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(57) Abstract: Disclosed herein is a method of fabricating a light emitting device. The method includes forming a sacrificial layer on
a growth substrate; forming a mask pattern on the sacrificial layer; partially removing the sacrificial layer to form fine voids within
the sacrificial layer; forming a plurality of light emitting structures on the sacrificial layer while forming voids within the sacriticial
layer, the plurality of light emitting structures covering at least a portion of the mask pattern and being separated from each other;
bonding a sub-mount onto the plurality of light emitting structures; and separating the growth substrate from the plurality of light
emitting structures via chemical lift-off or stress lift-off, wherein the growth substrate is monolithically separated from the plurality
of light emitting structures. Thus, the method of fabricating a light emitting device has improved processability and productivity.
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Description
Title of Invention: METHOD OF FABRICATING LIGHT

EMITTING DEVICE
Technical Field

The present invention relates to a method of fabricating a light emitting device, and
more particularly, to a method of fabricating a light emitting device, which is formed

by separating a growth substrate from a plurality of light emitting structures.

Background Art

Light emitting devices refer to inorganic semiconductor devices configured to emit
light through recombination of electrons and holes, and have been recently applied to
various fields including displays, automobile lamps, general luminaires, and the like.

The light emitting devices can be classified into horizontal type, vertical type, and
flip-chip type light emitting devices according to structures thereof.

A horizontal type light emitting device includes a growth substrate disposed beneath
semiconductor layers and can be relatively easily fabricated. However, in the
horizontal type light emitting device, since the growth substrate is disposed below an
active layer, it is difficult to achieve efficient dissipation of heat generated during light
emission. Particularly, a sapphire substrate generally used as the growth substrate of
the horizontal type light emitting device has very low thermal conductivity, so that a
bonding temperature of the light emitting device increases, thereby causing efficiency
droop of the light emitting device. In addition, the horizontal type light emitting device
necessarily includes wires connected to the semiconductor layers, whereby an encap-
sulation material encapsulating the light emitting device is deteriorated by heat
generated from the wires, thereby causing deterioration in efficiency and reliability of
the light emitting device. Accordingly, the horizontal type light emitting device is not
suitable for a high output light emitting device to which high density current is applied.

To overcome such drawbacks of the horizontal type light emitting device, a flip-chip
type light emitting device directly bonded onto a sub-mount via bumps and the like
instead of the wires can be used. The flip-chip type light emitting device includes
electrodes directly bonded onto the sub-mount and does not employ wires, thereby
providing much higher heat dissipation efficiency than the horizontal type light
emitting device. Accordingly, the flip-chip type light emitting device allows effective
conduction of heat towards the sub-mount upon application of high density current,
and thus can be suitably applied to high output light emitting devices.

However, since the flip-chip type light emitting device has the growth substrate
disposed on a light exit face, the flip-chip type light emitting device suffers from dete-
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rioration in light extraction efficiency due to the growth substrate. To solve such
problems of the flip-chip type light emitting device, the growth substrate is removed
from the semiconductor layers. For example, US Patent No. 8,329,482 B2 and the like
disclose a flip-chip type light emitting device fabricated by removing the growth

substrate from the semiconductor layers.
In the flip-chip type light emitting device disclosed in US Patent No. 8,329,482 B2,

the growth substrate is removed from the semiconductor layers by a physical method,
such as grinding or etching, or laser lift-off. However, when the growth substrate is si-
multaneously separated from a plurality of light emitting device units by such a con-
ventional separation method, there are problems such as breakage of the growth
substrate or damage to the semiconductor layers. Accordingly, as disclosed in US
Patent No. 8,329,482 B2 and the like, a method of separating the growth substrate from
the semiconductor layers after dividing into a plurality of light emitting device units is
used in the art.

As aresult, in the conventional method of fabricating a flip-chip type light emitting
device, the growth substrate has to be separated from individual light emitting device
units, thereby providing a very complicated process and making it difficult to reuse the
growth substrate. Moreover, use of an expensive substrate such as a GaN substrate as
the growth substrate causes increase in manufacturing costs because the growth
substrate cannot be reused. Therefore, there is a need for a method of fabricating a

light emitting device that provides improved processability and productivity.
Disclosure of Invention

Technical Problem

Aspects of the present invention provide a method of fabricating a light emitting
device, which enables easy separation of a growth substrate from a plurality of light
emitting structures.

