substrate. The
method also comprises joining the OLED assembly to the
backplane, the joining comprising using flexible conductive
links to electrically connect one or more of the pixel contacts
to the corresponding controllable gated electronic compo-
nents.

[0029] A further aspect of the present specification pro-
vides an active matrix OLED display comprising a back-
plane. The backplane comprises a backplane substrate com-
prising a support material and one or more component
substrates formed separately from the support material and
then secured to the support material each at a predetermined
position on the support material. The backplane also com-
prises a plurality of controllable gated electronic compo-
nents formed on or directly beneath a surface of the corre-
sponding component substrates. The controllable gated
electronic components are configured to control one or more
pixels of the active matrix OLED display. The active matrix
OLED display also comprises an OLED assembly compris-
ing one or more pixel regions each having one or more pixel
contacts. The OLED assembly is formed separately from the
backplane on an OLED substrate different from the back-
plane substrate. The active matrix OLED display also com-
prises a plurality of flexible conductive links electrically
connecting at least some of the pixel contacts to the corre-
sponding controllable gated electronic components.

[0030] The OLED assembly can further comprise an opti-
cal barrier between each pixel region and its adjacent pixel
regions. The optical barrier can be configured to at least
partially block a light emitted at each pixel region from
entering adjacent pixel regions through the OLED assembly.
[0031] The active matrix OLED display can further com-
prise: one or more additional OLED assemblies connected to
the backplane adjacent the OLED assembly, and one or more
additional optical barriers disposed between the OLED
assembly and the one or more additional OLED assemblies.
[0032] A further aspect of the present specification pro-
vides a tiled active matrix OLED display comprising a
plurality of the active matrix OLED displays positioned one
adjacent to another, and one or more additional optical
barriers disposed between the adjacent active matrix OLED
displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Some implementations of the present specification
will now be described, by way of example only, with
reference to the attached Figures, wherein:

[0034] FIG. 1 shows a cross-section of an active matrix
OLED display, according to no-limiting implementations.
[0035] FIG. 2 shows a top perspective view of a pixel
region of the active matrix OLED display of FIG. 1, accord-
ing to non-limiting implementations.

[0036] FIG. 3 shows a cross-section of another implemen-
tation of the active matrix OLED display, according to
non-limiting implementations.
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[0037] FIG. 4 shows a cross-section of yet another imple-
mentation of the active matrix OLED display in the process
of being assembled, according to non-limiting implementa-
tions.

[0038] FIG. 5 shows a cross-section of yet another imple-
mentation of the active matrix OLED display, according to
non-limiting implementations.

[0039] FIG. 6 shows a cross-section of yet another imple-
mentation of the active matrix OLED display, according to
non-limiting implementations.

[0040] FIGS. 7a, 7b, Tc, 7d. and 7e show in cross-section
a selection of steps for fabricating yet another implementa-
tion of the active matrix OLED display, according to non-
limiting implementations.

[0041] FIGS. 8a, 85, 8¢, 84. and 8¢ show in cross-section
a selection of steps for fabricating yet another implementa-
tion of the active matrix OLED display, according to non-
limiting implementations.

DETAILED DESCRIPTION

[0042] FIG. 1 shows a cross-section of an active matrix
OLED display 100 comprising a backplane 105 electrically
connected to an OLED assembly 120. Backplane 105 com-
prises a backplane substrate 110 and a plurality of control-
lable gated electronic components 115 each at a predeter-
mined position on or directly beneath a surface of backplane
substrate 110. OLED assembly 120 comprises an OLED
substrate 125, and a first electrode 130 formed on OLED
substrate 125 for each pixel region 150,155. Light emitting
materials 135 are formed on first electrode 130, and pixel
contacts 140 are formed on light emitting materials 135.
OLED assembly 120 can have one or more pixel regions
150.155. Pixel contacts 140 can be electrically connected to
corresponding controllable gated electronic components 115
using conductive links 145. Controllable gated electronic
components 115 can power and/or control pixel regions
150,155 to emit light in a direction of light emission 160.
The light emitted can comprise, but is not limited to, human
visible light.

[0043] OLED assembly 120 can be formed separately
from backplane 105 before being joined to backplane 105.
OLED assembly 120 can be formed by depositing sequen-
tially first electrode 130, light emitting materials 135, and
then pixel contacts 140 on OLED substrate 125, which
OLED substrate 125 can be different from backplane sub-
strate 110. OLED substrate 125 can comprise materials
including but not limited to glass and plastics such as
polyimide and the like. First electrode 130 comprises a
conductive material that is at least partially transparent to
light emitted by light emitting materials 135. For example,
first electrode 130 can comprise indium tin oxide (ITO).
[0044] Light emitting materials 135 can comprise one or
more layers of organic light emitting materials. Pixel con-
tacts 140 can comprise layers of conductive material, such
as aluminum, formed on light emitting materials 135. FIG.
1 shows OLED assembly 120 divided into pixel regions
150,155. The dashed lines between pixel regions 150 and
155 are for illustrative purposes only and do not represent
any physical feature in OLED assembly 120. While FIG. 1
shows each pixel region as having a separate first electrode
130 and light emitting materials 135, it is contemplated that
one or more of first electrode 130 and light emitting mate-
rials 135 can span multiple pixel regions.
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[0045] 1In addition, while FIG. 1 shows each pixel region
150,155 having two visible pixel contacts 140, it is contem-
plated that each pixel region can have one or more than two
pixel contacts. Each pixel region 150,155 can have three
pixel contacts 140, each corresponding to one of the primary
colors of light, such as red, green, and blue. In some
implementations each pixel region can have multiple sub-
pixel regions each configured to eniit a primary color of light
and each having a dedicated pixel contact. In some imple-
mentations, two or more pixel regions 150,155 can share a
commor first electrode 130 which can be used as a counter
electrode to pixel contacts 140 and/or as a ground electrode.
In other implementations, each pixel region 150,155 can
have its own dedicated ground electrode or counter-elec-
trode.

