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FIG. 4
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Fig. 8a
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1
LED MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light emitting diode
(LED) module, and more particularly to an LED module
including a composite reflector formed with diffraction lines
through which light can be diffused.

The LED module of the present invention diffuses light
over a wide area rather than focuses light on a narrow area,
achieving improved luminance uniformity. The LED mod-
ule of the present invention is particularly suitable for use in
a backlight unit for a television.

2. Description of the Related Art

A general backlight unit reflects light using a reflection
mechanism but distributes light over a narrow area and does
not disperse light due to the rectilinear propagation of light,
resulting in non-uniform luminance

To solve such problems, some backlight units provided
with diffraction gratings are known. Such a backlight unit
includes a light guide plate having fine diffraction patterns
formed on the upper or lower surface thereof and light
sources arranged at one lateral side of the light guide plate
to disperse light.

White light emitted from the light sources enters through
one lateral side of the light guide plate and propagates inside
the light guide plate by total reflection. For example, the
light guide plate is made of a material with high transmit-
tance.

A portion of the light incident on the upper surface of the
light guide plate is diffracted by the diffraction patterns
formed on the upper surface of the light guide plate. The
diffracted light is emitted through the upper surface of the
light guide plate and is uniformly diffused by a diffusion
plate to illuminate a flat panel display.

The conventional backlight unit suffers from the incon-
venience that the diffusion plate designed to diffuse the light
emitted from the light guide plate requires the use of a light
collecting plate for converting the diffused light into front
light.

When white light is emitted from the upper surface of the
light guide plate through the diffraction patterns, color
dispersion occurs, which is explained by the fact that refrac-
tive index and transmittance vary depending on the wave-
length of light. That is, since the angle of emission of the
light emitted from the diffraction patterns is determined by
the wavelength of the light, color separation is caused when
the diffraction patterns have the same pitch.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to solve
the problems associated with the prior art, and it is an object
of the present invention to provide an LED module con-
structed such that light emitted from light sources is received
by a composite reflector and is diffused by diffraction lines
formed on the composite reflector.

Other objects of the invention will be understood by the
following description.

An aspect of the present invention provides an LED
module including: light sources elongated in a first direction;
a mount supporting the light sources; and a composite
reflector integrated with the mount to guide light received
from the light sources, wherein the composite reflector
includes a first region arranged adjacent to the light sources
to reflect light in a second direction substantially orthogonal
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to the first direction, a third region arranged away from the
mount to reflect light in the second direction substantially
orthogonal to the first direction, and a second region whose
portions overlap the first region and the third region and
formed with a plurality of diffraction lines through which
light is diffused in the second direction.

A light collection region where a large portion of light
emitted from the light sources is collected on the composite
reflector is formed at an angle of 33° vertically upward from
the light sources.

The second region is formed on the inner surface of the
composite reflector to diffract light and is defined by the
mount and the inner surface of the composite reflector that
form an angle of 71° to 104° with each other in the
clockwise direction from the plane of the paper.

The first region is formed on the inner surface of the
composite reflector to reflect light and is defined by the
mount and the inner surface of the composite reflector that
form an angle of 71° with each other in the clockwise
direction from the plane of the paper.

The third region is formed on the inner surface of the
composite reflector to reflect light and is defined by the
mount and the inner surface of the composite reflector that
form an angle of 104° with each other in the clockwise
direction from the plane of the paper.

The plurality of diffraction lines included in the second
region are formed in the first direction.

The diffraction lines have a width of 20 pm to 40 um.

The number of the diffraction lines is from 2000 to 3000.

The diffraction lines are directly formed in the second
region.

The diffraction lines are formed by deposition of hairline-
patterned tapes.

The light sources are arranged such that their edges face
each other.

The light sources are arranged in a zigzag pattern.

In the LED module of the present invention, the compos-
ite reflector receiving light emitted from the light sources is
constructed to include a region where diffraction lines are
formed and regions where no diffraction lines are formed.
This construction is effective in light diffusion over a wide
area and achieving improved luminance and color unifor-
mity.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made in detail to embodiments,
examples of which are illustrated in the accompanying
drawings. The drawings are used to help easily understood
the invention and it should be understood that the scope of
the invention is not limited by the drawings.