Other aspects of the present invention provide a method of fabricating a light
emitting device, which enables efficient fabrication of a plurality of light emitting
devices.

Further, other aspects of the present invention provide a method of fabricating a light
emitting device, which enables reuse of a growth substrate separated from light
emitting light emitting structures.

Solution to Problem

In accordance with one aspect of the present invention, a method of fabricating a
light emitting device comprises: forming a sacrificial layer on a growth substrate;
forming a mask pattern on the sacrificial layer; forming fine voids within the sacrificial

layer by partially removing the sacrificial layer; forming a plurality of light emitting
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structures on the sacrificial layer while forming voids within the sacrificial layer, the
plurality of light emitting structures at least partially covering the mask pattern and
being separated from each other; bonding a sub-mount onto the plurality of light
emitting structures; and separating the growth substrate from the plurality of light
emitting structures using chemical lift-off or stress lift-off, wherein the growth
substrate is monolithically separated from the plurality of light emitting structures, and
each of the light emitting structures comprises a first conductive type semiconductor
layer, a second conductive type semiconductor layer disposed on the first conductive
type semiconductor layer, and an active layer interposed between the first and second
conductive type semiconductor layers, and the second conductive type semiconductor
layer and the active layer are partially removed to expose a portion of the first
conductive type semiconductor layer.

In this way, the method according to the present invention enables monolithic
separation of the growth substrate from the plurality of light emitting structures,
thereby providing improved processability and productivity.

The method may further comprise dividing the sub-mount into a plurality of in-
dividual light emitting device units so as to correspond to the respective light emitting
structures, after separating the growth substrate from the plurality of light emitting
structures.

The method may further comprise forming a first electrode on an exposed region of
the first conductive type semiconductor layer and a second electrode on the second
conductive type semiconductor layer, before bonding the sub-mount, wherein the sub-
mount may be bonded onto the first and second electrodes.

The first electrode may comprise a first electrode pad and a first bump, and the
second electrode may comprise a second electrode pad and a second bump. An upper
surface of the first electrode is flush with an upper surface of the second electrode.

The sub-mount may comprise a first lead and a second lead electrically connected to
the first electrode and second electrode, respectively.

The using of chemical lift-off may comprise at least partially removing the mask
pattern by chemical etching.

Partial removal of the sacrificial layer to form the fine voids may comprise etching
the sacrificial layer via electrochemical etching (ECE), chemical etching (CE), or
photo enhanced chemical etching (PEC).

The voids may be formed by combination or expansion of the fine voids.

In some embodiments, one surface of the first conductive type semiconductor layer
exposed by separation of the growth substrate may comprise a roughness structure.

The method may further comprise forming a fine roughness structure on the one

surface of the first conductive type semiconductor layer exposed by separation of the
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growth substrate.
The formation of the fine roughness structure may comprise performing at least one

of wet etching and dry etching on the one exposed surface of the first conductive type
semiconductor layer to form the fine roughness structure.

In other embodiments, the method may further comprise removing the one exposed
surface of the first conductive type semiconductor layer to a predetermined thickness,
before forming the fine roughness structure.

The growth substrate may be a nitride substrate.

The method may further comprise forming an insulation layer filling a space between
the first electrode and side surfaces of the second conductive type semiconductor layer

and the active layer.

Advantageous Effects of Invention

According to the present invention, the method enables monolithic separation of a
growth substrate from a plurality of light emitting structures, thereby providing a
simple process, reducing process costs, and enabling easy manufacture of plural light
emitting devices through a single process. As a result, the method of fabricating a light
emitting device has improved processability and productivity.
Brief Description of Drawings

Figures 1 to 12 are sectional views illustrating a method of fabricating a light

emitting device in accordance with one embodiment of the present invention.

Mode for the Invention

Hereinafter, embodiments of the present invention will be described in more detail
with reference to the accompanying drawings. It should be understood that the
following embodiments are given by way of illustration only to provide a thorough un-
derstanding of the invention to those skilled in the art. Therefore, the present invention
is not limited to the following embodiments and may be embodied in different ways.
Further, the widths, lengths, and thicknesses of certain elements, layers or features may
be exaggerated for clarity.

