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(57) Abstract: A light emitting diode includes: a light emitting structure including a second semiconductor layer and a first semicon -
ductor layer; a first electrode electrically connected to the first semiconductor layer; a current blocking layer disposed on a lower
surface of the light emitting structure; and a second electrode electrically connected to the second semiconductor layer, wherein the
second electrode includes a first reflective metal layer adjoining the second semiconductor layer and a second reflective metal layer
covering a lower surface of the current blocking layer and a lower surface of the first reflective metal layer while adjoining a portion
of the second semiconductor layer, and wherein contact resistance between the second reflective metal layer and the second semicon-
ductor layer is higher than contact resistance between the first reflective metal layer and the second semiconductor layer.
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Description

Title of Invention: LIGHT EMITTING DIODE WITH HIGH EF-
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FICIENCY
Technical Field

The present invention relates to a light emitting diode and, more particularly, to a
light emitting diode that includes a reflective metal layer and thus has improved light

extraction efficiency.

Background Art

A light emitting diode (LED) is a solid state device configured to convert electrical
energy into light. Light emitting diodes are broadly applied to various light sources for
backlight units, lighting apparatuses, signal boards, large displays, and the like. With
increasing use of LEDs for lighting and expansion of application ranges to high current
and high output devices, there is a need for development of an electrode technology for
improvement in reliability of electrodes electrically connecting an external structure
such as a module to semiconductor layers of an LED while improving light extraction
efficiency of the LED.

Disclosure of Invention

Technical Problem

It is an aspect of the present invention to provide a light emitting diode that has
improved light extraction efficiency by preventing a barrier metal layer from absorbing
light.

It is another aspect of the present invention to provide a light emitting diode that
includes regions having different electrical junction characteristics one another on a
lower surface of a second conductive type semiconductor layer in order to improve
current spreading efficiency.

It is a further aspect of the present invention to provide a light emitting diode that can
prevent delamination of an electrode connected to a second conductive type semi-
conductor layer in order to improve reliability.

Solution to Problem

An exemplary embodiment of the present invention provides a light emitting diode
including: a light emitting structure including a second conductive type semiconductor
layer, an active layer disposed on an upper surface of the second conductive type semi-
conductor layer and a first conductive semiconductor layer disposed on an upper
surface of the active layer, at least one first electrode electrically connected to the first
conductive type semiconductor layer, a current blocking layer disposed on a lower

surface of the light emitting structure; and a second electrode electrically connected to
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the second conductive type semiconductor layer, wherein the second electrode includes
a first reflective metal layer adjoining the second conductive type semiconductor layer,
and a second reflective metal layer covering a lower surface of the current blocking
layer and a lower surface of the first reflective metal layer while adjoining a portion of
the second conductive type semiconductor layer, and wherein contact resistance
between the second reflective metal layer and the second conductive type semi-
conductor layer may be higher than contact resistance between the first reflective metal

layer and the second conductive type semiconductor layer.
Another exemplary embodiment of the present invention provides a light emitting

diode including: a light emitting structure including a second conductive type semi-
conductor layer, an active layer disposed on an upper surface of the second conductive
type semiconductor layer, and a first conductive semiconductor layer disposed on an
upper surface of the active layer, at least one first electrode disposed on an upper
surface of the light emitting structure and electrically connected to the first conductive
type semiconductor layer, a current blocking layer disposed on a lower surface of the
light emitting structure, and a second electrode disposed on a lower surface of the light
emitting structure and electrically connected to the second conductive type semi-
conductor layer, wherein the second electrode includes a first reflective metal layer
adjoining the second conductive type semiconductor layer, and a second reflective
metal layer covering a lower surface of the current blocking layer and a lower surface
of the first reflective metal layer, and bonding strength between the current blocking
layer and the second reflective metal layer is greater than bonding strength between the
current blocking layer and the first reflective metal layer.
Advantageous Effects of Invention

According to exemplary embodiments, a lower surface of a second conductive type
semiconductor layer of a light emitting diode includes regions having different
electrical junction characteristics, thereby improving current spreading efficiency.
With this structure, the light emitting diode can reduce forward voltage and increase
output voltage. Further, the light emitting diode can prevent delamination of a second
electrode by securing high bonding strength between a current blocking layer and a
second reflective metal layer, thereby improving reliability.
Brief Description of Drawings

FIG. 1 is plan views of a light emitting diode according to one exemplary em-
bodiment of the present invention.

FIG. 2 is a cross-sectional view of the light emitting diode according to the
exemplary embodiment of the present invention.

FIG. 3 is an enlarged view of part I of FIG. 2.
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FIG. 4 shows graphs comparing performance of the light emitting diode according to
the exemplary embodiment of the present invention with that of a typical light emitting

diode.
FIG. 5 is a sectional view of a light emitting diode according to another exemplary

embodiment of the present invention.

FIG. 6 is a sectional view of a light emitting diode according to a further exemplary
embodiment of the present invention.

FIG. 7 is an exploded perspective view of one embodiment of a lighting apparatus to
which a light emitting diode according to one exemplary embodiment of the present
invention is applied.

FIG. 8 is a sectional view of one embodiment of a display to which a light emitting
diode according to one exemplary embodiment of the present invention is applied.

FIG. 9 is a sectional view of one embodiment of a display to which a light emitting
diode according to one exemplary embodiment of the present invention is applied.

FIG. 10 is a sectional view of one embodiment of a headlight to which a light
emitting diode according to one exemplary embodiment of the present invention is
applied.

Best Mode for Carrying out the Invention

Hereinafter, exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings. The following embodiments are
provided by way of example so as to fully convey the spirit of the present invention to
those skilled in the art to which the present invention pertains. Accordingly, the present
invention is not limited to the embodiments disclosed herein and can also be im-
plemented in different forms. In the drawings, widths, lengths, thicknesses, and the like
of elements can be exaggerated for clarity and descriptive purposes. When an element
or layer is referred to as being "disposed above" or "disposed on" another element or
layer, it may be directly "disposed above" or "disposed on" the other element or layer
or intervening elements or layers can be present. Throughout the specification, like
reference numerals denote like elements having the same or similar functions.

