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LIGHT EMITTING DIODE AND FLIP-CHIP
LIGHT EMITTING DIODE PACKAGE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a light emitting
diode (LED) and a flip-chip LED package, and particularly to
an LED and a flip-chip LED package applicable to high
current densities.

[0003] 2. Description of Related Art

[0004] Electrical energy is one of the indispensable energy
sources used nowadays. Many facilities, including lighting
devices, home appliances, communication devices, transpor-
tation vehicles, or industrial equipment, cannot operate with-
out electrical energy. The majority of current worldwide
energy is generated by burning fuels such as petroleum or
coal. However, the supply of petroleum or coal is not inex-
haustible. The current rate of fuel usage will lead to an energy
crisis. There is an urgent need to develop alternative energy
sources to cope with the global energy crisis. Besides actively
developing various kinds of renewable energy, people also
need to use energy in an economical and efficient way for
enhancing the utilization efficiency of energy.

[0005] Take lighting equipment as an example. Lighting
equipment is essential to our daily lives. Lights with higher
luminance and lower power consumption are developed
along with the rapid development of modern technology. A
light emitting diode (LED) is one of the most popular light
sources available now. Compared with conventional light
sources, an LED has the properties of compact volume, low
power consumption, good light-emitting efficiency, long life-
time, fast response time, no heat radiation, and no pollutants
such as mercury. Thus, the LED has been used widely in
recent years. The conventional light sources have not been
replaced by LEDs due to brightness problems. However,
thanks to the continuous technical enhancements, the high
brightness LED (the high-power LED) has been invented
currently and is capable of replacing conventional light
sources.

[0006] The conventional LED at least includes one sub-
strate, an n-type semiconductor layer, a light emitting layer, a
p-type semiconductor layer, an n-type electrode, and a p-type
electrode. At least one trench is formed on the p-type semi-
conductor layer by etching and the trench is extended to the
n-type semiconductor layer. The n-type electrode is disposed
on the n-type semiconductor layer. The smaller the area of the
trench is, the larger the light emitting area of the LED is. The
heat accumulation problem occurs while the LED is worked
at high current density and the contact area between the
n-type electrode and the n-type semiconductor layer is quite
small. On the other hand, the larger the area of the trench is,
the smaller the light emitting area of the LED is. This leads to
reduction in the light emitting efficiency of the LED.

[0007] Inorder to solve the above problems, there is a need
to provide an LED and a flip-chip LED package in which the
contact area between a first contact (n-type electrode) and a
first-type-doped layer (n-type semiconductor layer) is con-
trolled within a certain range. Thus, the LED can be worked
at high current densities without heat accumulation. More-
over, the light emitting area of the LED is not reduced and the
light emitting efficiency of the LED is not affected.
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SUMMARY OF THE INVENTION

[0008] Therefore, itis a primary object of the present inven-
tion to provide an LED and a flip-chip LED package that are
worked at high current densities without heat accumulation.

[0009] It is another object of the present invention to pro-
vide an LED and a flip-chip LED package in which the
current distribution is uniform, the light emitting area is not
reduced, and hence the light emitting efficiency is not
affected.

[0010] Inorderto achieve the above objects, an LED ofthe
present invention includes a substrate, a first-type-doped
layer, a light emitting layer, a second-type-doped layer, a
plurality of first grooves, a second groove, an insulation layer,
a first contact, and a second contact. The first-type-doped
layer is disposed on the substrate; the light emitting layer is
disposed on the first-type-doped layer; and the second-type-
doped layer is disposed on the light emitting layer. The first
grooves penetrate the second-type-doped layer and the light
emitting layer and expose a part of the first-type-doped layer.
Each first groove consists of a first end and a second end. The
second groove is connected to the first end of each first
groove. The second groove and the first grooves are extended
in different directions. The second groove penetrates the sec-
ond-type-doped layer and the light emitting layer, allowing a
part of the first-type-doped layer exposed. The insulation
layer is disposed on a part of the second-type-doped layer and
extends to the sidewalls of the plurality of first grooves and
the second groove. The first contact is arranged in the plural-
ity of first grooves and the second groove and is electrically
connected to the first-type-doped layer. The second contact is
disposed on and electrically connected to the second-type-
doped layer. There is an interval between the end where each
first groove connects to the second groove and the edges of the
light emitting layer and the second-type-doped layer.