It will be understood that when an element or layer is referred to as being "on" or
"connected to" another element or layer, it can be directly on or directly connected to
the other element or layer, or intervening elements or layers may be present. In
contrast, when an element is referred to as being "directly on" or "directly connected
to" another element or layer, there are no intervening elements or layers present. It will
be understood that for the purposes of this disclosure, "at least one of X, Y, and Z" can
be construed as X only, Y only, Z only, or any combination of two or more items X, Y,
and Z (e.g., XYZ, XYY, YZ, Z7).

Like components will be denoted by like reference numerals throughout the speci-



WO 2015/012513 PCT/KR2014/006091

[32]

[33]
[34]

[35]

[36]
[37]

[38]

[39]

[40]

fication

Figures 1 to 12 are sectional views illustrating a method of fabricating a light
emitting device in accordance with one embodiment of the present invention.

Referring to Figure 1, a sacrificial layer 120 is formed on a growth substrate 110.

The growth substrate 110 may be any substrate on which epitaxial layers 150 can be
grown. For example, the growth substrate 110 may be a sapphire substrate, a SiC
substrate, a silicon substrate, a GaN substrate, an AIN substrate, and the like. In this
embodiment, the growth substrate 110 may be a nitride substrate.

The sacrificial layer 120 may comprise a nitride semiconductor such as (Al, Ga,
In)N, and may be grown on the growth substrate 110 by metal organic chemical vapor
deposition (MOCVD), molecular beam epitaxy (MBE), hydride vapor phase epitaxy
(HVPE), or the like. In addition, the sacrificial layer 120 may comprise an N-type or P-
type nitride semiconductor layer, which has a high concentration of impurities. For
example, the sacrificial layer 120 may be an N-type GaN layer, which is doped with Si
in a concentration of 3x10'%/cm?® or more, preferably in a concentration of 3x10%/cm?
to 3x10"%/cm?. As the sacrificial layer 120 has N-type or P-type conductivity, it is
possible to form fine voids 141 in the sacrificial layer 120 through electrochemical
etching (ECE) described below.

Next, referring to Figure 2, a mask pattern 130 is formed on the sacrificial layer 120.

The mask pattern 130 comprises a plurality of openings 131, through which the sac-
rificial layer 120 is partially exposed. The mask pattern 130 may comprise an in-
sulation material, for example, SiO..

The mask pattern 130 may be formed on the sacrificial layer 120 by a deposition
process. For example, the mask pattern 130 may be formed on the sacrificial layer 120
by depositing a SiO, layer on the sacrificial layer 120 by e-beam evaporation, followed
by patterning the SiO, layer to form the openings 131. Alternatively, the mask pattern
130 comprising the openings 131 may be formed on the sacrificial layer 120 by de-
position using a photoresist pattern and lift-off.

In addition, the mask pattern 130 comprising the openings 131 may have various
pattern shapes. For example, with respect to an upper surface of the growth substrate
110, the mask pattern 130 may have a stripe shape, an island shape, a mesh shape, and
the like. Here, the present invention is not limited thereto, and the mask pattern 130
may be formed in various shapes as needed. According to the pattern shape of the
mask pattern 130, a region of the sacrificial layer 120 to be partially removed by the
following process will be defined. This will be described in more detail below.

Referring to Figure 3, the sacrificial layer 120 is partially removed to form the fine
voids within the sacrificial layer 120. Partial removal of the sacrificial layer 120 may

comprise partially etching the sacrificial layer 120 using, for example, electrochemical
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etching (ECE). As a result, the fine voids 141 can be formed within the sacrificial layer
120 in regions under the openings 131 and regions adjacent thereto.

For electrochemical etching, first, etching electrodes (not shown) are formed on the
sacrificial layer 120. For example, three In (indium) electrodes separated from each
other are formed thereon to be electrically connected to the sacrificial layer 120. Then,
the growth substrate 110 having the sacrificial layer 120 formed thereon and a negative
electrode (for example, a Pt electrode) are dipped in a solution. The solution may be an
electrolyte solution, which comprises, for example, oxalic acid, HF or NaOH. In
addition, when a predetermined voltage is applied to the etching electrodes and the
negative electrode, the sacrificial layer 120 is partially etched, thereby forming the fine
voids 141, as shown in Figure 3. In the electrochemical etching process, the mask
pattern may act as an etching mask, whereby the fine voids 141 can be mainly formed
within the sacrificial layer 120 in the regions under the openings 131 and the regions
adjacent thereto.

