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FIG. 3
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1
LIGHT EMITTING DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED [APPLICA-
TION] APPLICATIONS

[This application is a Continuation of patent application
Ser. No. 13/242,402, filed on Nov. 27, 2012, which claims
priority of Korean Patent Application No. 10-2010-
0126126, filed on in Korea Dec. 10, 2010, the disclosure of
which is incorporated herein by reference.] This application
is a broadening reissue of U.S. Pat. No. 8,643,053, issued on
Feb. 4, 2014, which is a continuation of U.S. patent appli-
cation Ser. No. 13/242,402, filed Sep. 23, 2011, which is
based upon and claims the benefit of priority to Korean
Patent Application No. 10-2010-0126126, filed on Dec. 10,
2010.

BACKGROUND OF THE EMBODIMENT

1. Field

This relates to a light emitting device.

2. Background

Fluorescent lamps go against the trend towards environ-
mental friendliness-oriented next generation lighting sys-
tems due to frequent replacement caused by black spots,
short lifespan or the like and use of phosphor materials and
alternative light sources are thus gradually used instead of
fluorescent lamps.

Light emitting diodes (LLEDs) attract the most attention as
such other light source. LEDs are interesting as next gen-
eration light sources owing to semiconductor advantages
including rapid processing speed and low power consump-
tion, as well as environmental friendliness and excellent
energy saving effects. Accordingly, application of LEDs as
alternatives to conventional fluorescent lamps is actively
conducted.

Recently, semiconductor light emitting devices such as
LEDs are applied to a variety of displays including televi-
sions, monitors, notebook computers, cellular phones and
displays and, in particular, are widely used as backlight units
instead of conventional CCFLs.

At present, there is a need for high brightness in order to
use light emitting devices as light sources. In an attempt to
realize high brightness, research associated with manufac-
ture of light emitting devices to uniformly diffuse current
and thereby increase luminous efficacy is underway.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments will be described in detail with refer-
ence to the following drawings in which like reference
numerals refer to like elements wherein:

FIG. 1 is a plan view illustrating a light emitting device
in accordance with an embodiment as broadly described
herein;

FIG. 2 is a cross-sectional view taken the line A-A of the
light emitting device shown in FIG. 1;

FIG. 3 shows test data of luminous efficacy of the light
emitting device shown in FIG. 1;
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2

FIG. 4 is a plan view illustrating a light emitting device
in accordance with another embodiment as broadly
described herein;

FIG. 5 is a plan view illustrating a light emitting device
in accordance with other embodiment as broadly described
herein;

FIG. 6 is a perspective view of a light emitting device
package including the light emitting device in accordance
embodiments as broadly described herein;

FIG. 7 is a perspective view of a backlight unit including
a light emitting device in accordance embodiments as
broadly described herein;

FIG. 8 is a sectional view of the lighting device taken
along the line A-A of the lighting device shown in FIG. 7;

FIG. 9 is a perspective view of a liquid crystal display
including a light emitting device in accordance with an
embodiment as broadly described herein;

FIG. 10 is a perspective view of a liquid crystal display
including a light emitting device in accordance with another
embodiment as broadly described herein;

DETAILED DESCRIPTION

Reference will now be made in detail to the preferred
embodiments, examples of which are illustrated in the
accompanying drawings.

Advantages and characteristics and methods for address-
ing the same will be clearly understood from the following
embodiments taken in conjunction with the annexed draw-
ings. However, embodiments are not limited and may be
realized in other various forms. The embodiments are only
provided to more completely illustrate and to render a
person having ordinary skill in the art to fully understand the
scope. The scope is defined only by the claims. Accordingly,
in some embodiments, well-known processes, well-known
device structures and well-known techniques are not illus-
trated in detail to avoid unclear interpretation. The same
reference numbers will be used throughout the specification
to refer to the same or like parts.

Spatially relative terms, “below”, “beneath”, “lower”,
“above”, “upper” and the like may be used to indicate the
relationship between one device or constituent elements and
other devices or constituent elements, as shown in the
drawings. It should be understood that the spatially relative
terms include the direction illustrated in the drawings as well
as other directions of devices during use or operation. For
example, in a case in which the device shown in the drawing
is reversed, a device arranged “below” or “beneath” the
other device may be arranged “above” the other device.
Accordingly, the exemplary term, “beneath” may include
“below” or “beneath” and “above”. The device may be
arranged in other directions. As a result, the spatially relative
terms may be construed depending on orientation.

Terms used in the specification are only provided to
illustrate the embodiments and should not be construed as
limiting the scope and spirit of the present invention. In the
specification, a singular form of terms includes plural forms
thereof, unless specifically mentioned otherwise. In the term
“comprises” and/or “comprising” as used herein, the men-
tioned component, step, operation and/or device is not
excluded from presence or addition of one or more other
components, steps, operations and/or devices.

Unless defined otherwise, all terms (including technical
and scientific terms) used herein may be intended to have
meanings understood by those skilled in the art. In addition,
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terms defined in general dictionaries should not be inter-
preted abnormally or exaggeratedly, unless clearly specifi-
cally defined.

In the drawings, the thicknesses or sizes of respective
layers are exaggerated, omitted or schematically illustrated
for clarity and convenience of description. Therefore, the
sizes of respective elements do not wholly reflect actual
sizes thereof.

In addition, angles and directions referred to during
description of a structure of a light emitting device are
described based on illustration in the drawings. In the
description of the structure of the light emitting device, if
reference points with respect to the angles and positional
relations are not clearly stated, the related drawing will be
referred to.

Hereinafter, for further detailed illustration of the shape of
the light emitting device according to embodiments, the
light emitting device will be described based on a first
direction (X) and a second direction (Y) vertical to the first
direction (X).

FIG. 1 is a plan view illustrating a light emitting device
in accordance with an embodiment as broadly described
herein, FIG. 2 is a cross-sectional view taken the line A-A
of the light emitting device shown in FIG. 1, and FIG. 3
shows test data of luminous efficacy of the light emitting
device shown in FIG. 1.