[0011] In order to achieve the above objects, a flip-chip
LED package includes a package substrate and an LED
flipped over and electrically connected to the package sub-
strate. The LED comprises a substrate, a first-type-doped
layer, a light emitting layer, a second-type-doped layer, a
plurality of first grooves, a second groove, an insulation layer,
a first contact, and a second contact. The first-type-doped
layer is disposed on the substrate; the light emitting layer is
disposed on the first-type-doped layer; and the second-type-
doped layer is disposed on the light emitting layer. The first
grooves penetrate the second-type-doped layer and the light
emitting layer and expose a part of the first-type-doped layer.
Each first groove consists of a first end and a second end. The
second groove is connected to the first end of each first
groove. The second groove and the first grooves are extended
in different directions. The second groove penetrates the sec-
ond-type-doped layer and the light emitting layer, allowing a
part of the first-type-doped layer exposed. The insulation
layer is disposed on a part of the second-type-doped layer, and
extends to the sidewalls of the plurality of first grooves and
the second groove. The first contact is arranged in the plural-
ity of first grooves and the second groove and is electrically
connected to the first-type-doped layer. The second contact is
disposed on and electrically connected to the second-type-
doped layer. There is an interval between the end where each
first groove connects to the second groove and the edges of the
light emitting layer and the second-type-doped layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The structure and the technical means adopted by
the present invention to achieve the above and other objects
can be best understood by referring to the following detailed
description of the preferred embodiments and the accompa-
nying drawings, wherein

[0013] FIG.1 is atop view of an embodiment according to
the present invention;

[0014] FIG. 2A is a cross-sectional view along AA' line of
the embodiment in FIG. 1;

[0015] FIG. 2B is a cross-sectional view along BB' line of
the embodiment in FIG. 1;

[0016] FIG.2C s across-sectional view of the embodiment
in FIG. 1;
[0017] FIG. 3 is a schematic drawing showing first grooves

and a second groove of an embodiment according to the
present invention;

[0018] FIG. 4 is a schematic drawing showing first grooves
and a second groove of another embodiment according to the
present invention;

[0019] FIG. 5 is a schematic drawing showing first grooves
and a second groove of a further embodiment according to the
present invention;

[0020] FIG. 6 is a schematic drawing showing first grooves
and a second groove of a further embodiment according to the
present invention;

[0021] FIG. 7 is a schematic drawing showing first grooves
and a second groove of a further embodiment according to the
present invention;

[0022] FIG. 8 is a schematic drawing showing first grooves
and a second groove of a further embodiment according to the
present invention;

[0023] FIG.9is a schematic drawing showing first grooves
and a second groove of a further embodiment according to the
present invention;

[0024] FIG. 10 is a schematic drawing showing first
grooves and a second groove of a further embodiment accord-
ing to the present invention;

[0025] FIG. 11 is a schematic drawing showing first
grooves and a second groove of a further embodiment accord-
ing to the present invention; and

[0026] FIG.12 is a schematic drawing showing an embodi-
ment of a flip-chip LED package according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0027] Referring to FIG. 1, FIG. 2A and FIG. 2B, an
embodiment of a light emitting diode (LED) 1 according to
the present invention includes a substrate 10, an epitaxial
structure 12, a plurality of first grooves 13, a second groove
14, an insulation layer 15, a first contact 16, and a second
contact 17. The epitaxial structure 12 is disposed on the
substrate 10. The epitaxial structure 12 consists of a first-
type-doped layer 121, a light emitting layer 122, and a sec-
ond-type-doped layer 123.

