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LIGHT EMITTING DEVICE AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the U.S. National Phase Entry
Application of PCT/JP2012/062418 filed May 15, 2012;
which claims priority from Japanese Patent Application No.
2011-109134, filed May 16, 2011; and from Japanese Patent
Application No. 2011-163510, filed Jul. 26, 2011. The sub-
ject matter of each of the above-referenced applications is
hereby incorporated by reference in its entirety.

BACKGROUND

[0002] The present invention relates to a light emitting
device with a sealing member for sealing a light emitting
element, and a method for manufacturing the light emitting
device.
[0003] Because ofits low power consumption and long life,
light emitting devices with a light emitting diode (LED) or a
laser diode (D) are expected as a next-generation light
source of lamps. For this reason, there is a need for such light
emitting devices having higher output and improved lumi-
nous efficacy. In order to improve the luminous efficacy of
such light emitting devices, one of possible ways is to control
the surface shape of its sealing member for sealing a light
emitting element.
[0004] For example, Patent Document 1 discloses a light-
ing device, and a method for manufacturing the lighting
device. The lighting device is provided with a guard on a flat
substrate where a light emitting element is mounted, wherein
the guard has one edge on the upper surface, and a sealing
resin for sealing the light emitting element is cured as itis held
back by the guard.
[0005] Further, Patent Document 2 discloses an LED pack-
aging structure, and a method for manufacturing the LED
packaging structure. The LED packaging structure includes a
plurality of LED chips, an annular light reflector that is
formed surrounding the LED chips by application so as to
define a resin positioning space, and a convex lens that is
housed in the resin positioning space by immersion so as to
cover the LED chips, all of which are placed on a wiring
substrate, wherein the circumferential surface of the convex
lens is in contact with the inner surface of the annular light
reflector treated with plasma cleaning, the position and vol-
ume of the convex lens is defined by the resin positioning
space, the ratio of the weight of the convex lens to the area of
the resin positioning area is a predetermined value.

[0006] Patent Document 1: JP 2010-003994 A

[0007] Patent Document 2: JP 2011-014860 A

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] In general, the light extraction efficiency of a light
emitting device tends to become the highest when the surface
of'its sealing member is formed in a spherical shape approxi-
mately centered at a light emitting element. However, in order
to control the height of the sealing resin, the lighting device
and its manufacturing method disclosed in Patent Document
1 require high processing accuracy to form the edge of the
guard. Since such accuracy cannot be achieved by simple
methods such as metallic molding, the height of the sealing
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resin tends to be variable. As a result, the light extraction
efficiency of the light emitting device tends to be variable.
Meanwhile, in the LED packaging structure and its manufac-
turing method disclosed in Patent Document 2, the surface
shape of the convex lens is limited to a convex shape that
makes an angle not more than a material-specific contact
angle with the top horizontal surface of the annular light
reflector, which results in insufficient light extraction effi-
ciency.

[0009] The present invention has been made in view of the
above-mentioned circumstances, and an object thereof is to
provide a light emitting device having high light extraction
efficiency, and a method for manufacturing the light emitting
device.

Means for Solving the Problems

[0010] A first method for manufacturing a light emitting
device according to the present invention, includes: forming a
sealing member for sealing a light emitting element on a base
body by dropping, the base body including a conductive
member for connecting to the light emitting element, and a
molding integrally molded with the conductive member; the
sealing member being formed such that at least a part of a
periphery of the sealing member is located on an outward
surface of the conductive member or the molding, the out-
ward surface facing outward in a top view.

[0011] A firstlight emitting device according to the present
invention, which is manufactured principally by the first
method, includes:

[0012] alight emitting element;

[0013] a base body including a conductive member con-
nected to the light emitting element and a molding integrally
molded with the conductive member; and

[0014] a sealing member for sealing the light emitting ele-
ment, at least a part of a periphery of the sealing member
being located on an outward surface of the conductive mem-
ber or molding, the outward surface facing outward in a top
view and making an angle of approximately an contact angle
or less to the outward surface or to a tangent plane of the
outward surface at a contact point between the outward sur-
face and the periphery of the sealing member.

[0015] A second method for manufacturing a light emitting
device according to the present invention, includes:

[0016] afirst step of forming a protrusion at an outer side of
an light emitting element on an upper surface of a wiring
substrate on which the light emitting element is mounted; and
[0017] asecond step of forming a sealing member for seal-
ing the light emitting element by dropping the sealing mem-
ber is formed such that at least a part of a periphery of the
sealing member is located on an outward surface of the pro-
trusion, the outward surface facing outward in a top view.
[0018] A second light emitting device according to the
present invention, which is manufactured principally by the
second method, includes:

[0019] a light emitting element;

[0020] awiring substrate having an upper surface on which
the light emitting element is mounted including a protrusion
located at an outer side of the light emitting element on the
upper surface where the light emitting element is mounted;
and

[0021] a sealing member for sealing the light emitting ele-
ment, at least a part of a periphery of the sealing member
being located on an outward surface of the protrusion, the
outward surface facing outward in a top view, and making an
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angle of approximately an contact angle or less to the outward
surface or to a tangent plane of the outward surface at a
contact portion between the outward surface and the periph-
ery of the sealing member.

[0022] As used herein, the term “upper surface” refers to
the surface of a light emitting device where light emission is
observed. Further, the phrase “a horizontal surface of a light
emitting device in a top view” refers to a surface perpendicu-
lar to a light axis of a light emitting device (the light axis can
be defined as an axis perpendicular to an upper surface of a
light emitting element or a surface where the light emitting
element is mounted).

[0023] Theterm “outward” or “outer side” refers to a direc-
tionaway from a light emitting element in a top view ofa light
emitting device. Similarly, the term “inward” or “inner side”
refers to a direction toward a light emitting element in a top
view of a light emitting device.

[0024] The term “outward surface” of a molding, a conduc-
tive member or a protrusion means that the normal vector of
the surface of the molding, conductive member or protrusion
(also referred to as molding etc.) includes an outward com-
ponent. If an outward surface is curved, the term “outward
surface” means that the normal vector of a tangent plane of the
surface of the molding, a conductive member or a protrusion
atthe contact with the periphery of a sealing member includes
an outward component.

[0025] The term “approximately a contact angle or less”
means that an angle is substantially equal to the contact angle
or narrower than the contact angle.

[0026] Inthe first and second manufacturing methods of the
present invention, the surface of the sealing member is shaped
by the action of the surface tension of a fluid sealing member
before curing which is in fluidized condition. Accordingly,
the lower the wettability of the fluid sealing member to the
surface of the molding etc. is (i.e. the broader the contact
angle is), the higher the height of the sealing member is (the
height basically refers to the distance from the surface where
the light emitting element is mounted to the surface of the
sealing member along the light axis of the light emitting
device). However, according to the present invention, the
molding etc. has an outward surface, and since the periphery
of the sealing member is positioned on the outward surface,
the apparent contact angle can be increased by the inclination
angle of the outward surface. As a result, the height of the
sealing member can be increased. Furthermore, by adjusting
the inclination angle of the outward surface, the height of the
sealing member can be precisely adjusted.

[0027] The first and second light emitting devices of the
present invention can be manufactured by the above manu-
facturing methods. Therefore, the sealing members of the
light emitting devices have small variation in height. Further,
since the above manufacturing methods enable adjustment of
the height of the sealing member, the light emitting devices
can be provided with the sealing member that has a surface
shape suitable for enhancing the light extraction efficiency.

Effects of the Invention

[0028] According to the manufacturing methods of the
light emitting device of the present invention, the surface of
the sealing member can be easily formed in a high convex
shape, which allows for low-cost manufacture of light emit-
ting devices having high light extraction efficiency. Further,
in the light emitting devices of the present invention, the high
convex surface of the sealing member improves the usage
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efficiency of the light toward the front surface of the light
emitting devices, resulting in high light extraction efficiency
of the light emitting devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
FIG. 1B is a schematic cross sectional view taken along line
A-A of FIG. 1A.

[0030] FIGS. 2A-2E illustrate a method for manufacturing
a light emitting device according to an embodiment of the
present invention, FIG. 2A showing a molding that is molded
integrally with a conductive member to form a base body,
FIG. 2B showing a light emitting element mounted on the
base body, FIG. 2C showing a sealing member in a fluidized
condition being dropped on the base body, FIG. 2D showing
the sealing member being solidified by heating, cooling or the
like, and FIG. 2E showing a plate cut into individual light
emitting devices.

[0031] FIGS. 3A-3F illustrate a relationship between the
solid surface and the surface shape of'a droplet on the surface,
FIG. 3A showing a droplet placed on a flat surface of a solid,
FIG. 3B showing a situation where the surface of the solid is
inclined, FIG. 3C showing a situation in which a surface ofa
droplet rises from an outward surface of the solid that faces
outward, FIG. 3D showing a situation where the surface of the
solid is a convex curved surface, FIG. 3E showing a situation
where the droplet is located just at an engular edge of the
solid, and FIG. 3F showing a situation where the solid has a
rounded convex curve at an edge thereof.

[0032] FIG. 4A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
and FIG. 4B is a schematic cross sectional view taken along
the line B-B in FIG. 4A.

[0033] FIG. 5A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
and FIG. 5B is a schematic cross sectional view taken along
the line C-C of FIG. 5A.

[0034] FIG. 6A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
FIG. 6B is a cross sectional views taken along the line D-D of
FIG. 6A, and FIG. 6C is a cross sectional views taken along
the line E-E of FIG. 6A.

[0035] FIG. 7A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
and FIG. 7B is a schematic cross sectional view taken along
the line F-F of FIG. 7A.

[0036] FIG. 8A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
and FIG. 8B is a schematic cross sectional view taken along
the line G-G of FIG. 8A.

[0037] FIGS. 9A-9E illustrate a method for manufacturing
a light emitting device according to an embodiment of the
present invention, FIG. 9A showing light emitting elements
mounted on a wiring substrate, FIG. 9B showing a protrusion
provided on an upper surface of the wiring substrate, FIG. 9C
showing a sealing member in a fluidized condition being
dropped on the base body, FIG. 9D showing the sealing
member being cured by heating, cooling or the like, and FIG.
9E showing the wiring substrate cut into individual light
emitting elements.

[0038] FIG. 10A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
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and FIG. 10B is a a schematic cross sectional view taken
along the line H-H of FIG. 10A.

[0039] FIG.11A is a schematic top view of a light emitting
device according to an embodiment of the present invention,
and FIG. 11B is a schematic cross sectional view taken along
the line J-J of FIG. 11A.

[0040] FIGS. 12A-12D illustrate a method for manufactur-
ing a light emitting device according to an embodiment of the
present invention, FIG. 12A showing light emitting elements
mounted on a wiring substrate, FIG. 12B showing a fluid
sealing member dropped on a base body, FIG. 12C showing
the sealing member being cured by heating, cooling or the
like, and FIG. 12D showing the wiring substrate and sealing
member cut between light emitting elements so as to separate
individual light emitting devices.

[0041] FIG. 13A is a schematic cross sectional view of a
light emitting device according to an example of the present
invention, and FIG. 13B is a schematic cross sectional view of
a light emitting device according to a Comparative Example.

MODE FOR CARRYING OUT THE INVENTION

[0042] Embodiments of the present invention will be
described with reference to the accompanying drawings. It is
understood that the light emitting devices and the manufac-
turing methods thereof described below are merely embodi-
ments of the technical idea of the present invention, and the
present invention is not limited to the following devices and
methods unless otherwise specified. The size, positional rela-
tionship and the like of the components illustrated in the
drawings may be drawn with some exaggerations for descrip-
tive reasons.

First Embodiment

[0043] FIG. 1A is a schematic top view of a light emitting
device according to a first embodiment, and FIG. 1B is a
schematic cross sectional view taken along line A-A of FIG.
1A. The light emitting device 100 of FIG. 1 includes a light
emitting element 10, a base body 30 including a conductive
member 20 that is connected to the light emitting element 10
and amolding 25 that is integrally formed with the conductive
member 20, and a sealing member 40 for sealing the light
emitting element 10.

[0044] Inmore detail, the base body 30 is a package includ-
ing the conductive member 20 that is composed of a pair of
positive and negative lead frames and the resin molding 25
that is integrally holds the conductive member. The base body
30 has a recess 31 on the upper surface. A part of the bottom
surface of the recess 31 is defined by a part of the surface of
the conductive member 20. The light emitting element 10 is
an LED chip that is pasted on the bottom surface of the recess
31 of the base body by an adhesive (not shown) and is con-
nected to the conductive member 20 by wires. The sealing
member 40 is a sealing resin that is provided to cover the light
emitting element 10 inside the recess 31 ofthe base body. The
sealing member 40 may contain a phosphor or a diffuser.

[0045] As illustrated in FIG. 1B, the surface of the sealing
member 40 bulges upward from the base body 30 to be a
convex. Hereinafter, the part of the structural surface of the
base body 30 from which the surface 45 of the sealing mem-
ber rises, i.e. where the periphery of the sealing member 40 is
positioned, is referred to as a “sealer rising surface 37”. In the
embodiment, at least a part of, preferably all of the sealer
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rising surface 37 is composed of an outward surface 38 that
faces outward in a top view of the base body 30.

[0046] FIGS. 2A through 2E are schematic cross sectional
views illustrating a method for manufacturing the light emit-
ting device of the first embodiment. The light emitting device
100 of FIG. 1 is manufactured through the following steps. It
is understood that the method for manufacturing the light
emitting device of the present invention may be any method
as long as it involves the step of forming the sealing member
on the body where the light emitting element is mounted, and
the manufacturing method described below is merely an
example.

[0047] First, as illustrated in FIG. 2A, the molding 25 is
molded integrally with the conductive member 20, so as to
form the base body 30. Specifically, a plate composed of a
plurality of the conductive members 20 is sandwiched with
upper and lower metal molds having a predetermined shape.
To the gap between the metal molds, the fluid material of the
molding 25 which is in fluidized condition (liquid, sol or
slurry state) is injected, and then solidified. Thereafter, the
molding 25 is released from the metal molds. A plurality of
base bodies 30 connected to each other are thus obtained.

[0048] Then, as illustrated in FIG. 2B, the light emitting
element 10 is mounted on the base body 30. Specifically, the
light emitting element 10 is pasted on the base body 30 by an
adhesive, and is further connected to the conductive member
20 by wires.

[0049] Then, as illustrated in FIGS. 2C and 2D, the sealing
member 40 is formed on the base body 30. Particularly in the
present invention, the sealing member is formed by a dripping
(potting). A dripping method is a low-cost molding method
that does not require a molding machine or a metal mold
comparing to compression molding, transfer molding, injec-
tion molding and cast molding. Specifically, the fluid sealing
member 40 which is in fluidized condition (liquid, sol or
slurry) is dropped on the base body 40 using a dispenser or the
like so as to cover the light emitting element 10. Then, the
sealing member 40 is directly solidified by heating, cooling or
the like. In this step, the sealing member 40 is formed such
that the outward surface 38 serves as at least a part of the
sealer rising surface 37. In other words, the sealing member
40 is formed such that at least a part of the surface 45 rises
from the outward surface 38 of the body 30.