With reference to FIGS. 1 and 2, a light emitting device
110 as embodied and broadly described herein may include
a substrate 110, a light emitting structure 145 including a
first semiconductor layer 120, a second semiconductor layer
140 and an active layer 130 arranged between the first
semiconductor layer 120 and the second semiconductor
layer 140, a first electrode 160 arranged on the first semi-
conductor layer 120 and a second electrode 170 arranged on
the second semiconductor layer 140.

The substrate 110 is a substrate which is suitable for
growing semiconductor single crystals and is, for example,
made of a light-transmitting material containing sapphire
(AL,O;), and the material may be at least one of Si, GaAs,
Si, GaP, InP, Ge, Ga,O;, ZnO, GaN, SiC and AIN, without
being limited thereto.

Impurities present on the surface of the substrate 110 may
be removed by wet-washing and the substrate 110 may be a
patterned substrate (PSS), the surface of which is patterned
with a light extraction pattern to improve light extraction
efficiency, but is not limited thereto.

In addition, the substrate 110 may be a material which
facilitates emission of heat and thereby improves thermal
stability.

Meanwhile, an anti-reflective layer (not shown) may be
arranged on the substrate 110 and the anti-reflective layer is
commonly called an “AR coating layer”, which basically
utilizes interference between light reflected from a plurality
of interfaces. That is, the AR coating layer renders the status
of light reflected from different interfaces to be tilted at an
angle of 180 degrees, offsets the light, and reduces strength
of the reflected light, although it is not limited thereto.

In addition, a buffer layer 111 may be arranged on the
substrate 110 to reduce lattice mismatch between the sub-
strate 110 and the light emitting structure 145 and facilitate
growth of a plurality of semiconductor layers.

The buffer layer 111 may be grown in the form of a single
crystal on the substrate 110 and the buffer layer 111 grown
as the single crystal may improve crystallinity of the light
emitting structure 145 grown on the buffer layer 111.

In addition, the buffer layer 111 may be formed at a low
temperature and for example may contain at least one of
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GaN, InN, AIN, AlInN, InGaN, AlGaN, and InAlGaN,
although the material for the buffer layer 111 is not limited
thereto.

That is, the buffer layer 111 may have an AllnN/GaN
laminate structure, an InGaN/GaN laminate structure, or an
AllnGaN/InGaN/GaN laminate structure or the like.

The first semiconductor layer 120 may be arranged on the
substrate 110 or the buffer layer 111. When the first semi-
conductor layer 120 is realized as an n-type semiconductor
layer, the first semiconductor layer 120 may be selected from
semiconductor materials having a formula of In Al Ga, , N
(0=x=l1, O=y=l1, O=x+y=l), such as GaN, AIN, AlGaN,
InGaN, InN, InAlGaN, AllnN and may be doped with an
n-type dopant such as Si, Ge, Sn, Se and Te.

At this time, an undoped semiconductor layer (not shown)
which is not doped with a dopant may be arranged between
the first semiconductor layer 120 and the buffer layer 111,
the undoped semiconductor layer is formed to improve
crystallinity of the first semiconductor layer 120 and may be
the same as the first semiconductor layer 120 except that the
undoped semiconductor layer exhibits lower electrical con-
ductivity than the first semiconductor layer 120 since it is not
doped with an n-type dopant, although it is not limited
thereto.

An active layer 130 may be arranged on the first semi-
conductor layer 120 and the active layer 130 may have a
mono- or multi-quantum well structure, a quantum-wire
structure, or a quantum dot structure or the like, composed
of a compound semiconductor material of Group III-V
elements.

In the case where the active layer 152 has a quantum well
structure, for example, it may have a mono- or multi-
quantum well structure including a well layer having the
formula of In Al Ga, , N (0=x<l, O<y=<l, O=x+y=<1) and a
barrier layer having the formula of In,Al,Ga, , ,N (0=asl,
O<bzl, O<a+b=1). The well layer may be made of a material
having a band gap smaller than that of the barrier layer.

In addition, a conductive clad layer (not shown) may be
arranged on or/and under the active layer 130 and the
conductive clad layer may be made of an AlGaN-based
semiconductor and may have a band gap larger than that of
the active layer 130.

A second semiconductor layer 140 may be arranged on
the active layer 130 and may be realized with a p-type
semiconductor layer. In a case in which the second semi-
conductor layer 140 is realized with a p-type semiconductor
layer, the second conductive semiconductor layer 140 may
for example be made of a semiconductor material having a
formula of InxAlyGal-x-yN (0=x=<1, O=y=1, O=x+y=1) such
as GaN, AIN, AlGaN, InGaN, InN, InAlGaN and AllnN and
may be doped with a p-type dopant such as Mg, Zn, Ca, Sr
and Ba.

The first semiconductor layer 120, the active layer 130
and the second semiconductor layer 140 may be formed by
a method which includes, but is not limited to, metal organic
chemical vapor deposition (MOCVD), chemical vapor
deposition (CVD), plasma-enhanced chemical vapor depo-
sition (PECVD), molecular beam epitaxy (MBE), hydride
vapor phase epitaxy (HVPE) or the like.

In addition, the concentrations of n-type and p-type dop-
ants doped in the first semiconductor layer 120 and the
second semiconductor layer 140 may be uniform or non-
uniform. That is, the structure of a plurality of semiconduc-
tor layers may be varied and is not limited.

In addition, unlike those mentioned above, the first semi-
conductor layer 120 may include a p-type semiconductor
layer and the second semiconductor layer 140 may include
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an n-type semiconductor layer. Accordingly, the light emit-
ting structure 145 may have at least one of n-p, p-n, n-p-n
and p-n-p junction structures.

That is, the light emitting structure 145 may have a
structure in which the position of the first and second
semiconductor layers 120 and 140 arranged based on the
active layer 130 is switched, but in the following descrip-
tion, the first semiconductor layer 120 includes an n-type
semiconductor layer and is arranged on the substrate 110.

Here, the light emitting structure 145 may have a top
surface including first and second sides S1 and S2 which
face each other, and third and fourth sides S3 and S4 which
face each other and cross the first and second sides S1 and
S2, respectively.

