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(7) ABSTRACT

A micro-light emitting diode (LED) display panel and a
method of forming the display panel, the micro-LED display
panel having a monolithically grown micro-structure includ-
ing a first color micro-LED that is a first color nanowire
LED, and a second color micro-LED that is a second color
nanowire LED.
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MICRO-LED DISPLAYS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is a Divisional Application
of U.S. patent application Ser. No. 15/283,180, by Khaled
Ahmed et al., titled “MICRO-LED DISPLAYS,” filed Sep.
30, 2016, and which is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to micro-LED dis-
plays.
BACKGROUND
[0003] Displays having microscopic light-emitting diodes

(LEDs) are known as micro-LED, mLED, and pLED. As the
name implies, micro-LED displays have arrays of micro-
LEDs forming the individual pixel elements.

[0004] A pixel may be a minute area of illumination on a
display screen, one of many from which an image is
composed. In other words, pixels may be small discrete
elements that together constitute an image as on a display.
These primarily square or rectangular-shaped units may be
the smallest item of information in an image. Pixels are
normally arranged in a 2-dimensional grid, and are repre-
sented using dots, squares, or rectangles. Pixels may be the
basic building blocks of a display or digital image and with
geometric coordinates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagrammatical representation of a
micro-LED display panel manufacture.

[0006] FIG. 2 is a diagrammatical representation of a
micro-LED display panel manufacture.

[0007] FIG. 3 is a graph of energy gap of indium GaN
versus indium content of the indium GaN.

[0008] FIG. 4 is a graph of internal quantum efficiency of
indium GaN versus indium content of the indium GaN.
[0009] FIG. 5 is a block flow diagram of a method of
forming a micro-LED display panel in accordance with
embodiments of the present techniques.

[0010] FIG. 6 is a diagram of a micro-structure having two
micro-LEDs grown monolithically in accordance with
embodiments of the present techniques.

[0011] FIG. 7 is an electronic device having a display in
accordance with embodiments of the present techniques.
[0012] The same numbers are used throughout the disclo-
sure and the figures to reference like components and
features. Numbers in the 100 series refer to features origi-
nally found in FIG. 1; numbers in the 200 series refer to
features originally found in FIG. 2; and so on.

DESCRIPTION OF THE EMBODIMENTS

[0013] The present techniques relate to micro-LED dis-
plays and to manufacture of micro-LED displays to give
lower cost and lower power consumption. A reduction in
power consumption may be an objective of electronics
design. Indeed, decreasing electrical consumption may be
beneficial for mobile devices due to the generally limited
power storage of mobile devices. Moreover, displays may
consume a considerable portion (30%-70%) of the total

May 2, 2019

power consumption of a mobile device such as with smart-
phones, smartwatches, and tablets.

[0014] FIG. 1 is a diagrammatical representation of a
micro-LED display panel manufacture 100. A representation
of micro-LED transfers generally from wafer 102 to glass
backplane 104 is depicted in FIG. 1. To make active matrix
micro-LED display panels, GaN-based micro-LEDs may be
fabricated on wafers 102 (e.g., silicon or sapphire). The
micro-LEDs may then be transferred from the wafers 102 to
thin-film transistor (TFT) backplanes 104 to make pixels
that form the active matrix micro-LED display panel. For a
given pixel, the transfer process may be executed multiple
times.

[0015] As will be discussed in greater detail below, some
embodiments may reduce the number of separate transfers
per pixel. This may also mean that the transfer time per pixel
is reduced. Also, in some examples, the reduction in number
of transfers may not result in an increase or significant
increase of defects in the display panel.

[0016] FIG. 2 is a diagrammatical representation of a
micro-LED display panel manufacture 200. A stamp 202
collects or “picks-up” micro-structures from the source
substrate 204 which may be a native substrate with “print-
able” or “transferrable” micro-structures. In other words, the
structures are transferred from the source substrate 204 onto
the stamp 202. The micro-structures may be temporarily
coupled (adhered or attached) to the stamp 202, for example,
by Van der Waals forces. A micro-structure may be a
micro-LED having multiple nanowires. On the other hand,
as discussed below, a micro-structure may be two micro-
LEDs grown monolithically (see, e.g., FIG. 7) and each with
a plurality of nanowires.

[0017] The stamp 202 places, disperses, or prints the
micro-structures onto a receiving device substrate 206.
Indeed, a transfer places the collected structures onto the
device substrate 206 leaving a partially-depleted source
substrate 208 having remaining micro-structures not col-
lected and transferred. The transfer process may be repeated
and continue until most or all of the micro-structures on the
source substrate 204 are transferred to the device substrate
206. In general, in micro-transfer, a stamp 202 may be
utilized to transfer microscale devices from their native
substrates (e.g., 204) onto non-native substrates (e.g., 206).

[0018] The production cost of micro-LED displays may be
sensitive to the transfer tact time of micro-LEDs from source
wafers 102 to host-glass TFT backplanes 104 (see FIG. 1),
including for large-size displays such as with tablets or
notebooks. Moreover, defect density after such transfer
should generally be less than 1 part per million (ppm) for
some micro-LED panels. Some embodiments may combine
some of these transfers (and therefore reduce the number of
transfers without adversely affecting quality of the micro-
LED display panel) by growing monolithically two types of
micro-LEDs on the same source wafer (e.g., growing mono-
lithically both blue and green micro-LEDs on the same
source wafer).

[0019] Micro-LEDs may be made from nanowires with an
inner core of gallium nitride (GaN) and an outer layer of
indium-gallium-nitride (InGaN). Increasing the diameter of
the nanowires may increase the indium content of the
nanowires and the micro-LED, thereby affecting the color
emission of the micro-LED. The indium composition in
InGaN to emit blue to red may be over a relatively large
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range from about 20% (e.g., +-3%) to about 41% (e.g.,
+/-3%). The term “monolithic” may be seen as formed or
integrated as a single unit.

[0020] For example, the present techniques may mono-
lithically grow two micro-LEDs (one for a first color and one
for a second color) with a relatively narrow range of indium
compositions on the same wafer. For instance, a blue (B)
nanowire LED and green (G) nanowire LED may be mono-
lithically grown on a wafer to give BG nanowire LEDs,
which is a micro-structure having a B micro-LED and a G
micro-LED. This BG nanowire microstructure has a first
diameter for B nanowires (B micro-LED) and a second
diameter for G nanowires (G micro-LED), for example,
where G nanowires have less diameter than that of B
nanowires. The diameter for B may give about 20% indium
content, and the diameter for G may give about 31% indium
content. Another example grows monolithically a green (G)
nanowire LED and a red (R) nanowire LED to give GR
nanowire LEDs with one diameter giving about 31% indium
content for G and another diameter giving about 41%
indium content for R.