[0028] The first-type-doped layer 121 is disposed on the
substrate 10. The light emitting layer 122 is disposed on the
first-type-doped layer 121 and the second-type-doped layer
123 is disposed on the light emitting layer 122. The plurality
of first grooves 13 and the second groove 14 (the dashed lines
in FIG. 1) are formed on the epitaxial structure 12, penetrating
the second-type-doped layer 123 and the light emitting layer
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122 and allowing a part of the first-type-doped layer 121 to be
exposed. Each of the first grooves 13 includes a first end 131
and a second end 132. The second groove 14 connects the first
end 131 of each first groove 13. The second end 132 of each
first groove 13 is extended toward the center of the light
emitting diode 1. The extension direction of the second
groove 14 is different from that of the first grooves 13. There
is an interval D between the second groove 14 and edges of
the light emitting layer 122 and the second-type-doped layer
123, as shown in FIG. 2B. The insulation layer 15 is disposed
on a part of the second-type-doped layer 123, extending
toward the first grooves 13 and the second groove 14, and
covering sidewalls of the plurality of first grooves 13 and the
second groove 14. And a part of the first-type-doped layer 121
is exposed. The first contact 16 is arranged on the first-type-
doped layer 121 inside the first grooves 13 and the second
groove 14. The first contact 16 is electrically connected to the
first-type-doped layer 121. The second contact 17 is disposed
on and electrically connected to the second-type-doped layer
123. The first contact 16 is insulated from the second-type-
doped layer 123 by the insulation layer 15.

[0029] The disposition of the plurality of first grooves 13
and the second groove 14 ofthe LED 1 makes the contact area
between the first contact 16 and the first-type-doped layer 121
increase. And the current is spread in both vertical and lateral
directions inside the first-type-doped layer 121. Thus, current
is distributed uniformly between the first contact 16 and the
second contact 17. Thus, the LED 1 can be worked at high
current densities.

[0030] Referring to FIG. 2C, the LED 1 further includes a
reflective layer 19 disposed on the second-type-doped layer
123. The area of the reflective layer 19 is at least 50% of the
area of the second-type-doped layer 123. When the LED 1
emits, the light from the light emitting layer 122 and illumi-
nating upward is reflected by the reflective layer 19 due to the
reflective layer 19 arranged over the light emitting layer 122.
Then the reflected light is emitted from the substrate 10. The
light can be emitted from the back surface. Thus, the LED 1
can be applied to flip-chip modules.

[0031] Refer to FIG. 3, in this embodiment, the first
grooves 13 and the second groove 14 are all in a linear form
and are perpendicular to each other. When the width d of each
first groove 13 or of the second groove 14 is excessively small,
the contact area between the first contact 16 and the first-type-
doped layer 121 is reduced. Thus, not only the manufacturing
processes are getting difficult but the yield rate is also
reduced. Moreover, the LED 1 is unable to be worked at high
current densities due to heat accumulation. Once the width d
of'each first groove 13 or the second groove 14 is excessively
large, the manufacturing processes are simple and the yield
rate is improved. Yet the contact surface between the first
contact 16 and the first-type-doped layer 121 is also
increased. Thus, the light emitting surface of the LED 1 is
reduced. This leads to decreased light emitting efficiency of
the LED 1. In this embodiment, the width d of each first
groove 13 or of the second groove 14 is ranging from 10
micrometers to 100 micrometers. And the total area of the first
grooves 13 and the second groove 14 is ranging from 5% to
15% of the area of the first-type-doped layer 121. Thus, not
only the yield rate of the LED 1 is not reduced, the LED 1 can
also be worked at high current densities without heat accu-
mulation therein.