In the electrochemical etching process, the size and shape of the fine voids 141 can
be adjusted by selectively controlling the composition and concentration of the
solution, voltage application time, and applied voltage. For example, the fine voids 141
may be formed by partially etching the sacrificial layer 120 through continuous ap-
plication of a voltage in the range of 10~60V, or through sequential application of
different voltages in two stages. For example, a voltage of 9V may be applied for 180
seconds in a first stage electrochemical etching process and a voltage of 16.5V may be
applied for 180 seconds in a second stage electrochemical etching process. As a result,
relatively small fine voids can be initially formed and then relatively large fine voids
can be formed, as shown in Figure 3.

With the two-stage electrochemical etching process, the surface of the sacrificial
layer 120 can maintain good crystallinity, and relatively large fine voids can be formed
within the sacrificial layer 120, thereby providing advantages to the subsequent
process.

On the other hand, the etching electrodes (not shown) may be separately removed
after completion of electrochemical etching. In addition, regions of the sacrificial layer
120 under the etching electrodes may be removed by etching. The fine voids 141
formed in the regions of the sacrificial layer 120 under the etching electrodes may have
a lower density than those of other regions, or few fine voids may be formed in the
regions of the sacrificial layer 120 under the etching electrodes. The regions of the sac-
rificial layer 120 having a low density of the fine voids 141 can obstruct separation of
the growth substrate 110 in a process of separating the growth substrate 110 described
below. Accordingly, after completion of electrochemical etching, the etching

electrodes and the regions of the sacrificial layer 120 under the etching electrodes may
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be removed to facilitate separation of the growth substrate 110.

In this embodiment, the fine voids 141 are formed by electrochemical etching.
However, the present invention is not limited thereto. For example, the fine voids 141
may be also formed by chemical etching (CE), photo enhanced chemical etching
(PEC), and the like.

Referring to Figures 4 to 6, a plurality of light emitting structures 100 separated from
each other is formed on the sacrificial layer 120 to cover at least a portion of the mask
pattern 130. In addition, voids 140 may be formed in the sacrificial layer 120.

Specifically, referring to Figure 4, a first conductive type semiconductor layer 151
covering the mask pattern 130 is formed on the sacrificial layer 120.

The first conductive type semiconductor layer 151 may comprise a nitride semi-
conductor layer such as (Al, Ga, In)N, and may be grown on the sacrificial layer 120
by MOCVD, MBE, HVPE, or the like. The first conductive type semiconductor layer
151 may be grown using exposed regions of the sacrificial layer 120 under the
openings 131 as seeds. Thus, lateral overgrowth also occurs in formation of the first
conductive type semiconductor layer 151. Such growth of the first conductive type
semiconductor layer 151 including lateral overgrowth provides good crystallinity.

In addition, during growth of the first conductive type semiconductor layer 151, the
fine voids 141 may combine with each other or expand to form the voids 140. The
voids 140 have a larger scale than the fine voids 141. The voids 140 are mainly formed
in regions in which the fine voids 141 have been formed, and may be formed to have
an enlarged area over the regions in which the fine voids 141 have been formed. The
voids 140 may be mainly formed in the regions of the sacrificial layer 120 under the
openings 131.

Then, referring to Figure 5, an active layer 153 and a second conductive type semi-
conductor layer 155 are formed on the first conductive type semiconductor layer 151.

The active layer 153 and the second conductive type semiconductor layer 155 may
comprise nitride semiconductor layers such as (Al, Ga, In)N, and may be grown on the
first conductive type semiconductor layer 151 by MOCVD, MBE, HVPE, or the like.