[0021] FIG. 3 is a graph 300 of energy gap 302 of InGaN
in electronvolts (eV) versus the mass fraction of indium
content 304 in the InGaN. Thus, the curve 306 is energy gap
(eV) of InGaN over mass fraction range of indium content
from 0 to 1. An indium content 304 of zero is GaN with no
indium. An indium content 304 of 1 is indium with no GaN.
As depicted, the circle 308 represents blue (B) at about 21%
indium content. The circle 310 represents green (G) at about
31% indium content. Circle 312 represents yellow (Y) at
about 37% indium content. Lastly, the circle 314 represents
red (R) at about 41% indium content.

[0022] Again, some embodiments monolithically grow
two-color LEDs with relatively narrow range of indium
compositions on the same wafer. In other words, two dif-
ferent color micro-LEDs are grown monolithically at the
same time on the same wafer. For instance, as mentioned, by
using nanowires, the emission color may be changed from
blue to red with increasing nanowire diameter. Some
examples are to monolithically grow blue and green
nanowire LEDs (for the pixel), monolithically grow green
and red nanowire LEDs (for the pixel), and transfer sepa-
rately a B micro-LED, the B and G micro-LEDs (mono-
lithically grown), G and R micro-LEDs (monolithically
grown), and a R micro-LED from wafers 102 to display
backplanes 104 (see FIG. 1). Benefits of some embodiments
may include lower cost and reduced defects of the micro-
LED display panels, and generally increased power efficacy
of two colors with close indium composition in the InGaN
materials.

[0023] Thus, monolithic productions of blue and green
nanowire LEDs are performed simultaneously on the same
wafer by using different nanowire core diameters to change
the indium composition in the InGaN active emitting junc-
tion. Such may occur during a latter portion of the growth.
In other words, the change in diameter to impact indium
content may be implemented to the InGaN layer which may
occur after the growth of the GaN core.

[0024] Since the indium composition for blue and green
are about 20% and about 31%, respectively, the same
metalorganic vapor phase epitaxy (MOVPE) process param-
eters for each color may be satisfactory to produce adequate
power efficacy for both blue and green LEDs at the same
time. Likewise, because the indium composition for green
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and red are about 31% and about 41%, respectively, the
same MOVPE process parameters for each color may be
satisfactory to produce adequate power efficacy for both
green and red LEDs at the same time.

[0025] Similarly, monolithic productions of green and
yellow color LEDs may be performed simultaneously on the
same wafer by using different nanowire core diameters to
change the Indium composition in the InGaN active emitting
junction later on. Since the Indium composition for green
and yellow are about 31% and about 37%, respectively, the
same MOVPE process parameters may be satisfactory to
produce adequate power efficacy for both green and yellow
LEDs at the same time. Also, monolithic productions of
yellow and red color LEDs may be performed simultane-
ously on the same wafer by using different nanowire core
diameters to change the Indium composition in the InGaN
active emitting junction. The same MOVPE process param-
eters for each color may be satisfactory to produce adequate
power efficacy for both yellow and red LEDs at the same
time because the Indium compositions for green and yellow
are close at about 37% and about 41%, respectively. Again,
as indicated, the aforementioned various growths to change
diameter may occur during a latter portion of the growth,
affecting the InGaN layer after growth of the GaN core. In
general, the above techniques may provide redundancy, as
well as meeting cost and power efficacy targets.

[0026] FIG. 4 1s a graph 400 for InGaN/GaN quantum well
(QW) LEDs and depicting internal quantum efficiency (IQE)
402 of InGaN versus the mass fraction of indium content
404 in the InGaN. Thus, the curve 406 is IQE of InGaN over
the mass fraction range of indium content from O to 1. An
indium content 404 of zero is GaN with no indium. An
indium content 404 of 1 is indium with no GaN. Thus, the
curve 406 is energy gap (eV) of InGaN over mass fraction
range of indium content from 0 to 1. An indium content 300
of zero is GaN with no indium. An indium content 304 of 1
1s indium with no GaN. As depicted, the circle 408 repre-
sents blue (B) at about 21% indium content. The circle 410
represents green (G) at about 31% indium content. Circle
412 represents yellow (Y) at about 37% indium content.
Lastly, the circle 414 represents red (R) at about 41% indium
content. As indicated above, the percentage indium for each
color may vary within a tolerance such as +/-3%.

[0027] FIG. 5 is a method 500 of forming a micro-LED
display panel to have pixels which may be labeled as
blue-green-red (BGR) pixels or RGB pixels, and so on. As
discussed below, micro-LEDs as nanowire LEDs may be
grown or formed on wafers, and then the micro-LEDs
subsequently transferred from the wafers to a backplane for
the micro-LED display panel. Moreover, each micro-LED
generally has multiple nanowires. The diameter of each
nanowire may be function of the desired color for the
nanowire to emit. In other words, different diameters may
have different indium content of InGaN in the nanowires.
[0028] At block 502, the method includes forming or
growing monolithically both blue (B) nanowire LEDs and
green (G9) nanowire LEDs on a source wafer. The forming or
growing includes growing indium gallium nitride (InGaN).
Further, the growing monolithically may include forming
nanowire LEDs, where some of the micro-LEDs have a first
nanowire diameter such that they form blue micro-LEDs and
other micro-LEDs have a second diameter greater than the
first diameter such that they form green micro-LEDs. In
other words, the first diameter (smaller diameter for B) gives
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a lower indium content, and the second diameter (larger
diameter for G) gives a greater indium content.

[0029] At block 504, the method includes growing mono-
lithically both green (G) nanowire LEDs and red (R)
nanowire LEDs on a source wafer. The method may include
growing other types of nanowire LEDs. For example, the
method may include monolithically growing green (G)
nanowire LEDs and yellow (Y) nanowire LEDs on a source
wafer, monolithically growing yellow (Y) nanowire LEDs
and red (R) nanowire LEDs on a source wafer, and the like.
Again, monolithically growing may mean growing simulta-
neously on the same source wafer. Also, the method may
include growing nanowire LEDs not monolithically grown
with another color nanowire LED. For example, the method
may include growing a blue (B) nanowire LED on a source
wafer to give a B nanowire LED on the source wafer,
growing a red (R) nanowire LED on a source wafer to give
a R nanowire LED on the source wafer, and so on.