[0032] Furthermore, in order to keep balance between
larger light emitting area and current spreading within the



US 2013/0221394 Al

first-type-doped layer 121, the shortest distance [, between
the first end 131 and the second end 132 of the first groove 13
is ranging from 0.5L; to L;, L; represents the length of a
longer side of the substrate 10. In this embodiment, the first
groove 13 is linear grooves. Thus, the shortest distance L, of
the first groove 13 is equal to the length of the first groove 13.
[0033] Refer to FIG. 4, FIG. 5 and FIG. 6, some other
embodiments of the present invention are disclosed. In FIG.
4, each first groove 13 is a curved groove while the second
groove 14 is linear. In FIG. 5, the first groove 13 is a linear
groove while the second groove 14 is a curved groove. In FIG.
6, both the first groove 13 and the second groove 14 are
curved. Thus, the first groove 13 and the second groove 14 can
both be linear or curved. Alternatively, one is a curved groove
while the other is a linear groove. Once the first groove 13 and
the second groove 14 are both curved grooves, the contact
area between the first contact and the first-type-doped layer
121 is increased. Thus, the amount of current flowing through
the light emitting layer 122 is increased and the light emitting
efficiency of the LED 1 is improved.

[0034] Refer to FIG. 7, a further embodiment is revealed.
Compared with the above embodiments in which all the first
grooves 13 are parallel with one another, there are only two
first grooves 13 arranged in parallel in this embodiment.
Other first grooves 13 arranged between the two parallel first
grooves 13 are inclined. The shortest distance between the
first end 131 and the second end 132 of the first groove 13
disposed between the two parallel first grooves 13 is L,
ranging between 0.5; and L;, and [; is the length of the
longer side of the substrate 10. This embodiment shows that
the first grooves 13 are not necessary to be parallel to one
another. If all the first grooves 13 are arranged in parallel, the
light emitting area of the LED is larger and the light emitting
efficiency of the LED is further increased.

[0035] Refer from FIG. 8 to FIG. 10, some further embodi-
ments are revealed. The difference between these embodi-
ments and the above embodiments is in that the LED 1 further
includes a plurality of third grooves 18. The plurality of third
grooves 18 are communicated with the plurality of first
grooves 13. The third grooves 18 also penetrate the second-
type-doped layer 123 and the light emitting layer 122, allow-
ing a part of the first-type-doped layer 121 to be exposed and
electrically connected to the first contact 16. In the embodi-
ment shown in FIG. 8, there are four third grooves 18 that are
linear and disposed at the middle part of each first grove 13,
respectively. Refer to FIG. 9 and FIG. 10, the third grooves 18
are disposed on the second end 132 of each first groove 13. In
these embodiments, the plurality of third grooves 18 and the
plurality of first grooves 13 are extended in different direc-
tions. For example, in FIG. 8 and FIG. 9, the third groove 18
and the first groove 13 are perpendicular to each other. Or the
third groove 18 is inclined upward relative to the first groove
13, as shown in FIG. 10. No matter which position the third
groove 18 is disposed in the first groove 13, the lateral current
spreading of the LED is increased as long as the third groove
18 and the first groove 13 are extended in different directions.
The third groove 18 can also be a curved groove.

[0036] Refer to FIG. 11, in order to increase lateral current
spreading, the number of the third groove 18 arranged in each
first groove 13 can be increased. For example, the total num-
ber of the third grooves 18 is xn, wherein x is a positive integer
greater than zero and n is the total number of the first grooves
13. That means there are x third grooves 18 arranged in each
first groove 13. In this embodiment, there are three third
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grooves 18 disposed in each first groove 13. The third groove
18 is circular and the third grooves 18 are disposed in each
first groove 13 at a fixed interval so as to increase the exposed
area of the first-type-doped layer 121 in the lateral direction.
Compared with the embodiments shown in FIG. 8 to FIG. 10,
the current spreading in the lateral direction of the first-type-
doped layer 121 in these embodiments is increased. The third
grooves 18 can be linear or curved.