A light emitting diode according to one exemplary embodiment of the present
invention includes: a light emitting structure including a second conductive type semi-
conductor layer, an active layer disposed on an upper surface of the second conductive
type semiconductor layer, and a first conductive semiconductor layer disposed on an
upper surface of the active layer; at least one first electrode electrically connected to
the first conductive type semiconductor layer; a current blocking layer disposed on a
lower surface of the light emitting structure; and a second electrode electrically

connected to the second conductive type semiconductor layer, wherein the second
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electrode includes a first reflective metal layer adjoining the second conductive type
semiconductor layer and a second reflective metal layer covering a lower surface of the
current blocking layer and a lower surface of the first reflective metal layer while
adjoining a portion of the second conductive type semiconductor layer, and wherein
contact resistance between the second reflective metal layer and the second conductive
type semiconductor layer is higher than contact resistance between the first reflective
metal layer and the second conductive type semiconductor layer.

The first reflective metal layer may be spaced apart from the current blocking layer.

The second reflective metal layer may include an Al layer, and the Al layer may
adjoin the current blocking layer, the first reflective metal layer and the second
conductive type semiconductor layer.

The light emitting diode may further include a barrier metal layer disposed on a
lower surface of the second reflective metal layer, and the barrier metal layer may
include Ni.

The current blocking layer may include a first region adjoining the second
conductive type semiconductor layer, the first reflective metal layer may include a
second region adjoining the second conductive type semiconductor layer, the second
reflective metal layer may include a third region adjoining the second conductive type
semiconductor layer, and the first region, the second region and the third region may
have different electrical junction characteristics.

The third region and the second reflective metal layer may form Schottky junction
therebetween.

The third region may have a smaller area than the second region.

A portion of the second reflective metal layer may cover a side surface of the current
blocking layer.

The side surface of the current blocking layer may include an inclined surface.

The second reflective metal layer may include a protrusion protruding beyond a side
surface of the light emitting structure.

The light emitting diode may further include an insulation layer disposed on an upper
surface and a side surface of the light emitting structure.

A portion of the current blocking layer may be placed on an upper surface of the
protrusion.

The insulation layer and the current blocking layer may adjoin each other.

The insulation layer and the current blocking layer may be formed of the same
material.

In some exemplary embodiments, the first electrode may include an electrode pad
and an upper extension, and the upper extension may include a region overlapping the

current blocking layer. Further, the current blocking layer may have a greater width
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than the upper extension such that portions of the current blocking layer are placed
beyond both sides of the upper extension in a width direction in a view showing the
upper extension overlapping the current blocking layer. Particularly, each of portions
of the current blocking layer placed beyond both sides of the upper extension in the
width direction may have the same or greater width than the upper extension. With the
structure wherein the width of the current blocking layer is three times or more the
width of the upper extension, the light emitting diode can achieve current spreading
over a wide area thereof, thereby improving light output.

A light emitting diode according to another exemplary embodiment of the present
invention includes: a light emitting structure including a second conductive type semi-
conductor layer, an active layer disposed on an upper surface of the second conductive
type semiconductor layer, and a first conductive semiconductor layer disposed on an
upper surface of the active layer; at least one first electrode disposed on an upper
surface of the light emitting structure and electrically connected to the first conductive
type semiconductor layer; a current blocking layer disposed on a lower surface of the
light emitting structure; and a second electrode disposed on a lower surface of the light
emitting structure and electrically connected to the second conductive type semi-
conductor layer, wherein the second electrode includes a first reflective metal layer
adjoining the second conductive type semiconductor layer, and a second reflective
metal layer covering a lower surface of the current blocking layer and a lower surface
of the first reflective metal layer, and wherein bonding strength between the current
blocking layer and the second reflective metal layer is greater than bonding strength
between the current blocking layer and the first reflective metal layer.

The second reflective metal layer may include Al.

A portion of the second reflective metal layer may cover a side surface of the current
blocking layer, and may separate the current blocking layer from the first reflective
metal layer.

FIG. 1 to FIG. 4 are plan views, a cross-sectional view and graphs illustrating a light
emitting diode according to one exemplary embodiment of the present invention. FIG.
la is a top plan view of the light emitting diode and FIG. 1b is a top plan view of a
lower structure of a second reflective metal layer of the light emitting diode described
below. FIG. 2 is a cross-sectional view taken along line A-A' of FIG. 1 and FIG. 3 is
an enlarged view of part I of FIG. 2. FIG. 4a shows a graph comparing forward voltage
of the light emitting diode according to the exemplary embodiment with that of a
typical light emitting diode and FIG. 4b shows a graph comparing output power of the
light emitting diode according to the exemplary embodiment with that of the typical
light emitting diode.

Referring to FIG. 1 to FIG. 3, the light emitting diode according to this exemplary
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embodiment includes a light emitting structure 110, a first electrode 120, a current
blocking layer 130, and a second electrode 140, and may further include an insulation
layer 170 and a substrate 160.

The light emitting structure 110 may include a second conductive type semi-
conductor layer 113, an active layer 112 disposed on an upper surface of the second
conductive type semiconductor layer 113, and a first conductive type semiconductor
layer 111 disposed on an upper surface of the active layer 112. The first conductive
type semiconductor layer 111, the active layer 112 and the second conductive type
semiconductor layer 113 may include a III-V based compound semiconductor, for
example, a nitride-based semiconductor such as (Al, Ga, In)N. The first conductive
type semiconductor layer 111 may include an n-type dopant (for example, Si) and the
second conductive type semiconductor layer 113 may include a p-type dopant (for
example, Mg), or vice versa. The active layer 112 may include a multi-quantum well
(MQW) structure and may have a compositional ratio determined to emit light having
a desired peak wavelength. Particularly, the active layer 112 may include an InGaN
well layer to emit blue light or near ultraviolet light.

