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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to a growth sub-
strate including micro-light emitting diode chips and a
method of manufacturing a light emitting diode display
using the growth substrate.

Discussion of the Related Art

[0002] Various display devices have replaced heavier
and larger cathode ray tubes (CRTs). Examples of the
display devices may include a liquid crystal display
(LCD), a field emission display (FED), a plasma display
panel (PDP), and an organic light emitting diode (OLED)
display.

[0003] In more detail, an OLED display is a self-emis-
sion display configured to emitlight by exciting an organic
compound. The OLED display does not require a back-
light unit used in a liquid crystal display and thus has
advantages of a thin profile, lightness in weight, and a
simpler manufacturing process. The OLED display can
be also manufactured at a low temperature and has a
fast response time of 1 ms or less, low power consump-
tion, a wide viewing angle, and a high contrast. Thus, the
OLED display has been widely used.

[0004] However, because the OLED display uses or-
ganic light emitting diodes formed of an organic material,
the OLED display is weak to moisture and oxygen. To
solve the weakness, an encapsulation technology is ap-
plied to the OLED display. However, because itis difficult
to achieve sufficient encapsulation of a required degree,
there is a difficulty in securing product reliability.

[0005] Researchonallightemittingdiode (LED)display
using light emitting diodes (LEDs) formed of an inorganic
material is being recently carried. Because the LEDs
have high light conversion efficiency, the LEDs are eco-
friendly elements which have very low energy consump-
tion and are semi-permanent.

[0006] The LEDs have been adopted as light sources
of a backlight unit constituting a liquid crystal display.
However, in this instance, because light provided by the
backlight unit passes through a liquid crystal display pan-
el, etc., a loss of the light is inevitable. Therefore, there
is a limit to improving emission efficiency beyond a pre-
determined level. Further, a display device using the
LEDs as the light sources is regarded as a liquid crystal
display and is difficult to be regarded as the LED display.
[0007] An LED display described in embodiments of
the disclosure is a display device configured to dispose
at least one LED in each pixel on a thin film transistor
substrate. The display device can use advantages of the
LEDs without a reduction in emission efficiency. Thus,
efforts are being made to commercialize the display de-
vice.
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[0008] To manufacture an LED display of a high reso-
lution having high pixel per inch (PPI), an effective meth-
od needs to be proposed to mount micro-LEDs of several
micro-size in a predetermined area of the thin film tran-
sistor substrate. In addition, an effective method needs
to be proposed to manufacture a large-sized LED display
using a relatively small-sized growth substrate on which
LEDs are grown.

SUMMARY OF THE INVENTION

[0009] The present disclosure provides a growth sub-
strate and a method of manufacturing a light emitting
diode (LED) display using the same capable of efficiently
manufacturing a relatively large-sized LED display using
a relatively small-sized growth substrate.

[0010] The object is solved by the features of the in-
dependent claims. Preferred embodiments are given in
the dependent claims.

[0011] In one aspect, there is provided a growth sub-
strate comprising light emitting diode (LED) chips, where-
in the LED chips are divided into n groups each including
p LED chips, where each of the n and p is an integer
equal to or greater than 2, wherein at least two of the n
groups are adjacent to each other, wherein each of the
n groups includes a first LED chip having a directionality
toward a first direction and a second LED chip having a
directionality toward a second direction different from the
first direction.

[0012] An angle formed by a first imaginary line ex-
tended in the first direction and a second imaginary line
extended in the second direction may be less than a right
angle.

[0013] The first LED chip may have the same direc-
tionality as the second LED chip that is tilted by 90 °.
[0014] A pitch between the adjacent first LED chips or
a pitch between the adjacent second LED chips may be
the same value.

[0015] Each of the n groups may further comprise a
third LED chip having a directionality toward the first di-
rection, wherein the second LED chip may have the same
directionality as the third LED chip that is tilted by 90 °.
[0016] A pitch between the adjacent third LED chips
may be constant.

[0017] Each of the n groups may further comprise a
fourth LED chip having a directionality toward the second
direction, wherein the third LED chip may have the same
directionality as the fourth LED chip that is tilted by 90 °.
[0018] A pitch between the adjacent fourth LED chips
may be constant.

[0019] Each of the n groups may comprise the q first
LED chips, where q is an integer equal to or greater than
2.

[0020] Each ofthe ngroups may comprise the rsecond
LED chips, whereris aninteger equal to or greater than 2.
[0021] In another aspect, there is provided a method
of manufacturing a light emitting diode display comprising
providing a growth substrate on which light emitting diode
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(LED) chips are grown, the LED chips being at least di-
vided into first to fourth groups, and providing a transfer
substrate on which pixels having a preset pitch are ar-
ranged, wherein the first to fourth groups are arranged
in a matrix, wherein each of the first to fourth groups
includes a first LED chip having a directionality toward a
first direction and a second LED chip having a direction-
ality toward a second direction different from the first di-
rection.

[0022] An angle formed by a first imaginary line ex-
tended in the first direction and a second imaginary line
extended in the second direction may be a right angle.
[0023] A donor substrate may be provided configured
to selectively pick up some of the LED chips belonging
to the first to fourth groups and to transfer the picked-up
LED chips to corresponding pixels on the transfer sub-
strate.

