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(54) [Title of invention] Light emitting diode device and manufacturing

methods thereof

(57) [Abstract]

[Problem to be solved] To provide a high-output white light Fia - 1

emitting diode device that operates stably.

[Means for solving the problems] The white light emitting
diode device has an encapsulant made of transparent
insulating resin in which a yellow phosphor is dispersed, a flat
first electrode plate protruding from one end of the
encapsulant, a flat second electrode plate protruding from the
other end of the encapsulant, and a blue light emitting diode
chip located within the encapsulant and having a p-electrode
connected to the first electrode plate and an n-electrode
connected to the second electrode plate, the first electrode
plate and the second electrode plate being flat plate-like
bodies of a constant thickness, and the lower surfaces of the
first and second electrode plates are exposed to the lower
surface of the encapsulant. The first and second electrode plate
portions within the encapsulant are provided with through
holes and recessed peripheral portions, and a portion of the
lower surface is removed to make it thinner. The through
holes, the openings, the recessed spaces, the thinned spaces,
and the openings between the facing first and second electrode
plates are filled with a resin that forms an encapsulant.
[Selection drawing] FIG. 1

IPR2025-00334

Samsung Electronics Co., Ltd. v. Sinotechnix, LLC.
Samsung's Exhibit 1007
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[Scope of Claims]

[Claim 1]

A light emitting diode device characterized by having an encapsulant made of a transparent insulating resin having a first surface, a
second surface opposite to the first surface, and a plurality of side surfaces connecting an edge of the first surface and an edge of the
second surface;

a conductive first electrode plate made of a flat plate-like body having one end located inside the encapsulant and another end
protruding from the side surface to the outside of the encapsulant, a first surface located inside the encapsulant, and a second
surface opposite to the first surface and exposed to the second surface side of the encapsulant;

a conductive second electrode plate formed of a flat plate-like body, the second electrode plate being arranged in series with the 10
first electrode plate, one end side being located inside the sealing body with at least a portion of the circumferential surface facing
the circumferential surface of the first electrode plate, the other end side being protruding from the side surface to the outside of the
sealing body, the first surface being located inside the sealing body, and the second surface being the surface opposite to the first
surface being exposed to the second surface side of the encapsulant; and

a light emitting diode chip being located inside the encapsulant, the electrode having a first polarity formed on the first surface

being connected to the first electrode plate via a connection means, and the electrode having a second polarity formed on the first
surface being connected to the second electrode plate via a connection means.

[Claim 2]

The light emitting diode device according to claim 1, characterized in that the first electrode plate and the second electrode plate 20
have the same thickness dimension, and a first surface of the first electrode plate and a first surface of the second electrode plate are
located on the same plate.

[Claim 3]

The light emitting diode device according to claim 1, characterized in that in the electrode plate portions of the first and second
electrode plates located within the encapsulant, the second surface side of the electrode plate is partially removed to make it thinner,

and the removed portion is filled with a resin that forms the encapsulant.

[Claim 4]

The light emitting diode device according to claim 1, characterized in that the first electrode plate and the second electrode plate

have the same thickness dimension, a first surface of the first electrode plate and a first surface of the second electrode plate are
located on the same plate, and an opening of a certain width is provided between at least a portion of a peripheral surface of the first 30
electrode plate located within the encapsulant and at least a portion of a peripheral surface of the second electrode plate located

within the encapsulant, and the opening is filled with a resin that forms the encapsulant.

[Claim 5]

The light emitting diode device according to claim 4, characterized in that the openings are alternately meandering, and the
electrode plate portions of the first electrode plate and the second electrode plate located within the encapsulant are structured to
interlock with each other like comb teeth.

[Claim 6]

The light emitting diode device according to claim 1, characterized in that a through hole penetrating the electrode plate is provided

in the electrode plate portion of the first and second electrode plates located within the encapsulant, and the through hole is filled

with a resin that forms the encapsulant. 40
[Claim 7]

The light emitting diode device according to claim 1, characterized in that at least a portion of the periphery of the electrode plate
portions of the first and second electrode plates located within the encapsulant is recessed and positioned more inward than other
portions, and the recessed portions are filled with a resin that forms the encapsulant.

[Claim 8]

The light emitting diode device according to claim 1, characterized in that the first electrode plate protrudes from one of the side
surfaces of the encapsulant, the second electrode plate protrudes from the side surface of the encapsulant that is opposite the one

side surface, and mounting holes penetrating the electrode plates are provided in the first and second electrode plate portions
protruding from the encapsulant. 50
[Claim 9]

The light emitting diode device according to claim 1, characterized in that a pair of facing peripheral edges of the first and second
electrode plates coincide with a pair of facing peripheral edges of the encapsulant.
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[Claim 10]

The light emitting diode device according to claim 1, characterized in that the first and second electrode plates are made of copper

or a copper alloy.

[Claim 11]

A light emitting diode device according to claim 1, characterized in that a plurality of bump electrodes is arranged in one or more

rows on the surfaces of the electrodes having the first and second polarities of the light emitting diode chip, conductive lands are
formed on the first surfaces of the first and second electrode plates in correspondence with the bump electrodes, and the bump
electrodes of the light emitting diode chip are connected to the lands.

[Claim 12] 10

The light emitting diode device according to claim 11, characterized in that the lands provided on the first and second electrode
plates are gold stud electrodes formed by nail-head bonding a gold wire to the electrode plates and then cutting the gold wire near
the connection portion.

[Claim 13]

The light emitting diode device according to claim 11, characterized in that a space between the light emitting diode chip and the
first and second electrode plates is filled with an insulating underfill resin layer different from a resin forming the encapsulant.
[Claim 14]

The light emitting diode device according to claim 1, characterized in that the light emitting diode chip is a light emitting diode chip 20
that emits blue light, a yellow phosphor is dispersed and embedded in the encapsulant, and white light is emitted to the outside from

a surface of the encapsulant.

[Claim 15]

The light emitting diode device according to claim 1, characterized in that the light emitting diode chip is a light emitting diode chip

that emits purple light, a BGR phosphor is dispersed and contained within the encapsulant, and white light is emitted to the outside

from a surface of the encapsulant.

[Claim 16]

A method for manufacturing a light emitting diode device, characterized by having the following steps: (a) a step of preparing a

light emitting diode chip having an electrode having a first polarity and an electrode having a second polarity on a first surface; 30
(b) a step of preparing a lead frame having at least one product forming section consisting of a rectangular frame

and a first electrode plate and a second electrode plate positioned within the frame, with a portion of the peripheral surface facing

each other and arranged in series and supported by the frame at a connecting portion,

the lead frame being made of a flat plate-like body of a certain thickness in a structure in which the light emitting diode chip is
stacked on the first surfaces of the first electrode plate portion and the second electrode plate portion on the facing side of the
product forming section;

(c) a step of overlapping a first surface of the light emitting diode chip with the first surfaces of the first and second electrode plate
portions, connecting an electrode having the first polarity of the light emitting diode chip to the first electrode plate by a connecting
means, and connecting an electrode having the second polarity of the light emitting diode chip to the second electrode plate by a 40
connecting means;

(d) a step of exposing the second surfaces of the first and second electrode plates and the first electrode plate portion and the second
electrode plate portion away from the light emitting diode chip, and selectively forming a resin layer of insulating resin on the first
surface side of the lead frame so as to cover the light emitting diode chip and the first and second electrode plate portions; and

(e) a step of cutting and removing the connecting portion and unnecessary resin layer.

[Claim 17]
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The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (a), a plurality of
bump electrodes are formed and arranged in one or more rows on surfaces of the electrodes having the first and second polarities of
the light emitting diode chip, respectively; in the step (b), conductive lands are formed on first surfaces of the first and second
electrode plate portions on which the light emitting diode chip overlaps, corresponding to the bump electrodes of the light emitting
diode chip, and in the step (c), the bump electrodes of the light emitting diode chip are connected to the lands provided on the first
and second electrode plate portions.

[Claim 18]

The method of manufacturing a light emitting diode device according to claim 17, characterized in that in the step (b), after a gold
wire is nail-head bonded to the electrode plate, the gold wire is cut near a connection portion to form the land. 10
[Claim 19]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that between the steps (c) and
(d), a step (f) of filling a space between a first surface of the light emitting diode chip and the first and second electrode plate
portions facing the first surface with an insulating underfill resin layer.

[Claim 20]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), second
surface sides of the electrode plate portions of the first and second electrode plates covered with the resin layer are partially
removed to form a thin layer, and in the step (d), the removed portions are filled with a resin that forms the resin layer. 20
[Claim 21]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), an opening

of a constant width is formed between the facing peripheral surfaces of the first electrode plate and the second electrode plate in the
electrode plate portions covered with the resin layer of the first and second electrode plates, and in the step (d), the opening is filled

with a resin that forms the resin layer.

[Claim 22]

The method of manufacturing a light emitting diode device according to claim 21, characterized in that the openings are formed in a
meandering manner, and the first electrode plate portion and the second electrode plate portion are formed in a comb-like
interdigitated structure.