The active layer 153 may have a multi-quantum well (MQW) structure, and the
elements and composition of semiconductor layers forming the multi-quantum well
structure may be adjusted such that light having a desired peak wavelength can be
emitted from the semiconductor layers. The first conductive type semiconductor layer
151 may be an N-type semiconductor layer, which is doped with N-type impurities (for
example, Si), and the second conductive type semiconductor layer 155 may be a P-type
semiconductor layer, which is doped with P-type impurities (for example, Mg), or vice
versa. In addition, the first conductive type semiconductor layer 151 may comprise an

undoped layer and a doped layer. When the first conductive type semiconductor layer
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151 is formed, the undoped layer is first formed and then the doped layer is formed,
whereby the first conductive type semiconductor layer 151 comprises multiple layers.
In this way, the undoped layer is first formed in formation of the first conductive type
semiconductor layer 151, thereby improving crystallinity of the first conductive type
semiconductor layer 151.

[53] In this way, the first conductive type semiconductor layer 151, the active layer 153
and the second conductive type semiconductor layer 155 are grown, thereby forming
the epitaxial layers 150 on the growth substrate 110.

[54] Hereinafter, with regard to the semiconductor layers 151, 153, 155 including nitride
semiconductor materials, descriptions of details apparent to a person having ordinary
knowledge in the art (hereinafter, "those skilled in the art") will be omitted.

[55] The method according to this embodiment may further comprise forming a
transparent electrode layer (not shown) on the second conductive type semiconductor
layer 155. The transparent electrode layer may comprise an ITO layer. The transparent
electrode layer can improve current spreading of the light emitting device fabricated by
the method according to the present invention.

[56] Referring to Figure 6, the epitaxial layers 150 are partially removed to form isolation
trenches 210. The isolation trenches 210 partially expose the upper surface of the sac-
rificial layer 120 and the mask pattern 130, and isolate the plurality of light emitting
structures 100 from each other. In addition, for each of the light emitting structures
100, the second conductive type semiconductor layer 155 and the active layer 153 are
partially removed to expose a portion of the upper surface of the first conductive type
semiconductor layer 151. As a result, each of the plural light emitting structures 100
comprises a mesa structure including the second conductive type semiconductor layer
155 and the active layer 153.

[57] The isolation trenches 210 may be formed by dry etching, such that the first
conductive type semiconductor layer 151 on the growth substrate is divided into a
plurality of first conductive type semiconductor layers 151 thereby.

[58] For each of the light emitting structures 100, partial removal of the second
conductive type semiconductor layer 155 and the active layer 153 may be carried out
by dry etching, which may be performed until the first conductive type semiconductor
layer 151 is partially exposed. Thus, the mesa structure formed by this process
comprises the second conductive type semiconductor layer 155 and the active layer
153, and may further comprise a portion of the first conductive type semiconductor
layer 151. In Figure 6, the mesa structure has a side surface perpendicular to a
horizontal plane. Alternatively, the mesa structure may have an inclined side surface.

[59] Referring to Figure 7, a first electrode 160 and a second electrode 170 may be

formed on the first conductive type semiconductor layer 151 and the second
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conductive type semiconductor layer 155 of each of the light emitting structures 100,
respectively. The first electrode 160 and the second electrode 170 are electrically
connected to the first conductive type semiconductor layer 151 and the second
conductive type semiconductor layer 155, respectively.

The first and second electrodes 160, 170 may be formed by deposition and lift-off.
For example, the first electrode 160 and the second electrode 170 may be formed by
forming a photoresist pattern covering other regions excluding regions allocated to the
first electrode 160 and the second electrode 170, followed by e-beam evaporation and
removal of the photoresist pattern. However, it should be understood that the present
invention is not limited thereto and various other methods known to those skilled in the
art may be used.

The first electrode 160 comprises a first electrode pad 161 and a first bump 163. The
first electrode pad 161 may be formed on the first conductive type semiconductor layer
151 to contact an upper surface thereof, and the first bump 163 is formed on the first
electrode pad 161 such that the first electrode 160 can extend upwards from the surface
of the first conductive type semiconductor layer 151. Further, the first electrode 160
may be separated from the side surface of the mesa structure, thereby preventing
electrical short circuit.

The first electrode pad 161 and the first bump 163 may comprise metal, for example,
at least one of Ni, Pt, Pd, Rh, W, Ti, Cr, Al, Ag and Au.

The second electrode 170 may comprise a second electrode pad 171 and a second
bump 173. The second electrode pad 171 may be formed on the second conductive
type semiconductor layer 155 to contact an upper surface of the second conductive
type semiconductor layer 155 while partially covering the upper surface thereof, and
the second bump 173 is formed on the second electrode pad 171 such that the second
electrode 170 can extend upwards from the surface of the second conductive type
semiconductor layer 155.

