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BEZEL-FREE DISPLAYS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Reference is made to U.S. Provisional Patent
Application No. 62/502,521 filed May 5, 2017, entitled
Matrix-Addressed Tile and Array, by Cok, and to U.S. patent
application Ser. No. 14/754,573 filed Jun. 29, 2015, entitled
Small-Aperture-Ratio Display with Electrical Component,
by Bower et al, the contents of each of which are incorpo-
rated by reference herein in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to inorganic
light-emitting diode flat-panel displays.

BACKGROUND OF THE INVENTION

[0003] Flat-panel displays are widely used in conjunction
with computing devices, in portable devices, and for enter-
tainment devices such as televisions. Such displays typically
employ an array of pixels distributed in rows and columns
over a display substrate in a display area to display images,
graphics, or text. In a color display, each pixel includes light
emitters that emit light of different colors, such as red, green,
and blue. For example, liquid crystal displays (LCDs)
employ liquid crystals to block or transmit light from a
backlight behind the liquid crystals and organic light-emit-
ting diode (OLED) displays rely on passing current through
a layer of organic material that glows in response to the
current. Displays using inorganic light emitting diodes
(LED:s) are also in widespread use for outdoor signage and
have been demonstrated in a 55-inch television.

[0004] Pixels in a display are typically arranged in an
array of rows and columns in a display area on a display
substrate and controlled through a matrix-addressing
scheme in which rows of pixels are connected to a common
row-select line and columns of pixels are connected to a
common column-data line. By enabling a row of pixels and
concurrently providing data on all of the column-data lines,
each pixel in the row receives data from a corresponding
column at the same time. Each row of pixels is sequentially
enabled to provide data to all of the display pixels. The
row-select lines are typically controlled by a row controller
and the column-data lines by a column controller.

[0005] In flat-panel display designs, the column-data lines
extend past the bottom of the display area on the display
substrate in a dense array where they are electrically con-
nected to a display controller through an electrical bus such
as a flex cable. The row-select lines extend into the bezel on
either side of the display area and are then routed to the flex
cable at the bottom of the display substrate. Generally, a
bezel is the edge area of a display substrate that surrounds
the display area in which the display pixels are disposed, for
example the space or frame surrounding the display area.
The bezel is often used for a frame to support the display
substrate and to route power, ground, and control wires for
the pixels in the display area of the display substrate. It is
often desirable to minimize the bezel to reduce materials
costs and the display size and for an improved appearance.
It is also helpful for display tiles in a tiled display to have a
small bezel to enable line-free tiling.

[0006] A variety of techniques are known to reduce the
bezel size for displays. For example, U.S. Patent Publication
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No. 2015/0359065 discloses wrapping wires around an edge
of the display substrate to connect them to electronic circuits
on the back of the display substrate. This design requires
non-standard processing methods that can be complex and
difficult. U.S. Patent Publication Nos. 2002/0075440, 2008/
0018583, and 2008/0012794 all disclose LCDs with row-
select wires routed to the same side of the display as the
column-data wires. However, since the light-controlling
pixels are most effective with a large fill-factor and the wire
routing and control take considerable space on the display
substrate, the light controllers (e.g., liquid crystals) are
provided in a separate layer disposed over the wiring and
control circuit layer, increasing thickness and requiring
additional structures.

[0007] Other techniques rely on obscuring the display
bezel, for example U.S. Pat. No. 9,244,282 describes an
optical structure with an array of prisms and U.S. Pat. No.
8,305,294 discloses display tiles with overlapping bezels.
These designs increase the thickness of their respective
displays.

[0008] Many large-format displays use inorganic light-
emitting diodes (iLEDs) in the display pixels. However,
such iLEDs are typically large (for example greater than one
millimeter in diameter) and limit the display resolution.
Micro-iLEDs are known that have an area less than 1 mm
square, less than 100 microns square, or less than 50 microns
square or have an area small enough that it is not visible to
an unaided observer of the display at a designed viewing
distance. U.S. Pat. No. 8,722,458 entitled Optical Systems
Fabricated by Printing-Based Assembly teaches transferring
light-emitting, light-sensing, or light-collecting semicon-
ductor elements from a wafer substrate to a destination
substrate such as a display substrate. However, micro-iLED
displays do not, intrinsically, address issues regarding dis-
play bezels.

[0009] There is a need, therefore, for image display archi-
tectures that enable improved resolution with lower cost,
and a reduced bezel size or no bezel in matrix-addressed
systems.

SUMMARY OF THE INVENTION

[0010] According to certain embodiments of the present
invention, a bezel-free display comprises a display substrate
comprising a connection edge and one or more bezel edges,
pixels individually disposed on the display substrate in rows
and columns such that columns of the pixels are separated by
a column distance, rows of the pixels are separated by a row
distance. Each of the pixels comprises one or more inorganic
micro-light-emitting diodes, each of the one or more inor-
ganic micro-light-emitting diodes comprising a diode sub-
strate independent, separate, and distinct from the display
substrate. Column lines are disposed on the display substrate
and extend toward the connection edge. Each of the column
lines is electrically connected to each of the pixels in one of
the columns of the pixels. A column driver is electrically
connected to each of the column lines and each column
driver is disposed on the display substrate. Row lines are
disposed on the display substrate and each of the row lines
is electrically connected to each of the pixels in one of the
rows of the pixels. A row driver is electrically connected to
each of the row lines and each row driver is disposed on the
display substrate. One or more row-connection lines are
disposed on the display substrate and each of the one or
more row-connection lines is electrically connected to one
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of the row lines or one of the row drivers. At least one of the
one or more row-connection lines is disposed at least
partially between columns of the pixels. In certain embodi-
ments, at least one row driver is spatially separated from the
corresponding row by a distance less than at least one of the
column distance and the row distance, at least one column
driver is spatially separated from the corresponding column
by a distance less than at least one of the row distance and
the column distance, or both.

[0011] In some embodiments of the present invention,
each pixel in one of the rows of the pixels closest to one of
the one or more bezel edges is separated from the bezel edge
by a distance less than or equal to the row distance. In certain
embodiments, each pixel in one of the columns of the pixels
closest to one of the one or more bezel edges is spatially
separated from the bezel edge by a distance less than or
equal to the column distance.

[0012] Insome embodiments of the present invention, any
combination of inorganic micro-light-emitting diodes, row
drivers, or column drivers has at least one of (i) a width from
2 to no more than 5 pm, 5 to no more than 10 pm, 10 to no
more than 20 pum, 20 to no more than 50 um, or 50 to no
more than 100 um, (ii) a length from 2 to no more than 5 pm,
5 to no more than 10 pm, 10 to no more than 20 um, 20 to
no more than 50 pm, 50 to no more than 100 pm, 100 to no
more than 250 wm, and (iii) a thickness from 2 to no more
than 5 pm, 5 to no more than 10 um, 10 to no more than 20
um, or 20 to no more than 50 um.

[0013] In some embodiments of the present invention, (i)
each inorganic micro-light-emitting diode is a micro-transfer
printed micro-light-emitting diode comprising a broken or
separated tether, (ii) each row driver is a micro-transfer-
printed micro-integrated circuit comprising a broken or
separated tether, (iii) each column driver is a micro-transfer-
printed micro-integrated circuit comprising a broken or
separated tether, or (iv) any combination of (1), (i1), and (iii).
[0014] Insome embodiments of the present invention, two
or more or of the one or more row-connection lines are
disposed at least partially between columns of the pixels. In
some embodiments of the present invention, one of the one
or more row-connection lines is disposed at least partially
between one of the columns of the pixels and one of the one
or more bezel edges.

[0015] In some embodiments of the present invention, a
bezel-free display is a substantially single-layer display in
which wires (e.g., row lines, column lines, power lines, and
ground lines) and pixels are disposed substantially in a
single layer on a display substrate.

[0016] In some embodiments of the present invention, a
bezel-free display comprises a plurality of row drivers. Each
row driver comprises a row-driver substrate separate, dis-
tinct, and independent of the display substrate and the
row-driver substrate of any other row driver, and each row
driver is electrically connected to one or more of the row
lines. In certain embodiments, each of two or more of the
plurality of row drivers is disposed between two or more of
the pixels in one or two dimensions. One or more of the
plurality of row drivers can be electrically connected to two
row lines.

[0017] In some embodiments of the present invention, a
bezel-free display comprises a plurality of column drivers.
Each column driver comprises a column-driver substrate
separate, distinct, and independent of the display substrate
and the column-driver substrate of any other column driver,
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and each column driver is electrically connected to one or
more of the column lines. In certain embodiments, each of
two or more of a plurality of column drivers is disposed
between two or more of the pixels in one or two dimensions.
One or more of the plurality of column drivers can be
electrically connected to two column lines.

[0018] Insome embodiments of the present invention, one
or more of the pixels each comprise a pixel substrate with
the one or more inorganic light emitters of the pixel disposed
on the pixel substrate. The pixel substrate can be micro-
transfer printed onto the display substrate and the pixel
substrate can comprise a broken or separated tether. The
pixel substrate can have at least one of (i) an area of 10 to
no more than 50 square microns, 50 to no more than 100
square microns, 100 to no more than 500 square microns, or
500 square microns to no more than 1 square mm and (i) a
thickness of 1 to no more than 5 microns, 5 to no more than
10 microns, 10 to no more than 20 microns, or 20 to no more
than 50 microns.

[0019] In some embodiments of the present invention, a
bezel-free display tile comprises a tile substrate comprising
at least four bezel edges, two bezel edges of the at least four
bezel edges are opposing row edges and two bezel edges of
the at least four bezel edges are opposing column edges.
Pixels are individually disposed on the tile substrate in rows
and columns such that columns of the pixels are separated by
a column distance, rows of the pixels are separated by a row
distance, and each of the pixels comprises one or more
inorganic micro-light-emitting diodes. Each of the one or
more inorganic micro-light-emitting diodes comprises a
diode substrate independent, separate, and distinct from the
tile substrate. Column lines are disposed on the tile substrate
and extend toward at least one of the two row edges. Each
column line is electrically connected to each of the pixels in
one of the columns of the pixels. Row lines dare disposed on
the tile substrate and extend toward at least one of the two
column edges. Each row line is electrically connected to
each of the pixels in one of the rows of the pixels.