[Claim 23] 30

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), through

holes penetrating the electrode plates are formed in the electrode plate portions of the first and second electrode plates that are
covered with the resin layer, and in the step (d), the through holes are filled with a resin that forms the resin layer.

[Claim 24]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), at least a
portion of the peripheral edge of the electrode plate portion of the first and second electrode plates covered with the resin layer is
formed so as to be recessed and positioned inward relative to other portions, and in the step (d), a resin that forms the resin layer is

filled in the recessed portion.

[Claim 25] 40

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), mounting
holes penetrating the electrode plates are formed in the first and second electrode plate portions not covered with the resin layer.
[Claim 26]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (e), the resin
layer and the connecting portion covered with the resin layer are cut together.

[Claim 27]
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The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (b), the lead
frame is formed from a copper plate or a copper alloy plate.
[Claim 28]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (a), a light
emitting diode chip that emits blue light is prepared as the light emitting diode chip, and in the step (d), the resin layer is formed
from the resin having a yellow phosphor dispersed therein.

[Claim 29]

The method of manufacturing a light emitting diode device according to claim 16, characterized in that in the step (a), a light 10
emitting diode chip that emits purple light is prepared as the light emitting diode chip, and in the step (d), the resin layer is formed

by using the resin in which BGR phosphors are dispersed.

[Detailed description of the invention]

[Technical field]

[0O0O0 1]

The present invention relates to a manufacturing technique for light emitting diodes (LEDs), and more particularly to a
technique that is effectively applicable to a high brightness white light emitting diode device and a manufacturing method thereof.
[Background Art]

[000 2] 20

A light emitting diode can emit light of a desired color depending on the compound semiconductor used. As a method of
obtaining white light using a light emitting diode, there are known methods of obtaining white light by arranging light emitting
diode chips of the three primary colors of light, B (blue), G (green), and R (red) in a well-balanced manner, and a method of
obtaining white light by combining a light emitting diode chip that emits blue light (blue chip) or a light emitting diode chip that
emits violet light (purple chip) with a phosphor material (for example, Non-Patent Literature 1).

[00O0 3]

As a method of obtaining white light using a single chip, in the case of a blue chip, white light can be obtained by covering the
chip with a resin in which a phosphor with yellow luminescent properties (yellow phosphor) such as yttrium aluminum garnet
(YAGQG) is dispersed. In the case of a purple chip, white light can be obtained by covering the chip with a resin in which three color 30
phosphors of BGR are dispersed.

[0004]

As an example of a high-power white light emitting diode device (high-power white LED) incorporating a single chip, as
described in Non-Patent Literature 1, a structure is known in which a package is fixed onto a substrate having good thermal
conductivity and a chip is fixed onto the inner bottom of the package. The heat generated by the chip is transferred to the substrate
through the bottom plate of the package and dissipated to the outside through the large surface area of the substrate. In addition, as
also described in the same literature, a structure is known in which a copper heat sink is interposed between the substrate and the
package to improve heat transferability.

[00O0 5]
40

Furthermore, among the products disclosed in the same literature, there are some in which wide leads (called electrode plates)
extend from both ends of the encapsulant. This lead has an offset structure with a stepped bend along the way.

[0006]
[Non-Patent Literature 1] "Nikkei Electronics" published by Nikkei BP, April 25, 2005, pp. 80-93
[Disclosure of invention]

[Problems to be solved by the invention]
[000 7]

Conventional white light emitting diode devices have a structure in which a package is fixed onto a substrate and a chip is fixed 50
onto the inner bottom of the package, as described in Non-Patent Literature 1, or a heat sink is further interposed between the
substrate and the package, and thus have a large number of components, which makes it difficult to reduce manufacturing costs.
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[000 8]

In addition, in a high-output white LED in which the leads (electrode plates) extend from both ends of the encapsulant, the leads
(electrode plates) have an offset structure, which reduces the area of the leads (electrode plates) that come into contact with the
mounting board on which the LED is mounted, and therefore reduces the area over which heat generated by the LED is transferred
to the mounting board.

[00O0 9]

An object of the present invention is to provide a light emitting diode device having good heat dissipation characteristics and a
method for manufacturing the same. 10
[0010]

Another object of the present invention is to provide a light emitting diode device that can be made thinner and a method for
manufacturing the same.

[0O011]

Another object of the present invention is to provide a light emitting diode device that requires a small number of parts and can
reduce manufacturing costs, and a manufacturing method thereof.
[0O01 2]

Another object of the present invention is to provide an inexpensive white light emitting diode device that has good heat
dissipation characteristics and can be made thin, and a method for manufacturing the same. 20
[001 3]

The above and other objects and novel features of the present invention will become apparent from the description of this

specification and the accompanying drawings.

[Means for solving the problems]
[0014]
A brief overview of representative inventions disclosed in this application is as follows.

(1)  The white light emitting diode device comprises:

an encapsulant made of transparent insulating resin having a first surface, a second surface opposite to the first surface, and a 30
plurality of side surfaces connecting the periphery of the first surface and the periphery of the second surface, the resin having a
dispersed yellow phosphor therein;

a conductive first electrode plate made of a flat plate-like body having one end located inside the encapsulant and another end
protruding from the side surface to the outside of the encapsulant, a first surface located inside the encapsulant, and a second
surface opposite to the first surface and exposed to the second surface side of the encapsulant;

a conductive second electrode plate formed of a flat plate-like body, the second electrode plate being arranged in series with the
first electrode plate, one end side being located inside the sealing body with at least a portion of the circumferential surface facing
the circumferential surface of the first electrode plate, the other end side being protruding from the side surface to the outside of the
sealing body, the first surface being located inside the sealing body, and the second surface being the surface opposite to the first 40
surface being exposed to the second surface side of the encapsulant; and

a light emitting diode chip that is located within the sealed body, an electrode having a first polarity formed on the first surface
is connected to the first electrode plate via a connecting means, an electrode having a second polarity formed on the first surface is
connected to the second electrode plate via a connecting means, and emits blue light, and radiates white light to the outside from the
surface of the encapsulant.

In addition, the first electrode plate and the second electrode plate have the following features.
[0O015]

(A) The first electrode plate and the second electrode plate have the same thickness dimension, and the first surface of the first
electrode plate and the first surface of the second electrode plate are located on the same plate. 50
[0016]

(B) In the electrode plate portion located within the encapsulant of the first and second electrode plates, the second surface side
of the electrode plate is partially removed to make it thinner, and the removed portion is filled with a resin that forms the
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encapsulant.

[0017]

(C) An opening of a certain width is provided between at least a portion of the peripheral surface of the first electrode plate
located within the encapsulant and at least a portion of the peripheral surface of the second electrode plate located within the
encapsulant, and the opening is filled with a resin that forms the encapsulant.

[0018]

(D) The electrode plate portions of the first and second electrode plates located within the encapsulant are provided with through
holes penetrating the electrode plates, and the through holes are filled with a resin that forms the encapsulant.

[0019] 10

(E) At least a portion of the periphery of the electrode plate portions of the first and second electrode plates located within the
encapsulant is recessed and positioned inwardly relative to other portions, and the recessed portion is filled with a resin that forms
the encapsulant.

[0020]

(F) A first electrode plate protrudes from one side surface of the encapsulant, and a second electrode plate protrudes from a side
opposite to the one side of the encapsulant, and mounting holes penetrating the electrode plates are provided in the first and second
electrode plate portions protruding from the encapsulant.

[0021]
20

(G) A pair of facing peripheral edges of the first and second electrode plates coincide with a pair of facing peripheral edges of
the encapsulant.

[0022]

(H) The first and second electrode plates are formed of a metal having good thermal conductivity, such as copper or a copper
alloy.

[00 23]

Furthermore, the light emitting diode chip is connected to the first and second electrode plates by flip chip connection. That is, a
plurality of bump electrodes are arranged in one or more rows on the surfaces of the electrodes having the first and second polarities
of the light emitting diode chip, conductive lands are formed on the first surfaces of the first and second electrode plates in 30
correspondence with the bump electrodes of the light emitting diode chip, and the bump electrodes of the light emitting diode chip
are connected to the lands. The land is made of a gold stud electrode formed by nail-head bonding a gold wire to an electrode plate
and then cutting the gold wire near the connection portion. The space between the light emitting diode chip and the first and second
electrode plates is filled with an insulating underfill resin layer different from the resin forming the encapsulant.
[0024]

Such a light emitting diode device includes the following manufacturing steps:

(a) a step of preparing a light emitting diode chip that has an electrode having a first polarity and an electrode having a second
polarity on a first surface and emits blue light;

40

(b) a step of preparing a lead frame having at least one product forming section consisting of a rectangular frame
and a first electrode plate and a second electrode plate positioned within the frame, with a portion of the peripheral surface facing
each other and arranged in series and supported by the frame at a connecting portion,
and the first surface of the first electrode plate portion and the second electrode plate portion facing the product forming section are
arranged on the first surface of the product forming section, and are configured so that the semiconductor chip is stacked on the first
surface of the product forming section;