The second electrode pad 171 and the second bump 173 may comprise a metal, for
example, at least one of Ni, Pt, Pd, Rh, W, Ti, Cr, Al, Ag and Au.

The first electrode 160 may be formed to have an upper surface coplanar with an
upper surface of the second electrode 170. That is, the upper surface of the first
electrode 160 is flush with the upper surface of the second electrode 170, thereby fa-
cilitating a sub-mount bonding process.

On the other hand, an insulation layer (not shown) may be further formed to fill a
space between the first electrode 160 and the side surface of the mesa structure. The in-
sulation layer can more effectively prevent short circuit of the light emitting device due
to electrical contact between the first electrode 160 and the second conductive type

semiconductor layer 155 or the active layer 153.
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[67] In addition, the insulation layer can support the first conductive type semiconductor
layer 151 by filling the space between the first electrode 160 and the mesa structure.
Accordingly, when the growth substrate 110 is separated from the light emitting
structure 100, the insulation layer can prevent damage such as cracking of a region of
the first conductive type semiconductor layer 151 on the space between the first
electrode 160 and the mesa structure. Specifically, the region of the first conductive
type semiconductor layer 151 on the space between the first electrode 160 and the
mesa structure is relatively weakly supported and thus can be easily damaged due to
concentration of stress during separation of the growth substrate 110. Thus, the in-
sulation layer is formed to support this region of the first conductive type semi-
conductor layer, thereby preventing damage due to concentration of stress.

[68] In addition, the method of fabricating a light emitting device according to the present
invention may further comprise forming a reflective layer (not shown) on the second
conductive type semiconductor layer 155 before forming the second electrode 170. The
reflective layer can improve luminous efficacy by reflecting light emitted from the
active layer 153.

[69] The reflective layer may comprise a reflective metal layer (not shown) and a barrier
metal layer (not shown). Here, the barrier metal layer may be formed to cover the re-
flective metal layer.

[70] The reflective metal layer may serve to reflect light and may also act as an electrode
electrically connected to the second conductive type semiconductor layer 155. Ac-
cordingly, the reflective metal layer preferably comprises a material having high re-
flectivity and capable of forming ohmic contact. The reflective metal layer may
comprise a metal, for example, at least one of Ni, Pt, Pd, Rh, W, Ti, Al, Ag and Au.
Further, the barrier metal layer prevents inter-diffusion between the reflective metal
layer and other materials. Accordingly, the barrier metal can prevent increase in
contact resistance and deterioration in reflectivity due to damage to the reflective metal
layer. The barrier metal layer may comprise Ni, Cr and Ti, and may be formed as
multiple layers. The reflective metal layer and the barrier metal layer including such
metal may be formed by deposition such as e-beam evaporation and lift-off.

[71] Referring to Figure 8, a sub-mount 190 is formed on a plurality of light emitting
structures 100. The sub-mount 190 may be bonded onto the first electrode 160 and the
second electrode 170 to be bonded onto the plurality of light emitting structures 100.

[72] The plurality of light emitting structures 100 and the sub-mount 190 may be bonded
onto each other via first and second bonding layers 181, 183. The first and second
bonding layers 181 may be formed by solder bonding or eutectic bonding, and may
comprise, for example, Ag, Au, Sn, Cu, and the like.

[73] As for the sub-mount 190, any substrate capable of supporting the light emitting
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structures 100 may be used. For example, the sub-mount 190 may comprise an in-
sulation substrate, a conductive substrate, or a circuit substrate. Particularly, the sub-
mount 190 may be an AIN substrate having high thermal conductivity, or a Si substrate
having high processability.

The sub-mount 190 may comprise leads (for example, a first lead and a second lead)
electrically connected to the first electrode 160 and the second electrode 170. For
example, the sub-mount 190 may be a Si substrate including leads. As the sub-mount
190 comprises the leads, it is possible to fabricate a light emitting device package by
dividing the sub-mount 190 into individual light emitting device units in the following
process described below. Accordingly, it is also possible to fabricate a wafer-level
package using the fabrication method according to the present invention.

Next, referring to Figure 9, the growth substrate 110 is separated from the plurality of
light emitting structures 100.