[0024] Providing of the donor substrate may comprise:
selectively picking up the first LED chips of the first to
fourth groups through a first pick-up operation using the
donor substrate; and transferring the picked-up first LED
chips to corresponding pixels of the transfer substrate.
[0025] Providing of the donor substrate may further
comprise: rotating the growth substrate by 90 ° to change
a directionality of the second LED chips of the first to
fourth groups to the first direction; selectively picking up
the second LED chips of the first to fourth groups through
a second pick-up operation using the donor substrate;
and transferring the picked-up second LED chips to cor-
responding pixels of the transfer substrate.

[0026] A pitch between the first LED chips grown on
the growth substrate may be equal to a pitch between
the first LED chips transferred to the transfer substrate.
[0027] A pitch between the second LED chips grown
on the growth substrate may be equal to a pitch between
the second LED chips transferred to the transfer sub-
strate.

[0028] A pitch between the first LED chip and the sec-
ond LED chip grown on the growth substrate may be less
than a pitch between the first LED chips or a pitch be-
tween the second LED chips transferred to the transfer
substrate.

[0029] The providing of the transfer substrate may
comprise forming a thin film transistor assigned to the
pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The accompanying drawings, that may be in-
cluded to provide a further understanding of the disclo-
sure and are incorporated in and constitute a part of this
specification, illustrate embodiments of the disclosure
and together with the description serve to explain various
principles of the disclosure.

FIGS. 1, 2A, and 2B illustrate a method of manufac-
turing a light emitting diode (LED) display in time
series.
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FIG. 3 schematically illustrates a growth substrate
according to a first example embodiment on which
LED chips are grown.

FIG. 4 schematically illustrates a wavelength distri-
bution inside a growth substrate.

FIGS. 5A to 5D illustrate a method of manufacturing
an LED display in time series.

FIG. 6 schematically illustrates a wavelength distri-
bution inside a transfer substrate in a structure
shown in FIG. 5D.

FIG. 7 schematically illustrates a growth substrate
according to a second example embodiment on
which LED chips are grown.

FIGS. 8A to 8D illustrate a method of manufacturing
an LED display in time series.

FIG. 9 schematically illustrates a wavelength distri-
bution inside a growth substrate.

FIG. 10 schematically illustrates a wavelength dis-
tribution inside a transfer substrate in a final structure
shown in FIG. 8D.

FIGS. 11A and 11B illustrate examples of disposing
LED chips grown on a growth substrate according
to a third example embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] Reference will now be made in detail to embod-
iments of the disclosure, examples of which are illustrat-
ed in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts. Detailed de-
scriptions of known arts will be omitted if such may mis-
lead the embodiments of the disclosure.

[0032] The terms "first", "second", etc. may be used to
describe various components, but the components are
not limited by such terms. The terms are used only for
the purpose of distinguishing one component from other
components. For example, a first component may be
designated as a second component, and vice versa, with-
out departing from the scope of the present disclosure.

< First Embodiment >

[0033] FIGS. 1, 2A, and 2B illustrate a method of man-
ufacturing a light emitting diode (LED) display in time
series.

[0034] ReferringtoFIGS. 1, 2A, and 2B, a growth sub-
strate 10, a transfer substrate 30, and a donor substrate
20 are provided to manufacture an LED display.

[0035] The growth substrate 10 is used as a base for
growing LED chips 100. The growth substrate 10 may
be selected from among silicon (Si), sapphire, silicon car-
bide (SiC), gallium arsenide (GaAs), gallium nitride
(GaN), gallium phosphide (GaP), indium phosphide
(InP), zinc oxide (Zn0O), spinel (MgAl,O,4), magnesium
oxide (MgO), lithium metaaluminate (LiAIO,), aluminum
nitride (AIN), and lithium gallate (LiGaO,). However, em-
bodiments are not limited thereto.
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[0036] A plurality of micro-LED chips (hereinafter re-
ferred to as "LED chips") 100 is grown on the growth
substrate 10. The LED chip 100 is a semiconductor light
emitting element that emits light energy of various wave-
lengths by applying an electrical signal using character-
istics of a chemical semiconductor. The LED chip 100
may have a small length, breadth, or height of several
micro-size.

[0037] The LED chip 100 includes a first semiconduc-
tor layer, a second semiconductor layer, and an active
layer. The first semiconductor layer may be implemented
as a p-type semiconductor layer. The first semiconductor
layer may be implemented as a semiconductor com-
pound, for example, II-IV compound semiconductor and
111V compound semiconductor. The first semiconductor
layer may be formed as a single layer or a plurality of
layers. The first semiconductor layer may include a sem-
iconductor material having a composition formula of In-
xAlyGal-x-yN, where  0<<x<<1, 0<<y<<1, and
0<<x+y<<1. However, embodiments are not limited
thereto. For example, the first semiconductor layer may
be selected from among GaN, AIN, AlGaN, InN, InAlGaN,
AlInN, AlGaAs, GaP, GaAs, GaAsP, AlGalnP, etc. and
may be doped with a p-type dopant such as Mg, Zn, Ca,
Sr, and Ba.

[0038] The second semiconductor layer may be imple-
mented as an n-type semiconductor layer. The second
semiconductor layer may be implemented as a semicon-
ductor compound, for example, lI-1V compound semicon-
ductor and IlI-V compound semiconductor. The second
semiconductor layer may be formed as a single layer or
aplurality of layers. The second semiconductor layer may
include a semiconductor material having a composition
formula of InxAlyGal-x-yN, where 0<<x<<1, 0<y<<1, and
0<<x+y<<1. However, embodiments are not limited
thereto. For example, the second semiconductor layer
may be selected from among GaN, AIN, AlGaN, InN, In-
AlGaN, AlInN, AlGaAs, GaP, GaAs, GaAsP, and Al-
GalnP, etc. and may be doped with an n-type dopant
such as Si, Ge, Sn, Se, and Te.

