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(57) Abstract: Disclosed herein is a light emitting device with
a silicone lens. The light emitting device comprises a heat sink.
A package body surrounds at least a portion of the heat sink, and
a light emitting diode is mounted on the heat sink. Meanwhile,
the light emitting diode is covered with a silicone lens molded on
the package body. The molded silicone lens can be employed to
prevent reduction in light extraction efficiency due to poor bond-
ing between lens and encapsulant.
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Description

LIGHT EMITTING DEVICE WITH A LENS OF SILICONE
Technical Field

The present invention relates to a light emitting device, and more particularly, to a
light emitting device with a silicone lens formed by molding a silicone encapsulant
into a lens shape to improve light extraction efficiency and simplify a manufacturing
process.

Background Art

In general, a light emitting device comprises a package body with a recess and a
light emitting diode mounted within the recess of the package body. The light emitting
diode has advantages in that it has a smaller size, a longer life span and lower power
consumption as compared with an incandescent bulb, a fluorescent lamp and a
discharge light source.

An encapsulant is used to protect a light emitting diode from external environment,
i.e. moisture. The encapsulant covers the light emitting diode and bonding wires to
protect them from the external environment. Thus, the light emitting diode is mounted
within the package body and then covered with the encapsulant to complete a light
emitting diode package.

Hitherto, an epoxy resin has been widely employed as an encapsulant. However,
since the epoxy resin causes the disconnection of the bonding wire due to its relatively
large hardness and absorbs short wavelength visible light, there are problems of
reduction in light flux or yellowing. In order to solve these problems, silicone has been
recently used as an encapsulant. It is also known that due to small hardness and strong
restoring force of a silicone encapsulant, the occurrence of disconnection of a bonding
wire is reduced and the yellowing tendency is not exhibited even though it is used for a
long time.

Furthermore, a variety of lenses are attached to an encapsulant to adjust the viewing
angle or emission direction of light. However, a prior art for attaching a lens to an en-
capsulant may lower light extraction efficiency due to poor bonding or refractive index
difference between encapsulant and lens, or the like.

Further, in a case where a light emitting diode is mounted within a recess of a
package body, it is difficult to predict the path of light emitted to the outside due to
light reflection produced on a sidewall of the recess or on an interface between an en-
capsulant and a lens. Since it is difficult to predict the path of light emitted from a light
emitting diode to be incident onto a lens, it is difficult to design a lens capable of

precisely adjusting a required viewing angle or emission direction of light.
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Disclosure of Invention

Technical Problem

An object of the present invention is to provide a light emitting device capable of
preventing reduction in light extraction efficiency due to an interface between en-
capsulant and lens.

Another object of the present invention is to provide a light emitting device wherein
the path of light emitted from a light emitting diode to be incident onto a lens can be

simplified to easily design a lens.

Technical Solution

To achieve the aforementioned objects of the present invention, the invention
provides a light emitting device with a silicone lens. The light emitting device
according to an embodiment of the invention comprises a heat sink. A package body
surrounds at least a portion of the heat sink, and a light emitting diode is mounted on
the heat sink. Meanwhile, the light emitting diode is covered with a silicone lens
molded on the package body. The molded silicone lens can be employed to prevent
reduction in light extraction efficiency due to poor bonding between a conventional
lens and an encapsulant.

Hereinafter, the light emitting diode means a light emitting diode die or light
emitting diode chip. The light emitting diode may be composed of a single diode or a
plurality of diodes.

Meanwhile, a top surface of the light emitting diode is positioned at least above a
top surface of the package body. In this case, since it is possible to prevent light
emitted from the light emitting diode from being reflected on an inner wall of the
package body, the path of light incident on the silicone lens can be easily predicted,
and thus, the design of lens can also be easily made. The position of the top surface of
the light emitting diode is set in accordance with the height of the top surface of the
heat sink. The top surface of the heat sink is positioned near the top surface of the
package body so that the top surface of the light emitting diode can be positioned at
least above the top surface of the package body. The top surface of the heat sink can be
positioned in the same plane as or higher than that of the package body.

A silicone encapsulant may be interposed between the silicone lens and the light
emitting diode to cover the light emitting diode. Each of the encapsulant and the lens is
made of a silicone material. Since the silicone lens is particularly molded on the en-
capsulant, the reduction in light extraction efficiency due to refractive index difference
and poor bonding between lens and encapsulant can be prevented. Meanwhile, the
silicone lens and/or silicone encapsulant may contain a phosphor capable of converting

the wavelength of light emitted from the light emitting diode. Accordingly, a light
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emitting diode that generates a single wavelength can be employed to implement mul-
ticolored light, e.g. white light.