[0030] At block 506, the nanowire LEDs are transferred
from the source wafer(s) to a backplane to form the micro-
LED display panel with the backplane. Indeed, the method
includes transferring a micro-structure having a blue
nanowire LED and a green nanowire LED monolithically
grown from a single source wafer to the backplane for a
given pixel. The method may include transferring another
micro-structure having a green nanowire LED and a red
nanowire LED from a single source wafer to the backplane
for the given pixel. The method may include transferring the
blue nanowire LED (not monolithically grown) from its
source wafer to the backplane for the given pixel, transfer-
ring the red nanowire LED (not monolithically grown) from
its source wafer to the backplane, and the like. Other color
integrated combinations and types of nanowire micro-LEDs
formed may be transferred. In one example, the number of
transfers for the pixel is not greater than four transfers: a
transfer of a blue nanowire LED, a transfer of the blue-green
nanowire LEDs micro-structure, a transfer of the green-red
nanowire LEDs micro-structure, and a transfer of a red
nanowire LED. Lastly, the method 500 may include forming
the micro-LED display with the backplane, and forming or
installing the micro-LED display panel in a display or
electronic device.

[0031] With respect to FIG. 5, the method 500 of forming
amicro-LED display panel at block 502 may more generally
include growing monolithically (e.g., growing InGaN) a first
color nanowire LED and a second color nanowire LED on
a wafer to give a micro-structure having a first color micro-
LED and a second color micro-LED, the second color
different than the first color. As depicted in block 502, the
colors may be first color as blue and the second color a
green. However, other options are the first color as green and
the second color as red, or the first color as green and the
second color as yellow, or the first color as yellow and the
second color as red, and so on. For the micro-structure, the
method may include monolithically growing a first plurality
of nanowires to a first diameter for the first color nanowire
LED and a second plurality of nanowires to a second
diameter for the second color nanowire LED, the second
diameter larger than the first diameter.

[0032] At block 504, the method may more generally
include growing monolithically a second color nanowire
LED and a third color nanowire LED on another wafer to
give a second micro-structure having a second color micro-
LED and a third color micro-LED. As depicted in block 504,
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the second color may be green and the third color red.
However, other color options are applicable.

[0033] At block 506, the method includes transferring this
micro-structure (formed in block 502) from the wafer to a
backplane for a pixel of the micro-LED display, and trans-
ferring the second micro-structure (formed in block 504)
from the another wafer to the backplane for the pixel. In one
example, the first color is blue, the second color is green, and
the third color is red. Moreover, in some examples, the
action in block 506 of performing transfers to the backplane
for the pixel may include performing four separate transfers
including the transferring of the first micro-structure from
the wafer to the backplane, the transferring of the second
micro-structure from the another wafer to the backplane,
transferring a blue micro-LED comprising a blue nanowire
LED to the backplane from a third wafer, and transferring a
red micro-LED comprising a red nanowire LED to the
backplane from a fourth wafer. Optionally, no more transfers
than these four separate transfers are performed for the pixel.
[0034] As mentioned, nanowires are very small, such as,
for example, about 2 micrometers height or length and about
10-500 nanometers in diameter. Nanowires for LEDs may
be made of an inner core of gallium nitride (GaN) and a layer
of indium-gallium-nitride (InGaN) on the outside, both of
which are semiconducting materials.

[0035] In some examples, the nanowire architecture in
contrast to planar LEDs may involve the growth of n-type
GaN core followed by sequential “radial growth” of intrinsic
InGaN and p-type GaN shells. In accordance with the
present disclosure, processes for making nanowire micro-
LEDs may involve a buffer epitaxial (EPI) wafer, nanoim-
print lithography (NIL), nanowire EPI wafer, multiple quan-
tum well (MQW) EPI, micro LED patterning, contact, and
the like. The techniques may be applied for small micro-
LED screens (e.g., wearable watches, etc.) and devices with
larger micro-LED screens (e.g., notebooks, tablets, etc.).
[0036] FIG. 6 is an example micro-structure 600 having
two micro-LEDs 602 and 604 grown monolithically at the
same time on the same wafer 606. Therefore, the two
micro-LEDs can be transferred together as a micro-structure
600 in a single transfer from the wafer 606 to a receiving or
device substrate such as a backplane of a micro-LED display
panel. Further, each micro-LED 602 and 604 is depicted as
having four nanowires for clarity. The micro-LEDs 602 and
604 may each have more than four nanowires, and may have
many more than four nanowires. Moreover, the first micro-
LED 602 has nanowires with a first diameter so to emit a first
color. The second micro-LED 604 has nanowires with a
second diameter in order to emit a second color which is
different than the first color. As discussed, the color emission
may be a function of the indium content which may be
affected by the nanowire diameter. Indeed, the diameter of a
nanowire (having an InGaN layer or shell) can be increased
during growth to increase the indium content and, therefore,
change the color of the micro-LED 602 or 604. In some
examples, the micro-LED 602 is a blue (B) micro-LED and
the micro-LED 604 is a green (G) micro-LED. In other
examples, the micro-LED 602 is a green (G) micro-LED and
the micro-LED 604 is a red (R) micro-LED. In yet other
examples, the micro-LED 602 is a yellow (Y) micro-LED
and the micro-LED 604 is a red (R) micro-LED. In general,
the micro-LED 602 is a first color micro-LED and the
micro-LED 604 is a second color micro-LED, the second
color different than the first color.
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[0037] In the illustrated example, a nanowire has an inner
shell 608 of InGaN and an outer shell 610 of p-GaN which
may be GaN doped with a p-type dopant such as acceptor
impurities (e.g., boron). The core 612 of the nanowire is
n-GaN which may be GaN doped with a n-type dopant such
as donor impurities (e.g., phosphorus). The shells 608 and
610 may be grown or formed on a mask 616 such as a silicon
nitride (Si3N4) mask. The core 612 may be grown or formed
on a n-GaN layer 614 and a buffer stack 618 such as
aluminum gallium nitride (AlGaN), Si3N4, or other mate-
rials. Other configurations are applicable. Lastly, the mul-
tiple nanowires of a micro-LED 602 or 604 may share an
electrode 620 (e.g., a transparent electrode). Thus, in the
illustrated embodiment, multiple nanowires share the same
electrode 620 to form a single micro-LED 602 or 604
[0038] Again, two micro-LEDs 602 and 604 (one for one
color and the other for another color) may be transferred
together from the source wafer 606 because the two differ-
ent-color micro-LEDs were grown monolithically on the
same wafer 606.

