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Description

SIDE ILLUMINATION LENS AND LUMINESCENT DEVICE

[1]

[2]

[3]

[4]

[5]

USING THE SAME
Technical Field

The present invention relates to a side illumination lens and a luminescent device
using the same, and more particularly, to a side illumination lens utilizing total internal

reflection and a luminescent device using the lens.

Background Art

In general, a light emitting diode (LED) is a device utilizing a phenomenon in
which minority carriers (electrons or holes) injected by means of a p-n junction
structure of a semiconductor are produced, and light is emitted due to recombination of
the carriers. Conventionally, colors of light emitted by a light emitting diode are only
red and green, and thus, the conventional light emitting diode has its use limited to a
display device.

With the development of technology, however, light emission is allowed in various
ranges of wavelength, in addition to blue light emission. Thus, a light emitting diode
has begun to be used in a variety of fields. In particular, as white light emission is
realized, the use of the light emitting diode is expanded to an illumination device as
well as a backlight for a liquid crystal display.

However, since the direction of light emitted by a light emitting diode is random,
the light should be induced in a desired direction to be used as an illumination device
and a backlight. To induce light in the prior art, as shown in Fig. 1a, a luminescent chip
11 is mounted on a substrate 10, molding is performed to form a convex lens 12 over
the luminescent chip 11, and a pattern 13 for diffused reflection is formed on the
surface of the convex lens 12 so that light can be spread widely. As shown in Fig. 1b,
reflection cups 14 are formed at both sides of the luminescent chip 11 to enhance
focusing of light. Since the aforementioned luminescent device mainly emits light
forward rather than sideward, there is a problem in that it is difficult to apply the lu-
minescent device to a backlight which should widely emit light sideward.

Accordingly, studies on development of a device capable of emitting light in side
directions of a lens have been actively conducted using the total internal reflection
(TIR) property of light. Conventional lenses using TIR are disclosed in U.S. Patent
Nos. 6,679,621, 6,607,286 and 6,598,998. In the patents, a lens comprises a total
reflection surface which is formed on the lens and has a predetermined slope, and a
plurality of refractive surfaces which have different slopes and through which light

reflected by the total reflection surface is emitted to the outside. Since the conventional
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[8]
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[11]
[12]

lens has the plurality of refractive surfaces formed on right and left sides of the total
reflection surface, there is a problem in that a process of fabricating the lens is
complicated and fabricating costs increase. That is, there are the following problems: if
a lens is fabricated using a mold, upper and lower mold parts and right and left mold
parts are required; and if a lens is fabricated by means of a casting or grinding method,

it cannot be easily fabricated in view of its shape.
Disclosure of Invention

Technical Problem

Accordingly, the present invention is conceived to solve the aforementioned
problems. An object of the present invention is to provide a side illumination lens,
which comprises a total internal reflection surface with a total reflection slope and a
linear and/or curved refractive surface(s) extending therefrom, thereby achieving side
luminescence, facilitating a fabricating process thereof and reducing fabricating costs,
and a luminescent device using the side illumination lens.
Technical Solution

The present invention provides a lens comprising a body, a total reflection surface
with a total reflection slope with respect to a central axis of the body, and a linear and/
or curved refractive surface(s) formed to extend from a periphery of the total reflection
surface.

Here, the refractive surface may comprise a linear refractive surface formed by
being bent at the periphery of the total reflection surface, and a curved refractive
surface formed to extend from a periphery of the linear refractive surface. Al-
ternatively, the refractive surface may comprise a curved refractive surface formed to
extend from the periphery of the total reflection surface, and a linear refractive surface
formed by being bent at a periphery of the curved refractive surface.

Preferably, the curved refractive surface takes the shape of an ellipse, and a ratio of
minor and major axes of the ellipse is 1:4 or less. The linear refractive surface may be
bent more than once.

The total reflection surface may comprise a first total reflection surface having a
section in the form of a V-shaped recess with a predetermined slope, and a second total
reflection surface extending upward from a periphery of the first total reflection
surface and formed to be sloped with a gradient smaller than that of the first total
reflection surface.

The refractive index of the body may be 1.2 to 2.0.

The present invention provides a luminescent device comprising a package housing
with an opening and a through-hole exposed by the opening; a lead terminal having an

inner portion exposed within the opening of the package housing and an outer portion
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[15]

[18]

[19]

extending from the inner portion and protruding to the outside of the package housing;
a heat sink coupled to a lower portion of the package housing and having a portion
exposed through the opening; and a lens including a total reflection surface en-
capsulating the package housing and having a total reflection slope, and a refractive
surface formed to extend from a periphery of the total reflection surface.

Here, the package housing may comprise first and second housings mutually
coupled to each other with the lead terminal interposed therebetween, and the opening
may be formed in the first housing.

The heat sink may comprise a heat sink body corresponding to a bottom surface of
the package housing, and an insertion projection protruding upward from a central
portion of the heat sink body and inserted into the through-hole of the package
housing. At this time, the heat sink may have a coupling projection on at least one side
of the heat sink body and the insertion projection.

The present invention provides a luminescent device comprising a heat sink
support ring; a heat sink inserted into the support ring; at least two lead terminals
arranged at both sides of the support ring while being spaced apart from the support
ring and the heat sink; a package body that molds and supports the heat sink and the
lead terminals, and has an opening through which an upper portion of the heat sink and
portions of the lead terminals are exposed; and a lens including a total reflection
surface encapsulating the package body and having a total reflection slope, and a
refractive surface formed to extend from a periphery edge of the total reflection
surface.

Here, the heat sink may have a base and a projection protruding upward from the
base at the center thereof, and the projection is inserted into the support ring.

The heat sink may further comprise a support ring-receiving groove in a side
surface of the projection so that the support ring-receiving groove can be fastened to
the support ring. The package body may be a plastic resin body formed by insert-
molding a thermosetting or thermoplastic resin after the heat sink is inserted into the
support ring.

Advantageous Effects

As described above, according to the present invention, a lens with total internal
reflection surfaces with different slopes, and a linear and/or curved refractive
surface(s) allows light emitted forward from a luminescent chip to be guided to a side
of the lens.

Further, a linear surface(s) formed in a direction perpendicular or parallel to a
central axis of a lens and a curved surface are formed on an edge of the lens so that a

process of fabricating the lens is facilitated, thereby reducing a defective rate and



WO 2006/080729 PCT/KR2005/003346

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]
[28]

[30]
[31]

[32]

[34]

[35]

fabrication costs of the lens.

Moreover, it is possible to provide a luminescent device employing a heat sink to
exhibit superior heat dissipation property, thereby obtaining high output of light.

Furthermore, after a heat sink is fixed to a frame, a package body can be formed
using an insert molding technique, so that a luminescent device with a structure in
which lead terminals and the heat sink are mutually coupled to each other can be easily
fabricated.

In addition, it is possible to provide a frame that allows a heat sink to be fixed
before a package body is formed, so that fabrication of a luminescent device is fa-
cilitated.

Further, there is an advantage in that a large quantity of luminescent devices can be
mass-produced at a high rate because a method of fabricating the luminescent devices
is similar to that of conventional top luminescent devices.

Brief Description of the Drawings

Figs. 1 and 2 are sectional views of conventional luminescent devices.

Fig. 3 is a conceptual view illustrating a critical angle.

Fig. 4 is a sectional conceptual view of a luminescent device with a lens according
to a first embodiment of the present invention.

Fig. 5 is a plan view of the lens according to the first embodiment.

Fig. 6 is a conceptual view illustrating the operation of the total internal reflection
lens according to the first embodiment.

Fig. 7 is a graph showing simulation results of the luminescent device with the lens
according to the first embodiment.

Figs. 8 and 9 are graphs showing experimental measurement results.

Fig. 10 shows plan and side views of an external frame for use in mass-producing a
luminescent device according to a first modification of the embodiment.

Fig. 11 is an exploded perspective view illustrating a luminescent device with a heat
sink according to the first modification.

Fig. 12 shows enlarged plan and side views illustrating a state where the lu-
minescent device with the heat sink according to the first modification is formed in an
external frame.

Figs. 13 (a) and (b) are top and bottom perspective views of the luminescent device
according to the first modification.

Figs. 14 (a) and (b) and Figs. 15 (a) to (c¢) are sectional views of the luminescent
device according to the first modification.

Fig. 16 is a perspective view illustrating a lead frame for use in mass-producing a

luminescent device according to a second modification of the embodiment.
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[37] Fig. 17 is a flowchart illustrating a method of fabricating the luminescent device
according to the second modification.