The silicone lens can be designed in various ways depending on the required
viewing angle and/or emission direction of light. For example, the silicone lens may be
a convex lens, a concave lens or the like, and may have a total internal reflection
surface to emit light in a lateral direction.

Advantageous Effects

According to the embodiment of the present invention, a light emitting device can
be provided wherein a silicone lens molded on a package body is employed to prevent
the reduction in light extraction efficiency due to poor interface between encapsulant
and lens. Further, a light emitting device can be provided wherein the path of light
emitted from a light emitting diode to be incident on a lens can be simplified to easily
design the lens.

Brief Description of the Drawings

Fig. 1 is a sectional view illustrating a light emitting device with a silicone lens
according to an embodiment of the present invention.

Fig. 2 is a perspective view illustrating the light emitting device according to an
embodiment of the present invention.

Figs. 3 and 4 are sectional and plan views illustrating a lens attached to the light
emitting device according to an embodiment of the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, a preferred embodiment of the present invention will be described in
detail with reference to the accompanying drawings. The following embodiment is
provided only as an example to fully convey the spirit and scope of the present
invention to those skilled in the art. Therefore, the present invention is not limited to
the following embodiment but may be implemented in various other forms. In the
drawings, the width, length, thickness and the like of components may be exaggerated
for convenience of illustration. Like reference numerals indicate like elements
throughout the specification and drawings.

Figs. 1 and 2 are sectional and perspective views illustrating a light emitting device
according to an embodiment of the present invention.

Referring to Figs. 1 and 2, a package body 15 surrounds a heat sink 13. The heat
sink 13 is fitted into a support ring 12 such that it is possible to prevent the heat sink
from being separated from the package body 15.

The heat sink 13 transmits and dissipates heat produced from a light emitting diode
17 to the outside. To promote heat dissipation, the heat sink 13 may be formed with a

large bottom surface and may have a projection 13a for mounting the light emitting
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diode 17 on the center thereof. The projection 13a is fitted into the support ring 12.

Further, lead electrodes 11 are supported by the package body 15. The package
body 15 has an opening through which portions of the lead electrodes 11 can be
exposed to the outside, and the lead electrodes 11 extend to protrude toward the
outside of the package body 15. As shown in these figures, the outwardly protruding
lead electrodes 11 may be bent such that they can be surface mounted.

The support ring 12 and the lead electrodes 11 may be provided using the same lead
frame. That is, a metal plate is first punched to form a lead frame with a pattern of the
support ring 12 and lead electrodes 11, and the support ring 12 and lead electrodes 11
can be then obtained from the lead frame.

The package body 15 can be formed in such a manner that the heat sink 13 is first
fitted into the support ring 12 of the lead frame and the lead frame and the heat sink 13
are then insert molded using a thermosetting or thermoplastic resin.

The light emitting diode 17 is mounted on the heat sink 13 and connected
electrically to the lead electrodes 11. The light emitting diode 17 has two electrodes.
The two electrodes may be positioned on one side of the light emitting diode 17. In this
case, bonding wires are connected to the two electrodes, respectively. On the contrary,
the two electrodes may be positioned on both sides of the light emitting diode 17, re-
spectively. At this time, one electrode may be electrically connected to the heat sink 13
by means of a conductive adhesive while the other electrode may be connected to the
bonding wire. Further, the light emitting diode 17 may have a flip chip structure. In
this case, a submount (not shown) may be interposed between the light emitting diode
17 and the heat sink 13, and the bonding wires may connect the submount and the lead
electrodes 11. The light emitting diode 17 may have a variety of structures, and a
method of electrically connecting the light emitting diode and the lead electrodes 11
may be selected in various ways.

Furthermore, a top surface of the light emitting diode 17, i.e. a light emitting
surface 18 (indicated by dotted lines) may be positioned higher than that of the
package body 15. Since the top surface of the light emitting diode 17 is positioned
higher than that of the package body 15, light emitted from the light emitting diode 17
can be prevented from being reflected on an inner wall of the opening of the package
body 15.

