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Description

LIGHT EMITTING DEVICE PACKAGE AND LIGHTING

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

APPARATUS USING THE SAME
Technical Field

The present invention relates to a light emitting device package and a lighting

apparatus using the same.

Background Art

Generally, Light Emitting Diodes (LEDs) are well-known semiconductor light-
emitting devices which convert electric current into light energy. LEDs have been used
as light sources for displaying images in electronic equipment such as information
communication equipment, etc.

The wavelength of light emitted by such LEDs is dependent upon the types of the
semiconductor materials used in the manufacture of the LEDs. This is because the
wavelength of emitted light is dependent upon the band gap of the semiconductor
materials, where the band gap is an energy difference between valence band electrons
and conduction band electrons.

Gallium nitride (GaN) has a high thermal stability and a broad band gap (ranging
from 0.8 to 6.2 €V), and therefore has received a great deal of attention in developing
high-power output electronic component devices including LEDs.

One of the reasons why gallium nitride has attracted a great deal of interest is
because it is possible to fabricate semiconductor layers emitting green, blue and white
light, by using GaN in combination with other elements such as indium (In), aluminum
(Al) and the like.

Due to the capability to control an emission wavelength via the use of GaN, the
emission wavelength may be adjusted to a desired range suited for intrinsic properties
of the used materials in compliance with the characteristics of specific equpment. For
example, the use of GaN makes it possible to manufacture blue LEDs which are
beneficial for optical writing and white LEDs which may be substituted for in-
candescent lamps.

Due to various advantages of such GaN-based materials, the GaN-based LED
market is rapidly growing As a result, technologies of GaN-based optoelectronic
devices have been rapidly advancing since their commercial introduction.

The technique of fabricating a white light emitting device using the above GaN-
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[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

based LED is divided into two methods. In the first method, white light is obtained by
depositing a phosphor onto a blue or UV light emitting diode chip. In the second
method, white light is obtained by combining output from three different color output
LED chips.

Further, the luminance of the output of the above GaN-based LED depends on the
structure of an active layer, efficiency in extracting light to the outside (i.e., light
extraction efficiency), the size of an LED chip, the kind and angle of a mold or resin

layer when a lamp package is assembled, phosphor used, etc.

Disclosure of Invention
Technical Solution

The present invention relates to a light emitting device package. The present
invention further relates to a lighting apparatus using the same.

In one embodiment, the light emitting device package includes a package body,
electrodes attached to the package body, and at least two light emitting devices
electrically connected to the electrodes. Each light emitting device emits light of a
different color from the other light emitting devices. A protective layer is formed over
the at least two light emitting devices, and a phosphor layer formed over the protective
layer.

In one embodiment, the phosphor layer is a uniformly thick layer.

In another embodiment the light emitting device package includes a package body,
electrodes formed on the package body, and at least two light emitting devices
electrically connected to the electrodes. Each light emitting device emits light of a
different color from the other light emitting devices. A phosphor layer associated with
each light emitting device is formed over at least a portion of the associated light
emitting device. A protective layer is formed over the at least two light emitting
devices.

In one embodiment, each phosphor layer is uniformly formed on at least a portion
of the associated light emitting device.

A still further embodiment of a light emitting device package includes a package
body, electrodes attached to the package body, and at least two light emitting devices
electrically connected to the electrodes. Each light emitting device emits light of a
different color from the other light emitting devices. A phosphor layer having a

uniform thickness is formed over at least one of the light emitting devices.
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[18] In one embodiment, a phosphor layer is formed directly on each light emitting
device.

[19] In another embodiment, the phosphor layer is formed over a protective layer on the
light emitting devices.

[20] In a further embodiment, a lighting apparatus includes a light emitting device
package and a driver. The package includes at least two light emitting devices re-
spectively emitting light of a first color and a second color that differ from each other,
and a phosphor formed over the at least two light emitting devices. The driver drives
the at least two light emitting devices to emit light of the first and second colors. The
driver may drive the at least two light emitting devices simultaneously.

[21]

[22]

Brief Description of the Drawings

[23] The accompanying drawings, which are included to provide a further understanding
of the invention and are incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with the description serve to
explain the principle of the invention. In the drawings:

[24] FIG. 1 is a graph illustrating wavelength dependence of a red light emitting device
according to current at each temperature;

[25] FIG. 2 is a graph illustrating power dependence of a red light emitting device
according to current at each temperature;

[26] FIG. 3 is a block diagram illustrating an example embodiment of a light emitting
device package driving unit;

[27] FIG. 4 is a block diagram illustrating in detail the light emitting device package
driving unit of FIG. 3;

[28] FIGs. 5 and 6 are schematic views illustrating a light emitting device package in
accordance with an embodiment of the present invention;

[29] FIG. 7 is a schematic view illustrating a light emitting device package in
accordance with another embodiment of the present invention;

[30] FIGs. 8 to 13 are plan views illustrating a light emitting device package in
accordance with a further embodiment of the present invention, more particularly:

[31] FIG. 8 is a schematic view illustrating the connection between packages;

[32] FIG. 9 is a schematic view illustrating a series connection between light emitting
device chips;

[33] FIG. 10 is a schematic view illustrating a parallel connection between light
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[34]
[35]

[36]
[37]

[38]
[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

emitting device chips;

FIG. 11 is a cross-sectional view of FIG. 9;

FIG. 12 is a schematic view illustrating another example of the light emitting
device package; and

FIG. 13 is a block diagram of an example of a lighting apparatus;

FIGs. 14 and 15 are views illustrating a light emitting device package in accordance
with a still further embodiment of the present invention, more particularly:

FIG. 14 is a cross-sectional view illustrating the light emitting device package; and

FIG. 15 is a cross-sectional view illustrating a phosphor layer; and

FIGs. 16 to 18 are views illustrating a light emitting device package in accordance
with another embodiment of the present invention, more particularly:

FIG. 16 is a cross-sectional view illustrating the light emitting device package;

FIG. 17 is a cross-sectional view illustrating one example of a light emitting
device; and

FIG. 18 is a cross-sectional view illustrating another example of the light emitting

device.

Best Mode for Carrying Out the Invention

Example embodiments will now be described more fully with reference to the ac-
companying drawings. However, example embodiments may be embodied in many
different forms and should not be construed as being limited to the example em-
bodiments set forth herein. Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who are skilled in the art. In
some example embodiments, well-known processes, well-known device structures,
and well-known technologies are not described in detail to avoid the unclear inter-
pretation of the example embodiments. Throughout the specification, like reference
numerals in the drawings denote like elements.

It will be understood that when an element or layer is referred to as being "on",
"connected to" or "coupled to" another element or layer, it may be directly on,
connected or coupled to the other element or layer, or intervening elements or layers
may be present. In contrast, when an element is referred to as being "directly on,"
"directly connected to" or "directly coupled to" another element or layer, there may be
no intervening elements or layers present. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated listed items.

It will be understood that, although the terms first, second, third, etc. may be used
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[48]

[49]

[50]

[51]

herein to describe various elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should not be limited by these
terms. These terms may be only used to distinguish one element, component, region,
layer or section from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be termed a second
element, component, region, layer or section without departing from the teachings of
the example embodiments.

Spatially relative terms, such as "beneath”, "below", "lower", "above", "upper" and
the like, may be used herein for ease of description to describe one element or feature's
relationship to another element(s) or feature(s) as illustrated in the figures. It will be
understood that the spatially relative terms may be intended to encompass different ori-
entations of the device in use or operation in addition to the orientation depicted in the
figures. For example, if the device in the figures is turned over, elements described as
"below" or "beneath" other elements or features would then be oriented "above" the
other elements or features. Thus, the example term "below" can encompass both an
orientation of above and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein
interpreted accordingly.

The terminology used herein is for the purpose of describing particular example
embodiments only and is not intended to be limiting As used herein, the singular
forms "a", "an" and "the" may be intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further understood that the terms
"comprises” and/or "comprising,” when used in this specification, 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. 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 be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

In one example of a light emitting device using color conversion, suwch as a white
light emitting device, white light may be obtained using a blue light emitting device
and a yellow phosphor.
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[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

The blue light emitting device is used as a reference light source and blue light
emitted from the blue light emitting device is projected on the yellow phosphor, (eg, a
yttrium aluminum garnet (Y AG) phosphor). The YAG phosphor is excited by the
incident light and emits light in a wavelength band of 500~780nm. The white light is
emitted due to color mixing of lights in this wavelength band.

In this example, a wavelength space between the blue light and the yellow light is
broad, and thus may cause a flash effect due to color separation. Further, it is not easy
to adjust or control the same color coordinates, color temperature, and color rendering
index; and color conversion may be generated according to peripheral temperature.

Particularly, in case that a backlight unit is manufactured using such a light emitting
device, the upper limit of a color reproduction range compared with NTSC is only
65%.

On the other hand, in case that white light is obtained using multi chips including
red, green, and blue light emitting device chips, a color reproduction range compared
with NTSC exceeds 100%.

However, in case that white light is obtained using the multi chips, the operating
voltages of each of the chips are not uniform, the outputs of the chips are varied
according to peripheral temperature and thus color coordinates are changed, and
driving circuits must be added.

FIGs. 1 and 2, respectively illustrate wavelength dependence and power
dependence of a red light emitting device chip according to current at each
temperature. Changes in color coordinates according to current and temperature caused
by the red light emitting device chip among red, green, and blue light emitting device
chips becomes an issue, and thus the whole color coordinates of a backlight unit may
be changed.

In one embodiment, instead of three light emitting device chips, two light emitting
device chips emitting light of two different colors and a phosphor excited by the light
emitting device chips are used.

For example, to fabricate a white light emitting device package, a green light
emitting device chip, a blue light emitting device chip, and a red phosphor excited by
the light emitted from the green and blue light emitting device chips may be used.