[0046] Each pixel region 150,155 has a light emissive area
and can also have non-light emissive areas. Now reference
is made briefly to FIG. 2, which shows a top perspective
view of pixel region 150, which has a light emissive area
205. Light emissive area 205 is the area of pixel region 150
that is covered with light emitting materials 135. For each
pixel region, such as pixel regions 150,155, some or all light
emissive area 205 can emit light during the operation of that
pixel region. In some implementations, pixel contacts 140
can have a larger area relative to light emissive area 205 than
the areas/sizes shown in FIGS. 1 and 2. Such relatively
larger pixel contacts 140 can power and/or excite a corre-
spondingly larger portion of light emissive area 205 to emit
light during the operation of the corresponding pixel region.
[0047] Moreover, in some implementations, pixel contacts
140 which are formed on light emitting materials 135 can be
contained within light emissive area 205. Since no part of
these contacts extends beyond light emissive area 205, in
these implementations it may not be necessary to have any
non-emissive areas of the pixel region 150 dedicated to the
pixel contacts. This arrangement can provide the benefit of
allowing for an increased proportion of light emissive area
205 per pixel region 150.

[0048] Inaddition, in some implementations, not shown in
the Figures, one or more of pixel contacts 140 can each
comprise an extension which extends beyond emissive area
205 and onto OLED substrate 125. Such extensions are
insulated from first electrode 130 to prevent electrical shorts
between pixel contacts 140 and first electrode 130. In some
implementations, the area of OLED substrate 125 that is
covered by these extensions is not covered by, i.e. is free of,
first electrode 130. These extensions can then be used to
electrically connect each pixel region 150,155 to corre-
sponding controllable gated electronic components 115 via
conductive links 145.

[0049] Using such extensions to move the electrical con-
tacts off of emissive area 205 can provide one or more of the
following benefits: first, it can reduce the risk of conductive
link 145 itself and/or the process of applying conductive link
145 damaging light emitting material 135; and second, it can
reduce the risk of punch-through shorts between pixel
contacts 140 and first electrode 130.

[0050] In some implementations, not shown in the Fig-
ures, first electrode 130 can extend outside of light emissive
area 205, which extension occupies an area of OLED
substrate 125 per pixel region that is non-emissive. Such
non-emissive areas reduce the fraction of emissive area per
pixel region. In contrast, implementations where multiple
pixel regions 150,155 share a common first electrode 130
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can allow for a larger fraction of light emissive area 205 per
pixel, as it may not be necessary to have non-emissive areas
of OLED substrate 125 occupied by first electrode 130 in
each pixel region.

[0051] However, these implementations with shared first
electrodes 130 can represent slower electrical performance
and/or relatively more electrical parasitics as one first elec-
trode 130 is used for multiple pixel regions. On the other
hand, in other implementations where each pixel region
150,155 has a dedicated first electrode 130, the electrical
performance can be relatively faster and with fewer electri-
cal parasitics as each first electrode 130 is used for only one
pixel region.

[0052] Referring back to FIG. 1, in some implementations,
backplane substrate 110 can comprise a support material and
one or more component substrates formed separately from
the support material and then secured to the support material
at predetermined positions on the support material. A plu-
rality of controllable gated electronic components can be
formed on or directly beneath a surface of the corresponding
component substrates. The controllable gated electronic
components (or any other electronic/circuit elements
formed) can be formed using any suitable techniques includ-
ing, but not limited to, lithography, printing, and the like.
[0053] For example, and without limitation, component
substrates can comprise semiconductor particles that are
formed separately from the support material and are then
secured to the support material. The semiconductor particles
can then be planarized to expose cross-sections on or
directly beneath the surface of which cross-sections elec-
tronic and/or circuit components can be formed using lithog-
raphy, printing, and the like. Such electronic/circuit compo-
nents can include, but are not limited to, controllable gated
electronic components 115, such as transistors.

[0054] Non-limiting examples of such a backplane sub-
strate 110 comprising semiconductor particles secured to a
support material are described in US Patent Application
Publications No. 2014/0070223 (corresponding to U.S. pat-
ent application Ser. No. 13/992,063) and 2015/0064883
(corresponding to U.S. patent application Ser. No. 14/019,
131), both of which are incorporated herein by reference in
their entirety.

[0055] 1t is contemplated that the component substrates
can comprise semiconductors, glass. ceramics, dielectrics,
or any other materials suitable for the type of electronic
and/or circuit components that is to be formed on and/or in
the component substrate. Similarly, the support material can
comprise any suitable material including, but not limited to,
ceramics, fireable ceramics, glass, plastics, dielectrics, com-
posites, and the like.

[0056] In other implementations, controllable gated elec-
tronic components 115 can be formed on or directly beneath
a surface of their corresponding component substrates, then
packaged, and then placed on and secured to the support
material at respective predetermined positions. For example,
a pick-and-place apparatus can be used to place pre-fabri-
cated controllable gated electronic components 115 at their
respective predetermined positions on the support material.
Those placed controllable gated electronic components 115
can then be secured to the support material using any
suitable method, including but not limited to using an
adhesive. In such an implementation also, the backplane
comprises the support material and component substrates
formed separately from the support material and then
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secured to the support material at predetermined positions.
The backplane also comprises controllable gated electronic
components (or other electronic/circuit components) formed
on or directly beneath a surface of the corresponding com-
ponent substrates.

[0057] Forming backplane substrate 110 by placing and/or
positioning component substrates on the support material
only at positions where the component substrate is needed
(for fabricating controllable gated electronic components
115) for connecting to corresponding pixel contacts 140 can
allow the use of crystalline, high-performance semiconduc-
tor materials as the component substrate for forming the
controllable gated electronic components 115 while avoid-
ing the high costs and/or technical challenges of covering
the entire surface of the support material with such high-
performance materials.

[0058] In other implementations, backplane 105 can com-
prise backplane substrate 110 and a plurality of circuit/
electronic components, such as controllable gated electronic
components 115, formed on or directly beneath the surface
of backplane substrate 110. In such implementations, back-
plane substrate 110 need not comprise any component
substrates formed separately from the (support) material of
the backplane substrate 110. In other words, the material of
backplane substrate 110 can itself act as the component
substrate for any electronic/circuit components formed on
and/or directly beneath the surface of backplane substrate
110.

[0059] Turning now to conductive links 145, while the
Figures show conductive links 145 connecting pixel contacts
140 to controllable gated electronic components 115, it is
also contemplated that each controllable gated electronic
component 115 can comprise one or more contact pads and
that conductive links 145 can connect pixel contacts 140 to
the corresponding contact pads of controllable gated elec-
tronic components 115.