That is, when seen from the top of the light emitting
structure 145, the first and second sides S1 and S2 may face
each other, and the third and fourth sides S3 and S4 may face
each other.

In addition, although the first side S1 is arranged in an
upper part and the second side S2 is arranged in a lower part
in the drawing, the arrangement is not limited thereto. That
is, the first side S1 may be arranged in a lower part and the
second side S2 may be arranged in an upper part.

In addition, although the third side S3 is arranged in a left
part and the fourth side S4 is arranged in a right part in the
drawing, the arrangement is not limited thereto. That is, the
position of the third side S3 and the fourth side S4 may be
switched.

The first to fourth sides S1 to S4 is set based on the
position seen from the top of the light emitting structure 145.

The first electrode 160 may be electrically connected to
the first semiconductor layer 120. The first electrode 160
may be formed on the first semiconductor layer 120 and may
include a first electrode pad 162 and a first electrode arm
164.

In addition, the first electrode 160 may be formed in the
exposed part of the first semiconductor layer 120. That is, in
the light emitting structure 145, the first semiconductor layer
120 may be exposed by etching a part of the second
semiconductor layer 140 and the active layer 130 of the light
emitting structure 145 which corresponds to a region where
the first electrode 160 is to be arranged using a predeter-
mined etching method, and the first electrode 160 may be
arranged on the exposed region of the first semiconductor
layer 120.

The first electrode 160 comes into ohmic-contact with the
semiconductor layer to facilitate supply of power to the light
emitting structure 145. A metal and a light-transmitting
conductive layer may be optionally used. The first electrode
160 may include a conductive material. For example, the
material includes at least one of nickel (Ni), platinum (Pt),
ruthenium (Ru), iridium (Ir), thodium (Rh), tantalum (Ta),
molybdenum (Mo), titanium (Ti), silver (Ag), tungsten (W),
copper (Cu), chromium (Cr), palladium (Pd), vanadium (V),
cobalt (Co), niobium (Nb), zirconium (Zr), indium tin oxide
(ITO), aluminum zinc oxide (AZO), indium zinc oxide
(IZ0), indium zinc tin oxide (IZTO), indium aluminum zinc
oxide (IAZO), indium gallium zinc oxide (IGZ0O), indium
gallium tin oxide (IGTO), antimony tin oxide (ATO), gal-
lium zinc oxide (GZO), IrOx, RuOx, RuOx/ITO, Ni/IrOx/
Au, and Ni/IrOx/AWITO, or an alloy thereof, but is not
limited thereto.

The first electrode pad 162 may be formed on one side of
the exposed part of the first semiconductor layer 120. The
position of the first electrode pad 162 is not limited and for
example the first electrode pad 162 may be adjacent to the
edge of the second side S2 and the third side S3.
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In addition, the shape of the first electrode pad 162 is not
limited and may be selected from a variety of shapes
including a circle, a rectangle and a semi-circle in view of
convenience such as wire bonding.

In FIG. 2, the first electrode pad 162 has a %4 circle shape,
but is not limited thereto.

In addition, the first electrode pad 162 may be provided
with a round region adjacent to the edge between the second
side S2 and the third side S3 to prevent breakage.

The first electrode arm 164 is connected to the first
electrode pad 162 and extends in a first direction (X).

In addition, the position of the first electrode arm 164 is
not limited and may be adjacent to the second side S2 of the
light emitting structure 145.

The second electrode 170 may be electrically connected
to the second semiconductor layer 140. The second electrode
170 includes a second electrode pad 172 and a second
electrode arm 174 arranged on the second semiconductor
layer 140.

Here, the first electrode arm 164 and the second electrode
arm 174 have identical lengths and one thereof may be
greater, but is not limited thereto.

In addition, a light-transmitting electrode layer 150 may
be formed on the second semiconductor layer 140. At this
time, the second electrode 170 may be arranged on the
light-transmitting electrode layer 150.

The light-transmitting electrode layer 150 is formed
through the entirety or on part of the outer side of the second
semiconductor layer 140 to prevent current crowding and
discharge light emitted from the active layer 130 to the
outside.

That is, the light-transmitting electrode layer 150 for
example contains at least one of ITO, IZO (In—Zn0O), GZO
(Ga—7n0), AZO (Al—Zn0), AGZO (Al—Ga Zn0), IGZO
(In—Ga Zn0O), IrOx, RuOx, RuOx/ITO, Ni/IrOx/Au and
Ni/IrOx/Au/ITO, but is not limited thereto.

Here, a pattern (not shown) may be formed on the
light-transmitting electrode layer 150 and the pattern may be
one of a dot pattern, a roughness pattern and a lattice pattern.

That is, the pattern can improve light extraction efficiency
and prevent a current crowding phenomenon.

In addition, a current blocking layer (not shown) may be
arranged between the light-transmitting electrode layer 150
and the second electrode 170, or between the light-trans-
mitting electrode layer 150 and the second semiconductor
layer 140, or inside the light-transmitting electrode layer
150, and the current blocking layer may at least partially
overlap the second electrode 170.

The second electrode 170 supplies power to the light
emitting structure 145 and is made of the same material as
the first electrode 160.

The second electrode pad 172 may be formed on the
second semiconductor layer 140 at the other side of the first
electrode pad 162.

That is, the second electrode pad 172 may be formed
adjacent to the fourth side S4 on the second semiconductor
layer 140. In addition, the position of the second electrode
pad 172 is not limited and, for example, the second electrode
pad 172 may be arranged adjacent to the edge between the
first side S1 and the fourth side S4 in view of current
diffusion efficiency and luminous efficacy.

The shape of the second electrode pad 172 is not limited
and may be selected from a variety of shapes including, but
not being limited to, a circle, a rectangle and a semi-circle
in view of convenient connection to a power source by wire
bonding.



US RE47,181 E

7

The second electrode arm 174 is connected to the second
electrode pad 172 and extends in an opposite direction to the
first direction (X).

With reference to FIG. 2, the second electrode arm 174
forms a step with the second electrode pad 172, which is
provided as one embodiment, but is not limited thereto.