When the above light emitting device package is used in a lighting apparatus, the
lighting apparatus freely changes a color temperature and thus is capable of producing
a suitable atmosphere. This light emitting device package also has the advantage of

satisfying requirements of a large-scale display, such as low power consumption and
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[62]

[63]
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high color reproduction and contrast ratio.

In association with a light emitting device package, a light emitting device driving
unit is provided. The light emitting device driving unit controls current by a method, in
which a switching regulator is used to control the luminance of a light emitting device.

As shown in FIG. 3, the light emitting device driving unit for package including
red, green and blue light emitting device chips includes: drivers 4 driving red, green,
and blue light emitting device chips 1, 2, and 3; a controller 5 transmitting a driving
signal to the drivers 4; and a power supply 6. While the drivers 4 have been shown as
connected to only one red, one green and one blue light emitting device chip, it will be
understood that the drivers may be connected to a plurality of such chips. Furthermore,
if the number of light emitting device chips is less than three, then the number of
drivers is decreased accordingly.

As shown in FIG. 4, the drivers 4 include individual drivers 4a, 4b, and 4c¢ for
driving the red, green and blue light emitting device chips, respectively. Accordingly,
the red driver 4a may be connected to one or a plurality of red light emitting device
chips, the green driver 4b may be connected to one or a plurality of green light
emitting device chips and the blue driver 4c may be connected to one or a plurality of
blue light emitting device chips. As mentioned above, if, for example, the red light
emitting device chip or chips do not exist, then the red driver or drivers 4a may be
eliminated.

In the case where a light emitting device module is arrayed with a plurality of
packages and divided into driving regions, the number of the drivers is increased in
proportion to the number of driving regions. For example, if a plurality of driving
regions do not exist, the total number of drivers to drive red, green, and blue light
emitting device chips is three, but if the light emitting device module is divided into
two driving regions, the total number of drivers is increased to six. Thus, the area
occupied by the drivers in a product and the cost for manufacturing the drivers are
increased; and thus the total cost of the light emitting device module may increase.

According to an example embodiment, any one light emitting device chip out of the
red, green, and blue light emitting device chips is substituted by a phosphor. For
example, as mentioned above, a red light emitting device chip may be substituted by a
red phosphor. This reduces the number of drivers needed in the resulting product. In a
further embodiment, a single driver to simultaneously drive the two light emitting
device chips (eg, the green and blue light emitting device chips) is provided, thus

reducing the area occupied by the drivers and the manufacturing cost of the drivers.



WO 2009/028869 PCT/KR2008/005023

[66]

[67]

[68]
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[72]

[73]

FIGs. 5 and 6 are schematic views illustrating a light emitting device package in
accordance with an embodiment of the present invention. Fig 5 illustrates a cross
section view showing a package mounting vertical type light emitting devices and Fig
6 illustrates a top view showing a package mounting lateral type light emitting devices.
As shown in FIGs. 5 and 6, a light emitting device package in accordance with an
embodiment includes light emitting device chips 30 and 40 (also called light emitting
devices) provided on a package body 20 to emit light of different colors. A phosphor
layer 50 is located on the light emitting device chips 30 and 40 to change wavelengths
of light emitted from the light emitting device chips 30 and 40.

The phosphor layer 50 is obtained by mixing a phosphor powder 60 into a molding
portion (in FIG. 6, the phosphor layer 50 and the phosphor powder 60 are omitted).

A substrate 10 of the package body 20 is made of insulated silicon or ceramic, and
is an insulated heat sink or a lead terminal.

Electrodes 21 and 22 are formed on the substrate 10. The first electrodes 21 are
form on a top surface of the substrate and connected to any one of electrodes (not
shown) of the light emitting device chips 30 and 40. The second electrodes 22 are
formed on sided surfaces of the substrate 10 and connected to the other one of the
electrodes (not shown) of the light emitting device chips 30 and 40. In the example of
Fig 5, the chips 30 and 40 are vertical light emitting device chips having one electrode
on a bottom surface of the chip and another electrode on a top surface of the chip. The
first electrodes 21 may be connected to the bottom electrode by a wiring patterns 24
(see Fig 6) formed on the substrate 10. As shown, the second electrodes 22 may be
connected to the electrodes of the light emitting device chips 30 and 40 by wire
bonding

The second electrodes 22 extend from a top surface, along a side surface, and to a
lower surface of the substrate 10. This allows the light emitting device package to be
easily mounted on a printed circuit board (not shown).

The first electrodes 21 and the second electrodes 22 may be formed by a printing
method. Further, the first electrodes 21 and the second electrodes 22 may be made of a
metal including copper or aluminum having a high conductivity, and are electrically
insulated from each other.

The light emitting device chips 30 and 40 are mounted on the package body 20 may
be a top emission type or a flip chip type. FIG. 5 illustrates vertical light emitting
device chips 30 and 40, which are mounted on the package body 20.