(c) a step of preparing a lead frame made of a copper or copper alloy plate, which has a flat plate-like body of a certain thickness,
which has a structure in which the semiconductor chip is stacked on the first surface of the first electrode plate portion and the
second electrode plate portion on the facing side of the product forming section; and a step of overlapping the first surface of the 50
lead frame with the second electrode plate portion, connecting the electrode of the semiconductor chip having the first polarity to
the first electrode plate by a connecting means, and connecting the electrode of the semiconductor chip having the second polarity
to the second electrode plate by a connecting means;
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(d) a step of exposing the second surfaces of the first and second electrode plates and the first electrode plate portion and the
second electrode plate portion away from the semiconductor chip, and selectively forming a resin layer on the first surface side of
the lead frame using an insulating resin having a yellow phosphor dispersed therein so as to cover the semiconductor chip and the
first and second electrode plate portions; and

(e) a step of cutting and removing the connecting portion and unnecessary resin layer.
[0025]

Further, between the step (c) and the step (d), there is a step (f) of filling a space between the first surface of the semiconductor
chip and the first and second electrode plate portions facing the first surface with an insulating underfill resin layer.
[0026] 10

In addition, in the step (a), a plurality of bump electrodes are formed and arranged in one or more rows on the surfaces of the
electrodes having first and second polarities of the light emitting diode chip, respectively, and in the step (b), conductive lands are
formed on first surfaces of the first and second electrode plate portions on which the light emitting diode chip overlap,
corresponding to the bump electrodes of the light emitting diode chip, and in the step (c), the bump electrodes of the light emitting
diode chip are connected to the lands provided on the first and second electrode plate portions. The land is formed of a gold stud
electrode that is formed by nail-head bonding a gold wire to an electrode plate and then cutting the gold wire near the connection

portion.
[0027]
20
In the lead frame prepared in the step (b), the first and second electrode plates of the product formation portion are manufactured
as follows, and in the step (d), a resin layer is formed as follows.
[00 28]
(A) In step (b), the second surface side of the electrode plate portion covered with the resin layer of the first and second
electrode plates is partially removed to form a thin layer, and in step (d), the removed portion is filled with a resin that will form a
resin layer.
[0029]
(B) In step (b), an opening of a certain width is formed between the opposing peripheral surfaces of the first electrode plate and
the second electrode plate in the electrode plate portion covered with the resin layer of the first and second electrode plates, and in 30
step (d), the opening is filled with resin that will form the resin layer.
[0030]
(C) In step (b), through holes are formed through the electrode plates in the portions of the first and second electrode plates that
are covered with the resin layer, and in step (d), the through holes are filled with a resin that will form the resin layer.
[0031]
(D) In step (b), at least a portion of the peripheral edge of the electrode plate portion covered with the resin layer of the first and
second electrode plates is recessed and positioned more inward than other portions, and in step (d), the recessed portion is filled
with resin that forms a resin layer.
[00 3 2] 40

(E) In step (b), mounting holes penetrating the electrode plates are formed in the first and second electrode plate portions that are
not covered with the resin layer, and in step (d), a resin layer is not formed on the first and second electrode plate portions in which
the mounting holes are provided.

[00 3 3]

(F) In step (b), a first electrode plate and a second electrode plate are formed so as to be supported on a frame via connecting
parts, in step (d) a resin layer is formed up to the connecting parts, and in step (e) the resin layer and the connecting parts are both
cut.

[0034]

(2) In the configuration of (1) above, a BGR phosphor is dispersed and contained in the sealing body instead of the yellow 50
phosphor, and the light emitting diode chip is a light emitting diode chip that emits violet light, and is configured to emit white light
to the outside from the surface of the encapsulant.
[0035]
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In manufacturing such a light emitting diode device, in the manufacturing method of the light emitting diode device (1) above,
in step (a), a purple light emitting diode chip that emits purple light is prepared as the light emitting diode chip, and in step (d), a
resin layer is formed from a resin in which BGR phosphors are dispersed.

[0036]

(3) In the above-mentioned configuration (1) or (2), the openings are alternately formed in a meandering manner so that the
electrode plate portions of the first electrode plate and the second electrode plate located within the encapsulant are interdigitated
with each other like the teeth of a comb. Further, each electrode of the light emitting diode chip is connected to the comb-teeth-
shaped electrode plate portion.
[Effects of the Present Invention]
[003 7] 10

The effects obtained by the representative inventions disclosed in this application can be briefly explained as follows.
[00 3 8]

According to the above-mentioned measure (1), (a) the second surfaces (lower surfaces) of the first and second electrode plates
are exposed in a flat state on the lower surface of the light emitting diode device. Furthermore, a light emitting diode chip is
mounted on the first surface (upper surface) of each of the first and second electrode plates by flip chip connection. As a result,
when the light emitting diode device is mounted on a mounting substrate, heat generated in the light emitting diode chip is
dissipated to the mounting substrate from the second surfaces of the first and second electrode plates which are in contact with the
mounting substrate over a wide area, improving the heat dissipation characteristics and ensuring stable operation of the light
emitting diode. Furthermore, the improved heat dissipation characteristics extend the life of the light emitting diode device. 20
Therefore, it is possible to provide a high-output white light emitting diode device with excellent thermal characteristics.
[0039]

(b) In the electrode plate portions covered by the encapsulant of the first and second electrode plates, the resin that forms the
encapsulant is filled under the thin electrode plate portion, and the resin supports the thin electrode plate portion by embracing it, so
that the electrode plate is well held by the sealing body, the electrode plate is less likely to peel off from the encapsulant, and the
reliability of the sealing is improved.
[0040]

(c) In the electrode plate portions of the first and second electrode plates that are covered with the encapsulant, the openings in
the facing portions of the first and second electrode plates are filled with resin that forms the encapsulant, so that the electrode 30
plates are well held by the encapsulant, the electrode plates are less likely to peel off from the encapsulant, and the reliability of the
sealing is improved.
[004 1]

(d) In the electrode plate portions covered by the encapsulant of the first and second electrode plates, the through holes
penetrating the electrode plates are filled with resin that forms the encapsulant, so that the electrode plates are held well by the
encapsulant, the electrode plates are less likely to peel off from the encapsulant, and the reliability of the sealing is improved.
[004 2]

(e) Since mounting holes are provided in the first and second electrode plate portions protruding from the encapsulant, the light 40
emitting diode device can be mounted on a mounting board by utilizing these mounting holes. For example, by inserting a screw
into the mounting hole and screwing the screw to the mounting board, the first and second electrode plates of the light emitting
diode device can be firmly fixed in close contact with the mounting board. As a result, the contact between the mounting board and
the electrode plate becomes tighter, further improving the heat dissipation characteristics.
[004 3]

(f) Since the first and second electrode plates are made of copper or a copper alloy having good thermal conductivity, the light
emitting diode device is improved in dissipating heat to the outside.
[0044]

(g) The connection between the light-emitting diode chip and the first and second electrode plates is by flip-chip connection, and
the bump electrodes of the light emitting diode chip are connected to gold stud electrodes (lands) made of gold wire with good 50
thermal conductivity. Therefore, the heat generated in the light emitting diode chip can be rapidly transferred to the first and second
electrode plates.
[0045]

(h) A large number of bump electrodes are formed and arranged in one or more rows on the surfaces (electrode surfaces) of
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electrodes having first and second polarities. As a result, the heat generated in the light emitting diode chip is quickly conducted
from each bump electrode and the lands connected to these bump electrodes to the first and second electrode plates, resulting in
improved heat dissipation characteristics and enabling stable operation of the light emitting diode.

[0046]

(1) Since the bump electrodes are arranged in a large number of rows or multiple rows on the surfaces (electrode surfaces) of the
electrodes having first and second polarities, there are many power supply points on the two electrode surfaces (p electrode surface,
n electrode surface) of the light emitting diode chip having different polarities. As a result, a voltage is applied across the entire pn
junction of the light emitting diode chip, improving the light emitting efficiency across the entire pn junction, improving the output,
and enabling a high-output light emitting diode device to be obtained. 10
[0047]

(j) The light emitting diode chip and the electrode plate are connected via a plurality of bump electrodes and lands, and are not
connected by fixing a wide area with a single layer of bonding material such as solder. Therefore, the light emitting diode chip can
be connected without tilting, and a thin light emitting diode device can be achieved. That is, when the p-electrode and n-electrode of
the light emitting diode chip are each connected to an electrode plate with a bonding material such as a single layer of solder, when
the bonding material (solder) is temporarily melted to connect the electrodes, the light emitting diode chip may float up and tilt due
to the surface tension of the bonding material (solder) and be fixed to the electrode plate. In such a case, the upper end (upper edge)
of the light emitting diode chip becomes higher, and the thickness of the resin covering this upper end portion becomes thinner.
Furthermore, in the worst case, the upper end protrudes to the outside of the resin, and the moisture resistance of the encapsulant
deteriorates. To prevent this, it is necessary to determine the thickness of the resin covering the light emitting diode chip assuming 20
that the light emitting diode chip will be connected at an angle, which results in the light emitting diode device becoming thicker
(higher). However, when connecting multiple gold stud electrodes and bump electrodes, the bonding material does not cause the
light emitting diode chip to float or tilt, so the thickness of the resin on the light emitting diode chip can be kept to a minimum
sufficient to maintain moisture resistance, thereby achieving a thin light emitting diode device.