[0050] As mentioned below, the tangent line of the surface
45 of the sealing member 40 (at the contact point between the
outward surface 38 and the periphery of the sealing member
40) makes an angle of approximately the contact angle with
the outward surface 38. The “contact angle” is dependent on
the physical properties of the fluid sealing member 40 before
curing and the outward surface 38.

[0051] While the sealing member 40 is being cured, the
base body 30 may be flipped over, i.e. the upper surface of the
base body 30 where the sealing member 40 is dropped may
face downward. By doing so, the fluid sealing resin 40 can
hang down by gravity while the sealing resin 40 is being
cured. As a result, the surface of the sealing member 40 can
bulge higher by the action of gravity. In this case, the angle
between the tangent line of the surface 45 of the sealing
member and the outward surface 38 can be narrower than the
contact angle since the sealing resin 40 hangs down by grav-

1ty.
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[0052] Lastly, as illustrated in FIG. 2E, the plate is cut into
individual light emitting devices 100. Alternatively, the plate
may be cut into individual base bodies 30 before forming the
sealing member 40.

[0053] In the lighting device of Patent Document 1, the
surface of the sealing resin rises from the upper surface of the
guard that is horizontal or elevated from the front side toward
the back side along the flow direction of the resin (i.e. the
upper surface faces inward). Also, in the LED packaging
structure of Patent Document 2, the surface of the convex lens
rises from the inner-side surface of the annular light reflector.
As mentioned above, a skilled person would generally design
the process of forming a sealing member by dropping such
that the fluid sealing member does not run out of the guard for
holding back the sealing member. However, in such pro-
cesses, the surface of the sealing member can be only formed
in a flat convex, which results in insufficient light extraction
efficiency.

[0054] In contrast, in the present invention, since the seal-
ing member is formed on the base body in the above-men-
tioned way, the surface of the sealing member can be formed
in a high convex comparatively stably, which results in suffi-
ciently high light extraction efficiency. That is, as a result of
diligent study, the present inventors got an idea that the sur-
face of a sealing member rises from the outward surface of a
base body, which was contrary to the conventional idea. This
was a secret key to achieve comparatively stable molding of
the high convex surface of the sealing member, and the
present invention was thus made. The principle thereof will
be described below.

[0055] FIGS. 3A thorough 3F are schematic cross sectional
views for describing a relationship between the solid surface
and the surface shape of'a droplet on the surface. As illustrated
in FIG. 3A, when a droplet L is placed on a flat surface of a
solid S, the surface thereof takes a convex curved shape that
makes an angle of the contact angle 6 (degree) with the
surface of the solid S by the action of its surface tension. The
contact angle 6 is defined as the angle between the tangent
line of the surface of the droplet L. and the surface of the solid
S at the contact point between the surface (periphery) of the
droplet L and the solid S (the angle at the side including the
droplet ). The contact angle 0 is determined by the surface
tensions of the materials of the droplet L. and solid S. That is,
any certain combination of a solid S and droplet L has its
intrinsic contact angle.

[0056] The surface tension yL of the droplet L, the surface
tension yS of the solid S and the interfacial tension ySL
between the droplet L and the solid S satisfy the following
equation (Young’s equation).

Vs ¥se
YL

Ys =7Ysi +yLcosd or cosd = [Equation 1]

[0057] As a way to increase the height h of the droplet L,
consider asituation where the surface of the solid S is inclined
at an angle of o (degree) relative to the horizontal plane as
illustrated in FIG. 3B. In this situation, the droplet L retains
the contact angle of approximately 0 relative to the inclined
surface of the solid S, while an apparent contact angle relative
to the horizontal plane becomes approximately 6+a. Accord-
ingly, if the surface of the droplet L rises from an outward
surface of the solid S that faces outward in a top view as
illustrated in FIG. 3C, it becomes possible to increase the
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height h of the droplet L. If the surface of the solid S is a
convex curved surface as illustrated in FIG. 3D, a plane (also
referred to as “tangent plane”) that is in contact with the
surface of the solid S at the contact point between the solid S
and the periphery of the droplet L can be regarded as the
reference surface. In the illustrated example, since the tangent
plane is inclined at an angle of [ (degree) relative to the
horizontal plane, the apparent contact angle of the droplet L
becomes approximately 6+ relative to the horizontal plane.

[0058] Ifthe droplet L is located just at an angular edge of
the solid S as illustrated in FIG. 3E, the droplet L sometimes
cannot cross over the edge until its actual contact angle with
the horizontal upper surface of the solid S reaches the sum of
the intrinsic contact angle 6 and the down slope angle ¢
(degree) of the outward surface of the edge (inclination angle
relative to the upper surface), which is called the “pinning
effect of wetting”. In this case, the droplet L can make any
contact angle between 0 and 8+€. Accordingly, this “pinning
effect of wetting” can be utilized to increase the height of the
droplet L. However, since the droplet L is comparatively
unstable in such condition, controlling the height of the drop-
let L by use of this effect results in broad variation of the
height. Furthermore, controlling the height of the droplet L by
use of this effect requires high processing accuracy of the
edge as mentioned above. In contrast, in the case as illustrated
in FIG. 3C where the surface of the droplet L rises from the
outward surface of the solid S, the droplet L is comparatively
stable since it makes an angle of approximately the intrinsic
contact angle 0 with the outward surface of the solid S, which
allows for stable duplication of a desired height. If the solid S
has a rounded convex curve R at an edge thereof as illustrated
in FIG. 3F, such gradual transit from the upper surface to the
outward surface of the solid S suppresses the “pinning effect
of'wetting”, which allows for smooth transfer of the droplet LL
to the outward surface.

[0059] Ifthe droplet L is made of the fluid sealing member
40 before curing and the solid S is the base body 30 as
mentioned above, the contact angle 08 of the sealing member
40 is determined by the surface tension of the sealing member
40, the surface tension of the base body 30 on which the
periphery of the sealing member 40 is positioned, and the
interfacial tension between the sealing member 40 and the
base body 30. In this case, by placing the periphery of the
sealing member 40 on the outward surface 38, it becomes
possible to increase the angle of the tangent line of the surface
45 of the sealing member (at the contact point between the
outward surface 38 and the periphery of the sealing member)
relative to the horizontal plane over the contact angle 6,
although the angle of the tangent line of the surface 45 of the
sealing member relative to the outward surface 38 remains
approximately the contact angle 6. That is, if the sealing
member 40 is formed such that the outward surface 38 serves
as at least a part of the sealer rising surface 37, the surface 45
of the sealing member easily rises from the outward surface
38 in the vertical direction. This facilitates forming the sur-
face of the sealing member 40 in a high convex shape, pref-
erably a convex curved shape, more preferably an approxi-
mate spherical shape. Furthermore, such surface shapes can
be duplicated stably. As a result, light emitting devices having
high light extraction efficiency can be manufactured at low
cost.

[0060] Further, in order to form the high convex surface of
the sealing member, a low-surface tension coating may be
provided on the entire upper surface of the base body before
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dropping the sealing member. However, since the coating is
present on the entire interface between the base body and the
sealing member in this case, it may largely degrade the adhe-
sion between the base body and the sealing member. In con-
trast, in the embodiment, the sealing member is basically in
direct contact with the surface of the base body. This produces
strong adhesion between the base body and the sealing mem-
ber, and thereby offers high reliability of the light emitting
device. In particular, since the surface of the sealing member
rises from the outward surface of the base body, the outward
surface act to lock the periphery of the sealing member on the
base body, which further enhances the adhesion between the
base body and the sealing member.

[0061] In the followings, preferred embodiments of the
base body 30 and the sealing member 40 will be described in
detail.

[0062] Inthe light emitting element 100 of FIG. 1, the base
body 30 is provided with a protrusion 33. In addition to the
protrusion 33, the base body 30 of this embodiment is par-
ticularly provided with a groove 35. In other words, the pro-
trusion 33 is defined by the groove 35. Since the base body 30
has the protrusion 33 or the groove 35, the outward surface 38
can be positioned at the inner side of an end face of an outmost
of'the base body 30. Then, at least a part of the surface 45 of
the sealing member can rise from the outward surface 38 of
the protrusion 33 or the groove 35. This prevents the sealing
member 40 from leaking out of the base body 30, and facili-
tates stably forming the surface 45 of the sealing member into
a high convex at the inner side of the end face of the outmost
of the base body 30. Furthermore, this also prevents the
exposed part of the conductive member 20, which serves as an
external connector, from being contaminated by the leaked
sealing member 40. Thus, it is preferred that the base body is
provided with the protrusion or the groove and the outward
surface of the protrusion or the groove serves as at least a part
of'the sealer rising surface. If the base body includes both the
protrusion and the groove, the protrusion and the groove may
be separated from each other. Further, the protrusion or the
groove of the base body may be omitted, and the outward
surface which is the end face of the outmost of the base body
may serve as all of or at least a part of the sealer rising face.

[0063] In the light emitting device 100 of FIG. 1, the out-
ward surface 38 of the protrusion 33 or the groove 35 is
lower-side surface continuing from a convex curved surface.
Now, consider a situation when the fluid sealing member
dropped on the base body is just reaching the edge between
the outward surface and the surface continuing from its upper
side. If the outward surface is a flat plane that inflects against
the surface continuing from the upper side of the outward
surface, the sealing member is once accumulated on the sur-
face continuing from the upper side of the outward surface by
the action of the above-mentioned “pinning effect of wet-
ting”. Then, when the sealing member crosses over the edge,
it radically flows due to its own weight and may break its
surface shape. However, since the outward surface of the base
body includes a convex curved surface at the top part, it
suppresses the “pinning effect of wetting” as mentioned
above and leads the sealing member smoothly to the outward
surface. This facilitates stably forming the high convex sur-
face of the sealing member 40. In this case, either the convex
curved surface or a surface continuing from the lower side of
the convex curved surface of the outward surface 38 may
serve as at least a part of the sealer rising surface 37. Thus, it
is preferred that the outward surface 38 is the convex curved
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surface, or the lower-side surface continuing from the convex
curved surface. If the outward surface 38 is defined by the
molding 25, the convex curved surface at the top part of the
outward surface 38 can prevent the molding 25 from biting to
a metal mold to cause chipping, which results in improved
moldability of the molding 25.

[0064] As mentioned above, the broader the inclination
angle () of the outward surface 38 relative to the approxi-
mately horizontal upper surface of the base body 30 is, the
higher the surface of the sealing member 40 can bulge. How-
ever, if the base body 30 is molded by using a metal mold, it
is preferred that the inclination angle (o) of the outward
surface 38 is not more than 90 degrees in view of the releas-
ability of the base body 30 from the metal mold. Thus, the
inclination angle (o) of the outward surface 38 that serves as
the sealer rising surface 37 is preferably 45 to 90 degrees,
more preferably 70 to 90 degrees.

[0065] In the light emitting device 100 of FIG. 1, at least a
part of the inward surface 391 of the protrusion 33 facing
inward in a top view of the base body includes a convex
curved surface at the top part thereof. Now, consider a situa-
tion when the fluid sealing member dropped on the base body
is reaching the edge between the inward surface of the base
body and a surface continuing from the upper side of the
inward surface. If the inward surface is a flat plane that
inflects against the surface continuing from the upper side of
the inward surface, the sealing member is once accumulated
on the inward surface by the action of the above-mentioned
“pinning effect of wetting”. Then, when the sealing member
crosses over the edge, it radically flows due to its own weight
and may break its surface shape. However, since the inward
surface 391 of the base body 30 includes a convex curved
surface at the top part, it suppresses the “pinning effect of
wetting” as mentioned above and leads the sealing member
40 smoothly to the surface continuing from its upper side and
further to the outward surface 38. This facilitates stably form-
ing the high convex surface of the sealing member 40. Thus,
in the structural surface of the base body 30, it is preferred that
a convex curved surface is formed at the top part of all of or at
least a part of the inward surface 391 that is located at the
inner side of the sealer rising surface 37 and surfaces inward
in a top view of the base body.

[0066] In the light emitting device 100 of FIG. 1, the pro-
trusion 33 and the groove 35 have an exact circular shape in a
top view of the base body 30, and surround the light emitting
element 10. The protrusion 33 or the groove 35 serves to
provide the outward surface 38 where the surface 45 of the
sealing member rises, and also serves as a barrier to hold back
the fluid sealing member 40. For this reason, it is preferred
that the protrusion or the groove is formed in a frame shape
that surrounds the light emitting element. With the frame
shape, the protrusion 33 or the groove 35 easily holds back the
sealing member 40 and increases the proportion of the out-
ward surface 38 of the protrusion 33 or the groove 35 in the
sealer rising surface 37, which facilitates forming the high
convex surface of the sealing member 40. Furthermore, the
surface 45 of the sealing member tends to be formed so as to
bridge between protrusions or grooves, which results in
improved symmetry of the surface shape of the sealing mem-
ber 40. In particular, it is preferred that the protrusion 33 or the
groove 35 is formed in a loop shape in a top view of the base
body 30, more preferably an oval shape, yet more preferably
exact circular shape. This allows for less distortion of the
convex surface of the sealing member 40, which makes it
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easier to improve the light extraction efficiency and allows for
highly symmetrical light distribution. Further, it is preferred
that the protrusion 33 or the groove 35 is approximately
centered on the light emitting element 10, because this
improves the symmetry of the light distribution. As the barrier
to hold back the fluid sealing member, the protrusion is pre-
ferred to the groove.

[0067] In the light emitting device 100 of FIG. 1, the base
body 30 has a recess 31, and the protrusion 33 and the groove
35 are placed inside the recess 31. The sealing member 40 is
also placed inside the recess 31. Thus, it is preferred that the
base body has a recess in which the light emitting element is
mounted, and the sealer rising surface is located inside the
recess. The recess 31 of the base body 30 prevents the sealing
member 40 from flowing out of the base body 30, which
facilitates forming the sealing member 40 in the recess 31.
Further, providing the sealing member 40 inside the recess 31
can reduce the size of the device. The molding 25 that defines
the recess 31 serves as a barrier to protect the sealing member
40 from damages due to external force and contamination by
dust. Furthermore, the inner wall surface of the recess 31
serves as a reflecting mirror that reflects the light emitted from
the light emitting element 10 toward the front surface of the
device (upward from the base body 30), which results in
enhanced front light intensity of the light emitting device. In
particular, these advantageous effects are remarkable when
the surface of the sealing member is entirely positioned inside
the top surface with the opening of the recess.