FIGS. 1a to 1¢ show the principle that light having passed
through diffraction gratings overlaps and its diffusion area is
variable;

FIG. 2 is a view illustrating the construction of an LED
module to which the principle described in the present
invention is applied;

FIG. 3 is an exemplary view illustrating diffraction lines
formed on a composite reflector of an LED module accord-
ing to the present invention;

FIG. 4 illustrates a zigzag arrangement of light sources on
a mount of an LED module according to the present inven-
tion;

FIG. 5 explains the principle of light diffusion by a
composite reflector of an LED module according to the
present invention;
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FIG. 6 shows changes in full width at half maximum and
peak spacing with varying sizes of diffraction lines;

FIG. 7 shows color spectra;

FIG. 8a shows the distribution of light reflected from a
composite reflector without diffraction lines;

FIG. 8b shows the distribution of light diffracted through
a composite reflector of an LED module according to the
present invention; and

FIG. 9 shows data on the diffusion of light through
diffraction lines having different sizes.

DETAILED DESCRIPTION OF THE
INVENTION

As the present invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in drawings and described in detail in the written
description.

However, this is not intended to limit the present inven-
tion to particular modes of practice, and it is to be appreci-
ated that all changes, equivalents, and substitutes that do not
depart from the spirit and technical scope of the present
invention are encompassed in the present invention.

Embodiments presented for light diffusion by diffraction
in the present invention are merely illustrative and are
intended to discuss the scope and spirit of the invention.

Any reference herein to ‘top’, ‘bottom’, ‘front’, ‘back’,
‘left’, ‘right,” etc. used to represent the directions of ele-
ments, such as light sources, a composite reflector, and
diffraction lines, is not intended to be a limitation herein.

Herein, the term ‘about’ when applied to a value generally
means within the tolerance range of the equipment used to
produce the value, or in some examples, means plus or
minus 1%, or plus or minus 5%, unless otherwise expressly
specified.

An expression used in the singular encompasses the
expression of the plural, unless it has a clearly different
meaning in the context. For example, the expression “at least
one diffraction line” is used to mean a plurality of lines when
expressed linguistically.

Use of the verb “include” and its conjugations does not
exclude the presence of elements or steps other than those
stated in the claims or description. The article “a” or “an”
preceding an element does not exclude the presence of a
plurality of such elements. The use of the terms first, second,
third, etc. does not imply any order. These terms are only
used to distinguish one element from another element.

Preferred embodiments of an LED module according to
the present invention will be described with reference to the
accompanying drawings.

FIGS. 1a to 1¢ show the principle that light having passed
through diffraction lines overlaps and its diffusion area is
variable.

The luminance distribution of light having passed through
a light reflecting member without diffraction lines is shown
in FIG. 1a. The luminance distribution of light having
passed through diffraction lines is variable, as shown in FIG.
15. When a plurality of light beams having passed through
diffraction lines overlap and interfere with each other, their
luminance distribution is variable, as shown in FIG. 1c.

The present invention is associated with the diffusion of
light toward a light receiving unit based on the principle of
light interference.

FIG. 2 is a view illustrating the construction of an LED
module to which the principle described in the present
invention is applied, FIG. 3 is an exemplary view illustrating
diffraction lines formed on a composite reflector of an LED

10

25

30

35

40

45

50

55

4

module according to the present invention, FIG. 4 illustrates
a zigzag arrangement of light sources on a mount in an LED
module of the present invention, and FIG. 5 explains the
principle of light diffusion by a composite reflector of an
LED module according to the present invention.

Referring to FIGS. 2 to 5, an LED module 100 includes:
light sources 110 elongated in a first direction (horizontal
direction); a mount 120 supporting the light sources 110; and
a composite reflector 130 integrated with the mount 120 to
guide light received from the light sources 110 to a light
receiving unit 200.

The light sources 110 are arranged such that their edges
face each other. With this arrangement, light can be emitted
toward the composite reflector 130 with improved effi-
ciency. The plurality of light sources 110 are arranged in the
first direction on the mount 120. The mount 120 may be a
substrate.

The light sources 110 are alternately arranged in a zigzag
pattern such that the adjacent ones of the light sources are
not in line with each other. The light sources 110 are
distributed in one direction. The arrangement and distribu-
tion of the light sources 110 can minimize non-uniformity of
light caused by light overlapping, which is a problem
encountered in a linear arrangement of LEDs.

The light sources 110 may include three types of LEDs
having different wavelengths, i.e. red LEDs, green LEDs,
and blue LEDs. Light is incident on the composite reflector
130 at an angle relative to the normal line to the surface of
diffraction lines. The incident light is diffracted and red,
green, and blue light beams are emitted at different angles
from the diffraction lines.