[004 8]

(k) Between the light emitting diode chip and the electrode plate, an underfill resin layer different from the resin forming the
encapsulant is filled. The underfill resin has better fluidity than the resin that forms the encapsulant, so it flows without any gaps
into the spaces between the connecting columns formed by the forest of bump electrodes and gold stud electrodes (lands). As a
result, even when a plurality of bump electrodes and lands are connected, sealing can be achieved without trapping air bubbles 30
between the light emitting diode chip and the electrode plate, improving the sealing characteristics.
[004 9]

(1) The light emitting diode device is formed by flip-chip connecting a light emitting diode chip onto first and second electrode
plates provided on one lead frame. Thereafter, the gaps between the first and second electrode plates and the light emitting diode
chip are filled with an underfill resin layer, then a resin layer is formed, and then the lead frame is cut together with the resin layer
to manufacture multiple light emitting diode devices, which reduces the number of steps and the manufacturing cost.

[0050]

(m) As shown in (1) above, in manufacturing a light emitting diode device, the number of parts required is small, namely the 40
lead frame, the light emitting diode chip, the underfill resin layer, and the sealing body (resin layer), and therefore manufacturing
costs can be reduced.
[0051]

The light emitting diode device according to the above means (2) can also provide a high output white light emitting diode
device. The above-mentioned means (2) also has the same effects as the above-mentioned means (1).
[005 2]

In the light emitting diode device according to the above-mentioned means (3), the first electrode plate and the second electrode
plate are structured to interlock with each other like comb teeth inside the encapsulant, so that the interlocking strength between the
first electrode plate and the second electrode plate is increased, and therefore the mechanical strength against external stress is 50
improved.
[Detailed description of the preferred embodiments]

[005 3]

Hereinafter, embodiments of the present invention will be described in detail with reference to the drawings. In addition, in all
the drawings for explaining the embodiments of the invention, the same reference numerals are used for components having the
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same functions, and repeated explanations thereof will be omitted.
[Embodiment 1]
[0054]

FIG. 1 to FIG. 10 are diagrams relating to a high-output white light emitting diode device and its manufacturing method, which
is Embodiment 1 of the present invention. FIG. 1 to FIG. 4 are diagrams related to the structure of a light emitting diode device, and
FIG. 5 to FIG. 10 are diagrams related to a method of manufacturing the light emitting diode device.

[005 5]

As shown in FIGS. 1 to 4, the light emitting diode device 1 of Embodiment 1 has, in appearance, a flat rectangular encapsulant 10
2, a flat electrode plate (first electrode plate) 3 protruding from the lower part of one side surface of the encapsulant 2, and a flat
electrode plate (second electrode plate) 4 protruding from the lower part of one side surface opposite the first side surface, and
mounting holes 5 penetrating the electrode plates 3 and 4 are provided in the electrode plate portions protruding from both ends of
the encapsulant 2. FIG. 1 is a perspective view of a light emitting diode device, FIG. 2 is a cross-sectional view taken along line A-
A of FIG. 1, and FIG. 3 is a perspective view showing the state of the light emitting diode device with the transparent encapsulant
removed. FIG. 4 is a perspective view of each component that constitutes a light emitting diode device, in which FIG. 4(a) shows a
pair of electrode plates, FIG. 4(b) shows gold stud electrodes formed on the pair of electrode plates, and FIG. 4(c) shows a
semiconductor chip.
[0056]

20

The encapsulant 2 is configured to seal first surfaces 6 (upper surfaces in FIG. 1) of the inner ends of a pair of electrode plates 3
and 4 that are arranged in series and face each other. The encapsulant 2 has a shape having a first surface 2a (the upper surface in
FIG. 1), a second surface 2b (the lower surface in FIG. 1) that is the opposite surface to the first surface 2a, and a plurality of side
surfaces (four side surfaces 2c to 2f) that connect the periphery of the first surface 2a and the periphery of the second surface 2b. A
pair of opposing side surfaces 2c, 2e of the encapsulant 2 are arranged across the electrode plates 3, 4 as shown in FIG. 1, and the
remaining pair of side surfaces 2d, 2f extend along the edges of the electrode plates 3, 4 as described above.

[005 7]

Also, as shown in FIG. 2, the second surface 7 (lower surface in FIGS. 1 and 2) of the electrode plates 3 and 4 opposite the first
surfaces 6 are exposed on the second surface 2b side of the encapsulant 2. Further, the second surfaces 7 of the electrode plates 3 30
and 4 and the second surface 2b of the encapsulant 2 are positioned on approximately the same plate. As will be described later, the
light emitting diode device 1 is manufactured using a lead frame made of a flat plate of a constant thickness on which product
forming portions for forming the light emitting diode device are arranged in a matrix. A first electrode plate 3 and a second
electrode plate 4 are formed in the product forming section. In addition, in the final step of manufacturing the light emitting diode
device 1, the lead frame is cut lengthwise and crosswise with a dicing blade along the edges of the product forming section. As a
result, the electrode plates 3, 4 are separated, the first surfaces 6 of the electrode plates 3, 4 are positioned on the same plate, and the
second surfaces 7 of the electrode plates 3, 4 are positioned on the same plate.

[005 8]

In the cutting by the dicing blade, the resin layer formed on the lead frame is cut together with the lead frame to form an
encapsulant 2 from the resin layer. During this cutting, the edge portions of the first electrode plate 3 and the second electrode plate 40
4 are cut, resulting in a structure in which portions of the pair of opposing peripheral edges of the electrode plates 3, 4 coincide with
and overlap a pair of side surfaces 2d, 2f of the encapulant 2. The width of the electrode plates 3 and 4 protruding from both ends
(side surfaces 2c¢ and 2e) of the encapulant 2 is constant and is the same as the length (width) between the pair of side surfaces 2d
and 2f of the encapulant 2. The first electrode plate 3 and the second electrode plate 4 are formed of, for example, a copper plate.

[005 9]

A light emitting diode chip 8 that emits blue light is located within the encapsulant 2. The encapsulant 2 is made of a transparent
insulating resin so that the light emitted from the light emitting diode chip 8 can be transmitted to the outside of the encapsulant 2.
As the transparent insulating resin, an epoxy resin or a silicone resin, which is superior in resistance to ultraviolet light degradation
and heat degradation compared to an epoxy resin, is used. Moreover, a yellow phosphor is dispersed and present within the resin 50
that forms the encapsulant 2 so that the light emitting diode device 1 emits white light. As the yellow phosphor, yttrium aluminum
garnet (YAG), which has yellow luminescence properties, is used.
[006 0]

As shown in FIGS. 2 and 3, the light emitting diode chip 8 is connected to the electrode plates 3 and 4 by flip chip connection as
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a connecting means. FIG. 4(a) is a perspective view showing the electrode plates 3, 4 in which a plurality of lands 9 are formed on
the first surface 6. The land 9 is made of a gold stud electrode, for example, as shown in FIG. 4(b). The gold stud electrodes are
formed by nail-head bonding gold wires to the electrode plates 3 and 4, and then cutting the gold wires near the connection portions.
The cylindrical bonding tool (capillary) used for nail head bonding crushes the spherical tip (ball portion), resulting in the gold stud
electrode taking on the shape shown in the schematic diagram of FIG. 4(b). These lands 9 are provided corresponding to bump
electrodes 11 provided on the first surface 8a of the light emitting diode chip 8.

[006 1]

The light emitting diode chip 8 is a square-shaped light emitting diode chip that emits blue light and is formed by epitaxially 10

growing GaN on a substrate made of sapphire or SiC, forming desired semiconductor layers, and further processing the same. As
shown in FIG. 4(c), an electrode 12 having a first polarity (e.g., an anode electrode [p-electrode]) and an electrode 13 having a
second polarity (e.g., a cathode electrode [n-electrode]) are provided on a first surface 8a of the light emitting diode chip 8. FIG.
4(c) is a schematic perspective view of the light emitting diode chip 8 with the first surface 8a as the top surface, in which the solid
line frame area is the anode electrode 12, and the left solid line frame area having a larger area is the cathode electrode 13. On each
electrode surface, bump electrodes 11 are formed in one or more rows. Although not particularly limited, a row of a plurality of
bump electrodes 11 is provided on the electrode surface of the anode electrode 12, and a plurality of rows of a plurality of bump
electrodes 11 are provided on the electrode surface of the cathode electrode 13.

[006 2] 20

The bump electrodes 11 provided on the electrode surface of the cathode electrode 13 are arranged in six rows in the figure. In
these columns, the space between the leftmost column and the column next to it on the right is wider than the space between the
other columns. This is because the second electrode plate 4 is only partially present, as shown in FIG. 4(a). That is, even if bump
electrodes 11 are provided in the wide space between the leftmost row and the adjacent row to the right of the light emitting diode
chips 8, the bump electrodes 11 will not be connected to the electrode plates 3 and 4. Therefore, the arrangement of the bump
electrodes 11 of the light emitting diode chip 8 varies depending on the patterns of the electrode plates 3 and 4. However, it is
necessary to arrange (uniformly arrange) the bump electrodes 11 so that the power supply locations (power supply points) for the
light emitting diode chips 8 are as uniform as possible. The uniform arrangement allows each pn junction of the light emitting diode
chip to emit light uniformly, leading to higher output. Furthermore, the uniform arrangement allows heat generated in the light 30
emitting diode chip to be efficiently transferred from the bump electrodes 11 through the lands 9 to the electrode plates 3 and 4,
thereby improving the heat dissipation characteristics of the light emitting diode device 1.