In addition, the distance d1 from the first electrode arm
164 to the second electrode arm 174 in a second direction Y
may be within a range of 25% to 75% of the width d of the
second semiconductor layer 140 in the second direction Y.

Here, the width d of the second semiconductor layer 140
means a distance between both sides in the second direction
Y of the light emitting device of the second semiconductor
layer 140, excluding the etched region of the second semi-
conductor layer 140.

The distance d1 between the first electrode arm 164 and
the second electrode arm 174 is 25% to 75% of the width d
of the second semiconductor layer 140 in the second direc-
tion Y to remove current crowding of the light emitting
device.

And, the distance d2 between the first side of the second
semiconductor layer 140 and the second electrode arm 174
is 25% to 50% of the width or the second semiconductor
layer 140.

That is, the distance d1 between the first electrode arm
164 and the second electrode arm 174 and the between the
first side of the second semiconductor layer 140 and the
second electrode arm 174 causes improvement in current
diffusion efficiency of the light emitting device and a
decrease in drive voltage, thus leading to improvement in
current diffusion efficiency of the light emitting device,
improvement in internal quantum efficiency and an increase
in light extraction efficiency.

Here, With reference to FIG. 3, the light emitting device
100 of Example 2 exhibits a decrease of 0.08V in drive
voltage (VF), as compared to Comparative Example and a
3.16% increase in luminous efficacy, as compared to Com-
parative Example. The 3% or more increase in luminous
efficacy is a considerable increase which approaches theo-
retical limits of luminous efficacy and in particular, 3% or
more of an increase in luminous efficacy in small chips
demonstrates applicability to small chips.

In addition, comparing Example 1 and Example 2, and
Comparative Example, the second electrode arm 174 readily
diffuses current, luminous efficacy is improved and drive
voltage is reduced, as it reaches the center of the second
semiconductor current diffusion layer 140.

In addition, as drive voltage decreases, heat generation
can be reduced during use of the light emitting device 100.

The second electrode arm 174 may be formed in the
center of the width of the second semiconductor layer 140 in
the second direction Y.

That is, the second electrode arm 174 is arranged in the
center of the width of the second semiconductor layer 140 in
the second direction Y, and the light emitting device may
extend in an opposite direction to the first direction X.

Accordingly, when the first electrode arm 164 is adjacent
to the second side S2, the distance d1 from the first electrode
arm 164 to the second electrode arm 174 in the second
direction Y is within a range of 25% to 75% of the width Y
of the width of the second semiconductor layer 140 in the
second direction Y.

In addition, the second electrode arm 174 may be con-
nected to a lower part of the width d of the second electrode
pad 172 in the second direction Y, but is not limited thereto.
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In addition, the first electrode arm 164 and the second
electrode arm 174 may extend in the first direction X and in
the opposite direction thereto.

In addition, the first electrode arm 164 and the second
electrode arm 174 may be arranged in parallel. When the
first electrode arm 164 and the second electrode arm 174 are
parallel to each other in the first direction X, diffusion of
current between the first electrode arm 164 and the second
electrode arm 174 is facilitated, drive voltage decreases and
luminous efficacy is improved.

FIG. 4 is a plan view illustrating a light emitting device
in accordance with another embodiment as broadly
described herein.

The light emitting device 100 shown in FIG. 4 has the
same configuration as the light emitting device 100 shown in
FIG. 1. The light emitting device 100 shown in FIG. 4 has
a configuration in which the top and the bottom thereof are
reversed to those of the light emitting device 100 shown in
FIG. 1. At this time, the positions of the first to fourth sides
(S1 to S4) and the positions of first and second electrodes
160 and 170 are relative. That is, when the position of one
is varied, the other may be relatively varied.

FIG. 5 is a plan view illustrating a light emitting device
in accordance with other embodiment as broadly described
herein.

Referring to FIG. 5, the configuration of the light emitting
device 200 shown in FIG. 1 may differ from that of the light
emitting device 100 in view of the position of the second
electrode pad 272.

In addition, the light emitting device 200 of FIG. §
includes the same elements as the light emitting device 100
of FIG. 1 and a description thereof is thus omitted.

The second electrode pad 272 may be formed in the center
of the width of the second semiconductor layer 240 in the
second direction Y. That is, when, like the second electrode
arm 274, the second electrode pad 272 is formed in the
center of the width of the second semiconductor layer 240 in
the second direction Y, light extraction efficiency of the light
emitting device can be further improved.

The position of the second electrode arm 274 connected
to the second electrode pad 272 may be freely determined
taking into consideration the luminous efficacy and current
diffusion efficiency of the light emitting device.

The second electrode arm 274 may be connected to the
top, center or the bottom of the width of the second electrode
pad 272 in the second direction Y. That is, the second
electrode arm 274 may be connected to any part of the width
of the second electrode pad 272 in the second direction Y.

FIG. 6 is a perspective view of a light emitting device
package including the light emitting device in accordance
embodiments as broadly described herein.

FIG. 6 is a perspective view to see through one part of the
light emitting device package 300. Although the light emit-
ting device package 300 is a top view in this embodiment,
the light emitting device package 300 may be a side view
and is not limited thereto.

Referring to FIG. 6, the light emitting device package 300
may include a light emitting device 310 and a body 320 in
which the light emitting device 310 is arranged.

The body 320 may include a first barrier rib 322 arranged
in a first direction (not shown) and a second barrier rib 324
arranged in a second direction (not shown) which crosses the
first direction. The first and second barrier ribs 322 and 324
may be integrally formed and may be formed by an extru-
sion molding, etching or the like and is not limited thereto.

That is, first and second barrier ribs 322 and 324 may be
made of at least one selected from resins such as polyphtha-
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lamide (PPA), silicon (Si), aluminum (Al), aluminum nitride
(AIN), aluminum oxide (AlOx), photosensitive glass (PSG),
polyamide 9T (PA9T), syndiotactic polystyrene (SPS), a
metal, sapphire (A1203), beryllium oxide (BeO), ceramic,
and a printed circuit board (PCB).

The top shape of the first and second barrier ribs 322 and
324 may be selected from a variety of shapes including
triangle, rectangle, polygon and circle depending on the
application and designs of the light emitting device 310, and
is not limited thereto.

