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Description

LIGHT EMITTING DEVICE PACKAGE AND METHOD FOR

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

FABRICATING THE SAME
Technical Field

The present invention relates to a light emitting device package and a method for
fabricating the same.
Background Art

A light emitting diode (LED) is a semiconductor light emitting device that converts
electric current into light.

The wavelength of light emitted from the light emitting diode is determined
depending on a semiconductor material used to manufacture the light emitting diode.
This is because the wavelength of the emitted light corresponds to a band gap of the
semiconductor material, which is defined as an energy difference between electrons in
the valence band and electrons in the conduction band.

Recently, in line with an increase in brightness of the LED, the LED is used as light
sources for display apparatuses, vehicles and illumination apparatuses. Upon a
combination of LEDs having a variety of colors or a use of phosphors, an LED

emitting white light can be realized with excellent luminous efficiency.
Disclosure of Invention

Technical Problem

Embodiments provide a light emitting device package having a new structure and a
method for fabricating the same.

Embodiments provide a light emitting device package with an improved electrical
stability and a method for fabricating the same.
Technical Solution

In an embodiment, A light emitting device package comprises a substrate; a light
emitting device on the substrate; a zener diode comprising a first conductive type
impurity region and two second conductive type impurity regions, the first conductive
type impurity region being disposed in the substrate, the two second conductive type
impurity regions being separately disposed in two areas of the first conductive type
impurity region; and a first electrode layer and a second electrode layer, each of them
being electrically connected to the second conductive type impurity regions and the
light emitting device.

In an embodiment, A light emitting device package comprises a substrate; a light
emitting device on the substrate; a zener diode comprising a first conductive type

impurity region and two second conductive type impurity regions in the substrate, the
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[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

two second conductive type impurity regions being separately disposed in two areas; a
first electrode layer and a second electrode layer, each of them being electrically
connected to the second conductive type impurity regions and the light emitting
device; and an insulating layer between the substrate and at least one of the electrode
layers.

In an embodiment, A method for fabricating a light emitting device package
comprises forming a zener diode comprising forming a first conductive type impurity
region in a substrate and forming two second conductive type impurity regions
disposed separately in two areas of the first conductive type impurity region; installing
a light emitting device on the substrate; and forming a first electrode layer and a
second electrode layer, each of them being electrically connected to the light emitting

device and the zener diode.

Advantageous Effects

Embodiments can provide a light emitting device package having a new structure and
a method for fabricating the same.

Embodiments can provide a light emitting device package with an improved
electrical stability and a method for fabricating the same.
Brief Description of the Drawings

Fig. 1 is a cross-sectional view illustrating a light emitting device package according
to a first embodiment.

Fig. 2 is an equivalent circuit view illustrating the light emitting device package
according to the first embodiment.

Figs. 3 to 8 are cross-sectional views illustrating a method for fabricating the light
emitting device package according to the first embodiment.

Fig. 9 is a plan view illustrating a plurality of light emitting devices in a substrate in
the light emitting device package according to the first embodiment.

Fig. 10 is a rear view illustrating a plurality of zener diodes at the bottom of the
substrate of Fig. 9.

Fig. 11 is a cross-sectional view illustrating a light emitting device package
according to a second embodiment.

Fig. 12 is a cross-sectional view illustrating a light emitting device package
according to a third embodiment.

Fig. 13 is a graph illustrating a voltage-current characteristic of the zener diode in a

light emitting device package according to an embodiment.
Mode for the Invention

Hereinafter, a light emitting device package and a method for fabricating the same

according to an embodiment of the present invention will now be described with
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reference to the accompanying drawings.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present invention without departing form the spirit or scope of the
invention. Thus, it is intended that the present invention covers the modifications and
variations of this invention provided they come within the scope of the appended
claims and their equivalents.

Like reference numerals in the drawings denote like elements, and thus their de-
scription will be omitted. In the drawings, the thicknesses of layers and regions are ex-
aggerated for clarity.

In the following description, it will be understood that when a layer (or film) is
referred to as being "on" or "under" another layer or substrate, it can be directly "on" or
"under" the other layer or substrate, or intervening layers may also be present. Further,
it will be understood that when a constituent element such as surface is referred to as
'inner’, this means that the surface is farther from an outer side of the device than other
constituent elements.

It will be further understood that orientations of constituent elements in the drawings
are not limited thereto. In addition, when the word 'directly' is referred, it means that
no intervening constituent element is present. The word 'and/or' means that one or
more or a combination of relevant constituent elements is possible.

Fig. 1 is a cross-sectional view illustrating a light emitting device package according
to a first embodiment and Fig. 2 is an equivalent circuit view illustrating the light
emitting device package according to the first embodiment.