The light emitting structure 110 may be formed by sequentially stacking the first
conductive type semiconductor layer 111, the active layer 112, and the second
conductive type semiconductor layer 113 on a growth substrate (not shown). The
growth substrate may be selected from any substrates so long as the substrate allows
growth of the first conductive type semiconductor layer 111, the active layer 112, and
the second conductive type semiconductor layer 113 thereon, and may include, for
example, a sapphire substrate, a silicon carbide substrate, a gallium nitride substrate, an
aluminum nitride substrate, a silicon substrate, and the like. Specifically, in this
exemplary embodiment, the growth substrate may be a patterned sapphire substrate
(PSS). The growth substrate may be removed from the light emitting structure,
whereby an upper surface of the light emitting structure 110 can have a shape corre-
sponding to the pattern of the substrate. Specifically, when the growth substrate
includes a rounded pattern, the upper surface of the light emitting structure 110 may
also include a rounded shape.

A side surface of the light emitting structure 110 may include an inclined surface.
Referring to FIG. 2, the inclined surface may have an angle of 90° or less, for example,
60°, with respect to a lower surface of the first conductive type semiconductor layer
111. The inclined surface of the light emitting structure 110 serves to improve
emission of light generated in the light emitting structure 110. The inclined surface
may be formed by a dicing process for individually dividing light emitting diodes, or
may be formed by a separate etching process.

The first electrode 120 may be disposed on an upper surface of the light emitting
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structure 110. The number of the first electrodes 120 may be at least one and the first
electrode 120 may be electrically connected to the first conductive type semiconductor
layer 111. The first electrode 120 may be a single layer or multilayer structure of Ni,
Al, Au, Cr, and the like. The first electrode 120 may be formed by depositing a
metallic material to the upper surface of the light emitting structure 110, followed by
patterning.

A lower surface of the first electrode 120 adjoins an upper surface of the first
conductive type semiconductor layer 111. In a structure wherein the upper surface of
the first conductive type semiconductor layer 111 includes a pattern, an upper surface
of the first electrode 120 may include a shape corresponding to the pattern of the upper
surface of the first conductive type semiconductor layer 111. For example, in a
structure wherein the upper surface of the first conductive type semiconductor layer
111 includes a rounded pattern, the upper surface of the first electrode 120 placed on
the rounded pattern may also include a rounded shape. With this structure, when a wire
is coupled to the first electrode 120, the wire can be stably bonded to the first electrode
120 via the shape of the upper surface of the first electrode 120.

The first electrode 120 may include at least one bonding pad 121 and an upper
extension 122.

The bonding pad 121 serves to guide electric current applied to the light emitting
structure 110 to flow outside. In this exemplary embodiment, the bonding pad 121 may
be placed near one side of the light emitting structure 110. Specifically, the first
conductive type semiconductor layer 111 includes a first side surface 111a and a
second side surface 111b placed opposite the first side surface 111a, and the bonding
pad 121 may be placed near the first side surface 111a. Although the first electrode is
illustrated as including two bonding pads 121 in this exemplary embodiment, it should
be understood that other implementations are also possible and the first electrode 120
may include one bonding pad or three or more bonding pads.

The upper extension 122 may extend from the bonding pad 121. The upper extension
122 serves to prevent current crowding near the bonding pad 121 upon application of
current to the light emitting diode. Specifically, a portion of the upper extension 122
may be placed along four sides of the first conductive type semiconductor layer 111.
Furthermore, the other portion of the upper extension 122 may be placed between the
bonding pads 121 and a portion of the upper extension 122 near the second side
surface 111b.

The current blocking layer 130 may be placed on a lower surface of the light emitting
structure 110. The current blocking layer 130 may at least partially overlap the first
electrode 120 in a vertical direction. The current blocking layer 130 may include a first

region 113a adjoining the second conductive type semiconductor layer 113. The
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current blocking layer 130 may serve to prevent electric current applied to the light
emitting diode from crowding on the semiconductor layer near the first electrode 120,
thereby preventing deterioration in current spreading efficiency. The first region 113a
may overlap the first electrode 120 in the vertical direction. This structure can more ef-
fectively prevent current crowding. Particularly, the current blocking layer 130 may be
formed to have a greater width than the upper extension 122 in order to improve light
output through efficient spreading of electric current. Particularly, in a view showing
the current blocking layer 130 overlapping the upper extension 122, each of portions of
the current blocking layer 130 placed beyond both sides of the upper extension 122 in
a width direction may have a greater width than the upper extension 122. Accordingly,
the width of the current blocking layer 130 may be greater than three times the width
of the upper extension 122 in order to achieve significant improvement in light output.
For example, when the upper extension 122 of the first electrode 120 has a width of 15
wm, the width of the current blocking layer 130 may exceed about 45 1m and the upper
extension 122 may be placed on an upper side of a central region of the current
blocking layer 130. However, since an excessively large width of the current blocking
layer 130 can cause increase in forward voltage, it is desirable that the width of the
current blocking layer 130 be adjusted to be four times or less the width of an upper
extension 121. Adjustment of the widths of the upper extension 122 and the current
blocking layer 130 disposed under the upper extension may be applied to an overall
region of the upper extension 122, or may be applied to some region thereof. Par-
ticularly, width adjustment may be applied to the upper extension 122 and the current
blocking layer 130 placed inside the light emitting diode rather than along an edge of
the light emitting diode, like the upper extension 121 that connects a portion of the
upper extension 122 placed near the second side surface 111b to the bonding pads 121.

The current blocking layer 130 may exhibit insulating properties and may include an
insulating material. For example, the current blocking layer 130 may include SiO, or
SiN,, or may include a distributed Bragg reflector (DBR) in which materials layers
having different indices of refraction are stacked one above another. That is, the
current blocking layer 130 may exhibit transmittance or reflectivity with respect to
light having a certain wavelength. The current blocking layer 130 may be composed of
a single layer or multiple layers formed through chemical vapor deposition (CVD) or
the like.