[0037] Refer to FIG. 12, a flip-chip LED package 2 is
obtained by employing the flip chip packaging to the LED 1.
The LED 1 of the embodiment shown in FIG. 1 is flipped on
a package substrate 20. The first contact 16 and the second
contact 17 are electrically connected to the package substrate
20 by eutectic structures 21, 22, respectively. The first contact
16 and the second contact 17 can also be electrically con-
nected to the package substrate 20 by two metal bumps,
respectively. In this embodiment, the flip-chip LED package
2 further includes a reflective layer 19 disposed between the
second-type-doped layer 123 and the first contact 16/the sec-
ond contact 17. The area of the reflective layer is at least 50%
of the area of the second-type-doped layer 123. When the
flip-chip LED package 2 emits light, the light from the light
emitting layer 122 traveling downward is reflected by the
reflective layer 19 and emitted from the substrate 10 because
the reflective layer 19 is located below the light emitting layer
122. Thus, the light emitting efficiency is increased. Other
embodiments of the LED 1 can also be packaged in flip-chip
packages to give the flip-chip LED package 2.

[0038] In addition, the material of the substrate 10 is
selected from the group consisting aluminum oxide (Al,Oy),
silicon carbide (SiC), gallium arsenide (GaAs), gallium
nitride (GaN), gallium phosphide (GaP), aluminum nitride
(AIN), silicon (Si), zinc oxide (ZnO), manganese oxide
(MnO), or glass. The first-type-doped layer 121 and the sec-
ond-type-doped layer 123 are, respectively, GaN (gallium
nitride)-based semiconductor layers doped with different
impurities. The first-type-doped layer 121 is n-type GaN-
based semiconductor layer and the second-type-doped layer
123 is p-type GaN-based semiconductor layer. Or the first-
type-doped layer 121 is p-type GaN-based semiconductor
layer and the second-type-doped layer 123 is n-type GaN-
based semiconductor layer. The light emitting layer 122 can
be a multiple-quantum-well (MQW) structure. The insulation
layer 15 is made from insulation materials with high trans-
parency, including oxides, nitrites, and nitrogen oxides. The
preferred material for the insulation layer 15 is silicon oxide,
silicon nitride or silicon oxynitride. The preferred materials
for the reflective layer 19 are metals with high reflectivity,
such as silver, aluminum, titanium, gold, platinum, palla-
dium, or their combinations. The materials for the first contact
16 and the second contact 17 are electrically conductive,
including conductive metals and non-metals with electrically
conductive properties. The conductive metals are preferred,
including gold, titanium, nickel, aluminum, chromium, plati-
num, or their combinations. The structure of the electrically
conductive materials can be a single layer or a plurality of
layers stacked. In this embodiment, each eutectic structure
21, 22 is made from eutectic metals that are alloys such as
Au—Sn (gold-stannum) alloy, Ag—Sn (silver-stannum)
alloy, Au—Ge (gold-germanium alloy), etc. The metal bump
is made from metals including gold, nickel, solder tin, etc.

[0039] Insummary, the present invention provides an LED
and a flip-chip LED package. By the first grooves and the
second groove penetrating the second-type-doped layer and
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the light emitting layer, a part of the first-type-doped layer is
exposed to be disposed with and electrically connected to the
first contact. Thus, the current distribution in both vertical and
lateral directions inside the first-type-doped layer is
increased. Moreover, by the third grooves connected to the
first grooves and extended in the direction different from that
of the first grooves, the lateral current spreading in the first-
type-doped layer is increased. Thus, the current distribution
in the LED is more uniform and the light emitting efficiency
of the LED is further increased.

[0040] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details,
and representative devices shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lent.