[0068] In the light emitting device 100 of FIG. 1, at least a
part of the sealer rising surface 37 is located on the outward
surface 38 of the groove 35. The groove 35 has an inward
surface 392 being opposed to the outward surface 38. In the
embodiment, the inward surface 392 can also be regarded as
a part of the inner wall surface of the recess 31. Thus, it is
preferred that the base body has an inward surface that faces
inward in a top view of the base body, and the inward surface
is placed at the outer side of the outward surface on which the
sealer rising surface is located. The inward surface 392 and/or
the bottom surface between the inward surface and the out-
ward surface 38 can reflect the light emitted from the periph-
ery of the sealing member 40 on the outward surface 38 of the
base body 30 toward the front surface of the device so that the
light is effectively extracted. It is particularly preferred that
the inward surface 392 which is opposed to the outward
surface 38 on which at least a part of the sealer rising surface
37 is located is inclined or curved to spread upward. This
shape can effectively reflect the light emitted from the periph-
ery of the sealing member 40 on the outward surface 38 of the
base body 30 toward the front surface of the device. This
shape is also preferred in terms of the above-mentioned
releasability of the base body 30 from a metal mold. Further,
it is preferred that the inward surface 392, which is opposed to
the outward surface 38 that serves as the sealer rising surface
37, has approximately the same height as, more preferably
higher than the outward surface 38. This shape can easily
reflect the light emitting from the periphery of the sealing
member 40 on the outward surface 38 of the base body 30
toward the front surface of the device. However, it is practi-
cally difficult to form such inward surface 392 if the sealing
member is molded by using a molding machine or a metal
mold because it interferes with the molding machine or metal
mold.
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Second Embodiment

[0069] FIG. 4A is a schematic top view of a light emitting
device according to a second embodiment, and FIG. 4B is a
schematic cross sectional view taken along line B-B of FIG.
4A. The light emitting device 200 of FIG. 4 includes a light
emitting element 10, a base body 30 including a conductive
member 20 connected to the light emitting element 10 and a
molding 25 integrally molded with the conductive member
20, and a sealing member 40 for sealing the light emitting
element 10.

[0070] Inmore detail, the base body 30 is a package includ-
ing the conductive member 20 that is composed of a pair of
positive and negative lead frames and the resin molding 25
that integrally holds the conductive member. The base body
30 has a recess 31 on the top side. A part of the bottom surface
of the recess 31 is defined by a part of the surface of the
conductive member 20. The light emitting element 10 is an
LED chip that is pasted on the bottom surface of the recess 31
of'the base body by an adhesive (not shown) and is connected
to the conductive member 20 by wires. The sealing member
40 is a sealing resin that is provided inside the recess 31 of the
base body to cover the light emitting element 10.

[0071] In the light emitting device 200 of FIG. 4, the base
body 30 is provided with a first protrusion 331 and a second
protrusion 332 placed at the outer side of the first protrusion
331. In addition to these protrusions, the base body 30 of the
embodiment is particularly provided with a first groove 351
and a second groove 352 placed at the outer side of the first
groove 351. In other words, the first and second protrusions
are defined by the first and second grooves respectively. Thus,
it is preferred that the base body is provided with the first
protrusion or the first groove and the second protrusion or the
second groove at the outer side of the first protrusion or
groove, and the outward surface of any of the first and second
protrusions and the first and second grooves serves as at least
a part of the sealer rising surface. Since the base body 30 is
provided with a plurality of protrusions 331 and 332 or a
plurality of grooves 351 and 352, a plurality of outward
surfaces 38 are defined at the inner side of the outermost end
face of the base body 30. Then, at least a part of the surface 45
of'the sealing member can rise from the outward surface 38 of
any of the protrusions 331 and 332 and the grooves 351 and
352. This offers options of the outward surface 38 that serves
as the sealer rising surface when the sealing member 40 is
formed on the base body 30 by dropping, and thereby the size
of'the sealing member 40 can be adjusted while the surface of
the sealing member 40 is formed in a high convex. Further, it
is preferred that the first protrusion 331 or the first groove 351
is positioned at the inner side of wire connection parts of the
conductive member 20 to which the wires are connected. This
prevents the wire connection parts of the conductive member
20 from being contaminated by the leaked adhesive of the
light emitting element 10, and thereby can prevent poor con-
nection of the wires. The first protrusion 331 or the first
groove 351 may be provided to the conductive member 20 by
press molding, metallic molding or the like.

[0072] Inthelight emitting device 200 of FIG. 4, the sealing
member 40 includes a first sealing portion 401 for sealing the
light emitting element 10 and a second sealing portion 402 for
sealing the first sealing portion 401. The first sealing portion
401 is formed such that in the structural surface of the base
body 30, the outward surface 38 of the first protrusion 331 or
the first groove 351 serves as at least a part of a first sealer
rising surface 371 from which the surface 451 of the first
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sealing portion rises. The second sealing portion 402 is
formed such that in the structural surface of the base body 30,
the outward surface 38 of the second protrusion 332 or the
second groove 352 serves as at least a part of a second sealer
rising surface 372 from which the surface 452 of the second
sealing portion rises. With this structure, the surface of each
sealing portion (layer) can be formed in high convex com-
paratively stably, although the sealing member 40 is formed
through a plurality of separate steps. As a result, light reflec-
tion on the interface between the two sealing portions can be
suppressed, which makes it easier to improve the light extrac-
tion efficiency. The sealing portions may be made of the same
material and accordingly have the same refractive index.
However, if the refractive indexes of the sealing portions
come close to the refractive index of the air in a stepwise
fashion, such structure can not only efficiently extract the
light from the light emitting element 10 into the sealing mem-
ber 40 but also suppress light reflection on the interface
between the two sealing portions, which results in further
improved light extraction efficiency. Thus, it is preferred that
the second sealing portion 402 has lower refractive index than
the first sealing portion 401. The second sealing portion 402
may be formed after the first sealing portion 401 is completely
cured. However, forming the second sealing portion 402 on
the uncured or half-cured first sealing portion 401 can
enhance the adhesion between the first sealing portion 401
and the second sealing portion 402. Further, since the first
sealing portion 401 is an inner region of the sealing member
40, it may be formed by use of the above-mentioned “pinning
effect of wetting”. In this case, the surface 451 of the first
sealing portion 401 rises from an end edge of the upper
surface, i.e. the boundary with the outward surface 38 of the
first protrusion 331 or the first groove 351 of the base body 30.
As for the inward surface of the groove 351 that is opposed to
the outward surface 38, the above-mentioned preferred fea-
tures of the inward surface 392 may be employed for the first
sealing portion 401.

[0073] Inthelight emitting device 200 of FIG. 4, the sealing
member 40 contains a phosphor 50 only in the first sealing
portion 401. The phosphor 50 is excited by the light emitted
from the light emitting element 10. Because the wavelength
conversion and diffusion by the phosphor 50 occur only
inside the first sealing portion 401, i.e. in the vicinity of the
light emitting element 10 in the sealing member 40, this
structure allows for smaller size of the light source with
respect to the surface of the sealing member compared to a
device with a phosphor dispersed approximately all over the
sealing member 40, which results in improved light extrac-
tion efficiency. Furthermore, since the surface of the first
sealing portion 401 can be formed in a high convex in this
embodiment, the first sealing portion 401 has small variation
in light path length in different directions, which allows for
the light emission with approximately uniform chromaticity
despite the phosphor 50 dispersed in the first sealing portion
401. In the first sealing portion 401, the phosphor 50 may be
deposited or a dispersant may be contained.

[0074] In the light emitting device 200 of FIG. 4, the out-
ward surface 38 of the first protrusion 331 or the first groove
351 includes a flat surface at the top part. While it is the most
preferred that the outward surface 38 includes a convex
curved surface at the top part in order to suppress the “pinning
effect of wetting” as mentioned above, the top part may also
be a flat surface that makes a descending slope (inclination
angle) of preferably 45 degrees or less, more preferably 30
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degrees or less with an upper flat surface continuing from the
outward surface. This makes a comparatively blunt edge
between the adjacent two flat surfaces, and thereby sup-
presses accumulation of the sealing member 40 by the action
of the “pinning effect of wetting”. As a result, the sealing
member 40 is comparatively smoothly led to the outward
surface 38. As used herein, “the upper flat surface continuing
from the outward surface” may be either approximately hori-
zontal upper surface or outward surface of the base body 30.
That is, the outward surface 38 may be composed of a plural-
ity of flat surfaces, a lower flat surface of which makes a
descending slope of preferably 45 degrees or less, more pref-
erably 30 degrees or less to an upper flat surface thereof.

Third Embodiment

[0075] FIG. 5A is a schematic top view of a light emitting
device according to a third embodiment, and FIG. 5B is a
schematic cross sectional view taken along line C-C of FIG.
5A. The light emitting device 300 of FIG. 5 includes light
emitting elements 10, a base body 30 including a conductive
member 20 connected to the light emitting elements 10 and a
molding 25 integrally molded with the conductive member
20, and a sealing member 40 for sealing the light emitting
element 10.

[0076] Inmore detail, the base body 30 is a package includ-
ing the conductive member 20 that is composed of a pair of
positive and negative lead frames and the resin molding 25
that integrally holds the conductive member. The base body
30 has a recess 31 on the upper surface. A part of the bottom
surface of the recess 31 is defined by a part of the surface of
the conductive member 20. The light emitting elements 10 are
aplurality of LED chips that are pasted on the bottom surface
of'the recess 31 of the base body by an adhesive (not shown),
and are connected to the conductive member 20 by wires. The
sealing member 40 is a sealing resin provided on the base
body 30 to cover the light emitting elements 10.

[0077] In the light emitting device 300 of FIG. 5, the base
body 30 is provided with a protrusion 33 placed at the outer
side ofthe recess 31. The protrusion 33 or a groove at the outer
side of the recess 31 allows for a larger sealing member 40
whose sealer rising surface 37 is at least partially composed of
an outward surface 38 of the protrusion or the groove, which
makes it easier to improve the light extraction efficiency.
Furthermore, this structure allows for a simple shape and a
large opening of the recess 31 so that the entire inner wall
surface can serve as a reflecting mirror, which makes it easier
to improve the light extraction efficiency. As a result, high
light extraction efficiency can be easily achieved even if the
light source is comparatively large or if the base body is
comparatively small. Particularly in the embodiment, the
sealing member 40 is formed through two separate steps, and
contains a phosphor 50 only in the lower layer, i.e. a first
sealing portion 401. The phosphor 50 is excited by the light
emitted from the light emitting element 10. The first sealing
portion 401 covers all of the light emitting elements 10, and
fills the recess 31 up to approximately the upper opening
plane thereof. This allows the first sealing portion 401 to serve
as a surface light source. The first sealing portion 401 may
contain a dispersant. Meanwhile, the upper layer, i.e. asecond
sealing portion 402, is formed such that the outward surface
38 of the protrusion 33 serves as at least a part of its sealer
rising surface 37, and thereby having a high convex surface 45
(452). This allows for high luminous flux of the light emitting
device.
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[0078] In the light emitting device 300 of FIG. 5, the pro-
trusion 33 is placed along the periphery of the recess 31, and
has a rounded square frame shape in a top view of the base
body 30. In a top view of the base body, it is preferred that the
protrusion or the groove is rounded at least at the corners or at
the entire part such as an exact circular shape as illustrated in
the first and second embodiments. If the protrusion or the
groove has sharp corners in a top view of the base body, they
cause distortion of the surface of the sealing member around
the corners. However, by rounding at least the corners of the
protrusion 33 or the groove in a top view of the base body 30,
the surface of the sealing member 40 can be formed in a
comparatively smooth convex shape while occurrence of
such distortion is suppressed, which makes it easier to
improve the light extraction efficiency. The protrusion or the
groove is not necessarily placed along the periphery of the
recess in a top view of the base body. For example, a ring
protrusion or groove may be provided around a rectangular
recess.

[0079] In the light emitting device 300 of FIG. 5, a coating
60 having a critical surface tension of 50 mN/m or less is
formed only on the outward surface 38 of the base body 30
that serves as the sealer rising surface 37 and on the structural
surface at the outer side of the outward surface 38. When the
fluid sealing member 40 is shaped as illustrated in FIG. 2C,
the smaller the surface tension of the outward surface 37
(solid S of FIG. 3) of the base body (the molding 25 in FIG. 2)
is, the broader the contact angle of the sealing member 40 (the
contact angle 0 of the droplet L of FIG. 3) is. To take advan-
tage of this, the coating having a smaller surface tension is
formed only on the outward surface of the base body that
serves as the sealer rising surface, or only on the outward
surface of the base body that serves as the sealer rising surface
and on the structural surface at the outer side of the outward
surface before the sealing member is dropped on the base
body. With this structure, the surface of the sealing member
canrise from the outward surface more easily. As a result, this
facilitates forming the high convex surface of the sealing
member 40, which makes it easier to improve the light extrac-
tion efficiency. Further, by limiting the area of the coating 60
as mentioned above, the sealing member 40 is in direct con-
tact with the surface of the base body 30 at the inner side of the
outward surface 38, which provides strong adhesion between
the base body 30 and the sealing member 40. It is preferred
that the molding 25 is made of a material having a critical
surface tension of more than 50 mN/m, because it requires
high cohesive force to ensure solder heat resistance and high
adhesion to the sealing member 40. Thus, it is preferred that
the coating 60 is made of a material having a critical surface
tension of 50 mN/m or less. Exemplary materials of the coat-
ing 60 include fluororesins, silicone materials, and the like.
Among them, silicone oil is preferred since it is absorbed into
the sealing member during its curing process and causes less
degradation of the adhesion with the base body.

Fourth Embodiment

[0080] FIG. 6A is a schematic top view of a light emitting
device according to a fourth embodiment, and FIGS. 6B and
6C are schematic cross sectional views taken along line D-D
and line E-E of FIG. 6 A. The light emitting device 400 of FIG.
6 includes a light emitting element 10, a base body 30 includ-
ing a conductive member 20 connected to the light emitting
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element 10 and a molding 25 integrally molded with the
conductive member 20, and a sealing member 40 for sealing
the light emitting element 10.

[0081] Inmore detail, the base body 30 is a package includ-
ing the conductive member 20 that is composed of a pair of
positive and negative lead frames and the resin molding 25
that integrally holds the conductive member. The base body
30 has a recess 31 on the upper surface. A part of the bottom
surface of the recess 31 is defined by a part of the surface of
the conductive member 20. The conductive member 20
includes terminals for external connection that extend out on
an end face of the molding 25. The light emitting element 10
is an LED chip that is pasted on the bottom surface of the
recess 31 of the base body by an adhesive (not shown), and is
connected to the conductive member 20 by wires. The sealing
member 40 is a sealing resin that is provided on the base body
30 to cover the light emitting element 10.

[0082] The above-mentioned light emitting devices of the
first to third embodiments have a mounting surface on the
lower surface (back surface) of the base body 30. In contrast,
the light emitting device 400 of FIG. 6 has a mounting surface
on an end face (side surface) of the base body 30. In the
mounted position, the direction approximately perpendicular
to the end face of the mounting surface (the y-direction in the
figure) corresponds to the thickness (height) direction. For
example, the light emitting device 400 of such type is used for
a backlight light source of liquid crystal displays, and is
installed on the side of a light guide panel. In order to make
the device thinner, the shape of the base body 30 is shorter in
height and longer in width in a top view, and a recess 31 has
a similar shape accordingly. Further, in order to increase the
light extraction efficiency, it is required the recess 31 has a
large opening. For this reason, there are little spaces for
forming a protrusion or a groove at the top and bottom sides
of the peripheral part of the recess 31 of the base body 30.
However, there are enough spaces for forming a protrusion or
a groove at the lateral sides (in the x-direction in the figure) of
the peripheral part of the recess 31 of the base body 30, i.e. on
the left and right sides of the recess 31. For this reason, the
light emitting device 400 of the embodiment is provided with
linear protrusions 33 that extend in the height direction and
are placed on the left and right sides of the recess 31 in a top
view of the base body 30. Then, the sealing member 40 is
formed such that the outward surface 38 of the protrusions 33
serves as at least a part of its sealer rising surface 37. As a
result, the surface of the sealing member 40 can be formed in
a high convex shape at least in the lateral direction, which
results in improved light extraction efficiency.