[38] Figs. 18 to 28 are perspective views illustrating the method of fabricating the lu-
minescent device in accordance with the flowchart.

[39] Fig. 29 is a conceptual sectional view of a luminescent device with a lens according
to a second embodiment of the present invention.

[40] Fig. 30 is a perspective view of the lens according to the second embodiment.

[41] Fig. 31 is a conceptual view illustrating the operation of the total internal reflection
lens according to the second embodiment.

[42] Fig. 32 is a graph showing simulation results of the luminescent device according to
the second embodiment.

[43] Fig. 33 is a conceptual sectional view of a luminescent device with a lens according
to a third embodiment of the present invention.

[44] Fig. 34 is a perspective view of the lens according to the third embodiment.

[45] Fig. 35 is a conceptual view illustrating the operation of the total internal reflection
lens according to the third embodiment.

[46] Fig. 36 is a graph showing simulation results of the luminescent device according to
the third embodiment.

[47] Fig. 37 is a conceptual sectional view of a luminescent device with a lens according
to a fourth embodiment of the present invention.

[48] Fig. 38 is a perspective view of the lens according to the fourth embodiment.

[49] Fig. 39 is a conceptual view illustrating the operation of the total internal reflection
lens according to the fourth embodiment.

[50] Fig. 40 is a graph showing simulation results of the luminescent device according to
the fourth embodiment.

[51] Fig. 41 is a conceptual sectional view of a luminescent device with a lens according
to a fifth embodiment of the present invention.

[52] Fig. 42 is a perspective view of the lens according to the fifth embodiment.

[53] Fig. 43 is a conceptual view illustrating the operation of the total internal reflection
lens according to the fifth embodiment.

[54] Fig. 44 is a graph showing simulation results of the luminescent device according to
the fifth embodiment.
Best Mode for Carrying Out the Invention

[55] Hereinafter, preferred embodiments of the present invention will be described in

detail with reference to the accompanying drawings. However, the present invention is
not limited to the embodiments but may be implemented into different forms. These

embodiments are provided only for illustrative purposes and for full understanding of
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the scope of the present invention by those skilled in the art. Throughout the drawings,
like elements are designated by like reference numerals.

Fig. 3 is a conceptual view illustrating a critical angle.

Referring to Fig. 3, the critical angle refers to the the smallest incidence angle 0 of
at which total internal reflection occurs at a refractive boundary when light travels )
from a material with a high refractive index n1 to another material with a low
refractive index n2. That is, if light meets and is refracted on the other material (n2<
nl) as shown in Fig. 3 (b), the incidence angle that results in a refraction angle of 90
degrees is referred to as the critical angle. At this time, the incidence angle refers to an
angle 601 measured with respect to the normal at the refractive boundary. If an
incidence angle is greater than the critical angle, total internal reflection occurs.

In a case where light is vertically incident from one medium nl on another medium
n2 in the two different media (n2<n1) as shown in Fig. 3 (b), if a boundary surface of
the medium n1 has a certain slope, an angle defined between the incident light and the
normal perpendicular to the boundary surface becomes greater than the critical angle
(602>601). As a result, the light is not transmitted through the other medium n2 after
passing through the medium n1 but is reflected toward the inside of the medium nl.
With the use of the total internal reflection phenomenon of light, the light is not
transmitted but reflected even on a transparent surface. Here, one of the media may be
a material with superior transmittancy, and the other medium may be air.

<Embodiment 1>

Fig. 4 is a sectional conceptual view of a luminescent device with a lens according
to a first embodiment of the present invention, Fig. 5 is a plan view of the lens
according to the first embodiment, Fig. 6 is a conceptual view illustrating the operation
of the total internal reflection lens according to the first embodiment, Fig. 7 is a graph
showing simulation results of the luminescent device with the lens according to the
first embodiment, and Figs. 8 and 9 are graphs showing experimental measurement
results.

Referring to Figs. 4, 5 and 6, the luminescent device with the lens according to this
embodiment comprises a substrate 100; a luminescent chip 110 mounted on the
substrate 100; and a lens that encapsulates the luminescent chip 110 and has a V-
shaped first total reflection surface 121 with a predetermined slope with respect to a
central axis, a second total reflection surface 122 extending outward therefrom with a
slope smaller than that of the first total reflection surface 121, and a curved refractive
surface 123 extending downward from a periphery of the second total reflection
surface 122. Here, it is preferred that the curved refractive surface be in the form of a
part of an ellipse.

First, the aforementioned lens of this embodiment will be described below.
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[64]

[65]
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The first total reflection surface 121 is made in the form of a V-shaped recess over
the luminescent chip 110, the curved refractive surface 123 is formed to be rounded
downward from the periphery of the second total reflection surface 122, and the second
total reflection surface 122 is formed to be inclined upward between the recess and a
periphery of the refractive surface 123. Assuming that the height T of the entire lens
120 is 1 as shown in Fig. 4, the height T2 of the first reflection surface 121 is 1/4 to
1/2, and the height T1 of the second reflection surface 122 is 1/4 to 1/2. As shown in
the figure, the height of the refractive surface is the same as the entire lens. Assuming
that the diameter C of the entire lens 120 is 1 as shown in Fig. 5, the maximum
diameter A of the first reflection surface 121 is 1/8 to 1/3, and the maximum diameter
B of the second reflection surface 122 is 1/6 to 1/2.

Further, it preferred that the curved refractive surface 123 be made in the form of an
ellipse and a ratio of minor and major axes of the ellipse be in a range of 1:2 to 1:4.
More preferably, the ratio of the minor and major axes is 1:3.

At this time, as described above, each of the slopes of the reflection surfaces 121
and 122 should be set such that an angle defined by the total reflection surface and
light emitted from the luminescent chip 110 and incident on the total reflection surface
becomes greater than a critical angle. That is, since the critical angle varies depending
on a refractive index of the lens 120, the lens 120 of this embodiment is made of a
material with a refractive index of 1.2 to 2.0 so hat the critical angle becomes 30 to 60
degrees.

As such, in order that the angle defined by the total reflection surface and light
incident on the total reflection surface 121 or 122 becomes greater than the critical
angle, this embodiment is implemented such that the slope of the first reflection
surface 121 is 30 to 89 degrees, and the slope of the second reflection surface 122 is 20
to 60 degrees. At this time, the slopes refer to angles defined by the first and second
reflection surfaces 121 and 122 and the lower substrate 100. Preferably, the slope of
the first reflection surface 121 is 40 to 70 degrees and the slope of the second reflection
surface 122 is 30 to 50 degrees.

Accordingly, as shown in Fig. 6, light that is incident from a light source
(luminescent chip) in a range of +40 to £45 with respect to an x-axis direction (vertical
direction) is totally reflected on the first and second total reflection surfaces 121 and
122 toward sides of the lens 120 (in a horizontal direction), and then emitted in a y-
axis direction through the single elliptical refractive surface 123. Meanwhile, light that
is incident out of the range of +40 to +45 degrees with respect to the x-axis direction is
immediately refracted through the curved refractive surface 123 and then emitted in the
y-axis direction. In this embodiment, based on about 42 degrees, light is totally
reflected on the total reflection surfaces 121 and 122 and then emitted through the
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refractive surface at the side of the lens, or the light is emitted through the refractive
surface without passing through the total reflection surfaces 121 and 122.

As such, the lens 120 of the present invention is constructed to have the total
reflection surfaces with different slopes with respect to a central axis and the curved
refractive surface 123 at the periphery of the lens, so that a peak value of luminous
intensity is located in a range of +10 with respect to £80 as shown in Figs. 7,8 and 9.
Further, the luminous intensity at zero degree is minimized to be 0 to 20% of the peak
value. Preferably, it is minimized to be 5 to 10% of the peak value.

In Fig. 7, a simulation was made on condition that a lens 120 with a refractive index
of 1.5 was used, an angle defined by the first total reflection surface 121 and light
emitted from the luminescent chip 110 was about 50 degrees, which was greater than
the critical angle, and an angle defined by the second total reflection surface 122 and
light emitted from the luminescent chip 110 was about 43 degrees. Then, luminous
intensity was measured in a range of +90 to -90 degrees with respect to a region where
the luminescent chip was located. The simulation results are shown in the graph. As
shown in the graph of Fig. 7, the luminous intensity is the highest in the vicinity of +80
degrees. That is, the luminous intensity is about 0.93 at -80 degrees and about 0.96 at
+78 degrees. The luminous intensity is not greater than 0.1 in a range of +40 degrees.