The above light emitting device chips 30 and 40, which respectively emit blue and



WO 2009/028869 PCT/KR2008/005023

[74]

[75]

[76]

[77]

[78]

[79]

[80]

green light in this example embodiment, are GaN-based light emitting devices, and
each of the light emitting device chips 30 and 40 includes an n-type GaN layer, an
active layer, a p-type GaN layer, and a p-type electrode, which are sequentially stacked
on a sapphire (A1203) substrate. In opposition to the p-type electrode, an n-type
electrode is provided on the n-type GaN layer.

Here, the active layer includes a quantum well layer, and quantum barrier layers re-
spectively provided on the upper and lower surfaces of the quantum well layer. The
active layer employs a GaN/InGaN/GaN layer or a AlGaN/InGaN/AlGaN layer, and
has any one structure of a multi quantum well structure and a single quantum well
structure.

In order to form a vertical structure, a conductive support layer is formed on the p-
type electrode, the sapphire substrate is removed using the support layer, and the n-
type electrode is formed on the n-type GaN layer, which is exposed by removing the
sapphire substrate.

In the above-structured light emitting device chips 30 and 40, the support layers of
the light emitting chips 30 and 40 are connected to the first electrodes 21, and the n-
type electrodes of the light emitting chips 30 and 40 are connected to the second
electrodes 22 via wires 23, as shown in FIG. 5.

The phosphor layer 50 formed on the upper surfaces of the light emitting devices 30
and 40 is obtained by mixing the red phosphor powder 60 into the molding portion
made of a resin, such as silicon gel or epoxy resin, as described above.

The phosphor layer 50 is formed through an injection molding process using a
mixture of transparent epoxy resin and the red phosphor powder 60. Further, the
phosphor layer 50 is formed by pressuring or heat-treating the structure, produced
using a separate mold. The phosphor layer 50 may be formed into various shapes, such
as an optical lens shape, a flat panel shape, and an uneven shape having designated
prominence and depression formed on the surface thereof.

Fig 7 illustrates a cross-section view of another embodiment. The embodiment of
Fig 7 is the same as the embodiment of Fig 5 except that a mounting groove 11 has
been formed in the central region of the substrate 10 of the package body 20, and the
light emitting device chips 30 and 40 are mounted to the substrate 10 at a bottom
portion of the mounting groove 11. As shown in Fig 7, in this embodiment side walls
of the mounting groove 11 are inclined at a designated tilt. However, it will be ap-
preciated that the side walls may be vertical.

Because the light emitting device chips 30 and 40 are mounted on the bottom
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surface of the mount groove 11, the reflection of light emitted from the light emitting
device chips 30 and 40 is maximized and thus the light emitting efficiency of the light
emitting device chips 30 and 40 is increased. Further, a heat sink 70 to radiate heat
generated from the light emitting device chips 30 and 40 to the outside is further
provided on the package body 20.

In this and previous embodiments, the substrate 10 may be formed using a semi-
conductor wafer made of silicon. In case that the substrate 10 is separated from another
substrate by wet etching, the substrate 10 may have inclined side surfaces (not shown).

In the embodiment of Fig 7, the phosphor layer 50 fills the mounting groove 11,
and has an even outer surface or an outer surface having a lens shape. Namely, the
phosphor layer 50 may be coated in the mounting groove 11 such that phosphor layer
50 has a substantially planar upper surface. Alternatively, the phosphor layer 50 may
be formed and planarized (eg, by chemical mechanical polishing) to have a planar
upper surface. In the embodiment of Fig 7, the upper surface of the phosphor layer 50
is shown to be in-plane with an upper surface of the package body 20.

In this and the previously described light emitting device package embodiments, the
blue light emitting device chip 30 and the green light emitting device chip 40 emit
primary light, the red phosphor 60 is excited by the primary light, and the red phosphor
60 emits secondary light having a changed wavelength. Color in a desired spectrum
range is obtained due to the color mixing of the above lights.

An example of a backlight unit manufactured using the above-described light
emitting device package includes a light source including a green light emitting device
chip 40 to emit green light having a peak wavelength band of 510~550nm, a blue light
emitting device chip 30 to emit blue light having a peak wavelength band of
420~460nm, and a color mixing unit (eg, the molding portion 50) to mix the green
light and the blue light emitted from the green and blue light emitting device chips 40
and 30 with red light emitted from a red phosphor 60, which is excited by the light
source to emit the red light having a peak wavelength band of 610~680nm.

Further, by adjusting emission intensities of the green light and the blue light
emitted from the green light emitting device chip 40 and the blue light emitting device
chip 30, the half bandwidth (hw) of the spectrum of the green light is set to 30~40nm
and the half bandwidth (hw) of the spectrum of the blue light is set to a designated
value. Thus, the spectrum of the red light having a half bandwidth (hw) of 20~30nm
can be obtained.