In addition, the first and second barrier ribs 322 and 324
form a cavity(s) in which the light emitting device 310 is
arranged. The cross-section of cavity(s) may have a cup
shape, recessed container shape or the like. The first and
second barrier ribs 322 and 324 constituting the cavity(s)
may have an inclined face in a lower direction.

In addition, the plan surface of cavity(s) may be selected
from a variety of shapes including triangle, rectangle, poly-
gon and circle, but is not limited thereto.

First and second lead frames 313 and 314 may be
arranged under the body 320. The first lead frame 313 and
the second lead frame 314 contain a metal such as titanium
(Ti), copper (Cu), nickel (Ni), gold (Au), chromium (Cr),
tantalum (Ta), platinum (Pt), tin (Sn), silver (Ag), phospho-
rus (P), aluminum (Al), indium (In), palladium (Pd), cobalt
(Co), silicon (Si), germanium (Ge), hathium (Hf), ruthenium
(Ruw), iron (Fe), and alloys thereof. In addition, the first and
second lead frames 313 and 314 may have a monolayer or
multilayer structure, without being limited thereto.

The inner side of the first and second barrier ribs 322 and
324 may be inclined at a predetermined angle with respect
to one of the first and second lead frames 313 and 314. The
reflective angle of light emitted from the light emitting
device 310 may be varied, depending on the inclination
angle. Accordingly, the orientation angle of light discharged
to the outside can be controlled. As the orientation angle of
light decreases, convergence of light emitted from the light
emitting device 310 to the outside increases. On the other
hand, as the orientation angle of light increases, convergence
of light emitted from the light emitting device 310 to the
outside decreases.

The inner side of the body 320 may have a plurality of
inclination angles and is not limited thereto.

The first and second lead frames 313 and 314 are elec-
trically connected to the light emitting device 310, are
connected to positive (+) and negative (-) electrodes of outer
power sources (not shown), respectively, and supply power
to the light emitting device 310.

In this embodiment, the light emitting device 310 is
arranged on the first lead frame 313, the second lead frame
314 is spaced from the first lead frame 313, and the light
emitting device 310 is die-bonded to the first lead frame 313
and is wire-bonded to the second lead frame 314 through a
wire (not shown) to receive power from the first and second
lead frames 313 and 314.

Here, the light emitting device 310 may be bonded to the
first lead frame 313 and the second lead frame 314, which
have different polarities.

In addition, the light emitting device 310 is wire-bonded
or die-bonded to the first and second lead frames 313 and
314, without being limited in terms of connection formation
method.

The light emitting device 310 is arranged in the first lead
frame 313 in this embodiment, but is not limited thereto.

In addition, the light emitting device 310 may be adhered
to the first lead frame 313 through an adhesive member (not
shown).

10

15

20

25

30

35

40

45

50

55

60

65

10

Here, an insulating dam 316 may be formed between the
first and second lead frames 313 and 314 to prevent electric
short between the first and second lead frames 313 and 314.

In this embodiment, the insulating dam 316 may have a
semi-circular top and the shape thereof is not limited thereto.

The body 313 may be provided with a cathode mark 317.
The cathode mark 317 divides polarity of the light emitting
device 310 (that is, polarity of the first and second lead
frames 313 and 314), and may thus be used to prevent
confusion when first and second lead frames 313 and 314 are
electrically connected.

The light emitting device 310 may be a light emitting
diode. The light emitting diode may be a color light emitting
diode to emit colored light such as red, green, blue or white
light, or an ultraviolet (UV) light emitting diode to emit
ultraviolet light, without being limited thereto. The light
emitting device 310 mounted on the first lead frame 313 may
be present in plural, at least one light emitting device 310
may be mounted on the first and second lead frames 313 and
314, and the number and position of the light emitting device
310 are not limited.

Here, the light emitting device 310 may be one of light
emitting devices 100 and 200 shown in FIGS. 1, 4 and 5, but
is not limited thereto.

The body 320 may include a resin material 318 filled in
the cavity(s). That is, the resin material 318 may have a
double-molded structure or a triple-molded structure and is
not limited thereto.

In addition, the resin material 318 may be a film type and
include at least one of a phosphor and a light diffusion
material.

In addition, the resin material 318 may include a light-
transmitting material which contains a phosphor and a light
diffusion material, but is not limited thereto.

FIG. 7 is a perspective view of a backlight unit including
a light emitting device in accordance embodiments as
broadly described herein, and FIG. 8 is a sectional view of
the lighting device taken along the line A-A of the lighting
device shown in FIG. 7.

Hereinafter, for better understanding, the lighting device
400 will be described based on a longitudinal direction (Z),
a horizontal direction (Y) vertical to the longitudinal direc-
tion (Z), and a height direction (X) vertical to the longitu-
dinal direction (Z) and the horizontal direction (Y).

That is, FIG. 8 is a sectional view of the lighting device
400 of FIG. 7, taken along the cross-section of the longitu-
dinal direction (Z) and height direction (X) and seen from
the horizontal direction (Y).

Referring to FIGS. 7 and 8, the lighting device 400 may
include a body 410, a cover 430 connected to the body 410
and an end cap 450 arranged at both ends of the body 410.

A light emitting device module 440 is connected to the
bottom of the body 410 and the body 410 may be composed
of' a metal which exhibits superior conductivity and excel-
lent heat release effects in order to discharge heat generated
from light emitting device packages 444 to the outside
through the top of the body 410.

The light emitting device packages 444 exhibit improved
bonding reliability and luminous efficacy and are advanta-
geous in designing slim and small display devices due to
roughness (not shown) provided in each lead frame (not
shown).

The light emitting device packages 444 are mounted in
multiple colors and multiple rows on the PCB 442 to form
an array and may be spaced from one another by a prede-
termined distance or by different distances, as necessary, to
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control brightness. The PCB 442 may be a metal core PCB
(MCPCB) or a PCB made of FR4.

The cover 430 may take the shape of a circle to surround
the bottom of the body 410, without being limited thereto.