In Fig. 8, an experiment was performed on condition that a lens 120 with a
refractive index of 1.5, an angle defined by the first total reflection surface 121 and
light emitted from the luminescent chip 110 was about 50 degrees, which was greater
than the critical angle, and an angle defined by the second total reflection surface 122
and light emitted from the luminescent chip 110 was about 43 degrees. Then, luminous
intensity was measured in a range of +90 to -90 with respect to a region where the lu-
minescent chip was located. The experimental results are shown in the graph. In Fig. 9,
the results are shown in polar coordinates. As shown in the graphs of Figs. 8 and 9, the
luminous intensity is the highest in the vicinity of £75 degrees with respect to the lu-
minescent chip, i.e., a luminescent device. That is, the luminous intensity is about 1 at -
74 degrees and about 0.99 at +78 degrees. The luminous intensity is not greater than
0.1 in a range of £20 degrees and not greater than 0.2 in a range of +40 degrees.

This is because light totally reflected on the first and second reflection surfaces 121
and 122, and light refracted through the refractive surface 123 travels in the side
direction of the luminescent device.

The aforementioned lens 120 of the present invention may be fabricated through an
injection molding process or through a grinding process of grinding a top surface of the
lens 120 with an elliptical contour. In the case where the lens of the present invention
is fabricated by means of such fabricating methods, since the lens has a refractive

surface in the form of a single elliptical refractive surface, the lens can be easily
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fabricated, thereby reducing a defective rate and fabricating costs. In addition, as
compared with the aforementioned prior art in which a plurality of refractive surfaces
of a lens have their slopes over certain distances, resulting in a large size, the present
invention enables improvement of side illumination effects and fabrication of a lens
with a compact size since the lens has a single refractive surface in the form of an
ellipse.

Further, the conventional lens has the refractive surfaces in the form of sawteeth
indented toward a central axis, but the lens of the present invention has the refractive
surface formed to extend outward from the periphery of the total reflection surface.

All types of luminescent chips for emitting light through PN junction can be used as
the luminescent chip 110, and a plurality of luminescent chips 110 may be mounted on
the substrate.

A first modification of a luminescent device including the lens according to the
aforementioned first embodiment will be described below with reference to the ac-
companying drawings.

Fig. 10 shows plan and side views of an external frame for use in mass-producing a
luminescent device according to the first modification of the embodiment, Fig. 11 is an
exploded perspective view illustrating a luminescent device with a heat sink according
to the first modification, and Fig. 12 shows enlarged plan and side views illustrating a
state where the luminescent device with the heat sink according to the first mod-
ification is formed in an external frame.

As shown in Fig. 10, the external frame 201 for use in fabricating luminescent
devices according to this modification is formed with a plurality of unit bodies each of
which comprises lead terminals 200 and connection terminals 210 at a predetermined
interval. The lead terminals 200 are formed in pairs integrally with the connection
terminals 210, and the connection terminals 210 are formed as a symmetric structure to
define a hollow portion 240 with a predetermined shape on a central axis. For the sake
of easy description of the structure of the lead terminal, the lead terminal 200 and the
connection terminal 210 are described as separate members. However, the term "lead
terminal” may be used to express a meaning including both the lead terminal 200 and
the connection terminal 210.

Further, as described above, the connection terminals 210 defining the hollow
portion 240 are supported by panel supports 220 to be fixed to the external frame 201,
and the panel supports perform the function of fixing the positions of the connection
terminals 210 when first and second package housings 300 and 310 to be described
later are fixed.

In the meantime, although the hollow portion 240 formed at the center of the

symmetric connection terminals 210 has a hexagonal shape in this modification, it may



10

WO 2006/080729 PCT/KR2005/003346

[80]

[82]

[84]

[85]

[86]

take the shape of a circle or a polygon with more than four sides.

After the external frame 201 for use in fabricating the luminescent device according
this modification is formed as such, the first and second package housings 300 and
310, and a heat sink 330 are sequentially secured thereto to form a structure shown in
Fig. 11.

That is, the first package housing 300 with a predetermined shape (rectangular
shape) is located on the top of the pair of connection terminals 210 formed integrally
with the lead terminals 200 in the external frame 201, and the second package housing
310 is located on the bottom of the connection terminals 210. Further, the lens 120
with the total reflection surfaces 121 and 122 and the refractive surface 123 according
to the embodiment is fixed on the first package housing 300.

The first package housing 300 is recessed at a central portion thereof to contain an
encapsulant and has a through-hole 380 for exposing the hollow portion 240 and
terminal portions of the connection terminals 210 at the bottom thereof. Although the
through-hole 380 has the same area as the recessed portion, it may have an area smaller
than that of the recessed portion as shown in the figure. The recessed portion and the
through-hole 380 form an opening portion of the package housing. A stepped portion
390 is formed in an inner surface of the recessed portion to contain the encapsulant,
which will be described later, for a luminescent device.

An upper surface of the second package housing 310 is formed with receiving
grooves 320 that have the same shape as the connection terminals 210 to receive the
connection terminals 210 therein, and a lower surface of the second package housing
310 is formed with a heat sink-seating grooves 370 into which the heat sink 330 to be
described later can be inserted.

Further, a circular through-hole 350 is formed at the center of the second package
housing 310 to receive an insertion projection 340 of the heat sink 330 therein, and an
inner space of the insertion projection 340 becomes a luminescent chip-seating portion
360 in which a luminescent chip 400 to be described later will be fixedly seated.

Meanwhile, the first and second package housings 300 and 310 in the present
invention can be made of materials such as thermal conductive plastics or high thermal
conductive ceramics. The thermal conductive plastics include acrylonitrile butadiene
styrene (ABS), liquid crystalline polymer (LCP), polyamide (PA), polyphenylene
sulfide (PPS), thermoplastic elastomer (TPE) and the like. The high thermal
conductive ceramics include alumina (AIZOS), silicon carbide (SiC), aluminum nitride
(AIN) and the like. Among the ceramics, aluminum nitride (AIN) has properties
equivalent to those of alumina and is superior to alumina in view of thermal con-
ductivity. Thus, aluminum nitride has been widely used in practice.

In a case where the material of the first and second package housings 300 and 310
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1s thermal conductive plastics, the first package housing 300 and the second package
housing 310 are respectively located on the top and bottom of the connection terminals
210 symmetrically formed in the external frame 201, and then fixedly attached thereto
through compression at high temperature. Here, it is important to consider the shape of
the through-hole 380 and the stepped portion 390, which are formed within the first
package housing 300. That is, the through-hole 380 and the stepped portion 390 are
formed by locating the first and second package housings 300 and 310 on the top and
bottom of the external frame 201 and by pressing them using a pressing means with a
projection, which takes the shape corresponding to the shape of the though-hole 380
and the stepped portion 390, at high temperature.

Meanwhile, in a case where the material of the first and second package housings
300 and 310 is ceramics, the first package housing 300 and the second package
housing 310 are fabricated in advance to have an accurate size and shape. That is, since
the ceramics cannot be formed into a desired shape in a final application step due to its
property by which the ceramics is formed into a desired shape at a high temperature of
greater than 1000°C, the first and second package housings 300 and 310 are fabricated
in advance to have a precise size and shape. At this time, the through-hole 380 and the
stepped portion 390 should be formed in the first package housing 300 to be fabricated.

Therefore, the ceramic first and second package housings 300 and 310 fabricated in
advance as described above are respectively located on the top and bottom of the
connection terminals 210 of the external frame 201, and then fixedly attached thereto
using an adhesive with high adhesive strength.

A luminescent device to be assembled into the external frame 201 fabricated as
above is formed on each of the unit bodies each of which comprises the lead terminals
200 formed in the external frame 201 and the connection terminals 210 formed in the
symmetrical manner integrally with the lead frames, as shown in Fig. 12.

Further, at least one luminescent chip 400 is fixedly attached to the luminescent
chip-seating portion 360 at the center of the heat sink 330 constituting the luminescent
device formed as described above, and the luminescent chip is electrically connected to
the connection terminals 210 through connection wires 420.

Further, a zener diode 410 can be mounted in the luminescent chip-seating portion
360 and then connected, with polarity matching, to the mounted luminescent chip 400
through the connection wire 420 so as to electrically protect the luminescent chip 400.
The zener diode 410 is a semiconductor device using a phenomenon in which when a
relatively high reverse voltage is applied to a p-n or n-p junction of a semiconductor, a
high current is started to rapidly flow with a certain voltage, and the voltage is
sustained to be constant. If the zener diode 410 is applied to the luminescent device, a

constant voltage can be sustained even though static electricity or a sudden current is
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supplied, thereby enhancing reliability of a product.