[0039] The active layer is a layer where holes injected
through the first semiconductor layer and electrons in-
jected through the second semiconductor layer meet.
Hence, the active layer emits light by a difference be-
tween band gaps of energy bands depending on a for-
mation material of the active layer. The active layer may
selectively include a single quantum well (SQW) struc-
ture, a multi-quantum well (MQW) structure, a quantum
wire structure, or a quantum dot structure. The active
layer may be composed of a compound semiconductor.
For example, the active layer may be implemented as at
least one of II-IV compound semiconductor and -V
compound semiconductor.

[0040] The LED chips 100 are arranged in parallel with
one another in one direction on the growth substrate 10.
Namely, extension directions of the LED chips 100 that
are adjacent to each other are parallel to each other. A
pitch Pl between the adjacent LED chips 100 is set to as
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small a pitch as possible in the process. Namely, it is
preferable that a large number of LED chips 100 are in-
tegrated on the small-sized growth substrate 10, in order
to reduce the manufacturing cost of the growth substrate
10.

[0041] The transfer substrate 30 is a substrate consti-
tuting the LED display, and a plurality of pixels is arranged
on the transfer substrate 30. An area of the transfer sub-
strate 30 in which the plurality of pixels is arranged may
be defined as an active area AA. At least one LED chip
100 is finally arranged on each pixel. Signal lines and
electrodes for applying driving signals to the LED chips
100 may be arranged on the transfer substrate 30. When
the LED display is implemented as an active matrix LED
display, the transfer substrate 30 may further include thin
film transistors respectively assigned to the plurality of
pixels. The LED chips 100 transferred to the adjacent
pixels are arranged to be spaced from each other by a
predetermined pitch PI". The pitch PI" between the ad-
jacent LED chips 100 among the LED chips 100 trans-
ferred to the transfer substrate 30 may be properly se-
lected in consideration of display characteristics, the ar-
rangement of elements, and the like.

[0042] The donor substrate 20 is used to transport the
LED chips 100 from the growth substrate 10 to the trans-
fer substrate 30. The donor substrate 20 selectively picks
up the LED chips 100 from the growth substrate 10. The
donor substrate 20 selectively picks up only the LED
chips 100 at a predetermined location of the growth sub-
strate 10 and respectively transfers the picked-up LED
chips 100 to corresponding pixels of the transfer sub-
strate 30. For example, because the donor substrate 20
has particular adhesive (or adsorption) properties, the
donor substrate 20 can selectively pick up the LED chips
100 at a predetermined location of the growth substrate
10 due to an adhesive force of the donor substrate 20.
Here, the step of irradiating laser to the back surface of
the growth substrate 10 may proceed in order to separate
the grown LED chips 100 from the growth substrate 10.
For example, a release layer may be provided between
the growth substrate 10 and the LED chips 100, and the
growth substrate 10 and the LED chips 100 can be sep-
arated by irradiating a laser onto the release layer. Next,
the donor substrate 20 can transfer the picked-up LED
chips 100 to corresponding pixels of the transfer sub-
strate 30 by releasing the adhesive force of the donor
substrate 20. For example, the transfer substrate 30 may
have particular adhesive (or adsorption) properties, and
the donor substrate 20 and the picked-up LED chips 100
can be separated by an adhesive force of the transfer
substrate 30. Here, the adhesive force of the transfer
substrate 30 may be bigger than the adhesive force of
the donor substrate 20. Alternatively, thermal and chem-
ical characteristics may be used to release the adhesive
force.

[0043] A reason to selectively pick up the LED chips
100 using the donor substrate 20 is because there is a
difference between the pitch Pl between the LED chips
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100 grown on the growth substrate 10 and the required
pitch PI" between the LED chips 100 transferred to the
transfer substrate 30. More specifically, because as
many LED chips as possible in the process need to be
grown on the growth substrate 10 for the purpose of a
reduction in the manufacturing cost of the LED display,
the pitch Pl between the LED chips 100 grown on the
growth substrate 10 is relatively narrow. On the other
hand, because the LED chips 100 finally transferred to
the transfer substrate 30 needs to be spaced from each
other by a pixel pitch, the pitch PI" between the LED chips
100 on the transfer substrate 30 is relatively wide. The
donor substrate 20 selectively picks up the LED chips
100 corresponding to a target pixel pitch among the LED
chips 100 grown on the growth substrate 10. Hence, a
pitch between the adjacent LED chips 100 among the
simultaneously picked-up LED chips 100 corresponds to
the pitch PI" between the adjacent LED chips 100 finally
transferred to the pixels.

[0044] As another example, only some of the LED
chips 100 which are selectively picked up by the donor
substrate 20 may be transferred to the transfer substrate
30, if necessary or desired. Namely, only the LED chips
100 selected among the picked-up LED chips 100 may
be transferred to the transfer substrate 30. In this in-
stance, the pitch Pl between the LED chips 100 grown
on the growth substrate 10 may be equal to or different
from a pitch PI' between the LED chips 100 picked up by
the donor substrate 20. Further, the pitch PI' between
the LED chips 100 picked up by the donor substrate 20
may be equal to or different from the pitch PI" between
the LED chips 100 finally transferred to the pixels.
[0045] The transfer substrate 30 may be provided to
have a relatively larger size than the donor substrate 20.
More specifically, the active area AA of the transfer sub-
strate 30 may be provided to be larger than an area of
the donor substrate 20. Inthis instance, a pick-up/transfer
operation needs to be repeatedly performed a number
oftimes corresponding to a difference between the active
area AA and the area of the donor substrate 20, in order
to respectively transfer the LED chips 100 to all the pixels
arranged in the active area AA. FIGS. 2A and 2B illustrate
two transfer operations using the donor substrate 20 in
time series.