[0083] As mentioned above, a protrusion or a groove may
also have a strip shape beside a frame shape. This facilitates
reducing the size of a protrusion or a groove, and thereby
facilitates providing an outward surface in a smaller area at
the inner side of the outermost end faces of the base body. In
this case, it is preferred that at least two protrusions or grooves
are provided to sandwich the light emitting element. With this
structure, the surface of the sealing member tends to be
formed so as to bridge between the protrusions or the grooves,
which results in improved symmetry of the surface shape of
the sealing member. Further, a plurality of protrusions or
grooves may be provided separately from each other in a
shape like a dotted line, or may be scattered.
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Fifth Embodiment

[0084] FIG. 7A is a schematic top view of a light emitting
device according to a fifth embodiment, and FIG. 7B is a
schematic cross sectional view taken along line F-F of FIG.
7A. The light emitting device 500 of FIG. 7 has approxi-
mately the same structure as the above-mentioned light emit-
ting device of the fourth embodiment, except for the shapes of
the recess 31 and the protrusions 33. In the above-mentioned
light emitting device of the fourth embodiment, the recess 31
has a rectangular shape in a top view, which is advantageous
for forming the large opening of the recess 31. In contrast, in
the light emitting device 500 of FIG. 7, the recess 31 has a
shape of a rectangle with semicircles on the both sides (left
and right sides) (i.e. oval shape) in a top view. The protrusions
33 are provided around the recess 31 of the base body 30, and
have a curved strip shape along the periphery ofthe semicircle
parts. Thus, even when a protrusion or a groove is a strip, it is
preferred that the protrusion or the groove is rounded at the
corners or at the entire part in a top view of the base body 30.
This suppress occurrence of distortion of the surface of the
sealing member 40, and thereby allows for the comparatively
smooth convex surface of the sealing member 40, which
makes it easier to improve the light extraction efficiency.

Sixth Embodiment

[0085] FIG. 8A is a schematic top view of a light emitting
device according to a sixth embodiment, and FIG. 8B is a
schematic cross sectional view taken along line G-G of FIG.
8A. The light emitting device 600 of FIG. 8 includes light
emitting elements 10, a base body 30 including a wiring
substrate 22 where the light emitting elements 10 is mounted
and a protrusion 34 provided on the upper surface of the
wiring substrate 22, and a sealing member 40 for sealing the
light emitting element 10.

[0086] Inmore detail, the base body 30 includes the wiring
substrate 22 that includes lead electrodes on the upper surface
and the protrusion 34 that is a molding of white resin formed
in a frame shape on the upper surface of the wiring substrate
22. The light emitting elements 10 are a plurality of LED
chips that are pasted at the inner side of the protrusion 34 on
the upper surface of the wiring substrate 22 by an adhesive
(not shown), and are connected to the lead electrodes by
wires. The sealing member 40 is a sealing resin that is pro-
vided on the base body 30 to cover the light emitting elements
10. Particularly in the embodiment, the sealing member 40 is
composed of two portions, and contains a phosphor only in
the lower layer, i.e. a first sealing portion 401. The phosphor
50 is excited by the light emitted from the light emitting
elements 10. The first sealing portion 401 covers all of the
light emitting elements 10, and fills up to approximately the
top of the protrusion 34. This makes the first sealing portion
401 serve as a surface light source. The first sealing portion
401 may contain a diffuser.

[0087] As illustrated in FIG. 8B, the surface of the sealing
member 40, more specifically the surface of a second sealing
portion 402 of the upper layer, bulges upward from the base
body 30 to be a convex. In the embodiment, at least a part of,
preferably all of its sealer rising surface 37 is composed of an
outward surface 27 of the protrusion 34 that faces outward in
atop view.

[0088] FIGS. 9A through 9E are schematic cross sectional
views illustrating an exemplary manufacturing method of the
light emitting device of the sixth embodiment. The light emit-
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ting device 600 of FIG. 8 is manufactured through the fol-
lowing steps. It is understood that the manufacturing method
of the light emitting device of the present invention may be
any method as long as it involves at least a first step of
providing the protrusion on the upper surface of the wiring
substrate where the light emitting elements are mounted so as
to form the base body and a second step of forming the sealing
member for sealing the light emitting elements, and the fol-
lowing manufacturing method is merely an example thereof.
[0089] First, as illustrated in FIG. 9A, the light emitting
elements 10 are mounted on the wiring substrate 22. Specifi-
cally, the light emitting elements 10 are pasted on the wiring
substrate 22 by an adhesive, and are connected to the lead
electrodes of the wiring substrate 22 by wires. In this method,
a composite board is employed for the wiring substrate 22,
from which a plurality of light emitting devices can be pro-
duced.

[0090] Then, as illustrated in FIG. 9B, the protrusion 34 is
provided on the upper surface of the wiring substrate 22 so as
to form the base body 30. Specifically, the fluid material
which is in fluidized condition (liquid, sol or slurry) of the
protrusion 34 is dropped on the upper surface of the wiring
substrate 22 to draw a frame surrounding the light emitting
elements 10, and then the fluid material is cured by heating,
cooling or the like. The mounting step of the light emitting
elements and the forming step of the protrusion may be car-
ried out in the reverse order.

[0091] Then, as illustrated in FIGS. 9C and 9D, the sealing
member 40 is formed on the base body 30. In the present
invention, the sealing member is particularly formed by drop-
ping (potting). A dropping method is a low-cost molding
method that does not require a molding machine or a metal
mold compared to compression molding, transfer molding,
injection molding and cast molding. Further, a dropping
method can prevent deformation of the wires since the mate-
rial of the sealing member does not flow much during forma-
tion of the sealing member. Specifically, the fluid sealing
member 40 which is in fluidized condition (liquid, sol or
slurry) is dropped on the base body 30 to cover the light
emitting elements 10 using a dispenser or the like, and then
the sealing member 40 is directly cured by heating, cooling or
the like. In this step, the sealing member 40 is formed such
that the outward surface 27 of the protrusion 34 serves as at
least a part of its sealer rising surface 37. In other words, the
sealing member 40 is formed such that at least a part of its
surface 45 rises from the outward surface 27 of the protrusion
34.

[0092] As mentioned above, the tangent line of the surface
45 of the sealing member 40 (at the contact point between the
outward surface 27 and the periphery of the sealing member
40) makes an angle of approximately the contact angle with
the outward surface 27.

[0093] Inthe embodiment, the material of the first sealing
portion 401 containing the phosphor 50 is dropped on the
inside of the protrusion 34, and then the material of the second
sealing portion 402 is dropped thereon. The second sealing
portion 402 may be formed after the first sealing portion 401
is completely cured. However, forming the second sealing
portion 402 on the uncured or half-cured first sealing portion
401 can enhance the adhesion between the first sealing por-
tion 401 and the second sealing portion 402.

[0094] While the sealing member 40 is being cured, the
base body 30 may be flipped over, i.e. the upper surface of the
base body 30 where the sealing member 40 is dropped may
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face vertically downward. By doing so, the fluid sealing resin
40 can hang down by gravity while the sealing resin 40 is
being cured. As a result, the surface of the sealing member 40
can bulge higher by the action of gravity. In this case, the
angle between the tangent line of the surface 45 of the sealing
member and the outward surface 38 can be less than the
contact angle since the sealing resin 40 hangs down by grav-
ity.

[0095] Lastly, asillustrated in FIG. 9E, the wiring substrate
22 (composite board) is cut into the individual light emitting
elements 600. Alternatively, the base body 30 may be divided
into individual pieces before forming the sealing member 40,
or the wiring substrate 22 may be originally separated as a
single light emitting device.

[0096] Inthe present invention, providing the sealing mem-
ber on the base body as mentioned above allows for compara-
tively stable formation of the high convex surface of the
sealing member, which results in sufficiently improved light
extraction efficiency.

[0097] Given the droplet L is made of the fluid sealing
member 402 before curing and the solid S is made of the base
body 30, the contact angle 0 of the sealing member 402 is
determined by the surface tension of the sealing member 402,
the surface tension of the base body 30 (specifically, the
protrusion 34) on which the periphery of the sealing member
402 is positioned and the interfacial tension between the
sealing member 402 and the base body 30 (protrusion 34). In
this case, by placing the periphery of the sealing member 402
on the outward surface 27 of the protrusion 34, the angle of
the tangent line of the surface 45 of the sealing member (at the
contact point between the outward surface 27 and the periph-
ery of the sealing member) relative to the horizontal plane can
be increased over the contact angle 0, although the angle of
the tangent line of surface 45 of the sealing member relative to
the outward surface 27 remains approximately the contact
angle 0. That is, since the sealing member 40 is formed such
that the outward surface 27 of the protrusion 34 serves as at
least a part of the sealer rising surface 37, the surface 45 of the
sealing member easily rises from the outward surface 27 in
the vertical direction. This facilitates forming the surface of
the sealing member 40 in a high convex shape, preferably a
convex curved shape, more preferably an approximate spheri-
cal shape. Furthermore, such surface shapes can be dupli-
cated stably. As a result, light emitting devices having high
light extraction efficiency can be manufactured at low cost.

[0098] Further, in order to form the high convex surface of
the sealing member, a low-surface tension coating may be
provided on the entire upper surface of the base body before
dropping the sealing member. However, since the coating is
present at the entire interface between the base body and the
sealing member in this case, it may largely degrade the adhe-
sion between the base body and the sealing member. In con-
trast, in the embodiment, since the sealing member is basi-
cally in direct contact with the surface of the base body, it
produces strong adhesion between the base body and the
sealing member, which offers high reliability of the light
emitting device. In particular, since the surface of the sealing
member rises from the outward surface of the base body, the
outward surface act to lock the periphery of the sealing mem-
ber on the protrusion, which further enhance the adhesion
between the base body and the sealing member.

[0099] Preferred embodiments of the protrusion 34 and the
sealing member 40 will be described in detail below.
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[0100] In the light emitting element 600 of FIG. 8, the
outward surface 27 of the protrusion 34 has a convex curved
shape. Now, consider a situation when the fluid sealing mem-
ber dropped on the base body is reaching the edge between the
outward surface of the protrusion and a surface continuing
from the upper side of the outward surface. If the outward
surface of the protrusion is a flat surface that inflects against
the surface continuing from the upper side of the outward
surface, the sealing member is once accumulated on the sur-
face continuing from the upper side of the outward surface by
the action of the above-mentioned “pinning effect of wet-
ting”. Then, when the sealing member crosses over the edge,
it radically flows due to its own weight and may break its
surface shape. In contrast, if the outward surface of the pro-
trusion includes a convex curved surface at the top part, it
suppresses the “pinning effect of wetting” as mentioned
above and leads the sealing member smoothly to the outward
surface. This facilitates stably forming the high convex sur-
face of the sealing member 40. In this case, at least a part of
the sealer rising surface 37 may be either a convex curved
surface, or a surface continuing from the lower side of the
convex curved surface of the outward surface 27. Thus, it is
preferred that the outward surface 27 is a convex curved
surface, or a lower-side surface continuing from the convex
curved surface. If the protrusion 34 is formed using a metal
mold, the convex curved surface at the top part of the outward
surface 27 of the protrusion 34 can prevent the protrusion 34
from biting to a metal mold to cause chipping, which results
in improved moldability of the protrusion 34.

[0101] In the light emitting element 600 of FIG. 8, the
inward surface 29 of the protrusion 34 that faces inward in a
top view has a convex curved shape. Now, consider a situation
when the fluid sealing member dropped on the base body is
reaching the edge between the inward surface of the protru-
sion and a surface continuing from the upper side of the
inward surface. I[f the inward surface of the protrusion is a flat
surface that inflects against the surface continuing from the
upper side of the inward surface, the sealing member is once
accumulated on the inward surface by the action ofthe above-
mentioned “pinning effect of wetting”. Then, when the seal-
ing member crosses over the edge, it may radically flow due
to its own weight to run over the outward surface. However,
since the inward surface 29 of the protrusion 34 includes a
convex curved surface at the top part, it suppresses the “pin-
ning effect of wetting” as mentioned above and leads the
sealing member 40 smoothly to the surface continuing from
its upper side and further to the outward surface 27. This
facilitates stably forming the high convex surface of the seal-
ing member 40. Thus, in the structural surface of the base
body 30, it is preferred a convex curved surface is provided at
the top part of all of or at least a part of the inward surface 29
that is located at the inner side of the sealer rising surface 37
and faces inward in a top view of the base body.

[0102] In the light emitting device 600 of FIG. 8, the pro-
trusion 34 is formed in a ring shape surrounding the light
emitting elements 10 in a top view. The protrusion 34 serves
to provide the outward surface 27 from which the surface 45
of the sealing member rises, as well as serves as a barrier to
hold back the fluid sealing member 40. For this reason, it is
preferred that the protrusion is formed in a frame shape sur-
rounding the light emitting elements. The frame shape of the
protrusion 34 facilitates holding back the sealing member 40
and increases the proportion of the outward surface 27 of the
protrusion 34 in the sealer rising surface 37, which makes it
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easier to form the high convex surface of the sealing member
40. Further, the surface 45 of the sealing member tends to be
formed so as to bridge between the protrusions, which results
in improved symmetry of the surface shape of the sealing
member 40. In particular, it is preferred that the protrusion 34
is formed in a loop shape in a top view of the base body 30,
more preferably an oval shape, yet more preferably an exact
circular shape. This allows for less distortion of the convex
surface of the sealing member 40, which makes it easier to
improve the light extraction efficiency and allows for highly
symmetrical light distribution. Further, it is preferred that the
protrusion 34 is approximately centered on the light emitting
elements 10, because this improves the symmetry of the light
distribution.

Seventh Embodiment

[0103] FIG.10A is a schematic top view of a light emitting
device according to a seventh embodiment, and FIG. 10B is a
schematic cross sectional view taken along line H-H of FIG.
10A. The light emitting device 700 of FIG. 10 includes a light
emitting element 10, a base body 30 including a wiring sub-
strate 22 where the light emitting device 10 is mounted and a
protrusion 34 provided on the upper surface of the wiring
substrate 22, and a sealing member 40 for sealing the light
emitting element 10.

[0104] Inmore detail, the base body 30 includes the wiring
substrate 22 including lead electrodes on the upper surface,
and further includes a first protrusion 341 and a second pro-
trusion 342 on the outer side of the first protrusion 341 both of
which are provided on the upper surface of the wiring sub-
strate 22. The first and second protrusions 341 and 342 are
moldings of white resin that are previously molded in a pre-
determined shape, and are pasted on the upper surface of the
wiring substrate 22 by an adhesive. The light emitting ele-
ment 10 is a single LED chip that is pasted at the inner side of
the protrusion 34 on the upper surface of the wiring substrate
22 by an adhesive (not shown) and is connected to the wiring
substrate by wires. The sealing member 40 is a sealing resin
that is provided on the base body 30 to cover the light emitting
element 10.