[0060] While the description here refers to controllable
gated electronic components, it is contemplated that other
circuit and/or electronic elements can also be used instead of
and/or in addition to controllable gated electronic compo-
nents. In some implementations, controllable gated elec-
tronic components comprise transistors. Controllable gated
electronic components 115 can be positioned on backplane
substrate 110 so that they are aligned with and/or able to be
connected to corresponding pixel contacts 140 of pixel
regions 150,155.

[0061] Once backplane 105 and OLED assembly 120 have
been formed, then one can be joined to the other. The joining
can comprise depositing conductive links 145 on one or
more of backplane 105 and OLED assembly 120, and then
joining backplane 105 and OLED assembly 120 such that
each pixel contact 140 is electrically connected via conduc-
tive link 145 to a corresponding controllable gated electronic
component 115. Conductive link 145 can comprise materials
including but not limited to conductive epoxy such as silver
epoxy, a solder, and a low-temperature solder.

[0062] In some implementations, spacers can be used to
control the distance between OLED assembly 120 and
backplane substrate 110, which in turn can control the
distance between pixel contacts 140 and corresponding
controllable gated electronic components 115 in the
assembled active matrix OLED assembly 100. Controlling
the distance between pixel contacts 140 and corresponding
controllable gated electronic components 115 can, in turn,
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control the extent to which conductive links 145 spread
and/or flow from one pixel contact 140 and its correspond-
ing controllable gated electronic component 115 towards
neighboring pixel contacts 140 and/or controllable gated
electronic components 115 during the process of joining
OLED assembly 120 to backplane substrate 110.

[0063] These spacers can comprise shims placed between
OLED substrate 125 and backplane substrate 110. In some
implementations, these shims can be placed at the edges of
OLED substrate 125 and backplane substrate 110 when
OLED substrate 125 and backplane substrate 110 are
assembled together to form active matrix OLED display
100. Moreover, in some implementations, these shims can
be removable after conductive links 145 are no longer in a
flowable state.

[0064] Once backplane 105 and OLED assembly 120 have
been joined together, gaps 165 may remain between back-
plane 105 and OLED assembly 120. In some implementa-
tions, the spacers can comprise spacing particles positioned
in gaps 165. These spacing particles can comprise materials
including, but not limited to, plastics, glasses, ceramics, and
other dielectrics. Moreover, in some implementations the
spacing particles can have a shape that is spherical, near
spherical, or substantially spherical.

[0065] The spacing particles can be positioned on and
secured to one or more of backplane substrate 110 and
OLED substrate 125. The spacing particles can be posi-
tioned and secured to their corresponding substrate using
any suitable methods. For example, and without limitation,
predetermined quantities of an adhesive can be printed on or
otherwise deposited at predetermined locations on the cor-
responding substrate. Next, the spacing particles can be
introduced on the substrate, and the spacing particles can
adhere to the substrate only where the adhesive is present. In
some implementations, the relative sizes of the spacing
particles and the quantities of adhesive can be such that only
one spacing particle can adhere to the substrate for each
quantity of adhesive on the substrate. Subsequently, the
spacing particles that have not adhered to the substrate can
be removed prior to joining backplane substrate 110 and
OLED substrate 125 to form active matrix OLED display
100.

[0066] In some implementations, instead of and/or in
addition to depositing quantities of adhesive at predeter-
mined locations on the substrate, spacing particles can be
picked and placed on the substrate at predetermined loca-
tions. Moreover, in some implementations spacing particles
can be mixed into conductive links 145 when the material of
the conductive links 145 is in a flowable state, thereby
controlling the minimum distance between pixel contacts
140 and corresponding controllable gated electronic com-
ponents 115 in the assembled active matrix OLED assembly
100.

[0067] Furthermore, in some implementations, gaps 165
can be at least partially filled with an underfill. The underfill
can comprise any suitable material, including but not limited
to a polymeric material. The underfill can be opaque, light
scattering, and/or light absorbing in order to reduce and/or
eliminate any visible reflections from the underfill or from
backplane substrate 110 that might interfere with the image
generated by active matrix OLED display 100.

[0068] In some implementations, the underfill can be
substantially black. Being substantially black can comprise
reflecting a sufficiently small portion of the light incident
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upon the underfill so that this reflected light would not
constitute a human-visible interference with the image gen-
erated by active matrix OLED display 100. The underfill can
also mechanically strengthen active matrix OLED display
100, for example by strengthening the attachment between
backplane 105 and OLED assembly 120. In addition, the
underfill can seal and protect the sensitive materials and
electronics forming active matrix OLED display 100 from
dust, moisture, and other environmental factors.

[0069] While in FIG. 1 one controllable gated electronic
component 115 is shown as being connected to each pixel
contact 140, it is contemplated that two or more controllable
gated electronic components 115 can be connected to each
pixel contact 140. In some implementations, conductive link
145 can comprise a flexible conductive material such as
conductive epoxy. Use of these flexible electrical contacts to
join backplane 105 to OLED assembly 120 can allow active
matrix OLED display 100 to tolerate different rates of
thermal expansion between backplane 105 and OLED
assembly 120 without suffering mechanical or electrical
damage. This in turn can provide greater freedom in choos-
ing materials of different coefficients of thermal expansion
for backplane 105 and OLED substrate 125.

[0070] Moreover, using flexible conductive materials can
allow conductive links 145 to overlap or be entirely con-
tained on light emissive area 205 of each pixel region
150,155 by reducing the mechanical forces (e.g. shear
forces) due to thermal expansion/contraction that can poten-
tially damage sensitive light emitting materials 135. This in
turn can reduce the need for dedicating some areas of each
pixel region 150,155 to off-emissive-area contacts thereby
allowing a greater portion of the area of each pixel region
150,155 to be used as light emissive area 205.

[0071] In addition, fabricating backplane 105 and OLED
assembly 120 separately and then joining them together to
form active matrix OLED display 100 can provide the added
benefit that any faults in the manufacturing of each subcom-
ponent (e.g. backplane or OLED assembly) would not affect
the other subcomponent if the fault is detected before the
two subcomponents are joined together to form active
matrix OLED display 100.