[0046] FIG. 3 schematically illustrates a growth sub-
strate according to a first example embodiment on which
LED chips are grown. FIG. 4 schematically illustrates a
wavelength distribution inside a growth substrate. FIGS.
5A to 5D illustrate a method of manufacturing an LED
display in time series. FIG. 6 schematically illustrates a
wavelength distribution inside a transfer substrate in a
structure shown in FIG. 5D.

[0047] Referring to FIG. 3, the plurality of LED chips
100 of micro-size is formed on the growth substrate 10
through a growth process. Hereinafter, an example
where sixteen (= 4 X 4) LED chips 100 are arranged on
the growth substrate 10 is described for convenience of
explanation. As described above, a separation pitch Pl
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between the LED chips 100 on the growth substrate 10
may be set to as small a pitch as possible in the process.
[0048] In the first embodiment, the LED chips 100
grown on the growth substrate 10 are arranged in parallel
with one another with predetermined directionality. For
example, when a first LED chip 100 is arranged with di-
rectionality toward a first direction, a second LED chip
100 is also arranged with directionality toward the first
direction. Hence, the LED chips 100 grown on the growth
substrate 10 with predetermined directionality can be se-
lectively picked up by the donor substrate 20 and trans-
ferred to the pixels on the transfer substrate 30 with pre-
determined directionality (for example, the first direction).
[0049] The directionality of the LED chip 100 may be
defined as a direction in which a current flows. For ex-
ample, when the LED chip 100 has a P-N junction struc-
ture, a direction from a first semiconductor layer to a sec-
ond semiconductor layer in which a current flows may be
defined as arrangement directionality of the LED chip
100. As another example, when the LED chip 100 has a
first electrode connected to the first semiconductor layer
and a second electrode connected to the second semi-
conductor layer, a direction from a position of the first
electrode to a position of the second electrode (a direction
or from a position of the second electrode to a position
of the first electrode) may be defined as arrangement
directionality of the LED chip 100. Here, the first electrode
may be an anode, and the second electrode may be a
cathode. The directionality of the LED chip 100 may be
defined by a shape of the LED chip 100, if necessary or
desired.

[0050] FIG. 4 schematically illustrates a wavelength
distribution of the LED chips 100 on the growth substrate
10 according to the first embodiment. As shown in FIG.
4, a wavelength variation depending on a growth position
occurs between the LED chips 100 due to a process var-
iation and an installation variation in a process for growing
the LED chips 100 on the growth substrate 10. As aresult
of an experiment, a wavelength variation of about 2 nm
may occur between the LED chips 100 emitting red light
on the growth substrate 10; a wavelength variation of
about 3 to 5 nm may occur between the LED chips 100
emitting green light on the growth substrate 10; and a
wavelength variation of about 3 nm may occur between
the LED chips 100 emitting blue light on the growth sub-
strate 10.

[0051] Numbers"1","2","3" and "4" written on the LED
chips 100 in FIG. 3 indicate the order in which they are
picked up by the donor substrate 20. Thus, the LED chips
100 having the same number are simultaneously select-
ed in a pick-up operation of the corresponding order. A
pitch PI’ between the LED chips 100 of the same number
(i.e., the same order) corresponds to a pitch PI" between
the LED chips 100 finally transferred to the transfer sub-
strate 30.

[0052] In addition, "A", "B", "C" and "D" shown in FIG.
3 eachindicate LED chips 100 that are disposed adjacent
to one another and have a similar wavelength distribu-
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tion, as an area for convenience. The LED chips 100 of
the numbers "1","2", "3" and "4" disposed in an area "A"
have a relatively similar wavelength distribution, and the
LED chips 100 of the numbers "1", "2", "3" and "4" dis-
posed in an area "B" have a relatively similar wavelength
distribution. Further, the LED chips 100 of the numbers
", "2", "3" and "4" disposed in an area "C" have a rela-
tively similar wavelength distribution, and the LED chips
100 of the numbers "1", "2", "3" and "4" disposed in an
area "D" have a relatively similar wavelength distribution.
[0053] AsshowninFIG. 5A, the LED chips 100 labeled
with the number "1" in the areas A, B, C and D are trans-
ferred to preset locations in a first area A1 of the transfer
substrate 30 through a first pick-up/transfer process us-
ing the donor substrate 20. The LED chips 100 labeled
with the number "1" are disposed to be spaced from one
another by the preset pitch PI".

[0054] Asshownin FIG. 5B, the LED chips 100 labeled
with the number "2" in the areas A, B, C and D are trans-
ferred to preset locationsina second area A2 of the trans-
fer substrate 30 through a second pick-up/transfer proc-
ess using the donor substrate 20. The LED chips 100
labeled with the number "2" are disposed to be spaced
from one another by the preset pitch PI". The LED chip
100 of the first area A1 and the LED chip 100 of the
second area A2, which are disposed adjacent to a bound-
ary between the first area A1 and the second area A2,
are disposed to be spaced from each other by a preset
pitch.