[0020] In some embodiments of the present invention, at
least one of:

[0021] (i) a row driver is electrically connected to at
least one of the row lines, the row driver disposed on
the tile substrate within at least one of a column
distance and a row distance of the at least one of the
row lines, and

[0022] (ii) a column driver is electrically connected to at
least one of the column lines, the column driver dis-
posed on the tile substrate within at least one of a row
distance and a column distance of the at least one of the
column lines.

[0023] In some embodiments, at least one of:

[0024] (i) each pixel in one of the columns of the pixels
closest to a column edge of the two opposing column
edges is spatially separated from the column edge by a
distance less than or equal to the column distance, and

[0025] (i) each pixel in one of the rows of the pixels
closest to a row edge of the two opposing row edges is
spatially separated from the row edge by a distance less
than or equal to the row distance.

[0026] In some embodiments of the present invention, a
row driver is disposed within at least one of a column
distance and a row distance of a corresponding row line to
which the row driver is electrically connected, and a column
driver is disposed within at least one of a row distance and
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a column distance of a corresponding column line to which
the column driver is electrically connected.

[0027] In some embodiments, (i) the one or more inor-
ganic micro-light-emitting diodes are micro-transfer printed
inorganic micro-light-emitting diodes each comprising a
broken or separated tether, (i1) the row driver is a micro-
transfer printed integrated circuit comprising a broken or
separated tether, (ii1) the column driver is a micro-transfer
printed integrated circuit comprising a broken or separated
tether, or (iv) any combination of (1), (i1), and (iii).

[0028] Insome embodiments of the present invention, one
or more of the pixels each comprise a pixel substrate with
the one or more inorganic light emitters disposed on the
pixel substrate. The pixel substrate can be micro-transfer
printed onto the tile substrate, and the pixel substrate can
comprise a broken or separated tether.

[0029] In some embodiments, the bezel-free display,
bezel-free display tile, or bezel-free tiled display is a matrix-
addressed display comprising inorganic micro-light-emit-
ting-diodes (micro-iLEDs) and has row-select and column-
data wires (row lines and column lines), as well as power
and ground lines. Each micro-iLED is controlled by a row
line in combination with a column line. The control can be
passive-matrix control. In other embodiments, the bezel-free
display is an active-matrix display and a micro-controller,
for example a pixel controller, is disposed in, on, or over the
display substrate in a display area in association with one or
more micro-iILEDs in a pixel and is electrically connected to
the one or more micro-iLEDs to control the one or more
micro-iLEDs using select and data signals provided by the
row lines and column lines, respectively.

[0030] In certain embodiments, micro-iILEDs are orga-
nized into pixels and a plurality of pixels forms a regular
array on the display substrate in a display area or the pixels
are irregularly or randomly arranged. Each pixel can com-
prise one or more micro-iLEDs. In certain embodiments,
each pixel includes a single light emitter. In certain embodi-
ments, each pixel includes at least three light emitters, each
of the at least three light emitters emitting light of a different
color, for example red, green, or blue.

[0031] In some embodiments, the one or more micro-
iLED:s are disposed on a display substrate. In other embodi-
ments, the one or more micro-iLEDs in a pixel are disposed
on a pixel substrate separate and independent from the
display substrate and each pixel substrate is disposed on or
over the display substrate or a layer on the display substrate.
A single micro-iLED, or multiple micro-iLEDs can be
disposed on each pixel substrate. In other embodiments,
multiple pixels share a common pixel substrate. In certain
embodiments, each pixel includes a pixel controller and the
pixel controller is electrically connected to the one or more
micro-iLEDs in the pixel to emit light. In some embodi-
ments, the pixel controller is located on the display sub-
strate. In other embodiments, a pixel includes a pixel sub-
strate separate from the display substrate and the pixel
controller is located on the pixel substrate. Each pixel
substrate can comprise a broken or separated tether as a
consequence of micro-transfer printing the pixel substrate.
In other configurations, each micro-iLED of the plurality of
micro-iLEDs has a broken or separated tether as a conse-
quence of micro-transfer printing the micro-iLEDs. Pixel
controllers can be micro-transfer printed and have a broken
or separated tether as a consequence of micro-transfer
printing the pixel controller.
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[0032] In certain embodiments, one or more electrical
conductors such as row or column lines electrically connect
two or more of the pixels in the display area. In certain
embodiments, the one or more row or column lines conduct
control signals for controlling the pixels. Power lines can
conduct power to the pixels and ground lines can provide a
ground reference voltage.

[0033] In certain embodiments, the display substrate or
pixel substrate is at least one of plastic, glass, and sapphire.
In certain embodiments, the display substrate or pixel sub-
strate is transparent to visible light. In certain embodiments,
the display substrate or pixel substrate is at least partially
transparent to visible light. In certain embodiments, the
display substrate or pixel substrate has no less than 30
percent transparency to visible light (e.g., no less than 30%,
50%, 70%, 80%, 90%, or 95% transparency to visible light).
In certain embodiments, the pixel substrate is a semicon-
ductor substrate, for example a silicon semiconductor.
[0034] Certain embodiments of the present invention pro-
vide bezel-free displays, bezel-free display tiles, or bezel-
free tiled displays having a reduced bezel area or no bezel
area, thereby reducing the size and improving the appear-
ance of the bezel-free displays, bezel-free display tiles, or
bezel-free tiled displays. In certain embodiments, a bezel-
free display or bezel-free display tile is or is used in a
transparent display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The foregoing and other objects, aspects, features,
and advantages of the present disclosure will become more
apparent and better understood by referring to the following
description taken in conjunction with the accompanying
drawings, in which:

[0036] FIG. 1A is a schematic plan view illustrating an
exemplary bezel-free display according to illustrative
embodiments of the present invention;

[0037] FIG. 1B is a detail schematic of the exemplary
bezel-free display illustrated in FIG. 1A and according to
illustrative embodiments of the present invention;

[0038] FIG. 1C is a detail schematic of the exemplary
bezel-free display illustrated in FIG. 1A and according to
illustrative embodiments of the present invention;

[0039] FIG. 1D is a detail schematic of the exemplary
bezel-free display illustrated in FIG. 1A and according to
illustrative embodiments of the present invention;

[0040] FIGS. 2-7 are schematic plan views illustrating
different exemplary bezel-free displays according to illus-
trative embodiments of the present invention;

[0041] FIG. 8 is a perspective of an exemplary bezel-free
display pixel according to illustrative embodiments of the
present invention; and

[0042] FIG. 9 is a cross section illustrating a micro-
transfer printable pixel on a pixel source wafer according to
exemplary embodiments of the present invention;

[0043] FIG. 10A is a plan view of a bezel-free tiled display
according to illustrative embodiments of the present inven-
tion;

[0044] FIG. 10B is a plan view of a bezel-free tile in the
tiled display of FIG. 10A comprising both row and column
drivers according to illustrative embodiments of the present
invention;

[0045] FIG. 10C is a plan view of a bezel-free tile in the
tiled display of FIG. 10A comprising row drivers according
to illustrative embodiments of the present invention; and
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[0046] FIG. 10D is a plan view of a bezel-free tile in the
tiled display of FIG. 10A comprising column drivers accord-
ing to illustrative embodiments of the present invention.
[0047] The features and advantages of the present disclo-
sure will become more apparent from the detailed descrip-
tion set forth below when taken in conjunction with the
drawings, in which like reference characters identify corre-
sponding elements throughout. In the drawings, like refer-
ence numbers generally indicate identical, functionally simi-
lar, and/or structurally similar elements. The figures are not
drawn to scale since the variation in size of various elements
in the Figures is too great to permit depiction to scale.

DETAILED DESCRIPTION OF THE
INVENTION

[0048] Certain embodiments of the present invention pro-
vide a bezel-free or reduced-size bezel for an inorganic
micro-light-emitting diode (micro-iILED) display. Because
the micro-iLEDs each have a small spatial extent within a
larger display area of the bezel-free display, power, ground,
row-select, and column-data wires providing a matrix-ad-
dressed control structure to the micro-iLED pixels in the
display can be located between the micro-iLEDs within the
display area in, on, or over a display substrate, rather than on
the edges of the display substrate outside the display area.
[0049] Referring to the plan view of FIG. 1A and the detail
illustrations of FIGS. 1B, 1C, and 1D, according to some
embodiments of the present invention a bezel-free display
99 comprises a display substrate 10 comprising a connection
edge 32 and one or more bezel edges 30. A display substrate
10 provides a substantially planar surface, for example a
rectangular surface as shown in FIG. 1A with four edges,
one of which, according to some embodiments of the present
invention, is a connection edge 32 and the others, for
example three other edges, are bezel edges 30. A connection
edge 32 provides electrical connections to a bezel-free
display 99. In some embodiments, a display substrate 10 is
polygonal but not rectangular or has curved edges (e.g., is
circular).