[0039] FIG. 7 is an electronic device 700 having a display
or display panel 702 with a micro-structure 704 (e.g.,
micro-structure 600 of FIG. 6) having two micro-LEDs that
were grown monolithically at the same time on the same
source wafer. The first micro-LED has nanowires with a first
diameter (e.g., a first indium content) so to emit a first color.
The second micro-LED has nanowires with a second diam-
eter (e.g., a second indium content) so to emit second color
which is different than the first color. Again, the nanowires
in the micro-structure 704 for both micro-LEDs are grown
together simultaneously or monolithically on the same
wafer, but with the diameter of nanowires being different per
micro-LED. In some examples for the micro-structure 704,
the first micro-LED is a blue micro-LED and the second
micro-LED is a green micro-LED. In other examples for the
micro-structure 704, the first micro-LED is a green micro-
LED and the second micro-LED is a red micro-LED. In yet
other examples for the micro-structure 704, the first micro-
LED is a yellow micro-LED and the second micro-LED is
a red micro-LED. Other color examples are applicable.
[0040] The display may also have glass layers and other
layers, circuitry, and so forth. The display panel 702 may be
amicro-LED display panel. As should be apparent, only one
microstructure 704 is depicted for clarity, though a display
panel 702 will have an array or arrays of microstructures
comprising nanowire LEDs.

[0041] The electronic device 700 may be a mobile device
such as smartphone, tablet, notebook, smartwatch, and so
forth. The electronic device 700 may be a computing device,
stand-alone display, television, display monitor, vehicle
computer display, the like. Indeed, the electronic device 700
may generally be any electronic device having a display or
display panel.

[0042] The electronic device 700 may include a processor
706 (e.g., a central processing unit or CPU) and memory
708. The memory 708 may include volatile memory and
nonvolatile memory. The processor 706 or other controller,
along with executable code store in the memory 708, may
provide for touchscreen control of the display and well as for
other features and actions of the electronic device 700.
[0043] In addition, the electronic device 700 may include
a battery 710 that powers the electronic device including the
display panel 702. The device 700 may also include a
network interface 712 to provide for wired or wireless
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coupling of the electronic to a network or the internet.
Wireless protocols may include Wi-Fi (e.g., via an access
point or AP), Wireless Direct®, Bluetooth®, and the like.
Lastly, as is apparent, the electronic device 700 may include
additional components including circuitry and other com-
ponents.

[0044] The micro-LED display panel 702 of the electronic
device 700 may have a monolithically grown micro-struc-
ture including a first color micro-LED that is a first plurality
of nanowires and a second color micro-LED that is a second
plurality of nanowires, the second color different than the
first color. The first plurality of nanowires has nanowires
with a first diameter, and the second plurality of nanowires
has nanowires with a second diameter different than the first
diameter. For example, if the first color is blue and the
second color is green, the second diameter would be larger
than the first diameter. Further, the micro-LED display panel
702 may have a monolithically-grown second micro-struc-
ture including a second color micro-LED that is a third
plurality of nanowires and a third color micro-LED that is a
fourth plurality of nanowires. In some examples, the first
color is blue, the second color is green, and the third color
is red.

[0045] An embodiment may include a micro-LED display
panel having a blue-green (BG) micro-structure including a
blue (B) micro-LED (having a first plurality of nanowires)
and a green (G) micro-LED (having a second plurality of
nanowires) grown monolithically for a pixel of the display
panel. Further, the micro-LED display panel may include a
green-red (GR) micro-structure having a green (G) micro-
LED (having a third plurality of nanowires) and a red (R)
micro-LED (having a fourth plurality of nanowires) grown
monolithically for the same or different pixel. The micro-
LED display panel may include a second blue (B) micro-
LED (having a fifth plurality of nanowires) and a second red
(R) micro-LED (having a sixth plurality of nanowires) for
the same or different pixel. Indeed, a single pixel of the
micro-LED display panel may include the BG micro-struc-
ture, the GR micro-structure, the second B micro-LED, and
the second R micro-LED.

[0046] Another embodiment is an electronic device with a
micro-LED display panel having a pixel which may be
labeled as a BGR or RGB pixel. wherein the pixel includes
a blue-green LED micro-structure having a blue nanowire
LED and a green nanowire LED grown monolithically. The
pixel may include a green-red LEDs micro-structure having
a green nanowire LED and a red nanowire LED grown
monolithically. Further, the pixel may include a second blue
nanowire LED and a second red nanowire LED.

[0047] Yet another embodiment (see, e.g., F1G. 5) includes
a method of forming a micro-LED display panel having
pixels which may be labeled as BGR or RGB pixels. The
method may include forming the micro-LED display panel
with a backplane. The method may include installing the
micro-LED display panel in a display.

[0048] To form LEDs on a source wafer, the method may
include growing monolithically a blue nanowire LED and a
green nanowire LED on the same wafer to give a micro-
structure having a blue micro-LED and a green micro-LED.
In other words, a first plurality of nanowires may be grown
to a first diameter for blue nanowire LED and a second
plurality of nanowires grown to a second diameter for the
green nanowire LED, the second diameter larger than the
first diameter. The method includes transferring the micro-
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structure from the wafer to a backplane for a pixel which
may be labeled as a BGR or RGB pixel, wherein the
micro-structure to provide emission colors of blue (B) and
green (7). The method may include growing monolithically
a green nanowire LED and a red nanowire LED on a wafer
to give a green-red micro-structure having a green micro-
LED and a red micro-LED, and transferring the green-red
micro-structure to the backplane for the pixel. Further, the
method may include growing a red nanowire LED as a red
micro-LED and transferring the red micro-LED to the
backplane for the pixel. The method may include growing a
blue nanowire LED as a blue micro-LED and transferring
the blue micro-LED to the backplane for the pixel. The
aforementioned growing of nanowires and micro-LEDS
may include growing indium gallium nitride (InGaN).

[0049] In addition, the method may include performing
four separate transfers to the backplane for the pixel, includ-
ing transferring the blue (B) nanowire LED to the backplane,
transferring the BG micro-structure to the backplane, trans-
ferring the GR micro-structure to the backplane, and trans-
ferring the red (R) nanowire LED to the backplane. In
particular example, no more transfers than these four sepa-
rate transfers are performed for the pixel. However, the
method may include growing monolithically a green
nanowire LED and a yellow nanowire LED to give a
micro-structure having a green micro-LED and a yellow
micro-LED, and transferring that micro-structure to the
backplane. Further, the method may include growing mono-
lithically a yellow nanowire LED and a red nanowire LED
to give a another micro-structure, and transferring that
microstructure to the backplane.