[0055] AsshowninFIG.5C, the LED chips 100 labeled
with the number "3" in the areas A, B, C and D are trans-
ferred to preset locations in a third area A3 of the transfer
substrate 30 through a third pick-up/transfer process us-
ing the donor substrate 20. The LED chips 100 labeled
with the number "3" are disposed to be spaced from one
another by the preset pitch PI". The LED chip 100 of the
first area A1 and the LED chip 100 of the third area A3,
which are disposed adjacent to a boundary between the
first area A1 and the third area A3, are disposed to be
spaced from each other by a preset pitch.

[0056] AsshowninFIG. 5D, the LED chips 100 labeled
with the number "4" in the areas A, B, C and D are trans-
ferred to presetlocationsin afourth area A4 of the transfer
substrate 30 through a fourth pick-up/transfer process
using the donor substrate 20. The LED chips 100 labeled
with the number "4" are disposed to be spaced from one
another by the preset pitch PI". The LED chip 100 of the
second area A2 and the LED chip 100 of the fourth area
A4, which are disposed adjacent to a boundary between
the second area A2 and the fourth area A4, are disposed
to be spaced from each other by a preset pitch. Further,
the LED chip 100 of the third area A3 and the LED chip
100 of the fourth area A4, which are disposed adjacent
to a boundary between the third area A3 and the fourth
area A4, are disposed to be spaced from each other by
a preset pitch.

[0057] FIG. 6illustrates wavelength distributions of the
LED chips 100 on the transfer substrate 30 in the struc-
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ture shown in FIG. 5D. As shown in FIG. 6, wavelength
distributions of the LED chips 100 on the transfer sub-
strate 30 may have a particular rule. More specifically,
each of the first area A1, the second area A2, the third
area A3, and the fourth area A4 may have substantially
the same wavelength distribution as a wavelength distri-
bution of the LED chips 100 on the growth substrate 10.
Because the first area A1, the second area A2, the third
area A3, and the fourth area A4 regularly show the same
wavelength distribution as the wavelength distribution of
the growth substrate 10, a user can clearly perceive
boundaries of the first to fourth areas A1, A2, A3 and A4.
A boundary perception phenomenon may give a sense
of discontinuity and/or a sense of difference to the user
viewing the display device, resulting in a significant re-
duction in image immersion of the user. Thus, a method
for reducing the boundary perception phenomenon
needs to be proposed.

< Second Embodiment >

[0058] A second example embodiment of the disclo-
sure proposes a method for irregularly arranging LED
chips having a similar wavelength distribution on a trans-
fer substrate, in order to reduce a boundary perception
phenomenon. Namely, the second embodiment of the
disclosure proposes a method for irregularly distributing
LED chips having a similar wavelength distribution on a
transfer substrate while arranging the LED chips with di-
rectionality toward one direction on the transfer sub-
strate.

[0059] It is possible to consider a simple method for
selectively picking up LED chips grown on a growth sub-
strate one by one and irregularly arranging the LED chips
on atransfer substrate. However, because the LED chips
applied to embodiments of the disclosure are micro-ele-
ments of micro-size, there is a process limit to selectively
picking up the LED chips one by one. In this instance,
because a pick-up/transfer operation has to be repeat-
edly performed a number of times corresponding to the
number of pixels, an increase in manufacturing time and
manufacturing cost, a reduction in yield, and the like may
be caused.

[0060] FIG. 7 schematically illustrates a growth sub-
strate according to a second example embodiment on
which LED chips are grown. FIGS. 8A to 8D illustrate a
method of manufacturing an LED display in time series.
FIG. 9 schematically illustrates a wavelength distribution
inside a growth substrate. FIG. 10 schematically illus-
trates a wavelength distribution inside a transfer sub-
strate in a final structure shown in FIG. 8D. In the de-
scription of the second embodiment, a description of the
substantially same configuration as the first embodiment
is omitted.

[0061] Referringto FIG. 7, a plurality of LED chips 100
of micro-size is formed on a growth substrate 10 through
agrowth process. Hereinafter, an example where sixteen
LED chips 100 are arranged on the growth substrate 10
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is described for convenience of explanation. A separation
pitch Pl between the LED chips 100 on the growth sub-
strate 10 may be set to as small a pitch as possible in
the process.

[0062] In the second embodiment, the LED chips 100
having different directionalities are grown, unlike the first
embodiment. For example, the growth substrate 10 ac-
cording to the second embodiment may include a first
LED chip 101 and a second LED chip 102 each having
different directionality.

[0063] The directionality of the LED chip 100 may be
defined as a direction in which a current flows. For ex-
ample, when the LED chip 100 has a P-N junction struc-
ture, a direction from a first semiconductor layer to a sec-
ond semiconductor layer in which a current flows may be
defined as arrangement directionality of the LED chip
100. As another example, when the LED chip 100 has a
first electrode connected to the first semiconductor layer
and a second electrode connected to the second semi-
conductor layer, a direction from a position of the first
electrode to a position of the second electrode (adirection
or from a position of the second electrode to a position
of the first electrode) may be defined as arrangement
directionality of the LED chip 100. Here, the first electrode
may be an anode, and the second electrode may be a
cathode. The directionality of the LED chip 100 may be
defined by a shape of the LED chip 100, if necessary or
desired.

[0064] More specifically, the growth substrate 10 ac-
cording to the second embodiment includes the LED
chips 100 grown on one surface. The LED chips 100 may
be divided into a first group GR1, a second group GR2,
athird group GR3, and a fourth group GR4 each including
at least n LED chips 100, where n is an integer equal to
or greater than 2.