[0050] Pixels 40 are individually disposed on a display
substrate 10 in rows and columns such that columns of
pixels 40 are separated by a column distance 18 and rows of
pixels 40 are separated by a row distance 14. Columns of
pixels 40 and rows of pixels 40 can be, but are not neces-
sarily, each paralle]l to one or more edges of a display
substrate 10. Moreover, columns of pixels 40 and rows of
pixels 40 can be, but are not necessarily, perpendicular to
each other. As an illustrative example, a display substrate 10
can have the shape of a parallelogram with columns of pixels
40 parallel to two edges of the display substrate 10 and rows
of pixels 40 parallel to two edges of the display substrate 10.
Thus, in certain embodiments, pixels 40 are arranged in a
two-dimensional matrix having a pixel pitch or pixel sepa-
ration in a horizontal direction equal to the column distance
18 and a pixel pitch or pixel separation in the vertical
direction equal to the row distance 14. The row distance 14
can be a pixel pitch in the direction of the rows or the row
distance 14 can be a distance between the pixels 40 in the
rows (as shown in FIGS. 1A and 1C). Likewise, a column
distance 18 can be a pixel pitch in the direction of the
columns or the distance between the pixels 40 in the
columns. A pixel pitch is the distance from a point (e.g., the
center) of one pixel 40 to an equivalent point (e.g., the
center) of an adjacent pixel 40 and the distance between the
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pixels 40 is the distance between edges of adjacent pixels 40.
The difference between the pixel pitch and the pixel distance
is the size or extent of the pixels 40 in the respective
directions. The row distance 14 can be, but is not necessarily,
the same distance as the column distance 18. A column
distance 18 can be a maximum distance by which any two
columns of pixels 40 are disposed. Likewise, a row distance
14 can be a maximum distance by which any two columns
of pixels are disposed.

[0051] An array of micro-iLEDs 44 or pixels 40 can define
a display area on a display substrate surface, for example a
convex hull area that includes all of the micro-iLEDs 44 or
pixels 40, for example a rectangular display area. (The
words, “columns” and “rows”, as well as “vertical” and
“horizontal”, “top” and “bottom”, or “left” and “right” are
relative terms and can be interchanged in reference to
different orientations of a display 99 or display tile 98
according to certain embodiments of the present invention.)
[0052] Each of the pixels 40 comprises one or more
inorganic micro-light-emitting diodes 44, for example as
shown in FIG. 1B, and, in certain embodiments, each of the
one or more inorganic micro-light-emitting diodes 44 com-
prises a diode substrate independent, separate, and distinct
from a display substrate 10. Thus, pixels 40 and inorganic
micro-light-emitting diodes 44 can be independent struc-
tures that are individually mounted on a display substrate 10,
for example by micro-transfer printing the independent
structures onto the display substrate 10. For example, inor-
ganic micro-light-emitting diodes 44 can be micro-transfer
printed onto a pixel substrate 56 which is then micro-transfer
printed onto a display substrate 10 or the printings can occur
in the opposite order. Pixels 40 can include connections to
power and ground lines 46, 48 that provide power to pixels
40 enabling the micro-iILEDs 44 to emit light.

[0053] Column lines 16 are disposed on a display substrate
10 and can extend toward a connection edge 32 and, for
example, toward a bezel edge 30 opposing the connection
edge 32. Each column line 16 is electrically connected to
each pixel 40 in a column of pixels 40 to provide control
signals to the pixels 40. One or more column lines 16 can be
disposed between columns of pixels 40. In some embodi-
ments, a single column line 16 is disposed between adjacent
columns of pixels 40. In some embodiments, multiple col-
umn lines 16 are disposed between adjacent columns of
pixels 40. Adjacent columns of pixels 40 are columns of
pixels 40 that have no other column of pixels 40 between the
adjacent columns. FIG. 1C illustrates a two-by-two array of
pixels 40 and their connected row and column lines 12, 16.
As shown in FIG. 1C, the row and column lines 12, 16 pass
over or under each other over the display substrate 10 and
are not directly electrically connected. In the figures, black
dots indicate electrical connections between intersecting
lines.

[0054] As shown in FIG. 1D, each pixel 40 is also inter-
connected with power and ground lines 46, 48. Row lines
12, column lines 16, power lines 46, and ground lines 48 can
all be formed on a display substrate 10 using, for example,
photolithographic, screen printing, or printed-circuit board
processing techniques, for example employing metal or
metal oxide deposition using evaporation or sputtering,
laminated structures, curable resin coatings (e.g., SUS),
positive or negative photo-resist coating, radiation (e.g.,
ultraviolet radiation) exposure through a patterned mask, or
etching methods to form patterned metal structures, vias,
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insulating layers, and electrical interconnections. Inkjet and
screen-printing deposition processes and materials can be
used to form patterned conductors or other electrical ele-
ments, as can substrate imprinting techniques with conduc-
tive inks.

[0055] In some embodiments of the present invention, a
bezel-free display 99 is a substantially single-layer display
in which wires (e.g., row lines 12, column lines 16, power
lines 46, and ground lines 48) are disposed substantially in
a single layer in, on, or over a display substrate 10 and pixels
40 are also disposed in, on, or over the display substrate 10,
for example in or on the same single layer. Where any of the
row lines 12, column lines 16, power lines 46, or ground
lines 48 intersect on, in, or over the display substrate 10, a
jumper wire or via connection can be provided but these
wires or connections represent only a small fraction of the
area of the display substrate, so that the wires are substan-
tially disposed in a single layer, for example a single
patterned layer of metal lines that provide electrical con-
nections to the pixels 40. By providing wires in a single layer
on, in, or over a display substrate 10, manufacturing costs
and materials for a bezel-free display 99 are substantially
reduced.

[0056] Referring again to FIG. 1A, a column driver 26 is
electrically connected to each column line 16 and is dis-
posed on a display substrate 10. In some embodiments of the
present invention, a column driver 26 for all of the column
lines 16 can be a single integrated circuit, for example
having a single column-driver substrate separate, distinct,
and independent from a display substrate 10 and from diode
substrates in pixels 40. In some embodiments of the present
invention, a column driver 26 comprises a plurality of
column-driver integrated circuits, each electrically con-
nected to one or more column lines 16, and each having a
column-driver substrate separate, distinct, and independent
from a display substrate 10, from diode substrates in pixels
40, and from any other column-driver integrated circuit.
[0057] A plurality of column driver integrated circuits can
be electrically serially connected and can be referred to
collectively as a column driver 26. Alternatively, each
column-driver integrated circuit with a separate, distinct,
and independent column-driver substrate can be referred to
as a column driver 26, as shown in the Figures. One or more
column drivers 26 can be disposed between two or more
pixels 40 in one or two dimensions, for example as shown
in FIG. 4, as discussed further below. In some embodiments
of the present invention, a column driver 26 comprises one
or more active circuits formed in or on a display substrate
10, for example thin-film semiconductor circuits, such as
amorphous silicon or low-temperature polycrystalline sili-
con circuits. One or more active circuits can be distributed
over a display substrate 10, for example interconnected
circuits disposed at different locations on the display sub-
strate 10.

[0058] Similarly, row lines 12 are disposed on a display
substrate 10 and can extend toward a bezel edge 30. Each
row line 12 is electrically connected to each pixel 40 ina row
of pixels 40. One or more row lines 12 can be disposed
between rows of pixels 40. In some embodiments, a single
row line 12 is disposed between adjacent rows of pixels 40.
In some embodiments, multiple row lines 12 are disposed
between adjacent rows of pixels 40. Adjacent rows of pixels
40 are rows of pixels 40 that have no other row of pixels 40
between the adjacent rows.
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[0059] A row driver 22 is electrically connected to each
row line 12 and is disposed on a display substrate 10. In
some embodiments of the present invention, a row driver 22
can be a single integrated circuit, for example having a
row-driver substrate separate, distinct, and independent
from a display substrate 10 and from diode substrates in
pixels 40. In some embodiments of the present invention, a
row driver 22 comptises a plurality of row-driver integrated
circuits, each electrically connected to one or more row lines
12, and each having a row-driver substrate separate, distinct,
and independent from a display substrate 10, from diode
substrates in pixels 40, and from any other row-driver
integrated circuit. A plurality of row driver integrated cir-
cuits can be electrically serially connected and can be
referred to collectively as a row driver 22. Alternatively,
each row-driver integrated circuit with a separate, distinct,
and independent row-driver substrate can be referred to as a
row driver 22, as shown in the Figures.

[0060] One or more row drivers 22 can be disposed
between two or more pixels 40 in one or two dimensions, for
example as shown in FIG. 1A. In some embodiments of the
present invention, a row driver 22 comprises one or more
active circuits formed in or on a display substrate 10, for
example thin-film semiconductor circuits, such as amor-
phous silicon or low-temperature polycrystalline silicon
circuits. One or more active circuits can be distributed over
a display substrate 10, for example interconnected circuits
disposed at different locations on the display substrate 10.
[0061] One or more row-connection lines 13 are disposed
on the display substrate 10. Each row-connection line 13 is
electrically connected to a row line 12 or to a row driver 22.
At least one row-connection line 13 is disposed at least
partially between columns of pixels 40. In some embodi-
ments of the present invention, two or more row-connection
lines 13 are disposed at least partially between columns of
pixels 40. As shown in FIG. 1A, for example, each row-
connection line 13 can extend from a display substrate 10
connection edge 32 to a row driver 22. In some embodi-
ments, row drivers 22 are also electrically connected with
row-connection lines 13 to row lines 12 (e.g., as labeled in
FIG. 2 and as discussed further below). In some embodi-
ments, row drivers 22 are electrically connected directly to
row lines 12, without requiring an additional row-connec-
tion line 13 (e.g., as shown in FIG. 7 and as discussed further
below).

[0062] In some embodiments, two or more row-connec-
tion lines 13 are disposed at least partially between columns
of pixels 40. Each row-connection line 13 can be uniquely
disposed between columns of pixels 40 so that only one
row-connection line 13 is disposed between two adjacent
columns of pixels 40 (FIG. 2). Alternatively, multiple row-
connection lines 13 can be disposed between columns of
pixels 40 so that more than one row-connection line 13 is
disposed between two adjacent columns of pixels 40.
[0063] According to some embodiments of the present
invention, row drivers 22 and column drivers 26 are dis-
posed in different locations over the display substrate 10.
FIG. 1A illustrates row drivers 22 disposed within the
display area and between pixels 40 and the column drivers
26 outside the display area and adjacent to the connection
edge 32.

