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BACKGROUND

1. Field of the Invention

The disclosure generally relates to an illumination device,
and particularly to an LED which can direct light towards a
predetermined area.

2. Description of Related Art

With the continuing development of scientific technology,
light-emitting diodes (LEDs) have been widely used in illu-
mination devices to substitute for conventional cold cathode
fluorescent lamps (CCFL) due to their high brightness and
long life-span.

In a common lamp incorporating the LED, a lens covering
the LED requires a complicated shape so as to direct light
generated by the LED in a predetermined direction according
to need. However, the complicated lens increases the cost of
the lamp.

What is needed, therefore, is an LED which can direct light
towards a predetermined area with low cost.

SUMMARY

An LED according to an exemplary embodiment includes
a chip and an encapsulation. The chip has a light-emitting
surface. The encapsulation is disposed on the chip. The
encapsulation has a light output surface facing the light-
emitting surface of the chip. The light output surface includes
a convex surface and a concave surface surrounded by the
convex surface. A portion of light emitted by the light-emit-
ting surface, is refracted divergently via the concave surface
to a predetermined area located above and around the concave
surface. Another portion of light emitted by the light-emitting
surface is refracted convergently via the convex surface to the
predetermined area.

Other advantages and novel features of the disclosure will
become more apparent from the following detailed descrip-
tion of an embodiment/embodiments when taken in conjunc-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of an LED in accordance with
an exemplary embodiment of the disclosure.

FIG. 2 is a top plan view of the LED shown in FIG. 1.

FIG. 3 is a cross-section of the LED shown in FIG. 2, taken
along a line III-111 thereof.

FIG. 4 is similar to FIG. 3, but shows a light path of light
emitted from a chip of the LED.

DETAILED DESCRIPTION

Referring to FIGS. 1-3, an LED 10 in accordance with an
exemplary embodiment of the disclosure is shown. The LED
10 includes an encapsulation 11, a chip 14, and a substrate 16.
The chip 14 is attached to the substrate 16. The encapsulation
11 is disposed on the substrate 16 covering the chip 14.

The encapsulation 11 has an elongated configuration along
a longitudinal axis of the substrate 16. The encapsulation 11
includes a light output surface 110 on a top thereof. The light
output surface 110 includes a convex surface 112 surrounding
a concave surface 114. The convex surface 112 is elongated
along the longitudinal axis of the substrate 16 and protrudes
upwardly from a peripheral portion of the convex surface 112
towards a central portion of the convex surface 112. The
convex surface 112 has a semi-ellipsoidal contour. The con-
cave surface 114 is formed after a concave groove is defined
in the convex surface 112. The concave surface 114 is located
in a middle of the convex surface 112 and adjacent to a lateral
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side of the convex surface 112. The concave surface 114 has
an elongated contour extending along a transverse axis per-
pendicular to the longitudinal axis of the substrate 16. Thus,
the convex surface 112 is located around the concave surface
114.

The substrate 16 has an elongated, rectangular shape. The
substrate 16 is located at a bottom of the LED 10 supporting
the chip 14 and the encapsulation 11. Alternatively, the sub-
strate 16 can be elliptical. The substrate 16 may be a circuit
board. The LED 10 can be fixed to an illuminating device via
the substrate 16.

The chip 14 is located at a bottom of the encapsulation 11.
The chip 14 has a light-emitting surface 140 on a top thereof.
The light-emitting surface 140 faces the light output surface
110 of the encapsulation 11. The chip 14 is adjacent to and
below the concave surface 114. In this embodiment, the chip
14 is just under the concave surface 114.

Referring to FIG. 4, in operation, light is emitted from the
light-emitting surface 140 of the chip 14, into the encapsula-
tion 11, and out of the LED 10 through the light output surface
110. A portion of light 30 incident on the concave surface 114
is refracted divergently to a predetermined area located above
and around the concave surface 114. Another portion of light
40 incident on the convex surface 112 is refracted conver-
gently to the predetermined area above and around the con-
cave surface 114. Thus, most of light generated by the chip 14
is directed towards and uniformly dispersed over the prede-
termined area above and around the concave surface 114 via
the surfaces 112, 114. Accordingly, a lens in a lamp for
directing light of the LED 10 can be omitted so that the cost of
the lamp can be decreased.

Itis to be understood, however, that even though numerous
characteristics and advantages of the present embodiments
have been set forth in the foregoing description, together with
details of the structures and functions ofthe embodiments, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. An LED comprising:

a chip comprising a light-emitting surface;

an encapsulation disposed on the chip and comprising a
light output surface facing the light-emitting surface,
the light output surface comprising a convex surface
surrounding a concave surface, wherein

aportion of light emitted by the light-emitting surface is
refracted divergently via the concave surface to a pre-
determined area above and around the concave sur-
face, and another portion of light emitted by the light-
emitting surface is refracted convergently via the
convex surface to the predetermined area.

2. The LED as claimed in claim 1, wherein the convex
surface of the encapsulation is elongated and upwardly
curved and protrudes upwardly from a peripheral portion of
the convex surface towards a central portion of the convex
surface.

3. The LED as claimed in claim 2, wherein the convex
surface is semi-ellipsoidal.

4. The LED as claimed in claim 2, wherein the concave
surface of the encapsulation is formed after a concave groove
is defined in the convex surface, the concave surface being
elongated along an axis perpendicular to a longitudinal axis
of the convex surface.

5. The LED as claimed in claim 1, wherein the concave
surface of the encapsulation is in a middle of the convex
surface and adjacent to a lateral side of the convex surface.
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6. The LED as claimed in claim 1, wherein the chip is
adjacent to and below the concave surface of the encapsula-
tion.

7. The LED as claimed in claim 1, further comprising a
substrate at a bottom of the LED supporting the chip and the
encapsulation.

8. The LED as claimed in claim 7, wherein the substrate is
a circuit board.

9. An LED, comprising:

a substrate;

a chip disposed on the substrate; and

an encapsulation disposed on the chip, the encapsulation
comprising a convex surface and a concave surface in
and surrounded by the convex surface, and wherein
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the chip is under the concave surface, and a portion of
light from the chip is refracted divergently via the
concave surface to an area above the concave surface,
and another portion of light of the chip is refracted
convergently via the convex surface to the area above

the concave surface.
10. The LED as claimed in claim 9, wherein the convex
surface is semi-ellipsoidal and elongated along a first axis,
and the concave surface is elongated along a second axis

10 perpendicular to the first axis.

11. The LED as claimed in claim 10, wherein the concave
surface is in a middle of and adjacent to a lateral side of the
convex surface.