[0105] Inthelight emitting device 700 of FIG. 10, at least a
part of the surface of the sealing member 40, i.e. at least a part
of'the surface 452 of a second sealing portion 402, rises from
an outward surface 27 of the second protrusion 342. Thus, it
is preferred that the first protrusion and the outer second
protrusion are provided on the wiring substrate in the first
step, and then the outward surface of either first or second
protrusion serves as at least a part of the sealer rising surface
in the second step. A plurality of protrusions 341 and 342 on
the wiring substrate 22 provide a plurality of outward surfaces
27 at the inner side of the end face of the outmost of the wiring
substrate 22. Then, the at least a part of surface 45 of the
sealing member can rises from the outward surface 27 of
either protrusion 341 or 342. This offers options of the out-
ward surfaces 27 for the sealer rising surface when the sealing
member 40 is formed on the base body 30 by dropping, and
the size of the sealing member 40 can be adjusted while the
surface of the sealing member 40 is formed in a high convex.
Further, the first protrusion 341 may be positioned at the outer
side of wire connection parts of lead electrodes of the wiring
substrate 22 to which wires are connected. This prevents
distortion of the surface shape of the sealing member 40 due
to the wires. On the contrary, the first protrusion 341 may be
positioned at the inner side of the wire connection parts of the
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lead electrodes of the wiring substrate 22 to which the wires
are connected. This prevents the wire connection parts of the
wiring substrate 22 from being contaminated by the leaked
adhesive for the light emitting element 10, and thereby pre-
vents poor connection of the wires.

[0106] In the light emitting device 700 of FIG. 10, the
sealing member 40 includes a first sealing portion 401 for
sealing the light emitting element 10 and the second sealing
portion 402 for sealing the first sealing portion 401. The first
sealing portion 401 is formed such that in the structural sur-
face of the base body 30, the outward surface 27 of the first
protrusion 341 serves as at least a part of a first sealer rising
surface 371 from which the surface 451 of the first sealing
portion rises. The second sealing portion 402 is formed such
that among the structural surface of the base body 30, the
outward surface 27 of the second protrusion 342 serves as at
least a part of a second sealer rising surface 372 from which
the surface 452 of the second sealing portion rises. This
structure allows for comparatively stable formation of the
surface of each sealing portion (layer), although the sealing
member 40 is formed through a plurality of separate steps. As
a result, light reflection on the interface between the two
sealing portions can be suppressed, which makes it easier to
improve the light extraction efficiency. The sealing portions
may be made of the same material and thereby have the same
refractive index. However, if the refractive indexes of the
sealing portions comes close to the refractive index of the air
in a stepwise fashion, such structure can not only efficiently
extract the light from the light emitting element 10 into the
sealing member 40 and but also suppress light reflection on
the interface of the two sealing portions, which results in
further improved light extraction efficiency. Thus, it is pre-
ferred that the second sealing portion 402 has lower refractive
index than the first sealing portion 401. The second sealing
portion 402 may be formed after the first sealing portion 401
is completely cured. However, forming the second sealing
portion 402 on the uncured or half-cured first sealing portion
401 can enhance the adhesion between the first sealing por-
tion 401 and the second sealing portion 402. Alternatively,
since the first sealing portion 401 is an inner region of the
sealing member 40, it may be formed by use of the above-
mentioned “pinning effect of wetting”. In this case, the sur-
face 451 of the first sealing portion 401 rises from an end edge
of the upper surface, which is the boundary to the outward
surface 27 of the first protrusion 341.

[0107] In the light emitting device 700 of FIG. 10, the
sealing member 40 contains a phosphor 50 only in the first
sealing portion 401. The phosphor 50 is excited by the light
emitted from the light emitting element 10. Because the
wavelength conversion and diffusion by the phosphor 50
occur only inside the first sealing portion 401, i.e. in the
vicinity of the light emitting element 10 in the sealing mem-
ber 40, this structure allows for smaller size of the light source
with respect to the surface of the sealing member comparing
to the case where the phosphor is dispersed approximately
over the sealing member 40, which results in improved light
extraction efficiency. Furthermore, since the surface of the
first sealing portion 401 can be formed in a high convex in this
embodiment, light path length in the first sealing portion 401
has small variation among different directions, which allows
for approximately uniform chromaticity of the light emission
although the phosphor 50 is dispersed in the first sealing
portion 401. In the first sealing portion 401, the phosphor 50
may be deposited or a dispersant may be contained.
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[0108] In the light emitting device 700 of FIG. 10, the
outward surface 27 of the first protrusion 341 includes a flat
surface at the top part. While it is the most preferred that the
outward surface 27 of the protrusion includes a convex curved
surface at the top part in order to suppress the “pinning effect
of'wetting” as mentioned above, the top part may also be a flat
surface that makes a descending slope (inclination angle) of
preferably 45 degrees or less, more preferably 30 degrees or
less with another flat surface continuing from the upper side
of the outward surface. This makes a comparatively blunt
edge between the adjacent two flat surfaces, and thereby
suppresses accumulation of the sealing member 40 by the
action of the “pinning effect of wetting”. As a result, the
sealing member 40 is comparatively smoothly flown to the
outward surface 27 of the protrusion. As used herein, “the flat
surface continuing from the upper side of the outward sur-
face” may be either approximately horizontal upper surface
or outward surface of the protrusion. That is, the outward
surface 27 of the protrusion may be composed of a plurality of
flat surfaces each of which makes descending slope of pref-
erably 45 degrees or less, more preferably 30 degrees or less
with the surface continuing from the upper side thereof.

[0109] In the light emitting device 700 of FIG. 10, the
outward surface 27 of the second protrusion 342 makes an
acute angle with the upper surface of the wiring substrate 22
(the angle at the outside of the protrusion). In the other word,
the outward surface 27 of the second protrusion 342 is
inclined so as to face with the upper surface of the wiring
substrate 22. As mentioned above, the broader the inclination
angle () of the outward surface 27 relative to the approxi-
mately horizontal upper surface of the base body 30 is, the
more easily the surface of the sealing member 40 is formed in
high convex. Further, the shape and material of the protrusion
on the wiring substrate can be selected from wide choices,
because it can be previously formed as an independent com-
ponent separated from the wiring substrate. Furthermore, the
edge thereof can be processed with high precision. This facili-
tates forming the protrusion having an acute angle between
the outward surface of the protrusion and the upper surface of
the wiring substrate, which makes it easier to form the high
convex surface of the sealing member 40. The outward sur-
face of the protrusion that serves as the sealer rising surface
makes an angle of preferably 30 to 135 degrees, more pref-
erably 45 to 90 degrees with the upper surface of the wiring
substrate (the angle at the outside of the protrusion). With
such an angle, the surface of the sealing member can be easily
formed in a high convex, which makes it easier to improve the
light extraction efficiency.

[0110] In the light emitting device 700 of FIG. 10, the
second protrusion 342 has a rounded square frame shape in a
top view. In the top view, it is preferred that the protrusion is
rounded at least at the corners or at the entire part such as a
ring shape as illustrated in the sixth embodiment. If the pro-
trusion has sharp corners in a top view of the base body, they
cause distortion of the surface of the sealing member around
the corners. However, by rounding at least the corners of the
protrusion, the surface of the sealing member can be formed
in a comparatively smooth convex while occurrence of such
distortion is suppressed, which makes it easier to improve the
light extraction efficiency.

[0111] Inthelight emitting device 700 of FIG. 10, a coating
60 having a critical surface tension of 50 mN/m or less is
formed on the outward surface 27 of the second protrusion
342 that serves as the sealer rising surface 372. When the fluid
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sealing member 402 is shaped as illustrated in FIG. 9C, the
smaller the surface tension of the outward surface 27 (solid S
of FIG. 3) of the protrusion 34 is, the broader the contact angle
of'the sealing member 402 (the contact angle 6 of the droplet
L of FIG. 3) is. To take advantage of this, the coating having
asmaller surface tension, specifically having a critical surface
tension of 50 mN/m or less, is formed only on the outward
surface of the base body that serves as the sealer rising surface
or on the outward surface of the base body that serves as the
sealer rising surface as well as the structural surface of the
base body at the outer side of the outward surface before the
sealing member is formed on the base body by dropping. With
this structure, the surface of the sealing member can rise from
the outward surface more easily. As a result, this facilitates
forming the high convex surface of the sealing member 40,
which makes it easier to improve the light extraction effi-
ciency. Further, by limiting the area of the coating 60 as
mentioned above, the sealing member 40 is in direct contact
with the surface of the base body 30 at the inner side of the
outward surface 27, which produces high adhesion between
the base body 30 and the sealing member 40. Exemplary
materials of the coating 60 include silicone oil, paraffin
hydrocarbons, higher alcohols, higher fatty acids, silicone
resins, fluororesins, polyolefin resins, polynorbornene reins
and the like. Among them, silicone oil is preferred since it is
absorbed into the sealing member during the curing process
of the sealing member and causes less degradation of the
adhesion with the base body.

[0112] The number of the protrusions is not particularly
limited. Further, another protrusion may be left at the outer
side of the sealer ring surface after the sealing member is
formed on the base body. For example, as illustrated by the
dash-dot line in FIG. 10, a third protrusion 343 may be further
provided at the outer side of the second protrusion 342 on the
wiring substrate 22. In this case, the inward surface of the
third protrusion 343 is opposed to the outward surface 27 of
the second protrusion 342 that serves as the sealer rising
surface 372. With this structure, the inward surface of the
third protrusion 343 can reflect the light emitted from the
periphery of the sealing member on the outward surface 27 of
the second protrusion 342 toward the front surface of the
device, which allows for effective extraction of the light. It is
particularly preferred that the inward surface, which is
opposed to the outward surface that serves as the sealer rising
surface, is inclined or curved such that it spreads upward. This
shape can effectively reflect the light emitted from the periph-
ery of the sealing member positioned on the outward surface
of the protrusion toward the front surface of the device. Fur-
ther, it is preferred that the inward surface, which is opposed
to the outward surface that serves as the sealer rising surface,
has approximately the same height as, more preferably higher
than the opposed outward surface. This shape can easily
reflect the light emitting from the periphery of the sealing
member on the outward surface of the base body toward the
front surface of the device.

[0113] In the light emitting device 700 of FIG. 10, one
sealing portion (the first sealing portion 401) is embedded
inside another sealing portion (the second sealing portion
402). However, the present invention is not limited thereto,
and if there are a plurality of sets of a protrusion and a sealing
portion whose surface rises at least partially from the outward
surface of the corresponding protrusion, a plurality of sealing
portions may be embedded inside one sealing portion. For
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example, a plurality of inner sealing portions may respec-
tively seal red, green and blue light emitting elements.

Eighth Embodiment

[0114] FIG.11A is a schematic top view of a light emitting
device according to an eighth embodiment, and FIG. 11B is a
schematic cross sectional view along the J-J line of FIG. 11A.
The light emitting device 800 of FIG. 11 includes a light
emitting element 10, a base body 30 including a wiring sub-
strate 22 where the light emitting element 10 is mounted and
protrusions 34 provided on the upper surface of the wiring
substrate 22, and a sealing member 40 for sealing the light
emitting element 10. In more detail, the base body 30 includes
the wiring substrate 22 that is provided with lead electrodes
on the upper surface and the protrusions 34 that are moldings
of' white resin and are placed on both lateral sides of the light
emitting element 10 on the upper surface of the wiring sub-
strate 22 extending linearly in the height direction (y-direc-
tion in the figure). The light emitting element 10 is a single
LED chip that is located at the inner side of the protrusions 34
on the upper surface of the wiring substrate 22, and is pasted
on the lead electrodes by a conductive adhesive. Further, a
coating member (first coating member) 70 is provided under
the light emitting element 10, i.e. between the light emitting
element 10 and the wiring substrate 22. The coating member
70 is made of white resin. This coating member can reflect the
light emitted downward from the light emitting element 10 to
efficiently extract it upward.

[0115] As illustrated by the dashed line in FIG. 11B, the
light emitting device 800 of the embodiment may include a
wavelength converter 55 that is placed on the light emitting
element 10 and contains a phosphor to be excited by the light
emitted from the light emitting element 10. For example, the
wavelength converter 55 is a plate that is pasted on the upper
surface of the light emitting element 10.

[0116] Further, as illustrated by the dashed line in FIG.
11B, the light emitting device 800 of the embodiment may
include a coating member (second coating member) 75 that
covers the upper surface of the wiring substrate 22 around the
light emitting element 10. The coating member 75 may be
provided in various coating forms. The coating member 75
covers at least a part of the upper surface of the wiring sub-
strate 22. If the coating member 75 is made of light reflecting
material such as white material, it can prevent the light emit-
ted from the light emitting element 10 from being absorbed by
the wiring substrate 22, which results in improved light
extraction efficiency. For this reason, it is preferred that the
coating member 75 is placed at the inner side of the protrusion
34, in particular at the inner side of the protrusion 34 that
serves as the sealer rising surface 37, but the coating member
75 may also be placed at the outer side of the protrusion 34. If
there are a plurality of protrusions, the coating member 75
may be placed between the protrusions. Further, if the coating
member 75 is made of a material having gas barrier properties
higher than the sealing member 40 and covers the lead elec-
trodes, it can prevent the lead electrodes from being discol-
ored by corrosive gas, which facilitates maintaining the high
light extraction efficiency. Alternatively, the coating member
75 may be placed covering the side surfaces of the light
emitting element 10, leaving the upper surface of the light
emitting element 10 exposed. Further, the coating member 75
may be placed covering the side surfaces of the light emitting
element 10 and wavelength converter 55, leaving the upper
surface of the wavelength converter 55 exposed. In these
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cases, if the coating member 75 is made of light reflecting
material, it can define a light source whose main light extract-
ing surface is the upper surface of the light emitting element
10 or the upper surface of the wavelength converter 55.
[0117] The sealing member 40 is a sealing resin that is
provided on the base body 30 to cover the light emitting
element 10 (the complex light source if the device includes
the wavelength reflector 55). At least a part of the surface of
the sealing member 40 is a convex cross-sectional shape that
rises from the outward surface 27 of the lateral protrusions 34
along a plane perpendicular to the y-direction (x-z plane), and
has a rectangular cross-sectional shape whose lateral sides
approximately flush with the respective end faces of the wir-
ing substrate 22 along a plane parallel to the y-direction (y-z
plane). That is, the sealing member 40 is formed in an
approximately semicircular column having such surface
shape. As mentioned above, although the protrusions 34
extend in a strip shape, at least a part of the surface 45 of the
sealing member rises from the outward surfaces 27 of the
protrusions 34 so that the surface of the sealing member 40
has a high convex cross-sectional shape along a plane perpen-
dicular to the extending direction (y-direction), which results
in improved light extraction efficiency.