Figs. 13 (a) and (b) are top and bottom perspective views of the luminescent device
according to this modification, and Figs. 14 (a) and (b) and Figs. 15 (a) to (c) are
sectional views of the luminescent device according to this modification.

A plurality of luminescent devices according to this modification are formed in the
external frame 201 through the aforementioned fabricating process, and each of the
formed luminescent devices is cut and withdrawn from the external frame 201 around
the first and second package housings 300 and 310.

In the withdrawn luminescent device of the present invention, as shown in Fig. 13,
the lead terminals 200 are bent by a predetermined length and at a predetermined angle
to match with connection terminals on a PCB substrate.

As shown in Figs. 13 (b) and 14, the heat sink 330 of the luminescent device
according to the present invention is fixed to the bottom of the second package housing
310 while being inserted upward thereinto, such that it protrudes beyond the lower
surface of the second package housing 310. That is, this is because the surface of the
heat sink 330 protruding downward beyond the lower surface of the second package
housing 310 is intended to come into direct contact with a heat dissipation member
(not shown) so as to maximize heat dissipation effects when the luminescent device is
fabricated and applied in practice.

Further, as shown in Fig. 14, stepped portions 390a and 390b (collectively
designated by 390) are doubly formed within the inner space of the first package
housing 300, so that they can be used as fixing steps required for molding the en-
capsulant to be described later or for mounting the lens 120 with the total reflection
surfaces and the refractive surface according to this embodiment.

Further, an outer surface of the insertion projection 340 of the heat sink 330 co
nstituting the luminescent device is formed with a latching step 340a to be fixedly
inserted into a groove formed in a wall defining the through-hole 350 in the second
package housing 310, so that the insertion projection 340 of the heat sink 330 can be
firmly fixed to the through-hole 350 of the second package housing 310. The latching
step 340a may be formed on the body of the heat sink. The latching step 340a may be
formed at an edge of an uppermost portion of the insertion projection 340 of the heat
sink 330. At this time, the latching step 340a is coupled to the upper surface of the
second package housing 310, thereby fixing the heat sink 330.

Meanwhile, in the luminescent device according to this modification, the en-
capsulant 450 for protecting the luminescent chip 400 and the connection wires 420
while transmitting light emitted from the luminescent chip 400 is molded within the
inner space of the first package housing 300.

As shown in Fig. 15 (a), the encapsulant 450 may be epoxy resin and contain a
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fluorescent substance for converting light emitted from the luminescent chip 400.

In addition, the encapsulant 450 may contain a diffusing substance for uniform dis-
tribution of light.

Further, as shown in Fig. 15 (b), if the encapsulant 450 is epoxy resin containing a
fluorescent substance, the encapsulant may be further molded with the epoxy resin 470
on the top thereof to obtain more stable molding effects.

Further, as shown in Fig. 15 (¢), the luminescent device is molded with the en-
capsulant 450 as shown in Figs. 15 (a) and (b), and the lens 120 with the total
reflection surfaces 121 and 122 and the refractive surface 123 according to the present
invention is then fixed to the upper stepped portion 390b of the first package housing
300 to ensure side luminescence and to more stably protect the internal, mounted
objects (luminescent chip and bonding wires).

Although the molding with the encapsulant and the subsequent fixing of the lens
have been described in the above, this modification is not limited thereto. The en-
capsulant and the lens may be formed integrally with each other. That is, the en-
capsulant may be formed with total reflection surfaces and a refractive surface on the
top thereof so that it can function as the lens of the present invention, or the lens may
also be used as the encapsulant.

A luminescent device including the lens of the embodiment in accordance with a
second modification will be described below with reference to the accompanying
drawings.

Fig. 16 is a perspective view illustrating a lead frame for use in mass-producing the
luminescent device according to the second modification of the embodiment, Fig. 17 is
a flowchart illustrating a method of fabricating the luminescent device according to
this modification, and Figs. 18 to 21 are perspective views illustrating the method of
fabricating the luminescent device in accordance with the flowchart.

First, a lead frame in this modification will be described with reference to Fig. 16.

Referring to Fig. 16, the lead frame 500 has a heat sink support ring 530 into which
a heat sink can be inserted thereinto. The support ring 530 may be in the form of a
circular ring as shown in the figure. However, it is not limited thereto but may be in the
form of a polygonal ring.

In the meantime, an external frame 510 surrounds the support ring 530. The
external frame 510 is located to be spaced apart from the support ring 530. The
external frame 510 may be in the form of a square as shown in the figure. However, it
is not limited thereto but may be in the form of a circle or other polygons.

The external frame 510 and the support ring 530 are connected by at least two
connection terminals 550a and 550b. The connection terminals 550a and 550b are

located on both opposite sides of the external frame 510 and fix the support ring 530 to
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the external frame 510. Additional connection terminals except the connection
terminals 550a and 550b may connect the support ring 530 to the external frame 510.

Further, at least two lead terminals 570a, 570b, 570c, 590a, 590b and 590c extend
toward the support ring 530 from the external frame 510. However, the lead terminals
are spaced apart from the support ring 530. As shown in the figure, the lead terminals
570a, 570b, 570c, 590a, 590b and 590c have wider distal ends in the vicinity of the
support ring 530. Meanwhile, it is preferred that the lead terminals be arranged on both
opposite sides of the external frame 510.

The number of required lead terminals is determined depending on the kinds and
number of luminescent chips to be mounted and bonding wire-connecting methods.
However, it is preferred that the lead frame 500 have a large number of lead terminals
to be used in a variety of cases. As shown in the figure, the lead terminals are arranged
in a direction perpendicular to the connection terminals 550a and 550b, so that a large
number of lead terminals can be arranged in an identical direction.

The lead frame 500 according to an embodiment of the present invention can be
fabricated by pressing a plate made of phosphor bronze, which is a copper alloy, using
a press die. Meanwhile, although one lead frame 500 is shown in Fig. 16, a plurality of
lead frames 500 may be fabricated and arranged in one phosphor bronze plate. In
particular, a plurality of lead frames 500 fabricated in one phosphor bronze plate are
used for mass production of the luminescent device.

Referring to Fig. 17, the lead frame 500 described above with reference to Fig. 16 is
prepared (SO1).

As described above, the lead frame 500 can be fabricated by pressing a phosphor
bronze plate, and a plurality of lead frames 500 can be fabricated and arranged in one
phosphor bronze plate.

Referring to Figs. 17 and 18, a heat sink 600 fixedly insertable into the support ring
530 of the lead frame 500 is prepared. The heat sink 600 has a top surface on which a
luminescent chip is to be mounted. It is preferred that the top surface of the heat sink
600 have a diameter smaller than the inner diameter of the support ring 530 so that the
heat sink can be easily inserted thereinto and that the outer diameter of the side of the
heat sink 600 be larger than the inner diameter of the support ring 530.

Further, the heat sink 600 may have a support ring-receiving groove 630a enabling
the heat sink to be fastened to the support ring 530. Furthermore, the support ring-
receiving groove 630a may be provided as a spiral groove for facilitating the fastening
thereof to the support ring 530.

Meanwhile, the heat sink 600 may have a base 610 and a projection 630 protruding
upwardly from the center of the base 610. At this time, the support ring-receiving
groove 630a is disposed in a side surface of the projection 630. The base portion 610a
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and the projection 630 may be in the form of cylinders as shown therein. However,
they are not limited thereto but may be in the form of polygonal posts. Although the
projection 630 can have a shape similar to an inner shape of the support ring 530, it is
not limited thereto. That is, the support ring 530 may be in the form of a circular ring,
and the projection 630 may be in the form of a square post.

The heat sink 600 can be fabricated of a metal with high thermal conductivity or a
thermal conductive resin using a press or molding technique. The heat sink 600 is
fabricated using a process separate from a process of preparing the lead frame 500.
Therefore, the order of the steps of preparing the lead frame 500 (SO1) and the heat
sink 600 (S03) may be changed, or the steps may be performed at the same time.

Referring to Figs. 17 and 19, the heat sink 600 is fixedly inserted into the support
ring 530 of the lead frame 500 (S05). Since the outer diameter of the side of the heat
sink 600 is larger than the inner diameter of the support ring 530, the heat sink 600 can
be forcibly inserted into and fixed to the support ring 530.

Meanwhile, if the support ring-receiving groove 630a is formed, the support ring
530 is received in the support ring-receiving groove 630a and supports the heat sink
600. At this time, it is preferred that a portion of the support ring 530 be received in the
support ring-receiving groove 630a, and the remainder thereof protrude to an outer
surface of the projection 630, as shown in figure. Further, if the support ring-receiving
groove 630a a spiral groove, the heat sink 600 can be screwed and fastened to the
support ring 530.