[0050] Yet another embodiment (see, e.g., FIG. 5) is a
method of manufacturing a micro-LED display panel having
pixels, including: growing monolithically a blue (B)
nanowire LED and a green (G) nanowire LED to give a BG
micro-structure having a B micro-LED and a G micro-LED;
growing monolithically a green (G) nanowire LED and ared
(R) nanowire LED to give a GR micro-structure having a G
micro-LED and a R micro-LED; growing a blue (B)
nanowire LED comprising a B micro-LED; growing a red
(R) nanowire LED comprising a R micro-LED; and per-
forming four separate transfers to a backplane substrate for
a pixel of the micro-LED display panel, including a first
transfer of the B micro-LED, a second transfer of a BG
micro-structure, a third transfer of the GR micro-structure,
and a fourth transfer of the R micro-LED. In certain
examples, no more transfers than the four separate transfers
are performed for the pixel. The method may include
forming the micro-LED display panel with the backplane
substrate. Lastly, the method may include installing the
micro-LED display panel in a display of an electronic device
such as a mobile device.

[0051] In the description and claims, the terms “coupled”
and “connected”, along with their derivatives, may be used.
It should be understood that these terms are not intended as
synonyms for each other. Rather, in particular embodiments,
“connected” may be used to indicate that two or more
elements are in direct physical or electrical contact with each
other. “Coupled” may mean that two or more elements are
in direct physical or electrical contact. However, “coupled”
may also mean that two or more elements are not in direct
contact with each other, but vet still co-operate or interact
with each other.
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[0052] Some embodiments may be implemented in one or
a combination of hardware, firmware, and software. Some
embodiments may also be implemented as instructions
stored on a machine-readable medium, which may be read
and executed by a computing platform to perform the
operations described herein. A machine-readable medium
may include any mechanism for storing or transmitting
information in a form readable by a machine, e.g., a com-
puter. For example, a machine-readable medium may
include read only memory (ROM); random access memory
(RAM); magnetic disk storage media; optical storage media;
flash memory devices; or electrical, optical, acoustical or
other form of propagated signals, e.g., carrier waves, infra-
red signals, digital signals, or the interfaces that transmit or
receive signals, among others.

[0053] An embodiment is an implementation or example.
Reference in the specification to “an embodiment”, “one
embodiment”, “some embodiments”, “various embodi-
ments”, or “other embodiments” means that a particular
feature, structure, or characteristic described in connection
with the embodiments is included in at least some embodi-
ments, but not necessarily all embodiments, of the present
techniques. The various appearances of “an embodiment”,
“one embodiment”, or “some embodiments” are not neces-
sarily all referring to the same embodiments. Elements or
aspects from an embodiment can be combined with elements
or aspects of another embodiment.

[0054] Not all components, features, structures, character-
istics, etc. described and illustrated herein need be included
in a particular embodiment or embodiments. If the specifi-
cation states a component, feature, structure, or character-
istic “may”, “might”, “can”, or “could” be included, for
example, that particular component, feature, structure, or
characteristic is not required to be included. If the specifi-
cation or claim refers to “a” or “an” element, that does not
mean there is only one of the element. If the specification or
claims refer to “an additional” element, that does not pre-
clude there being more than one of the additional element.
[0055] It is to be noted that, although some embodiments
have been described in reference to particular implementa-
tions, other implementations are possible according to some
embodiments. Additionally, the arrangement or order of
circuit elements or other features illustrated in the drawings
or described herein need not be arranged in the particular
way illustrated and described. Many other arrangements are
possible according to some embodiments.

[0056] In each system shown in a figure, the elements in
some cases may each have a same reference number or a
different reference number to suggest that the elements
represented could be different or similar. However, an ele-
ment may be flexible enough to have different implemen-
tations and work with some or all of the systems shown or
described herein. The various elements shown in the figures
may be the same or different. Which one is referred to as a
first element and which is called a second element is
arbitrary.

[0057] Examples are given. Example | is a method of
forming a micro-light emitting diode (LED) display panel.
The method includes growing monolithically a first color
nanowire LED and a second color nanowire LED on a wafer
to give a micro-structure having a first color micro-LED and
a second color micro-LED, the second color different than
the first color; and transferring the micro-structure from the
wafer to a backplane for a pixel of the micro-LED display,
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wherein the micro-structure to provide emission colors of
the first color and the second color.

[0058] Example 2 includes the method of example 1,
including or excluding optional features. In this example,
growing monolithically comprises growing a first plurality
of nanowires to a first diameter for the first color nanowire
LED and a second plurality of nanowires to a second
diameter for the second color nanowire LED, the second
diameter larger than the first diameter.

[0059] Example 3 includes the method of any one of
examples 1 to 2, including or excluding optional features. In
this example, the method includes growing monolithically a
second color nanowire LED and a third color nanowire LED
on another wafer to give a second micro-structure having a
second color micro-LED and a third color micro-LED, and
transferring the second micro-structure from the another
wafer to the backplane for the pixel. Optionally, growing
monolithically comprises growing indium gallium nitride
(InGaN), and wherein performing transfers to the backplane
for the pixel comprises performing four separate transfers
comprising the transferring of the first micro-structure from
the wafer to the backplane, the transferring of the second
micro-structure from the another wafer to the backplane,
transferring a blue micro-LED comprising a blue nanowire
LED to the backplane from a third wafer, and transferring a
red micro-LED comprising a red nanowire LED to the
backplane from a fourth wafer. Optionally, no more transfers
than the four separate transfers are performed for the pixel.
Optionally, the first color is blue, the second color is green,
and the third color is red.

[0060] Example 4 includes the method of any one of
examples 1 to 3, including or excluding optional features. In
this example, the method includes forming the micro-LED
display panel with the backplane, wherein the first color is
blue and the second color is green.

[0061] Example 5 includes the method of any one of
examples 1 to 4, including or excluding optional features. In
this example, the first color is green and the second color is
red.

[0062] Example 6 includes the method of any one of
examples 1 to 5, including or excluding optional features. In
this example, the first color is green and the second color is
yellow.

[0063] Example 7 includes the method of any one of
examples 1 to 6, including or excluding optional features. In
this example, the first color is yellow and the second color
is red.