[0118] As mentioned above, the protrusion may be formed
in a strip shape besides a frame shape. This shape allows for
smaller shape of the protrusion, and the outward surface can
be easily formed in a small area at the inner side of the
outermost end face of the wiring substrate. In this case, the
number of the protrusion may be one, but it is preferred that at
least two protrusions are provided sandwiching the light emit-
ting element. With this structure, the surface of the sealing
member tends to be formed so as to bridge between the
protrusions, which results in improved symmetry of the sur-
face shape of the sealing member. Further, a plurality of
protrusions may be provided separately from each other in a
shape like a dashed line, or may be scattered.

[0119] FIGS. 12A to 12D are schematic views illustrating
an exemplary manufacturing method of the light emitting
element according to the eighth embodiment, each of which
includes a top view and a cross sectional view along the
dash-double-dot line. The light emitting device 800 of FIG.
11 is manufactured through the following steps.

(First Step)

[0120] First, as illustrated in FIG. 12A, the light emitting
elements 10 are mounted on the wiring substrate 22. Specifi-
cally, the light emitting elements 10 are pasted on the lead
electrodes of the wiring substrate by a conductive adhesive. In
this case, it is preferred that a plurality of the light emitting
elements 10 are aligned in one direction (the y-direction in the
figure), but the number of the light emitting elements 10 may
be one. The number of row may be one or plural. In the
method, a composite wiring substrate is employed for the
wiring substrate 22, from which a plurality of light emitting
devices can be produced.

[0121] Next, the protrusions 34 are formed on the upper
surface of the wiring substrate 22 so as to form the base body
30. Specifically, a fluid material of the protrusions 34 is
dropped on the upper surface of the wiring substrate 22 to
draw a predetermined shape, and then the material is solidi-
fied. In this step, the protrusions 34 are formed in a strip shape
extending approximately parallel to the alignment of the light
emitting elements 10 (the y-direction in the figure). The pro-
trusions 34 are formed on the both sides of the light emitting
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elements 10. As used herein, the term “strip shape” includes
apartially strip shape such as frame shape. The mounting step
of the light emitting elements and the forming step of the
protrusion may be carried out in a reverse order.

(Second Step)

[0122] Next, as illustrated in FIGS. 12B and 12C, the seal-
ing member 40 is formed on the base body 30 by dropping.
Specifically, the fluid sealing member 40 is dropped on the
base body 30 using a dispenser or the like to cover the light
emitting elements 10, and then the sealing member 40 is
cured by heating, cooling or the like. In this step, the sealing
member 40 is formed such that the outward surface 27 of the
protrusion 34 serves as at least a part of its sealer rising
surface 37. In other words, the sealing member 40 is formed
such that at least a part of'its surface 45 rises from the outward
surface 27 of the protrusion 34. Further, it is preferred that the
sealing member 40 is formed so as to bridge between the
protrusions 34 on the both sides in order to improve the
symmetry of its surface shape. While the sealing member 40
is being cured, the base body 30 may be flipped over as
illustrated in the figure, i.e. the upper surface of the wiring
substrate 22 where the sealing member 40 is dropped may
face vertically downward. By doing so, the surface of the
sealing member 40 can bulge higher by the action of gravity.
In particular, the surface of the sealing member 40 can be
formed extending long in the vertical direction, which allows
for satisfactory light distribution and high light intensity of
the light emitting device. In order to form the high convex
surface of the sealing member, this curing step in such posi-
tion is particularly suitable for an inclined protrusion whose
outward surface is opposed to the upper surface of the wiring
substrate, such as the second protrusion 342 of the seventh
embodiment, because the protrusion can hold comparatively
a large amount of sealing member. It is understood that the
sealing member 40 may be cured in normal position, i.e. with
the upper surface of the wiring substrate 22 facing vertically
upward.

(Third Step)

[0123] Lastly, as illustrated in FIG. 12D, the wiring sub-
strate 22 and the sealing member 40 are cut between the light
emitting elements so as to separate the individual light emit-
ting devices 800. In this step, it is preferred that the wiring
substrate 22 and the sealing member 40 are cut in the direction
approximately perpendicular to the alignment of the light
emitting elements 10. Through the above-mentioned steps,
the light emitting devices 800 of FIG. 11 can be manufactured
with high productivity.

[0124] The wiring substrate 22 and the sealing member 40
may be cut at any position. In this method, they are cut so that
one light emitting device includes one light emitting element,
but they are cut so that one light emitting device includes a
plurality of light emitting elements. Further, when the side
protrusions 34 are open as illustrated in the figure, since the
sealing member 40 tends to have distortion at the end parts in
the direction approximately parallel to the extending direc-
tion of the protrusions 34, such end parts may be removed.
Alternatively, the wiring substrate 22 and the sealing member
40 may not be cut so as to manufacture a comparatively large
light emitting device.

[0125] Besides the linear shape, the strip protrusions 34
may be formed in a curved shape such as curved line shape
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and wavy shape. In this case, it is preferred that the light
emitting elements 10 are located adjacent to the outward
bulges of the wavy shape. With this arrangement, the surface
of the sealing member 40 can partially have a convex cross-
sectional shape also along a plane approximately parallel to
the alignment of the light emitting elements 10, which makes
easier to improve the light extraction efficiency. It is more
preferred that the protrusions 34 are placed approximately
symmetrically across the light emitting elements 10.

[0126] Hereinafter, each component of the light emitting
devices of the present invention will be described.

(Light Emitting Element 10)

[0127] The light emitting element may be a semiconductor
light emitting element such as LED and LD. The light emit-
ting element may be any element as long as it is made of a
semiconductor element structure of any type with a pair of
positive and negative electrodes. It is particularly preferred
that the light emitting element is made of a nitride semicon-
ductor (In, Al Ga, , N, 0=x, Oy, x+y=1) that can effec-
tively excite a phosphor. Besides, the light emitting element
may be made of a gallium-arsenic or gallium-phosphorus
semiconductor that emits green to red light. If the pair of
positive and negative electrodes are provided on the same
side, the light emitting element may be mounted face-up in
which the electrodes are connected to the conductive member
or the lead electrodes of the wiring substrate by wires, or it
may be mounted face-down (flip-chipped) in which the elec-
trodes are connected to the conductive member or the lead
electrodes of the wiring substrate by a conductive adhesive.
Alternatively, the light emitting element may have an oppo-
site electrode structure, i.e. the pair of positive and negative
electrodes may be provided respectively on the opposite
sides. By providing a metal layer of silver, aluminum or the
like or a dielectric reflecting film on the mounting surface of
the light emitting element, the light extraction efficiency can
be improved. The number of light emitting element mounted
on each light emitting device may be one or plural. The size,
shape and emission wavelength thereof are also optional. For
example, red, green and blue light emitting elements may be
mounted on a single light emitting device. A plurality of light
emitting elements may be arranged irregularly, but regular or
periodical arrangement such as columns-and-rows pattern
and concentric pattern tends to result in preferred light distri-
bution. Further, the plurality of light emitting elements may
be connected in series or in parallel by the conductive mem-
ber, the lead electrodes of the wiring substrate, the wires or the
like.

(Base Body 30)

[0128] The base body is a mount base on which the light
emitting element is mounted. In the first through fitth embodi-
ments, the base body is mainly composed of the conductive
member and the molding integrally molded with the conduc-
tive member. In the sixth through eighth embodiments, the
base body is mainly composed of the wiring substrate and the
protrusion provided on the wiring substrate. The base body
may have a recess that includes a part of the conductive
member on the bottom surface, or may be a plate without any
recess (side wall).

(Conductive Member 20)

[0129] The conductive member may be made of a metal
that can be connected to the light emitting element to conduct
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electricity. Specifically, it may be a lead frame or a lead
electrode made of copper, aluminum, gold, silver, tungsten,
iron, nickel, cobalt, molybdenum, an alloy thereof, phosphor
bronze, iron-containing copper or the like. The surface
thereof may be coated with a plating of silver, aluminum,
rhodium, gold, copper or an alloy thereof or with a light
reflecting film, of which silver is the most preferred since it
exhibits the highest light reflection.

(Molding 25)

[0130] Examples of the base body material of the molding
include thermoplastic resins such as aliphatic polyamide res-
ins, semi-aromatic polyamide resins, polyethylene terephtha-
late, polycyclohexane terephthalate, liquid crystal polymers,
polycarbonate resins, syndiotactic polystyrene, polyphe-
nylene ether, polyphenylene sulfide, polyether sulfone resins,
polyether ketone resins and polyallylate resins, and thermo-
setting resins such as polybismaleimide triazine resins, epoxy
resins, silicone resins, silicone-modified resins, silicone-
modified resins, polyimide resins and polyurethane resins. As
a filler or a coloring pigment, the base body material may be
mixed with particles or fibers of glass, silica, titanium oxide,
magnesium oxide, magnesium carbonate, magnesium
hydroxide, calcium carbonate, calcium hydroxide, calcium
silicate, magnesium silicate, wollastonite, mica, zinc oxide,
barium titanate, potassium titanate, aluminum borate, alumi-
num oxide, zinc oxide, silicon carbide, antimony oxide, zinc
stannate, zinc borate, iron oxide, chromium oxide, manga-
nese oxide, carbon black or the like. Besides, the molding
may be made of glass, ceramics or the like.

(Wiring Substrate 22)

[0131] The wiring substrate may be made of a substrate of
glass epoxy, glass, ceramics, various resins, aluminum or the
like, and the lead electrodes and a wiring component are
provided thereon which are connected to the light emitting
element and terminals (pads) for external connection. In par-
ticular, preferred examples of ceramics include alumina, alu-
minum nitride, mullite, silicon carbide, silicon nitride and the
like. Preferred examples of resins include epoxy resins, poly-
imide resins, phenol resins, BT resins, polyphthalamide res-
ins (PPA), polyethylene terephthalate resins (PET), polybu-
tylene terephthalate resins (PBT) and the like. The lead
electrodes may be made of metal that can be connected to the
light emitting element to conduct electricity. Specifically, the
lead electrodes may be made of copper, aluminum, gold,
silver, tungsten, iron, nickel, cobalt, molybdenum, an alloy
thereof, phosphor bronze, iron-containing cooper or the like.
The lead electrodes may be exposed on the upper, lower
(back) or side surface of the base body, or may be formed
inside the base body. In particular, the surface of the lead
electrodes exposed on the upper surface of the base body may
be coated with a plating of silver, aluminum, rhodium, gold,
copper, an alloy thereof or the like or with a light reflecting
film. Among them, silver may be preferably used since it
exhibits high light reflection. The wiring substrate may have
a recess or hole at a position for the protrusion. By engaging
a part of the protrusion with the recess or hole, or by filling the
recess or hole with a part of the protrusion, the adhesion
between the wiring substrate and the protrusion can be
enhanced. In this case, the recess or hole may be formed, for
example, in a dot or linear shape in a top view. It is preferred
that the opening diameter of the recess or hole is smaller than
the width of the protrusion.
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(Protrusion 34)

[0132] The protrusion is provided on the upper surface of
the wiring substrate mainly for providing the outward surface
from which the surface of the sealing member rises. The
protrusion is normally provided at the outer side of the light
emitting element, but it may also be provided under the light
emitting element (in other words, the light emitting element
may be provided on the protrusion). The protrusion also
serves as a light reflector that reflects the light laterally emit-
ted from the light emitting element upward with its inner wall
surface. For this reason, the protrusion is preferably made of
a white material having high light reflectivity. Further, it is
preferred that the protrusion is electrically insulated from the
lead electrodes of the wiring substrate. Alternatively, if the
protrusion is made of a translucent material such as approxi-
mately transparent material, the light emitting device can
have wider light distribution. As for the resin, thermosetting
resins, thermoplastic resins or the like may be used. Specifi-
cally, examples of resins include silicone resins, epoxy resins,
phenol resins, BT resins, PPA, PET, PBT, fluororesins, poly-
olefin resins, polynorbornene resins and the like. Then, par-
ticles such as particles of titanium oxide, aluminum oxide,
zirconium oxide, magnesium oxide or the like may be added
to the base material of resins so that the light is effectively
reflected. The protrusion is provided, for example, by ejecting
it on the wiring substrate by a dispenser or the like and then
solidifying it. Alternatively, the protrusion may be provided
by fixedly placing a protrusion with a certain shape on the
wiring substrate. In this case, the protrusion may be made of
ceramics besides the above resins. Metal is also an option. To
facilitate forming the high convex surface of the sealing mem-
ber, it is preferred that at least the surface of the protrusion is
made of a material having a critical surface tension of 50
mN/m or less. Particularly preferred examples of such mate-
rials include silicone resins, fluororesins, polyolefin resins
polynorbornene resins are particularly preferred, of which
silicone resins are preferred because of their high thermal
resistance, high light resistance and comparatively satisfac-
tory adhesiveness. The protrusion may be composed of a
single layer or a plurality of layers.

(Sealing Member 40)

[0133] The sealing member seals the light emitting ele-
ment, the wires and a part of the conductive member so as to
protect them from dust, moisture external force and the like.
The base material of the sealing member may be any material
as long as it is electrically insulative, is translucent to the light
emitted from the light emitting element (preferably a trans-
mittance of 70% or more) and has fluidity before curing.
Specifically, examples of such materials include silicone res-
ins, silicone-modified resins, silicone-modified resins, epoxy
resins, phenol resins, polycarbonate resins, acrylic resins,
TPX resins, polynorbornene resins, and hybrid resins con-
taining at least one of them. The base material may also be
glass. Among them, silicone resins are preferred because of
their high heat resistance, high light resistance and low vol-
ume shrinkage during solidification. Particularly preferred
base material of the sealing member is a phenyl silicone
resin-based material. If the sealing member has the convex
surface as mentioned in the following examples, phenylsili-
cone resins are superior to dimethylsilicone resins in terms of
the light extraction efficiency. Phenyl silicone resins also have
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satisfactory gas barrier properties, and make it easier to pre-
vent the conductive member from being degraded by corro-
sive gas.

[0134] The base material of the sealing member may be
mixed with various functional particles such as filler and
phosphor. The filler may be a diffuser, a coloring agent or the
like. Specifically, examples of fillers include silica, titanium
oxide, magnesium oxide, magnesium carbonate, magnesium
hydroxide, calcium carbonate, calcium hydroxide, calcium
silicate, zinc oxide, barium titanate, aluminum oxide, iron
oxide, chromium oxide, manganese oxide, glass, carbon
black and the like. The filler particles may have a crushed
shape or a globular shape. It may also have a hollow shape or
a porous shape.

(Phosphor 50)

[0135] The phosphor absorbs at least a part of the primary
light emitted from the light emitting element so as to emit a
secondary light at a wavelength different from the primary
light. Specifically, examples of such phosphors include
cerium-activated yttrium-aluminum garnet (YAG), europium
and/or chromium-activated nitrogen-containing calcium alu-
minosilicate (CaO—A1,0,—Si0,), europium-activated sili-
cate ((Sr, Ba),Si0,) and the like. With such phosphors, the
light emitting device can emit mixture of the visible primary
light and the visible secondary light (e.g. white light), or can
emit the visible secondary light by being excited by the ultra-
violet primary light.