[0064] Insome embodiments, each pixel 40 in a column of
pixels 40 closest to a bezel edge 30 is spatially separated
from the bezel edge 30 by a distance less than or equal to a
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column distance 18. In certain embodiments, a single col-
umn of pixels 40 is closest to a vertical bezel edge 30 and
each pixel 40 in that single column is spatially separated
from the bezel edge 30 by a distance less than or equal to a
column distance 18 and the bezel has a width less than or
equal to the column distance 18. Similarly, in some embodi-
ments, each pixel 40 in a row of pixels 40 closest to a bezel
edge 30 is spatially separated from the bezel edge 30 by a
distance less than or equal to a row distance 14. In certain
embodiments, a single row of pixels 40 is closest to a
horizontal bezel edge 30 and each pixel 40 in that single row
is spatially separated from the bezel edge 30 by a distance
less than or equal to a row distance 14 and the bezel has a
height less than or equal to the row distance 14.

[0065] Insome embodiments, each pixel 40 in a column of
pixels 40 closest to a bezel edge 30 is spatially separated
from the bezel edge 30 by a distance less than or equal to one
half of a column distance 18. For example, the bezel width
can be one half or less of a column distance 18. Similarly,
in some embodiments, each pixel 40 in a row of pixels 40
closest to a bezel edge 30 is spatially separated from the
bezel edge 30 by a distance less than or equal to one half of
a row distance 14. For example, the bezel height can be one
half or less of a row distance 14. In some embodiments both
are true, so that the bezel width can be one half or less of a
column distance 18 and the bezel height can be one half or
less of a row distance 14. In some such embodiments, the
array of pixels can comprise a display tile that can be tiled
without visible seams due to or between the pixels, since the
pixel pitch in both vertical and horizontal directions is the
same within a display tile and between adjacent display tiles.

[0066] Insome embodiments, at least one row driver 22 is
spatially separated from a corresponding row of pixels 40 to
which it is electrically connected by a distance less than at
least one of a column distance 18 and a row distance 14. At
least one row driver 22 can be disposed on a display
substrate 10 between columns of pixels 40. In some embodi-
ments, at least one column driver 26 is spatially separated
from a corresponding column of pixels 40 to which it is
electrically connected by a distance less than at least one of
a row distance 14 and a column distance 18. At least one
column driver 26 can be disposed on a display substrate 10
between rows of pixels 40. In some embodiments both are
true, so that at least one row driver 22 is spatially separated
from a corresponding row of pixels 40 to which it is
electrically connected by a distance less than at least one of
a column distance 18 and a row distance 14 and at least one
column driver 26 is spatially separated from a corresponding
column of pixels 40 to which it is electrically connected by
a distance less than at least one of a row distance 14 and a
column distance 18. In some embodiments, column drivers
26 are separated from a corresponding column of pixels 40
to which it is electrically connected by a distance equal to or
less than the column distance 18 and row drivers 22 are
separated from a corresponding row of pixels 40 to which it
is electrically connected by a distance to or less than the row
distance 14.

[0067] In some embodiments of the present invention,
referring to FIGS. 1A and 2, one of the row-connection lines
13 is disposed at least partially between one of the columns
of the pixels 40 and one of the one or more bezel edges 30.
Thus, a row-connection line 13 can be exterior to the display
area of a bezel-free display 99.
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[0068] Referring to FIG. 1A, each row driver 22 and
column driver 26 is directly controlled through an electrical
connection on the connection edge 32 by a display controller
exterior to the display substrate 10 (not shown). In some
embodiments, row drivers 22 and column drivers 26 are
electrically serially connected, for example as shown in FIG.
2. A first one of the serially connected row drivers 22 and
column drivers 26 is directly controlled through an electrical
connection on the connection edge 32 by a display controller
exterior to the display substrate 10 (not shown). This reduces
the number of electrical connections on a connection edge
32 and the extent of row and column lines 12, 16 in the
display area of a display substrate 10.

[0069] Row drivers 22 and column drivers 26 can be
disposed in a variety of locations over a display substrate 10.
Referring to FIG. 1A, row drivers 22 are disposed in a
display area of a display substrate 10 between pixels 40. In
some such embodiments, a row-connection line 13 extends
from a connection edge 32 to each row driver 22 and from
each row driver 22 to a corresponding row line 12 driven by
the corresponding row driver 22. Column drivers 26 are
disposed in a row adjacent to the connection edge 32.

[0070] Referring to FIG. 2, row drivers 22 and column
drivers 26 are both disposed in a row adjacent to a connec-
tion edge 32. In some such embodiments, a row-connection
line 13 extends from each row driver 22 to a corresponding
row line 12 driven by the corresponding row driver 22. Both
the row of row drivers 22 and the row of column drivers 26
are each serially electrically connected. The row of column
drivers 26 is serially connected with a column-connection
line 17.

[0071] Referring to the illustrative embodiment shown in
FIG. 3, each of one or more row drivers 22 is electrically
connected to two row lines 12 with row-connection lines 13.
This reduces the number of row drivers 22, although each
row driver 22 can be larger and incorporate more circuitry.
Moreover, in some embodiments, one or more column
drivers 26 are electrically connected to two column lines 16
(as also shown in FIG. 3).

[0072] Referring to the illustrative embodiment shown in
FIG. 4, row drivers 22 and column drivers 26 are both
disposed in a display area between pixels 40 on a display
substrate 10. As is also shown in FIGS. 2 and 3, row-
connection lines 13 can extend from row drivers 22 to
respective row lines 12.

[0073] Referring to the illustrative embodiment shown in
FIG. 5, each row driver 22 is the display area directly drives
a corresponding row line 12 without an intervening row-
connection line 13. The row drivers 22 are disposed in a
column and are serially connected with row-connection lines
13. A first row driver 22 in the serial chain of row drivers 22
is connected through a wire on the connection edge to an
external display driver (not shown).

[0074] Referring to the illustrative embodiment shown in
FIG. 6, row drivers 22 are distributed both horizontally and
vertically across the display area and are electrically serially
connected with row-connection lines 13. The column drivers
26 in the embodiments illustrated in both FIG. 5 and FIG. 6
are disposed between the bottom row of pixels 40 and the
connection edge 32 and the connection edge 32. In the
embodiment illustrated in FIG. 7, the vertically arranged
serially electrically connected row drivers 22 and horizon-
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tally arranged serially electrically connected column drivers
26 are disposed within the display area between the pixels 40
of the bezel-free display 99.

[0075] In some embodiments of the present invention, a
display substrate 10 can be any suitable substrate comprising
a surface on which micro-iLEDs 44, row lines 12, column
lines 16, row-connection lines 13, row drivers 22, or column
drivers 26 can be disposed. Such display substrates 10 can
be or comprise, for example, glass, plastic, or ceramic.
[0076] As shown in FIG. 1B, pixels 40 can include pixel
controllers 42 and one or more micro-iLEDs 44, for example
three micro-iLEDs 44 each emitting a different color of
light, for example red, green, and blue, in response to control
signals from a pixel controller 42, providing an active-
matrix pixel 40. Thus, in some embodiments of the present
invention, a bezel-free display 99 is an active-matrix display
and each pixel 40 comprises a pixel controller 42 uniquely
electrically connected to each pair of row lines 12 and
column lines 16 for controlling inorganic micro-light-emit-
ting diodes 44 in a pixel 40.

[0077] In some embodiments, pixels 40 do not include
pixel controllers 42 and comprise one or more micro-iLEDs
44, for example three or more micro-iLEDs 44 each emitting
a different color of light, for example red, green, and blue,
in response to control signals from an external display
controller, for example row or column controllers, providing
a passive-matrix pixel 40 and passive-matrix bezel-free
display 99.

[0078] In some embodiments of an active-matrix display,
a pixel controller 42 is a micro-integrated circuit, for
example comprising a controller substrate separate, distinct,
and independent of any diode substrates and a display
substrate 10, made using photolithographic methods and
materials found in the integrated circuit industry. Column
lines 16 and row lines 12 (and power lines 46 and ground
lines 48) are electrically conductive wires, e.g., traces, for
conducting electrical power and signals to pixels 40 and can
be made, for example, using photolithographic, screen print-
ing, or printed-circuit board materials and methods on or in
the display substrate 10.

[0079] Inorganic micro-light-emitting diodes 44 can com-
prise a semiconductor diode substrate, for example a com-
pound semiconductor such as GaN, InGaN, GaAs, or other
compound semiconductors useful for light-emitting diodes
made using photolithographic processes and materials.
[0080] In some embodiments of the present invention,
each inorganic micro-light-emitting diode 44, each row
driver 22, or each column driver 26 has at least one (e.g., any
combination) of (i) a width from 2 to no more than 100 pm
(e.g., 2 to no more than 5 um, 5 to no more than 10 um, 10
to no more than 20 pm, 20 to no more than 50 wm, or 50 to
no more than 100 um), (ii) a length from 2 to no more than
250 um (e.g., 2 to no more than 5 pm, 5 to no more than 10
um, 10 to no more than 20 pm, 20 to no more than 50 pm,
50 to no more than 100 um, or 100 to no more than 250 pm),
and (iii) a thickness from 2 to no more than 50 um (e.g., 2
to no more than 5 um, 5 to no more than 10 pm, 10 to no
more than 20 pm, or 20 to no more than 50 um). U.S. Pat.
No. 6,825,559 describes methods of making micro-transfer-
printable inorganic micro-iLEDs 44, the disclosure of which
is hereby incorporated by reference.