Referring to Figs. 17 and 20, after the heat sink 600 is fixed to the lead frame 500, a
package body 700 is formed using an insert molding technique (SO7). The package
body 700 can be formed through insert molding with a thermosetting or thermoplastic
resin.

The package body 700 is formed around the heat sink 600 to support the support
ring 530, the connection terminals 550a and 550b, the lead terminals 570a, 570b, 570c,
590a, 590b and 590c, and the heat sink 600. Some portions of the connection terminals
and the lead terminals protrude to the outside of the package body 700. Further, the
package body 700 has an opening through which an upper end of the heat sink 600 and
the lead terminals are exposed.

As shown in Fig. 20, some portions of the support ring 530 and the connection
terminals 550a and 550b can be exposed through the opening. Accordingly, a groove is
formed in the top of the package body 700. On the contrary, as shown in Fig. 21, the
package body 700 can cover most portions except the upper end of the heat sink 600,
and expose only some portions of the lead terminals. Thus, a plurality of sub-openings
can be defined.

Even in this case, it is preferred that a groove surrounded by the sidewall of the
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package body be also formed at an upper portion of the package body 700, as shown in
the figure.

Further, the lower surface of the heat sink 600 is exposed to the outside. In addition
thereto, the side of the base portion 610 may also be exposed. Accordingly, heat
dissipation through the heat sink 600 can be promoted.

Meanwhile, although the package body 700 can take the shape of a cylinder, as
shown in Figs. 20 and 21, it is not limited thereto but may be the shape of a polygonal
post such as a square post.

After the heat sink 600 is coupled to the lead frame 500, the package body 700 is
formed by insert-molding a thermosetting or thermoplastic resin, so that the heat sink
600 and the package body 700 are strongly coupled to with each other.

Referring to Figs. 17 and 22, portions of the connection terminals 550a and 550b,
which protrude to the outside of the package body 700, are cut and removed (S09). As
a result, the cut connection terminals 560a and 560b are left in the package body 700,
and these connection terminals and the support ring 530 more prevent the heat sink 600
from being separated from the package body 700.

In the meantime, while the connection terminals are cut, the remainder of the lead
terminals except some lead terminals, which are intended to be used for applying a
current, among the lead terminals protruding to the outside of the package body 700
may be cut and removed together with the connection terminals. For example, as
shown in Fig. 23, in a case where only two lead terminals 570c and 590c are needed,
the remainder of the lead terminals 570a, 570b, 590a and 590b are cut and removed.
Further, as shown in Fig. 24, in a case where four lead terminals 570a, 570c, 590a and
590c are needed, the remainder of the lead terminals 570b and 590b are cut and
removed.

The process of cutting and removing the lead terminals is a process performed in a
case where lead terminals of which the number is larger than that of lead terminals
required in a luminescent device are provided in the lead frame 500. Thus, if the
number of lead terminals required in a luminescent device is identical with that of lead
terminals provided in the lead frame 500, the process of cutting and removing lead
terminals is not performed. Further, since left excess lead terminals, if any, do not
influence the operation of a luminescent device, the process of cutting and removing
the excess lead terminals is not an inevitable process.

Referring to Figs. 17 and 25, luminescent chips 800 are mounted on an upper
surface of the heat sink 600 (S11). The luminescent chip 800 may be a one-bond die
with an electrode on each of top and bottom surfaces thereof or a two-bond die with
two electrodes on a top surface thereof.

If the luminescent chip 800 is a one-bond die, it is preferred that the heat sink 600
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be made of a metallic material with electric conductivity. At this time, the luminescent
chip 800 is mounted on the heat sink 600 by means of an electric conductive adhesive
such as silver epoxy. Otherwise, if all the luminescent chips 800 to be mounted on the
heat sink 600 are two-bond dies, the heat sink 600 is not necessarily to be electrically
conductive, and they may be mounted on the heat sink 600, for example, by means of
various kinds of thermally conductive adhesives.

In the meantime, a plurality of luminescent chips 800 may be mounted on the heat
sink 600. Further, the plurality of luminescent chips 800 may be luminescent chips that
can emit light with different wavelengths. For example, as shown in Fig. 25, three lu-
minescent chips 800 can be mounted. At this time, the luminescent chips 800 may be
luminescent chips for respectively emitting red, green and blue light. Accordingly, a
luminescent device emitting light with all kinds of colors can be provided using the lu-
minescent chips 800.

Referring to Figs. 17 and 26, luminescent chips 810, 830 and 850 and the lead
terminals 570a, 570b, 570c, 590a, 590b and 590c are electrically connected through
bonding wires (S13). In a case where all the luminescent chips 810, 830 and 850 are
two-bond dice, each of the luminescent chips is connected to two lead terminals
through two bonding wires. Meanwhile, as shown in the figure, the luminescent chips
810, 830 and 850 can be electrically connected to different pairs of lead terminals, re-
spectively. Moreover, one common lead terminal (e.g., 570b) and the luminescent
chips can be connected through the bonding wires, and the other lead terminals (e.g.,
590a, 590b, 590c¢) located at a side opposite to the common lead terminal can be
connected to the luminescent chips through different bonding wires, respectively. In
this case, the luminescent chips can be driven with different currents, respectively.

Meanwhile, as shown in Fig. 27, a one-bond luminescent chip 810a and two-bond
luminescent chips 830 and 850 can be mounted together. At this time, one lead
terminal 570b of the lead terminals is electrically connected to the heat sink 600
through a bonding wire. Therefore, the lead terminal 570b is electrically connected to a
bottom surface of the one-bond luminescent chip 810a through a bonding wire and the
heat sink 600. There are various combinations of one-bond dies and two-bond dies,
and one of various methods of connecting bonding wires in the combinations can be
selected.

Further, one of various methods of connecting lead terminals to luminescent chips
can be selected, and a plurality of luminescent chips may be connected in series, in
parallel or in series-parallel.

In the meantime, after the luminescent chips 810, 830 and 850 and the lead
terminals are connected through the bonding wires, the luminescent chips 810, 830 and

850 are encapsulated with an encapsulant (not shown) (S15). The encapsulant can en-
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capsulate the luminescent chips and the bonding wires by filling the opening of the
package body 700.

Further, the encapsulant can contain a fluorescent substance. For example, the
fluorescent substance can convert the color of light from blue into yellow, or into green
and red. Thus, if a luminescent chip emitting blue light is mounted on the heat sink
600, it is possible to provide a luminescent chip emitting white light to the outside by
converting some of light emitted from the luminescent chip into yellow, or green and
red light. In addition thereto, the encapsulant may further contain a diffusing
substance. The diffusing substance prevents the luminescent chips and the bonding
wires from being viewed from the outside by dispersing light emitted from the lu-
minescent chips, and the diffusing substance also enables light to be uniformly emitted
to the outside.

After the luminescent chips are encapsulated with the encapsulant, the lens 120 with
the total reflection surfaces 121 and 122 and the refractive surface 123 according to
this embodiment is attached on the package body 700 (S17). The lens 120 is used to
emit light within a predetermined directional angle, which guides and emits light from
the luminescent chip 800 toward the side of the lens in this embodiment.

Although the processes of forming the encapsulant and attaching the lens have been
described above as separate processes for the sake of convenience of description, it is
not limited thereto, and the luminescent chips may be encapsulated directly with a lens
with total reflection surfaces and a refractive surface. That is, the total reflection
surfaces and the refractive surface may be formed on the top of the encapsulant.

Referring to Figs. 17 and 28, the lead terminals 570a, 570b, 570c, 590a, 590b and
590c¢ are cut from the external frame 510 and then bent (S19). As a result, a lu-
minescent device that can be subjected to surface mounting is obtained. Meanwhile,
the step of cutting and removing the connection terminals (S09) may be performed
together with step S19.

Next, the luminescent device of this modification will be described with reference
to Fig. 28.

Referring back to Fig. 28, the luminescent device includes the heat sink support ring
530. The support ring 530 is made of a copper alloy such as phosphor bronze.
Although the support ring 530 can take the shape of a circular ring as shown in the
figure, it is not limited thereto but may take the shape of a polygonal ring. The cut
connection terminals 560a and 560b are disposed while extending from the outside of
the support ring 530. The cut connection terminals 560a and 560b can be located at
opposite sides of the support ring 530.

As described with reference to Fig. 18, the heat sink 600 is inserted into the support
ring 530.
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Meanwhile, at least two lead terminals 570a, 570b, 570c, 590a, 590b and 590c are
arranged at the both sides of the support ring while being spaced apart from the support
ring 530 and the heat sink 600. The lead terminals may be bent to enable surface
mounting.