(Wavelength Converter 55)

[0136] The wavelength converter may be made of a trans-
lucent material containing the above-mentioned phosphor.
Specifically, examples of such materials include a molding of
the resin or glass as listed above for the sealing material
blended with the phosphor, a sintered body of the phosphor
and an inorganic binder, a crystal of the phosphor and the like.
The wavelength converter may be provided such that a pre-
viously formed plate or film is pasted by a translucent adhe-
sive or directly joining to the light emitting element, or a fluid
material is applied on the light emitting element, or the phos-
phor is deposited on the light emitting element by electro-
phoretic deposition and then is impregnated with resin, or the
like.

(Coating Members 70, 75)

[0137] The coating members cover the upper surface of the
wiring substrate, the lower and side surfaces of the light
emitting element and the like. It is particularly preferred that
the coating members are made of a white material that can
effectively reflect the light emitted from the light emitting
element and is electrically insulative. Specifically, such mate-
rials include the resins listed above for the protrusion and the
resins with particles listed above for the protrusions.

(Wires)

[0138] The wires electrically connect the electrodes of the
light emitting element to the conductive member or the lead
electrodes of the wiring substrate. The wires may be made of
metal wires of gold, copper, silver, platinum, aluminum or an
alloy thereof. Gold wires are particularly preferred since they
are less breakable by the stress from the sealing member and
have high heat resistance.
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(Adhesive)

[0139] The adhesive fixes the light emitting element on the
base body or the wiring substrate. As for insulative adhesives,
examples of such adhesives include epoxy resins, silicone
resins, polyimide resins, modified resins thereof, hybrid res-
ins thereof, and the like. As for conductive adhesives,
examples of such adhesives include conductive pastes of sil-
ver, gold palladium or the like, solders such as gold-tin solder,
brazing filler metals of a low-melting metal, and the like.

EXAMPLES

[0140] Examples of the present invention will be described
in detail below. It is understood that the present invention is
not limited to the following examples.

Example 1

[0141] A light emitting device of Example 1 has an appear-
ance similar to the light emitting device 100 of FIG. 1, and is
a surface-mount top-view LED that includes a base body of
5.0 mm height, 6.5 mm in width and 1.35 mm in thick. The
base body is composed of a conductive member that is a pair
of positive and negative lead frames of a copper alloy with
silver-plating finish and an epoxy resin molding that is inte-
grally molded with the conductive member and contains a
titanium oxide white pigment and a silica filler. The base body
is prepared by placing the conductive member in a metal
mold, injecting thereto the material of the molding and solidi-
fying it. The conductive member defines a part of the bottom
surface of a recess with a part of its surface, and extends out
of'the molding.

[0142] At approximately the center of the base body, the
molding defines the recess that has an exactly round shape of
4.3 mm in diameter and 0.85 mm in depth in a top view. The
recess has two steps, of which the upper step has an exactly
round shape 0of 0.3 mm in depth and 0.33 mm in width in a top
view. Further, the upper step is provided with a protrusion that
has an exactly round shape of 0.16 mm in width and 0.1 mm
in height in a top view. (In other words, the upper step is
formed at a position in 0.2 mm depth, and is surrounded by a
groove having an exactly round shape of 0.17 mm in width
and 0.1 mm in depth in a top view.) The outer-side surface of
the protrusion is inclined at an angle of 78 to 82 degrees
relative to the upper surface. Further, the protrusion has con-
vex rounded edges between the outer-side or inner-side sur-
face and the upper surface. The inward surface of the groove,
i.e. the inner wall surface of the upper step of the recess, is also
inclined similarly relative to the upper surface of the base
body.

[0143] Onthe bottom surface of the recess of the base body,
six pieces of light emitting elements are pasted on the nega-
tive electrode of the conductive member by a translucent
epoxy resin adhesive, and the electrodes of each light emitting
element are connected to the positive and negative electrodes
of the conductive member by gold wires. The light emitting
elements are LED chips, each of which has a size of 500 um
in height, 290 um in width and 120 pm in thickness, is com-
posed of a nitride semiconductor n-type layer, an active layer
and a p-type layer laminated on a sapphire substrate in this
order, and is capable of emitting blue light (a center wave-
length of approximately 460 nm).

[0144] The sealing member is placed inside the recess of
the base body covering the light emitting elements. The seal-
ing member contains a phenylsilicone resin having a refrac-
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tive index of 1.53 as its base material and a YAG phosphor
dispersed in the base material. The surface of the sealing
member mostly rises from the outer side surface, i.e. the
outward surface of the protrusion of the base body, or the
convex rounded edge, and has an approximately convex
curved shape. The height of the surface of the sealing member
(around the top) is 1.3 mm from the upper surface of the
protrusion. The sealing member is formed by dropping the
fluid material using a dispenser such that its surface mostly
rises from the outward surface of the protrusion of the base
body, and then directly curing it by heat.

Comparative Example 1

[0145] A light emitting device of Comparative Example 1
has the same structure with the light emitting device of
Example 1 except that the surface of the sealing member is
connected to the inward surface of the protrusion and is
formed in a flat surface that is approximately flush with the
upper surface of the protrusion.

(Evaluation 1)

[0146] The light extraction efficiency of Example 1 and
Comparative Example 1 is evaluated by measuring the lumi-
nous flux. Specifically, each light emitting device is powered
(in parallel) by a forward current of 350 mA to emit light, and
the luminous flux of the light is measured. The light emitting
device of Comparative Example 1 exhibits a luminous flux of
119.8 (Im), while the light emitting device of Example 1
exhibits a luminous flux of 129.4 (Im). These values of lumi-
nous flux are equivalent values in chromaticity (x, y)=(0.345,
0.357) for comparison. As mentioned above, the light emit-
ting device of Example 1 has a luminous flux 8.1% higher
than that of the light emitting device of Comparative Example
1, which shows that the high convex surface of the sealing
member allows for high light extraction efficiency.

Example 2

[0147] A light emitting device of Example 2 has an appear-
ance similar to the light emitting device 400 of FIG. 6, and is
a surface-mount side-view LED that includes a base body of
2.0 mm in height, 3.0 mm in width and 1.2 mm in thickness.
The base body is composed of a conductive member that is a
pair of positive and negative lead frames of a copper alloy
with silver-plating finish and a polyphthalamide resin mold-
ing that is integrally molded with the conductive member and
contains a titanium oxide white pigment and a silica filler. The
base body is prepared by placing the conductive member in a
metal mold, injecting thereto the material of the molding and
soliditying it. The conductive member defines a part of the
bottom surface of a recess with a part of its surface, and
extends out of the molding.

[0148] At approximately the center of the base body, the
molding defines the recess that has a rectangular shape of 1.6
mm in height, 2.2 mm in width and 0.45 mm in depth in a top
view. On the upper surface of the base body, protrusions are
formed at both sides of the recess in the longitudinal direc-
tion. The protrusions extend in the transverse direction of the
recess, and have a linear shape of 1.6 mm in length, 0.26 mm
in width and 0.21 mm in height in a top view. The protrusions
have an approximately convex curved cross-sectional shape.
[0149] Onthe bottom surface of the recess of the base body,
one light emitting element is pasted on the negative electrode
of'the conductive member by a translucent epoxy resin adhe-
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sive, and the electrodes of the light emitting element are
connected to the positive and negative electrodes of the con-
ductive member by gold wires. The light emitting element is
an LED chip that has a size of 200 um in height, 400 um in
width and 85 um in thickness, is composed of a nitride semi-
conductor n-type layer, an active layer and a p-type layer
laminated on a sapphire substrate in this order, and is capable
of emitting blue light (a center wavelength of approximately
460 nm).

[0150] The sealing member is placed inside the recess of
the base body covering the light emitting element. The sealing
member contains a phenylsilicone resin having a refractive
index of 1.53 as its base material and a YAG phosphor dis-
persed inthe base material. The surface of the sealing member
has an approximately convex curved shape, and rises from the
outward surface of the protrusions in the longitudinal direc-
tion of the base body. The height of the surface of sealing
member (around the top) is 0.13 mm from the upper surface
of'the protrusion. The sealing member is formed by dropping
the fluid material using a dispenser such that its surface rises
from the outward surface of the protrusions in the longitudi-
nal direction of the base body, and then directly curing it by
heat.

Example 3

[0151] A light emitting device of Example 3 has the same
structure with the light emitting device of Example 2 except
that the base material of the sealing member is a dimethyl-
silicone resin having a refractive index of 1.41.

Comparative Example 2

[0152] A light emitting device of Comparative Example 2
has the same structure with the light emitting device of
Example 2 except that the base body does not have a protru-
sion, and the surface of the sealing member is a flat surface
that is connected to the inward surface of the recess and is
approximately flush with the upper surface of the recess.

Comparative Example 3

[0153] A light emitting device of Comparative Example 3
has the same structure with the light emitting device of Com-
parative Example 2 except that the base material of the sealing
member is a dimethylsilicone resin having a refractive index
of 1.41.

(Evaluation 2)

[0154] The light extraction efficiency of Examples 2 and 3
and Comparative Examples 2 and 3 is evaluated by measuring
the luminous flux. Specifically, each light emitting device is
powered by a forward current of 20 (mA) to emit light, and the
luminous flux of the light is measured. The following values
of luminous flux are equivalent values in chromaticity (x,
y)=(0.300, 0.286) for comparison.

(Evaluation 3)

[0155] Furthermore, the reliability of Examples 2 and 3 and
Comparative Examples 2 and 3 are evaluated by a sulfuration
test. Specifically, a light emitting device and 1 g of sodium
sulfide are placed in a sealed container and left at 80° C. for 24
hours. The maintenance factor of the luminous flux before
and after the test is thus measured.
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[0156] The results of the above two evaluations are shown
in Table 1.
TABLE 1
Surface Initial Mainte-
shape lumi- Relative nance
of nous initial factor of
Base material of  sealing flux  luminous luminous
sealingmember  member (Im) flux (%)  flux (%)
Comparative Phenyl silicone Flat 6.77 98.9 91.9
Example2  resin
Comparative Dimethylsilicone Flat 6.84 100.0 743
Example3  resin
Example2  Phenyl silicone Convex  7.51 109.7 98.8
resin
Example 3 Dimethylsilicone Convex  7.24 105.7 85.9
resin
[0157] As seenin Table 1, the initial luminous fluxes of the

light emitting devices of Examples 2 and 3 are respectively
9.7% and 5.7% higher than that of Comparative Example 3,
which shows the superiority in light extraction efficiency. On
the other hand, the initial luminous flux of the light emitting
device of Comparative Example 2 is 1.1% lower than that of
the light emitting device of Comparative Example 3. These
results show that a combination of the convex surface of the
sealing member and the phenyl silicone resin base material of
the sealing member allows for particularly high light extrac-
tion efficiency of the light emitting device. Further, the con-
vex surface of the sealing member enhances its gas barrier
properties and prevents the conductive member from being
discolored by a sulfur-containing gas, which offers high reli-
ability of the light emitting device.

Example 4

[0158] A light emitting device of Example 4 is an example
of the light emitting device 600 of FIG. 8, and is a COB
(chip-on-board) LED module that emits white light. The wir-
ing substrate 22 is made of an aluminum board of 16 mm in
height, 19 mm in width and 1.0 mm in thickness on the upper
surface of which lead electrodes with gold-plating finish are
provided. The protrusion 34 is made of a dimethylsilicone
resin containing 30% by weight of titanium oxide with
respect to the resin, and has a ring shape of 10 mm in outer
diameter, 1.0 mm in width and 0.5 mm in height, which is
formed by drawing the shape using a dispenser and then
soliditying it. The protrusion 34 has a semi-circular cross-
sectional shape.

[0159] At the inner side of the protrusion 34 on the upper
surface of the wiring substrate 22, 110 pieces of light emitting
elements 10 are pasted by a translucent epoxy resin adhesive,
and are connected to each other between adjacent light emit-
ting elements 10 or to lead electrodes of the wiring substrate
22 by gold wires (10 sets of 11 pieces of the light emitting
elements 10 in series are connected in parallel). The light
emitting elements 10 are LED chips each of which has a size
01290 um in height, 500 um in width and 80 um in thickness,
is composed of'a nitride semiconductor n-type layer, an active
layer and a p-type layer laminated on a sapphire substrate in
this order, and is capable of emitting blue light (a center
wavelength of approximately 460 nm).

[0160] The sealing member 40 includes two components,
i.e. a first sealing portion 401 of the lower layer and a second
sealing portion 402 of the upper layer. The first sealing por-
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tion 401 contains a dimethylsilicone resin having a refractive
index of 1.41 as its base material and a YAG phosphor dis-
persed in the base material. The first sealing portion 401
covers all ofthe light emitting elements 10, and fills up to near
the top of the protrusion 34. The first sealing portion 401 is
raised along the protrusion 34 at the peripheral part, and is
recessed at the center part. The second sealing portion 402
contains the same dimethylsilicone resin with the first sealing
portion 401 as its base material and 3% by weight of colloidal
silica with respect to the base material as an additive. The
surface of the sealing member 40 (the surface of the second
sealing portion 401) mostly rises from the outward surface 27
of'the protrusion 34, and has an approximately convex curved
shape. The height of the surface of the sealing member 40
(around the top) is 3.0 mm from the upper surface of the
wiring substrate. The second sealing portion 402 is formed by
placing its fluid material using a dispenser such that the sur-
face mostly rises from the outward surface 27 of the protru-
sion 34, and then directly curing it by heat.

Comparative Example 4

[0161] A light emitting device of Comparative Example 4
has the same structure with the light emitting device of
Example 4 except that the sealing member consists of only the
first sealing portion, and the surface thereof is a nearly flat
surface that has approximately the same height with the pro-
trusion.

(Evaluation 4)

[0162] The light extraction efficiency of Example 4 and
Comparative Example 4 is evaluated by measuring the lumi-
nous flux. Specifically, each light emitting device is powered
by a forward current of 320 (mA) to emit light, and the
luminous flux of the light is measured. The light emitting
device of Comparative Example 4 exhibits a luminous flux of
1,113 (Im), while the light emitting device of Example 4
exhibits a luminous flux of 1,152 (Im). These values of lumi-
nous flux are equivalent values in chromaticity x=0.32 for
comparison. As mentioned above, the light emitting device of
Example 4 has an initial luminous flux that is 3.5% higher
than that of the light emitting device of Comparative Example
4, which shows that the high convex surface of the sealing
member allows for high light extraction efficiency.

Example 5

[0163] FIG. 13A is a schematic cross sectional view of a
light emitting device of Example 5. The light emitting device
900 of FIG. 13A is an LED that emits white light. A wiring
substrate 22 is an alumina board of 3.5 mm in height, 3.5 mm
in height and 0.45 mm in thickness equipped with a copper-
tungsten as a heat sink, on the upper surface of which lead
electrodes with gold-plating finish are provided. The protru-
sion 34 is made of a dimethylsilicone resin containing 30 wt
% of titanium oxide with respect to the resin and has a ring
shape of 2.6 mm in outer diameter, 0.4 mm in width and 0.15
mm in height, which is formed by drawing the shape using a
dispenser and then solidifying it. The protrusion 34 has a
semicircular cross sectional shape.