[0081] Any combination of the inorganic micro-light-
emitting diodes 44, row drivers 22, or column drivers 26 can
be micro-devices micro-transfer printed from a native source
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wafer to the display substrate 10, another substrate, or to a
substrate disposed on the display substrate 10. Any of the
inorganic micro-light-emitting diodes 44, row drivers 22, or
column drivers 26 can comprise a broken, fractured, or
separated tether as a consequence of the micro-transfer
printing process.

[0082] In some active-matrix embodiments of the present
invention, micro-iLEDs 44 or pixel controllers 42 (if
included in an active-matrix embodiment) are disposed
directly on a display substrate 10. In some embodiments,
referring to FIG. 8, each pixel 40 comprises a pixel substrate
56 with one or more inorganic micro-light-emitting diodes
44 disposed on the pixel substrate 56. A pixel controller 42
can be disposed on the pixel substrate 56, and the pixel
substrate 56 disposed on the display substrate 10. (In pas-
sive-matrix embodiments of the present invention, the pixel
controller 42 is not present.) Moreover, in some embodi-
ments of the present invention, micro-iLEDs 44 (e.g., red
micro-iLED 44R emitting red light, green micro-iLED 44G
emitting green light, and blue micro-iLED 44B emitting
blue light, collectively micro-iILEDs 44) can be micro-
transfer printed onto a pixel substrate 56, for example from
one or more native LED source wafers, and each micro-
iLED 44 can comprise a broken (e.g., fractured) or separated
micro-iLED tether 62 (as a consequence of micro-transfer
printing). In some embodiments, a pixel controller 42 can be
micro-transfer printed onto a pixel substrate 56, for example
from a native silicon source wafer, and the pixel controller
42 can comprise a broken (e.g., fractured) or separated
micro-controller tether 54. A pixel substrate 56 can be any
useful substrate on which micro-iLEDs 44 or pixel control-
lers 42 (if included) can be disposed, for example that is or
comprises glass, plastic, or ceramic. In some embodiments,
a pixel substrate 56 is a semiconductor substrate and a pixel
controller 42 is provided in a circuit formed in or on the pixel
substrate 56, so that the pixel controller 42 is native to the
pixel substrate 56 and can be electrically connected with
fine, high-resolution pixel-substrate wires 58.

[0083] Furthermore, in some embodiments of the present
invention, a pixel substrate 56 is micro-transfer printed from
a pixel source wafer 100 (shown in FIG. 9 and as discussed
below) onto a display substrate 10 and a pixel substrate 56
comprises a broken (e.g., fractured) or separated pixel tether
52. A pixel substrate 56 can have at least one of (i) an area
of 10 to no more than 1 square mm (e.g., 10 to no more than
50 square microns, 50 to no more than 100 square microns,
100 to no more than 500 square microns, or 500 square
microns to no more than 1 square mm) and (ii) a thickness
of 1 to no more than 50 microns (e.g., 1 to no more than 5
microns, 5 to no more than 10 microns, 10 to no more than
20 microns, or 20 to no more than 50 microns). Such small
pixel substrates 56 can be more readily micro-transfer
printed and constructed using high-resolution photolitho-
graphic techniques. Thus, pixel-substrate wires 58 or other
electrical conductors disposed on the pixel substrates 56 can
be formed using, for example, photolithographic methods
and materials and have a small width, can be disposed closer
together, and can have a higher resolution than wires or other
electrical conductors such as row lines 12 and column lines
16 formed on a display substrate 10, for example by large-
format photolithography, screen printing, or printed-circuit
board construction and assembly techniques. Thus, pixel-
substrate wires 58 on a pixel substrate 56 can be relatively
fine, high-resolution wires and wires on a display substrate
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10 (e.g., row lines 12, column lines 16, power lines 46, and
ground lines 48) can be relatively coarse, low-resolution
wires compared to the wires 58 on the pixel substrate 56.
Therefore, in some embodiments of the present invention,
high-resolution pixel substrates 56 are individually mounted
on a display substrate 10 and micro-iLEDs 44 and pixel
controller 42 (for active-matrix designs) are micro-devices
individually mounted on each high-resolution pixel sub-
strate 56.

[0084] Row lines 12, column lines 16, and pixel-substrate
wires 58 can each, separately, comprise metal or metal alloys
or transparent metal oxides (for example deposited on the
display substrate 10 or pixel substrate 56 by evaporation or
sputtering and patterned using photolithographic methods).
Row lines 12, column lines 16, power lines 46, ground lines
48, and pixel-substrate wires 58 can each, separately, be
disposed on or in a single layer or on or in multiple (e.g.,
different) substrate layers of a display substrate 10 or pixel
substrate 56 so that they do not electrically short on a surface
of a display substrate 10 or pixel substrate 56. Vias can be
provided to make electrical connections between devices or
structures disposed on a display substrate 10 or pixel sub-
strate 56 surface and row lines 12, column lines 16, power
lines 46, ground lines 48, or pixel-substrate wires 58 in a
display- or pixel-substrate layer below a display substrate 10
or a pixel substrate 56 surface.

[0085] Certain embodiments of the present invention can
be constructed by micro-transfer printing devices, such as
micro-controllers 42 and inorganic micro-light-emitting
diodes 44, from respective source wafers to a display
substrate 10 or pixel substrate 56. Referring to FIGS. 8 and
9, in some embodiments of the present invention, two or
more micro-iLEDs 44 are disposed on a pixel substrate 56,
for example by micro-transfer printing inorganic micro-
light-emitting diodes 44 from respective source wafers to a
pixel substrate 56 on a pixel source wafer 100 (in the cross
section of FIG. 9 one micro-iLED 44 is visible of a plurality
of micro-iLEDs 44), and then micro-transfer printing the
pixel substrates 56 from the pixel source wafer 100 to a
display area of a display substrate 10. Micro-controllers 42
can also be micro-transfer printed from a native source
substrate (such as a CMOS or mixed-signal native semicon-
ductor wafer) to a pixel substrate 56. Components on a pixel
substrate 56 can be electrically connected with relatively
fine, high-resolution pixel-substrate wires 58 on the pixel
substrate 56 that are electrically connected to relatively
coarse, low-resolution row or column lines 12, 16 on a
display substrate 10 to control a pixel controller 42 and
micro-iLEDs 44 with signals, such as control, power, or
ground signals, from an external display controller (not
shown in the Figures). A pixel substrate 56 can, for example,
be similar to a display substrate 10 (e.g., made of glass or
plastic) but in a much smaller size, for example having an
area of 10-50 square microns, 50-100 square microns,
100-500 square microns, or 500 square microns-1 square
mm and can be only a few microns thick, for example 1-5
microns, 5-10 microns, 10-20 microns, or 20-50 microns
thick.

[0086] Pixel-substrate wires 58 can be fine interconnec-
tions, for example having a width of less than 50 um, less
than 20 pum, less than 10 um, less than five pm, less than two
um, or less than one pm. Row and column lines 12, 16 can
include one or more crude lithography interconnections
having a width from 2 um to 2 mm. In some embodiments,
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fine interconnections (pixel-substrate wires 58) are provided
on pixel substrates 56 using relatively high-resolution pho-
tolithographic methods and materials and coarse intercon-
nections (row and column lines 12, 16) are provided on a
display substrate 10 using relatively low-resolution screen
printing or printed-circuit board methods and materials.

[0087] Micro-transfer printing has the advantage of
enabling use of a crystalline silicon substrate for a pixel
controller 42 that provides smaller higher-performance inte-
grated circuit components than can be made in a layer of
amorphous or polysilicon semiconductor available on a
pixel substrate 56 or a large substrate such as a display
substrate 10. In some embodiments, a display substrate 10
can include material, for example glass or plastic, different
from a material in a semiconductor substrate (e.g., a pixel
controller substrate), for example a semiconductor material
such as silicon or a compound semiconductor. Such arrange-
ments also have an advantage in that pixels 40 can be
separately tested before they are located on the surface of a
display substrate 10, thus improving vyields and reducing
Costs.

[0088] In some embodiments of the present invention,
components (e.g., pixels 40, micro-iILEDs 44, or pixel
controllers 42) are constructed on and physically connected
to a native source wafer with one or more tethers that hold
the components in place with respect to the source wafer so
that the components can be micro-transfer printed from the
native source wafer, for example by contacting the compo-
nents with respective posts of a transfer stamp to adhere the
components to the stamp posts and then removing the
transfer stamp from the source wafer, thereby breaking (e.g.,
fracturing) or separating the tethers. The components are
then contacted to and adhered to a destination substrate, such
as a display substrate 10 or pixel substrate 56 and the
transfer stamp removed. FIG. 8 illustrates broken (e.g.,
fractured) micro-iLED tethers 62 resulting from micro-
transfer printing red, green, and blue micro-iLEDs 44R,
44G, 44B from respective LED source wafers each com-
prising different materials, for example GaN and GaAs, that
are suitable for making LEDs that emit light of different
colors. FIG. 8 also illustrates broken (e.g., fractured) micro-
controller tethers 54 resulting from micro-transfer printing
micro-controllers 42 from a micro-controller source wafer,
for example a CMOS integrated circuit. Referring to FIG. 9,
the pixel 40 itself (in this case an active-matrix three-color
pixel 40 as shown in the perspective of FIG. 8) is formed on
a pixel substrate 56 on a pixel source wafer 100 and can be
micro-transfer printed from the pixel source wafer 100 to a
destination substrate, such as a display substrate 10, thereby
breaking (e.g., fracturing) or separating pixel tethers 52
attached to the pixel substrate 56. In some embodiments,
micro-iLEDs 44 and micro-controllers 42 (and respective
fine interconnections) are disposed directly on a display
substrate 10 (e.g., no pixel substrates 56 are present).