The current blocking layer 130 may include at least one opening 130a that exposes
the second conductive type semiconductor layer 113. Referring to FIG. 1b, the opening
130a may have a rectangular shape or a circular shape, without being limited thereto.
The opening 130a may be formed using a mask, or through deposition of the current

blocking layer 130, followed by etching, without being limited thereto.
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A side surface of the current blocking layer 130 may include an inclined surface.
Referring to FIG. 2 and FIG. 3, an angle defined between a lower surface of the current
blocking layer 130 and the side surface of the current blocking layer 130 may be
greater than 90° and less than 180°. In the structure wherein the side surface of the
current blocking layer 130 includes the inclined surface, a portion of a second re-
flective metal layer 141, which covers the side surface of the current blocking layer
130, is placed along the inclined side surface of the current blocking layer 130 and can
more effectively reflect light generated by the active layer 112 towards an upper side
of the light emitting structure 110. In addition, this structure can increase a junction
area between the current blocking layer 130 and the second reflective metal layer 141,
thereby improving mechanical reliability of the light emitting diode.

The second electrode 140 may be placed on the lower surface of the light emitting
structure 110. The second electrode 140 may be electrically connected to the second
conductive type semiconductor layer 113. The second electrode 140 may include a first
reflective metal layer 141, a second reflective metal layer 142, and a barrier metal layer
143.

The first reflective metal layer 141 may adjoin the second conductive type semi-
conductor layer 113. In addition, the first reflective metal layer 141 may form ohmic
contact with the second conductive type semiconductor layer 113. The first reflective
metal layer 141 includes a second region 113b that forms ohmic contact with the
second conductive type semiconductor layer 113 through the opening 130a. The first
reflective metal layer 141 may be spaced apart from the current blocking layer 130.

The first reflective metal layer 141 may include a metal or an alloy capable of re-
flecting light emitted from the light emitting structure 110. For example, the first re-
flective metal layer 141 may include Ag, Ag alloy, Ni/Ag, NiZn/Ag, TiO/Ag, or Ni/
Ag/Ni/Ti layers, and may be formed through deposition and patterning. Particularly,
when the second conductive type semiconductor layer 113 is a p-type semiconductor
layer, the Ni layer forms ohmic contact with the second conductive type semiconductor
layer 113. Since the Ni layer deteriorates reflectivity of Ag due to low reflectivity with
respect to light generated from the light emitting structure 110, the Ni layer may have a
thin thickness. The first reflective metal layer 141 may be formed by e-beam
evaporation, vacuum deposition, sputtering or metal organic chemical vapor deposition
(MOCVD).

The second reflective metal layer 142 may cover the current blocking layer 130 and
the first reflective metal layer 141. Specifically, the second reflective metal layer 142
may be placed to cover a lower surface and side surfaces of the current blocking layer
130 and a lower surface and side surfaces of the first reflective metal layer 141. The

second reflective metal layer 142 may adjoin the current blocking layer 130 and the
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first reflective metal layer 141. Furthermore, the second reflective metal layer 142 may
adjoin a portion of the second conductive type semiconductor layer 113 through the
opening 130a. Specifically, the second reflective metal layer 142 may include a third
region 113c formed by separation between the first reflective metal layer 141 and the
current blocking layer 130 and exposing a lower surface of the second conductive type
semiconductor layer 113.

The second reflective metal layer 142 may be placed between the current blocking
layer 130 and the barrier metal layer 143 described below and/or between the first re-
flective metal layer 141 and the barrier metal layer 143.

The second reflective metal layer 142 may include a metal having different re-
flectivity than the metal of the first reflective metal layer 141. Specifically, when the
first reflective metal layer 141 includes Ag, the second reflective metal layer 142 may
include Al. Ag has a reflectivity of about 98.9% and Al has a reflectivity of about
90.3%.

Referring to FIG. 1 to FIG. 3, the first region 113a, the second region 113b and the
third region 113c may have different electrical junction characteristics, and may
exhibit different reflection characteristics. Specifically, the first region 113a, the
second region 113b and the third region 113c may have different contact resistances
due to the different electrical junction characteristics thereof.

Contact resistance of the third region 113c, that is, the second reflective metal layer
142 and the second conductive type semiconductor layer 113, may be higher than the
contact resistance of the second region 113b, that is, the first reflective metal layer 141
and the second conductive type semiconductor layer 113. With this structure, the
second reflective metal layer 142 can serve to reflect light while reducing forward
voltage through current spreading.

The second reflective metal layer 142 may be formed of a metal having higher work
function than the first reflective metal layer 141. Specifically, the second reflective
metal layer 142 may form Schottky junction with the second conductive type semi-
conductor layer 113. Increase in area of the first region 113a in which the current
blocking layer 130 adjoins the second conductive type semiconductor layer 113 can
cause deterioration in light extraction efficiency through decrease in a reflective area of
the second electrode 140. Conversely, decrease in area of the first region 113a can
cause deterioration in current spreading efficiency of the light emitting diode. In the
structure wherein the second reflective metal layer 142 forms Schottky junction with
the third region 113c, most current can be applied to the second electrode 140 through
the second region 113b which forms ohmic contact. Further, since the third region
113c can also reflect light generated in the light emitting structure 110, this structure

can improve current spreading and light extraction efficiency while minimizing the
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area of the current blocking layer 130.

Furthermore, with the structure wherein the second reflective metal layer 142
includes Al, the light emitting diode may be configured to have ohmic contact between
the second reflective metal layer 142 and the second conductive type semiconductor
layer 113. In this structure, however, in order to form ohmic contact between the
second reflective metal layer 142 and the second conductive type semiconductor layer
113, it is necessary to perform heat treatment at a high temperature of 700°C or more.
As a result, there can be a problem of damage to the light emitting structure 110 due to
heat. However, in exemplary embodiments of the invention, the second reflective
metal layer 142 forms Schottky junction with the second conductive type semi-
conductor layer 113 instead of ohmic contact so long as the second reflective metal
layer 142 has light reflection characteristics. As a result, the exemplary embodiments
can omit heat treatment with respect to the first reflective metal layer 142 while
maximizing reflection of light by the second electrode 140 when the light is generated
in the light emitting structure 110. That is, as compared with the structure wherein the
second reflective metal layer 142 is omitted, an effective area of the second electrode
140 capable of reflecting light can be increased, thereby improving light extraction ef-
ficiency.