In a light collection region 300, a large portion of light
emitted from the light sources 110 is collected on the
composite reflector 130. The light collection region 300 is at
an angle of 33° vertically upward from the light sources.

The composite reflector 130 is arranged adjacent to the
light sources 110 to receive light emitted from the light
sources 110. The composite reflector 130 includes a first
region 150 and a third region 170 where light is reflected in
a second direction substantially orthogonal to the first direc-
tion along which the light sources 110 are arranged.

The composite reflector 130 includes a second region 160
whose portions overlap the first region 150 and the third
region 170 and formed with a plurality of diffraction lines
190 to diffract the incident light and direct the diffracted
light toward the light receiving unit 200.

The first region 150 is formed on the inner surface of the
composite reflector 130 to reflect light and is defined by the
mount 120 and the inner surface S of the composite reflector
130 that form an angle of 71° with each other in the
clockwise direction from the plane of the paper.

The second region 160 is formed on the inner surface of
the composite reflector 130 to diffract light and is defined by
the mount 120 and the inner surface S of the composite
reflector 130 that form an angle of 71° to 104° with each
other in the clockwise direction from the plane of the paper.
The third region 170 is formed on the inner surface S of the
composite reflector 130 to reflect light and is defined by the
mount 120 and the inner surface S of the composite reflector
130 that form an angle of 104° with each other in the
clockwise direction from the plane of the paper.

FIG. 3 is an exemplary view illustrating the diffraction
lines 190 formed in the second region 160.

The diffraction lines 190 are formed in the lengthwise
direction of the composite reflector 130, i.e. in the first
direction (horizontal direction) along which the light sources
110 are arranged. The diffraction lines 190 may be formed



US 10,364,947 B2

5

in various shapes. For example, the diffraction lines 190 may
have a circular, quadrangular or sinusoidal shape in cross
section.

The width of the diffraction lines 190 is 20 um to 40 um
and the number of the diffraction lines 190 is from 2000 to
3000.

The diffraction lines 190 may be directly formed in the
second region 160. Alternatively, the diffraction lines 190
may be formed by deposition of hairline-patterned tapes.

The LED module 100 is constructed such that light is
emitted from the light sources 110 and reflected and dif-
fracted by the first region 150, the second region 160, and
the third region 170 to provide a plurality of light beams
directed toward the light receiving unit 200.

Specifically, light 180 emitted from the light sources 110
is incident on the composite reflector 130 where it is
reflected from the first region 150 and the third region 170
and is reflected and diffracted by the diffraction lines 190
formed in the second region 160 overlapping a portion of the
first region 150 and a portion of the third region 170 to
produce a plurality of light beams interfering with each
other.

The diffraction lines 190 are inclined at an angle corre-
sponding to the inclination of the plane of reflection to
reflect the incident light. As a result of the reflection and
diffraction by the diffraction lines 190, a plurality of light
beams are produced and are directed toward the light
receiving unit 200. The angle of the light 180 directed
toward the light receiving unit 200 relative to the diffraction
lines 190 is dependent on various factors, such as the
refractive index of the plane of reflection, the spacing
distance between the diffraction lines 190, and the wave-
length of the light.

According to several embodiments, the diffraction lines
190 formed on the surface of the composite reflector 130 to
diffract the incident light may have various shapes to diver-
sify the angle and direction of a plurality of diffracted light
beams directed toward the light receiving unit 200.

This diffraction can be expressed by Equation 1:

2d sin 6=nh (€8]

where d is the spacing distance between the lines, 0 is the
angle of incident light, A is the wavelength of light, and n is
an integer.

According to Equation 1, the number and size of the
diffraction lines 190 can be adjusted to create phase differ-
ences between diffracted light beams.

Experiments were conducted on the diffusion of light
using diffraction lines. The experimental results will be
explained with reference to the drawings.

FIG. 6 shows full widths at half maximum measured for
diffraction lines having different sizes (depths) and FIG. 7
shows color spectra.

The experimental values presented in FIG. 6 demonstrate
how changes in full width at half maximum and peak
spacing for light diffusion were caused by the size of
diffraction lines.

The full width at half maximum and the light peak spacing
for the composite reflector 130 without diffraction lines were
17.1 mm and 0 mm, respectively. In contrast, the full width
at half maximum and the light peak spacing for the com-
posite reflector 130 formed with diffraction lines having a
size of 2 um increased to 17. 8 mm and 4.5 mm, respectively.
The full width at half maximum and the light peak spacing
of the composite reflector 130 formed with diffraction lines
having a size of 4 pm increased to 18.6 mm and 9.7 mm,
respectively. The full width at half maximum and the light
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peak spacing of the composite reflector 130 formed with
diffraction lines having a size of 6 um increased to 19.7 mm
and 14.3 mm, respectively.