[0089] Referring to FIG. 9, one or more pixels 40, for
example an array of pixels 40 are provided on a pixel source
substrate 100 having a plurality of sacrificial portions 112
separated by anchors 152, for example transversely or
laterally separated. Each pixel 40 is disposed entirely over a
corresponding sacrificial portion 112 and can include, for
example one or more electrically connected components
such as micro-iLEDs 44 (e.g., micro-ILEDs 44R, 44G, 44B)
and a micro-controller 42, with broken micro-iLED and
micro-controller tethers 62, 54, as illustrated in FIGS. 8 and
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9. The components can be protected with patterned dielectric
material 124 and electronically connected with component
contact pads 122 and patterned electrodes 126 connected to
connection posts 140. Dielectric material forming an encap-
sulation layer 129 protects the components and can form a
pixel tether 52 physically connecting the pixel 40 to an
anchor 152. A sacrificial portion 112 can be etched through
an opening 125 to release a pixel 40 from a pixel source
substrate 100, except for the pixel tether 52. The pixel 40 can
then be micro-transfer printed by pressing a stamp post
against the pixel 40 to adhere the pixel 40 to the stamp post
and removing the transfer stamp to fracture the pixel tether
52. The transfer stamp is moved to a display substrate 10 and
the pixel 40 adhered to the display substrate 10, for example
by pressing the connection posts 140 into an electrical
contact on the display substrate 10.

[0090] In some embodiments of the present invention,
pixels 40 can emit light in a direction opposite to or away
from a display substrate 10 so that most or all of the emitted
light does not pass or is not transmitted through the display
substrate 10 (in a top-emitter configuration). In some
embodiments of the present invention, pixels 40 can emit
light in a direction towards a display substrate 10 so that
most or all of the emitted light passes through the display
substrate 10 (in a bottom-emitter configuration).

[0091] As shown in FIG. 8, pixels 40 can each comprise
one or more inorganic micro-iILEDs 44. The micro-iLEDs
44 in a pixel 40 can include micro-iILEDs 44 that emit
different colors of light, for example red light from red
inorganic micro-light-emitting diode 44R, green light from
green inorganic micro-light-emitting diode 44G, and blue
light from blue inorganic micro-light-emitting diode 44B
(collectively micro-iLEDs 44). In certain embodiments of
the present invention, a bezel-free display 99 is a matrix-
addressed bezel-free display 99 having row-select and col-
umn-data lines, e.g., row lines 12 (row-select wires) and
column lines 16 (column-data wires). Each pixel 40 is
controlled by a row-select line in combination with a col-
umn-data line. In some embodiments, a bezel-free display
99 is a passive-matrix display. In some embodiments, a
bezel-free display 99 is an active-matrix display having a
pixel controller 42 with a control circuit 43 provided for
each pixel 40 (e.g., as shown in FIG. 8). A pixel controller
42 is disposed in, on, or over a display substrate 10 in
association with one or more micro-iLEDs 44 in the pixel 40
and is electrically connected with wires to the one or more
micro-iLEDs 44 to control the one or more micro-iLEDs 44
using signals provided on the row and column lines 12, 16.
[0092] Insome embodiments, row and column lines 12, 16
(and power and ground lines 46, 48) are provided in sub-
stantially one metal layer on, in, or over the display substrate
10 with jumpers or connection vias to avoid electrical short
circuits where the lines intersect and can be electrically
connected to display substrate contact pads or other electri-
cal connections suitable for connecting to display control
circuits (not shown in the Figures). In some embodiments,
row and column lines 12, 16 are provided in two or more
metal layers on or in the display substrate 10 to avoid
electrical short circuits and can be electrically connected to
display substrate contact pads or other electrical connections
suitable for connecting to display control circuits (not shown
in the Figures).

[0093] FIG. 10A illustrates a bezel-free tiled display 97
comprising bezel-free display tiles 98 according to some

Oct. 31,2019

embodiments of the present invention. The bezel-free dis-
play tiles 98 are arranged so that a display controller (not
shown in FIG. 10A) is connected to the upper left bezel-free
display tile 98 row-connection line 13 and column-connec-
tion line 17 (shown in more detail in FIG. 10B). This display
controller connection arrangement is arbitrary; other func-
tionally similar arrangements are also contemplated. In
some embodiments of the present invention, the bezel-free
display tile 98 connected to a display controller is in other
locations either on any of the edges or in a central portion of
a bezel-free tiled display 97 (for example, in the case of a
3x%3 or larger bezel-free display tile 98 arrangement). Simi-
larly, the lower left bezel-free display tile 98 (shown in more
detail in FIG. 10C) can be in any column of bezel-free
display tiles 98 in a bezel-free tiled display 97 corresponding
to the disposition of the bezel-free display tile 98 of FIG.
10A. In the same way, upper right bezel-free display tile 98
(shown in more detail in FIG. 10D) can be in any column of
bezel-free display tiles 98 in a bezel-free tiled display 97
corresponding to the disposition of the bezel-free display tile
98 of FIG. 10A. In any of these arrangements, it is only
necessary that the row-connection lines 13 extend from one
bezel-free display tile 98 to a neighboring, adjacent bezel-
free display tile 98 in the same column of bezel-free display
tiles 98 and that the column-connection lines 17 extend from
one bezel-free display tile 98 to a neighboring adjacent
bezel-free display tile 98 in the same row of bezel-free
display tiles 98. Row lines 12 and column lines 16 must
similarly be connected between bezel-free display tiles 98,
for example using jumper wires, through-hole vias with
back connections, or other tile electrical interconnection
techniques.

[0094] As shown in FIGS. 10A-10D, according to some
embodiments of the present invention, a bezel-free display
tile 98 comprises a tile substrate 11 comprising at least four
bezel edges 30. Two bezel edges 30 of the at least four bezel
edges 30 are opposing row edges 36 and two of the bezel
edges 30 of the at least four bezel edges 30 are opposing
column edges 34 of the bezel-free display tile 98. Pixels 40
are individually disposed on the tile substrate 11 in rows and
columns such that columns of pixels 40 are separated by a
column distance 18, rows of pixels 40 are separated by a row
distance 14, and each pixel 40 comprises one or more
inorganic micro-light-emitting diodes 44 (shown in FIGS.
1B and 9). The row distance 14 can be, but is not necessarily,
the same distance as the column distance 18. Fach inorganic
micro-light-emitting diode 44 comprises a diode substrate
independent, separate, and distinct from a tile substrate 11.

[0095] Column lines 16 are disposed on a tile substrate 11
and extend toward at least one row edge 36. FEach column
line 16 is electrically connected to each pixel 40 in one of the
columns of pixels 40. Similarly, row lines 12 are disposed on
a tile substrate 11 and extend toward at least one column
edge 34. Each row line 12 is electrically connected to each
pixel 40 in one of the rows of pixels 40. In some embodi-
ments, a column edge 34 is substantially parallel to a column
of pixels 40 in a vertical direction and a row edge 36 is
substantially parallel to a row of pixels 40 in a horizontal
direction. As will be appreciated by those skilled in the art,
“row” and “column” designations and “horizontal” and
“vertical” designations are arbitrary and can be inter-
changed.

[0096] In some embodiments of the present invention, a
row driver 22 is electrically connected to at least one row
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line 12 and a row driver 22 is disposed on a tile substrate 11
within at least one of a column distance 18 and a row
distance 14 of the row line 12. Similarly, in some embodi-
ments, a column driver 26 is electrically connected to at least
one column line 16 and a column driver 26 is disposed on
atile substrate 11 within at least one of a row distance 14 and
a column distance 18 of the column line 16. In some
embodiments, both a row driver 22 and a column driver 26
are disposed as described.

[0097] Insome embodiments, each pixel 40 in the column
of pixels 40 closest to a column edge 34 is spatially
separated from the column edge 34 by a distance less than
or equal to a column distance 18. In some embodiments,
each pixel 40 in the row of pixels 40 closest to a row edge
36 is spatially separated from the row edge 36 by a distance
less than or equal to a row distance 14.

[0098] In some embodiments of the present invention, a
row driver 22 is disposed within at least one of a column
distance 18 and a row distance 14 of a corresponding row
line 12 to which the row driver 22 is electrically connected
and a column driver 26 is disposed within at least one of a
row distance 14 and a column distance 18 of a corresponding
column line 16 to which the column driver 26 is electrically
connected.

[0099] In some embodiments of the present invention, (i)
one or more inorganic micro-light-emitting diodes 44 are
micro-transfer printed inorganic micro-light-emitting diodes
44 each comprising a broken (e.g., fractured) or separated
tether, (i1) a row driver 22 is a micro-transfer printed
integrated circuit comprising a broken or separated tether,
(ii1) a column driver 26 is a micro-transfer printed integrated
circuit comprising a broken (e.g., fractured) or separated
tether, or (iv) any combination of (1), (i1), and (iii).

[0100] Insome embodiments of the present invention, and
referring also to FIG. 8, the bezel-free display tile 98
comprises one or more pixels 40 that each comprise a pixel
substrate 56 with the one or more inorganic micro-light
emitting diodes 44 disposed on the pixel substrate 56. In
some embodiments, the pixel substrate 56 has been micro-
transfer printed onto a tile substrate 11 and the pixel sub-
strate 56 comprises a broken (e.g., fractured) or separated
tether.

[0101] Structures, methods, and materials useful with
respect to a bezel-free display 99, for example as shown in
FIGS. 1A-1C and as described above, can be, in some
embodiments, applied to bezel-free display tiles 98 and
bezel-free tiled displays 97 and vice versa.