The third region 113c may have a smaller area than the second region 113b. Ac-
cordingly, since the third region 113c forming Schottky junction with the second
conductive type semiconductor layer 113 has a small area, overall resistance of the
light emitting diode can be reduced, thereby further reducing forward voltage (V).

In the structure wherein the current blocking layer 130 includes a distributed Bragg
reflector (DBR), the current blocking layer 130 can reflect light in a wide wavelength
band. Particularly, when the active layer 112 emits light such as near UV light, the
light can be reflected by the distributed Bragg reflector (DBR), thereby improving light
extraction efficiency. On the other hand, the second reflective metal layer 142 disposed
under the current blocking layer 130 reflects light passing through the current blocking
layer 130, thereby improving light extraction efficiency. Particularly, in the structure
wherein the current blocking layer 130 is the distributed Bragg reflector (DBR), the
second reflective metal layer 142 and the current blocking layer 130 can reflect light in
a substantially overall wavelength band emitted from the active layer 112. For
example, when light emitted from the active layer 112 is near UV light, it is possible to
maintain high reflectivity through the current blocking layer 130 and the second re-
flective metal layer 142. Furthermore, combination of the second reflective metal layer
142 and the current blocking layer 130 can maintain high reflectivity with respect to
light entering the current blocking layer 130 at various angles of incidence.

Bonding strength between the second reflective metal layer 142 and the current
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blocking layer 130 may be greater than the bonding strength between the first re-
flective metal layer 141 and the current blocking layer 130. Specifically, in the
structure wherein the first reflective metal layer 141 includes Ag and the second re-
flective metal layer 142 includes Al, bonding strength between Al of the second re-
flective metal layer 142 and the current blocking layer 130 may be greater than Ag of
the first reflective metal layer 141 and the current blocking layer 130. A portion of the
second reflective metal layer 142 may cover the lower surface and the side surfaces of
the current blocking layer 130. In this structure, light passing through the lower surface
and the side surfaces of the current blocking layer 130 can be reflected by the second
reflective metal layer 142. Furthermore, since the current blocking layer 130 adjoins
the second reflective metal layer 142 instead of the first reflective metal layer 141 ex-
hibiting low bonding strength with respect to the current blocking layer 130, the light
emitting diode has improved reliability by solving the problem of delamination of the
second electrode 140 from the current blocking layer 130.

The second reflective metal layer 142 may be formed by e-beam evaporation,
vacuum deposition, sputtering or metal organic chemical vapor deposition (MOCVD).

The barrier metal layer 143 may be placed on the lower surface of the second re-
flective metal layer 142. The barrier metal layer 143 may be spaced apart from the first
reflective metal layer 141 and the current blocking layer 130 by the second reflective
metal layer 142. In a structure wherein the barrier metal layer 143 adjoins the current
blocking layer 130, light passing through the current blocking layer 130 can be
absorbed into the barrier metal layer 143. However, since the second reflective metal
layer 142 having higher reflectivity than the barrier metal layer 143 is disposed
between the current blocking layer 130 and the barrier metal layer 143, it is possible to
prevent light loss caused by absorption of light by the barrier metal layer 143.

The barrier metal layer 143 serves to prevent diffusion of Ag of the first reflective
metal layer 141 to the outside of the first reflective metal layer. The barrier metal layer
143 may be formed of Ni, Cr, Ti, Pt, Au or combinations thereof. For example,
referring to FIG. 3, the barrier metal layer 143 may include a structure wherein a Ni
layer 143a and a Ti layer 143b are repeatedly stacked one above another. Since the
barrier metal layer 143, particularly, the Ni layer 143a, exhibits high reflectivity with
respect to light emitted from the active layer 112, there is a need to prevent light
emitted from the active layer 112 from entering the Ni layer 143a. To this end,
according to exemplary embodiments, the second reflective metal layer 142 is disposed
between the current blocking layer 130 and the barrier metal layer 143 while adjoining
the second conductive type semiconductor layer 113 so as to prevent direct contact
between the Ni layer 143a and the second conductive type semiconductor layer 113.

The barrier metal layer 143 may be formed by e-beam evaporation, vacuum deposition,
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sputtering or metal organic chemical vapor deposition (MOCVD).

The light emitting diode according to this exemplary embodiment may further
include the insulation layer 170. The insulation layer 170 may be disposed on an upper
surface and side surfaces of the light emitting structure 110. The insulation layer 170
serves to protect the light emitting structure 110 from external impact and con-
taminants. The insulation layer 170 may include at least one opening 170a that exposes
the first electrode 120. The first electrode 120 may be exposed through the opening
170a to be connected to a wire and the like. The insulation layer 170 may include SiO,
or SiN,, without being limited thereto. The insulation layer 170 may be formed of the
same material as the current blocking layer 130.

The light emitting diode according to this exemplary embodiment may further
include the substrate 160. The substrate 160 may be disposed on a lower surface of the
barrier metal layer 143. The substrate 160 may serve to protect the barrier metal layer
143. In addition, the substrate 160 may serve to hold the light emitting structure 110
upon separation of a substrate (not shown) from the light emitting structure 110. The
substrate 160 may include a conductive metal such as Cu. Referring to FIG. 2, the
substrate 160 may be disposed on the lower surface of the barrier metal layer 143 via a
bonding material 150. The bonding material 150 may include bonding metals such as
AuSn.

Referring to FIG. 4, the light emitting diode according to the present invention has
better properties in terms of forward voltage V; and output power than a typical light
emitting diode. Specifically, the light emitting diode according to the present invention
was used as an inventive example and a typical light emitting diode having the same
structure as the light emitting diode according to the present invention excluding the
second reflective metal layer 142 was used as a comparative example. Both light
emitting diodes had a size of 1,000 gm x 1,000 pm, the first reflective metal layer 141
was composed of Ni/Ag/Ni/Ti layers (3A/2,000A/200A/3000A), the current blocking
layer 130 was composed of Si0O, (8,000A), the barrier metal layer 143 was composed
of Ti/Ni layers (14 layers, 1.4 ym) and Au (50A), and the second reflective metal layer
142 of the light emitting diode of the inventive example was composed of Al (2,000A).