The above-described light emitting device chips 30 and 40 may emit light of other
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colors in addition to blue and green light, and the phosphor layer 50 may use the
phosphor 60 emitting light of other colors in addition to red light. For example, chips
30 and 40 may emit blue and red light, respectively, and phosphor layer 50 may be
green phosphor.

As described above, light having various colors can be obtained by using the light
emitting devices 30 and 40 emitting light of different colors, and the phosphor 60
excited by the light emitted by at least any one of the light emitting devices 30 and 40
and thus emitting light.

As described above, it is possible to manufacture a light emitting device package
having a high color reproduction range due to characteristics including high light
emitting efficiency, high color rendering, and stable color temperature and color co-
ordinates.

In case that a backlight unit of a liquid crystal display is manufactured using the
above light emitting device package, the backlight unit uses blue and green light
emitting devices and a red phosphor, and does not have changes in color temperature
and color coordinates. Thus such a backlight unit has stable optical characteristics.

Further, the backlight unit reduces the number of light emitting device chips and
increases yield. This provides advantages in cost.

Further, the backlight unit secures a color reproduction range equal to 100% or
more, and thus is capable of displaying dark and light colors clearly.

FIG. 8 illustrates a top view of a light emitting device package according to another
embodiment. This embodiment includes first and second light emitting device chips
210 and 220 mounted on substrate 100 and connected to first electrodes 510 by wiring
patterns 240. The first and second light emitting chips 210 and 220 are also connected
to second electrodes 520 by wires 620. In particular, this embodiment is describing a
series connection of light emitting chips shown in the embodiment of Fig 6, thus, the
first electrodes 510 are electrically connected to each other and the second electrodes
520 are connected to each other. For example, as shown in Fig 8, the first electrodes
510 may be connected by wire 610, the second electrodes 520 are connected to the
chips 210 and 220 by a wire (or wires) 620, and each package is connected by wire
630. It will be understood that the structures, materials, advantages etc. discussed
above with respect to Figs. 5 and 6 equally apply to the embodiment of Fig 8.

The structure of Fig 8 provides for simultaneously driving the blue and green light
emitting device chips 210 and 220.

That is, the blue and green light emitting device chips 210 and 220 are electrically
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connected to first electrodes 510 via wires 605, and are electrically connected to
second electrodes 520 via wires 620. Since the first electrodes 510 are separated from
each other, the first electrodes are connected by a wire 610. And, because the second
electrodes 520 are separated from each other, the two second electrodes 520 are
connected to each other via wires 620.

Since the two light emitting device chips 210 and 220 are connected to each other,
as described above, the two types or two kinds of the light emitting device chips 210
and 220 may be driven simultaneously using a single driver, which will be described
below with respect to Fig 13. Further, since a red phosphor 300 covering the chips 210
and 220 (see Fig 11 described below) emits light by the driving of the blue and green
light emitting device chips 210 and 220, it is possible to emit white light as in the other
above described embodiments.

Fig 8 also shows that two or more lighting device packages can be connected to
each other in cascade via a wiring 630 of a circuit board, and the plurality of light
emitting device packages may be simultaneously driven.

FIGs. 9 and 10 illustrate alternative structures for connecting each light emitting
chip and connecting the light emitting chips to the first and second electrodes. Namely,
the embodiments of Figs. 9 and 10 are the same as the embodiment of Fig 8 except
that a first electrode 510, relabeled as first electrode 530 replaces one of the second
electrodes and is disposed on an opposite side of the substrate 100 from the side
having the second electrode 540.

The blue and green light emitting device chips 210 and 220 are directly connected
in series, as shown in FIG. 9, or are connected in parallel, as shown in FIG. 10.

As shown in FIG. 9, the first electrode 530 is connected to the blue light emitting
device chip 210 by a wire 910. The second electrode 540 is connected to the green
light emitting device chip 220 by a wire 920. The two light emitting device chips 210
and 220 are connected in series by a wire 640. Namely, as discussed above, each chip
includes two electrodes, a first chip electrode and second chip electrode. The first
electrode 530 is connected to the first chip electrode of the blue light emitting device
chip 210 by the wire 910, the second electrode 540 is connected to the second chip
electrode of the green light emitting device chip 220 by the wire 920, and the wire 640
connects the second chip electrode of the blue light emitting device chip 210 to the
first electrode of the green light emitting device chip 220.

As shown in FIG. 10, the first wire 610 connects the first electrode 530 to first chip

electrodes of the blue light emitting device chip 210 and the green light emitting



13

WO 2009/028869 PCT/KR2008/005023

[101]

[102]

[103]

[104]

[105]

[106]

[107]

device chip 220, and a second wire 650 connects the second electrode 540 to the
second chip electrodes of the green light emitting device chip 220 and the blue light
emitting device chip 210.

The above-structured light emitting device chips 210 and 220 and the package are
driven by a current driving method. For example, if rated current of respective chips is
20mA, in case of divisional driving, current of 20mA (Vf: 3.2V) is respectively
applied to each of divided driving regions. However, in the package structure in
accordance with this embodiment, when the light emitting device chips 210 and 220
are connected in series, as shown in FIGs. 8 and 9, current of only 20mA (Vf: 6.4V) is
applied to drive the package.