[0102] Certain embodiments of the present invention com-
prise LED light-emitters, for example micro-iLEDs 44, that
enable a relatively small aperture ratio and a substantially
bezel-free display 99, for example greater than or equal to
50%, 70%, 80%, 90%, or 95% transparent to visible light. In
various embodiments, the combined area of the light-emit-
ting area of the micro-iILEDs 44 or the micro-iLEDs 44
themselves is less than or equal to 25%, 10%, 5%, 2%, 1%,
0.5%, 0.1%, 0.05%, or 0.01% of the display area or the
minimum contiguous convex hull display area including all
of the micro-iLEDs 44 on a display substrate 10. For
example, micro-iILEDs 44 have been constructed having a
planar size of 815 um and area of 120 pm?. For example,
a 4kx2k full color display can have 4096x2048x3 LEDs 22
(each having an area of 120 pm?) equaling a total micro-
iLED 44 area of 3020 mm?>. A bezel-free display 99 having
a display substrate 10 one meter high by two meters long has

Oct. 31,2019

an area of two square meters or 2,000,000 mm?, so that only
3020/2,000,000=0.15% of the display substrate 10 area is
covered with the micro-iLEDs 44. An exemplary 8kx4k
display of the same size with same-sized micro-iLEDs 44
will still have less than 1% of the display substrate 10 area
covered by micro-iLEDs 44. Larger display areas or smaller
micro-iLEDs will result in smaller percentages. Thus, rela-
tively small pixels 40 are well suited for use in displays
according to certain embodiments of the present invention
by providing a relatively large amount of free space in the
display area of a display substrate 10 in which row and
column drivers 22, 26 and row-connection lines 13 can be
disposed between pixels 40.

[0103] Structures and elements in accordance with certain
embodiments of the present invention can be made and
assembled using micro-transfer printing methods and mate-
rials. In some embodiments, micro-iILEDs 44 are prepared
on a native source wafer, for example a sapphire wafer with
compound semiconductors such as GaN or GaAs thereon
with each type of micro-iLED 44 prepared on a different
source wafer and released for micro-transfer printing with
one or more micro-iLED tethers 62 (shown in FIGS. 8 and
9) physically connecting the micro-iLEDs 44 to an anchor
152 portion of the source wafer. Any pixel controller 42
provided in a separate integrated circuit, for example com-
prising silicon CMOS circuits, can similarly be prepared on
a source wafer such as a silicon wafer. In certain embodi-
ments, micro-iLEDs 44 and any pixel controller 42 compo-
nents are then contacted with a micro-transfer printing stamp
to fracture or otherwise break the micro-iLED tethers 62 and
micro-controller tethers 54 and adhere the components to the
transfer stamp, the transfer stamp is transferred to a non-
native destination substrate such as the display substrate 10,
and the components are contacted and adhered to the des-
tination substrate. A different micro-transfer printing step
can be used with each different source wafer. When micro-
transfer printing components directly from the source wafers
to the destination substrate (e.g., display substrate 10), each
micro-transfer printed component will have a separate, dis-
tinct, and independent substrate and form a broken (e.g.,
fractured) micro-iLED or micro-controller tether 62, 54 such
as that shown in FIG. 8. If, as in some embodiments,
components are first micro-transfer printed to non-native
pixel substrates 56 (e.g., as in FIGS. 8 and 9), the pixel
substrates 56 themselves can be micro-transfer printed to a
non-native destination substrate such as a display substrate
10 using the same released structure with a pixel tether 52
and micro-transfer printing process.

[0104] According to various embodiments of the present
invention, a bezel-free display 99, a bezel-free tiled display
97, or a bezel-free display tile 98 includes a variety of
designs having a variety of resolutions, micro-iLED 44
sizes, and display substrate 10 or tile substrate 11 and
display area sizes. For example, embodiments with display
substrates 10 or tile substrates 11 ranging from about 1 cm
by 1 cm to about 10 m by 10 m in size are contemplated. In
some embodiments, inorganic micro-light-emitting diodes
44 can have a size of one square micron to 500 square
microns (e.g., at least one of a height from 2 to no more than
5 um, 5 to no more than 10 um, 10 to no more than 20 pm,
or 20 to no more than 50 pm, a length from 2 to no more than
5 um, 5 to no more than 10 um, 10 to no more than 20 pm,
or 20 to no more than 50 um, and a width from 2 to no more
than 5 um, 5 to 10 no more than um, 10 to no more than 20
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um, or 20 to no more than 50 pum). In general, larger
micro-iLEDs 44 are most useful, but are not limited to,
larger display substrates 10 or tile substrates 11. The reso-
lution of micro-iLEDs 44 over a display substrate 10 can
also vary, for example from 50 of micro-iLEDs 44 per inch
to hundreds of micro-iILEDs 44 per inch, or even thousands
of micro-iLEDs 44 per inch. For example, a three-color
display having one thousand 10 umx10 pm of micro-iLEDs
44 per inch (on a 25-um pitch) has an aperture ratio of less
than 16 percent (including only the area of micro-iLEDs 44).
Thus, certain embodiments of the present invention have
application in both low-resolution and very high-resolution
bezel-free displays 99.

[0105] According to certain embodiments of the present
invention, a display substrate 10 can include layers formed
on an underlying structure or substrate, for example a rigid
or flexible glass or plastic substrate. In some embodiments,
micro-iLEDs 44 are formed in a layer on a display substrate
10 or tile substrate 11 so that the micro-iLEDs 44 are native
to the display substrate 10. In some embodiments, micro-
iLEDs 44 are transferred from another substrate (such as a
semiconductor source wafer) to a display substrate 10, tile
substrate 11, or pixel substrate 56 so that the micro-iLEDs
44 are non-native to the display substrate 10, tile substrate
11, or pixel substrate 56.

[0106] In some embodiments of the present invention,
micro-iLEDs 44 have light-emissive areas or a size of less
than 10, 20, 50, or 100 square microns. Such micro-iLEDs
44 have the advantage of a small light-emissive area com-
pared to their brightness as well as color purity providing
highly saturated display colors and a substantially Lamber-
tian emission providing a wide viewing angle for a bezel-
free display 99 according to certain embodiments of the
present invention. In various embodiments, a display area of
a display substrate 10 is greater than or equal to eight times,
ten times, twenty times, fifty times, one hundred times, two
hundred times, five hundred times, one thousand, or ten
thousand times the combined light-emissive areas of the
micro-iLEDs 44 or the areas of the micro-iLEDs 44,
[0107] Certain embodiments of the present invention can
be operated in a variety of useful ways. In some embodi-
ments, a display controller (not shown in the Figures)
provides power, a ground reference, and control signals to
pixels 40 in a bezel-free display 99 through the power,
ground, row, and column lines 46, 48, 12, 16. The control
signals can provide a passive-matrix control of micro-iLEDs
44 in pixels 40 to provide functionality to a bezel-free
display 99. In some embodiments, pixels 40 include a pixel
controller 42. A display controller is connected to pixel
controllers 42 through row and column lines 12, 16 and
provides control signals for controlling micro-iLEDs 44, for
example in an active-matrix control configuration. In some
embodiments, a pixel controller 42 includes analog, digital,
or mixed-signal circuitry and can control micro-iLEDs 44 in
response to a display controller to emit light in an image-
wise fashion in the display area, for example displaying
images, graphics, text, or other information.

[0108] U.S. Pat. Nos. 8,722,458, 7,622,367 and 8,506,867
each discuss micro-transfer printing techniques, the disclo-
sure from each of which is hereby incorporated by reference.
In some embodiments, micro-iLEDs 44 are electrically
connected to row and column lines 12, 16 on a display
substrate 10 by a process of micro-transfer printing, using
connection posts 140 formed with micro-iLEDs 44 (shown
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in FIG. 9), as described in U.S. Pat. No. 8,889,485. In certain
embodiments, transferred micro-iLEDs 44, pixel controller
42, or pixel substrates 56 are interconnected to the row and
column lines 12, 16 on the display substrate 10 using
photolithographic or printed-circuit board materials and
methods, to enable the display controller to electrically
interact with the micro-iL.EDs 44 to emit light in a bezel-free
display 99.

[0109] Inanexemplary process, transfer or construction of
micro-iLEDs 44 is performed before or after all the row and
column lines 12, 16 are in place. Thus, in some embodi-
ments, construction of row and column lines 12, 16 can be
performed before the micro-iLEDs 44 are printed or after the
micro-iLEDs 44 are printed. In some embodiments, a dis-
play controller is externally located (for example on a
separate printed-circuit board substrate) and electrically
connected to the row and column lines 12, 16 using con-
nectors, ribbon cables, or the like. In some embodiments, a
display controller is affixed to a display substrate 10 outside
a display area and electrically connected to row and column
lines 12, 16 using wires and buses, for example using surface
mount and soldering technology (not shown).

[0110] Methods of forming micro-transfer printable struc-
tures are described, for example, in the paper Inorganic
light-emitting diode displays using micro-transfer printing
(Journal of the Society for Information Display, 2017, DOI
# 10.10024 sid.610, 1071-0922/17/2510-0610, pages 589-
609) and U.S. Pat. No. 8,889,485, referenced above. Micro-
transfer printing using compound micro-assembly structures
and methods can also be used with certain embodiments of
the present invention, for example, as described in U.S.
patent application Ser. No. 14/822.868, filed Aug. 10, 2015,
entitled Compound Micro Assembly Strategies and Devices,
the disclosure of which is hereby incorporated by reference
in its entirety. Additional details useful in understanding and
performing certain embodiments of the present invention are
described in U.S. patent application Ser. No. 14/743,981,
filed Jun. 18, 2015, entitled Micro Assembled LED Displays
and Lighting Elements, the disclosure of which is hereby
incorporated by reference in its entirety.

[0111] As is understood by those skilled in the art, the
terms “over”, “under”, “above”, “below”, “beneath”, and
“on” are relative terms and can be interchanged in reference
to different orientations of the layers, elements, and sub-
strates included in the present invention. For example, a first
layer on a second layer, in some embodiments means a first
layer directly on and in contact with a second layer. In other
embodiments, a first layer on a second layer can include
another layer there between. Furthermore, the designations
of “row” or “column” with respect to matrix addressing are
arbitrary and can be exchanged.