The position of the light emitting diode 17 is determined depending on the height of
the top surface of the heat sink 13. Thus, the top surface of the heat sink 13 is
positioned near the top surface of the package body so that the top surface of the light
emitting diode 17 can be positioned higher than at least a top surface of the package
body. The top surface of the heat sink 13 may be positioned on the same plane as or
higher than that of the package body 15.
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A silicone lens 20 covers the light emitting diode 17 and the bonding wires. The
silicone lens 20 is molded by injecting and curing a silicone material on the package
body 15. At this time, a die (not shown) having the shape corresponding to a lens is
coupled to the package body 15 and a silicone material is injected between the die and
the package body 15 to be molded into the silicone lens 20. The silicone material is
injected through a resin injection port 15a, and air between the die and the package
body 15 is discharged through an air discharge port 15b. Accordingly, a space between
the die and the package body 15 is filled with the silicone material which in turn is
cured to form the silicone lens 20.

Similar to a conventional silicone encapsulant, the silicone lens 20 protects the light
emitting diode and the bonding wires from external environment, i.e. moisture and
external force, and also functions as a lens capable of adjusting the viewing angle and
emission direction of light. The silicone lens is molded directly onto a package body
instead of forming a lens through a separate process and then attaching the lens to a
light emitting device so that a process of manufacturing the light emitting device can
be simplified. Further, since the silicone lens is formed through a molding process, the
reduction in light extraction efficiency due to refractive index difference and poor
interface between lens and encapsulant, or the like can be prevented.

Furthermore, a silicone encapsulant 19 may be interposed between the light
emitting diode 17 and the silicone lens 20. The silicone encapsulant 19 is formed to
cover the light emitting diode 17 before the silicone lens 20 is molded over the light
emitting device. Although the silicone encapsulant 19 may be formed on the top
surface of the heat sink 13 as shown in Fig. 1, the present invention is not limited
thereto. That is, the silicone encapsulant may be formed to fill the opening therewith.
Than, the silicone lens 20 is molded onto the silicone encapsulant. The silicone en-
capsulant 19 can be cured simultaneously while the silicone lens 20 is cured.

Since the silicone encapsulant 19 and the silicone lens 20 are made of the same
material as silicone, adhesion between them is satisfactory. Thus, a poor interface can
be prevented and light loss due to refractive index difference can also be prevented.

Meanwhile, the silicone encapsulant 19 and/or the silicone lens 20 may contain
phosphors for converting the wavelength of a portion of light emitted from the light
emitting diode 17. Accordingly, it is possible to implement polychromatic light, e.g.
white light, even by using the light emitting diode 17 that emits light with a single
wavelength.

In a case where the silicone encapsulant 19 is employed, it is preferred that the
silicone encapsulant 19 have hardness lower than that of the silicone lens 20. Ac-
cordingly, stress between the light emitting diode 17 and the silicone encapsulant 19

can be alleviated such that open failures can be further reduced and deformation of the
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silicone lens 20 due to external force can also be prevented.

Meanwhile, the top surface of the light emitting diode 17 is positioned higher than
that of the package body 15. Accordingly, light emitted from the light emitting diode
17 is incident directly on the silicone lens 20. That is, light that has been reflected on
the inner wall of the package body 15 and has been then incident on the lens 20 is
removed in this embodiment. Thus, the path of light incident from the light emitting
diode 17 to the silicone lens 20 can be simplified, so that it is possible to easily design
the silicone lens 20.

The silicone lens 20 may have a variety of shapes in accordance with required char-
acteristics. For example, the silicone lens 20 may take the shape of a convex lens to
increase light output within a narrow viewing angle, whereas the lens may take the
shape of a concave lens to disperse light at a broad viewing angle. Further, a variety of
lenses with a total internal reflection surface may be employed to adjust the emission
direction of light.

Figs. 3 and 4 are sectional and plan views illustrating an example of a silicone lens
120 having a total internal reflection surface for emitting light in a lateral direction. For
convenience of illustration, a lens above the light emitting plane 18 in Fig. 1 is il-
lustrated, and the silicone encapsulant 19 in Fig. 1 and the silicone lens 20 in Fig. 1 are
not discriminated from each other.

Referring to Figs. 3 and 4, the lens 120 of this embodiment is formed into a body of
which section is approximately a semi-ellipse. The lens 120 includes a first V-shaped
(or conical) total internal reflection surface 121 with a predetermined slope and a
second total internal reflection surface 122 with a gentler slope than that of the first
total internal reflection surface 121, which are formed at the center of the lens. A
refractive surface 123 extends from the second total reflection surface 122 to be
rounded downward.

