wO 2016/108422 A1 [N I NDF 0 000 O 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

7 July 2016 (07.07.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/108422 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
HO1L 33/22 (2010.01) HO1L 33/36 (2010.01)

International Application Number:
PCT/KR2015/012104

International Filing Date:
11 November 2015 (11.11.2015)

Filing Language: English
Publication Language: English
Priority Data:
10-2014-0195164

31 December 2014 (31.12.2014) KR

Applicant: SEQOUL VIOSYS CO., LTD. [KR/KR]; 65-
16, Sandan-ro 163beon-gil, Danwon-gu, Ansan-si,
Gyeonggi-do 15609 (KR).

Inventors: KIM, Min Kyu; 65-16, Sandan-ro 163beon-
gil, Danwon-gu, Ansan-si, Gyeonggi-do 15609 (KR).
YUN, Jun Ho; 65-16, Sandan-ro 163beon-gil, Dan-
won-gu, Ansan-si, Gyeonggi-do 15609 (KR). CHO, Sung
Ryoung; 65-16, Sandan-ro 163beon-gil, Danwon-gu, An-
san-si, Gyeonggi-do 15609 (KR).

Agent: AIP PATENT & LAW FIRM; 30-1, Teheran-ro
14-gil, Gangnam-gu, Seoul 06239 (KR).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KZ,
LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: VERTICAL LIGHT EMITTING DIODE WITH V-PIT CURRENT SPREADING MEMBER AND MANUFACTUR-
ING METHOD OF THE SAME

™~ 130

142

144 140

L] 146

—~-200

(57) Abstract: Disclosed are a vertical type light emitting diode and a method of fabricating the same. The vertical type light emit -
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Description

Title of Invention: VERTICAL LIGHT EMITTING DIODE WITH

[1]

[2]

[3]

[4]

[5]
[6]

V-PIT CURRENT SPREADING MEMBER AND MANU-

FACTURING METHOD OF THE SAME
Technical Field

Exemplary embodiments relates to a vertical type light emitting diode and a method
of fabricating the same, and more particularly, to a vertical type light emitting diode
which includes high-resistance V-pits formed in electric current leakage region to

improve withstand voltage characteristics.

Background Art

Generally, a light emitting diode directly converts electric current into light using a
principle that electrons supplied from an n-type semiconductor layer are recombined
with holes supplied from a p-type semiconductor layer to emit light upon application
of voltage to semiconductor layers composed of the p-type semiconductor layer, an
active layer, and the n-type semiconductor layer. Such a light emitting diode has good
energy conversion efficiency, long lifespan, and excellent light directivity, and can be
driven at low voltage. In addition, since light emitting diodes do not require preheating
time and a complex drive circuit and can withstand impact and vibration, the light
emitting diodes are regarded as a next-generation light source to replace existing light
sources such as incandescent lamps, fluorescent lamps, and mercury lamps.

Although luminous efficacy of the light emitting diode generally depends upon
internal quantum efficiency and extraction efficiency, it is more important to allow
voltage to be normally applied to the light emitting diode than other factors.

Particularly, unlike a lateral type light emitting diode, a vertical type light emitting
diode is fabricated by a process of growing epitaxial layers on a sapphire substrate 11,
as shown in Figure 1, followed by removing the sapphire substrate. In addition, an n-
electrode is formed to face a p-electrode. Further, since threading dislocation of a
nitride semiconductor layer 13 grown on the sapphire substrate 11 due to a difference
in lattice parameter between the nitride semiconductor layer and the sapphire substrate
coincides with the direction in which electric current flows upon operation of the light
emitting diode, current leakage is more likely to increase. Such threading dislocation
reduces a probability of recombination between electrons and holes, thereby causing
reduction in electrical properties of the light emitting diode and thus deterioration in
luminous efficacy.

**Prior Literature

*Patent Document
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Korean Patent Publication No. 10-2014-0049273 A (Publication Date: April 25,
2014)
Disclosure of Invention

Technical Problem

Exemplary embodiments provide a vertical type light emitting diode which can
minimize deterioration in electrical characteristics caused by defects due to a
difference in lattice parameter between a sapphire substrate and semiconductor layers,
and a method of fabricating the same.

Exemplary embodiments provide a vertical type light emitting diode which exhibits
substantially enhanced light extraction efficiency by removing a substrate having un-
evenness such that the unevenness is transferred to a surface of an n-type semi-

conductor layer.