[0072] Turning now to FIG. 3, a cross-section of an active
matrix OLED display 300 is shown. Active matrix OLED
display 300 comprises OLED assembly 120 joined using
conductive links 145 to a backplane 305. Backplane 305
comprises a backplane substrate 310 and a plurality of
controllable gated electronic components 115 secured to
backplane substrate 310 at predetermined positions. When
backplane 305 and OLED assembly 120 are joined to form
active matrix OLED display 300, gaps 320, 325 can remain
between backplane 305 and OLED assembly 120. Back-
plane 305 can comprise one or more through holes 315 for
allowing injecting an underfill from a backside of backplane
substrate 310 into gaps 320,325. Backplane 305 can be
similar to backplane 105, with the difference being the
existence of through holes 315 in backplane 305.

[0073] Through holes 315 can be formed using any suit-
able technique including but not limited to drilling, laser
cutting, chemical etching, and reactive ion etching. Using a
large number of distributed through holes 315 to inject
underfill can allow for a more even distribution of underfill
in gaps 320,325 and for filling with underfill a larger fraction
of gaps 320,325.
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[0074] FIG. 4 shows a cross-section of an active matrix
OLED display 400 in the process of being assembled. Active
matrix OLED display 400 comprises backplane 105 in the
process of being joined using conductive links 145 to an
OLED assembly 401. OLED assembly 401 comprises an
OLED substrate 405, on which first electrodes 410 are
formed for each pixel region 440,445. Light emitting mate-
rials 415 are then deposited on first electrodes 410, and one
or more pixel contacts 420 are formed on light emitting
materials 415 per pixel region 440,445. Conductive links
145 are configured to electrically connect each pixel contact
420 to a corresponding controllable gated electronic com-
ponent 115 secured at a predetermined position to backplane
substrate 110.

[0075] OLED substrate 405 is flexible, allowing for
OLED assembly 401 to be unrolled along direction 425
against backplane 105. First electrode 410, light emitting
materials 415, and pixel contacts 420 can be sufficiently
flexible so that they can flex with OLED substrate 405
without compromising the mechanical and electrical integ-
rity of OLED assembly 401, for example through delami-
nation, flaking, and cracking. In some implementations,
OLED substrate 405 can comprise a sheet having a thickness
of less than about 0.5 mm. In other implementations, OLED
substrate 405 can comprise a sheet having a thickness of
equal to or less than about 0.1 mm. In yet other implemen-
tations, OLED substrate 405 can comprise a sheet having a
thickness of equal to or less than about 0.025 mm. OLED
substrate 405 can comprise materials including but not
limited to glass and a plastic material. For example, AF 32™
eco and D 263™ eco ultra-thin glass sheets made by Schott,
Inc. can be used.

[0076] FIG. 4 shows pixel region 440 already joined to
backplane 105, while pixel region 445 is in the process of
being unrolled against and being joined to backplane 105.
Before OLED assembly 401 is unrolled against backplane
105, globules of conductive link 145 can be deposited on
controllable gated electronic components 115 in order to
electrically connect those electronic components to corre-
sponding pixel contacts 420 of OLED assembly 401. In
some implementations, conductive links 145 can be depos-
ited as a wet conductive epoxy which then dries and/or cures
after OLED assembly 401 has been unrolled against back-
plane 105. The conductive epoxy can comprise particles of
carbon or a metal such as silver.

[0077] In other implementations, conductive links 145 can
comprise a low temperature solder which is deposited on
controllable gated electronic components 115 and remains
solid as OLED assembly 401 is unrolled against backplane
105. Then backplane 105 and OLED assembly 401 can be
heated to a temperature sufficient to soften the low tempera-
ture solder and electrically connect controllable gated elec-
tronic components 115 to pixel contacts 420.

[0078] In other words, in some implementations back-
plane 105 is joined to OLED assembly 401 as one is being
unrolled against the other, while in other implementations,
the unrolling takes place before backplane 105 is joined to
OLED assembly 401. The joining can comprise electrically
connecting backplane 105 to OLED assembly 401 such that
controllable gated electronic components 115 can power
and/or control corresponding pixel regions 440,445. It is
also contemplated that conductive links 145 can comprise
other materials which can be softened and/or cured using
electromagnetic radiation.
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[0079] While the above description discusses conductive
links 145 being deposited on controllable gated electronic
components 115 of backplane 105, it is also contemplated
that before backplane 105 and OLED assembly 401 are
joined, conductive links can be deposited on pixel contacts
420 or on both controllable gated electronic components 115
and on pixel contacts 420.

[0080] In some implementations, underfill 430 can be
introduced into gaps 435 by depositing underfill 430 on
backplane substrate 110 in a flowable state and then using
wicking and/or the capillary forces between backplane 105
and OLED assembly 401 that is being unrolled against
backplane 105 to drive underfill 430 into gaps 435. While
underfill 430 is shown in FIG. 4 as being deposited on
backplane substrate 110, it is also contemplated that under-
fill 430 can be deposited on OLED substrate 405 or on both
backplane substrate 110 and OLED substrate 405.

[0081] Inorder to prevent the spreading underfill 430 from
contaminating the electrical contacts such as pixel contacts
420, the electrical contacts can be modified to have prefer-
ential wettability for conductive link 145 over underfill 430.
Alternatively and/or in addition, conductive links 145 can be
selected to have a viscosity higher than the viscosity of
underfill 430 which will also reduce the possibility of
underfill 430 interfering with the conductive links 145
forming an electrical connection between controllable gated
electronic components 115 and corresponding pixel contacts
420.

[0082] Conductive links 145 and/or underfill 430 can be
deposited on one or more of backplane 105 and OLED
assembly 401 using any suitable technique including but not
limited to inkjet printing, screen printing, and depositing
using a robotic arm. While FIG. 4 and the foregoing descrip-
tion discusses OLED substrate 405 being flexible, it is also
contemplated that backplane substrate 110 can be flexible or
that both backplane substrate 110 and OLED substrate 405
can be flexible. Use of flexible backplane substrate 110
and/or OLED substrate 405 can make it easier to store and/or
transport large area backplane and OLED substrates, and can
facilitate and reduce the fabrication space required for
joining backplane 105 to OLED assembly 401 to assemble
active matrix OLED display 400.

