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Description
Title of Invention: LIGHT EMITTING DIODE WITH IMPROVED

CURRENT SPREADING

Technical Field

[1] Example embodiments of the present invention relate in general to a semiconductor
device, and, more specifically, to alight emitting diode.
Background Art

[2] A light emitting diode (LED) isbasically aPN junction diode formed by combining a
P-type semiconductor and an N-type semiconductor.

[3] In the LED, when aP-type semiconductor and an N-type semiconductor are
combined and avoltage is applied to the P-type and N-type semiconductors, an electric
current is alowed to flow through the P-type and N-type semiconductors. In this case,
holes of the P-type semiconductor move toward the N-type semiconductor, whereas
electrons of the N-type semiconductor move toward the P-type semiconductor, which
causes the electrons and holes to move to the PN junction.

[4] The electrons transferred to the PN junction are bound to the holes while falling from
aconduction band to avalence band. In this case, the PN junction emits energy corre-
sponding to adifference in height, that is, energy between the conduction band and the
valence band. In the process, the energy isemitted in the form of light.

[5] Such an LED is a semiconductor device that emits light and shows characteristics
such as environmental friendliness, low voltage, long lifespan and inexpensiveness. In
the prior art, the LED was widely applied to adisplay lamp or display of simple in-
formation such as numbers. With the development of industrial technology, par-
ticularly, information display technology and semiconductor technology, however, the
LED has been used in avariety of fields such display devices, automobile head lamps,
projectors, etc.

(6] LEDs may include horizontal LEDs and vertical LEDs. In general, vertical LEDs
have excellent current distribution performance compared with horizontal LEDs. That
is, horizontal LEDs are formed on a growth substrate for growing an epitaxial layer,
and vertical LEDs are positioned on ametal substrate. Therefore, vertical LEDs have
an advantage of showing excellent thermal emission performance since they are
formed using ametal substrate having high thermal conductivity.

[7 However, vertical LEDs show poor luminous efficiency and short device lifespan
because an electric current focuses on apad region.

Disclosure of I nvention
Technical Problem
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[9]

[10]

[11]

[12]

[13]

[14]
[15]

Accordingly, example embodiments of the present invention are provided to sub-
stantially obviate one or more problems due to limitations and disadvantages of the

related art.
Example embodiments of the present invention provide alight emitting diode in

which an electric current isuniformly distributed throughout alight emitting region.
Example embodiments of the present invention also provide alight emitting diode
having improved lifespan due to uniform current distribution.

Solution to Problem

In some example embodiments, alight emitting diode isprovided. The light emitting
diode includes asubstrate. A semiconductor structure layer including an active layer is
disposed on the substrate. A pad pattern isdisposed on an upper surface of the semi-
conductor structure layer. The pad pattern includes abonding pad disposed adjacent to
afirst edge of the upper surface of the semiconductor structure layer, acurrent dis-
tribution pad disposed adjacent to a second edge disposed opposite to the first edge,
and extensions configured to electrically connect the bonding pad and the current dis-
tribution pad.

A distance between the bonding pad and the first edge may be the same as a distance
between the current distribution pad and the second edge. The distance between the
bonding pad and the first edge may bein arange of 0.5 to 5% of widths of the light
emitting diodes in the same direction. The distance between the bonding pad and the
first edge may bein arange of 5to 40 um. The distance between the current dis-
tribution pad and the second edge may be in arange of 0.5 to 5% of the widths of the
light emitting diodes in the same direction. The distance between the current dis-
tribution pad and the second edge may bein arange of 5 to 40 um.

The first and second edges may be first and second sides of the upper surface of the
semiconductor structure layer, respectively. In this case, the bonding pad and the
current distribution pad may be disposed at symmetrical positions and formed in the
same shape. On the other hand, an overlapping region of the current distribution pad
and the second edge may have ahigher length than an overlapping region of the
bonding pad and the first edge. In addition, the current distribution pad may partially
overlap third and fourth edges disposed at both sides of the second edge.

The bonding pad may have the same area asthe current distribution pad.

The first and second edges may be first and second corners of the upper surface of
semiconductor structure layer, respectively. In this case, the bonding pad and the
current distribution pad may be disposed at symmetrical positions and formed in the
same shape. On the other hand, the current distribution pad may be afirst current dis-
tribution pad, and a second current distribution pad may be disposed on at least one of
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[17]

[18]

[19]

[20]

[21]

third and fourth corners of the upper surface of the semiconductor structure layer.
The extensions may be disposed adjacent to edges of the upper surface of the semi-

conductor structure layer. Distance between the extensions and the edges may bein a
range of 5to 40 um. The distance between the extensions and the edges may bein a
range of 0.5 to 5% of widths of the light emitting diodes in the same direction. The ex-
tensions may not lie across a central region of the semiconductor structure layer.

The bonding pad may not protrude outward relative to the extension adjacent to the
bonding pad. A distance between the bonding pad and the first edge may be the same
as adistance between the extension and the first edge.

The current distribution pad may not protrude outward relative to the extension
adjacent to the current distribution pad. A current distribution pad current distribution
pad and the second edge may be the same as a distance between the extension and the
second edge.

In other example embodiment, another example of alight emitting diode is provided.
The light emitting diode includes a substrate. A semiconductor structure layer
including an active layer isdisposed on the substrate. A pad pattern is disposed on an
upper surface of the semiconductor structure layer. The pad pattern includes abonding
pad disposed adjacent to afirst edge of the upper surface of the semiconductor
structure layer, acurrent distribution pad disposed spaced apart from the bonding pad,
and extensions configured to electrically connect the bonding pad and the current dis-
tribution pad. In this case, the bonding pad does not protrude in adirection of the edges
relative to the extension adjacent to the bonding pad.

The distance between the bonding pad and the first edge may bein arange of 0.5 to
5% of widths of the light emitting diodes in the same direction. The distance between
the bonding pad and the first edge may be the same as the distance between the
extension and the first edge.

The current distribution pad may be disposed adjacent to the other edges other than
the first edge of the upper surface of the semiconductor structure layer. A distance
between the current distribution pad and an edge adjacent to the current distribution
pad may bein arange of 0.5 to 5% of the widths of the light emitting diodes in the
same direction. The extensions may be disposed adjacent to the edges of the upper
surface of the semiconductor structure layer. Distances between the extensions and the
edges may bein arange of 0.5 to 5% of the widths of the light emitting diodes in the
same direction. In addition, the extensions may not lie across a central region of the
semiconductor structure layer. Meanwhile, the current distribution pad may not
protrude outward relative to the extension adjacent to the current distribution pad.

Advantageous Effects of Invention
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According to example embodiments of the present invention, alight emitting diode
having improved current spreading performance can be obtained by respectively
disposing abonding pad and acurrent distribution pad adjacent to facing edges of an
upper surface of the semiconductor structure layer. Also, alight emitting diode having
improved current spreading performance can be obtained by disposing the bonding pad
adjacent to one of the edges of the upper surface of the semiconductor structure layer
and arranging the bonding pad so that the bonding pad cannot protrude toward the
edge relative to the extension adjacent to the bonding pad.