[0064] Example 8 includes the method of any one of
examples 1 to 7, including or excluding optional features. In
this example, the method includes growing a first color
nanowire LED comprising a first color micro-LED on
another wafer and transferring the first color micro-LED
from the another wafer to the backplane for the pixel.
[0065] Example 9 is a method of forming a micro-light
emitting diode (LED) display panel having pixels. The
method includes growing monolithically a blue (B)
nanowire LED and a green (G) nanowire LED to give a BG
micro-structure having a B micro-LED and a G micro-LED;
growing monolithically a green (G) nanowire LED and ared
(R) nanowire LED to give a GR micro-structure having a G
micro-LED and a R micro-LED; growing a blue (B)
nanowire LED comprising a B micro-LED; growing a red
(R) nanowire LED comprising a R micro-LED; and per-
forming four separate transfers to a backplane substrate for
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a pixel of the micro-LED display panel, comprising separate
respective transfers of the B micro-LED, the BG micro-
structure, the GR micro-structure, and the R micro-LED.
[0066] Example 10 includes the method of example 9,
including or excluding optional features. In this example, no
more transfers than the four separate transfers are performed
for the pixel.

[0067] Example 11 includes the method of any one of
examples 9 to 10, including or excluding optional features.
In this example, the method includes forming the micro-
LED display panel with the backplane substrate.

[0068] Example 12 includes the method of any one of
examples 9 to 11, including or excluding optional features.
In this example, the method includes installing the micro-
LED display panel in a display of an electronic device.
[0069] Example 13 is a micro-light emitting diode (LED)
display panel. The micro-light emitting diode (LED) display
panel includes a monolithically grown micro-structure com-
prising: a first color micro-LED comprising a first plurality
of nanowires; and a second color micro-LED comprising a
second plurality of nanowires, the second color different
than the first color.

[0070] Example 14 includes the micro-light emitting
diode (LED) display panel of example 13, including or
excluding optional features. In this example, the micro-light
emitting diode (LED) display panel includes a monolithi-
cally-grown second micro-structure comprising a second
color micro-LED comprising a third plurality of nanowires
and a third color micro-LED comprising a fourth plurality of
nanowires. Optionally, the first color is blue, the second
color is green, and the third color is red.

[0071] Example 15 includes the micro-light emitting
diode (LED) display panel of any one of examples 13 to 14,
including or excluding optional features. In this example, the
first plurality of nanowires comprises nanowires with a first
diameter, wherein the second plurality of nanowires com-
prises nanowires having a second diameter larger than the
first diameter, and wherein the first color is blue and the
second color is green.

[0072] Example 16 includes the micro-light emitting
diode (LED) display panel of any one of examples 13 to 15,
including or excluding optional features. In this example, the
first color is green and the second color is red.

[0073] Example 17 includes the micro-light emitting
diode (LED) display panel of any one of examples 13 to 16,
including or excluding optional features. In this example, the
first color is green and the second color is yellow.

[0074] Example 18 includes the micro-light emitting
diode (LED) display panel of any one of examples 13 to 17,
including or excluding optional features. In this example, the
first color is yellow and the second color is red.

[0075] Example 19 is an electronic device. The electronic
device includes a micro-light emitting diode (LED) display
panel comprising a pixel, wherein the pixel comprises a
monolithically grown blue-green (BG) LED micro-structure
comprising a blue (B) nanowire LED and a green (G)
nanowire LED.

[0076] Example 20 includes the electronic device of
example 19, including or excluding optional features. In this
example, the pixel comprises a monolithically grown green-
red (GR) LED micro-structure comprising a green (G)
nanowire LED and a red (R) nanowire LED. Optionally, the
pixel comprises a second blue (B) nanowire LED and a
second red (R) nanowire LED.
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[0077] Example 21 is a method of forming a micro-light
emitting diode (LED) display panel. The method includes
growing monolithically a first color nanowire LED and a
second color nanowire LED on a wafer to give a micro-
structure having a first color micro-LED and a second color
micro-LED, the second color different than the first color,
wherein growing monolithically comprises growing a first
plurality of nanowires to a first diameter for the first color
nanowire LED and a second plurality of nanowires to a
second diameter for the second color nanowire LED, the
second diameter larger than the first diameter; and transfer-
ring the micro-structure from the wafer to a backplane for a
pixel of the micro-LED display, wherein the micro-structure
to provide emission colors of the first color and the second
color.

[0078] Example 22 includes the method of example 21,
including or excluding optional features. In this example, the
method includes growing monolithically a second color
nanowire LED and a third color nanowire LED on another
wafer to give a second micro-structure having a second color
micro-LED and a third color micro-LED, and transferring
the second micro-structure from the another wafer to the
backplane for the pixel. Optionally, growing monolithically
comprises growing indium gallium nitride (InGaN), and
wherein performing transfers to the backplane for the pixel
comprises performing four separate transfers comprising the
transferring of the first micro-structure from the wafer to the
backplane, the transferring of the second micro-structure
from the another wafer to the backplane, transferring a blue
micro-LED comprising a blue nanowire LED to the back-
plane from a third wafer, and transferring a red micro-LED
comprising a red nanowire LED to the backplane from a
fourth wafer. Optionally, the first color is blue, the second
color is green, and the third color is red.

[0079] Example 23 includes the method of any one of
examples 21 to 22, including or excluding optional features.
In this example, the first color is blue and the second color
is green, or wherein the first color is green and the second
color 1s red, or wherein the first color is green and the second
color is yellow, or wherein the first color is yellow and the
second color is red.

[0080] Example 24 includes the method of any one of
examples 21 to 23, including or excluding optional features.
In this example, the method includes growing a first color
nanowire LED comprising a first color micro-LED on
another wafer and transferring the first color micro-LED
from the another wafer to the backplane for the pixel; and
forming the micro-LED display panel with the backplane,

[0081] Example 25 is a method of forming a micro-light
emitting diode (LED) display panel having pixels. The
method includes growing monolithically a blue (B)
nanowire LED and a green (G) nanowire LED to give a BG
micro-structure having a B micro-LED and a G micro-LED;
growing monolithically a green (G) nanowire LED and ared
(R) nanowire LED to give a GR micro-structure having a G
micro-LED and a R micro-LED; growing a blue (B)
nanowire LED comprising a B micro-LED; growing a red
(R) nanowire LED comprising a R micro-LED; and per-
forming four separate transfers to a backplane substrate for
a pixel of the micro-LED display panel, comprising separate
respective transfers of the B micro-LED, the BG micro-
structure, the GR micro-structure, and the R micro-LED.
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[0082] Example 26 includes the method of example 25,
including or excluding optional features. In this example, no
more transfers than the four separate transfers are performed
for the pixel.

[0083] Example 27 includes the method of any one of
examples 25 to 26, including or excluding optional features.
In this example, the method includes forming the micro-
LED display panel with the backplane substrate.