[006 3]

In FIG. 2, the connection portion between the bump electrode 11 provided on the first surface 8a of the light emitting diode chip
8 and the lands 9 (gold stud electrodes) of the first electrode plate 3 and the second electrode plate 4 is shown as a connection
portion 14.
[006 4]

As shown in FIG. 2, the spaces between the light emitting diode chip 8 and the first and second electrode plates 3 and 4 are 40
filled with an underfill resin layer 15 made of insulating resin. The underfill resin layer 15 has better fluidity than the resin forming
the encapsulant 2 during filling. As a result, the narrow gap between the first surface 8a of the light emitting diode chip 8 and the
first surfaces 6 of the first electrode plate 3 and the second electrode plate 4 is filled with the underfill resin layer 15 without leaving
any air bubbles, thereby improving the moisture resistance of the light emitting diode device 1.

[006 5]
On the other hand, as shown in FIG. 4(a), various measures are taken in the embodiment to improve the bondability (adhesion)
of the electrode plate portions of the electrode plates 3 and 4 covered by the encapsulant 2 with the resin that forms the encapsulant
2. The area indicated by a in FIG. 4(a) is the sealing area in the electrode plates 3 and 4.
[006 6] 50

As shown in FIG. 4, the portion of the second electrode plate 4 that is covered by the encapsulant 2 (sealed electrode plate
portion) is composed of a same width portion 4a having the same width as the encapsulant 2, a middle-width portion 4b that
protrudes to the right end side of the equal-width portion 4a and is slightly narrower than the equal-width portion 4a, and a narrow-
width portion 4d that extends to the right end side of the middle-width portion 4b via a constricted portion 4c. A row of lands 9 is
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provided in the middle width portion 4 b so as to correspond to the row of bump electrodes 11 of the cathode electrodes 13 of the
light emitting diode chips 8. In addition, corresponding to the five rows of bump electrodes 11 of the cathode electrode 13 of the
light emitting diode chip 8, five rows of lands 9 are provided in the narrow portion 4d. Further, a through hole 4e penetrating the
second electrode plate 4 is provided in the same width portion 4a. As shown in FIG. 2, the through hole 4e is filled with a resin that
forms the encapsulant 2. By filling the resin, the bonding between the encapsulant 2 and the second electrode plate 4 becomes
strong.

[006 7]

Further, as shown in FIGS. 1 and 2, on both sides of the second surface 7 of the second electrode plate 4, a predetermined
thickness is removed from the middle part of the same width portion 4a to the constricted part 4c, making it thin. Then, this 10
removed portion is filled with a resin that forms an encapsulant 2, as shown in FIG. 2. By filling the resin, the bonding between the
encapsulant 2 and the second electrode plate 4 becomes strong. The portion of the second electrode plate 4 where the light emitting
diode chip 8 is fixed is structured so that the electrode plate does not become thin and can efficiently transfer heat to the mounting
board.

[006 8]

As shown in FIG. 4, the portion of the first electrode plate 3 that is covered by the sealing body 2 (sealed electrode plate portion)
is composed of a uniform-width portion 3a that is the same width as the sealing body 2, a middle-width portion 3b that protrudes to
the left end of the uniform-width portion 3a and is slightly narrower than the same width portion 3a, and thin strip portions 3¢ that
are spaced apart on both sides of the middle-width portion 3b and extend from the left end of the uniform-width portion 3a. A 20
through hole 3f penetrating the first electrode plate 3 is provided in the same width portion 3a. As shown in FIG. 2, the through hole
3f is filled with a resin that forms the encapsulant 2. By filling the resin, the bonding between the encapsulant 2 and the first
electrode plate 3 becomes strong.
[006 9]

Also, at the outer edge of the strip portion 3c, a portion of the edge is recessed and positioned more inward than the other
portions. The recessed portion 3d is filled with a resin that forms the encapsulant 2. A protruding portion 3g is located adjacent to
the recessed portion 3d. The tip of the protrusion 3g is exposed to the side (side 2d or side 2f) of the encapsulant 2. In the second
electrode plate 4, both sides of the middle width portion 4b are recessed portions. Also, the inner side of the strip portion 3c
protrudes, and the tip surface of this protruding portion 3e faces closely to the side surface of the narrow portion 4d. 30
[0070]

An opening 17 of a fixed width is provided between at least a portion of the peripheral surface of the first electrode plate 3 and
at least a portion of the peripheral surface of the second electrode plate 4. The opening 17 is filled with a resin that forms the
encapsulant 2, and is structured to increase the adhesive strength between the electrode plates 3 and 4 and the encapsulant 2. The
openings 17 are formed between the strip portion 3¢ and the same width portion 4a and the medium width portion 4b, and between
the protruding portion 3e and the narrow width portion 4d, and are bent.

[0071]

Furthermore, in the first electrode plate 3, a narrow groove 3j is provided by a same width portion 3a, and a middle width 40
portion 3b and a strip portion 3¢ extending from the constant width portion 3a. This narrow groove 3j is connected to an opening 17.
In addition, in the second electrode plate 4, a narrow groove 4j is provided by the constricted portion 4c, the intermediate width
portion 4b and the narrow width portion 4d. This narrow groove 4;j is connected to an opening 17.
[007 2]

As described above, the electrode plates 3, 4 are formed with the through holes 3f, 4e, the medium width portion 3b, the strip
portion 3c, the recessed portion 3d, the protruding portion 3e, the medium width portion 4b, the narrow portion 4c, and the narrow
width portion 4d, as well as the openings 17 and the narrow grooves 3j, 4j. As a result, the facing portions between the peripheral
edges of the first electrode plate 3 and the second electrode plate 4 have a complex interlocking structure. In addition, since the
resin forming the encapulant 2 fills the interlocking spaces, the contact area between the electrode plates 3, 4 and the resin is
increased, and the interlocking structure is enlarged, thereby improving the adhesive strength between the encapulant 2 and the 50
electrode plates 3, 4. The adhesive strength between the encapsulant 2 and the electrode plates 3, 4 can be further increased by
thinning a portion of the electrode plates 3, 4 and filling the thinned space with resin.
[00 7 3]

Here, an example of the dimensions of each part of the light emitting diode device 1 will be given. The width of the first

EX1007, Page 13



(14) JP 2007-134376 A 2007.5.31

electrode plate 3 and the second electrode plate 4 is 5 mm, the length from the end of the first electrode plate 3 to the end of the
second electrode plate 4 is 12 mm, and the thickness of the electrode plate is 0.2 mm at the thicker part and 0.1 mm at the thinner
part. The light emitting diode chip 8 fixed to the first electrode plate 3 and the second electrode plate 4 has a length of 2 mm, a
width of 2.5 mm and a thickness of 0.2 mm. The width of the sealing body 2 is 5 mm, which is the same as the width of the
electrode plate, the length of the sealing body 2 is 6 mm, and the thickness is 0.8 mm.

[00 7 4]

Next, a method for manufacturing the light emitting diode device 1 of the present embodiment 1 will be described with
reference to FIGS. 5 to 10. FIGS. 5(a) to 5(g) are cross-sectional views showing steps in a method for manufacturing a light
emitting diode device. 10
[0075]

In the method for manufacturing the light emitting diode device of the first embodiment, a lead frame 20 is prepared. The lead
frame 20 is constructed by patterning a flat metal plate having good thermal conductivity, and has a configuration in which a
plurality of product forming portions 21 are arranged in a matrix. The lead frame 20 is made of a metal plate having good thermal
conductivity, such as copper or a copper alloy. In the embodiment, an example in which a lead frame formed of a copper plate is
used will be described.

[0076]

As shown in FIG. 6, the lead frame 20 has a structure having a plurality of rectangular product forming portions 21 formed from 20
a copper plate having a thickness of 0.2 mm into an electrode plate pattern as shown in FIG. 4. The lead frame 20 of FIG. 6 has a
structure in which the product forming parts 21 are arranged in a matrix of 4 columns and 4 rows. In FIG. 6, the X direction is the
column direction, and the Y direction is the row direction. The lead frame 20 has a frame portion 22 having a rectangular frame
structure at its outermost periphery, and within this frame portion 22, product forming portions 21 are arranged in a pattern of 4
columns and 4 rows.
[007 7]

As shown in FIG. 7, the product forming section 21 has a pattern in which a first electrode plate 3 (right side) and a second
electrode plate 4 (left side) are arranged in series, and has a pattern that partially has a connecting portion 23 on the outer periphery
of the first electrode plate 3 and the second electrode plate 4. In the final stage of manufacturing the light emitting diode device, the 30
lead frame 20 is cut lengthwise and crosswise, and at this time the connecting portions are cut and removed to form the structure
(pattern) shown in FIG. 4.
[00 78]

FIG. 7 is a pattern showing product forming portion 21 with connecting portion 23 before cutting. The connecting portion 23 is
provided on the first electrode plate 3 at the central portion of the right end, on both sides of the same width portion 3a, and at the
tip portion of the protrusion 3g, and on the second electrode plate 4 at the central portion of the left end and on both sides of the
uniform-width portion 4a.