The technical effects of the present invention are not limited to those described
above, and other technical effects can be clearly understood by those skilled in the art.
Brief Description of Drawings

Example embodiments of the present invention will become more apparent by de-
scribing in detail example embodiments of the present invention with reference to the
accompanying drawings, in which:

FIG. lisaplane view showing alight emitting diode according to one example em-
bodiment of the present invention.

FIG. 2 isacross-sectiona view taken along line I-I shown in FIG. 1.

FIG. 3isaplane view showing alight emitting diode according to another example
embodiment of the present invention.

FIG. 4 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

FIG. 5isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

FIG. 6 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

FIG. 7 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

FIG. 8isacross-sectiona view taken along line A-A' shown in FIG. 7.

FIG. 9 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

FIG. 10 isaplane view showing alight emitting diode according to yet another
example embodiment of the present invention.

FIGS. 11A to 11D are images taken while allowing an electric current of 350 mA to
flow through light emitting diodes according to Experiment Examples 1to 4, re-
Spectively.

FIGS. 12A to 12C are plane views showing light emitting diodes according to Ex-
periment Examples 5 to 7, respectively.
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[45]

FIGS. 13A b 13C are images taken while alowing an electric current of 350 rriA to
flow through the light emitting diodes according to Experiment Examples 5to 7, re-
spectively.

FIG. 14 isaschematic plane view showing alight emitting diode according to Ex-
periment Example 15.

FIGS. 15A to 15D are images taken while allowing an electric current of 350 mA to
flow through light emitting diodes according to Experiment Examples 8to 11, re-
spectively.

FIG. 16 isaschematic plane view showing alight emitting diode according to Ex-
periment Example 12.

FIGS. 17A to 17D are images taken while allowing an electric current of 1,000 mA
to flow through light emitting diodes according to Experiment Examples 12 and 13, re-
spectively.

FIGS. 18A and 18B are images taken while allowing an electric current to flow
through light emitting diodes according to Experiment Examples 14 and 15, re-
spectively.

Mode for the Invention

Example embodiments of the present invention are disclosed herein. However,
specific structural and functional details disclosed herein are merely representative for
purposes of describing example embodiments of the present invention, however,
example embodiments of the present invention may be embodied in many aternate
forms and should not be construed aslimited to example embodiments of the present
invention set forth herein.

Accordingly, while the invention is susceptible to various modifications and al-
ternative forms, specific example embodiments thereof are shown by way of example
in the drawings and will herein be described in detail. It should be understood,
however, that there is no intent to limit the invention to the particular forms disclosed,
but on the contrary, the invention isto cover all modifications, equivalents, and al-
ternatives falling within the spirit and scope of the invention. Like numbers refer to
like elements throughout the description of the figures.

It will be understood that, although the terms first, second, etc. may be used herein to
describe various elements, these elements should not be limited by these terms. These
terms are only used to distinguish one element from another. For example, afirst
element could be termed a second element, and, similarly, a second element could be
termed afirst element, without departing from the scope of the present invention. As
used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items.
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It will be understood that when an element isreferred to as being "connected” or
"coupled” to another element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast, when an element is
referred to as being "directly connected” or "directly coupled” to another element, there
are no intervening elements present. Other words used to describe the relationship
between elements should be interpreted in alike fashion (i.e, "between" versus
"directly between," "adjacent" versus "directly adjacent,” etc.).

The terminology used herein isfor the purpose of describing particular example em-
bodiments only and is not intended to be limiting of the invention. Asused herein, the
singular forms "a" "an" and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be further understood that the
terms "comprises,” "comprising,” "includes' and/or "including,” when used herein,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not beinterpreted in an idealized or overly formal sense unless expressly so defined
herein.

FIG. lisaplane view showing alight emitting diode according to one example em-
bodiment of the present invention, and FIG. 2 is across-sectiona view taken along line
[-I shown in FIG. 1.

Referring to FIGS. 1and 2, the light emitting diode 100 includes a semiconductor
structure layer 150 disposed on a supporting substrate 110. A bonding metal layer 120
may be disposed between the supporting substrate 110 and the semiconductor structure
layer 150. Also, acurrent spreading inducing layer 130 including a current interrupting
pattern 133 and acurrent transfer pattern 135 may be disposed between the bonding
metal layer 120 and the semiconductor structure layer 150. A pad pattern 170 including
abonding pad 172, acurrent distribution pad 174 and extensions 176 configured to
electrically connect the bonding pad 172 and the current distribution pad 174 may be
disposed on an upper surface of the semiconductor structure layer 150.

The semiconductor structure layer 150 may include the first-type semiconductor
layer 152, a second-type semiconductor layer 156 and an active layer 154 positioned
between the first and second-type semiconductor layers 152 and 156. The first-type
semiconductor layer 152 isanitride-based semiconductor layer that may be doped with
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an n-type dopant. By way of example, the first-type semiconductor layer 152 may be a
layer in which an InXAIyGai_X_yN (O<x<l,0<y<l,and x+y< 1) layer isdoped with Si as
the n-type dopant. More particularly, the first-type semiconductor layer 152 may be a
GaN layer doped with Si. On the other hand, the first-type semiconductor layer 152
may be provided with aplurality of InXAIyGai_X_yN (O<x<l,0<y<l,and x+y< 1) layers
having different compositions.

The active layer 154 may be an InXAIyGal_X_yN (0<x< 1, 0<y< 1, and O<x+y< 1) layer,
and have a single quantum well (SQW) structure or multiple quantum well (MQW)
structure. By way of example, the active layer 154 may have an SQW structure of an
InGaN layer or an AlGaN layer, or amulti-layered structure, that is, an MQW
structure, of InGaN/GaN, AlGaN/(In)GaN or InAlGaN/(In)GaN.

Also, the second- type semiconductor layer 156 may be anitride-based semi-
conductor layer, and may be alayer doped with ap-type dopant. By way of example,
the second- type semiconductor layer 156 may be alayer in which an InXAIyGai_XJyN
(O<x<1,0<y<I, and O<x+y<l) layer isdoped with Mg or Zn as the p-type dopant.
More particularly, the second- type semiconductor layer 156 may be a GaN layer doped
with Mg. On the other hand, the second-type semiconductor layer 156 may be
provided with apluraity of InXAIyGai_XJyN (O<x<l,0<y<I, and Osx+y<l) layers
having different compositions.

The supporting substrate 110 may be a semiconductor substrate formed of Si, GaAs,
GaP, or InP, or ametal substrate formed of Cu or W. The supporting substrate 110
may function to support the semiconductor structure layer 150, and optionally function
as an electrode.