In a light emitting device package according to an embodiment, referring to Fig. 1, a
cavity 11 is formed in a substrate 10 and an insulating layer 20 is formed on the
surface of the substrate 10.

A light emitting device 30 is installed in the cavity 11 of the substrate 10 and
electrically connected to a first electrode layer 51 and a second electrode layer 52
through wires 40.

A first conductive type impurity region 61 is disposed at the bottom of the substrate
10 and two second conductive type impurity regions 62 are spaced apart from each
other in the first conductive type impurity region 61. The second conductive impurity
type regions 62 are electrically connected to the first electrode layer 51 and the second
electrode layer 52, respectively.

The first conductive type impurity region 61 and the second conductive type impurity
regions 62 form a zener diode 60.

Therefore, as illustrated in Fig. 2, the light emitting device 30 and the zener diode 60
are connected together in parallel.

In more detail, the substrate 10 may be a silicon wafer, and the cavity 11 in the
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substrate 10 may be formed by etching the silicon wafer through a wet or dry etch
method.

The insulating layer 20 may be a silicon oxide layer that is formed through an
oxidation of the silicon wafer. The insulating layer 20 allows the substrate 10, the first
electrode layer 51 and/or the second electrode layer 52 to be electrically separated
from each other.

The light emitting device 30 may be a light emitting diode (LED). In Fig. 1, a lateral
type LED is illustrated as an example, but a vertical type LED may also be used.

In addition, in Fig. 1, the light emitting device 30 is electrically connected to the first
and second electrode layers 51 and 52 through the wires 40. But it is also possible that
a light emitting device electrically contacts directly with the electrode layers, or is
electrically connected to the first and second electrode layers 51 and 52 through a
bump according to LED types.

The first electrode layer 51 and the second electrode layer 52 may be formed of a
metal layer. That is, they may be formed of at least one of metals having high re-
flectivity such as Al, Ag, or Au. Or, they may be formed by coating at least one of Al,
Ag and Au on the surface of a metal layer including at least one of Cu, Ti, Cr, or Ni.

Since the first electrode layer 51 and the second electrode layer 52 extend from the
top surface to the bottom surface of the substrate 10, power supply may be provided to
the light emitting device 30 through the first and second electrode layers 51 and 52,
when a light emitting device package according to an embodiment is mounted on a
circuit substrate where a circuit pattern formed.

The zener diode 60 is formed by implanting an impurity into the substrate 10. Also,
the zener diode 60 may be disposed at the top, bottom or side of the substrate 10.

In the embodiment, the zener diode 60 is disposed at the bottom of the substrate 10.
The zener diode 60 may be disposed in a region facing the light emitting device 30 in
the substrate 10. That is, the zener diode 60 and the light emitting device 30 may
overlap in a vertical direction.

A breakdown voltage of the zener diode 60 is designed to be higher than a voltage
applied to the light emitting device 30 and lower than a withstanding voltage of the
light emitting device 30.

Accordingly, when overvoltage is applied to the first electrode layer 51 and the
second electrode layer 52, current flows through the zener diode 60 so that the zener
diode 60 protect the light emitting device 30 against the overvoltage.

The first conductive type impurity region 61 may be formed by an implantation of a
p-type impurity and the second conductive type impurity regions 62 may be formed by
an implantation of n-type impurities. At this point, the n-type impurity may be

implanted into the substrate 10.
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[42] In contrast, the first conductive type impurity region 61 may be formed by an im-
plantation of an n-type impurity and the second conductive type impurity regions 62
may be formed by an implantation of p-type impurities. At this point, the p-type
impurity may be implanted into the substrate 10.

[43] Fig. 13 is a graph illustrating a voltage-current characteristic of the zener diode in a
light emitting device package according to an embodiment.

[44] As illustrated in Fig. 13, when a uniform voltage, e.g. a voltage of about +7 V or
about -7 V is applied, a breakdown occurs in the zener diode 60 resulting in a steep
increase in current. Consequently, a damage of the light emitting device 30 due to the
overvoltage may be prevented.

[45] At this point, implantation concentrations of the n-type and p-type impurities may
depend on the designed breakdown voltage of the zener diode 60.

[46] Figs. 3 to 8 are cross-sectional views illustrating a method for fabricating the light
emitting device package according to the first embodiment.

[47] Referring to Fig. 3 and 4, a first mask layer 12 is formed on the substrate 10 and se-
lectively removed in order to form a first mask pattern 12a. Next, the substrate 10 is
etched using the first mask pattern 12a as a mask through a wet or dry etch method.
Thus, a cavity 11 is formed.

[48] At this point, for the substrate 10 may be used a silicon wafer containing a second
conductive type impurity, and the first mask layer 12 may be formed of silicon nitride
or silicon oxide.