[0112] Having described certain embodiments, it will now
become apparent to one of skill in the art that other embodi-
ments incorporating the concepts of the disclosure may be
used. Therefore, the invention should not be limited to the
described embodiments, but rather should be limited only by
the spirit and scope of the following claims.

[0113] Throughout the description, where apparatus and
systems are described as having, including, or comprising
specific components, or where processes and methods are
described as having, including, or comprising specific steps,
it is contemplated that, additionally, there are apparatus, and
systems of the disclosed technology that consist essentially
of, or consist of, the recited components, and that there are
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processes and methods according to the disclosed technol-
ogy that consist essentially of, or consist of, the recited
processing steps.

[0114] It should be understood that the order of steps or
order for performing certain action is immaterial so long as
the disclosed technology remains operable. Moreover, two
or more steps or actions in some circumstances can be
conducted simultaneously. The invention has been described
in detail with particular reference to certain embodiments
thereof, but it will be understood that variations and modi-
fications can be effected within the spirit and scope of the
invention.

PARTS LIST
[0115] 10 display substrate
[0116] 11 tile substrate
[0117] 12 row line
[0118] 13 row-connection line
[0119] 14 row distance
[0120] 16 column line
[0121] 17 column-connection line
[0122] 18 column distance
[0123] 22 row driver
[0124] 26 column driver
[0125] 30 bezel edge
[0126] 32 connection edge
[0127] 34 column edge
[0128] 36 row edge
[0129] 40 pixel
[0130] 42 micro-controller/pixel controller
[0131] 43 control circuit
[0132] 44 inorganic micro-light-emitting diode (LED)/

micro-iLED

[0133] 44R red-light-emitting diode
[0134] 44G green-light-emitting diode
[0135] 44B blue-light-emitting diode
[0136] 46 power line

[0137] 48 ground line

[0138] 52 pixel tether

[0139] 54 micro-controller tether
[0140] 56 pixel substrate

[0141] 58 pixel-substrate wire

[0142] 62 micro-iILED tether

[0143] 97 bezel-free tiled display
[0144] 98 bezel-free display tile
[0145] 99 bezel-free display

[0146] 100 pixel source substrate/pixel source wafer
[0147] 112 sacrificial portion

[0148] 122 component contact pad
[0149] 124 patterned dielectric material
[0150] 125 opening

[0151] 126 electrode

[0152] 129 encapsulation layer

[0153] 140 connection post

[0154] 152 anchor

What is claimed:

1. A bezel-free display, comprising:

a display substrate comprising a connection edge and one
or more bezel edges;

pixels individually disposed on the display substrate in
rows and columns such that columns of the pixels are
separated by a column distance, rows of the pixels are
separated by a row distance, and each of the pixels
comprises one or more inorganic micro-light-emitting
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diodes, each of the one or more inorganic micro-light-
emitting diodes comprising a diode substrate indepen-
dent, separate, and distinct from the display substrate;

column lines disposed on the display substrate and
extending toward the connection edge, each of the
column lines electrically connected to each of the
pixels in one of the columns of the pixels;

a column driver electrically connected to each of the
column lines, wherein the column driver is disposed on
the display substrate;

row lines disposed on the display substrate, each of the
row lines electrically connected to each of the pixels in
one of the rows of the pixels;

a row driver electrically connected to each of the row
lines, wherein the row driver is disposed on the display
substrate;

one or more row-connection lines disposed on the display
substrate, wherein each of the one or more row-con-
nection lines is electrically connected to one of the row
lines or one of the row drivers, and at least one of the
one or more row-connection lines is disposed at least
partially between columns of the pixels,

wherein
(i) at least one row driver is spatially separated from the

corresponding row by a distance less than at least
one of the column distance and the row distance,
(ii) at least one column driver is spatially separated
from the corresponding column by a distance less
than at least one of the row distance and the column
distance, or
(iii) both (i) and (ii).

2. The bezel-free display of claim 1, wherein (1) each pixel
in one of the rows of the pixels closest to one of the one or
more bezel edges is separated from the bezel edge by a
distance less than or equal to the row distance, (ii) each pixel
in one of the columns of the pixels closest to one of the one
or more bezel edges is spatially separated from the bezel
edge by a distance less than or equal to the column distance,
or (iii) both (i) and (ii).

3. The bezel-free display of claim 1, wherein each inor-
ganic micro-light-emitting diode, each row driver, or each
column driver has at least one of (i) a width from 2 to no
more than 5 um, 5 to no more than 10 um, 10 to no more than
20 pm, 20 to no more than 50 pm, or 50 to no more than 100
um, (ii) a length from 2 to no more than 5 pm, 5 to no more
than 10 wm, 10 to no more than 20 pm, 20 to no more than
50 pm, 50 to no more than 100 pm, 100 to no more than 250
wm, and (iii) a thickness from 2 to no more than 5 pm, 5 to
no more than 10 um, 10 to no more than 20 pum, or 20 to no
more than 50 pm.

4. The bezel-free display of claim 3, wherein (i) each
inorganic light-emitting diode is a micro-transfer printed
light-emitting diode comprising a broken or separated tether,
(ii) each row driver is a micro-transfer-printed micro-inte-
grated circuit comprising a broken or separated tether, (iii)
each column driver is a micro-transfer-printed micro-inte-
grated circuit comprising a broken or separated tether, or (iv)
any combination of (i), (ii), and (iii).

5. The bezel-free display of claim 1, wherein two or more
or of the one or more row-connection lines are disposed at
least partially between columns of the pixels.

6. The bezel-free display of claim 1, wherein one of the
one or more row-connection lines is disposed at least
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partially between one of the columns of the pixels and one
of the one or more bezel edges.

7. The bezel-free display of claim 1, comprising a plu-
rality of row drivers, each row driver comprising a row-
driver substrate separate, distinct, and independent of the
display substrate and the row-driver substrate of any other
row driver, and each row driver electrically connected to one
or more of the row lines.

8. The bezel-free display of claim 7, wherein each of two
or more of the plurality of row drivers is disposed between
two or more of the pixels in one or two dimensions.

9. The bezel-free display of claim 7, wherein one or more
of the plurality of row drivers is electrically connected to
two row lines.

10. The bezel-free display of claim 1, comprising a
plurality of column drivers, each column driver comprising
a column-driver substrate separate, distinct, and independent
of the display substrate and the column-driver substrate of
any other column driver, and each column driver electrically
connected to one or more of the column lines.

11. The bezel-free display of claim 10, wherein each of
two or more of the plurality of column drivers is disposed
between two or more of the pixels in one or two dimensions.

12. The bezel-free display of claim 10, wherein one or
more of the plurality of column drivers is electrically
connected to two column lines.

13. The bezel-free display of claim 1, wherein one or
more of the pixels each comprise a pixel substrate with the
one or more inorganic light emitters of the pixel disposed on
the pixel substrate.

14. The bezel-free display of claim 13, wherein the pixel
substrate has been micro-transfer printed onto the display
substrate and the pixel substrate comprises a broken or
separated tether.

15. The bezel-free display of claim 14, wherein the pixel
substrate has at least one of (i) an area of 10 to no more than
50 square microns, 50 to no more than 100 square microns,
100 to no more than 500 square microns, or 500 square
microns to no more than 1 square mm and (i1) a thickness of
1 to no more than 5 microns, 5 to no more than 10 microns,
10 to no more than 20 microns, or 20 to no more than 50
microns.

16. A bezel-free display tile, comprising:

a tile substrate comprising at least four bezel edges, two
bezel edges of the at least four bezel edges are opposing
row edges and two bezel edges of the at least four bezel
edges are opposing column edges;

pixels individually disposed on the tile substrate in rows
and columns such that columns of the pixels are
separated by a column distance, rows of the pixels are
separated by a row distance, and each of the pixels
comprises one or more inorganic micro-light-emitting
diodes, each of the one or more inorganic micro-light-
emitting diodes comprising a diode substrate indepen-
dent, separate, and distinct from the tile substrate;
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column lines disposed on the tile substrate and extending

toward at least one of the two row edges, each column

line electrically connected to each of the pixels in one
of the columns of the pixels;

row lines disposed on the tile substrate and extending

toward at least one of the two column edges, each row

line electrically connected to each of the pixels in one
of the rows of the pixels; and

at least one of:

(iil) a row driver electrically connected to at least one
of the row lines, the row driver disposed on the tile
substrate within at least one of the column distance
and the row distance of the at least one of the row
lines, and

(iv) a column driver electrically connected to at least
one of the column lines, the column driver disposed
on the tile substrate within at least one of the row
distance and the column distance of the at least one
of the column lines,

wherein

(iii) each pixel in one of the columns of the pixels
closest to a column edge of the two opposing column
edges is spatially separated from the column edge by
a distance less than or equal to the column distance,
and

(iv) each pixel in one of the rows of the pixels closest
to a row edge of the two opposing row edges is
spatially separated from the row edge by a distance
less than or equal to the row distance.

17. The bezel-free display tile of claim 16, comprising a
row driver disposed within a column distance or a row
distance of a corresponding row line to which the row driver
is electrically connected and a column driver disposed
within a row distance or a column distance of a correspond-
ing column line to which the column driver is electrically
connected.

18. The bezel-free display tile of claim 16, wherein (i) the
one or more inorganic light-emitting diodes are micro-
transfer printed light-emitting diodes each comprising a
broken or separated tether, (ii) the row driver is a micro-
transfer printed integrated circuit comprising a broken or
separated tether, (iii) the column driver is a micro-transfer
printed integrated circuit comprising a broken or separated
tether. or (iv) any combination of (i), (i), and (iii).

19. The bezel-free display tile of claim 16, wherein one or
more of the pixels each comprise a pixel substrate with the
one or more inorganic light emitters disposed on the pixel
substrate.

20. The bezel-free display tile of claim 19, wherein the
pixel substrate has been micro-transfer printed onto the tile
substrate, and the pixel substrate comprises a broken or
separated tether.
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