The bonding metal layer 120isalayer that functions to couple the semiconductor
structure layer 150 to the supporting substrate 110, and may be a thermo-compressive
bonding layer or aeutectic bonding layer. The thermo-compressive bonding layer may
be an Au layer/ Au layer, and the eutectic bonding layer may be an Au:Sn layer or a
Pd:In layer.

Asdescribed above, the current spreading inducing layer 130 may include the current
interrupting pattern 133 and the current transfer pattern 135. By way of example, these
two patterns may be formed adjacent to each other. The current interrupting pattern
133 isaregion that functions to prevent an electric current 180 from flowing in a
vertical direction of the bonding pad 172, and may be an insulation pattern. By way of
example, the current interrupting pattern 133 may be formed of silicon oxide or silicon
nitride. The current interrupting pattern 133 may be formed below the bonding pad
172, and aso formed below the current distribution pad 174. Further, the current in-
terrupting pattern 133 may be formed below the extensions 176.

Meanwhile, the current transfer pattern 135 isaregion that functions to reflect light
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generated from the active layer 154 while coming in ohmic contact with the semi-
conductor structure layer 150, particularly, the second- type semiconductor layer 156,
and may be ametal pattern. The current transfer pattern 135 may be a single metal film
or amultiple metal film formed of amateria selected from the group consisting of
nickel (Ni), platinum (Pt), palladium (Pd), rhodium (Rh), tungsten (W), titanium (Ti),
silver (Ag) and gold (Au).

The bonding pad 172 provided in the pad pattern 170 isdisposed adjacent to afirst
edge of the upper surface of the semiconductor structure layer 150. The current dis-
tribution pad 174 isdisposed apart from the bonding pad 172, and may be disposed in
single or plural number. The bonding pad 172 isapad to which an electrical inter-
connection configured to apply an electric source, such as a conductive wire, is
connected during packaging of the light emitting diode 100. On the other hand, the
current distribution pad 174 isapad to which no electrical interconnection is
connected, and functions to distribute an electric current.

Also, the first edge may refer to one of sides 150s-l, 150s-2, 150s-3 and 150s-4 of
the upper surface of the semiconductor structure layer 150, or one of corners 150c,
150c-2, 150c-3 and 150c-4 of the upper surface of the semiconductor structure layer
150. Asdescribed in this example embodiment, the bonding pad 172 may be disposed
adjacent to the first side 150s-1 of the upper surface of the semiconductor structure
layer 150. More particularly, the bonding pad 172 may be disposed adjacent to a
central region of the first side 150s-I. Meanwhile, the current distribution pad 174 may
be disposed adjacent to a second edge positioned opposite to the first edge, par-
ticularly, the second side 150s-2 positioned opposite to the first side 150s-I.

A distance DI between the bonding pad 172 and the first edge 150s-| of the upper
surface of the semiconductor structure layer 150 may be in arange of 5to 40 um, and
may be in arange of 0.5 to 5% of widths 100b of the light emitting diodes 100 in the
same direction. Likewise, adistance D2 between the current distribution pad 174 and
the second edge 150s-2 of the upper surface of the semiconductor structure layer 150
may bein arange of 5to 40 xm, and may bein arange of 0.5 to 5% of the widths 100b
of the light emitting diodes 100 in the same direction.

The bonding pad 172 and the current distribution pad 174 may have substantially the
same area, and may be formed in the same shape. Also, the bonding pad 172 and the
current distribution pad 174 may be disposed at symmetrical positions.

Widths 176w of the extensions 176 may be 3to 10% smaller than awidth 172w of
the bonding pad 172 and awidth 174w of the current distribution pad 174. Also, the
extensions 176 may be disposed adjacent to the edges of the upper surface of the semi-
conductor structure layer 150. That is, the extensions 176 may be disposed aong the
edges of the upper surface of the semiconductor structure layer 150. More particularly,
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distances Del, De2, De3, Ded, Deb, De6, De7 and De8 between the extensions 176
and the edges 150s-I, 150s-3, 150s-2, 150s-4, 150c-I, 150c-3, 150c-2 and 150c-4 of
the upper surface of the semiconductor structure layer 150 may be in arange of 5 to 40
um. In this case, these distances may be in arange of 0.5 to 5% of widths 100a, 100b,
100c and 100d of the light emitting diodes 100 in the same direction.

Meanwhile, the bonding pad 172 may not protrude to an outside direction relative to
the extension 176 connected to the bonding pad 172. That is, the distance D| between
the bonding pad 172 and the first edge 150s-| of the upper surface of the semi-
conductor structure layer 150 may be substantially the same as adistance Del between
the extension 176 and the first edge 150s- 1 of the supper surface of the semiconductor
structure layer 150. Also, the current distribution pad 174 may not protrude to an
outside direction relative to the extension 176 connected to the current distribution pad
174. That is, the distance D2 between the current distribution pad 174 and the second
edge 150s-2 of the upper surface of the semiconductor structure layer 150 may be sub-
stantially the same as a distance De3 between the extension 176 and the first edge
150s-2 of the upper surface of the semiconductor structure layer 150.

The pad pattern 170 may not include extensions other than the extension 176, for
example, extensions that do not lie across the central region of the upper surface of the
semiconductor structure layer 150. That is, al the extensions provided in the pad
pattern 170 may be disposed adjacent to the edges of the upper surface of the semi-
conductor structure layer 150, or disposed along the edges of the upper surface of the
semiconductor structure layer 150, as described above.

The semiconductor structure layer 150 isformed by sequentially stacking the first-
type semiconductor layer 152, the active layer 154 and the second- type semiconductor
layer 156 on agrowth substrate (not shown). Thereafter, the current spreading inducing
layer 130 and the bonding metal layer 120 are formed on the second- type semi-
conductor layer 156, and the supporting substrate 110 isthen attached to the bonding
metal layer 120. Then, the light emitting diode 100 may be manufactured by removing
the growth substrate using alift-off method such as alaser lift-off (LLO) method or a
chemical lift-off (CLO) method, followed by forming the pad pattern 170 on the first-
type semiconductor layer 152 that isexposed by removal of the growth substrate. The
pad pattern 170 may be an Al layer, aPt layer, aNi layer, an Au layer, or a composite
layer thereof.

FIG. 3isaplane view showing alight emitting diode according to another example
embodiment of the present invention. The light emitting diode according to this
example embodiment has a configuration similar to the light emitting diode described
with reference to FIGS. 1and 2, except for the configurations to be described below.

Referring to FIG. 3, apad pattern 170 includes abonding pad 172 disposed adjacent
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to afirst edge of an upper surface of a semiconductor structure layer 150, and at least
one current distribution pad 174 spaced apart from the bonding pad 172. The pad
pattern 170 may further include extensions 176 configured to electrically connect the
bonding pad 172 and the current distribution pad 174.

Also, the first edge may be afirst side 150s-| of the upper surface of the semi-
conductor structure layer 150. That is, the bonding pad 172 may be disposed adjacent
to the first side 150s-| of the upper surface of the semiconductor structure layer 150.
More particularly, the bonding pad 172 may be disposed adjacent to acentral region of
the first side 150s-.