Solution to Problem

In accordance with one aspect of the present disclosure, a vertical type light emitting
diode includes: a support substrate; a p-type electrode formed on the support substrate;
a p-type semiconductor layer formed on the p-type electrode; an active layer formed on
the p-type semiconductor layer; an n-type semiconductor layer formed on the active
layer; a nitride semiconductor layer formed on the n-type semiconductor layer and
having V-pits filled with the nitride semiconductor layer; and an n-type electrode
formed on the nitride semiconductor layer, wherein a plurality of protrusions formed
on a growth substrate for growing the nitride semiconductor layer causes the V-pits to
be formed in alignment with the plurality of protrusions, and V-pit regions have higher
resistance than surrounding regions.

The nitride semiconductor layer may be further formed with a plurality of convex/
concave portions by etching, and the V-pits may be formed between a lower surface of
the n-type electrode and the active layer. In addition, the n-type electrode may be
formed on a region of the n-type semiconductor layer remaining after partial removal
of the n-type semiconductor layer including the V-pits.

In accordance with another aspect of the present disclosure, a method of fabricating a
vertical type light emitting diode includes: forming a first nitride semiconductor layer
on a growth substrate having a plurality of protrusions formed on a surface thereof
such that the plurality of protrusions are exposed; forming a second nitride semi-
conductor layer on the first nitride semiconductor layer such that the second nitride
semiconductor layer covers upper portions of the plurality of protrusions and the first
nitride semiconductor layer so as to be formed with V-pits; forming an n-type semi-
conductor layer on the second nitride semiconductor layer such that the V-pits are

filled with the n-type semiconductor layer; forming an active layer on the n-type semi-
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conductor layer; and forming a p-type semiconductor layer on the active layer, wherein

the V-pits may be formed above the plurality of protrusions, respectively.
The method may further include: removing the growth substrate and the first nitride

semiconductor layer; and forming an electrode on the exposed second nitride semi-
conductor layer.

The method may further include: performing dry or wet etching such that a plurality
of convex/concave portions are formed on the exposed second nitride semiconductor
layer, wherein the electrode may be formed on the second nitride semiconductor layer
having the plurality of convex/concave portions formed thereon.

The second nitride semiconductor layer may be etched to allow the V-pits to remain
only in a partial region thereof, and the electrode is formed on the second nitride semi-
conductor layer having the remaining V-pits.

V-pit regions having the V-pits formed therein may have higher resistance than sur-
rounding regions; the first nitride semiconductor layer may be a low-concentration
doped layer; and the second nitride semiconductor layer may be a high-concentration

doped layer.
Advantageous Effects of Invention

According to exemplary embodiments, a substrate having a plurality of protrusions is
removed such that the protrusions of the substrate are transferred to an n-type semi-
conductor layer, thereby substantially improving light extraction efficiency of a light
emitting diode.

In a vertical type light emitting diode in the related art, dislocations are concentrated
at tips of the plurality of protrusions, thereby causing increase in current leakage, and
electrodes are disposed to face each other, thereby causing increase in current leakage.
However, in a vertical type light emitting diode according to the exemplary em-
bodiments, V-pits aligned with the plurality of protrusions are formed above the
plurality of protrusions of a sapphire substrate, which is a growth substrate, whereby
current paths can be formed between V-pit regions having higher resistance than sur-
rounding regions to allows electric current to intensively flow through the current
paths, thereby improving leakage characteristics of the vertical type light emitting
diode while increasing VR.

Brief Description of Drawings

Figure 1 is a view of a typical vertical type light emitting diode.

Figure 2 is a view of a vertical type light emitting diode according to one exemplary
embodiment of the present disclosure.

Figure 3 is a view of a V-pit of the vertical type light emitting diode according to the

exemplary embodiment of the present disclosure, showing a thickness of an inclined
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surface of the V-pit when the V-pit is completely filled with an n-type semiconductor

layer.
Figures 4 to 7 are views illustrating a method of fabricating a vertical type light

emitting diode according to one exemplary embodiment of the present disclosure.
Figure 8 is a view of a vertical type light emitting diode according to another
exemplary embodiment of the present disclosure.
Figure 9 is a graph depicting VR characteristics of a vertical type light emitting diode

according to one exemplary embodiment of the present disclosure.

Mode for the Invention

Hereinafter, exemplary embodiments of the present disclosure will be described in
detail with reference to the accompanying drawings.

Figure 2 is a view of a vertical type light emitting diode according to one exemplary
embodiment of the present disclosure.