The cover 430 protects the light emitting device module
440 from foreign substances. In addition, the cover 430
prevents glare generated from the light emitting device
package 444 and includes diffusion particles to uniformly
discharge light to the outside. In addition, a prism pattern or
the like may be formed on at least one of the inner and outer
surfaces of the cover 430. Alternatively, a phosphor may be
applied to at least one of the inner and outer surfaces of the
cover 430.

Meanwhile, the cover 430 should exhibit superior light
transmittance, so that it can discharge light generated from
the light emitting device package 444 through the cover 430
to the outside, and the cover 430 should exhibit sufficient
heat resistance so that it can endure heat emitted by the light
emitting device package 444. Preferably, the cover 430 is
composed of a material including polyethylene terephthalate
(PET), polycarbonate (PC), polymethyl methacrylate
(PMMA) and the like.

The end cap 450 is arranged on both ends of the body 410
and may be used to seal a power device (not shown). In
addition, the end cap 450 is provided with a power pin 452,
allowing the lighting device 400 to be applied to a conven-
tional terminal from which fluorescent light has been
removed, without using any additional device.

FIG. 9 is a perspective view of a liquid crystal display
including a light emitting device in accordance with an
embodiment as broadly described herein.

FIG. 9 illustrates an edge-light type liquid crystal display
device 500 which includes a liquid crystal display panel 510
and a backlight unit 570 to supply light to the liquid crystal
display panel 510.

The liquid crystal display panel 510 displays an image
using light supplied from the backlight unit 570. The liquid
crystal display panel 510 includes a color filter substrate 512
and a thin film transistor substrate 514 which face each other
such that a liquid crystal is interposed therebetween.

The color filter substrate 512 can realize color images to
be displayed through the liquid crystal display panel 510.

The thin film transistor substrate 514 is electrically con-
nected to a printed circuit board 518 on which a plurality of
circuit components is mounted through a driving film 517.
The thin film transistor substrate 514 responds to drive
signals supplied from the printed circuit board 518 and may
apply drive voltage from the printed circuit board 518 to
liquid crystals.

The thin film transistor substrate 514 includes a thin film
transistor and a pixel electrode formed as a thin film on other
substrates composed of a transparent material such as glass
or plastic.

The backlight unit 570 includes a light emitting device
module 520 to emit light, a light guide plate 530 to convert
light emitted from the light emitting device module 520 into
surface light and supply the light to the liquid crystal display
panel 510, a plurality of films 550, 566 and 564 to uni-
formize brightness of light from the light guide plate 530 and
improve vertical incidence, and a reflective sheet 540 to
reflect light emitted to the back of the light guide plate 530
to the light guide plate 530.

The light emitting device module 520 includes a plurality
of light emitting device packages 524 and a PCB 522 on
which the light emitting device packages 524 are mounted to
form an array.
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Meanwhile, the backlight unit 570 includes a diffusion
film 566 to diffuse light incident from the light guide plate
530 toward the liquid crystal display panel 510, a prism film
550 to concentrate the diffused light and thus improve
vertical incidence and a protective film 564 to protect the
prism film 550.

FIG. 10 is a perspective view of a liquid crystal display
including a light emitting device in accordance with another
embodiment as broadly described herein.

The contents illustrated and described in FIG. 9 are not
mentioned in detail.

FIG. 10 illustrates a direct-type liquid crystal display
device 600 which includes a liquid crystal display panel 610
and a backlight unit 670 to supply light to the liquid crystal
display panel 610.

The liquid crystal display panel 610 has been described in
FIG. 9 and a detailed explanation thereof is thus omitted.

The backlight unit 670 includes a plurality of light emit-
ting device modules 623, a reflective sheet 624, a lower
chassis 630 in which the light emitting device modules 623
and the reflective sheet 624 are accepted, and a diffusion
plate 640 and a plurality of optical films 660 arranged on the
light emitting device modules 623.

Each light emitting device module 623 includes a plural-
ity of light emitting device packages and a PCB 621 on
which the light emitting device packages 624 are mounted to
form an array.

In particular, the light emitting device package 622 exhib-
its improved bonding reliability and realizes slim and further
reliable backlight units 670 due to the roughness 170 formed
in a region where the light source unit 130 and a wire 150
are wire-bonded to respective lead frames 140 and 142.

The reflective sheet 624 reflects light generated by the
light emitting device package 622 toward the liquid crystal
display panel 610 to improve luminous efficacy.

Meanwhile, light emitted from the light emitting device
module 623 is incident on the diffusion plate 640 and an
optical film 660 is arranged on the diffusion plate 640. The
optical film 660 includes a diffusion film 666, a prism film
650 and a protective film 664.

In the embodiments, the lighting device 400 and liquid
crystal displays 500 and 600 may be included in the lighting
system and a lighting device including a light emitting
device package may be included in the lighting system.

A light emitting device as embodied and broadly
described herein may allow which exhibits improved lumi-
nous efficacy, reduces drive voltage, and improves safety
and reliability.

Any reference in this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that
a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one
embodiment of the invention. The appearances of such
phrases in various places in the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is
within the purview of one skilled in the art to effect such
feature, structure, or characteristic in connection with other
ones of the embodiments.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modi-
fications are possible in the component parts and/or arrange-
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ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A light emitting device, comprising:

a substrate;

a light emitting structure [arranged] on the substrate, the
light emitting structure including a first semiconductor
layer, an active layer on the first semiconductor layer,
and a second semiconductor layer [and an] on the
active layer [arranged between the first semiconductor
layer and the second semiconductor layer];

a first electrode [electrically connected to the first semi-
conductor layer] including a first pad and a first arm;,
and

a second electrode [electrically connected to the second
semiconductor layer] including a second pad and a
second arm,

wherein the light emitting structure [has] comprises a top
surface [including a first side and a second side which
face each other, and a third side and a fourth side which
face each other] having a rectangular shape in the top
view,

wherein the first electrode includes:

[a first electrode pad] the first pad located father away
from a first side of the rectangular shape than a second
side of the rvectangular shape, the first pad being
adjacent to [the edge of the second side and the third
side in the] an edge of the second side and a third side
of the rectangular shape in an exposed part of the first
semiconductor layer; and

[a first electrode] the first arm connected to the first
[electrode] pad, the first [electrode] arm extending in a
first direction, and

wherein the second electrode includes:

[a second electrode] the second pad adjacent to [the fourth
side] a fourth side of the rectangular shape on the
second semiconductor layer; [and]

[a second electrode] the second arm connected to the
second [electrode] pad, the second [electrode]
arm extending in an opposite direction to the first
direction[,]; and

[the distance from the first electrode arm to the second
electrode arm in a second direction is 25% to 75% of
the width of the second semiconductor layer in the
second direction] a distance from the first arm to the
second arm in a second direction is 25% to 75% of a
width of the second semiconductor layer in the second
direction.