Meanwhile, the current distribution pad 174 may be disposed adjacent to a second
edge positioned opposite to the first edge, particularly, asecond side 150s-2. Unlike
the example embodiment described with reference to FIG. 1, however, the current dis-
tribution pad 174 may be configured so that an overlapping region of the current dis-
tribution pad 174 and the second edge, particularly, the second side 150s-2, can have a
higher length than an overlapping region of the bonding pad 172 and the first edge,
particularly, the first side 150s-l. In addition, the current distribution pad 174 may
extend to partialy overlap third and fourth edges disposed at both sides of the second
edge, particularly, third and fourth sides 150s-3 and 150s-4. In this case, widths 174wl
and 174w?2 of the current distribution pad 174 may be higher than awidth 176w of the
extension 176. Meanwhile, the current distribution pad 174 may have substantially the
same area as the bonding pad 172.

FIG. 4 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention. The light emitting diode according to
this example embodiment has a configuration similar to the light emitting diode
described with reference to FIGS. 1and 2, except for the configurations to be
described below.

Referring to FIG. 4, apad pattern 170 includes abonding pad 172 disposed adjacent
to afirst edge of an upper surface of a semiconductor structure layer 150, and at least
one current distribution pad 174 spaced apart from the bonding pad 172. The pad
pattern 170 may further include extensions 176 configured to electrically connect the
bonding pad 172 and the current distribution pad 174.

The first edge may be afirst corner 150c-l of the upper surface of the semiconductor
structure layer 150. That is, the bonding pad 172 may be disposed adjacent to afirst
corner 150c-I of the upper surface of the semiconductor structure layer 150.
Meanwhile, the current distribution pad 174 may be disposed adjacent to a second edge
positioned opposite to the first edge, particularly, asecond corner 150s-2.

Also, the bonding pad 172 and the current distribution pad 174 may have sub-
stantially the same area, and may be formed in the same shape. Also, the bonding pad
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172 and the current distribution pad 174 may disposed at symmetrical positions.

FIG. 5isaplane view showing alight emitting diode according to still another
example embodiment of the present invention. The light emitting diode according to
this example embodiment has a configuration similar to the light emitting diode
described with reference to FIGS. 1and 2, except for the configurations to be
described below.

Referring to FIG. 5, apad pattern 170 includes abonding pad 172 disposed adjacent
to afirst edge of an upper surface of a semiconductor structure layer 150, and at least
one current distribution pad 174 spaced apart from the bonding pad 172. The pad
pattern 170 may further include extensions 176 configured to electrically connect the
bonding pad 172 and the current distribution pad 174.

The first edge may be afirst corner 150c-l of the upper surface of the semiconductor
structure layer 150. That is, the bonding pad 172 may be disposed adjacent to the first
corner 150c-I of the upper surface of the semiconductor structure layer 150.

Meanwhile, the current distribution pad 174 may include afirst current distribution
pad 174adisposed adjacent to a second edge positioned opposite to the first edge, par-
ticularly, asecond corner 150s-2, and second and third current distribution pads 174b
and 174c disposed respectively at the other corners 150c-3 and 150c-4 of the upper
surface of the semiconductor structure layer 150.

Also, the bonding pad 172 and the first and third current distribution pads 174a, 174b
and 174c may be formed in the same shape, and the bonding pad 172 may have sub-
stantidly the same area as the sum of areas of the first and third current distribution
pads 174a, 174b and 174c.

FIG. 6 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention. The light emitting diode according to
this example embodiment has a configuration similar to the light emitting diode
described with reference to FIGS. 1and 2, except for the configurations to be
described below.

Asshown in FIG. 1, aratio of the width 100a of the light emitting diode in the first
direction and the width 100b of the light emitting diode in the second direction isclose
to 1:1, whereas, the light emitting diode as shown in FIG. 6 may be formed to have a
higher width 100b in the second direction than awidth 100ain the first direction. By
way of example, referring to FIG. 6, aratio of the width 100ain the first direction and
the width 100b in the second direction may bein arange of approximately 1:1.5to 1:2.

FIG. 7 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention. FIG. 8is across-sectional view taken
along line A-A'asshown in FIG. 7.

Referring to FIGS. 7 and 8, alight emitting diode 100 according to this example em-
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bodiment may include a supporting substrate 110, abonding metal layer 120, a current
spreading inducing layer 130, a semiconductor structure layer 150, apassivation layer
160 and apad pattern 170. The pad pattern 170 may include abonding pad 172, a
current distribution pad 174, and extensions 176 configured to electrically connect the
bonding pad 172 and the current distribution pad 174.

The supporting substrate 110 may be a substrate that functions to support the semi-
conductor structure layer 150, for example, aconductive substrate. Also, the
supporting substrate 110 may function to apply an electric source to the light emitting
diode 100, particularly, the semiconductor structure layer 150, that is, may act as an
electrode of the light emitting diode 100.

The bonding metal layer 120 isinterposed between the supporting substrate 110 and
acurrent spreading inducing layer 130 (or a semiconductor structure layer 150) po-
sitioned on the supporting substrate 110, and thus functions to couple the supporting
substrate 110 and the current spreading inducing layer 130.

The current spreading inducing layer 130 may include acurrent interrupting pattern
133 and acurrent transfer pattern 135. In this case, the current interrupting pattern 133
may include an open region, and may be formed in a shape in which the current
transfer pattern 135 isfilled in the open region of the current interrupting pattern 133.

The current interrupting pattern 133 functions to prevent an electric current 180
supplied from the bonding pad 172, the current distribution pad 174 and the extension
176 from flowing in avertical direction of the pad pattern 170, thereby allowing the
electric current 180 to uniformly flow in the semiconductor structure layer 150,
preferably, throughout the active layer 154. That is, the current interrupting pattern 133
functions to sufficiently distribute the electric current 180 supplied to the semi-
conductor structure layer 150 in the first-type semiconductor layer 152 of the semi-
conductor structure layer 150 so asto supply the electric current 180 to the active layer
154 provided below the first-type semiconductor layer 152. Also, the current in-
terrupting pattern 133 may function to give information on an etching end point so as
to form the semiconductor structure layer 150 during manufacture of the light emitting
diode 100. The current interrupting pattern 133 may be formed of an insulating
material, and may be composed of asilicon oxide film or a silicon nitride film.

The current transfer pattern 135 may include a material that comes in ohmic contact
with the second-type semiconductor layer 156, and reflect light emitted from the active
layer 154. The current transfer pattern 135 may bereferred to as an ohmic reflective
metal pattern. For example, when the second- type semiconductor layer 156 is a P-type
semiconductor, the current transfer pattern 135 may be formed of amaterial such as
nickel (Ni), platinum (Pt), paladium (Pd), rhodium (Rh), tungsten (W), titanium (Ti),
silver (Ag) or gold (Au), which may come in ohmic contact with the P-type semi-
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[88] Meanwhile, the bonding metal layer 120 may function to maintain the reflectivity of
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the current transfer pattern 135 by preventing metal elements from being distributed
from the supporting substrate 110 to the current transfer pattern 135. Also, a Schottky
barrier metal layer (not shown) may be disposed between the bonding metal layer 120
and the current interrupting pattern 133.