Further, when the light emitting device chips 210 and 220 are connected in parallel,
as shown in FIG. 10, current of only 40mA (Vf: 3.2V) may be applied to drive the
package.

Since the light emitting apparatus does not require three or two drivers, but can be
driven by changing only current and voltage levels using a single driver, the structure
of a driving plane of the light emitting apparatus is simplified.

FIG. 11 illustrates the cross-section of the package illustrated in Fig 9. That is, the
first electrode 530 and the second electrode 540 are located on the substrate 100, the
blue light emitting device 210 and the green light emitting device 220 are respectively
connected to the first electrode 530 and the second electrode 540 via wire 910 and 920,
respectively, and the blue light emitting device 210 and the green light emitting device
220 are connected to each other in series via the wire 640.

A molding portion 400 made of a resin is located on the light emitting devices 210
and 220, and a red phosphor 300 is dispersed in the molding portion 400. In some
cases, the phosphor 300 is not dispersed in the molding portion 400, but a separate
phosphor layer (not shown) may be located on the upper or lower surface of the
molding portion 400.

Combinations, which can emit white light, other than the above combination of the
blue and green light emitting device chips and the red phosphor are possible, or other
combinations, which can emit light of colors other than white light, are possible.

As shown in FIG. 12, optical characteristics desired by the package, such as color
coordinates, luminance, etc., are controlled by adjusting sizes of the light emitting
device chips 210 and 220. The sizes of light emitting device chips are set as small,
middle, large, etc. in advance while manufacturing the chips, and an example of the

actual sizes of the chips may be as stated in Table 1 below.
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Chip Size (uIm) Current
Condition
Small (0.1 W lewvel) 0.3*0.3 20mA
Middle (0.5 W level) 0.5x0.5 150ma
Large (1 W level) 1>1 35 O
[110] As stated in Table 1, rated current conditions are varied according to the sizes of the

[111]

[112]

[113]

[114]

[115]
[116]

respective light emitting device chips. This directly influences optical characteristics of
the chips.

When a package is manufactured using these characteristics of light emitting device
chips, luminance and color coordinates of a lighting apparatus are considerably varied.
For example, one case may be a package that uses the blue and green light emitting
device chips 210 and 220 having the same size of 0.5x0.5, and another case may be
that the package uses the blue light emitting device 210 having a size of 0.5x0.5, the
green light emitting device 220 having an increased size of 0.7x0.7 and is driven at a
rated current of 150mA or less. Thus, target specifications, i.e., color coordinates and
luminance, can be adjusted by analyzng the relations of luminance and color co-
ordinates according to combinations of light emitting device chips having respective
sizes, using differences of the sizes of the light emitting device chips.

If the above-described light emitting device packages are used, as shown in FIG.

13, a driving unit of the light emitting device package has a simple structure. That is, a
single green and blue LED driver 700, which is capable of simultaneously driving the
blue light emitting device 210 and the green light emitting device 220, is used. A
controller 710 and a power supply 720 are connected to the green and blue LED driver
700.

Due to the above structure and driver, man-hours and cost to manufacture the driver
are decreased. Further, the driving method of the package using the driver can be
simplified.

The above-described light emitting device package and the lighting apparatus using
the same have a color reproduction range of 110% or more, and greatly reduce the
number of drivers even though the number of divided regions of the lighting apparatus

is increased.

The lighting apparatus may be applied to a backlight unit, and provide a beneficial
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connection structure between light emitting device chips in the light emitting device
package.

Fig 14 illustrates another embodiment of a light emitting device package. As
shown, the embodiment of Fig 14 is similar to the embodiment of Fig 7. Namely, the
substrate 100 includes a mounting groove, and the blue and green light emitting chips
210 and 220 are disposed on the substrate in the groove. The first electrode 530 and
the second electrode 540 are formed on opposite side surfaces of the substrate 100, and
extend onto the upper and lower surfaces of the substrate 100. In particular, the first
and second electrodes 530 and 540 extend along side walls of the groove in the
substrate.

The blue light emitting device chip 210 and the green light emitting device chip 220
are respectively connected to the first electrode 530 and the second electrode 540 by
wires 910 and 920, and the blue light emitting device 210 and the green light emitting
device 220 are connected to each other in series by the wire 640.

A molding portion 400 made of a transparent resin is located on the light emitting
devices 210 and 220, and a phosphor layer 310, which is excited by light emitted from
the light emitting devices 210 and 220 and thus emits light, is located on the molding
portion 400. As shown, the phosphor layer 310 may have a uniform thickness.

Although FIG. 14 illustrates the phosphor layer 310 located in the groove, in which
the light emitting devices 210 and 220 are installed, the phosphor layer 310 may be
located outside of the groove. For example, the molding portion 400 may be planar to
a top surface of the groove, and the phosphor layer 310 may be formed thereon.