A vertical type light emitting diode 100 according to this embodiment includes a
support substrate 200, a p-type semiconductor layer146, an active layer 144, an n-type
semiconductor layer 142, and a second nitride semiconductor layer 130.

The support substrate 200 may be an insulating substrate, a conductive substrate, or a
circuit board. For example, the support substrate 200 may be a sapphire substrate, a
gallium nitride substrate, a glass substrate, a silicon carbide substrate, a silicon
substrate, a metal substrate, or a ceramic substrate. In addition, the support substrate
200 may be bonded to the p-type semiconductor layer 146. In this structure, a bonding
layer (not shown) may be disposed between the support substrate 200 and the p-type
semiconductor layer 146 to bond the support substrate to the p-type semiconductor
layer.

Here, the bonding layer may include a metallic material. Further, a reflective layer
(not shown) may be formed between the support substrate 200 and the p-type semi-
conductor layer 146. The reflective layer may include a reflective metal layer and a
barrier metal layer, wherein the reflective metal layer may be covered with the barrier
metal layer. In addition, a transparent electrode may be formed between the support
substrate 200 and the p-type semiconductor layer 146.

The p-type semiconductor layer 146 may be a semiconductor layer doped with p-type
dopants such as Mg. The p-type semiconductor layer 146 may be formed on the
support substrate 200, have a monolayer or multilayer structure, and include a p-type
clad layer and a p-type contact layer. In addition, a transparent electrode such as ITO
may be disposed on the p-type nitride semiconductor layer.

The active layer 144 emits light having a certain energy level through recombination

of electrons and holes and is disposed on the p-type semiconductor layer 146. The
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active layer 144 may have a single-quantum well structure or a multi-quantum well
(MQW) structure in which quantum barrier layers and quantum well layers are al-
ternately stacked one above another. The quantum barrier layer may be a semi-
conductor layer formed of a nitride such as GaN, InGaN, AlGaN or AllnGaN and
having a wider bandgap than the quantum well layer. In one exemplary embodiment,
the quantum barrier layer may be formed of AllnGaN to enhance recombination ef-
ficiency of carriers.

The quantum well layer may be a nitride semiconductor layer having a narrower
bandgap than the quantum barrier layer. For example, the quantum well layer may be a
gallium nitride-based semiconductor layer formed of, for example, InGaN. A com-
position ratio for adjustment of bandgap may depend upon desired light wavelength.

The n-type semiconductor layer 142 is a nitride-based semiconductor layer doped
with n-type dopants and may be, for example, a Si-doped nitride semiconductor layer.
The n-type semiconductor layer 142 may be doped with Si in a concentration of
SE17/em3 to SE19/cm3. The n-type semiconductor layer 142 may be formed by
MOCVD, for example, by supplying a metal source gas to a chamber, followed by
growth at 100°C to 1200°C (for example, at 1050°C to 1100°C) at a growth pressure of
150 Torr to 200 Torr.

The second nitride semiconductor layer 130 is disposed on the n-type semiconductor
layer 142 and may be doped with n-type dopants in a higher concentration than the n-
type semiconductor layer 142. Since the nitride semiconductor layer 130 is grown on a
growth substrate 110 with a plurality of protrusions 112 exposed thereon, V-pits V
aligned with the plurality of protrusions 112 of the growth substrate 110 are formed at
an interface between the second nitride semiconductor layer 130 and the n-type semi-
conductor layer 142. Formation of the V-pits V in the second nitride semiconductor
layer 130 will be described below. V-pit regions having the V-pits formed therein are
more difficult to dope with Si than the surrounding regions and thus have higher re-
sistance than surrounding regions. Specifically, this is because an inclined surface of
the V-pit V is semi-polar and thus makes it more difficult for Si to penetrate crystals
than a horizontal surface having polarity.

In addition, as shown in Figure 3, when a surface of the second nitride semiconductor
layer having the V-pits V is subjected to doping, since a thickness t3 of the inclined
surface of the V-pit V in a direction perpendicular to the inclined surface is smaller
than a thickness t1 of the horizontal surface thereof, the V-pit regions are doped at a
relatively low level and thus exhibit increased resistance. Here, although the thickness
t1 of the horizontal surface is the same as or similar to the thickness t2 of the inclined
surface in the vertical direction, the thickness t3 of the inclined surface is smaller than

the thickness t1 of the horizontal surface.
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Further, a plurality of jagged cones is formed on an upper surface of the second
nitride semiconductor layer 130 by etching. An n-type electrode 150 may be formed on
the etched second nitride semiconductor layer 130. Further, the plurality of jagged
cones may be formed around the n-type electrode 150 rather than being formed at a
portion at which the n-type electrode 150 is to be formed. Here, the plurality of cones
is different from unevenness resulting from removal of the growth substrate. The
plurality of cones and the unevenness may overlap each other, and the plurality of
cones may be smaller in unit size than the unevenness.