[49] Referring to Fig. 5 and 6, after the first mask pattern 12a is removed, a second mask
layer 21 is formed on the surface of the substrate 10. Then, the second mask layer 21 is
selectively removed to expose the bottom of the substrate 10, thereby forming a second
mask pattern 21a.

[50] At this point, the second mask layer 21 may be a silicon nitride layer or a silicon
oxide layer.

[51] Thereafter, a first conductive type impurity region 61 is formed at the bottom of the
substrate 10 by using the second mask pattern 21a as a mask.

[52] Referring to Fig. 7, the second mask pattern 21a is removed and an insulating layer
20 is formed on the surface of the substrate 10. Then, the insulating layer 20 disposed
on the first conductive type impurity region 61 is selectively removed to expose the
first conductive type impurity region 61 in two areas.

[53] After that, second conductive type impurities are implanted into the exposed areas of
the first conductive type impurity region 61, thereby forming second conductive type
impurity regions 62.

[54] The first conductive type impurity region 61 and the second conductive type impurity

regions 62 form the zener diode 60.
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Referring to Fig. 8, a metal layer is formed on the insulating layer 20 and the
substrate 10 and then selectively removed to form first and second electrode layers 51
and 52.

The first and second electrode layers 51 and 52 are spaced apart from each other and
electrically connected to the second conductive type regions 62 respectively, extending
toward the cavity 11 along the sides of the substrate 10.

Thereafter, the light emitting device 30 is disposed in the cavity 11 and electrically
connected to the first and second electrode layers 51 and 52 through the wires 40.

Consequently, a light emitting device package as illustrated in Fig. 1 is fabricated.

In the light emitting device package according to an embodiment, the zener diode 60
is formed while the first conductive type impurity region 61 has a well structure and
the second conductive type impurity regions 62 are disposed in the well structure.

Therefore, when a plurality of the light emitting devices 30 are installed in the light
emitting device package and accordingly, a plurality of the zener diodes 60 are formed,
cross talk between adjacent zener diodes can be prevented.

Figs. 9 and 10 are views illustrating a plurality of the light emitting devices in the
light emitting device package according to the first embodiment.

Fig. 9 is a plan view illustrating a plurality of light emitting devices in a substrate and
Fig. 10 is a rear view illustrating a plurality of zener diodes at the bottom of the
substrate.

Referring to Fig. 9 and 10, the cavity 11 is formed in the substrate 10 and a plurality
of light emitting devices 30 are disposed in the cavity 11. In the embodiment, four light
emitting devices 30 are disposed as an example and the insulating layer 20 shown in
Fig. 1 is omitted in Fig. 9 and Fig. 10.

Thereafter, the first electrode layers 51 and the second electrode layers 52 cor-
responding to the light emitting devices 30 are formed on the substrate 10. Ad-
ditionally, the first and second electrode layers 51 and 52 are electrically connected to
the light emitting devices 30 through the wires 40.

At the bottom of the substrate 10 are formed a plurality of zener diodes 60 cor-
responding to the number of light emitting devices 30. In the embodiment, four zener
diodes 60 are formed as an example and the insulating layer 20 and the first and second
electrode layers 51 and 52 shown in Fig. 1 are omitted in Fig. 9 and Fig. 10.

The first and second electrode layers 51 and 52 are electrically connected to the
second conductive type impurity regions 62 in the first conductive type impurity
regions 61, respectively. The second conductive type impurity regions 62 may be
disposed close to the two adjacent sides of the substrate 10 and the first conductive
type impurity region 61 may be formed along the sides of the substrate 10.

Fig. 11 is a cross-sectional view illustrating a light emitting device package
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according to a second embodiment.

In the description of the second embodiment, an overlapping description with the
first embodiment will be omitted.

Referring to Fig. 11, a plurality of first conductive type impurity regions 161 are
formed at the top of a substrate 110 and second conductive type impurity regions 162
are respectively formed in the first conductive type impurity regions 161.

The second conductive type impurity regions 162 are spaced apart from each other in
two areas of the first conductive type impurity region 161, and the second conductive
type impurity regions 162 and the first conductive type impurity regions 161 form
zener diodes 160.

An insulating layer 120 is formed on the top surface of the substrate 110 and se-
lectively removed to form first electrode layers 151 and second electrode layer 152.
The first and the second electrode layers 151 and 152 on the insulating layer 120 are
electrically connected to the second conductive type impurity regions 162, re-
spectively.

Next, light emitting devices are installed on the first and second electrode layers 151
and 152. The light emitting devices 130 are electrically connected to the first and
second electrode layers 151 and 152 through bumps 131.