The semiconductor structure layer 150 may include afirst-type semiconductor layer
152, an active layer 154 and a second- type semiconductor layer 156. Here, the second-
type semiconductor layer 156 may be formed on the current spreading inducing layer
130, the active layer 154 may be formed on the second-type semiconductor layer 156,
and the first-type semiconductor layer 152 may be formed on the active layer 154.
Also, the semiconductor structure layer 150 may further include a superlattice layer
(not shown) or an electron blocking layer (not shown). Layers other than the active
layer 154 may be omitted in the semiconductor structure layer 150.

The first-type semiconductor layer 152 may be alll-N-based compound semi-
conductor doped with first-type impurities, for example, N-type impurities, for
example, an (Al, Ga, In) N-based Group |1l nitride semiconductor layer. The first-type
semiconductor layer 152 may be a GaN layer doped with N-type impurities, that is, an
N-GaN layer. Also, the first-type semiconductor layer 152 may have a single-layered
or multi-layered structure. For example, when the first-typesemiconductor layer 152 is
formed in amulti-layered structure, the first-type semiconductor layer 152 may have a
superlattice structure.

The active layer 154 may be composed of alll-N-based compound semiconductor,
for example, an (Al, Ga, In) N semiconductor layer. Here, the active layer 154 may be
formed of asingle layer or multiple layers, and thus may emit light of predetermined
wavelengths. Also, the active layer 154 may have an SQW structure including one well
layer (not shown), and may have an MQW structure in which well layers (not shown)
and barrier layers (not shown) are aternately stacked with each other. In this case, one
or both of the well layer (not shown) or barrier layer (not shown) may be formed with
a superlattice structure.

The second-type semiconductor layer 156 may be alll-N-based compound semi-
conductor doped with second-type impurities, for example, P-type impurities, for
example, an (Al, In, Ga) N-based Group Il nitride semiconductor. The second-type
semiconductor layer 156 may be a GaN layer doped with P-type impurities, that is, a
P-GaN layer. Also, the second-type semiconductor layer 156 may be formed with a
single-layered or multiple-layered structure. For example, the second-type semi-
conductor layer 156 may be formed with a superlattice structure.

The superlattice layer (not shown) may be provided between the first type semi-
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conductor layer 152 and the active layer 154, and may have a structure including layers
formed by stacking aplurality of 111-N-based compound semiconductors, for example,
(Al, Ga, In) N semiconductor layers, for example, repeatedly stacking InN layers and
InGaN layers. In this case, the superlattice layer (not shown) isformed prior to
formation of the active layer 154 to prevent dislocations or defects from being
transferred to the active layer 154. As aresult, the superlattice layer (not shown) may
function to reduce formation of the dislocations or defects of the active layer 154 and
maintain excellent crystallinity of the active layer 154.

The electron blocking layer (not shown) may be provided between the active layer
154 and the second-type semiconductor layer 156. In this case, an electron blocking
layer (not shown) may be provided to enhance recombination efficiency of electrons
and holes and formed of amaterial having arelatively wide band gap. The electron
blocking layer (not shown) may be formed from an (Al, In, Ga) N-based Group I11
nitride semiconductor, and made of aP-AlGaN layer doped with Mg.

The passivation layer 160 may be formed on one surface of the supporting substrate
110 including the semiconductor structure layer 150. In this case, the passivation layer
160 may function to protect the semiconductor structure layer 150 by covering latera
surfaces aswell as one surface of the semiconductor structure layer 150 to prevent the
semiconductor structure layer 150 from being exposed to the outside. The passivation
layer 160 may be made of an insulation film such as a silicon oxide film or a silicon
nitride film. Meanwhile, the passivation layer 160 may include an opening 162
configured to expose acertain region of the first conductive semiconductor layer 152.

The pad pattern 170 may be formed on the passivation layer 160. In this case, FIG. 8
shows that the pad pattern 170 isformed on the passivation layer 160. However, the
pad pattern 170 may be provided between the semiconductor structure layer 150 and
the passivation layer 160, that is, may be provided so that the passivation layer 160 can
cover the pad pattern 170. In this case, the passivation layer 160 may have an opening
configured to open the bonding pad 172 of the pad pattern 170.

The bonding pad 172 of the pad pattern 170 may be formed on acertain region of the
passivation layer 160, preferably one edge of a surface of the semiconductor structure
layer 150. The bonding pad 172 may be connected with an external device or an
external electric source through awire (not shown). That is, the light emitting diode
100, particularly, the semiconductor structure layer 150, according to one example em-
bodiment of the present invention is connected to an external electric source through
the bonding pad 172. The current interrupting pattern 133 may be positioned just under
the bonding pad 172.

In this case, the bonding pad 172 may have asmaller size than the current in-
terrupting pattern 133. That is, the bonding pad 172 may be provided so that awidth of
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the bonding pad 172 can be smaller than that of the current interrupting pattern 133.

The current distribution pad 174 of the pad pattern 170 isformed in plura number on
acertain region of the passivation layer 160. In this case, the current distribution pad
174 may be provided to be spaced apart from the bonding pad 172. The current dis-
tribution pad 174 may be formed on one edge of the surface of the semiconductor
structure layer 150 other than the one edge of the surface of the semiconductor
structure layer 150 on which the bonding pad 172 ispositioned. That is, when the
bonding pad 172 is positioned on one edge of the surface of the semiconductor
structure layer 150 as shown in FIG. 7, the current distribution pad 174 may be formed
on the other edge of the surface of the semiconductor structure layer 150 that is po-
sitioned opposite the one edge on which the bonding pad 172 is positioned.

Like the bonding pad 172, the current interrupting pattern 133 may be positioned just
under the current distribution pad 174. Therefore, the current interrupting pattern 133
may be provided so that an electric current injected from the current distribution pad
174 to the semiconductor structure layer 150 cannot focus in avertical direction of the
current distribution pad 174 but can be spread within the semiconductor structure layer
150. The current distribution pad 174 may have asize identical to or smaller than that
of the bonding pad 172. The current distribution pad 174 isformed to awider width
than the extension 176.

The extensions 176 of the pad pattern 170 may be formed on the semiconductor
structure layer 150. The extensions 176 may be connected to the bonding pad 172, and
may be provided to be uniformly distributed on the semiconductor structure layer 150.
That is, the extensions 176 may be arranged along the edges on the surface of the semi-
conductor structure layer 150 surface, and arranged across the central region.