Here, the phosphor layer 310 may be a film-type phosphor layer such as the film-
type phosphor layer 310 shown in FIG. 15. As shown, the film-type phosphor layer in
the embodiment of Fig 15 includes a phosphor film 311 made of a phosphor powder
or a phosphor resin interposed between resin films 312 made of PET.

The phosphor layer 310 in this embodiment includes a red phosphor, which is
mixed with light emitted from the blue light emitting device chip 210 and the green
light emitting device chip 220, and thus produces white light.

Because the phosphor layer 310 is uniformly thick, the above-described film-type
phosphor layer 310 uniformly enhances color temperature and color coordinates, and
prevents the generation of a deviation among packages.

The phosphor layer 310 is formed on the molding portion 400 filling the mount
groove, in which the light emitting devices 210 and 220 are installed, and thus is

simple to manufacture.
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Further, the phosphor film 311 made of a phosphor powder or a phosphor resin may
be uniformly formed or have a dispersive pattern in consideration of the light dis-
tribution of the light emitting devices 210 and 220.

When light emitted from the light emitting device chips 210 and 220 passes through
the phosphor layer 310, the phosphor layer 310 serves as a filter and thus produces
light having the same color temperature and color coordinates.

Fig 16 illustrates yet another embodiment of a light emitting device package. The
embodiment of Fig 16 is the same the embodiment of Fig 14 except that the phosphor
layer 310 has been eliminated, and phosphor layers 320 have been formed on the blue
and green light emitting device chips 210 and 220. In particular, a phosphor layer 320
having a uniform thickness is formed on each of the respective light emitting devices
chips 210 and 220 by a conformal coating Phosphor layer 320 may have the same
structure as phosphor layer 310.

The phosphor layer 320 is uniformly coated on the outer surface of each of the light
emitting device chips 210 and 220 during a process of manufacturing each of the
respective emitting devices 210 and 220 rather than during a process of manufacturing
a package.

When the phosphor layer 320 having a regular thickness is formed on each of the
light emitting devices 210 and 220, light emitted from the respective light emitting
devices 210 and 220 has the same path length passing through the phosphor layer 320,
and thus it is possible to emit light having a uniform color. FIG. 16 illustrates a light
emitting device package, in which the phosphor layer 320 is uniformly coated on
vertical light emitting device chips 210 and 220. As discussed above, vertical light
emitting device chips have a bottom electrode and a top electrode. The bottom
electrodes may be electrically connected to another element or electrode by wiring
patterns formed on the substrate 100, and the top electrodes may be electrically
connected to another element or electrode by wire bonding Fig 16 shows the chips
210 and 220 have upper electrodes 211 and 221 not covered by the phosphor layer
320. For clarity of illustration, the wires connecting the electrodes 530 and 540 as well
as the chips 210 and 220 have not been shown. However, these wires will be readily
apparent from the description of the previous embodiments.

Beside vertical chips, horimntal light emitting device chips may be used in any of
the above embodiments. Fig 17 illustrates an example of a well-known horiontal
light emitting device chip having a phosphor layer 330 uniformly coated thereon.

Although FIG. 17 illustrates the phosphor layer 330 formed only on the upper surface
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of the light emitting device chip, the phosphor layer 330 may be formed on the side
surface of the light emitting device chip. Phosphor layer 330 may have the same
structure as phosphor layer 310.

Also, flip-chip light emitting device chips may be used in any of the above em-
bodiments. Fig 18 illustrates an example of a flip-chip light emitting device chip
having a phosphor layer 340 formed thereon. As shown in FIG. 18, if a light emitting
device chip is bonded to a substrate by a flip chip bonding method, a phosphor layer
340 is formed on the rear surface of the light emitting device chip. In this case, the
phosphor layer 340 is easily formed. Phosphor layer 340 may have the same structure
as phosphor layer 310.

The present invention is not limited to these light emitting device chip structures,
and any structure may be used and coated with a uniform phosphor layer as disclosed
above.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the spirit or
scope of the inventions. Thus, it is intended that the present invention covers the modi-
fications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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Claims
A light emitting device package comprising:
a package body;
electrodes attached to the package body;
at least two light emitting devices electrically connected to the electrodes, each
light emitting device emitting light of a different color from the other light
emitting devices;
a protective layer formed over the at least two light emitting devices; and
a phosphor layer formed over the protective layer.
The light emitting device package according to claim 1, wherein the phosphor
layer includes a red phosphor.
The light emitting device package according to claim 1, wherein the at least two
light emitting devices include a blue light emitting device and a green light
emitting device.
The light emitting device package according to claim 1, wherein the at least two
light emitting devices are mounted in a mount groove formed in the package
body.
The light emitting device package according to claim 1, further comprising:
a heat sink provided on the package body and contacting the at least two light
emitting devices.
The light emitting device package according to claim 1, wherein the phosphor
layer includes a phosphor film made of one of a phosphor powder and a
phosphor resin interposed between resin films.
The light emitting device package according to claim 1, wherein the phosphor
layer is uniformly formed on the protective layer.
A light emitting device package comprising:
a package body;
electrodes formed on the package body;
at least two light emitting devices electrically connected to the electrodes, each
light emitting device emitting light of a different color from the other light
emitting devices;
a phosphor layer associated with at least one of the light emitting devices and
formed over at least a portion of the associated light emitting device;

a protective layer formed over the at least two light emitting devices.
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The light emitting device package according to claim 8, wherein the at least two
light emitting devices include a blue light emitting device and a green light
emitting device.