[0065] The first group GR1, the second group GR2,
the third group GR3, and the fourth group GR4 may be
arranged in a matrix. The second group GR2 may be
disposed adjacent to the first group GR1 in a first direc-
tion, and the third group GR3 may be disposed adjacent
to the first group GR1 in a second direction. The fourth
group GR4 may be disposed adjacent to the third group
GRa3 in the first direction and may be disposed adjacent
to the second group GR2 in the second direction.
[0066] Each of the first group GR1, the second group
GR2, the third group GR3, and the fourth group GR4
includes the first LED chip 101 arranged with direction-
ality toward the first direction and the second LED chip
102 with directionality toward the second direction. An
angle formed by a firstimaginary line extended in the first
direction and a second imaginary line extended in the
second direction is a right angle. This indicates that when
the first LED chip 101 is tilted by 90 °, the first LED chip
101 is arranged with the same directionality as the sec-
ond LED chip 102.

[0067] FIG. 7 illustrates that each of the first group
GR1, the second group GR2, the third group GR3, and
the fourth group GR4 includes a total of four LED chips
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including the first LED chip 101, the second LED chip
102, a third LED chip 103, and a fourth LED chip 104,
for convenience of explanation by way of example. How-
ever, embodiments are not limited thereto. The LED
chips 100 of the same number in each group are simul-
taneously picked up. Namely, the numbers given to the
LED chips 100 indicate the order in which they are picked
up by adonor substrate 20, and the LED chips 100 having
the same number are simultaneously selected in a pick-
up operation of the corresponding order.

[0068] The first LED chip 101 is arranged with the di-
rectionality toward the first direction. The second LED
chip 102 is arranged with the directionality toward the
second direction and corresponds to a configuration ob-
tained by titling the first LED chip 101 by 90 °. The third
LED chip 103 is arranged with the directionality toward
the first direction and corresponds to a configuration ob-
tained by titling the second LED chip 102 by 90 °. The
fourth LED chip 104 is arranged with the directionality
toward the second direction and corresponds to a con-
figuration obtained by titling the third LED chip 103 by 90

[0069] For example, the first LED chips 101 included
in the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are simultaneously
selected, picked up, and transported in a first pick-up
operation of the donor substrate 20 and are transferred
to pixels on a transfer substrate 30 with predetermined
directionality (forexample, thefirstdirection). The second
LED chips 102included in the firstgroup GR1, the second
group GR2, the third group GR3, and the fourth group
GR4 are simultaneously selected, picked up, and trans-
ported in a second pick-up operation of the donor sub-
strate 20 and are transferred to pixels on the transfer
substrate 30 with predetermined directionality (for exam-
ple, the first direction). The third LED chips 103 included
in the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are simultaneously
selected, picked up, and transported in a third pick-up
operation of the donor substrate 20 and are transferred
to pixels on the transfer substrate 30 with predetermined
directionality (for example, the first direction). The fourth
LED chips 104 included in the firstgroup GR1, the second
group GR2, the third group GR3, and the fourth group
GR4 are simultaneously selected, picked up, and trans-
ported in a fourth pick-up operation of the donor substrate
20 and are transferred to pixels on the transfer substrate
30 with predetermined directionality (for example, the first
direction).

[0070] The LED chips 104 that are finally arranged in
the pixels on the transfer substrate 30 have the same
directionality. Thus, directionality of the LED chips 100
on the growth substrate 10, which is different from the
directionality of the LED chips 100 transferred to the
transfer substrate 30, is adjusted, and then the LED chips
100 on the growth substrate 10 need to be transferred
to the transfer substrate 30. This is described in detail
below with reference to FIGS. 8A to 8D.
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[0071] As shown in FIG. 8A, the first LED chips 101 of
the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are transferred to
presetlocations in a first area A1 of the transfer substrate
30 through a first pick-up/transfer process using the do-
nor substrate 20. A pitch PI1’ between the first LED chips
101 on the growth substrate 10 corresponds to a pitch
P11" between the first LED chips 101 finally transferred
to the transfer substrate 30.

[0072] Asshownin FIG. 8B, the second LED chips 102
of the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are transferred to
preset locations in a second area A2 of the transfer sub-
strate 30 through a second pick-up/transfer process us-
ing the donor substrate 20. Before the second pick-
up/transfer process using the donor substrate 20, the
growth substrate 10 is rotated by 90 °. Hence, direction-
alities of the second LED chips 102, the third LED chips
103, and the fourth LED chips 104 are changed.

[0073] The directionality of the second LED chips 102
on the rotated growth substrate 10 is changed to the first
direction. The donor substrate 20 picks up and transports
the second LED chips 102, of which the directionality is
changed, and then transfers the second LED chips 102
to corresponding pixels of the transfer substrate 30 with
the directionality toward the first direction. A pitch P12’
between the second LED chips 102 on the growth sub-
strate 10 corresponds to a pitch PI12" between the second
LED chips 102 finally transferred to the transfer substrate
30. Reference mark "+" in FIGS. 8A to 8D is arbitrarily
denoted so that a rotation direction and a rotation degree
of the growth substrate 10 can be known.

[0074] As shown in FIG. 8C, the third LED chips 103
of the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are transferred to
presetlocationsin athird area A3 of the transfer substrate
30 through a third pick-up/transfer process using the do-
nor substrate 20. Before the third pick-up/transfer proc-
ess using the donor substrate 20, the growth substrate
10 is rotated by 90 °. Hence, directionalities of the third
LED chips 103 and the fourth LED chips 104 are
changed.