Separation of the growth substrate 110 may be achieved by chemical lift-off or stress
lift-off. It should be understood that the present invention is not limited thereto.
Further, the growth substrate 110 is monolithically separated from the plurality of light
emitting structures 100.

Thus, as compared with a conventional method by which the growth substrate is
separated from each of individual light emitting device units, the present invention
enables separation of the entirety of the growth substrate 110, that is, at the wafer level,
thereby providing a simplified manufacturing process. Accordingly, the overall manu-
facturing process has improved productivity.

In addition, unlike the conventional technique in which the growth substrate 110 is
divided into the individual light emitting device units and then separated from the
semiconductor layers, the method according to the present invention allows monolithic
separation of the growth substrate 110 from the plurality of light emitting structures
100, thereby enabling reuse of the separated growth substrate 110. Reuse of the growth
substrate 110 can provide reduction of the overall process cost and, particularly, sig-
nificant reduction in process cost in the case of using an expensive growth substrate
such as a GaN substrate.

Separation of the growth substrate 110 by chemical lift-off may comprise at least
partial removal of the mask pattern 130 by chemical etching. When the mask pattern
130 comprises Si0O,, the mask pattern 130 may be removed by etching with a buffered
oxide etchant (BOE) or an etching solution containing HF. The etching solution can
etch the mask pattern 130 while diffusing on the overall surface of growth substrate
110 through the voids 140 as etching channels. As at least a portion of the mask pattern
130 is removed, separation occurs at an interface between the sacrificial layer 120 and

the first conductive type semiconductor layer 151. Furthermore, after removal of the
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[80]

[81]

[82]

[83]

[84]

[85]

mask pattern 130, stress is further applied to the interface between the sacrificial layer
120 and the first conductive type semiconductor layer 151, whereby the growth
substrate 110 can be more easily separated from the first conductive type semi-
conductor layer 151.

Separation of the growth substrate 110 by stress lift-off may comprise applying stress
to the interface between the sacrificial layer 120 and the first conductive type semi-
conductor layer 151. Since formation of the voids 140 can cause weakened bonding
between the sacrificial layer 120 and the first conductive type semiconductor layer
151, applied stress can be concentrated on the weakened portion. Accordingly, upon
application of stress, cracks can be generated in the mask pattern 130 between the sac-
rificial layer 120 and the first conductive type semiconductor layer 151, and the mask
pattern 130 can be separated and break by propagation of the cracks. As a result, the
growth substrate 110 can be separated {rom the first conductive type semiconductor
layer 151.

It should be understood that these methods of separating the growth substrate 110 are
provided for illustration and separation of the growth substrate 110 using other
methods known to those skilled in the art is also within the scope of the present
invention.

Then, referring to Figure 10, roughness R1 is formed on the upper surface of the first
conductive type semiconductor layer 151 exposed by separation of the growth
substrate 110.

The roughness R1 is formed on the upper surface of the first conductive type semi-
conductor layer 151 corresponding to the shape of the mask pattern 130. In this way,
since the roughness R1 can be naturally formed on the upper surface of the first
conductive type semiconductor layer 151 simply by separation of the growth substrate
110, it is possible to enhance light extraction efficiency of the light emitting device
without a separate process for forming roughness.

Referring to Figure 11, fine roughness R2 is additionally formed on the exposed
surface of the first conductive type semiconductor layer 151.

The fine roughness R2 may have an uneven roughness pattern and may be formed by
wet etching and the like. For example, the fine roughness R2 may be formed by photo-
chemical etching, photo enhanced chemical etching, etching using a sulfuric-
phosphoric acid solution, and the like. The size of the fine roughness R2 is determined
in various ways according to etching conditions, and may have an average height of
0.5 um or less. Formation of the fine roughness R2 results in further improved light ex-
traction efficiency of the semiconductor device fabricated by the method according to
the present invention. Furthermore, the fine roughness R2 can be formed by at least

one of wet etching and dry etching. For example, the fine roughness R2 may be formed
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[86]

[87]

[88]

[89]

[90]
[91]

by forming a predetermined roughness pattern through dry etching, followed by wet
etching, or otherwise, by dry etching the overall surface of the first conductive type
semiconductor layer 151 without using the mask pattern after wet etching.