[2. The light emitting device of claim 1, wherein the
second electrode pad is formed adjacent to the edge between
the first side and the fourth side.]

[3. The light emitting device of claim 1, wherein the
second electrode pad is formed adjacent to the center of the
width of the second semiconductor layer in the second
direction.]

[4. The light emitting device of claim 1, wherein the first
electrode arm and the second electrode arm are formed in
parallel.]

[5. The light emitting device of claim 1, wherein at least
one of the first and second electrode pads has a circular
shape of a shape having a curved part.]

[6. The light emitting device of claim 1, wherein the first
and second electrode pads have different shapes.]
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[7. The light emitting device of claim 1, wherein the
lengths of the first and second electrode arms are equivalent
or one thereof is greater.]

[8. The light emitting device of claim 1, wherein the
second electrode pad does not overlap the first electrode pad
in the first direction.]

[9. The light emitting device of claim 1, further compris-
ing:

a current blocking layer arranged between a light-trans-
mitting electrode layer and the second electrode, or
between a light-transmitting electrode layer and the
second semiconductor layer, or inside the light-trans-
mitting electrode layer.]

[10. The light emitting device of claim 9, wherein the
current blocking layer vertically partially overlaps the sec-
ond electrode.]

[11. The light emitting device of claim 1, wherein the first
electrode is arranged in one part of the first semiconductor
layer formed by mesa-etching the active layer and the
second semiconductor layer.]

[12. The light emitting device of claim 1, wherein the
second electrode arm is connected to the center of the second
electrode pad in the second direction.]

[13. The light emitting device of claim 1, wherein the
second electrode arm is connected to a lower part of the
second electrode pad in the second direction.]

[14. The light emitting device of claim 1, wherein the
second electrode arm defines the first and second sides of the
top surface of the light emitting structure, the second elec-
trode pad is located at the first side, and the first electrode
pad is located at the second side.]

[15. A light emitting device comprising:

a substrate;

a light emitting structure arranged on the substrate, the
light emitting structure including a first semiconductor
layer, a second semiconductor layer and an active layer
arranged between the first semiconductor layer and the
second semiconductor layer;

a first electrode arranged on the first semiconductor layer,
the first electrode including a first electrode pad and a
first electrode arm extending from the first electrode
pad in a first direction; and

a second electrode arranged on the second semiconductor
layer, the second electrode including a second electrode
pad and a second electrode arm extending parallel to
the first electrode arm,

wherein

a first distance between the first electrode arm and the
second electrode arm in a second direction is 25% to
75% of the width of the light emitting structure,

a second distance between one side of the second semi-
conductor layer and the second electrode arm adjacent
thereto is 25% to 50% of the width of the second
semiconductor layer, and

the second electrode arm is connected to a lower part of
the second electrode pad in the second direction.]

[16. The light emitting device of claim 15, wherein the
second electrode arm divides a top surface of the light
emitting structure into first and second sides opposed to each
other in the second direction, the second electrode pad is
located at the first side, and the first electrode pad is located
at the second side.]

[17. A light emitting device package comprising:

a light emitting device including a light emitting diode;

and
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a body including a first lead frame provided with the light
emitting device and a second lead frame spaced from
the first lead frame,

wherein the light emitting device comprises:

a substrate;

a light emitting structure arranged on the substrate, the
light emitting structure including a first semiconductor
layer, a second semiconductor layer and an active layer
arranged between the first semiconductor layer and the
second semiconductor layer;

a first electrode arranged on the first semiconductor layer,
the first electrode including a first electrode pad elec-
trically connected to the first lead frame and a first
electrode arm extending from the first electrode pad in
a first direction; and

a second electrode arranged on the second semiconductor
layer, the second electrode including an second elec-
trode pad between the center of the second semicon-
ductor layer and the one side of the second semicon-
ductor layer, and a second electrode arm extending
parallel to the first electrode pad,

wherein

a first distance between the first electrode arm and the
second electrode arm in a second direction is 25% to
75% of the width of the light emitting structure, and

a second distance between the one side of the second
semiconductor layer and the second electrode arm
adjacent thereto is 25% to 50% of the width of the
second semiconductor layer, and

the second electrode arm is connected to a lower part of
the second electrode pad in the second direction.]

[18. The light emitting device of claim 17, wherein the
second electrode arm divides a top surface of the light
emitting structure into first and second sides opposed to each
other in the second direction, the second electrode pad is
located at the first side, and the first electrode pad is located
at the second side.]

19. The light emitting device of claim 1, wherein the
second pad does not overlap with the first pad in the first
direction.

20. The light emitting device of claim 1, wherein the
second pad does not overlap with a straight line passing
from a fourth vertex of the rectangular shape to a second
vertex of the rectangular shape.

21. The light emitting device of claim 1, wherein the
second pad does not overlap with the first pad in the first
direction, and the second pad does not overlap with a
straight line passing from a fourth vertex of the rectangular
shape to a second vertex of the rectangular shape.

22. The light emitting device of claim 21, wherein a
distance from the first arm to a second border line of the
rectangular shape is smaller than a distance from the first
arm to a first border line of the rectangular shape.

23. The light emitting device of claim 1, wherein a
distance from a first border line of the rectangular shape to
the second arm of the second electrode is 25% to 50% of a
width of the top surface in a second direction.