Referring to FIG. 4a, since the light emitting diode of the inventive example had a
forward voltage of 3.041V and the light emitting diode of the comparative example
had a forward voltage of 3.104V, it can be seen that the light emitting diode according
to the present invention has reduced forward voltage. Referring to FIG. 4b, since the
light emitting diode of the inventive example had an output power of 621.6 mW and
since the light emitting diode of the comparative example had had an output power of
615.7 mW, it can be seen that the light emitting diode according to the present

invention has increased output power. This result shows that the second reflective
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metal layer 142 can serve to improve light extraction efficiency of the light emitting
diode.

On the other hand, with the width of the upper extension 122 fixed to 15 xm, the
forward voltage V; and the light output were measured while changing the width of the
current blocking layer 130 to 23 zm, 30 pm, 50 xm and 70 gm. With reference to a value
obtained by setting the width of the current blocking layer to 23 xm, light output
increased and forward voltage slightly increased with increasing width of the current
blocking layer 130. Particularly, when the current blocking layer 130 had a width of 50
wm, the forward voltage V; insignificantly increased by less than 1% and the light
output significantly increased by about 3.2%.

FIG. 5 is a sectional view of a light emitting diode according to another exemplary
embodiment of the present invention. The light emitting diode of FIG. 5 is similar to
the light emitting diode described with reference to FIG. 1 to FIG. 3 except that an
upper surface of the first conductive type semiconductor layer 111 includes a
roughened surface R. The roughened surface R serves to prevent light generated in the
light emitting structure 110 from returning back to the interior of the light emitting
diode through reflection by the upper surface of the first conductive type semi-
conductor layer 111, thereby improving light extraction efficiency of the light emitting
diode. Specifically, a portion of the upper surface of the first conductive type semi-
conductor layer 111, which does not adjoin the first electrode 120, may include the
roughened surface R. In a structure wherein a portion of the upper surface of the light
emitting structure 110 having the first electrode 120 disposed thereon, that is, a portion
of the upper surface of the first conductive type semiconductor layer 111 adjoining the
lower surface of the first electrode 120, includes the roughened surface R, the material
of the first electrode 120 can be diffused to an excessively deep portion in the light
emitting structure 110 along the roughened surface R. As a result, the light emitting
diode can have reduced internal quantum efficiency, thereby deteriorating reliability of
the light emitting diode.

FIG. 6 is a sectional view of a light emitting diode according to a further exemplary
embodiment of the present invention. The light emitting diode of FIG. 6 is similar to
the light emitting diode described with reference to FIG. 1 to FIG. 3 except that side
surfaces of the second reflective metal layer 142 protrude beyond the side surfaces of
the light emitting structure 110. Specifically, the second reflective metal layer 142 may
include a protrusion P protruding beyond the side surfaces of the light emitting
structure 110. An upper surface of the second reflective metal layer 142 may have a
wider area than the lower surface of the light emitting structure 110. In this structure,
some of light emitted through the side surfaces of the light emitting structure 110 can

be reflected towards an upper portion of the light emitting diode by the second re-
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flective metal layer 142. Accordingly, the light emitting diodes can have improved
light extraction efficiency.

Referring to FIG. 6, a portion of the current blocking layer 130 may be placed on an
upper surface of the protrusion P. With this structure, the upper surface of the
protrusion P can be protected from external impact and contaminants. In addition, the
insulation layer 170 may adjoin the current blocking layer 130. Specifically, a portion
of the insulation layer 170 may adjoin the current blocking layer 130 disposed on the
upper surface of the protrusion P. In this structure, a distance from a side surface of the
insulation layer 170 or a side surface of the current blocking layer 130 to the light
emitting structure 110 can be increased, thereby preventing external contaminants from
entering the light emitting diode while more effectively protecting the light emitting
structure 110 from external impact. The insulation layer 170 and the current blocking
layer 130 may be formed of the same material. For example, when the current blocking
layer 130 is formed of SiO,, the insulation layer 170 may also be formed of SiO,. In
this structure, high bonding strength can be generated between the insulation layer 170
and the current blocking layer 130, thereby preventing delamination of the insulation
layer 170 or the current blocking layer 130 while more effectively preventing external
contaminants from entering the light emitting diode.

FIG. 7 is an exploded perspective view of one embodiment of a lighting apparatus to
which a light emitting diode according to one exemplary embodiment of the invention
is applied.

Referring to FIG. 7, the lighting apparatus according to this embodiment includes a
diffusive cover 1010, a light emitting diode module 1020, and a body 1030. The body
1030 may receive the light emitting diode module 1020 and the diffusive cover 1010
may be disposed on the body 1030 to cover an upper side of the light emitting diode
module 1020.

The body 1030 may have any shape so long as the body can supply electric power to
the light emitting diode module 1020 while receiving and supporting the light emitting
diode module 1020. For example, as shown in the drawing, the body 1030 may include
a body case 1031, a power supply 1033, a power supply case 1035, and a power source
connection section 1037.

The power supply 1033 is received in the power supply case 1035 to be electrically
connected to the light emitting diode module 1020, and may include at least one IC
chip. The IC chip may regulate, change or control electric power supplied to the light
emitting diode module 1020. The power supply case 1035 may receive and support the
power supply 1033. The power supply case 1035 having the power supply 1033
secured therein may be disposed within the body case 1031. The power source

connection section 1037 is disposed at a lower end of the power supply case 1035 and
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coupled thereto. Accordingly, the power source connection section 1037 is electrically
connected to the power supply 1033 within the power supply case 1035 and may serve
as a passage through which power can be supplied from an external power source to
the power supply 1033.

The light emitting diode module 1020 includes a substrate 1023 and a light emitting
diode 1021 disposed on the substrate 1023. The light emitting diode module 1020 may
be disposed at an upper portion of the body case 1031 and electrically connected to the
power supply 1033.