The extensions 176 are connected to the bonding pad 172 to uniformly distribute an
electric source supplied from the outside in the semiconductor structure layer 150, and
thus function to inject the electric source into the semiconductor structure layer 150.
The extensions 176 function to electrically connect the bonding pad 172 and the
current distribution pad 174. Like the bonding pad 172, the extensions 176 may be
provided in ashape in which the current interrupting pattern 130 is positioned just
under the extensions 17.

In summary, the light emitting diode 100 according to this example embodiment
includes apad pattern 170, which includes the bonding pad 172, the current dis-
tribution pad 174 and the extensions 176, all of which are formed on the semi-
conductor structure layer 150. When the current interrupting pattern 133 is disposed
under at least the bonding pad 172 and the current distribution pad 174 of the pad
pattern 170, an electric current flowing through the semiconductor structure layer 150
isalowed to uniformly flow by interaction between the bonding pad 172 and current



16

WO 2013/085255 PCT/KR2012/010436

[104]

[105]

[106]

[107]

[108]

[109]

[110]

1]

distribution pad 174 and the current interrupting pattern 133, thereby uniformly
emitting light all over the semiconductor structure layer 150.

FIG. 9 isaplane view showing alight emitting diode according to still another
example embodiment of the present invention.

Referring to FIG. 9, the light emitting diode 100 according to this example em-
bodiment is different from the light emitting diode 100 described with reference to
FIGS. 7 and 8in that the current distribution pad 174 may be provided on edges other
than the one edge of the surface of the semiconductor structure layer 150. That is, the
current distribution pad 174 may be disposed on another edge on which the bonding
pad 172 is provided among the edges of the semiconductor structure layer 150.

FIG. 10 isaplane view showing alight emitting diode according to yet another
example embodiment of the present invention.

Referring to FIG. 10, the light emitting diode 100 according to this example em-
bodiment is different from the light emitting diode 100 described with reference to
FIGS. 7 and 8in that the current distribution pad 174 may be provided on acentral
region of the surface of the semiconductor structure layer 150. That is, the light
emitting diode 100 according to this example embodiment may have a structure in
which the current distribution pad 174 is disposed on acertain region on the surface of
the semiconductor structure layer 150 other than the edges of the semiconductor
structure layer 150.

Hereinafter, experiment examples of the present invention will be described in detall
for better understanding of the invention. However, it should be understood that the
following examples are only illustrative for better understanding of the invention, and
are not intended to limit the scope of the present invention.

Comparison of device performances according to change in area of current dis
tribution pad

In the light emitting diode as shown in FIG. 1, the area of the current distribution pad
174 was set to amount to 60% (Experiment Example 1), 80% (Experiment Example 2),
100% (Experiment Example 3), and 150% (Experiment Example 4) of the bonding pad
172, and the driving voltage and power were measured. The results are listed in the
following Table 1. Also, FIGS. 11A to 11D are images taken while applying an
electric current of 350 mA to the light emitting diodes according to Experiment
Examples 1to 4, respectively.

Table 1
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[Table 1]
(Area of current dis- light intensity Driving voltage
tribution pad/area of [mW] (VDO[V]
bonding pad)
Experiment |60% 445.4 3.81
Example 1
Experiment |80% 444.9 3.80
Example 2
Experiment |100% 446.0 3.79
Example 3
Experiment 150% 443.7 3.78
Example 4
[112]
[113] Aslisted in Table 1, it was confirmed that, when the area of the current distribution

[114]

[115]

[116]
[117]

pad was identical to that of the bonding pad (Experiment Example 3), the light
emitting diode showed the most excellent light intensity (or power) and also had a
relatively low driving voltage. However, when the area of the current distribution pad
was smaller than that of the bonding pad (Experiment Examples 1and 2), the light
emitting diode showed alower light intensity than that of Experiment Example 3 and
also had arelatively high driving voltage. Also, when the area of the current dis-
tribution pad was higher than that of the bonding pad (Experiment Example 4), the
light emitting diode showed alower light intensity than that of Experiment Example 3.

Referring to FIGS. 11A to 11D, it was revealed that the light emitting diode had an
excellent current spreading effect, for example, showing ahigher ratio of aregion
emitting light more strongly than those of the other experiment examples (i.e., ared
region, ER), when the area of the current distribution pad was identical to that of the
bonding pad (see Experiment Example 3 and FIG. 11C).

From these results, it could be seen that, when the area of the current distribution pad
was identical to that of the bonding pad, the light emitting diode showed better device
performance, compared with when the area of the current distribution pad was not
identical to that of the bonding pad.

Comparison of device performance according to change in position of extensions

In the light emitting diode as shown in FIG. 1, the distance D| between the bonding
pad 172 and the edge of the upper surface of the semiconductor structure layer 150 and
the distance D2 between the current distribution pad 174 and the edge of the upper
surface of the semiconductor structure layer 150 were set to afixed value of 24 ym, and
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the distances (Del, De2, De3, and Ded) between the extensions and the edges of the
upper surface of the semiconductor structure layer 150 were set respectively to 24
(Experiment Example 3), 39 wa (Experiment Example 5), 54 e (Experiment Example
6), and 69 . (Experiment Example 7). Then, the driving voltage and power were
measured. The results are listed in the following Table 2. Also, FIGS. 12A to 12C are
plane views showing the light emitting diodes according to Experiment Examples 5 to
7, respectively, and FIGS. 13A to 13C are images taken while applying an electric
current of 350 mA to the light emitting diodes according to Experiment Examples 5 to
7, respectively. In Experiment Examples 3 and 5to 7, the area of the current dis-
tribution pad was set to the same area as the bonding pad.

Table 2
[Table 2]
Distance between Distance between  |Light Driving
bonding pad (or current |extensions and intensity[m|voltage
distribution pad) and edges of upper W] (VD[V]
edge of upper surface of |surface of semi-
semiconductor structure |conductor structure
layer layer
Experiment (24 m 24 um 446.0 3.79
Example 3
Experiment 39 um 425.6 3.80
Example 5
Experiment 54 pm 420.1 3.79
Example 6
Experiment 69 um 422.9 3.77
Example 7

Aslisted in Table 2, it was confirmed that, when the bonding pad or the current dis-
tribution pad did not protrude from the light emitting diode relative to the extension
(Experiment Example 3), the light emitting diode showed the most excellent light
intensity (or power) and also had arelatively low driving voltage. However, when the
bonding pad or current distribution pad protruded from the light emitting diode relative
to the extension, that is, the extension moved to be disposed to the central direction of
the upper surface of the light emitting diode (Experiment Examples 5, 6, and 7), the
light emitting diode showed adrastically reduced light intensity, compared with that of
Experiment Example 3.

Referring to FIG. 11C (Experiment Example 3), and FIGS. 13A to 13C (Experiment
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Examples 5, 6 and 7), it was revealed that, when the bonding pad or the current dis-
tribution pad protruded outward relative to the extension (FIGS. 13A to 13C), the light
emitting diode had apoor current spreading effect, for example, showing alower ratio
of aregion strongly emitting light (i.e., ared region, ER), compared with when the
bonding pad or the current distribution pad did not protrude outward relative to the
extension (FIG. 11C). In this case, it was confirmed that the ratio of the region strongly
emitting light (i.e., ared region, ER) reduced as the bonding pad or the current dis-
tribution pad increasingly protruded outward relative to the extension.