[0084] Example 28 includes the method of any one of
examples 25 to 27, including or excluding optional features.
In this example, the method includes installing the micro-
LED display panel in a display of an electronic device.
[0085] Example 29 is a micro-light emitting diode (LED)
display panel. The micro-light emitting diode (LED) display
panel includes a monolithically grown micro-structure com-
prising: a first color micro-LED comprising a first plurality
of nanowires; and a second color micro-LED comprising a
second plurality of nanowires, the second color different
than the first color, wherein the first plurality of nanowires
comprises nanowires with a first diameter, wherein the
second plurality of nanowires comprises nanowires having a
second diameter larger than the first diameter.

[0086] Example 30 includes the micro-light emitting
diode (LED) display panel of example 29, including or
excluding optional features. In this example, the micro-light
emitting diode (LED) display panel includes a monolithi-
cally-grown second micro-structure comprising a second
color micro-LED comprising a third plurality of nanowires
and a third color micro-LED comprising a fourth plurality of
nanowires. Optionally, the first color is blue, the second
color is green, and the third color is red.

[0087] Example 31 includes the micro-light emitting
diode (LED) display panel of any one of examples 29 to 30,
including or excluding optional features. In this example, the
first color is blue and the second color is green, or wherein
the first color is green and the second color is red, or wherein
the first color is green and the second color is yellow, or
wherein the first color is yellow and the second color is red.
[0088] Example 32 includes the micro-light emitting
diode (LED) display panel of any one of examples 29 to 31,
including or excluding optional features. In this example, the
micro-LED display panel is installed in an electronic device.
[0089] Example 33 is a system for forming a micro-light
emitting diode (LED) display panel. The system includes
means for growing monolithically a first color nanowire
LED and a second color nanowire LED on a wafer to give
a micro-structure having a first color micro-LED and a
second color micro-LED, the second color different than the
first color; and means for transferring the micro-structure
from the wafer to a backplane for a pixel of the micro-LED
display, wherein the micro-structure to provide emission
colors of the first color and the second color.

[0090] Example 34 includes the system of example 33,
including or excluding optional features. In this example,
growing monolithically comprises growing a first plurality
of nanowires to a first diameter for the first color nanowire
LED and a second plurality of nanowires to a second
diameter for the second color nanowire LED, the second
diameter larger than the first diameter.

[0091] Example 35 includes the system of any one of
examples 33 to 34, including or excluding optional features.
In this example, the system includes means for growing
monolithically a second color nanowire LED and a third
color nanowire LED on another wafer to give a second
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micro-structure having a second color micro-LED and a
third color micro-LED, and means for transferring the
second micro-structure from the another wafer to the back-
plane for the pixel. Optionally, growing monolithically
comprises growing indium gallium nitride (InGaN), and
wherein means for performing transfers to the backplane for
the pixel comprises means for performing four separate
transfers comprising the transferring of the first micro-
structure from the wafer to the backplane, the transferring of
the second micro-structure from the another wafer to the
backplane, transferring a blue micro-LED comprising a blue
nanowire LED to the backplane from a third wafer, and
transferring a red micro-LED comprising a red nanowire
LED to the backplane from a fourth wafer. Optionally, no
more transfers than the four separate transfers are performed
for the pixel. Optionally, the first color is blue, the second
color is green, and the third color is red.

[0092] Example 36 includes the system of any one of
examples 33 to 35, including or excluding optional features.
In this example, the system includes means for forming the
micro-LED display panel with the backplane, wherein the
first color is blue and the second color is green.

[0093] Example 37 includes the system of any one of
examples 33 to 36, including or excluding optional features.
In this example, the first color is green and the second color
is red.

[0094] Example 38 includes the system of any one of
examples 33 to 37, including or excluding optional features.
In this example, the first color is green and the second color
is yellow.

[0095] Example 39 includes the system of any one of
examples 33 to 38, including or excluding optional features.
In this example, the first color is yellow and the second color
is red.

[0096] Example 40 includes the system of any one of
examples 33 to 39, including or excluding optional features.
In this example, the system includes means for growing a
first color nanowire LED comprising a first color micro-
LED on another wafer and means for transferring the first
color micro-LED from the another wafer to the backplane
for the pixel.

[0097] Example 41 is a system for forming a micro-light
emitting diode (LED) display panel having pixels. The
system includes means for growing monolithically a blue
(B) nanowire LED and a green (G) nanowire LED to give a
BG micro-structure having a B micro-LED and a G micro-
LED; means for growing monolithically a green (G)
nanowire LED and a red (R) nanowire LED to give a GR
micro-structure having a G micro-LED and a R micro-LED;
means for growing a blue (B) nanowire LED comprising a
B micro-LED; means for growing a red (R) nanowire LED
comprising a R micro-LED; and means for performing four
separate transfers to a backplane substrate for a pixel of the
micro-LED display panel, comprising separate respective
transfers of the B micro-LED, the BG micro-structure, the
GR micro-structure, and the R micro-LED.

[0098] Example 42 includes the system of example 41,
including or excluding optional features. In this example, no
more transfers than the four separate transfers are performed
for the pixel.

[0099] Example 43 includes the system of any one of
examples 41 to 42, including or excluding optional features.
In this example, the system includes means for forming the
micro-LED display panel with the backplane substrate.
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[0100] Example 44 includes the system of any one of
examples 41 to 43, including or excluding optional features.
In this example, the system includes means for installing the
micro-LED display panel in a display of an electronic
device.

[0101] Example 45 is a method of forming a micro-light
emitting diode (LED) display panel. The method includes
growing monolithically a blue (B) and green (G) nanowire
LED on a wafer; and transferring the BG nanowire LED
from the wafer to a backplane for a pixel of the micro-LED
display panel, wherein the BG nanowire LED to provide
emission colors of blue (B) and green (G).

[0102] Example 46 includes the method of example 45,
including or excluding optional features. In this example,
growing monolithically comprises growing a first diameter
of a first nanowire for the BG nanowire LED and growing
asecond diameter of a second nanowire for the BG nanowire
LED, the second diameter larger than the first diameter.
[0103] Example 47 includes the method of any one of
examples 45 to 46, including or excluding optional features.
In this example, growing monolithically comprises growing
indium gallium nitride (InGaN).

[0104] Example 48 includes the method of any one of
examples 45 to 47, including or excluding optional features.
In this example, the method includes growing monolithi-
cally a green (G) and red (R) nanowire LED, and transfer-
ring the GR nanowire LED to the backplane for the pixel.
[0105] Example 49 includes the method of any one of
examples 45 to 48, including or excluding optional features.
In this example, the method includes growing a red (R)
nanowire LED and transferring the R nanowire LED to the
backplane for the pixel.