The lens 120 will be specifically discussed. The first total internal reflection surface
121 is formed as a V-shaped (or conical) recess above the light emitting diode 17, the
refractive surface 123 is formed to be rounded on an edge of the lens, and the second
total internal reflection surface 122 is formed to be inclined upward between the recess
and the edge of the lens. Further, assuming that the total height T of the lens 120 is 1 as
shown in Fig. 3, the height T2 of the first total internal reflection surface 121 is within
a range of 1/2 to 1/4 and the height T1 of the second total internal reflection surface
122 is within a range of 1/2 to 1/4. The height T3 measured from a bottom surface of
the lens 120 to the lowermost point in the V-shaped recess is 1/2 or less. As shown in
Fig. 3, the height of the refractive surface is the same as the total height of the lens.
Further, as shown in Fig. 4, if it is assumed that the total diameter A+2B+2C of the

lens 120 is 1, the diameter A of the first total internal reflection surface 121 is within a
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range of 1/3 to 1/8 and the diameter A+2B of the second total reflection surface 122 is
within a range of 1/2 to 1/6.

[39] Furthermore, the refractive surface is elliptically shaped, and a ratio of minor and
major axes of an ellipse is within a range of 1:2 to 1:4. Preferably, a ratio of minor and
major axes is 1:3.

[40] At this time, each of the total internal reflection surfaces 121 and 122 has a slope at
which light emitted from the light emitting diode 17 to be incident on the total internal
reflection surface 121 or 122 is totally reflected. That is, the slope of the total
reflection surface 121 or 122 is set such that an angle defined by the total reflection
surface and light emitted from the light emitting diode 17 to be incident on the total
internal reflection surface becomes greater than a critical angle. The critical angle is
determined by the refractive index of the lens 120. Since the silicone lens generally has
a refractive index greater than an epoxy lens, the critical angle is advantageously large.
In this embodiment, a silicone lens 120 with a refractive index corresponding to a
critical angle of 30 to 60 degrees can be selected. Meanwhile, in order that an angle
defined by light incident from the light emitting diode 17 and the total internal
reflection surface 121 or 122 is equal to or greater than the critical angle, the slope of
the first total internal reflection surface 121 can be within a range of 30 to 89 degrees
and the slope of the second total internal reflection surface 122 can be within a range
of 20 to 60 degrees. Preferably, the slope of the first total internal reflection surface
121 is between 40 to 70 degrees and the slope of the second total internal reflection
surface 122 is between 30 to 50 degrees.

[41] The light emitted from the light emitting diode 17 is incident on the lens 120, is
totally reflected from the total internal reflection surface 121 or 122 to a side of the
lens 120 and is then refracted through a single elliptical refractive surface 123 to be
emitted generally in a horizontal direction. Meanwhile, the light incident directly on
the refractive surface is refracted on the refractive surface 123 and then emitted
generally in the horizontal direction.

[42] If the lens 120 of this embodiment is employed, a backlight device capable of

emitting light broadly in a lateral direction can be provided.
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Claims
A light emitting device, comprising:
a heat sink;
a package body surrounding at least a portion of the heat sink;
a light emitting diode mounted on the heat sink such that a top surface thereof is
positioned at least above a top surface of the package body; and
a silicone lens molded on the package body to cover the light emitting diode.
The light emitting device as claimed in claim 1, further comprising a silicone en-
capsulant interposed between the silicone lens and the light emitting diode to
cover the light emitting diode.
The light emitting device as claimed in claim 2, wherein the silicone lens and/or
silicone encapsulant contain a phosphor for converting the wavelength of light
emitted from the light emitting diode.
The light emitting device as claimed in claim 1, wherein a top surface of the heat
sink is positioned at the same plane as or higher than the top surface of the
package body.
The light emitting device as claimed in claim 1, wherein the silicone lens
comprises:
a refractive surface on an outer edge portion thereof; and
total internal reflection surfaces with different slopes on an outer central portion
thereof.
The light emitting device as claimed in claim 5, wherein each of the total internal
reflection surfaces is inclined to totally reflect light incident from the light
emitting diode onto the refractive surface.
The light emitting device as claimed in claim 6, wherein the total reflection
surfaces comprise:
a first total internal reflection surface in the form of a V-shaped recess with a
predetermined slope; and
a second total internal reflection surface with a slope smaller than the slope of
the first total internal reflection surface between the first total internal reflection

surface and the refractive surface.
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