[0075] The directionality of the third LED chips 103 on
the rotated growth substrate 10 is changed to the first
direction. The donor substrate 20 picks up and transports
the third LED chips 103, of which the directionality is
changed, and then transfers the third LED chips 103 to
corresponding pixels of the transfer substrate 30 with the
directionality toward the first direction. A pitch P13’ be-
tween the third LED chips 103 on the growth substrate
10 corresponds to a pitch PI3" between the third LED
chips 103 finally transferred to the transfer substrate 30.
[0076] As shown in FIG. 8D, the fourth LED chips 104
of the first group GR1, the second group GR2, the third
group GR3, and the fourth group GR4 are transferred to
preset locations in a fourth area A4 of the transfer sub-
strate 30 through a fourth pick-up/transfer process using
the donor substrate 20. Before the fourth pick-up/transfer
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process using the donor substrate 20, the growth sub-
strate 10 is rotated by 90 °. Hence, directionality of the
fourth LED chips 104 is changed.

[0077] The directionality of the fourth LED chips 104
on the rotated growth substrate 10 is changed to the first
direction. The donor substrate 20 picks up and transports
the fourth LED chips 104, of which the directionality is
changed, and then transfers the fourth LED chips 104 to
corresponding pixels of the transfer substrate 30 with the
directionality toward the first direction. A pitch Pl4’ be-
tween the fourth LED chips 104 on the growth substrate
10 corresponds to a pitch Pl4" between the fourth LED
chips 104 finally transferred to the transfer substrate 30.
[0078] Referring again to FIG. 7, "A", "B", "C" and "D"
shown in FIG. 7 each indicate LED chips 100 that are
disposed adjacent to one another and have a similar
wavelength distribution, as an area for convenience. The
areas "A", "B", "C" and "D" may correspond to the first
group GR1, the second group GR2, the third group GR3,
and the fourth group GR4, respectively. The first to fourth
LED chips 101, 102, 103 and 104 in the area "A" have a
relatively similar wavelength distribution, and the first to
fourth LED chips 101, 102, 103 and 104 in the area "B"
have a relatively similar wavelength distribution. Further,
the first to fourth LED chips 101, 102, 103 and 104 in the
area "C" have a relatively similar wavelength distribution,
and the first to fourth LED chips 101, 102, 103 and 104
in the area "D" have a relatively similar wavelength dis-
tribution. FIG. 9 schematically illustrates a wavelength
distribution of the LED chips 100 on the growth substrate
10 according to the second embodiment.

[0079] Asdescribed above, inthe second embodiment
of the disclosure, because the LED chips 100 on the
growth substrate 10 are disposed with different direction-
alities, the directionalities of the LED chips 100 on the
growth substrate 10 need to be properly changed so that
the LED chips 100 are arranged on the transfer substrate
30 with one directionality. Hence, the second embodi-
ment described an example of rotating the growth sub-
strate 10 before the pick-up operation using the donor
substrate 20, in order to change the directionalities of the
LED chips 100 on the growth substrate 10. As described
above, because an operation of rotating the growth sub-
strate 10 is performed during the manufacturing process,
wavelength distributions of the LED chips 100 finally
transferred on the transfer substrate 30 are irregular un-
like the first embodiment.

[0080] Namely, as shown in FIG. 8D and FIG. 10 that
illustrates wavelength distributions of the LED chips 100
on the transfer substrate 30 in the structure shown in
FIG. 8D, the LED chips 100 having a similar wavelength
distribution are not arranged on the transfer substrate 30
like the LED chips of the first embodiment and are ar-
ranged in irregularly distributed manner. Hence, the sec-
ond embodiment ofthe disclosure can reduce aboundary
perception phenomenon in which boundaries of the first
area A1, the second area A2, the third area A3, and the
fourth area A4 are clearly perceived as described in the
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first embodiment. As a result, the second embodiment
of the disclosure provides an LED display capable of
maximizing immersion of the user while providing high
quality visual information.

< Third Embodiment >

[0081] FIGS. 11A and 11B illustrate examples of dis-
posing LED chips grown on a growth substrate according
to a third example embodiment. In the description of the
third embodiment, a description of the substantially same
configuration as the second embodiment is omitted.
[0082] Referringto FIG. 11A, in the third embodiment,
LED chips 100 having different directionalities are grown.
For example, a growth substrate 10 according to the third
embodiment may include a first LED chip 101 and a sec-
ond LED chip 102 each having different directionality.
[0083] More specifically, the growth substrate 10 ac-
cording to the third embodiment includes the LED chips
100 grown on one surface. The LED chips 100 may be
divided into a first group GR1, a second group GR2, a
third group GR3, and a fourth group GR4 each including
at least n LED chips 100, where n is an integer equal to
or greater than 2. The second group GR2 may be dis-
posed adjacent to the first group GR1 in a first direction,
and the third group GR3 may be disposed adjacent to
the first group GR1 in a second direction. The fourth
group GR4 may be disposed adjacent to the third group
GRa3 in the first direction and may be disposed adjacent
to the second group GR2 in the second direction.
[0084] Each of the first group GR1, the second group
GR2, the third group GR3, and the fourth group GR4
includes the first LED chip 101 arranged with direction-
ality toward the first direction and the second LED chip
102 arranged with directionality toward the second direc-
tion. An angle formed by a first imaginary line extended
in the first direction and a second imaginary line extended
in the second direction is aright angle. This indicates that
when the first LED chip 101 is tilted by 90 °, the first LED
chip 101 is arranged with the same directionality as the
second LED chip 102.