What is claimed is:

1. A light emitting diode (LED), comprising:

a substrate;

a first-type-doped layer, disposed on the substrate;

a light emitting layer, disposed on the first-type-doped
layer;

a second-type-doped layer, disposed on the light emitting
layer;

a plurality of first grooves, each of which penetrating the
second-type-doped layer and the light emitting layer so
that a part of the first-type-doped layer is exposed, each
of' the first groove having a first end and a second end;

a second groove, connected to the first end of each first
groove, and is penetrating the second-type-doped layer
and the light emitting layer so that a part of the first-type-
doped layer is exposed, and the second groove and the
first grooves extending in different directions;

an insulation layer, disposed on a part of the second-type-
doped layer and extended to the sidewalls of the first
grooves and the second groove;

a first contact, arranged in the first grooves and the second
groove, and electrically connected to the first-type-
doped layer; and

asecond contact, disposed on the second-type-doped layer,
and electrically connected to the second-type-doped
layer;

wherein there is an interval between the second groove and
edges of the second-type-doped layer and the light emit-
ting layer.

2. The LED as claimed in claim 1, wherein the LED further
includes a reflective layer disposed on the second-type-doped
layer.

3. The LED as claimed in claim 2, wherein the total area of
the reflective layer is at least 50% of the area of the second-
type-doped layer.

4. The LED as claimed in claim 1, wherein the total area of
the first grooves and the second groove is ranging from 5% to
15% of the area of the first-type-doped layer.

5.The LED as claimed in claim 1, wherein the first grooves
and the second groove are linear, respectively, and perpen-
dicular to each other.

6. The LED as claimed in claim 1, wherein the first grooves
are curved or the second groove is curved.

7. The LED as claimed in claim 1, wherein at least two of
the first grooves are arranged in parallel to each other.
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8. The LED as claimed in claim 1, wherein the shortest
distance between the first end and the second end of the first
groove is ranging from 0.51; to L;, and L; representing the
length of the longer side of the substrate.

9. The LED as claimed in claim 1, wherein the width of the
first groove and the width of the second groove are ranging
from 10 micrometers to 100 micrometers, respectively.

10. The LED as claimed in claim 1, wherein the second end
of' the first groove is extended toward the center of the LED.

11. The LED as claimed in claim 1, and further includes a
plurality of third grooves communicated with the plurality of
first grooves, and penetrating the second-type-doped layer
and the light emitting layer and exposing a part of the first-
type-doped layer.

12. The LED as claimed in claim 11, wherein the total
number of the third grooves is xn, wherein X is a positive
integer greater than zero and n is the number of the first
grooves.

13. The LED as claimed in claim 12, wherein the plurality
of'third grooves are arranged on the second end of the plural-
ity of first grooves, respectively.

14. The LED as claimed in claim 11, wherein each of the
third grooves is circular.

15. The LED as claimed in claim 11, wherein the plurality
of' third grooves are linear or curved and extend in the direc-
tion different from the direction of the first grooves.

16. A flip-chip light emitting diode (LED) package, com-
prising a package substrate; and

a light emitting diode flipped on and electrically connected
to the package substrate;

wherein the light emitting diode comprising

a substrate;

a first-type-doped layer, disposed on the substrate;

a light emitting layer, disposed on the first-type-doped
layer;

a second-type-doped layer, disposed on the light emitting
layer;

a plurality of first grooves, each of which penetrating the
second-type-doped layer and the light emitting layer so
that a part of the first-type-doped layer is exposed, each
of the first groove having a first end and a second end;

a second groove that is connected to the first end of each
first groove, and is penetrating the second-type-doped
layer and the light emitting layer so that a part of the
first-type-doped layer is exposed and the second groove
and the first grooves extending in different directions;

an insulation layer, disposed on a part of the second-type-
doped layer and extended to the sidewalls of the first
grooves and the second groove;

a first contact, arranged in the first grooves and the second
groove and electrically connected to the first-type-doped
layer; and

a second contact, disposed on the second-type-doped layer
and electrically connected to the second-type-doped
layer;

wherein there is an interval between one end where the first
groove connects to the second groove and the edges of
the second-type-doped layer and the light emitting layer.

17. The LED package as claimed in claim 16, wherein the
LED s electrically connected to the package substrate by two
metal bumps.
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18. The LED package as claimed in claim 16, wherein the
LED s electrically connected to the package substrate by two
eutectic structures.