[0164] At the inner side of the protrusion 34 on the upper
surface of the wiring substrate 22, one light emitting element
10 is mounted by flip-chip mounting using gold-tin eutectic
solder, so as to be connected to the lead electrodes of the
wiring substrate 22. The light emitting element 10 is an LED
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chip of 1.0 mm in height, 1.0 mm in width and 110 pm in
thickness that is composed of a nitride semiconductor n-type
layer, an active layer and a p-type layer laminated on a sap-
phire substrate in this order, and is capable of emitting blue
light (a center wavelength of approximately 460 nm). Further,
the light emitting element 10 is covered with a wavelength
converter 55. The wavelength converter 55 is formed by
depositing a YAG phosphor on the light emitting element 10
by electrophoretic deposition and then impregnating it with a
phenyl silicone resin having a refractive index of 1.51.
[0165] The sealing member 40 contains a dimethylsilicone
resin having a refractive index of 1.41 as its base material and
2.5 wt % of colloidal silica with respect to the base material.
The surface of the sealing member 40 mostly rises from the
outward surface 27 of the protrusion 34, and has an approxi-
mately convex curved shape. The height of the surface of the
sealing member 40 (around the top) is 3.0 mm from the upper
surface of the wiring substrate. The sealing member 40 is
formed by dropping the fluid material using a dispenser such
that its surface mostly rises from the outward surface 27 of the
protrusion 34, and then directly curing it by heat.

Example 6

[0166] A light emitting device of Example 6 has the same
structure with the light emitting device of Example 5 except
that the protrusion 34 does not contain titanium oxide and is
nearly transparent.

Comparative Example 5

[0167] FIG. 13B is a schematic cross sectional view of a
light emitting device of Comparative Example 5. The light
emitting device 950 of FIG. 13B is different from the light
emitting device 900 of Example 5 in the method of forming a
sealing member 48. The light emitting device 950 includes
the same light emitting element 10, wiring substrate 22 and
wavelength converter 55 with those of the light emitting
device 900 of Example 5, and the material of the sealing
member 48 is also the same with the light emitting device of
Example 5. The sealing member 48 is directly formed on the
wiring substrate 22 by compression molding. No protrusion is
provided. The sealing member 48 has a convex surface, and is
$¢2.6 mm in outer diameter and 1. 55 mm in height (around the
top) from the upper surface of the wiring substrate.

(Evaluation 5)

[0168] The light extraction efficiency of Examples 5 and 6
and Comparative Example 5 is evaluated by measuring the
initial luminous flux. Specifically, each light emitting device
is powered by a forward current of 350 (mA) to emit light, and
the luminous flux of the light is measured. The light emitting
device of Comparative Example 5 exhibits a luminous flux of
121.6 (Im), while the light emitting device of Example 4
exhibits a luminous flux of 127.1 (Im) and the light emitting
device of Example 5 exhibits a luminous flux of 124.4 (Im).
These values of luminous flux are equivalent values in chro-
maticity x=0.355 for comparison. As mentioned above, the
light emitting devices of Examples 5 and 6 have initial lumi-
nous fluxes that are respectively 4.5% and 2.3% higher than
that of the light emitting device of Comparative Example 5,
which shows the superiority in light extraction efficiency.

[0169] Asillustrated in FIG. 13B, since the sealing member
48 is molded on the wiring substrate using a metal mold, for
example by compression molding, it includes a center part
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with a convex surface as well as a flange that serves as a
runner of the sealing member 48 and continuously extends
from the periphery of the center part on the wiring substrate
22. Since the light emitted from the light emitting element 10
is partially introduced to the flange, the flange increases the
light loss caused by absorption to the wiring substrate 22,
which results in low light extraction efficiency. In contrast, as
illustrated in FIG. 13A, since the sealing member 40 is
formed by dropping, it does not have such flange and can
effectively extract the light emitted from the light emitting
element 10.

[0170] The light emitting devices of the present invention
are applicable to backlight light sources of liquid crystal
displays, various lighting equipment, large displays, various
display apparatuses such as advertisements and guideboards,
as well as image readers of digital camcorders, fax machines,
copiers and scanners, projectors and the like.

1. A method for manufacturing a light emitting device,
comprising:

forming a sealing member for sealing a light emitting ele-
ment on a base body by dropping, the base body com-
prising a conductive member connected to the light
emitting element, and a molding integrally molded with
the conductive member, the sealing member being
formed such that at least a part of a periphery of the
sealing member is located on an outward surface of the
conductive member or the molding, the outward surface
facing outward in a top view.

2. The method according to claim 1, wherein the outward
surface is a convex curved surface, or a lower-side surface
continuing from the convex curved surface.

3. The method according to claim 1, wherein the outward
surface is a flat surface inclined at angle of 45 degrees or less
from an upper flat surface continuing from the outward sur-
face.

4. The method according to claim 1, wherein at least a part
of'an inward surface of the base body facing inward in a top
view comprises a convex curved surface at a top part thereof,
the part of the inward surface being located at an inner side of
the periphery of the sealing member.

5. The method according to claim 1, wherein the base body
has a protrusion or a groove, at least the part of the periphery
of'the sealing member being located on an outward surface of
the protrusion or the groove.

6. The method according to claim 5, wherein the base body
has a first protrusion or a first groove, and a second protrusion
or a second groove located at an outer side of the first protru-
sion or the first groove, at least the part of the periphery of the
sealing member being located on an outward surface of any of
the first and second protrusions and the first and second
grooves.

7. The method according to claim 6, wherein the sealing
member comprises: a first scaling portion for sealing the light
emitting element; and a second sealing portion for sealing the
first scaling portion, the first sealing portion being formed
such that at least a part of a periphery of the first sealing
portion is located on an outward surface of the first protrusion
or the first groove, the second sealing portion being formed
such that at least a part of a periphery of the second sealing
portion is located on an outward surface of the second pro-
trusion or the second groove.
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8. The method according to claim 7, wherein the sealing
member contains a phosphor only in the first sealing portion,
the phosphor being excited by light emitted from the light
emitting element.

9. The method according to claim 5, wherein the protrusion
or the groove is rounded at corners or at an entire part in atop
view of the base body.

10. The method according to claim 5, wherein the protru-
sion or the groove is formed in a frame shape surrounding the
light emitting element.

11. The method according to claim 1, wherein the base
body has a recess inside which the light emitting element is
mounted, the periphery of the sealing member being located
inside the recess.

12. The method according to claim 1, further comprising,
before dropping the sealing member on the base body, form-
ing a coating having a critical surface tension of 50 mN/m or
less, only on the outward surface of the base body on which
the periphery of the sealing member is located, or on the
outward surface as well as a structural surface outside the
outward surface.

13. The method according to claim 1, wherein a base mate-
rial of the sealing member contains a phenyl silicone resin as
a major component.

14. A light emitting device, comprising:

a light emitting element;

abase body comprising a conductive member connected to

the light emitting element, and a molding integrally
molded with the conductive member; and

a sealing member for sealing the light emitting element, at

least a part of a periphery of the sealing member being
located on an outward surface of the conductive member
or the molding, the outward surface facing outward in a
top view and making an angle of approximately an con-
tact angle or less to the outward surface or to a tangent
plane of the outward surface at a contact point between
the outward surface and the periphery of the sealing
member.

15. The light emitting device according to claim 14,
wherein at least a part of the periphery of the sealing member
makes an angle of more than the contact angle to a horizontal
plane in a top view of the light emitting device.

16. The light emitting device according to claim 14,
wherein the outward surface is a convex curved surface, or a
lower-side surface continuing from the convex curved sur-
face.

17. The light emitting device according to claim 14,
wherein the outward surface is a flat surface that is inclined at
an angle of 45 degrees or less from an upper flat surface
continuing from the outward surface.

18. The light emitting device according to claim 14,
wherein the base body has a protrusion or a groove, at least a
part of the periphery of the sealing member being located on
the outward surface of the protrusion or the groove.

19. The light emitting device according to claim 18,
wherein the sealing member comprises: a first sealing portion
for sealing the light emitting element; and a second sealing
portion for sealing the first sealing portion, only the first
sealing portion containing a phosphor excited by light emit-
ted from the light emitting element, at least a part of a periph-
ery of the second sealing portion being located on the outward
surface of the protrusion or the groove.

20. The light emitting device according to claim 18,
wherein the base body has a recess inside which the light
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emitting element is mounted, the protrusion or the groove
being located inside the recess.

21. The light emitting device according to claim 18,
wherein the base body has a recess inside which the light
emitting element is mounted, and

the protrusion or the groove being located at an outer side
of the recess.

22. The light emitting device according to claim 18,
wherein the protrusion or the groove is formed in a frame
shape surrounding the light emitting element.

23. The light emitting device according to claim 21,
wherein the protrusion or the groove are formed in a strip
shape on both sides of the recess.

24. The light emitting device according to claim 18,
wherein the protrusion or the groove is rounded at corners or
at an entire part in a top view of the base body.

25. The light emitting device according to claim 14,
wherein the base body has a first protrusion or a first groove,
and a second protrusion or a second groove at an outer side of
the first protrusion or the first groove, the sealing member
comprises: a first sealing portion for sealing the light emitting
element; and a second sealing portion for sealing the first
sealing portion, only the first sealing portion containing a
phosphor excited by light emitted from the light emitting
element, at least a part of a periphery of the first sealing
portion being located on an outward surface of the first pro-
trusion or the first groove,

at least a part of a periphery of the second sealing portion
being located on an outward surface of the second pro-
trusion or the second groove.

26. The light emitting device according to claim 14,
wherein the base body has an inward surface at an outer side
of the outward surface on which the periphery of the sealing
member is located, the inward surface facing inward in a top
view of the base body.

27. The light emitting device according to claim 14,
wherein a base material of the sealing member contains a
phenyl silicone resin as a major component.

28. A light emitting device, comprising:

a light emitting element;

abase body comprising a conductive member connected to
the light emitting element and a molding integrally
molded with the conductive member; and

a scaling member for sealing the light emitting element, at
least a part of a periphery of the sealing member being
located on an outward surface of the conductive member
or molding, the outward surface facing outward in a top
view, the base body having an inward surface at an outer
side of the outward surface on which the periphery ofthe
sealing member is located, the inward surface facing
inward in a top view of the base body.

29. A method for manufacturing a light emitting device,

comprising:

a first step of forming a protrusion at an outer side of an
light emitting element on an upper surface of a wiring
substrate on which the light emitting element is
mounted; and

a second step of forming a sealing member for sealing the
light emitting element by dropping, the sealing member
being formed such that at least a part of a periphery of the
sealing member is located on an outward surface of the
protrusion, the outward surface facing outward in a top
view.
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30. The method according to claim 29, wherein the out-
ward surface is a convex curved surface, or a lower-side
surface continuing from the convex curved surface.

31. The method according to claim 29, wherein the out-
ward surface is a flat surface inclined at an angle 0f 45 degrees
orless from an upper flat surface continuing from the outward
surface.

32. The method according to claim 29, wherein the out-
ward surface is inclined so as to face the upper surface of the
wiring substrate.

33. The method according to claim 29, wherein at least a
part of an inward surface of the protrusion facing inward in a
top view comprises a convex curved surface at a top part
thereof, the part of the inward surface being located at an
inner side of the periphery of the sealing member.

34. The method according to claim 29, wherein in the first
step, a first protrusion and a second protrusion located at an
outer side of the first protrusion are formed on the upper
surface of the wiring substrate, and

in the second step, the sealing member is formed such that

at least a part of the periphery of the sealing member is
located on an outward surface either one of the first
protrusion or the second protrusion.

35. The method according to claim 34,

wherein the sealing member comprises: a first sealing por-

tion for sealing the light emitting element; and a second
sealing portion for sealing the first sealing portion, the
first sealing portion being formed such that at least a part
of'a periphery of the first sealing portion is located on an
outward surface of the first protrusion, the second seal-
ing portion being formed such that at least a part of a
periphery of the second sealing portion is located on an
outward surface of the second protrusion.

36. The method according to claim 35, wherein the sealing
member contains a phosphor only in the first sealing portion,
the phosphor being excited by light emitted from the light
emitting element.

37. The method according to claim 29, wherein the protru-
sion is rounded at corners or at an entire part in a top view.

38. The method according to claim 29, wherein the protru-
sion is formed in a frame shape surrounding the light emitting
element.

39. The method according to claim 29, wherein in the first
step, a plurality of the light emitting elements are arranged on
the wiring substrate, the protrusions being formed on both
sides of the light emitting elements in a strip shape extending
approximately parallel to an alignment direction of the plu-
rality of light emitting element, and

in the second step, the sealing member is formed so as to

bridge between the protrusions on the both sides,

the method further comprises a third step of cutting the

sealing member and the wiring substrate at a position
between the plurality of light emitting elements after the
second step.

40. The method according to claim 29, wherein at least the
surface of the protrusion is formed from a material having a
critical surface tension of 50 mN/m or less.

41. The method according to claim 29, further comprising,
before the second step, forming a coating having a critical
surface tension of 50 mN/m or less, only on the outward
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surface of a base body on which the periphery of the sealing
member is located, or on the outward surface as well as a
structural surface outside the outward surface, the base body
being comprising the wiring substrate and the protrusion.

42. The method according to claim 29, wherein the base

material of the sealing member contains a phenyl silicone
resin as a major component.

43. A light emitting device, comprising:

a light emitting element;

a wiring substrate having an upper surface on which the
light emitting element is mounted comprising a protru-
sion located at an outer side of the light emitting element
on the upper surface; and

a sealing member for sealing the light emitting element, at
least a part of a periphery of the sealing member being
located on an outward surface of the protrusion, the
outward surface facing outward in a top view, and mak-
ing an angle of approximately an contact angle or less to
the outward surface or to a tangent plane of the outward
surface at a contact point between the outward surface
and the periphery of the sealing member.

44. The light emitting device according to claim 43,
wherein at least a part of the periphery of the sealing member
makes an angle of more than the contact angle to a horizontal
plane in a top view of the light emitting device.

45. The light emitting device according to claim 43,
wherein the outward surface is a convex curved surface or a
lower-side surface continuing from the convex curved sur-
face.

46. The light emitting device according to claim 43,
wherein the outward surface is a flat surface inclined at an
angle of 45 degrees or less from an upper flat surface continu-
ing from the outward surface.

47. The light emitting device according to claim 43,
wherein the outward surface is inclined so as to face the upper
surface of the wiring substrate.

48. The light emitting device according to claim 43,
wherein the sealing member comprises: a first sealing portion
for sealing the light emitting element; and a second sealing
portion for sealing the first sealing portion, only the first
sealing portion containing a phosphor excited by light emit-
ted from the light emitting element, at least a part of a periph-
ery of the second sealing portion being located on the outward
surface of the protrusion.

49. The light emitting device according to claim 43,
wherein the protrusion is formed in a frame shape surround-
ing the light emitting element.

50. The light emitting device according to claim 43,
wherein the protrusion is rounded at corners or at an entire
part in a top view of the base body.

51. The light emitting device according to claim 43,
wherein at least a surface of the protrusion is made of a
material having a critical surface tension of 50 mN/m or less.

52. The light emitting device according to claim 43,
wherein a base material of the sealing member contains a
phenyl silicone resin as a major component.
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