The light emitting devices 130 may be light emitting diodes emitting red, green and
blue light respectively.

The zener diodes 160 including the first conductive type impurity regions 161 and
the second conductive type impurity regions 162 are connected in parallel to the light
emitting devices 130.

Accordingly, when overvoltage is applied to the light emitting devices 130, current
flows through the zener diodes 160 so that the light emitting devices 130 can be
protected from the overvoltage.

Fig. 12 is a cross-sectional view illustrating a light emitting device package
according to a third embodiment.

In the description of the third embodiment, an overlapping description with the first
embodiment will be omitted.

Referring to Fig. 12, a cavity 211 is formed in a substrate 210 and a light emitting
device 230 is installed in the cavity 211. After that, a first conductive type impurity
region 261 is formed at the bottom of the substrate 210 and second conductive type
impurity regions 262 are formed in two separated areas of the first conductive type
impurity region 261.

The first conductive type impurity region 261 and the second conductive type
impurity regions 262 form a zener diode 260.

An insulating layer 220 is formed on the bottom surface of the substrate 210 and se-
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lectively removed to form a first electrode layer 251 and a second electrode layer 252.
The first and the second electrode layers 251 and 252 on the insulating layer 220 are
electrically connected to the second conductive type impurity regions 262, re-
spectively.

The first and second electrode layers 251 and 252 extend to the top surface of the
substrate 210 and pass through the substrate 210. Therefore, the first and second
electrode layers 251 and 252 are electrically connected to the light emitting device 230
in the cavity 211 through wires 240.

The zener diode 260 including the first conductive type impurity region 261 and the
second conductive type impurity regions 262 are connected in parallel to the light
emitting device 230.

Accordingly, when overvoltage is applied to the light emitting device 230, current
flows through the zener diode 260 so that the light emitting device 230 can be
protected against the overvoltage.

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

Industrial Applicability
The light emitting device package according to embodiments of the present invention
can be used as light sources for illumination apparatuses and a variety of electrical

appliances.
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Claims
A light emitting device package comprising;
a substrate;
a light emitting device on the substrate;
a zener diode comprising a first conductive type impurity region and two second
conductive type impurity regions, the first conductive type impurity region being
disposed in the substrate, the two second conductive type impurity regions being
separately disposed in two areas of the first conductive type impurity region; and
a first electrode layer and a second electrode layer, each of them being
electrically connected to the second conductive type impurity regions and the
light emitting device.
The light emitting device package according to claim 1, wherein the light
emitting device package comprises pluralities of the light emitting diodes and the
zener diodes.
The light emitting device package according to claim 1, wherein the zener diode
is disposed at the bottom of the substrate.
The light emitting device package according to claim 1, wherein the light
emitting device and the zener diode are connected in parallel together.
The light emitting device package according to claim 1, wherein an insulating
layer is disposed between the substrate, the first electrode layer and the second
electrode layer.
The light emitting device package according to claim 1, wherein the first
electrode layer and the second electrode layer pass through the substrate.
The light emitting device package according to claim 1, wherein a cavity is
formed in the substrate and the light emitting device is installed in the cavity.
The light emitting device package according to claim 1, wherein the light
emitting device is disposed on the first and second electrode layers and
electrically connected thereto through a bump.
A light emitting device package comprising;
a substrate;
a light emitting device on the substrate;
a zener diode comprising a first conductive type impurity region and two second
conductive type impurity regions in the substrate, the two second conductive
type impurity regions being separately disposed in two areas;
a first electrode layer and a second electrode layer, each of them being
electrically connected to the second conductive type impurity regions and the

light emitting device; and
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an insulating layer between the substrate and at least one of the electrode layers.
The light emitting device package according to claim 9, wherein the first
electrode layer and the second electrode layer pass through the substrate and are
electrically separated under the substrate.

The light emitting device package according to claim 9, wherein the first
electrode layer and the second electrode layer are formed on the substrate and the
zener diode is formed in a region facing the light emitting device in the substrate.
The light emitting device package according to claim 9, wherein the light
emitting device and the zener diode have the same number.

A method for fabricating a light emitting device package, the method
comprising;

forming a zener diode comprising forming a first conductive type impurity
region in a substrate and forming two second conductive type impurity regions
disposed separately in two areas of the first conductive type impurity region;
installing a light emitting device on the substrate; and

forming a first electrode layer and a second electrode layer, each of them being
electrically connected to the light emitting device and the zener diode.

The method according to claim 13, comprising forming an insulating layer on the
substrate before the forming of the light emitting device, the first electrode layer
and the second electrode layer.

The method according to claim 13, comprising implanting a second conductive

type impurity into the substrate before the forming of the zener diode.
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