[007 9]
40

The connecting portions 23 provided on the first electrode plate 3 and the second electrode plate 4 of the product forming
portion 21 are connected to the frame portion 22 of the lead frame 20 or to the first electrode plate 3 or the second electrode plate 4
of the product forming portion 21 arranged adjacently. The connecting portions 23 located on the outer periphery of the product
forming portions 21 located on the outermost periphery of the matrix are connected to the frame portion 22, and the other
connecting portions 23 are connected to the first electrode plate 3 or the second electrode plate 4 of the adjacent product forming
portions 21. Each connecting portion 23 of product forming portion 21 positioned inside the outermost periphery of the matrix is
connected to second electrode plate 4 or first electrode plate 3 of adjacent product forming portion 21.

[0080]
50
In FIG. 5, a single product forming portion 21 is shown. As shown in FIG. 5(a), in the product forming portion 21, the first
electrode plate 3 and the second electrode plate 4 are thinned by removing a predetermined depth from the second surface 7 side of
the lead frame 20. This removal is performed, for example, by etching (half etching). The lead frame 20 has a thickness of 0.2 mm,
so that the etched portion has a thickness of 0.1 mm. The etched areas are, in the first electrode plate 3, the strip portion 3¢ outside
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the mid-width portion 3b, the recessed portion 3d, and the protruding portion 3e, and in the second electrode plate 4, a part of the
same width portion 4a outside the mid-width portion 4b that faces the opening 17. In FIG. 5, 20a is a space 20a that is removed by
etching.

[0081]

The area where the light emitting diode chip 8 is attached is etched in a narrow region because heat generated in the light
emitting diode chip 8 needs to be conducted (dissipated) to the outside through the first electrode plate 3 and the second electrode
plate 4.
[008 2]
10
In addition, although not shown, guide holes such as circular holes or elongated holes used for transferring the lead frame 20 and
for positioning the lead frame 20 are provided in the frame on the outer periphery of the lead frame 20.
[008 3]

Next, as shown in FIG. 5(b), lands 9 are formed on the first surfaces 6 of the first electrode plate 3 and the second electrode plate
4 of each product forming portion 21. The land 9 is composed of a gold stud electrode as already explained in FIG. 4(b). A gold
stud electrode is formed by making a spherical tip of a gold wire held in a cylindrical capillary, heating and pressurizing the gold
wire to crush the spherical part with the capillary to connect it to the electrode plate (nailhead bonding), and then cutting the gold
wire near the connection part. The gold wire has a diameter of, for example, about 25 pm, and the gold stud electrode has a
diameter of about 80 um. The gold stud electrodes (lands 9) formed on the first electrode plate 3 and the second electrode plate 4 20
are formed so as to correspond to the bump electrodes 11 formed on the first surface 8a of the light-emitting diode chip 8 shown in
FIG. 4(b). FIG. 4(a) shows the arrangement of gold stud electrodes (lands 9). The bump electrodes 11 are arranged in one row on
the electrode surface of the anode electrode 12, and in six rows on the electrode surface of the cathode electrode 13. The bump
electrodes 11 of the light emitting diode chip 8 are gold bump electrodes.
[0084]

Next, as shown in FIG. 5(c), a light emitting diode chip 8 is flip-chip connected onto the first electrode plate 3 and the second
electrode of each product forming portion 21. That is, each bump electrode 11 provided on the first surface 8a of the light-emitting
diode chip 8 is connected to a corresponding gold stud electrode (land 9). The gold bump electrodes (bump electrodes 11) and gold
stud electrodes (lands 9) are connected by applying heat (for example, 320°C) and pressure (for example, 50g per unit bump 30
electrode). In FIGS. 5(c) and 5(c) to (g), the connection portions between the bump electrodes 11 of the light-emitting diode chip 8
and the lands 9 (gold stud electrodes) of the first electrode plate 3 and the second electrode plate 4 are shown as connection portions
14. FIG. 8 is a plan view showing a state in which the light emitting diode chips 8 are fixed to each product forming section 21 of
the lead frame 20. The light emitting diode chip 8 is a light emitting diode chip that emits blue light.
[0085]

Next, as shown in FIG. 5(d), an insulating resin is injected into the space between the light emitting diode chip 8 and the first
and second electrode plates 3 and 4, and is cured to form an underfill resin layer 15. As the underfill resin, a resin having better
fluidity than the resin forming the encapsulant 2 is used. For example, an epoxy-based or silicone-based resin is used as the
underfill resin. As a result, the narrow gap between the first surface 8a of the light emitting diode chip 8 and the first surfaces 6 of 40
the first electrode plate 3 and the second electrode plate 4 can be filled with the underfill resin layer 15 without leaving any air
bubbles, thereby improving the moisture resistance of the light emitting diode device 1.
[0086]

Next, as shown in FIG. 5(e), a resin layer 25 is formed on the first surface 6 of the lead frame 20 so as to cover the light emitting
diode chip 8. As shown in FIG. 9, the resin layer 25 is provided in a straight band shape along the Y direction of the lead frame 20.
This resin layer 25 is provided from the middle of the uniform width portion 3a of the first electrode plate 3 to the middle of the
same width portion 4a of the second electrode plate, and closes the through holes 3f and 4e. The mounting holes 5 of the first
electrode plate 3 and the second electrode plate 4 are located away from the resin layer 25.
50
[008 7]

The resin layer 25 is made of a transparent insulating resin so as to transmit the light emitted from the light emitting diode chip 8
to the outside of the encapsulant 2. As the transparent insulating resin, an epoxy resin or a silicone resin, which is superior in
resistance to ultraviolet light degradation and heat degradation compared to an epoxy resin, is used. In the embodiment, a silicone
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resin is used. Moreover, in order for the light emitting diode device 1 to emit white light, the resin layer 25 is made of a resin
containing a dispersed yellow phosphor. As the yellow phosphor, yttrium aluminum garnet (YAG) having yellow luminescence
properties is used. As a result, the blue light emitted from the light-emitting diode chip 8 is converted into white light by the yttrium
aluminum garnet (YAG), and the white light is emitted from the surface of the resin layer 25.

[0088]

Next, as shown in FIG. 5(f), a dicing tape 26 is attached to the second surface 7 of the lead frame 20, and the lead frame 20 is
supported by the dicing tape 26. Thereafter, as shown in FIG. 5(f), the lead frame 20 and the resin layer 25 are cut by a dicing blade
27. During this cutting, the cutting height of the dicing blade 27 is adjusted so that the cutting is performed to a depth halfway
through the dicing tape 26. As a result, even after cutting, the cut portions, i.e., the unnecessary portions of the light-emitting diode 10
device 1 and the lead frame 20, remain adhered to the dicing tape 26.

[0089]

In FIG. 10, the portion cut by the dicing blade 27 is indicated by a dashed line. In FIG. 10, the cutting line 30 indicated by the
dashed dotted line is within the frame portion 22 of the lead frame 20, but the frame portion 22 may also be cut. Of the multiple
cutting lines 30 along the Y direction, the leftmost cutting line 30 is a separating cutting line between the second electrode plate 4
and the frame portion 22, the rightmost cutting line 30 is a separating cutting line between the first electrode plate 3 and the frame
portion 22, and the other cutting lines 30 are separating cutting lines between adjacent first electrode plates 3 and second electrode
plates 4. Of the multiple cutting lines 30 along the X direction, the cutting lines 30 at the upper and lower ends are cutting lines that
separate the first electrode plate 3 and the second electrode plate 4 from the frame portion 22 and cut across the resin layer 25. The
other cutting lines 30 are cutting lines that separate adjacent first electrode plates 3 from each other and adjacent second electrode 20
plates 4 from each other and cut across the resin layer 25. This cutting results in the resin layer 25 becoming the encapsulant 2.

[0090]

Next, the dicing tape 26 is peeled off and removed, thereby manufacturing a plurality of light emitting diode devices 1 as shown
in FIG. 5(g).
[0091]

According to the first embodiment, the following effects can be obtained.

(1) The second surfaces 7 (lower surfaces) of the first and second electrode plates 3 and 4 are exposed in a flat state on the lower
surface of the light emitting diode device 1. Furthermore, a light emitting diode chip 8 is mounted on the first surface 6 (upper 30
surface) of each of the first and second electrode plates 3, 4 by flip chip connection. As a result, when the light emitting diode
device 1 is mounted on a mounting substrate, the heat generated in the light emitting diode chip 8 is dissipated to the mounting
substrate from the second surfaces 7 of the first and second electrode plates 3, 4 which are in contact with the mounting substrate
over a wide area, improving the heat dissipation characteristics and ensuring stable operation of the light emitting diode.
Furthermore, the improved heat dissipation characteristics extend the life of the light emitting diode device 1. Therefore, it is
possible to provide an excellent high-output white light emitting diode device 1 with good thermal characteristics.