The light emitting device package according to claim 8, wherein each phosphor
layer includes a red phosphor.

The light emitting device package according to claim 8, wherein the at least two
light emitting devices are mounted in a mount groove formed in the package
body.

The light emitting device package according to claim 8, wherein each phosphor
layer is uniformly formed on at least a portion of the associated light emitting
device.

A lighting apparatus comprising:

a light emitting device package including,

at least two light emitting devices respectively emitting light of a first color and a
second color that differ from each other, and

a phosphor formed over the at least two light emitting devices; and

a driver to drive the at least two light emitting devices to emit light of the first
and second colors.

The lighting apparatus according to claim 13, wherein the first color and the
second color are blue and green, respectively.

The lighting apparatus according to claim 13, wherein the phosphor is a
phosphor to emit red light.

The lighting apparatus according to claim 13, wherein the light emitting device
emitting light of the first color and the light emitting device emitting light of the
second color are connected in one of series and parallel.

The lighting apparatus according to claim 13, wherein the light emitting device
emitting light of the first color and the light emitting device emitting light of the
second color have different sizes.

The lighting apparatus according to claim 13, wherein the phosphor is contained
in a protective layer located on the at least two light emitting devices.

The lighting apparatus according to claim 13, wherein the light emitting device
package further includes a protective layer formed over the at least two light
emitting devices and wherein the phosphor is contained in a phosphor layer
formed on the protective layer.

The lighting apparatus according to claim 13, wherein the phosphor is contained
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in phosphor layers respectively and uniformly formed over the at least two light
emitting devices.

A light emitting device package comprising:

a package body;

electrodes attached to the package body;

at least two light emitting devices electrically connected to the electrodes, each
light emitting device emitting light of a different color from the other light
emitting devices;

a phosphor layer having a uniform thickness formed over at least one of the light

emitting devices.



1/11

WO 2009/028869 PCT/KR2008/005023

[Fig. 1]
—— 257C
—@m— 40°7C
—&— 55°C
630
— 629
£
gp 628
2 627
z 626
A
625
624 ' . :
( 100 200 300 400

Driving Current(mA)



2/11

WO 2009/028869 PCT/KR2008/005023
[Fig. 2]
—— 25C
—@m - 40°7C
—— 55C
140
120 /
100
%\ 80
Z 60
(=
40
20
0

0 100 200 300 400
Driving Current(mA)



3/11

WO 2009/028869 PCT/KR2008/005023
[Fig. 3]
e T
| |
| |
| MCU(Master) |
| 5
| { |
| |
f Serial Cable j
| |
| ! |
| ;
| MCU(Slave) - J Power
a s
| ¥ : ?
| { 6
: Dimming Signal |
\ |
I L
LED Drivers |
| f ¥
Red LED Green LED Blue LED

| |

1 2 3



WO 2009/028869

4/11

PCT/KR2008/005023

[Fig. 4]

Red LED Driver

Green LED Driver

Blue LED Driver

s

—— 42

——~——— 4b

— 4¢




5/11

WO 2009/028869 PCT/KR2008/005023
[Fig. 6]
21
+ /10
| _—24
22
30
[Fig. 7]
60
;1 2)3 40 50 30 =
|
*\o\ e | ® 4 o‘o\oog o &,o/
29 | I ) | & ] y P / JE))
| )
] \ ( \ [ 7
21 21 \



6/11

WO 2009/028869 PCT/KR2008/005023

[Fig. 8]

520

210 220 620

910 100

540

|
)

210 220 920



7711

WO 2009/028869 PCT/KR2008/005023
[Fig. 10]
610 6(50 100
//
@9
@ ]
( + T sS4
210 220
[Fig. 11]
910 20 640 90

330 — —— 540




WO 2009/028869

610

8/11

PCT/KR2008/005023

[Fig. 12]

650

100

T | g -
530 " 540
210 220
[Fig. 13]

710 720

Controller Power
Green & Blue LED Driver  +——700

220~ Green LED Blue LED }—210




9/11

WO 2009/028869 PCT/KR2008/005023

[Fig. 14]

ot0 310 210 640 220 920 400

L A
o Wt 2 |

R

100
[Fig. 15]
310
312 311
2 A




10/11

WO 2009/028869 PCT/KR2008/005023

[Fig. 16]
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