As described above, since the V-pit regions formed in the second nitride semi-
conductor layer have higher resistance than the surrounding regions, current paths C
can be formed between the adjacent V-pits V to allow electric current to intensively
flow therethrough upon application of electric current through the n-type electrode
150. As a result, reverse voltage VR can be increased, thereby reducing current leakage
while improving withstand voltage characteristics.

Figures 4 to 7 are views illustrating a method of fabricating a vertical type light
emitting diode 100 according to one exemplary embodiment of the present disclosure.

A method of fabricating a vertical type light emitting diode according to one
exemplary embodiment will be described with reference to Figures 4 to 7, and Figure 2
will also be referred to, as needed.

Referring to Figure 4, a first nitride semiconductor layer 120 is grown on a growth
substrate 110. The growth substrate 110 is not particularly limited so long as the
substrate allows a luminous structure 140 to grow thereon. For example, the growth
substrate may be a sapphire substrate, a silicon carbide substrate, a silicon substrate, a
gallium nitride substrate, or an aluminum nitride substrate. In this exemplary em-
bodiment, the growth substrate 110 is a patterned sapphire substrate (PSS). The
sapphire substrate is patterned to have a plurality of protrusions 112. Although the
plurality of protrusions 112 is shown as having a hemispherical shape, the plurality of
protrusions may be formed in various shapes, as needed.

As described above, the first nitride semiconductor layer 120 is grown on the growth
substrate 110 with the plurality of protrusions 112 formed thereon. Here, the first
nitride semiconductor layer 120 is grown only between the plurality of protrusions 112
rather than being grown over the entirety of the growth substrate 110. In other words,
the first nitride semiconductor layer 120 is grown three-dimensionally such that upper
sides of the plurality of protrusions 112 are exposed. Here, the first nitride semi-
conductor layer 120 may include GaN. When the growth substrate 110 is a sapphire
substrate, the first nitride semiconductor layer 120 may serve as both a nucleation layer
allowing growth of other semiconductor layers and a buffer layer relieving stress due

to a difference in lattice parameter between the sapphire substrate and other semi-
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conductor layers.

Referring to Figure 5, a second nitride semiconductor layer 130 is grown on the first
nitride semiconductor layer 120. As described above, the second nitride semiconductor
layer 130 includes silicon. The second nitride semiconductor layer 130 is grown two-
dimensionally to cover the first nitride semiconductor layer 120 and the growth
substrate 110. Here, the plurality of protrusions 112 of the growth substrate 110 causes
V-pits V to be formed above the plurality of protrusions. This is because the plurality
of protrusions 112 allows threading dislocations to be generated above the plurality of
protrusions, thereby making it difficult to achieve silicon doping in regions above the
plurality of protrusions.

N-type dopants doped in a high concentration can cause deterioration in crystal
quality. Thus, the underlying first nitride semiconductor layer 120 may be doped with
the n-type dopants in a lower concentration than the second nitride semiconductor
layer 130. On the other hand, the second nitride semiconductor layer 130 has the V-pits
V causing difference in resistance and thus may be doped with the n-type dopants in a
higher concentration than upper and lower layers adjacent thereto.

The V-pits V may be formed above the plurality of protrusions formed on the growth
substrate 110 to be aligned with the plurality of protrusions 112, respectively.

Referring to Figure 6, a luminous structure 140 is grown on the second nitride semi-
conductor layer 130 having the V-pits V to fill the V-pits V. Here, the V-pits V formed
in the second metal compound are filled with the n-type semiconductor layer 142.

Referring to Figure 7, after completion of growth of the luminous structure 140, the
growth substrate 110 is separated and removed together with the first nitride semi-
conductor layer 120. In one exemplary embodiment, the growth substrate may be
separated and removed from the luminous structure 140 by laser lift-off, chemical lift-
off, stress lift-off, thermal lift-off, lapping, or the like. Here, Figure 7 shows a stack
structure rotated 180 degrees after removing the growth substrate 110 and the first
nitride semiconductor layer 120 shown in Figure 6.