[009 2]

(2) In the electrode plate portions of the first and second electrode plates 3, 4 covered by the sealing body 2, the resin that forms
the sealing body 2 is filled under the thin electrode plate portions, and the resin supports the thin electrode plate portions so that the 40
electrode plates are well held by the sealing body 2, making it difficult for the electrode plates (first and second electrode plates 3,
4) to peel off from the sealing body, and improving the reliability of the sealing.
[009 3]

(3) In the electrode plate portions of the first and second electrode plates 3, 4 covered with the encapsulant 2, the openings 17 in
the facing portions of the first and second electrode plates 3, 4 are filled with the resin that forms the encapsulant 2, so that the
electrode plates are well held by the encapsulant 2 and the electrode plates are less likely to peel off from the encapsulant 2, thereby
improving the reliability of the sealing.
[0094]

(4) In the electrode plate portions of the first and second electrode plates 3, 4 covered by the encapsulant 2, the through holes 50
(through holes 3f, 4¢) penetrating the electrode plates are filled with resin that forms the encapsulant 2, so that the electrode plates
are held well by the encapsulant 2, the electrode plates are less likely to peel off from the encapsulant 2, and the reliability of the
sealing is improved.
[009 5]

(5) The first electrode plate 3 and the second electrode plate 4 have through holes, curved openings, narrow grooves, protruding
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portions, recessed portions, protruding portions and thin electrode plate portions, which increases the degree of engagement with
the resin that forms the encapsulant 2. As a result, the electrode plate is held well by the encapsulant 2, the electrode plate is less
likely to peel off from the encapsulant 2, and the reliability of the sealing is increased.

[0096]

(6) Since mounting holes 5 are provided in the first and second electrode plate portions protruding from the encapsulant 2, light
emitting diode device 1 can be mounted on a mounting board by utilizing these mounting holes 5. For example, by inserting a screw
into the mounting hole 5 and screwing this screw to the mounting board, the first and second electrode plates 3 and 4 of the light
emitting diode device 1 can be firmly fixed in close contact with the mounting board. As a result, the contact between the mounting
board and the electrode plate becomes tighter, further improving the heat dissipation characteristics. 10
[009 7]

(7) Since the first and second electrode plates 3 and 4 are made of copper, which has good thermal conductivity, the heat
dissipation to the outside of the light emitting diode device 1 is improved.
[0098]

(8) The connection between the light emitting diode chip 8 and the first and second electrode plates 3, 4 is by flip-chip
connection, and the bump electrodes 11 of the light emitting diode chip 8 are connected to gold stud electrodes (lands 9) made of
gold wires having good thermal conductivity. Therefore, the heat generated in the light emitting diode chip 8 can be rapidly
transferred to the first and second electrode plates 3 and 4.
[0099] 20

(9) A large number of bump electrodes 11 are formed and arranged in one or more rows on the surfaces (electrode surfaces) of
electrodes having first and second polarities. As a result, the heat generated in the light emitting diode chip 8 is quickly conducted
from each bump electrode 11 and the lands 9 connected to these bump electrodes 11 to the first and second electrode plates 3, 4,
resulting in good heat dissipation characteristics and enabling stable operation of the light emitting diode.

[0100]

(10) Since the bump electrodes 11 are arranged in a large number of rows or multiple rows on the surfaces (electrode surfaces)
of the electrodes having first and second polarities, there are many power supply points on the two electrode surfaces (p electrode
surface, n electrode surface) of the light emitting diode chip 8 having different polarities. As a result, a voltage is applied across the 30
entire pn junction of the light emitting diode chip 8, improving the light emitting efficiency across the entire pn junction, improving
the output, and enabling a high-output light emitting diode device 1 to be obtained.

[0101]

(11) The light emitting diode chip 8 and the electrode plates (first and second electrode plates 3, 4) are connected via a plurality
of bump electrodes 11 and lands 9, and are not connected by fixing a wide area with a single layer of bonding material such as
solder. Therefore, the light emitting diode chip 8 can be connected without tilting, and the light emitting diode device 1 can be
made thinner. That is, when the p-electrode and the n-electrode of the light emitting diode chip 8 are each connected to an electrode
plate with a bonding material such as a single layer of solder, when the bonding material (solder) is temporarily melted and
connected, the light emitting diode chip 8 may be lifted and tilted due to the surface tension of the bonding material (solder) and 40
fixed to the electrode plate. In such a case, the upper end (upper edge) of the light emitting diode chip 8 becomes higher, and the
thickness of the resin covering this upper end portion becomes thinner. Furthermore, in the worst case, the upper end protrudes to
the outside of the resin, and the moisture resistance of the encapsulant 2 deteriorates. To prevent this, it is necessary to determine
the thickness of the resin covering the light emitting diode chip 8 assuming that the light emitting diode chip will be connected at an
angle, which results in the light emitting diode device 1 becoming thicker (higher). However, in the connection between the
multiple gold stud electrodes (lands 9) and the bump electrodes 11, the light emitting diode chip 8 does not lift up or tilt due to the
bonding material, so the thickness of the resin on the light-emitting diode chip 8 can be made the minimum thickness sufficient to
maintain moisture resistance, thereby achieving a thin light emitting diode device 1.

[0102]
50

(12) An underfill resin layer 15 different from the resin forming the encapsulant 2 is filled between the light emitting diode chip
8 and the electrode plates (first and second electrode plates 3 and 4). Since the underfill resin has better fluidity than the resin
forming the encapsulant 2, it flows without any gaps into the spaces between the connection columns (connection portions 14)
formed by the forest of bump electrodes 11 and gold stud electrodes (lands 9). As a result, even when multiple bump electrodes 11
are connected to the lands 9, sealing is possible without trapping air bubbles between the light emitting diode chip 8 and the
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electrode plates (first and second electrode plates 3, 4), improving the sealing characteristics.
[010 3]

(13) The light emitting diode device 1 is formed by flip-chip connecting a light emitting diode chip 8 onto first and second
electrode plates 3, 4 provided on one lead frame 20. Thereafter, the gaps between the first and second electrode plates 3, 4 and the
light emitting diode chip 8 are filled with an underfill resin layer 15, then a resin layer 25 is formed, and then the lead frame 20 is
cut together with the resin layer 25 to manufacture multiple light emitting diode devices 1, which reduces the number of steps and
the manufacturing cost.

[0104]
10

(14) As shown in (13) above, in manufacturing the light-emitting diode device 1, the number of parts, i.e., the lead frame 20, the
light-emitting diode chip 8, the underfill resin layer 15, and the encapsulant 2 (resin layer 25), is small, so that the manufacturing
cost can be reduced.

[Embodiment 2]

[0105]

FIGS. 11 through 14 are diagrams relating to a light emitting diode device and a manufacturing method thereof according to a
second embodiment of the present invention. FIG. 11 is a plan view of the light emitting diode device with a portion of the
encapsulant cut away, and FIG. 12 is a plan view showing a product formation portion of a lead frame for manufacturing the light
emitting diode device. FIG. 13 is a plan view showing a product formation section where a semiconductor chip is fixed in the 20
manufacture of a light emitting diode device. FIG. 14 is a plan view of a product formation section showing, in a see-through
manner, electrodes of a fixed semiconductor chip in the manufacture of a light emitting diode device.

[0106]

The light emitting diode device 1 of the second embodiment has a structure in which the light emitting diode chip 8 in the light
emitting diode device 1 of the first embodiment is rotated by 90 degrees. That is, in the light emitting diode device 1 of embodiment
2, the longitudinal direction of the light emitting diode chip 8 coincides with the width direction of the encapsulant 2. By doing so,
as shown in FIG. 14, the anode electrode 12 and the cathode electrode 13 are positioned opposite each other and separated in the
width direction of the encapsulant 2 (the first electrode plate 3 and the second electrode plate 4). As a result, a pattern can be
created in which the connection piece 3k connecting the bump electrode 11 of the anode electrode 12 and the connection piece 4k 30
connecting the bump electrode 11 of the cathode electrode 13 are separated in the width direction of the first electrode plate 3 and
the second electrode plate 4 and face each other. In such a pattern, as shown in FIGS. 12 and 14, the pattern of the facing edges of
the first electrode plate 3 and the second electrode plate 4 can be made more complicated than in the case of the first embodiment.
Also, the number of through holes can be increased. Therefore, the engagement between the first and second electrode plates 3, 4
and the resin forming the encapsulant 2 is even greater than in the light emitting diode device 1 of the first embodiment, and the
encapsulant 2 provides an improved sealing effect.

[Embodiment 3]
[0107]

FIGS. 15 through 17 are diagrams relating to a light emitting diode device and a manufacturing method thereof according to a 40
third embodiment of the present invention. FIG. 15 is a plan view of a light emitting diode device, FIG. 16 is a plan view showing a
product formation section of a lead frame for manufacturing a light emitting diode device, and FIG. 17 is a plan view of the product
formation section showing, in perspective, electrodes of a fixed semiconductor chip in the manufacture of a light emitting diode
device.