From these results, it could be seen that the light emitting diode showed good device
performance when the bonding pad or the current distribution pad did not protrude
from the light emitting diode relative to the extension, that is, the distance between the
bonding pad (or acurrent distribution pad) and the edge of the upper surface of the
semiconductor structure layer was identical to the distance between the extension and
the edge of the upper surface of the semiconductor structure layer.

Comparison of device performance according to changes in positions_and shapes_of

bonding pad, current _distribution _pad_and_extensions

The driving voltages and powers of the light emitting diodes as shown in FIG. 1
(Experiment Example 1), FIGS. 3to 5 (Experiment Examples 8,9 and 10), and FIG.
14 (Experiment Example 11) were measured. The results are listed in the following
Table 3. FIGS. 15A to 15D are images taken while applying an electric current of 350
mA to the light emitting diodes according to Experiment Examples 8to 11, re-
spectively.

Table 3
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[Table 3]
Bonding pad |Current dis- Extensions Power[ |Driving
tribution pad mW] |voltage
(VAIV]
Experiment |Adjacent to Adjacent to Formed 446.0 |3.79
Example one side of opposite side of adjacent to
3(FIG. 1) |upper surface |bonding pad and |edge of upper
of semi- formed in same surface of
conductor shape semiconductor
Experiment |Structure Adjacent to Structure 4471 [3.78
Example opposite side of
8(FIG. 3) bonding pad, but
having higher
overlapping length
with sides (having
same area as
bonding pad)
Experiment |Adjacent to Adjacent to 4471 |3.86
Example one corner of |opposite corner of
9(FIG. 4) |upper surface |bonding pad and
of semi- formed in same
conductor shape
Experiment | Structure Formed in plural 4495 |3.86
Example number on
10(FIG. 5) opposite corner of
bonding pad and
other corners
(having same area
as sum of areas of
bonding pads)
Experiment |Adjacent to Lying across  (444.7 |3.75
Example one side of central region
11(FIG. upper surface of upper
14) of semi- surface of
conductor semiconductor
structure structure




21

WO 2013/085255 PCT/KR2012/010436

[125]

[126]

[127]

[128]

[129]

[130]

Aslisted in Table 3, it was confirmed that the light emitting diode showed high light
intensity (or power) and also had arelatively low driving voltage when the bonding
pad 172 was disposed adjacent to one side 150s-|I of the upper surface of the semi-
conductor structure 150, and the current distribution pad 174 was disposed opposite to
the bonding pad 172, that is, disposed adjacent to another side 150s-2 of the upper
surface of the semiconductor structure 150 and had the same shape as the bonding pad
172 (Experiment Example 3), as shown in FIG. 1.

Asshown in FIG. 3, it was aso confirmed that the light emitting diode showed high
light intensity (or power) and also had arelatively low driving voltage when the
bonding pad 172 was disposed adjacent to one side 150s-| of the upper surface of the
semiconductor structure 150, and the current distribution pad 174 was disposed
opposite to the bonding pad 172, that is, disposed adjacent to another side 150s-2 of
the upper surface of the semiconductor structure 150 and had along overlapping length
with the side 150s-2 (Experiment Example 8).

Meanwhile, the light emitting diode showed arelatively high driving voltage when
the bonding pad 172 was disposed adjacent to one corner 150c-I of the upper surface
of the semiconductor structure 150 as shown in FIG. 4 or 5 (Experiment Examples 9
and 10).

Also, the light emitting diode showed arelatively low light intensity (or power) when
one extension 176b of the extensions 176 lay across the central region of the upper
surface of the semiconductor structure 150 as shown in FIG. 14 (Experiment Example
11).

Referring to FIG. 11C (Experiment Example 3), and FIGS. 15A to 15D (Experiment
Examples 8to 11), it was reveded that Experiment Example 3 (the light emitting diode
having the configuration as shown in FIG. 1) had an excellent current spreading effect,
for example, showing ahigher ratio of aregion emitting light more strongly than those
of the other experiment examples (i.e., ared region, ER in FIG. 11C). However, it was
also revealed that Experiment Example 8 (the light emitting diode having the con-
figuration as shown in FIG. 3) had an excellent current spreading effect, for example,
showing arelatively high ratio of aregion emitting light more strongly than those of
the other experiment examples (i.e., ared region, ER in FIG. 15A).

From these results, it could be seen that the light emitting diode showed good device
performance when the bonding pad 172 was disposed adjacent to one side 150s- 1 of
the upper surface of the semiconductor structure 150, and the current distribution pad
174 was disposed opposite to the bonding pad 172, that is, disposed adjacent to another
side 150s-2 of the upper surface of the semiconductor structure 150 and also had the
same shape as the bonding pad 172 as shown in FIG. 1 (Experiment Example 3), or
when the bonding pad 172 was disposed adjacent to one side 150s- of the upper
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[132]
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surface of the semiconductor structure 150, and the current distribution pad 174 was
disposed opposite to the bonding pad 172, that is, disposed adjacent to another side
150s-2 of the upper surface of the semiconductor structure 150 and had an longer
overlapping length with the side 150s-2 (Experiment Example 8) than the bonding pad
172.

Comparison of device performance according to presence/absence of current dis-
tribution pad

The driving voltages and powers of the light emitting diodes as shown in FIG. 6
(Experiment Example 12) and FIG. 16 (Experiment Example 13) were measured. The
results are listed in the following Table 4. FIG. 16 is a schematic plane view showing
the light emitting diode according to Experiment Example 13. Also, FIGS. 17A and
17D are images taken while applying an electric current of 1,000 mA to the light
emitting diodes according to Experiment Examples 12 to 13, respectively.

Table 4

[Table 4]
Bonding pad Current distribution pad  |[Power[m |Driving
W] voltage
(VOIV]

Experiment [Adjacent to one |Adjacent to opposite side [426.61 3.57
Example side of upper of bonding pad and

12(FIG. 6) [surface of semi- |formed in same shape

Experiment |conductor - 433.60 |3

structure

~J

Example
13(FIG. 16)

Asshown in Table 4, it was revealed that, when the pad pattern 170 included the
current distribution pad 174 facing the bonding pad 172 as shown in FIG. 6, the light
emitting diode showed arelatively lower driving voltage, compared with when the pad
pattern 170 did not include a current distribution pad as shown in FIG. 16.