On the other hand, before forming the fine roughness R2, the method may further
comprise physically or chemically removing residues from the surface of the first
conductive type semiconductor layer 151 and removing the surface of the first
conductive type semiconductor layer 151 to a predetermined thickness.

The surface of the first conductive type semiconductor layer 151 may be removed to
a thickness of, for example, about 7 ym to about 9 ym by dry etching and the like. As a
result, the roughness on the surface of the first conductive type semiconductor layer
151 may have a gentler slope than the roughness R1 before removal of the surface of
the first conductive type semiconductor layer 151.

Then, as shown in Figure 11, the sub-mount 190 is divided into a plurality of in-
dividual light emitting device 200 units along separation lines S in spaces between the
plurality of light emitting structures 100 so as to correspond to the respective light
emitting structures 100. As a result, a light emitting device 200 as shown in Figure 12
can be provided.

Although some embodiments have been described above, the present invention is not
limited to the aforementioned embodiments and features, and various modifications,
changes, and alterations can be made without departing from the spirit and scope of the

invention.
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Claims

A method of fabricating a light emitting device, comprising:

forming a sacrificial layer on a growth substrate;

forming a mask pattern on the sacrificial layer;

forming fine voids within the sacrificial layer by partially removing the
sacrificial layer;

forming a plurality of light emitting structures on the sacrificial layer
while forming voids within the sacrificial layer, the plurality of light
emitting structures at least partially covering the mask pattern and
being separated from each other;

bonding a sub-mount onto the plurality of light emitting structures; and
separating the growth substrate from the plurality of light emitting
structures using chemical lift-off or stress lift-off,

wherein the growth substrate is monolithically separated from the
plurality of light emitting structures,

wherein each of the light emitting structures comprises a first
conductive type semiconductor layer, a second conductive type semi-
conductor layer disposed on the first conductive type semiconductor
layer, and an active layer interposed between the first and second
conductive type semiconductor layers, and

the second conductive type semiconductor layer and the active layer are
partially removed to expose a portion of the first conductive type semi-
conductor layer.

The method of claim 1, further comprising:

dividing the sub-mount into a plurality of individual light emitting
device units so as to correspond to the respective light emitting
structures, after separating the growth substrate from the plurality of
light emitting structures.

The method of claim 1, further comprising:

forming a first electrode on an exposed region of the first conductive
type semiconductor layer and a second electrode on the second
conductive type semiconductor layer, before bonding the sub-mount,
wherein the sub-mount is bonded onto the first and second electrodes.
The method of claim 3, wherein the first electrode comprises a first
electrode pad and a first bump, and the second electrode comprises a
second electrode pad and a second bump, and

an upper surface of the first electrode is flush with an upper surface of
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the second electrode.

[Claim 5] The method of claim 3, wherein the sub-mount comprises a first lead
and a second lead electrically connected to the first electrode and
second electrode, respectively.

[Claim 6] The method of claim 1, wherein the using of chemical lift-off
comprises at least partially removing the mask pattern by chemical
etching.

[Claim 7] The method of claim 1, wherein partially removing the sacrificial layer
to form the fine voids comprises etching the sacrificial layer via elec-
trochemical etching (ECE), chemical etching (CE), or photo enhanced
chemical etching (PEC).

[Claim 8] The method of claim 7, wherein the voids are formed by combination
or expansion of the fine voids.

[Claim 9] The method of claim 1, wherein one surface of the first conductive type
semiconductor layer exposed by separation of the growth substrate
comprises a roughness structure.

[Claim 10] The method of claim 9, further comprising:
forming a fine roughness structure on the one surface of the first
conductive type semiconductor layer exposed by separation of the
growth substrate.

[Claim 11] The method of claim 10, wherein forming of the fine roughness
structure comprises performing at least one of wet etching and dry
etching on the exposed one surface of the first conductive type semi-
conductor layer.

[Claim 12] The method of claim 10, further comprising:
removing the exposed one surface of the first conductive type semi-
conductor layer to a predetermined thickness, before forming the fine

roughness structure.

[Claim 13] The method of claim 1, wherein the growth substrate is a nitride
substrate.
[Claim 14] The method of claim 3, further comprising:

forming an insulation layer filling a space between the first electrode
and side surfaces of the second conductive type semiconductor layer

and the active layer.
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