24. The light emitting device of claim 1, wherein the
second pad is disposed on a fourth region of the rectangular
shape entirely, and the first pad is disposed on a second
region of the rectangular shape entirely.

25. The light emitting device of claim 24, wherein a length
of the first arm and a length of the second arm are equiva-
lent.

26. The light emitting device of claim 1, wherein a length
of the second arm disposed in a first region is more than 50%
of a length of the first region in the first direction.
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27. The light emitting device of claim 1, wherein a length
of the first arm disposed in a third region of the rectangular
shape is more than 50% of a length of the third region in the
first direction.

28. The light emitting device of claim 1, further compris-
ing:

a current blocking layer arranged between a light-trans-
mitting electrode layer and the second electrode,
between the light-transmitting electrode layer and the
second semiconductor layer, or inside the light-trans-
mitting electrode layer.

29. The light emitting device of claim 28, wherein the
current blocking layer vertically partially overlaps with the
second electrode.

30. The light emitting device of claim 1, wherein the first
and second pads have different shapes.

31. The light emitting device of claim I, wherein the
second arm is connected to a center part of the second pad
in the second direction.

32. The light emitting device of claim I, wherein the
second arm is connected to a lower part of the second pad
in the second direction.

33. A light emitting device package comprising:

a light emitting device including a light emitting diode;

and

a body including a first lead frame provided with the light
emitting device and a second lead frame spaced from
the first lead frame,

wherein the body includes an inclined surface forming a
cavity, and the light emitting diode is disposed in the
cavity,

wherein the light emitting device comprises:

a substrate;

a light emitting device structure on the substrate, the light
emitting device structure including a first semiconduc-
tor layer, an active layer on the first semiconductor
layer, and a second semiconductor layer on the active
layer;

a first electrode including a first pad and a first arm; and

a second electrode including a second pad and a second
arm,

wherein the light emitting structure comprises a top plane
surface having a rectangular shape in the top view,

wherein the top plane surface includes a first upper
surface of the first semiconductor layer and a second
upper surface of the second semiconductor layer,

wherein the first upper surface is not overlapped with the
second semiconductor layer in the top view,

wherein the top plane surface comprises a first border
line, a second border line parallel to the first border
line in a first direction, a third border line, and a fourth
border line parallel to the third border line in a second
direction perpendicular to the first direction,

wherein the first border line is longer than the third
border line and the fourth border line, and the second
border line is longer than the third border line and the
fourth border line,

wherein the top plane surface comprises four regions
divided by a first straight line passing from a center
point of the first border line of the top plane surface to
a center point of the second border line of the top plane
surface, and a second straight line passing from a
center point of the third border line of the top plane
surface to a center point of the fourth border line of the
top plane surface,

wherein the four regions comprise a first region, a second
region, a third region, and a fourth region,
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wherein the first region has a first vertex formed by a first
intersection of the first border line of the top plane
surface and the thivd border line of the top plane
surface,

wherein the second vegion has a second vertex formed by
a second intersection of the first border line of the top
plane surface and the fourth border line of the top
plane surface,

wherein the third region has a third vertex formed by a
thivd intersection of the second border line of the top
plane surface and the fourth border line of the top
plane surface,

wherein the fourth vegion has a fourth vertex formed by a
fourth intersection of the second border line of the top
plane surface and the third border line of the top plane
surface,

wherein the top plane surface includes an overlapped
portion where both the first arm of the first electrode
and the second arm of the second electrode overlap
each other in the second direction,

wherein a shortest distance between the first arm of the
first electrode and the second arm of the second elec-
trode is a range from 25% to 75% of a width of the top
plane surface of the overlapped portion of the top plane
surface in the second direction, and

wherein the first arm is connected to an edge of the first
pad in the second direction and the second arm is
connected to a center of the second pad in the second
direction.

34. The light emitting device of claim 33, wherein a
distance from the first border line to the second arm of the
second electrode is 25% to 50% of a width of the top plane
surface in the second direction.

35. A light emitting device, comprising:

a substrate;

a light emitting device structure on the substrate, the light
emitting device structure including a first semiconduc-
tor layer, an active layer on the first semiconductor
layer, and a second semiconductor layer on the active
layer;

a first electrode including a first pad and a first arm; and

a second electrode including a second pad and a second
arm,

wherein the light emitting structure comprises a top plane
surface having a rectangular shape in the top view,

wherein the top plane surface includes a first upper
surface of the first semiconductor layer and an a
second upper surface of the second semiconductor
layer,
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wherein the first upper surface is not overlapped with the
second semiconductor layer in the top view,

wherein the top plane surface comprises a first border
line, a second border line parallel to the first border
line in a first direction, a third border line, and a fourth
border line parallel to the third border line in a second
direction perpendicular to the first direction,

wherein the top plane surface comprises four regions
divided by a first straight line passing from a center
point of the first border line of the top plane surface to
a center point of the second border line of the top plane
surface, and a second straight line passing from a
center point of the third border line of the top plane
surface to a center point of the fourth border line of the
top plane surface,

wherein the four regions comprise a first region, a second
region, a third region, and a fourth region,

wherein the first region has a first vertex formed by a first
intersection of the first border line of the top plane
surface and the third border line of the top plane
surface,

wherein the second region has a second vertex formed by
a second intersection of the first border line of the top
plane surface and the fourth border line of the top
plane surface,

wherein the third vegion has a third vertex formed by a
third intersection of the second border line of the top
plane surface and the fourth border line of the top
plane surface,

wherein the fourth vegion has a fourth vertex formed by a
fourth intersection of the second border line of the top
plane surface and the third border line of the top plane
surface,

wherein the top plane surface includes an overlapped
portion where both the first arm of the first electrode
and the second arm of the second electrode overlap
each other in the second divection, and

wherein a distance between the first arm of the first
electrode and the second arm of the second electrode is
a range from 25% to 75% of a width of the top plane
surface of the overlapped portion of the second semi-
conductor layer in the second direction.

36. The light emitting device of claim 35, wherein the

second pad does not overlap with the first pad in the first

45 direction.

37. The light emitting device of claim 35, wherein the

second pad does not overlap with a straight line passing
from the fourth vertex to the second vertex.
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