After the growth substrate 110 is separated and removed as shown in Figure 7, a
plurality of cones may be formed by etching an upper surface of the first nitride semi-
conductor layer 120. Here, the plurality of cones formed by etching the first nitride
semiconductor layer 120 may be formed over the entire surface of a first metal
compound or may be formed only at a portion other than a region in which the n-type
electrode 150 is to be formed, as shown in Figure 2.

Figure 8 is a view of a vertical type light emitting diode according to another
exemplary embodiment of the present disclosure.

A vertical type light emitting diode 100 according to this exemplary embodiment

includes a support substrate 200, a p-type semiconductor layer 146, an active layer
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144, an n-type semiconductor layer 142, and a second nitride semiconductor layer 130.
In description of the vertical type light emitting diode 100 according to this em-
bodiment, descriptions of the same components as those of the above embodiment will
be omitted.

The vertical type light emitting diode 100 according to this exemplary embodiment is
fabricated by processes as shown in Figs 4 to 7, as in the vertical type light emitting
diode 100 according to the above embodiment. However, etching of the second nitride
semiconductor layer 130 is performed until the second nitride semiconductor layer 130
is entirely removed excluding a region in which an n-type electrode 150 is to be
formed, and the n-type semiconductor layer 142 is partially exposed. As a result, a
plurality of cones may be formed on an upper surface of the exposed n-type semi-
conductor layer 142. The n-type electrode 150 is formed on the second nitride semi-
conductor layer 130 having no cone formed thereon.

Since the n-type electrode 150 is formed as above, the second nitride semiconductor
layer 130 is present only under the n-type electrode 150, with the V-pits V remaining
in the second nitride semiconductor layer 130. Thus, when electric current applied
through the n-type electrode 150 flows through the second nitride semiconductor layer
130, current paths C are formed between V-pit regions, whereby the electric current
can be applied to a luminous structure 140 through the current paths C.

As such, the V-pits V are disposed on a region under the n-type electrode 150, i.e. a
region where leakage is most likely to occur, thereby providing intensive leakage
protection. On the other hand, in other regions, the thickness of the n-type semi-
conductor layer 142 may be decreased to reduce the length of an optical path, thereby
improving light extraction efficiency.

Figure 9 is a graph depicting VR characteristics of a vertical type light emitting diode
according to one exemplary embodiment of the present disclosure.

In order to identify VR characteristics of a vertical type light emitting diode 100
according to one exemplary embodiment of the present disclosure, a 2" MP chip and a
4" RD chip were used. The 2" MP chip had a power output of 598 mW, a Vf of 2.99V,
and a VR of 21.08, and the 4" RD chip (PSS Sub.) had a power output of 614 mW, a
Vfiof 2.99V, and a VR of 28.08.
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4" M+S PSS Sub. Data
Lot ID W/F No. Yield VF WD PO VR
VI14KO017A  |R141017059B04 (86.50% 291 [454.99 |625.19 [27.65
V14K017AR14101 [86.80% |2.92 |454.07 |619.8 28.28
7059B05
V14K017AR14101 [89.40% |2.91 |454.53 |619.61 |27.97
7059B07
V14KO017AR14101 |76.50% [2.93 |454.66 |615.33 |28.3
7059B10
V14K017AR14101 [80.50% |2.91 |452.81 |616.32 |27.43
7059B11
V14K017AR14101 [68.10% |2.9 45277 162492  |28.65
7059B14
VI4KO018A  [R141017059C03 [91.30% |2.88 [453.28 [626.67 [28.81
V14K018AR14101 |80.50% [2.88  |453.7 624.24 [28.16
7059C04
V14K018AR14101 [82.60% |2.9 452.82 162396 |28.09
7059C06
V14K018AR14101 |90.40% [2.87 |454.37 |620.75 |28.15
7059C07
V14K018AR14101 [75.00% |2.88 |454.14 |612.82 |27.87
7059C12
V14K018AR14101 |65.70% [2.87 |453.53 |616.33 |28.47
7059C13
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VI4KO0I9A |R141018059A04 |61.70% |2.88 |[453.72 |626.59 |(28.22
VI4KO019AR14101 |92.30% [2.89 45349 |624.35 |28.35
8059A07
V14KO019AR14101 |96.20% [2.88 |454.98 |620.01 |27.76
8059A08
V14KO019AR14101 |90.60% |2.87 |454.95 |622.68 |28.76
8059A10
V14KO019AR14101 |90.20% [2.89 |454.99 |615.13 |27.16
8059A11
VI14KO019AR14101 |65.90% [2.89 |454.63 |617.63 |27.45
8059A14
Total Average 81.70% |2.89 |454.02 |620.69 |28.08
[56] From test results, it was confirmed that the 4" RD chip using a patterned sapphire