In addition thereto, the package body 700 supports the heat sink 600 and the lead
terminals by means of molding. The package body 700 has the opening through which
the upper end of the heat sink 600 and some portions of the lead terminals are exposed
at the upper portion of the package body. Meanwhile, the portions of the lead terminals
protruding outward through the sidewall of the package body 700.

As described with reference to Fig. 20, some portions of the support ring 530 and
the connection terminals 550a and 550b can be exposed through the opening. Ac-
cordingly, the grooves are formed at the upper portion of the package body 700.
Further, as described with reference to Fig. 21, the package body 700 can cover most
portions except the upper end of the heat sink 600 and expose only some portions of
the lead terminals. Thus, a plurality of openings can be formed. Even in this case, it is
preferred that the package body 700 have the groove surrounded by the sidewall of the
package body as shown in Fig. 21.

The package body 700 is a plastic resin body formed by insert-molding a ther-
mosetting or thermoplastic resin after the heat sink 600 is fixedly inserted into the
support ring 530.

The luminescent chips 810, 830 and 850 are mounted and located on the upper
surface of the heat sink 600. Although the luminescent chips shown in Fig. 28 are two-
bond dies, they are not limited thereto. The luminescent chips may be one-bond dies or
a combination of one-bond and two-bond dies.

The luminescent chips are electrically connected to the lead terminals through the
bonding wires. In a case where the luminescent chips are two-bond dies, each of the lu-
minescent chips is electrically connected to two lead terminals through two bonding
wires. Meanwhile, in a case where at least one of the luminescent chips is a one-bond
die, the heat sink is electrically connected to at least one lead terminal through a
bonding wire.

There are various methods of connecting the lead terminals and the luminescent
chips and one of them can be selected according to characteristics of required lu-
minescent chips.

Meanwhile, the lens 120 with the total reflection surfaces 121 and 122 and the
refractive surface 123 according to this embodiment covers and encapsulates the lu-
minescent chips.

As described above, the luminescent device with the lens according to this

embodiment is not limited to the aforementioned modification but may be applied to
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various kinds of luminescent chips.

Further, the present invention is not limited to the shape of the lens according to the
embodiment but may further include a linear refractive surface.

A lens further comprising a horizontal linear refractive surface according to a
second embodiment will be described below. In the following second embodiment, a
description thereof overlapping with that of the previous embodiment will be omitted.
Moreover, a description of a modification of a luminescent device with the lens will
also be omitted since it overlaps with that of the previous embodiment.

<Embodiment 2>

Fig. 29 is a conceptual sectional view of a luminescent device with a lens according
to a second embodiment of the present invention, Fig. 30 is a perspective of the lens
according to the second embodiment, Fig. 31 is a conceptual view illustrating the
operation of the total internal reflection lens according to the second embodiment, and
Fig. 32 is a graph showing simulation results of the luminescent device according to
the second embodiment.

Referring to Figs. 29, 30 and 31, the lens of this embodiment comprises a first total
reflection surface 1121 with a V-shaped section and a certain slope with respect to a
central axis X; a second total reflection surface 1122 with a slope smaller than that of
the first total reflection surface 1121; a linear first refractive surface 1123a extending
from a periphery of the second total reflection surface 1122 in a direction per-
pendicular to the central axis x; and a curved second refractive surface 1123b
extending downward from a periphery of the linear first refractive surface 1123a.

As shown in Fig. 29, the first total reflection surface 1121 is formed in the shape of
a V-shaped recess above a luminescent chip 1110, and the second total reflection
surface 1122 is formed to extend upward from the recess and to have a gradient
smaller than that of the first reflection surface 1121 with respect to the central axis x.
Meanwhile, the linear refractive surface 1123a is made in the form of a straight line
parallel to a substrate 1100 on which the luminescent chip 1110 is to be mounted, and
the curved second refractive surface 1123b is made in the form of a downward round
curve extending from the first refractive surface 1123a. Of course, the first refractive
surface 1123a may be formed to be parallel to the bottom of the lens 120. The first and
second refractive surfaces 1123a and 1123b refer to surfaces that refract light guided to
an edge of the lens toward the side thereof.

Assuming that the diameter of the entire lens 120 is 1 in the above, the first
reflection surface 1121 is formed at the center of the lens 1120, and the maximum
diameter of the first reflection surface 1121 is 1/12 to 1/6; the second reflection surface
1122 is formed to cover the first reflection surface 1121 and has the maximum

diameter of 1/7 to 1/3; the first refractive surface 1123a is constructed in the form of a
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circular strip to surround the second reflection surface 1122 and has the maximum
diameter of 1/5 to 2/3; and the diameter of the second refractive surface 1123b is
identical with that of the entire lens 1120. Here, the width of the circular strip-shaped
first refractive surface 1123a is 1/16 to 1/8 of the diameter of the lens. Assuming that
the height of the lens 1120 is 1, the height of the first reflection surface 1121 is 1/6 to
172, and the height of the second reflection surface 1122 is 1/6 to 1/2.

The second refractive surface 1123b is made in the form of an ellipse as shown in
Fig. 29, and a ratio of minor and major axes of the ellipse is in a range of 1:4 or less.
That is, it may be a circle.

At this time, the slope of each of the total reflection surfaces 1121 and 1122 is set
such that an angle defined by the total reflection surface and light, which is emitted
from the luminescent chip 1110 and is then incident on the total reflection surface,
becomes greater than a critical angle, as described above. That is, since the critical
angle varies depending on a refractive index of the lens 1120, the lens 1120 of this
embodiment is formed of a material with a refractive index of 1.2 to 2.0 so that the
critical angle can be in a range of 30 to 60 degrees.

In order to cause the angle defined by the total reflection surface and light incident
on the total reflection surface 1121 or 1122 to be greater than the critical angle, the
slope of the first reflection surface 1121 is 30 to 89 degrees, and that of the second
reflection surface 1122 is 20 to 60 degrees in this embodiment. At this time, the slopes
refer to angles defined by the first and second reflection surfaces 1121 and 1122, and
the lower substrate 1100. Preferably, the slope of the first total reflection surface 1121
is 40 to 70 degrees and that of the second total reflection surface 1122 is 30 to 50
degrees. Further, it is preferred that the slope of the first refractive surface 1123a be
formed to be 10 degrees or less. However, it has been previously described as being in
a horizontal state where its slope is zero.

Accordingly, as shown in Fig. 31, light R2 and R3, which is emitted from a light
source (luminescent chip) and incident on the first and second total reflection surfaces
1121 and 1122, is totally reflected, and then emerges in a y-axis direction through the
rounded second refractive surface 1123b. Light R4 and R1 incident on the first and
second refractive surfaces 1123a and 1123b are refracted and then emerge in the y-axis
direction.

As such, the lens 1120 of the present invention is formed to have the total reflection
surfaces with different slopes at a central portion thereof, and the horizontal surface
and the rounded surface at an edge portion thereof, so that a peak value of luminous
intensity can be in a range of £10 with respect to +83, as shown in Fig. 32.

In Fig. 32, a lens 1120 with a refractive index of 1.5 was used such that an angle

defined by the first total reflection surface 1121 and light emitted from the luminescent
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chip 1110 became about 50 degrees greater than the critical angle, and an angle
defined by the second total reflection surface 1122 and light emitted from the lu-
minescent chip 1110 became about 43 degrees. Then, luminous intensity was
simulated in a range of +90 to -90 with respect to a region where the luminescent chip
1110 was located, and the results are shown in the graph. As shown in the graph of Fig.
32, the luminous intensity is the highest in the vicinity of +£83 degrees. That is, the
luminous intensity is about 0.97 at +83 degrees and about 0.94 at -83 degrees. Further,
the luminous intensity is not greater than 0.2 within +40.

This is because light totally reflected on the first and second reflection surfaces
1121 and 1122, and light refracted through the first and second refractive surfaces
1123a and 1123b travels in the side direction of the luminescent device.

The lens 1120 of the present invention may be fabricated by means of an injection
molding process or a grinding process of grinding a top surface of the lens 1120 with
an elliptical curved surface. In a case of fabricating the lens of the present invention in
this manner, since the lens is composed of the horizontal linear surface and the
elliptical curved surface, its fabrication is facilitated, thereby reducing a defective rate
and fabrication costs.