As the substrate 1023, any substrate capable of supporting the light emitting diode
1021 may be used without limitation. For example, the substrate 1023 may include a
printed circuit board having interconnects formed thereon. The substrate 1023 may
have a shape corresponding to a securing portion formed at the upper portion of the
body case 1031 so as to be stably secured to the body case 1031. The light emitting
diode 1021 may include at least one of the light emitting diodes according to the em-
bodiments described above.

The diffusive cover 1010 is disposed on the light emitting diode 1021 and may be
secured to the body case 1031 to cover the light emitting diode 1021. The diffusive
cover 1010 may be formed of a light-transmitting material and light orientation of the
lighting apparatus may be adjusted through regulation of the shape and optical trans-
missivity of the diffusive cover 1010. As such, the diffusive cover 1010 may be
modified in various shapes depending on usage and applications of the lighting
apparatus.

FIG. 8 is a sectional view of one embodiment of a display to which a light emitting
diode according to one exemplary embodiment of the invention is applied.

The display according to this embodiment includes a display panel 2110, a backlight
unit BLU1 supplying light to the display panel 2110, and a panel guide 2100
supporting a lower edge of the display panel 2110.

The display panel 2110 is not particularly limited and may be, for example, a liquid
crystal panel including a liquid crystal layer. Gate driving PCBs may be further
disposed at the edge of the display panel 2110 to supply driving signals to a gate line.
Here, the gate driving PCBs 2112 and 2113 may be formed on a thin film transistor
substrate instead of being formed on separate PCBs.

The backlight unit BLU1 includes a light source module, which includes at least one
substrate 2150 and a plurality of light emitting diodes 2160. The backlight unit BLU1
may further include a bottom cover 2180, a reflective sheet 2170, a diffusive plate
2131, and optical sheets 2130.

The bottom cover 2180 may be open at an upper side thereof to receive the substrate
2150, the light emitting diodes 2160, the reflective sheet 2170, the diffusive plate
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2131, and the optical sheets 2130. In addition, the bottom cover 2180 may be coupled
to the panel guide 2100. The substrate 2150 may be disposed under the reflective sheet
2170 to be surrounded by the reflective sheet 2170. Alternatively, when a reflective
material is coated onto a surface thereof, the substrate 2150 may be disposed on the re-
flective sheet 2170. Further, a plurality of substrates 2150 may be arranged parallel to
one other. However, it should be understood that other implementations are also
possible and the light source module may include a single substrate.

The light emitting diodes 2160 may include at least one of the light emitting diodes
according to the embodiments described above. The light emitting diodes 2160 may be
regularly arranged in a predetermined pattern on the substrate 2150. In addition, a lens
2210 is disposed on each of the light emitting diodes 2160 to improve uniformity of
light emitted from the plurality of light emitting diodes 2160.

The diffusive plate 2131 and the optical sheets 2130 are disposed on the light
emitting devices 2160. Light emitted from the light emitting devices 2160 may be
supplied in the form of sheet light to the display panel 2110 through the diffusive plate
2131 and the optical sheets 2130.

In this way, the light emitting diodes according to the embodiments may be applied
to direct type displays like the display according to this embodiment.

FIG. 9 is a sectional view of one embodiment of a display to which a light emitting
diode according to one exemplary embodiment of the invention is applied.

The display according to this embodiment includes a display panel 3210 on which an
image is displayed, and a backlight unit BLU2 disposed at a rear side of the display
panel 3210 and emitting light thereto. Further, the display includes a frame 240
supporting the display panel 3210 and receiving the backlight unit BLU2, and covers
3240, 3280 surrounding the display panel 3210.

The display panel 3210 is not particularly limited and may be, for example, a liquid
crystal panel including a liquid crystal layer. A gate driving PCB may be further
disposed at an edge of the display panel 3210 to supply driving signals to a gate line.
Here, the gate driving PCB may be formed on a thin film transistor substrate instead of
being formed on a separate PCB. The display panel 3210 is secured by the covers
3240, 3280 disposed at upper and lower sides thereof, and the cover 3280 disposed at
the lower side of the display panel 3210 may be coupled to the backlight unit BLU2.

The backlight unit BLU2 supplying light to the display panel 3210 includes a lower
cover 3270 partially open at an upper side thereof, a light source module disposed at
one side inside the lower cover 3270, and a light guide plate 3250 disposed parallel to
the light source module and converting spot light into sheet light. In addition, the
backlight unit BLU?2 according to this embodiment may further include optical sheets
3230 disposed on the light guide plate 3250 to spread and collect light, and a reflective
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sheet 3260 disposed at a lower side of the light guide plate 3250 and reflecting light
traveling in a downward direction of the light guide plate 3250 towards the display
panel 3210.

The light source module includes a substrate 3220 and a plurality of light emitting
diodes 3110 arranged at constant intervals on one surface of the substrate 3220. As the
substrate 3220, any substrate capable of supporting the light emitting diodes 3110 and
being electrically connected thereto may be used without limitation. For example, the
substrate 3220 may include a printed circuit board. The light emitting diodes 3110 may
include at least one of the light emitting diodes according to the exemplary em-
bodiments described above. Light emitted from the light source module enters the light
guide plate 3250 and is supplied to the display panel 3210 through the optical sheets
3230. The light guide plate 3250 and the optical sheets 3230 convert spot light emitted
from the light emitting diodes 3110 into sheet light.

In this way, the light emitting diodes according to the embodiments may be applied
to edge type displays like the display according to this embodiment.

FIG. 10 is a sectional view of one embodiment of a headlight to which a light
emitting diode according to one exemplary embodiment of the invention is applied.

Referring to FIG. 10, the headlight according to this embodiment includes a lamp
body 4070, a substrate 4020, a light emitting diode 4010, and a cover lens 4050. The
headlight may further include a heat dissipation unit 4030, a support rack 4060, and a
connection member 4040.