[0083] Referring back to FIG. 1, it can be seen that light
generated by light emitting material 135 of each pixel region
150,155 must pass through OLED substrate 125 in order to
be emitted out of active matrix OLED display 100 in
direction of light emission 160 and reach a viewer. As the
light emitted by each pixel region 150,155 enters OLED
substrate 125, OLED substrate 125 can act as an optical
waveguide and conduct at least some of the light generated
by one pixel region into adjacent pixel regions. For example,
some of the light generated at pixel region 150 can be
conducted by OLED substrate 125 into adjacent pixel region
155. This conducted light can represent optical cross-talk
between adjacent pixels. In addition to OLED substrate 125,
other transparent layers of OLED assembly 120 that span
multiple pixel regions 150,155 can also act as such a
waveguide; an ITO shared first electrode 130 spanning
multiple pixel regions 150,155 (not shown in FIG. 1) can be
an example of such a transparent layer.

[0084] FIG. 5 shows a cross-section of active matrix
OLED display 500 with an at least partially reduced inter-
pixel region optical cross-talk described above. Active
matrix OLED display 500 comprises backplane 105 electri-
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cally connected to an OLED assembly 501. Backplane 105
comptises a plurality of controllable gated electronic com-
ponents 115 secured to backplane substrate 110 at predeter-
mined positions.

[0085] OLED assembly 501 comprises an OLED substrate
505 having one or more pixel regions 525,530. For each
pixel region 525,530, a first electrode 130 is formed on
OLED substrate 505, and then light emitting materials 135
are deposited on first electrode 130. For each pixel region
525,530, one or more pixel contacts 140 are formed on light
emitting material 135. Backplane 105 is joined to OLED
assembly 501 using conductive links 145 between each pixel
contact 140 and a corresponding controllable gated elec-
tronic component 115.

[0086] OLED assembly 501 also comprises grooves 510
between each pixel region 525,530 and its adjacent pixel
region. Grooves 510 are an example of an optical barrier
between adjacent pixel regions such as pixel regions 525,
530. Such optical barriers can at least partially optically
isolate each pixel region from its adjacent pixel regions.
Grooves 510 can extend partway through the thickness of
OLED substrate 505, and at least partially block propagation
of light emitted at one pixel region into adjacent pixel
regions through portions of OLED assembly 501 such as
OLED substrate 505. On the other hand, portions of emitted
light that propagate out of the pixel region 525 along for
example in the direction of light emission 515 can be
unaffected by grooves 510.

[0087] Grooves 510 can be at least partially light scatter-
ing and/or light absorbing, for example due to having frosted
or roughened surfaces. In some implementations, grooves
510 can be partially or totally internally reflecting and/or can
have their surfaces coated with a reflective material such as
a metal, ie. can be metalized. When light propagating
towards an adjacent pixel region impinges on groove 510 it
can be reflected away from adjacent pixel regions as shown
for example by light ray 520.

[0088] Inaddition, while notshown in FIG. 5, grooves 510
can be at last partially filled with light absorbing and/or light
scattering materials to at least partially absorb and/or scatter
the light propagating from a given pixel region towards
adjacent pixel regions through components of OLED assem-
bly 501 such as OLED substrate 505. In some implemen-
tations, gaps 535 between backplane 105 and OLED assem-
bly 501 can be filled with an underfill material. This underfill
can strengthen the mechanical connection between back-
plane 105 and OLED assembly 501. In addition, the under-
fill can fill at least a portion of grooves 510, and can be
selected to be at least partially absorbing or scattering of the
light emitted at pixel regions 525, 530. The underfill can also
be selected to be substantially black as described above.
[0089] While FIG. 5 shows v-shaped grooves, it is con-
templated that grooves 510 can have any suitable shape
including but not limited to rectangular trenches. Grooves
510 can be made by any suitable technique including but not
limited to wet chemical etching, laser etching, scribing,
sawing using a dicing saw, and deep reactive ion etching
(DRIE) and in particular the Bosch process for DRIE.
[0090] While grooves 510 can provide only partial block-
ing of the light propagating from one pixel region into
adjacent pixel regions through components of OLED assem-
bly 501, using complementary sets of grooves can increase
the portion of such light that can be blocked. FIG. 6 shows
a cross-section of an active matrix OLED display 600 with

Jul. 20, 2017

such complementary grooves. Active matrix OLED display
600 comprises backplane 105 joined to an OLED assembly
601 using conductive links 145. Backplane 105 comprises
controllable gated electronic components 115 secured to
backplane substrate 110 at predetermined positions.

[0091] OLED assembly 601 comprises OLED substrate
605 and a first electrode 130 formed on OLED substrate 605
for each pixel region 625,630. Light emitting materials 135
are deposited on first electrode 130, and pixel contacts 140
are formed on light emitting materials 135 per pixel region
625,630. Conductive links 145 electrically connect each
pixel contact 140 to corresponding controllable gated elec-
tronic components 115.

[0092] A first set of grooves 610 are formed in a first
surface of OLED substrate 605, and can be generally similar
to grooves 510 described in relation to FIG. 5. A second set
of grooves 615 are formed in second surface of OLED
substrate 605 opposite the first surface. Grooves 615 can be
complementary to grooves 610 in the sense that each groove
615 can complement the light blocking of a corresponding
groove 610. In some implementations, grooves 610 can be
about aligned with grooves 615. While FIG. 6 shows
grooves 610 and grooves 615 meeting at a common point, 1t
is also contemplated that grooves 610 and grooves 615 may
not meet. It is also contemplated that grooves 610 and 615
may be offset from each. When grooves 610 and 615 are
offset, each groove can extend more than halfway through
the thickness of OLED substrate 605.

[0093] In addition, while FIG. 6 shows grooves 610 and
grooves 615 as both being v-shaped, it is contemplated that
in other implementations grooves 615 can have a shape
different than grooves 610. In order to preserve the mechani-
cal integrity of OLED substrate 605, the set of grooves that
is formed first can be backfilled before forming the second
set of grooves. For example, if grooves 610 are formed first,
grooves 610 can be backfilled with backfill material 620
before grooves 615 are formed. Backfill material 620 can be
one or more of light scattering, light absorbing, and/or light
reflecting. In some implementations, the first set of grooves
610 can be backfilled with light scattering and/or light
absorbing glass and then OLED substrate 605 can be fired in
an oven to improve mechanical strength of OLED substrate
605.

[0094] The backfill material can comprise a fireable glass
paste comprising glass powder mixed with an organic binder
that evaporates and/or oxidizes into a gas during the firing
before the glass powder melts. Such a glass paste can be
colored; for example, it can be black. One example of such
a glass paste is Glassline™ Paint made by Glassline Prod-
ucts. In some implementations, the backfill material can be
doctor-bladed into the grooves and then, if necessary, the
surface of the OLED substrate can be re-polished.