[0106] Example 50 includes the method of any one of
examples 45 to 49, including or excluding optional features.
In this example, the method includes growing a blue (B)
nanowire LED and transferring the B nanowire LED to the
backplane for the pixel.

[0107] Example 51 includes the method of any one of
examples 45 to 50, including or excluding optional features.
In this example, the method includes growing monolithi-
cally a green (G) and red (R) nanowire LED, and transfer-
ring the GR nanowire LED to the backplane for the pixel;
and performing four separate transfers to the backplane for
the pixel, comprising the transferring of the BG nanowire
LED, transferring of the GR nanowire LED to the back-
plane, transferring of a blue (B) nanowire LED to the
backplane, and transferring a red nanowire LED to the
backplane. Optionally, the method includes growing the B
nanowire LED and growing the R nanowire LED. Option-
ally, no more transfers than the four separate transfers are
performed for the pixel.

[0108] Example 52 includes the method of any one of
examples 45 to 51, including or excluding optional features.
In this example, the method includes growing monolithi-
cally a green (G) and yellow (Y) nanowire LED, and
transferring the GY nanowire LED to the backplane.
[0109] Example 53 includes the method of any one of
examples 45 to 52, including or excluding optional features.
In this example, the method includes growing monolithi-
cally a vellow (Y) and red (R) nanowire LED, and trans-
ferring the YR nanowire LED to the backplane.

[0110] Example 54 includes the method of any one of
examples 45 to 53, including or excluding optional features.
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In this example, the method includes forming the micro-
LED display panel with the backplane.

[0111] Example 55 includes the method of any one of
examples 45 to 54, including or excluding optional features.
In this example, the method includes installing the micro-
LED display panel in a display.

[0112] Tt is to be understood that specifics in the afore-
mentioned examples may be used anywhere in one or more
embodiments. For instance, all optional features of the
computing device described above may also be implemented
with respect to either of the methods described herein or a
computer-readable medium. Furthermore, although flow
diagrams or state diagrams may have been used herein to
describe embodiments, the present techniques are not lim-
ited to those diagrams or to corresponding descriptions
herein. For example, flow need not move through each
illustrated box or state or in exactly the same order as
illustrated and described herein.

[0113] The present techniques are not restricted to the
particular details listed herein. Indeed, those skilled in the art
having the benefit of this disclosure will appreciate that
many other variations from the foregoing description and
drawings may be made within the scope of the present
techniques. Accordingly, it is the following claims including
any amendments thereto that define the scope of the present
techniques.

What is claimed is:

1. A micro-light emitting diode (LED) display panel
comprising:

a monolithically grown micro-structure comprising:

a first color micro-LED comprising a first plurality of
nanowires; and

a second color micro-LED comprising a second plu-
rality of nanowires,
the second color different than the first color.

2. The micro-LED display panel of claim 1, comprising a
monolithically-grown second micro-structure comprising a
second color micro-LED comprising a third plurality of
nanowires and a third color micro-LED comprising a fourth
plurality of nanowires.

3. The micro-LED display panel of claim 1, wherein the
first color is blue. the second color is green, and the third
color is red.

4. The micro-LED display panel of claim 1, wherein the
first plurality of nanowires comprises nanowires with a first
diameter, and wherein the second plurality of nanowires
comprises nanowires having a second diameter larger than
the first diameter.

5. The micro-LED display panel of claim 4, wherein the
first color is blue and the second color is green.

6. The micro-LED display panel of claim 1, wherein the
first color is blue and the second color is green.

7. The micro-LED display panel of claim 1, wherein the
first color is green and the second color is red.

8. The micro-LED display panel of claim 1, wherein the
first color is green and the second color is yellow.

9. The micro-LED display panel of claim 1, wherein the
first color is yellow and the second color is red.

10. The micro-LED display panel of claim 1, wherein the
monolithically grown micro-structure emits colors of the
first color and the second color.

11. The micro-LED display panel of claim 1, comprising
a backplane including the monolithically grown micro-
structure.
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12. The micro-LED display panel of claim 11, wherein the
backplane is a glass backplane.

13. The micro-LED display panel of claim 1, comprising
a third color micro-LED comprising a third plurality of
nanowires, the third color different than the first color, and
the third color different than the second color.

14. The micro-LED display panel of claim 1, comprising:

a monolithically grown second micro-structure compris-

ing:

a second color micro-LED comprising a third plurality
of nanowires; and

a third color micro-LED comprising a fourth plurality
of nanowires, the third color different than the sec-
ond color.

15. The micro-LED display panel of claim 1, wherein the
first color micro-LED and the second color micro-LED are
integrated as a single unit.

16. The micro-LED display panel of claim 1, wherein the
first color micro-LED and the second color micro-LED have
different indium compositions.

17. An electronic device comprising a micro-light emit-
ting diode (LED) display panel comprising a pixel, wherein
the pixel comprises a monolithically grown blue-green (BG)
LED micro-structure comprising a blue (B) nanowire LED
and a green (G) nanowire LED.

18. The electronic device of claim 17, wherein the pixel
comprises a monolithically grown green-red (GR) LED
micro-structure comprising a green (G) nanowire LED and
a red (R) nanowire LED.

19. The electronic device of claim 18, wherein the pixel
comprises a second blue (B) nanowire LED and a second red
(R) nanowire LED.

20. An electronic device comprising a micro-light emit-
ting diode (LED) display panel comprising:

a monolithically grown micro-structure comprising:

a first color micro-LED comprising a first plurality of
nanowires; and

a second color micro-LED comprising a second plu-
rality of nanowires, the second color different than
the first color.

21. The electronic device of claim 20, the micro-light
emitting display panel comprising a monolithically-grown
second micro-structure comprising a second color micro-
LED comprising a third plurality of nanowires and a third
color micro-LED comprising a fourth plurality of
nanowires.

22. The electronic device of claim 20, wherein the first
plurality of nanowires comprises nanowires with a first
diameter, and wherein the second plurality of nanowires
comprises nanowires having a second diameter larger than
the first diameter.

23. A micro-light emitting diode (LED) display panel
comprising:

a monolithically grown micro-structure comprising:

a first color nanowire LED; and
a second color nanowire LED, the second color differ-
ent than the first color.

24. The micro-LED display panel of claim 23, comprising
athird color nanowire LED, the third color different than the
first color, and the third color different than the second color.

25. The micro-LED display panel of claim 23, compris-
ing:

a second monolithically grown micro-structure compris-

ing:
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a second color nanowire LED; and
a third color nanowire LED, the second color different
than the first color.
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