[0085] FIG. 11Bis a modified example of FIG. 11A and
schematically illustrates a structure of the first group
GR1. The second group GR2, the third group GR3, and
the fourth group GR4 each may have the same structure
as the first group GR1.

[0086] For example, as shown in (a) of FIG. 11B, the
first group GR1 may include p first LED chips 101, where
p is an integer equal to or greater than 2. As another
example, as shown in (b) of FIG. 11B, the first group GR1
may include q second LED chips 102, where q is an in-
teger equal to or greater than 2. As another example, as
shownin (c) of FIG. 11B, the first group GR1 may include
p first LED chips 101 and q second LED chips 102.
[0087] The LED chips 100 having the same number in
the groups are simultaneously picked up. Namely, the
numbers given to the LED chips 100 indicate the order
in which they are picked up by a donor substrate 20, and
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the LED chips 100 having the same number are simul-
taneously selected in a pick-up operation of the corre-
sponding order. The LED chips 100 picked up by the
donor substrate 20 are transferred to corresponding pix-
els on a transfer substrate 30.

[0088] The embodiments of the disclosure can effi-
ciently manufacture the relatively large-sized LED dis-
play using the relatively small-sized growth substrate.
Furthermore, the embodiments of the disclosure can
manufacture the LED display with the significantly im-
proved immersion of the user by efficiently reducing the
boundary perception phenomenon that may occur during
the manufacturing process of the LED display.

Claims
1. A growth substrate (10) comprising:

light emitting diode, LED, chips (100),

wherein the LED chips (100) are divided into n
groups each including p LED chips (100), where
each of the n and p is an integer equal to or
greater than 2,

wherein at least two of the n groups are adjacent
to each other,

wherein each of the n groups comprises a first
LED chip (101) having a directionality toward a
first direction and a second LED chip (102) hav-
ing a directionality toward a second direction dif-
ferent from the first direction.

2. The growth substrate of claim 1, wherein an angle
formed by a first imaginary line extended in the first
direction and a second imaginary line extended in
the second direction is less than a right angle.

3. The growth substrate of claim 1, wherein the first
LED chip (101) has the same directionality as the
second LED chip (102) that is tilted by 90 °.

4. The growth substrate of any one of claims 1 to 3,
wherein a pitch between the adjacent first LED chips
(101) or a pitch between the adjacent second LED
chips (102) is the same value.

5. The growth substrate of any one of claims 1 to 4,
wherein each of the n groups further comprises a
third LED chip (103) having a directionality toward
the first direction,
wherein the second LED chip (102) has the same
directionality as the third LED chip (103) that is tilted
by 90 °.

6. The growth substrate of claim 5, wherein each of the
n groups further comprises a fourth LED chip (104)
having a directionality toward the second direction,
wherein the third LED chip (103) has the same di-
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rectionality as the fourth LED chip (104) that is tilted
by 90 °.

The growth substrate of claim 6, wherein a pitch be-
tween the adjacent third LED chips (103) is constant,
and/or a pitch between the adjacent fourth LED chips
(104) is constant.

A method of manufacturing a light emitting diode dis-
play comprising:

providing a growth substrate (10) on which light
emitting diode, LED, chips (100) are grown, the
LED chips (100) being at least divided into first
to fourth groups; and

providing a transfer substrate (30) on which pix-
els having a preset pitch are arranged,
wherein the first to fourth groups are arranged
in a matrix,

wherein each of the first to fourth groups com-
prises a first LED chip (101) having a direction-
ality toward a first direction and a second LED
chip (102) having a directionality toward a sec-
ond direction different from the first direction.

The method of claim 8, wherein an angle formed by
a first imaginary line extended in the first direction
and a second imaginary line extended in the second
direction is a right angle.

The method of one of claims 8 or 9, further compris-
ing providing a donor substrate (20) configured to
selectively pick up some of the LED chips (100) be-
longing to the first to fourth groups and transfer the
picked-up LED chips (100) to corresponding pixels
on the transfer substrate (30).

The method of claim 10, wherein the providing of the
donor substrate (20) comprises:

selectively picking up the first LED chips (101)
of the first to fourth groups through a first pick-
up operation using the donor substrate (20); and
transferring the picked-up first LED chips (101)
to corresponding pixels of the transfer substrate
(30).

The method of claim 10 or 11, wherein the providing
of the donor substrate (20) further comprises:

rotating the growth substrate (10) by 90 ° to
change a directionality of the second LED chips
(102) of the first to fourth groups to the first di-
rection;

selectively picking up the second LED chips
(102) of the first to fourth groups through a sec-
ond pick-up operation using the donor substrate
(20); and
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transferring the picked-up second LED chips
(102) to corresponding pixels of the transfer sub-
strate (30).

The method of any one of claims 10 to 12, wherein
a pitch between the first LED chips (101) grown on
the growth substrate (10) is equal to a pitch between
the first LED chips (101) transferred to the transfer
substrate (30).

The method of any one of claims 10 to 13, wherein
a pitch between the second LED chips (102) grown
on the growth substrate (10) is equal to a pitch be-
tween the second LED chips (102) transferred to the
transfer substrate (30).

The method of any one of claims 10 to 14, wherein
a pitch between the first LED chip (101) and the sec-
ond LED chip (102) grown on the growth substrate
(10) is less than a pitch between the first LED chips
(101) or a pitch between the second LED chips (102)
transferred to the transfer substrate (30).
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