Referring to FIG. 17A (Experiment Example 12) and FIG. 17B (Experiment
Example 13), when the pad pattern 170 included the current distribution pad 174
facing the bonding pad 172 (Experiment Example 12) as shown in FIG. 6, the light
emitting diode had an excellent current spreading effect, for example, showing alower
ratio of aregion strongly emitting light(i.e., ared region, ER), compared with when the
pad pattern 170 did not include a current distribution pad (Experiment Example 13) as
shown in FIG. 16

From these results, it could be seen that, when the pad pattern 170 included the
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current distribution pad 174 facing the bonding pad 172 (Experiment Example 12) as
shown in FIG. 6, the light emitting diode showed good device performance, compared
with when the pad pattern 170 did not include a current distribution pad (Experiment
Example 13) as shown in FIG. 16.

FIGS. 18A and 18B are images taken while applying an electric current to the light
emitting diode (Experiment Example 14) as shown in FIG. 7 and the light emitting
diode (Experiment Example 15) in which acurrent distribution pad was removed from
the light emitting diode as shown in FIG. 7.

Referring FIG. 18B, it could be seen that, in the case of the light emitting diode
(Experiment Example 15) from which the current distribution pad was removed, an
electric current focused on acertain region, particularly, aregion 190 adjacent to the
bonding pad 172 (see FIG. 7) so that the region 190 could emit stronger light than
other regions.

Referring FIG. 18A, it could be seen that, in the case of the light emitting diode
(Experiment Example 14) including the current distribution pad, light was relatively
uniformly emitted from aregion in which the current distribution pad 174 was
disposed, aswell as aregion in which the bonding pad 172 was disposed, for example,
light was relatively uniformly emitted from an entire region of the pad pattern. That is,
it could be seen that the light emitting diode including the current distribution pad
showed uniform current distribution over the semiconductor structure layer, that is, the
entire light emitting region.

While the example embodiments of the present invention and their advantages have
been described in detail, it should be understood that various changes, substitutions and
alterations may be made herein without departing from the scope of the invention.
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Claims
A light emitting diode comprising:
a substrate;
a semiconductor structure layer which is positioned on the substrate
and includes an active layer; and
apad pattern including abonding pad disposed adjacent to afirst edge
of an upper surface of the semiconductor structure layer, acurrent dis-
tribution pad disposed adjacent to a second edge opposite to the first
edge and extensions configured to electrically connect the bonding pad
and the current distribution pad.
The light emitting diode of claim 1, wherein adistance between the
bonding pad and the first edge isthe same as adistance between the
current distribution pad and the second edge.
The light emitting diode of claim 1or 2, wherein the distance between
the bonding pad and the first edge isin arange of 0.5 to 5% of widths
of the light emitting diodes in the same direction.
The light emitting diode of claim 1or 2, wherein the distance between
the bonding pad and the first edge isin arange of 5 to 40 ym.
The light emitting diode of claim 1, wherein the distance between the
current distribution pad and the second edge isin arange of 0.5 to 5%
of the widths of the light emitting diodes in the same direction.
The light emitting diode of claim 1, wherein the distance between the
current distribution pad and the second edge isin arange of 5 to 40 um.
The light emitting diode of claim 1, wherein the first and second edges
are first and second sides of the upper surface of the semiconductor
structure layer, respectively.
The light emitting diode of claim 7, wherein the bonding pad and the
current distribution pad are disposed at symmetrical positions and
formed in the same shape.
The light emitting diode of claim 7, wherein an overlapping region of
the current distribution pad and the second edge has ahigher length
than an overlapping region of the bonding pad and the first edge.
The light emitting diode of claim 9, wherein the current distribution
pad partially overlaps third and fourth edges disposed at both sides of
the second edge.
The light emitting diode of any one of claims 1to 9, wherein the
bonding pad has the same area as the current distribution pad.
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[Claim 12] The light emitting diode of claim 1, wherein the first and second edges
are first and second corners of the upper surface of the semiconductor
structure layer, respectively.

[Claim 13] The light emitting diode of claim 12, wherein the bonding pad and the
current distribution pad are disposed at symmetrical positions and
formed in the same shape.

[Claim 14] The light emitting diode of claim 12, wherein the current distribution
pad is afirst current distribution pad, and
which further comprises a second current distribution pad disposed on
at least one of third and fourth corners of the upper surface of the semi-
conductor structure layer.

[Claim 15] The light emitting diode of claim 1, wherein the extensions are
disposed adjacent to the edges of the upper surface of the semi-
conductor structure layer.

[Claim 16] The light emitting diode of claim 15, wherein distances between the ex-
tensions and the edges are in arange of 5to 40 um.

[Claim 17] The light emitting diode of claim 15, wherein the distances between the
extensions and the edges are in arange of 0.5 to 5% of the widths of the
light emitting diodes in the same direction.

[Claim 18] The light emitting diode of claim 15, wherein the extensions do not lie
across acentral region of the semiconductor structure layer.

[Claim 19] The light emitting diode of claim 1, wherein the bonding pad does not
protrude outward relative to the extension adjacent to the bonding pad.

[Claim 20] The light emitting diode of claim 19, wherein adistance between the
bonding pad and the first edge is the same as adistance between the
extension and the first edge.

[Claim 21] The light emitting diode of claim 1, wherein the current distribution
pad does not protrude outward relative to the extension adjacent to the
current distribution pad.

[Claim 22] The light emitting diode of claim 21, wherein adistance between the
current distribution pad and the second edge is the same as a distance
between the extension and the second edge.

[Claim 23] A light emitting diode comprising:

a substrate;

a semiconductor structure layer which is positioned on the substrate
and includes an active layer; and

apad pattern including abonding pad disposed adjacent to afirst edge
of an upper surface of the semiconductor structure layer, acurrent dis-
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[Claim 27]
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[Claim 29]

[Claim 30]

[Claim 31]
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tribution pad disposed apart from the bonding pad and extensions
configured to electrically connect the bonding pad and the current dis-
tribution pad,

wherein the bonding pad does not protrude in adirection of the edges
relative to the extension adjacent to the bonding pad.

The light emitting diode of claim 23, wherein adistance between the
bonding pad and the first edge isin arange of 0.5 to 5% of widths of
the light emitting diodes in the same direction.

The light emitting diode of claim 23 or 24, wherein the distance
between the bonding pad and the first edge is the same as a distance
between the extension and the first edge.

The light emitting diode of claim 23, wherein the current distribution
pad is disposed adjacent to the other edges other than the first edge of
the upper surface of the semiconductor structure layer.

The light emitting diode of claim 26, wherein a distance between the
current distribution pad and an edge adjacent to the current distribution
pad isin arange of 0.5 to 5% of the widths of the light emitting diodes
in the same direction.

The light emitting diode of claim 26, wherein the extensions are
disposed adjacent to the edges of the upper surface of the semi-
conductor structure layer.

The light emitting diode of claim 28, wherein distances between the ex-
tensions and the edges are in arange of 0.5 to 5% of the widths of the
light emitting diodes in the same direction.

The light emitting diode of claim 28, wherein the extensions do not lie
across acentra region of the semiconductor structure layer.

The light emitting diode of claim 26, wherein the current distribution
pad does not protrude outward relative to the extension adjacent to the
current distribution pad.
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