[0095] In some implementations, gaps 635 between back-
plane 105 and OLED assembly 601 can be at least partially
filled with an underfill. In yet other implementations, under-
fill material filling gaps 635 can also at least partially fill
grooves 610. Grooves 615 can also be backfilled with a
backfill material 622. Backfill material 622 can be the same
as or different from backfill material 620. While FIG. 6
shows grooves 610 and grooves 615 as being filled partially
with backfill materials 620 and 622 respectively, it is also
contemplated that one or more of grooves 610 and grooves
615 can be filled completely with backfill materials 620 and
622 respectively. In some implementations, one or more of
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grooves 610 and grooves 615 can be overfilled with backfill
materials 620 and 622 respectively, and then the correspond-
ing surface of OLED substrate 605 can be polished flat.
[0096] In some implementations, grooves 610 are formed
first and backfilled with backfill material 620, before
grooves 615 are formed. Once both sets of grooves are
formed, then first electrode 130, light emitting materials
135, and pixel contacts 140 can be formed in order to form
OLED assembly 601. In other implementations, grooves 610
are formed and can be backfilled or left unfilled. Then first
electrode 130, light emitting materials 135, and pixel con-
tacts 140 can be formed in order to form OLED assembly
601, followed by joining OLED assembly 601 to backplane
105. Then grooves 615 are formed and can be backfilled or
left unfilled.

[0097] In some implementations, first set of grooves 610
is formed and then backfilled with a backfill material con-
figured to at least partially restore the mechanical strength of
OLED substrate 605. Then the second set of grooves 615 can
be formed and can extend part way through OLED substrate
605 and also part way into grooves 610. For example, the
backfill material can comprise black and/or opaque glass.
Grooves 610 can be filled with such a backfill material and
then OLED substrate 605 and the backfill material can be
cured and/or fired in an oven to at least partially restore the
mechanical strength of OLED substrate 605. Then the
second set of grooves 615 can be formed and can extend part
way through OLED substrate 605 and also part way into the
fired and/or cured backfill material filling grooves 610.
When grooves 615 extend into and overlap with grooves 610
in such a manner, the combination of grooves 610 and 615
can act as an optical barrier extending across the full
thickness of OLED substrate 605.

[0098] In the implementations where grooves are formed
in the OLED substrate to separate pixel regions, it can
become impractical to use a first electrode, i.e. a counter or
ground electrode, that spans multiple pixel regions. In
response, in some implementations the ground or counter
first electrode can be made per-pixel where each pixel region
has a dedicated ground or counter first electrode.

[0099] FIGS.7a,7b,7c, 7d, and Te, hereinafter referred to
collectively as FIGS. 7a-e show in cross-section a selection
of steps for fabricating an active matrix OLED display 700
having grooves 715 that optically separate each pixel region
of active matrix OLED display 700 from its adjacent pixels.
[0100] FIG. 7a shows OLED assembly 120 joined to
backplane 305. It is contemplated that backplane 105 or
other suitable backplanes can also be used. OLED assembly
120 comprises OLED substrate 125 with first electrodes 130
formed on OLED substrate 125 for each pixel region 150,
155. Light emitting materials 135 are formed on first elec-
trode 130 and pixel contacts 140 are formed on light
emitting materials 135. Backplane 305 comprises a plurality
of controllable gated electronic components 115 secured to
backplane substrate 310 at predetermined positions. Back-
plane substrate 310 also comprises a plurality of through
holes 315 for injecting underfill into gaps 320,325 between
OLED assembly 120 and backplane 305. Conductive links
145 are used to electrically connect pixel contacts 140 to
corresponding controllable gated electronic components
115.

[0101] FIG. 75 shows underfill 705 injected via through
hole 315 to substantially fill gaps 320,325. FIG. 7¢ shows
masks 710 formed on a portion of each pixel region 150,155.
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Masks 710 can comprise materials including but not limited
to amorphous silicon and chrome. FIG. 7d shows groove
715 formed in the region between adjacent pixel regions 150
and 155 which is not protected by masks 710. Groove 715
can extend through a full thickness of OLED substrate 125,
and can extend further into underfill 705 filing gap 320.
Groove 715 can be formed by suitable processes including
but not limited to chemical etching and deep reactive ion
etching. Underfill 705 can protect the potentially sensitive
light emitting materials 135, pixel contacts 140, conductive
links 145, and controllable gated electronic components 115
from the reactive etching agents.

[0102] FIG. 7e shows removal of masks 710 to yield
active matrix OLED display 700. Masks 710 can be
removed by any suitable method including but not limited to
selective etching and the like. While only one groove 715 is
numbered in FIGS. 7d and 7e, multiple similar grooves are
formed separating other pixel regions from their adjacent
pixel regions. These grooves optically insulate one pixel
region from its adjacent pixel regions by preventing light
from propagating from one pixel region into its adjacent
pixel regions through components of OLED assembly 120
such as OLED substrate 125. In some implementations, the
grooves including groove 715 can be backfilled to increase
the mechanical strength of active matrix OLED display 700.
In addition, the backfill material can be optically scattering,
absorbing, and/or reflecting in order to further optically
insulate each pixel region from its adjacent pixel regions.

[0103] FIGS. 84, 85, 8¢, 84, and 8¢, hereinafter referred to
collectively as FIGS. 8a-e, show in cross-section a selection
of steps for fabricating an active matrix OLED display 800
where each pixel region is optically separated from its
adjacent pixel regions.

[0104] FIG. 8a shows an initial step in forming an OLED
assembly, where an OLED substrate 815 is secured using an
adhesive 810 to a support 805. Support 805 refers to a
component that need no be the same as, and can be different
from, the “support material” discussed above in relation to
the backplane substrate. Support 805 can comprise any
suitable material including but not limited to glass and
plastics. FIG. 85 shows formation of groove 820 in OLED
substrate 815 to separate it into regions 825 and $30.
Regions 825 and 830 will be used to form pixel regions of
the OLED assembly. While only one groove 820 is num-
bered in FIG. 854, multiple similar grooves are formed to
separate OLED substrate 815 into a plurality of regions that
will be used to form pixel regions.