[0108]
The light emitting diode device 1 of Embodiment 3 has a structure in which, in the light emitting diode device 1 of Embodiment
1, the openings 17 are alternately arranged in a serpentine pattern so that the first electrode plate 3 and the second electrode plate 4
are interlocked with each other in the encapsulant 2 in a comb-tooth manner, as shown in FIGS. 16 and 17. Therefore, as shown in
FIG. 17, the arrangement of the bump electrodes 11 arranged on the anode electrode 12 and the cathode electrode 13 provided on 50
the light-emitting diode chip 8§ also corresponds to the comb-tooth-shaped first and second electrode plates 3 and 4 portions.
[0109]

In the light emitting diode device 1 of Embodiment 3, the interlocking strength between the first electrode plate 3 and the second
electrode plate 4 is increased, and therefore the mechanical strength against external stress is improved.
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[0110]

Although the invention made by the present inventors has been specifically explained based on the embodiments above, it goes
without saying that the present invention is not limited to the above embodiments, and can be modified in various ways without
departing from the gist thereof.

[0111]

In the embodiment, the case where the light emitting diode chip and the electrode plates (first and second electrode plates) are
connected by a plurality of bump electrodes has been described. However, instead of the bump electrodes, the connection may be
made by using a paste material of Au-Sn or a ribbon (sheet).
[0112] 10

In addition, in the embodiments, the light emitting diode device 1 emitting white light was manufactured using a light emitting
diode chip emitting blue light, but the light emitting diode device 1 emitting white light can also be manufactured using a light
emitting diode chip emitting purple light. In this case, a purple light emitting diode chip that emits purple light is prepared as the
light emitting diode chip 8, and then the light emitting diode chip 8 is flip-chip connected to the first and second electrode plates 3
and 4. Next, when forming the resin layer 25, the resin layer 25 is formed using a resin in which BGR phosphors are dispersed.
[0113]

The present invention is also applicable to the manufacture of light emitting diode devices that emit light other than white light.
[Brief Description of Drawings] 20
[0114]

[FIG. 1] A perspective view showing the appearance of a light emitting diode device according to the first embodiment of the
present invention.

[FIG. 2] A cross-sectional view taken along line A-A in FIG. 1.

[FIG. 3] A perspective view showing a state in which a transparent sealing body is removed in the light emitting diode device of
Embodiment 1.

[FIG. 4] An enlarged perspective view showing an electrode plate, a gold stud electrode formed on the electrode plate, and a
semiconductor chip that constitute the light emitting diode device of Embodiment 1.

[FIG. 5] A cross-sectional view showing steps of a method for manufacturing the light emitting diode device according to 30
Embodiment 1.

[FIG. 6] A plan view of a lead frame used in manufacturing the light emitting diode device of Embodiment 1.

[FIG. 7] An enlarged plan view showing a product forming portion of the lead frame.

[FIG. 8] A plan view of a lead frame in which semiconductor chips are fixed to each of the product forming portions.

FIG. 9] A plan view of a lead frame on which a resin layer for covering the semiconductor chip is formed in multiple rows.

FIG. 10] A schematic plan view showing a cut portion of the lead frame.

FIG. 11] A plan view of a light emitting diode device according to the second embodiment of the present invention.

[FIG.
[FIG.
[FIG.
[FIG. 12] A plan view showing a product forming portion of a lead frame for manufacturing a light emitting diode device according

to Embodiment 2.

[FIG. 13] A plan view showing a product formation section where a semiconductor chip is fixed in the manufacture of a light 40
emitting diode device according to Embodiment 2.

[FIG. 14] A perspective plan view of a product formation section showing electrodes of a fixed semiconductor chip in the
manufacture of a light emitting diode device according to Embodiment 2.

[FIG. 15] A plan view of a light emitting diode device according to the third embodiment of the present invention.

[FIG. 16] A plan view showing a product forming portion of a lead frame for manufacturing a light emitting diode device according

to Embodiment 3.

[FIG. 17] A perspective plan view of a product formation section showing electrodes of a fixed semiconductor chip in the

manufacture of a light emitting diode device according to Embodiment 3.

[Reference Signs List] 50
[0115]

1...Light emitting diode device, 2...Encapsulant, 2a...First surface, 2b...Second surface, 2c-2f...Side surfaces, 3...Electrode plate
(first electrode plate), 3a...Same width portion, 3b...Medium width portion, 3c...Strip portion, 3d...Recessed portion, 3e...Protruding
portion, 3f...Through hole, 3g...Protruding portion, 3j...Narrow groove, 4...Electrode plate (second electrode plate), 4a...Same width
portion, 4b...Medium width portion, 4c...Narrow portion, 4d...Narrow width portion, 4e...Through hole, 4j..Narrow groove,
5..Mounting hole, 6...First surface, 7...Second surface, 8...Light emitting diode chip, 8a...First surface, 9...Land, 11...Bump
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electrode, 12...Electrode (anode electrode), 13...Electrode (cathode electrode), 14...Connection portion, 15...Underfill resin layer,
17...0pening, 20...Lead frame, 20a...removal space, 21...Product forming portion, 22...Frame portion, 23...Connection portion,
25...Resin layer, 26...Dicing tape, 27...Dicing blade, 30...Cutting line.

EX1007, Page 20



1) JP 2007-134376 A 2007.5. 31

14 8 2 14 2a 2¢C
( ( ( \ [ &
’)\\ \ \]/ [ / /

AR RN LA AR ST TN L ARy

FIG. 2 /
5
/

DRSO NN

R RT==

[FIG. 5]
[FIG. 6]
FIG. 5 N -
[ =N ] !
6 543 dedb 4c 4 4d 153b3a 3f 9 ? 21(20) L -
‘ A4 / v e v e vost oy
(a) NN ATRIETSHiuiiis ey NN = = = = |
7 20a 20a’ St , =<
6 4 9 g 9 3 21(20) B - - L= - i S
® o RSV TR S
T Tl Tl T )
(c) s ' UL I I T I
' N C3 A CO [ 3
4 14 1415148 14 3 21(20) © %:ﬁj%:ﬁ)%: %
K‘g ‘/H(/( (\ ( /‘ e E:=:’=:’=E}=/»N
@ sostEsss——ess F ) ]
_ /»(L_’I:l — S - E%
AN = =
ol c R . v L I R A — — —
Ve A\\:J%Q‘—Q\—'@L
(f) E : —- :J x
Nz T
8 & >
(g) T RO R

EX1007, Page 21



(22) JP 2007-134376 A 2007.5. 31

[FIG. 7]

FIG. 7

21
4 6 4d 23152359 3d 3923 23 3 J

Lf.”@f“/df

FIG. 8

4b 23 4a 23 39 153d 3¢ 23 23 3]

22

4 4e 3¢ 3f 35

Y
G2
-
C
=
A=
(P
L
=

[FIG. 9]
SR N )

C

8 _%éar@r:ﬂﬁgﬁ iR

FIG. 9
FIG.

EX1007, Page 22



(23) JP 2007-134376 A 2007.5. 31

[FIG. 13]

[FIG. 11]

[FIG. 14]

[FIG. 12] FIG. 14

4 de 3k 11 17 1/2 17 /3

[FIG. 15] [FIG. 17]
FIG. 15 FIG. 17
21
5 4 3 5 ! 5 42323393/,;:17 3 28 5
[ ( ( / | Ml 5 /
j )

S VA ;X
o3 12 25 13 3¢ 3g 25 11
[FIG. 16]

FIG. 16

5 4 25 25 3¢ 17 23233 5 |
) 5

NS
WA ™

23

EX1007, Page 23



CERTIFICATE OF TRANSLATION ACCURACY

I, John Andrews, pursuant to 28 U.S.C. § 1746, hereby declare as follows:

1. [ am tluent in both English and Japanese.

2. I have more than 15 years of experience translating hundreds of
technical. legal, and business documents from Japanese to English.

3. [ submit this declaration to certify the accuracy of the English
translation of Japanese Patent Publication Number 2007-134376.

4. Attached as Exhibit A 1s a true and accurate copy of Japanese
Patent Publication Number 2007-134376, originally published in Japan.

5. Attached as Exhibit B is a true and accurate copy ot an English
translation of Japanese Patent Publication Number 2007-134376
(“JP2007134376 Translation™). JP2007134376A Translation 1s a true and
accurate translation of Japanese Patent Publication Number 2007-134376 from
Japanese to English. I translated Japanese Patent Publication Number 2007-
134376A to JP2007134376 Translation.

8. All statements made heremn of my own knowledge are true, and all
statements made on mformation and belief are believed to be true. Further,
these statements are made with the knowledge that willful false statements and

the like so made are punishable by fine or imprisonment. or both, under 18
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U.S.C. § 1001. I declare under penalty of perjury that the foregoing 1is true and
correct.

9. I also understand that by submitting this declaration I may be asked
to appear for a deposition asking me questions limited to the material in my
declaration. With my signature below, I agree to make reasonable efforts to
make myself available for such a deposition at a reasonable place and time of

my choosing.

[ declare under penalty of perjury under the laws of the United States of America

that the foregoing 1s true and correct.

Executed this Febrary 23. 2025 1n United Kindom.

[ .-
{L‘?\/\\'ﬁ%f\_} (e

John Andrews
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