The substrate 4020 is secured by the support rack 4060 and disposed above the lamp
body 4070. As the substrate 4020, any member capable of supporting the light emitting
diode 4010 may be used without limitation. For example, the substrate 4020 may
include a substrate having a conductive pattern, such as a printed circuit board. The
light emitting diode 4010 is disposed on the substrate 4020 and may be supported and
secured by the substrate 4020. In addition, the light emitting diode 4010 may be elec-
trically connected to an external power source through the conductive pattern of the
substrate 4020. Further, the light emitting diode 4010 may include at least one of the
light emitting diodes according to the exemplary embodiments described above.

The cover lens 4050 is disposed on a path of light emitted from the light emitting
diode 4010. For example, as shown in the drawing, the cover lens 4050 may be spaced
apart from the light emitting diode 4010 by the connection member 4040 and may be
disposed in a direction of supplying light emitted from the light emitting diode 4010.
By the cover lens 4050, an orientation angle and/or a color of light emitted by the
headlight can be adjusted. On the other hand, the connection member 4040 is disposed
to secure the cover lens 4050 to the substrate 4020 while surrounding the light emitting
diode 4010, and thus may act as a light guide that provides a luminous path 4045. The
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connection member 4040 may be formed of a light reflective material or coated
therewith. On the other hand, the heat dissipation unit 4030 may include heat dis-
sipation fins 4031 and/or a heat dissipation fan 4033, and dissipates heat generated
upon operation of the light emitting diode 4010.

In this way, the light emitting diodes according to the exemplary embodiment may be
applied to headlights, particularly, headlights for vehicles, like the headlight according

to this embodiment.



WO 2016/190569

[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

20
PCT/KR2016/004843

Claims
A light emitting diode comprising:
a light emitting structure comprising a second conductive type semi-
conductor layer, an active layer disposed on an upper surface of the
second conductive type semiconductor layer, and a first conductive
semiconductor layer disposed on an upper surface of the active layer;
at least one first electrode electrically connected to the first conductive
type semiconductor layer;
a current blocking layer disposed on a lower surface of the light
emitting structure; and
a second electrode electrically connected to the second conductive type
semiconductor layer,
wherein the second electrode comprises:
a first reflective metal layer adjoining the second conductive type semi-
conductor layer; and
a second reflective metal layer covering a lower surface of the current
blocking layer and a lower surface of the first reflective metal layer
while adjoining a portion of the second conductive type semiconductor
layer, and
wherein contact resistance between the second reflective metal layer
and the second conductive type semiconductor layer is higher than
contact resistance between the first reflective metal layer and the
second conductive type semiconductor layer.
The light emitting diode according to claim 1, wherein the first re-
flective metal layer is spaced apart from the current blocking layer.
The light emitting diode according to claim 1, wherein the second re-
flective metal layer comprises an Al layer, the Al layer adjoining the
current blocking layer, the first reflective metal layer and the second
conductive type semiconductor layer.
The light emitting diode according to claim 3, further comprising:
a barrier metal layer disposed on a lower surface of the second re-
flective metal layer,
wherein the barrier metal layer comprises Ni.
The light emitting diode according to claim 3, wherein the current
blocking layer comprises a first region adjoining the second conductive
type semiconductor layer, the first reflective metal layer comprises a

second region adjoining the second conductive type semiconductor
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layer, and the second reflective metal layer comprises a third region
adjoining the second conductive type semiconductor layer,

the first region, the second region and the third region having different
electrical junction characteristics.

The light emitting diode according to claim 5, wherein the third region
and the second reflective metal layer form Schottky junction
therebetween.

The light emitting diode according to claim 6, wherein the third region
has a smaller area than the second region.

The light emitting diode according to claim 1, wherein a portion of the
second reflective metal layer covers a side surface of the current
blocking layer.

The light emitting diode according to claim 8, wherein the side surface
of the current blocking layer comprises an inclined surface.

The light emitting diode according to claim 1, wherein the second re-
flective metal layer a protrusion protruding beyond a side surface of the
light emitting structure.

The light emitting diode according to claim 10, further comprising:

an insulation layer disposed on an upper surface and a side surface of
the light emitting structure.

The light emitting diode according to claim 11, wherein a portion of the
current blocking layer is placed on an upper surface of the protrusion.
The light emitting diode according to claim 12, wherein the insulation
layer and the current blocking layer adjoin each other.

The light emitting diode according to claim 13, wherein the insulation
layer and the current blocking layer are formed of the same material.
The light emitting diode according to claim 1, wherein the first
electrode comprises an electrode pad and an upper extension,

the upper extension comprising a region overlapping the current
blocking layer,

the current blocking layer having a greater width than the upper
extension such that portions of the current blocking layer are placed
beyond both sides of the upper extension in a width direction in a view
showing the upper extension overlapping the current blocking layer,
and

wherein each of portions of the current blocking layer placed beyond
both sides of the upper extension in the width direction has the same or

greater width than the upper extension.
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A light emitting diode comprising:

a light emitting structure comprising a second conductive type semi-
conductor layer, an active layer disposed on an upper surface of the
second conductive type semiconductor layer, and a first conductive
semiconductor layer disposed on an upper surface of the active layer;

at least one first electrode disposed on an upper surface of the light
emitting structure and electrically connected to the first conductive type
semiconductor layer;

a current blocking layer disposed on a lower surface of the light
emitting structure; and

a second electrode disposed on a lower surface of the light emitting
structure and electrically connected to the second conductive type semi-
conductor layer,

wherein the second electrode comprises:

a first reflective metal layer adjoining the second conductive type semi-
conductor layer; and

a second reflective metal layer covering a lower surface of the current
blocking layer and a lower surface of the first reflective metal layer,
and

wherein bonding strength between the current blocking layer and the
second reflective metal layer is greater than bonding strength between
the current blocking layer and the first reflective metal layer.

The light emitting diode according to claim 16, wherein the second re-
flective metal layer comprises Al.

The light emitting diode according to claim 16, wherein a portion of the
second reflective metal layer covers a side surface of the current
blocking layer, and separates the current blocking layer from the first

reflective metal layer.
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