[0105] Grooves including groove 820 can be formed by
any suitable method including but not limited to wet chemi-
cal etching, laser etching, scribing, and sawing using a
dicing saw. Optionally the grooves can extend into adhesive
810, and while not shown in FIGS. 8b6-¢, can extend even
part way into support 805.

[0106] FIG. 8¢ shows first electrodes 835 formed on each
region 825,830, followed by deposition of light emitting
materials 840 on first electrodes 835. Then pixel contacts
845 are formed on light emitting materials 840. First elec-
trode 835, light emitting materials 840, and pixel contacts
845 can be similar to first electrode 130, light emitting
materials 135, and pixel contacts 140 respectively. After
formation of first electrodes 835, light emitting materials
840, and pixel contacts 845 regions 825,830 of OLED
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substrate 815 are referred to as pixel regions. At this point,
pixel regions 825.830 remain attached to and supported by
support 805.

[0107] FIG. 84 shows pixel regions 825,830 joined to
backplane 305. It is contemplated that backplane 105 or
other suitable backplanes can also be used. Conductive links
145 electrically connect each pixel contact 845 to a corre-
sponding controllable gated electronic component 115 on
backplane substrate 310 of backplane 305. Optionally,
underfill 850 can be injected into spaces between support
805 and backplane 305 via through holes 315 in backplane
substrate 310.

[0108] Once pixel regions 825,830 are connected to back-
plane 305, then support 805 can be removed. FIG. 8¢ shows
active matrix OLED display 800 after removal of support
805. Support 805 can be removed by selectively removing
adhesive 810. In some implementations, a UV laser can be
used to selectively ablate adhesive 810 without damaging
any components of pixel regions 825,830. In other imple-
mentations, adhesive 810 can comprise a low temperature
wax, and can be softened by heating active matrix OLED
display 800 to a temperature sufficient to soften the wax but
low enough to leave unharmed the components of active
matrix OLED display 800. In yet other implementations,
both support 805 and adhesive 810 can be selectively etched
away while leaving components of active matrix OLED
display 800 intact.

[0109] The separation of the OLED substrate 815 into
separate pieces forming each pixel region 825,830 prevents
light from propagating from one pixel region through OLED
substrate 815 into adjacent pixel regions. In addition, under-
fill 850 can be selected to further optically insulate each
pixel from its adjacent pixels. For example, underfill 850 can
comprise one or more of an optically absorbing material, an
optically scattering material, an optically reflective material,
and/or a substantially black material.

[0110] In some implementations, not depicted in the Fig-
ures, fabrication of the active matrix OLED display can
follow steps similar to those depicted in FIGS. 8a-e, with the
main difference being that a support such as support 805 is
not used. The OLED substrate can be cut into portions that
are used for forming pixel regions. Then the spaces between
these portions can be filled with a glass backfill, and the
portions of the OLED substrate and the glass backfill can be
fired in an oven to restore the mechanical strength of the
OLED substrate. The glass backfill can comprise an opaque
and/or a substantially black material.

[0111] While the foregoing discussion describes one
OLED assembly joined to a backplane, it is also contem-
plated that multiple OLED assemblies can be joined to the
backplane one adjacent to another, i.e. can be “tiled”
together, to form a tiled active matrix OLED display. Such
tiled implementations can comprise optical barriers between
adjacent OLED assemblies in addition to and/or instead of
optical barriers between pixel regions of a given OLED
assembly. Such inter-OLED assembly optical barriers can
comprise, but are not limited to, light absorbing materials
and light scattering materials. For example, the inter-OLED
assembly optical barriers can comprise one or more of black
and/or opaque glass and epoxy. In some implementations the
inter-OLED assembly optical barriers are configured to be
detached or detachable from the OLED assemblies to allow
for removal and/or replacement of individual OLED assem-
blies within the tiled active matrix OLED display.
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[0112] Insome implementations the dimensions and/or the
optical properties of the inter-OLED assembly optical bat-
riers can be selected to be similar to the dimensions and/or
optical properties of the inter-pixel region optical barriers. In
addition, in some implementations, the optical properties of
the inter-pixel region optical barriers can be selected to be
similar to the optical properties at or near the outer edges of
each OLED assembly. These techniques can allow seams
between OLED assemblies, which seams can include the
inter-OLED assembly optical barriers, to appear optically
similar to the areas between adjacent pixel regions of a given
OLED assembly, which areas can include inter-pixel region
optical barriers. This optical similarity, in turn, can make the
tiled active matrix OLED display appear seamless under
some viewing conditions.
[0113] While the foregoing describes one or multiple
OLED assemblies joined to a single backplane, it is also
contemplated that the area of the OLED assembly and the
area of the backplane can be independent of one another. In
other words, it is contemplated that a large OLED assembly
can be joined to multiple smaller backplanes. In addition, it
is also contemplated that a number of smaller active matrix
OLED displays, each of which can comprise one or more
OLED assemblies joined to one or more backplanes, can
themselves be used as tiles and assembled one adjacent to
another to form a tiled display comprising multiple active
matrix OLED displays. For example, a tiled active matrix
OLED display can be formed by joining six 2x2 inch OLED
assemblies to one 4x6 inch backplane to form a 4x6 inch
tiled display. Then four of these 4x6 inch tiled displays can
themselves be assembled one adjacent to another to form
one 8x12 inch tiled OLED display. In the case where active
matrix OLED displays are used as tiles and assembled
together, it is also contemplated that there can be optical
barriers in the seams between the adjacent OLED displays.
[0114] Inaddition, while the forgoing discussion describes
displays, it is also contemplated that similar methods and
structures can be used to fabricate detectors for detecting
light and in response producing an electrical signal. For
example, the OLED assembly can be replaced with a light
detecting assembly comprising light detecting materials
instead of the light emitting materials of the OLED assem-
bly. When light is detected, the light detecting assembly can
generate an electrical signal which is then sampled by the
controllable gated electronic components. Examples of such
a detector include but are not limited to an infra-red light
detector and an X-ray light detector.
[0115] The above-described implementations are intended
to be examples only and alterations and modifications may
be effected thereto, by those of skill in the art, without
departing from the scope of the invention which is defined
solely by the claims appended hereto.