[57]

— /e e o
o N e Ne NEe N e NEe TRV
AN B W NN = O O

substrate (PSS) had a VR of 28.08 V and was thus enhanced in VR by 30% as
compared with the 2" MP chip which had a VR of 21.08V. Here, the 2" MP chip was
fabricated using a non-patterned flat sapphire substrate, and the 4"RD chip was

fabricated using a patterned sapphire substrate. In total, eighteen 2" MP chips and

eighteen 4" RD chips were used in the test.

Although some embodiments and features of the present disclosure have been

described above, it should be understood that these embodiments and features are

given for illustration only and are not to be construed in any way as limiting the

present disclosure. Therefore, the scope and sprit of the present disclosure should be

defined only by the accompanying claims and equivalents thereof.

<List of Reference Numerals>

100: Vertical type light emitting diode
110: Growth substrate 112: Protrusion

120: First nitride semiconductor layer

130: Second nitride semiconductor layer

140: Luminous structure 142: N-type semiconductor layer

144: Active layer 146: P-type semiconductor layer
150: Electrode 200: Support substrate

V: V-pit D: Threading dislocation

C: Current path
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Claims
A vertical type light emitting diode comprising:

a support substrate;

a p-type electrode formed on the support substrate;

a p-type semiconductor layer formed on the p-type electrode;

an active layer formed on the p-type semiconductor layer;

an n-type semiconductor layer formed on the active layer;

a nitride semiconductor layer formed on the n-type semiconductor layer
and having V-pits filled with the nitride semiconductor layer; and

an n-type electrode formed on the nitride semiconductor layer,

wherein a plurality of protrusions formed on a growth substrate for
growing the nitride semiconductor layer causes the V-pits to be formed
in alignment with the plurality of protrusions, and

V-pit regions having the V-pits formed therein have higher resistance
than surrounding regions.

The vertical type light emitting diode according to claim 1, wherein the
nitride semiconductor layer is further formed with a plurality of
convex/concave portions by etching.

The vertical type light emitting diode according to claim 1, wherein the
V-pits are formed between a low surface of the n-type electrode and the
active layer.

The vertical type light emitting diode according to claim 1, wherein the
n-type electrode is formed on a region of the n-type semiconductor
layer remaining after partial removal of the n-type semiconductor layer
including the V-pits.

A method of fabricating a vertical type light emitting diode,
comprising:

forming a first nitride semiconductor layer on a growth substrate
having a plurality of protrusions formed on a surface thereof such that
the plurality of protrusions are exposed;

forming a second nitride semiconductor layer on the first nitride semi-
conductor layer such that the second nitride semiconductor layer covers
upper portions of the plurality of protrusions and the first nitride semi-
conductor layer so as to be formed with V-pits;

forming an n-type semiconductor layer on the second nitride semi-
conductor layer such that the V-pits are filled with the n-type semi-

conductor layer;
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forming an active layer on the n-type semiconductor layer; and

forming a p-type semiconductor layer on the active layer,

wherein the V-pits are formed above the plurality of protrusions, re-
spectively.

The method of fabricating a vertical type light emitting diode according
to claim 5, further comprising:

removing the growth substrate and the first nitride semiconductor layer;
and

forming an electrode on the exposed second nitride semiconductor
layer.

The method of fabricating a vertical type light emitting diode according
to claim 6, further comprising:

performing dry or wet etching such that a plurality of convex/concave
portions are formed on the exposed second nitride semiconductor layer,
wherein the electrode are formed on the second nitride semiconductor
layer having the plurality of convex/concave portions formed thereon.
The method of fabricating a vertical type light emitting diode according
to claim 7, wherein the second nitride semiconductor layer is etched to
allow the V-pits to remain only in a partial region thereof, and the
electrode is formed on the second nitride semiconductor layer having
the remaining V-pits.

The method of fabricating a vertical type light emitting diode according
to claim 5, wherein V-pit regions having the V-pits formed therein have
higher resistance than surrounding regions.

The method of fabricating a vertical type light emitting diode according
to claim 5, wherein the first nitride semiconductor layer is a low-
concentration doped layer and the second nitride semiconductor layer is

a high-concentration doped layer.
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