In addition, as described in the previous embodiment, as compared with the afore-
mentioned prior art in which a plurality of refractive surfaces of a lens have their
slopes over certain distances, resulting in a large size, the present invention enables im-
provement of side illumination effects and fabrication of a lens with a compact size
since the lens has double refractive surfaces that are in the form of a straight line and
an ellipse. Further, the conventional lens has the refractive surfaces indented toward a
central axis, but the lens of the present invention has the refractive surface formed to
extend outward from the periphery of the total reflection surface.

Although the most preferred embodiment in which the luminescent chip is en-
capsulated by the lens has been described in the present invention, a certain space (not
shown) may be formed between the luminescent chip and the lens. At this time, a
material with a refractive index of 1.2 to 2.0 can be selected as a material filled into the
space. For example, the space may be filled with epoxy/silicon resin or air/another gas
(e.g. nitrogen), or may be under a vacuum condition. Here, a fluorescent material can
be further included in the space.

Moreover, although the lens includes the linear surface and the curved surface
extending therefrom, it is not limited thereto but may be modified into various shapes.
That is, the lens may include a linear surface extending from a curved surface, and the
linear surface may be bent. Next, a side illumination lens with a linear surface
extending from a curved surface and bent once, and a luminescent device with the lens

according to a third embodiment of the present invention will be described below.
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In the following third embodiment, a description thereof overlapping with that of
the aforementioned embodiment will be omitted. Further, since a description of a mod-
ification of a luminescent device with the lens overlaps with that of the aforementioned
embodiment, the description will be omitted.

<Embodiment 3>

Fig. 33 is a conceptual sectional view of a luminescent device with a lens according
to a third embodiment of the present invention, Fig. 34 is a perspective view of the lens
according to the third embodiment, Fig. 35 is a conceptual view illustrating the
operation of the total internal reflection lens according to the third embodiment, and
Fig. 36 is a graph showing simulation results of the luminescent device according to
the third embodiment.

Referring to Figs. 33, 34 and 35, the lens of this embodiment comprises a first total
reflection surface 2121 with a V-shaped section and a certain slope with respect to a
central axis X; a second total reflection surface 2122 with a slope smaller than that of
the first total reflection surface 2121; a curved first refractive surface 2123a extending
downward from a periphery of the second total reflection surface 2122; a linear second
refractive surface 2123b extending from a periphery of the first refractive surface
2123a in a direction perpendicular to the central axis x; and a linear third refractive
surface 2123c extending from a periphery of the second refractive surface 2123b in a
direction parallel to the central axis x.

As shown in Figs. 33 and 34, assuming that the diameter of the entire lens 2120 is
1, the first reflection surface 2121 is formed at a central portion of the lens 2120, and
the maximum diameter of the first total reflection surface 2121 is 1/12 to 1/6; and the
second reflection surface 2122 is formed to surround the first total reflection surface
2121, and the maximum diameter thereof is 1/7 to 1/3. The first refractive surface
2123a is made in the form of an ellipse surrounding the second total reflection surface
2122, and the maximum diameter thereof is 1/2 to 7/8; and the maximum diameter of
the second and third refractive surfaces 2123b and 2123c is the same as the entire lens
2120. Here, the width of the second refractive surface 2123b is 1/16 to 1/8 of the
diameter of the lens.

Further, assuming that the height of the lens 2120 is 1, the height of the first total
reflection surface 2121 is 1/12 to 1/6; the height of the second total reflection surface
2123 is 1/12 to 1/6; the height of the first refractive surface 2123a is 1/4 to 3/4; and the
height of the third refractive surface 2123c is 1/4 to 3/4. Here, the first refractive
surface 2123a is made in the form of an ellipse as shown in the figures, and a ratio of
minor and major axes of the ellipse is formed in a range of 1:4 or less. That is, it may
be a circle.

Accordingly, as shown in Fig. 35, light R4 and RS, which is emitted from a light
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source (luminescent chip) and is then incident on the first and second total reflection
surfaces 2121 and 2122 is totally reflected, and emerges in a y-axis direction through
the downward rounded second refractive surface 1123b. Light R3, R2 and R1 incident
on the first, second and third refractive surfaces 2123a, 2123b and 2123c is refracted
and then emitted in the y-axis direction.

As such, the lens 1120 of the present invention is formed to have total the reflection
surfaces with different slopes at the central portion thereof, and the rounded, horizontal
and vertical surfaces at an edge thereof, so that a peak value of luminous intensity is
located in a range of +10 with respect to +64, as shown in Fig. 36.

In Fig. 36, a lens 2120 with a refractive index of 1.5 was used such that an angle
defined by the first total reflection surface 2121 and light emitted from the luminescent
chip 2110 became about 50 degrees greater than a critical angle, and an angle defined
by the second total reflection surface 2122 and light emitted from the luminescent chip
2110 became about 43 degrees. Then, luminous intensity is simulated in a range of +90
to -90 with respect to a region where the luminescent chip 1110 was located, and the
results are shown in the graph.

As shown in the graph of Fig. 36, the luminous intensity is the highest in the
vicinity of +64 degrees. That is, the luminous intensity is about 0.99 at +64 degrees
and about 0.98 at -64 degrees. Further, the luminous intensity is not greater than 0.2
within +40 degrees.

As described above, this is because light totally reflected on the first and second
reflection surfaces 2121 and 2122, and light refracted through the first to third
refractive surfaces 2123a, 2123b and 2123c travels in the side direction of the lu-
minescent device.

Since a method of fabricating the lens and a luminescent device with the lens are
the same as the aforementioned embodiment, descriptions thereof will be omitted.

A side illumination lens with a linear surface bent twice and a curved surface
extending therefrom, and a luminescent device with the lens according to a fourth
embodiment of the present invention will be described below.

In the following fourth embodiment, a description thereof overlapping with that of
the aforementioned embodiment will be omitted. Further, since a description of a mod-
ification of a luminescent device with the lens overlaps with that of the aforementioned
embodiment, the description will be omitted.

<Embodiment 4>

Fig. 37 is a conceptual sectional view of a luminescent device with a lens according
to a fourth embodiment of the present invention, Fig. 38 is a perspective view of the
lens according to the fourth embodiment, Fig. 39 is a conceptual view illustrating the

operation of the total internal reflection lens according to the fourth embodiment, and
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Fig. 30 is a graph showing simulation results of the luminescent device according to
the fourth embodiment.

Referring to Figs. 37, 38 and 39, the lens of this embodiment comprises a first total
reflection surface 3121 with a V-shaped section and a certain slope with respect to a
central axis x; a second total reflection surface 3122 with a slope smaller than that of
the first total reflection surface 3121; a linear first refractive surface 3123a extending
from a periphery of the second total reflection surface 3122 in a direction per-
pendicular to the central axis X; a linear second refractive surface 3123b extending
downward in parallel to the central axis x from a periphery of the first refractive
surface 3123a; a linear third refractive surface 3123c extending from a periphery of the
second refractive surface 3123b in the direction perpendicular to the central axis x; and
a curved fourth refractive surface 3123d extending downward from a periphery of the
third refractive surface 3123c.

As shown in Figs. 37 and 38, assuming that the diameter of the entire lens 3120 is
1, the maximum diameter of the first total reflection surface 3121 is 1/12 to 1/6, and
the maximum diameter of the second total reflection surface 3122 is 1/7 to 1/3. The
maximum diameter of the first refractive surface 3123a is 1/6 to 1/2, and the width of
the first refractive surface 3123a is 1/36 to 1/24 of the diameter of the lens 3120. The
maximum diameter of the third refractive surface 3123c is 1/5 to 2/3, and the width of
the third refractive surface 3123c is 1/24 to 1/7. The diameter of the fourth refractive
surface 3123d is the same as the entire lens 3120.

Further, assuming that the height of the lens 3120 is 1, the height of the first total
reflection surface 3121 is 1/4 to 3/4; the height of the second total reflection surface
3122 is 1/6 to 1/4; the height of the second refractive surface 3123b is 1/12 to 1/8; and
the height of the fourth refractive surface 3123d is 7/8 to 11/12. Here, the fourth
refractive surface 3123d is made in the form of an ellipse as shown in the figures, and a
ratio of minor and major axes of the ellipse is in a range of 1:4 or less. That is, it may
be a circle.

Accordingly, as shown in Fig. 39, light R2 and R6, which is emitted from a light
source (luminescent chip) and is then incident on the first and second total reflection
surfaces 3121 and 3122, are totally reflected, and emerges in a y-axis direction through
the refractive surfaces 3123a, 3123b, 3123c and 3123d. Light RS, R4, R3 and R1
incident on the first to fourth refractive surfaces 3123a, 3123b, 3123c and 3123d are
refracted and emerges in the y-axis direction.