That is, when the size of the diffraction lines increased by
2 um, the light peak spacing and the full width at half
maximum were found to increase by ~4 mm and ~1 mm,
respectively, leading to the conclusion that the full width at
half maximum and the light peak spacing increased in
proportion to the size of the diffraction lines.

These experimental results show that the size of the
diffraction lines is associated with the full width at half
maximum and the light peak spacing and affects light
diffusion.

FIG. 8a shows the distribution of light reflected from the
composite reflector without diffraction lines and FIG. 85
shows the distribution of light diffracted through the com-
posite reflector.

When light emitted from the light sources 110 was simply
reflected from the plane of reflection, it was focused on a
narrow range, as shown in FIG. 8a. In contrast, the use of the
diffraction lines enabled light diffusion over a wide range
with improved luminance, as shown in FIG. 84.

FIG. 9 shows data on the diffusion of light through
diffraction lines having different sizes.

The effects of light diffusion through diffraction lines
having different sizes (widths) of 10 pm, 20 um, and 40 pm
were compared. The results conclude that a larger size of the
diffraction lines is more effective in light diffusion. Particu-
larly, the diffraction lines having a size of 20 um of 40 um
provide better light diffusion. In addition, it was found that
the number of the diffraction lines corresponding to their
size is preferably in the range of 2,000 to 3,000.

Although the LED module using diffraction lines has been
described herein with reference to the foregoing embodi-
ments, it should be understood that the above-described
embodiments are merely illustrative of some of the many
specific embodiments that represent the principles described
herein. Clearly, those skilled in the art can readily devise
numerous other arrangements without departing from the
scope as defined by the following claims.

What is claimed is:

1. An LED module comprising:

light sources elongated in a first direction;

a mount supporting the light sources; and

a composite reflector integrated with the mount to guide
light received from the light sources,

wherein the composite reflector comprises:

a first region arranged adjacent to the light sources to
reflect light in a second direction substantially
orthogonal to the first direction,

a third region arranged away from the mount to reflect
light in the second direction substantially orthogonal
to the first direction, and

a second region interposed between the first region and
the third region and formed with a plurality of
diffraction lines through which light is diffused in the
second direction,

wherein the first region is devoid of the diffraction lines,

wherein the light from the light source is collected more
in the second region than in the first region and the third
region,

wherein the first region includes a first area substantially
orthogonal to the mount and a second area intersecting
the first area at an obtuse angle,

wherein the second region includes a first main diffraction
area extending from one end of the second area at the
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same slope as the second area and a second main
diffraction area intersecting the first main diffraction
area at an obtuse angle,

wherein the slope of the second diffraction area is the

same as the slope of the third region, and

wherein the light sources comprise a first row of light

sources located closer to a boundary between the mount
and the composite reflector and a second row of light
sources located farther from the boundary, such that the
light sources are alternately arranged in a zigzag pat-
tern.

2. The LED module according to claim 1, wherein the
second region is formed at an angle of 33° vertically upward
from the light sources.

3. The LED module according to claim 1, wherein the
second region is formed on the inner surface of the com-
posite reflector to diffract light and is defined by the mount
and the inner surface of the composite reflector that form an
angle of 71° to 104° with each other in the clockwise
direction from the plane of the paper.

4. The LED module according to claim 1, wherein the first
region is formed on the inner surface of the composite
reflector to reflect light and is defined by the mount and the
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inner surface of the composite reflector that form an angle of
71° with each other in the clockwise direction from the plane
of the paper.

5. The LED module according to claim 1, wherein the
third region is formed on the inner surface of the composite
reflector to reflect light and is defined by the mount and the
inner surface of the composite reflector that form an angle of
104° with each other in the clockwise direction from the
plane of the paper.

6. The LED module according to claim 1, wherein the
plurality of diffraction lines formed in the second region are
formed in the first direction.

7. The LED module according to claim 6, wherein the
diffraction lines have a width of 20 um to 40 pum.

8. The LED module according to claim 6, wherein the
number of the diffraction lines is from 2000 to 3000.

9. The LED module according to claim 6, wherein the
diffraction lines are directly formed in the second region.

10. The LED module according to claim 6, wherein the
diffraction lines are formed by deposition of hairline-pat-
terned tapes.