We claim:

1. A method of forming an active matrix OLED display,
the method comprising:

providing a backplane comprising:

a backplane substrate comprising a support material
and one or more component substrates formed sepa-
rately from the support material and then secured to
the support material each at a predetermined position
on the support material;

a plurality of controllable gated electronic components
formed on or directly beneath a surface of the
corresponding component substrates, the control-
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lable gated electronic components configured to con-
trol one or more pixels of the active matrix OLED
display; and

providing an OLED assembly comprising one or more

pixel regions each having one or more pixel contacts,
the OLED assembly formed separately from the back-
plane on an OLED substrate different from the back-
plane substrate; and

joining the OLED assembly to the backplane, the joining

comprising electrically connecting one or more of the
pixel contacts to the corresponding controllable gated
electronic components.

2. The method of claim 1, wherein each pixel region
comprises a light emissive area and at least one of the pixel
contacts corresponding to each pixel region is contained
within the corresponding light emissive area.

3. The method of claim 1, wherein the electrically con-
necting comprises using a flexible conductive link to con-
nect the one or more of the pixel contacts to the correspond-
ing controllable gated electronic components.

4. The method of claim 3, wherein the flexible conductive
link comprises one or more of a conductive epoxy, a solder,
and a low temperature solder.

5. The method of claim 1, further comprising underfilling
with a substantially black underfill at least a portion of gaps
between the OLED assembly and the backplane joined
together.

6. The method of claim 1, wherein the backplane substrate
comprises a plurality of through holes configured for allow-
ing injecting an underfill through the through holes into at
least a portion of gaps between the OLED assembly and the
backplane joined together.

7. The method of claim 1, wherein one or both of the
backplane and the OLED assembly is flexible and config-
ured to be unrolled one against the other one or more of
before and during the backplane being joined to the OLED
assembly.

8. The method of claim 7, further comprising depositing
an underfill on at least a portion of one or both of the
backplane and the OLED assembly before one is unrolled
against the other in order to fill with the underfill at least a
portion of gaps between the OLED assembly and the back-
plane joined together.

9. The method of claim 1, wherein the OLED assembly
further comprises an optical barrier between each pixel
region and its adjacent pixel regions, the optical barrier
configured to at least partially block a light emitted at each
pixel region from entering adjacent pixel regions through the
OLED assembly.

10. The method of claim 9, wherein the optical barrier
comprises grooves in a first surface of the OLED substrate,
the grooves configured to at least partially block the light
emitted at each pixel region from entering the adjacent pixel
regions through the OLED assembly.

11. The method of claim 10, wherein the optical barrier
further comprises further grooves in a second surface of the
OLED substrate, the second surface opposite the first sur-
face, the further grooves aligned with the grooves.

12. The method of claim 10, wherein the grooves extend
through a full thickness of the OLED substrate thereby
separating a portion of the OLED substrate corresponding to
each pixel region from portions of the OLED substrate
corresponding to adjacent pixel regions.
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13. The method of claim 12, wherein the OLED assembly
is joined to the backplane and then at least a portion of gaps
between the OLED assembly and the backplane is filled by
an underfill before the grooves are formed.

14. The method of claim 12, wherein the OLED substrate
is secured to a support and then the grooves are formed
before depositing one or more light emitting layers on the
OLED substrate to form the OLED assembly and the joining
the OLED assembly to the backplane.

15. The method of claim 14, wherein the support is
removed from the OLED substrate after the joining the
OLED assembly to the backplane.

16. The method of claim 15, wherein the OLED substrate
is secured to the support using an adhesive and the removing
comprises using a UV laser to ablate the adhesive.

17. The method of claim 10, wherein the grooves are
formed by one or more of: wet chemical etching, laser
etching, scribing, sawing using a dicing saw, and deep
reactive ion etching,

18. The method of claim 10, wherein the grooves are
configured to be one or more of:

totally internally reflecting and metalized, in order to at
least partially reflect the light emitted at that pixel
region away from the adjacent pixel regions.

19. The method of claim 10, wherein the grooves are

configured to be one or more of:

light scattering and light absorbing, in order respectively
to at least partially scatter and partially absorb the light
emitted at each pixel region and propagating towards
adjacent pixel regions through the OLED assembly.

20. The method of claim 10, wherein the grooves are at
least partially filled with one or more of:

a light scattering material and a light absorbing material,
in order respectively to at least partially scatter and
partially absorb the light emitted at each pixel region
and propagating towards adjacent pixel regions through
the OLED assembly.

21. A method of forming an active matrix OLED display,

the method comprising:

providing a backplane comprising:

a backplane substrate;

a plurality of controllable gated electronic components
each at a predetermined position on or directly
beneath a surface of the backplane substrate, the
controllable gated electronic components configured
to control one or more pixels of the active matrix
OLED display; and

providing an OLED assembly comprising one or more
pixel regions each having one or more pixel contacts,
the OLED assembly formed separately from the back-
plane on an OLED substrate different from the back-
plane substrate; and

joining the OLED assembly to the backplane, the joining
comprising using flexible conductive links to electri-
cally connect one or more of the pixel contacts to the
corresponding controllable gated electronic compo-
nents.

22. An active matrix OLED display comprising:

a backplane comprising:

a backplane substrate comprising a support material
and one or more component substrates formed sepa-
rately from the support material and then secured to
the support material each at a predetermined position
on the support material;
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a plurality of controllable gated electronic components
formed on or directly beneath a surface of the
corresponding component substrates, the control-
lable gated electronic components configured to con-
trol one or more pixels of the active matrix OLED
display; and

an OLED assembly comprising one or more pixel regions
each having one or more pixel contacts, the OLED
assembly formed separately from the backplane on an

OLED substrate different from the backplane substrate;

and

a plurality of flexible conductive links electrically con-

necting at least some of the pixel contacts to the

corresponding controllable gated electronic compo-
nents.

23. The active matrix OLED display of claim 22, wherein

the OLED assembly further comprises an optical barrier
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between each pixel region and its adjacent pixel regions, the
optical barrier configured to at least partially block a light
emitted at each pixel region from entering adjacent pixel
regions through the OLED assembly.
24. The active matrix OLED display of claim 23, further
comprising:
one or more additional OLED assemblies connected to the
backplane adjacent the OLED assembly; and
one or more additional optical barriers disposed between
the OLED assembly and the one or more additional
OLED assemblies.
25. A tiled active matrix OLED display comprising:
a plurality of the active matrix OLED displays of claim 23
positioned one adjacent to another; and
one or more additional optical barriers disposed between
the adjacent active matrix OLED displays.
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