As such, the lens 120 of the present invention is formed to have the total reflection
surfaces with different slopes at a central portion thereof, and the rounded surface and
the plurality of horizontal and vertical surfaces at an edge thereof, so that a peak value

of luminous intensity is in a range of +10 with respect to £76 as shown in Fig. 40.
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In Fig. 40, a lens 3120 with a refractive index of 1.5 was used such that an angle
defined by the first total reflection surface 3121 and light emitted from the luminescent
chip 3110 became about 50 degrees greater than a critical angle, and an angle defined
by the second total reflection surface 3122 and light emitted from the luminescent chip
3110 became about 43 degrees. Then, luminous intensity is simulated in a range of +90
to -90 with respect to a region where the luminescent chip is located, and the results
are shown in the graph.

As shown in the graph of Fig. 40, the luminous intensity is the highest in the
vicinity of £76 degrees. That is, the luminous intensity is about 0.98 at +76 degrees
and about 0.97 at -77 degrees. Further, the luminous intensity is not greater than 0.2
within +40 degrees.

Since a method of fabricating the lens and a luminescent device with the lens are
the same as the aforementioned embodiment, descriptions thereof will be omitted.

A side illumination lens with a linear surface bent once and a curved surface
extending therefrom, and a luminescent device with the lens according to a fifth
embodiment of the present invention will be described below.

In the following fifth embodiment, a description thereof overlapping with that of the
aforementioned embodiment will be omitted. Further, since a description of a mod-
ification of a luminescent device with the lens overlaps with that of the aforementioned
embodiment, the description will be omitted.

<Embodiment 5>

Fig. 41 is a conceptual sectional view of a luminescent device with a lens according
to a fifth embodiment of the present invention, Fig. 42 is a perspective view of the lens
according to the fifth embodiment, Fig. 43 is a conceptual view illustrating the
operation of the total internal reflection lens according to the fifth embodiment, and
Fig. 44 is a graph showing simulation results of the luminescent device according to
the fifth embodiment.

Referring to Figs. 41, 42 and 43, the lens of this embodiment comprises a first total
reflection surface 4121 with a V-shaped section and a certain slope with respect to a
central axis x; a second total reflection surface 4122 with a slope smaller than that of
the first total reflection surface 4121; a linear first refractive surface 4123a extending
downward from a periphery of the second total reflection surface 4122 in a direction
parallel to the central axis x; a linear second refractive surface 4123b extending from a
periphery of the first refractive surface 4123a in the direction perpendicular to the
central axis x; and a curved third refractive surface 4123c extending downward from a
periphery of the second refractive surface 4123b.

As shown in Figs. 41 and 42, assuming that the diameter of the entire lens 4120 is

1, the maximum diameter of the first total reflection surface 4121 is 1/12 to 1/6, and
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the maximum diameter of the second total reflection surface 4122 is 1/7 to 1/3. The
maximum diameter of the second refractive surface 4123b is 1/6 to 2/3, and the width
of the second refractive surface 4123b is 1/12 to 1/6 of the diameter of the lens 4120.
The diameter of the third refractive surface 4123c is the same as the entire lens.

Further, assuming that the height of the lens 4120 is 1, the height of the first total
reflection surface 4121 is 1/4 to 3/4; the height of the second total reflection surface
4122 is 1/6 to 1/4; the height of the first refractive surface 4123a is 1/12 to 1/8; and the
height of the third refractive surface 4123c is 7/8 to 11/12. Here, the third refractive
surface 4123c is made in the form of an ellipse as shown in the figures, and a ratio of
minor and major axes of the ellipse is in a range of 1:4 or less. That is, it may be a
circle.

Accordingly, as shown in Fig. 43, light R2 and R4, which is emitted from a light
source (luminescent chip) and is then incident on the first and second total reflection
surfaces 4121 and 4122, are totally reflected, and emerges in a y-axis direction through
the refractive surfaces 4123a, 4123b and 4123c. Light R5, R3 and R1 incident on the
first to third refractive surfaces 4123a, 4123b and 4123c are refracted and emerges in
the y-axis direction.

As such, the lens 120 of the present invention is formed to have the total reflection
surfaces with different slopes at a central portion thereof, and the rounded surface and
the plurality of horizontal and vertical surfaces at an edge thereof, so that a peak value
of luminous intensity is in a range of +10 with respect to £70 as shown in Fig. 44.

In Fig. 44, a lens 4120 with a refractive index of 1.5 was used such that an angle
defined by the first total reflection surface 4121 and light emitted from the luminescent
chip 4110 became about 50 degrees greater than a critical angle, and an angle defined
by the second total reflection surface 4122 and light emitted from the luminescent chip
4110 became about 43 degrees. Then, luminous intensity is simulated in a range of +90
to -90 with respect to a region where the luminescent chip is located, and the results
are shown in the graph.

As shown in the graph of Fig. 44, the luminous intensity is the highest in the
vicinity of £70 degrees. That is, the luminous intensity is about 1.0 at +70 degrees and
about 0.97 at -70 degrees. Further, the luminous intensity is not greater than 0.2 within
+40 degrees.
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Claims

[1] 1. A lens, comprising: a body;

a total reflection surface with a total reflection slope with respect to a central axis
of the body; and

a linear and/or curved refractive surface(s) formed to extend from a periphery of
the total reflection surface.

[2] 2. The lens as claimed in claim 1, wherein the refractive surface comprises:

a linear refractive surface formed by being bent at the periphery of the total
reflection surface; and

a curved refractive surface formed to extend from a periphery of the linear
refractive surface.

[3] 3. The lens as claimed in claim 1, wherein the refractive surface comprises:

a curved refractive surface formed to extend from the periphery of the total
reflection surface; and

a linear refractive surface formed by being bent at a periphery of the curved
refractive surface.

[4] 4. The lens as claimed in any one of claims 1 to 3, wherein the curved refractive
surface takes the shape of an ellipse, and a ratio of minor and major axes of the
ellipse is 1:4 or less.

[5] 5. The lens as claimed in any one of claims 1 to 3, wherein the linear refractive
surface is bent more than once.

[6] 6. The lens as claimed in claim 1, wherein the total reflection surface comprises:
a first total reflection surface having a section in the form of a V-shaped recess
with a predetermined slope; and
a second total reflection surface extending upward from a periphery of the first
total reflection surface and formed to be sloped with a gradient smaller than that

of the first total reflection surface.

[7] 7. The lens as claimed in claim 1, wherein the refractive index of the body is 1.2
to 2.0.
[8] 8. A luminescent device, comprising:

a package housing with an opening and a through-hole exposed by the opening;
a lead terminal having an inner portion exposed within the opening of the
package housing and an outer portion extending from the inner portion and
protruding to the outside of the package housing;

a heat sink coupled to a lower portion of the package housing and having a
portion exposed through the opening ; and

a lens including a total reflection surface encapsulating the package housing and
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having a total reflection slope, and a refractive surface formed to extend from a
periphery of the total reflection surface.

9. The luminescent device as claimed in claim 8, wherein the package housing
comprises first and second housings mutually coupled to each other with the lead
terminal interposed therebetween, and the opening is formed in the first housing.
10. The luminescent device as claimed in claim &, wherein the heat sink
comprises:

a heat sink body corresponding to a bottom surface of the package housing; and
an insertion projection protruding upward from a central portion of the heat sink
body and inserted into the through-hole of the package housing.

11. The luminescent device as claimed in claim 10, wherein the heat sink has a
coupling projection on at least one of the heat sink body and the insertion
projection.

12. A luminescent device, comprising:

a heat sink support ring;

a heat sink inserted into the support ring;

at least two lead terminals arranged at both sides of the support ring while being
spaced apart from the support ring and the heat sink;

a package body for molding the heat sink and the lead terminals to support them,
the package body having an opening through which an upper portion of the heat
sink and portions of the lead terminals are exposed; and

a lens including a total reflection surface encapsulating the package body and
having a total reflection slope, and a refractive surface formed to extend from a
periphery edge of the total reflection surface.

13. The luminescent device as claimed in claim 12, wherein the heat sink has a
base and a projection protruding upward from the base at the center thereof, and
the projection is inserted into the support ring.

14. The luminescent device as claimed in claim 13, wherein the heat sink further
comprises a support ring-receiving groove in a side surface of the projection so
that the support ring-receiving groove can be fastened to the support ring.

15. The luminescent device as claimed in claim 12, wherein the package body is
a plastic resin body formed by insert-molding a thermosetting or thermoplastic

resin after the heat sink is inserted into the support ring.
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