US 20090180055A1

12y Patent Application Publication (o) Pub. No.: US 2009/0180055 A1

a9y United States

KIM et al. 43) Pub. Date: Jul. 16, 2009
(54) BACKLIGHT UNIT AND LIQUID CRYSTAL (30) Foreign Application Priority Data
DISPLAY DEVICE HAVING THE SAME
Jan. 15,2008 (KR) wororrvcrsrrne 10-2008-0004431

(75) Inventors: Byung-ki KIM, Gunpo-si (KR);
Eun-joo JANG, Suwon-si (KR);
Hae-il PARK, Seoul (KR);

Jung-eun LIM, Seongnam-si (KR)

Correspondence Address:
CANTOR COLBURN, LLP
20 Church Street, 22nd Floor
Hartford, CT 06103 (US)

SAMSUNG ELECTRONICS
CO., LTD., Suwon-si (KR)

(73) Assignee:

(21) Appl.No:  12/269,174

(22) Filed: Nov. 12, 2008

Publication Classification

(51) Int.CL

GO2F 1/13357 (2006.01)
(52) US.Cl oo 349/69; 362/97 3; 977/952
7) ABSTRACT

A backlight unit for a liquid crystal display (“LCD”) device
includes a light emitting diode (“LED”) light source and a
light conversion layer disposed separate from and above from
the LED light source. The light conversion layer includes a
semiconductor nano crystal, converts light emitted from the
LED light source to white light and provides the white light to
a liquid crystal panel of the LCD.
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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY DEVICE HAVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0004431, filed on Jan. 15, 2008,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) device, and more particularly, to a backlight
unit for an LCD device which uses a light emitting diode
(“LED”) as a light source.

[0004] 2. Description of the Related Art

[0005] LCD devices are a type of display device which
forms an image by receiving external light instead of using
self-emitted light to form the image, as is the case in plasma
display panels (“PDPs”) and field emission displays
(“FEDs”), for example. Thus, the LCD device requires a
backlight unit for emitting light at a back surface of the LCD
device.

[0006] A conventional backlight unit for an LCD device
typically uses a cold cathode fluorescent lamp (“CCFL”) as a
light source. However, when the CCFL is used as a light
source, it is difficult to secure uniformity ofbrightness of light
supplied from the CCFL. In addition, color purity deteriorates
as a screen size of the LCD device increases. As a result, a
backlight unit which uses three color LEDs as a light source
has been developed recently. Since the backlight unit using
the three color LEDs as the light source produces an improved
color purity, as compared to the backlight unit using the
CCFL, and the backlight unit which uses the three color LEDs
is therefore used in a high quality display device, for example.
[0007] However, the backlight unit which uses the three
color LEDs as the light source is more costly as compared to
the backlight unit which uses the CCFL as the light source. To
mitigate this problem, a white LED which emits light by
changing a light output from a single color LED chip to a
white light has been proposed. However, although using the
white LED is not as expensive as using the three color LEDs,
a color purity and a color reproducibility is reduced, as com-
pared to a color purity and color reproducibility of an LCD
device including the three color LEDs. Accordingly, various
attempts for developing a light source which has improved
color purity and color reproducibility while maintaining price
competitiveness in comparison with other light sources, have
been made.

BRIEF SUMMARY OF THE INVENTION

[0008] To solve at least the abovementioned shortfalls and/
or problems, an exemplary embodiment of the present inven-
tion provides a backlight unit for a liquid crystal display
(“LCD”) device which uses a light emitting diode (“LED”) as
a light source.

[0009] According to an exemplary embodiment of the
present invention, a backlight unit for an LCD device includes
an LED light source and a light conversion layer. The LCD
device includes a liquid crystal panel, and the light conversion
layer is disposed separate from the light emitting diode light
source between the liquid crystal panel and the light emitting
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diode light source. The light conversion layer includes a semi-
conductor nano crystal, and the light conversion layer con-
verts light emitted from the light emitting diode light source
to white light and provides the white light to the liquid crystal
panel.

[0010] A diffusion panel is provided between the light con-
version layer and the liquid crystal panel or, alternatively,
between the LED light source and the light conversion layer.
[0011] The light conversion layer is manufactured by coat-
ing the semiconductor nano crystal onto a transparent sub-
strate or, alternatively, by distributing the semiconductor
nano crystal in a film type material and distributing the film
type material into a transparent composite. Further, the light
conversion layer may be manufactured by coating the semi-
conductor nano crystal onto the diffusion panel.

[0012] The light conversion layer comprises a plurality of
layers. In this case, the plurality of layers are separated from
one another and a blank layer is formed therebetween.
[0013] The LED light source may be disposed at a periph-
eral side of the light conversion layer. In this case, a light
guide panel is disposed between the light emitting diode light
source and the light conversion layer, and the light guide
panel guides the light emitted from the LED light source to
the light conversion layer.

[0014] The LED light source emits a blue light or, alterna-
tively, an ultraviolet light.

[0015] According to an alternative exemplary embodiment
ofthe present invention, an LCD device includes an LED light
source, a light conversion layer disposed separate from and
above the LED light source, and a liquid crystal panel dis-
posed above the light conversion layer.

[0016] Thelight conversion layer includes a semiconductor
nano crystal, the light conversion layer converts light emitted
from the LED light source to white light, and theliquid crystal
panel forms an image using the white light.

[0017] The LCD device may further include a diffusion
panel disposed between the light conversion layer and the
liquid crystal panel or, alternatively, a diffusion panel dis-
posed between the LED light source and the light conversion
layer.

[0018] The LED light source may be disposed at a periph-
eral side of the light conversion layer, and emits a blue light or
an ultraviolet light.

[0019] The liquid crystal panel includes a liquid crystal
layer, and a color filter disposed adjacent to the liquid crystal
layer. The color filter receives the white light and forms an
image having a predetermined color using the white light.
[0020] According to another alternative exemplary
embodiment of the present invention, a backlight unit for an
LCD device includes an LED light source and a light conver-
sion diffusion layer disposed separate from the LED light
source between the liquid crystal panel and the LED light
source. The light conversion diffusion layer includes a semi-
conductor nano crystal, and the light conversion diffusion
layer converts light emitted from the LED light source to
white light and provides the white light to the liquid crystal
panel.

[0021] The light conversion diffusion layer is manufac-
tured by distributing the semiconductor nano crystal in a film
type material in a transparent composite including a light
diffusion material.

[0022] TheLED light sourceisdisposedata peripheral side
of the light conversion diffusion layer.
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[0023] The backlight unit may further include a light guide
panel disposed between the LED light source and the light
conversion diffusion layer, and the light guide panel may
guide the light emitted from the LED light source to the light
conversion diffusion layer.

[0024] The light conversion diffusion layer may include a
first layer and a second layer. The first layer has an energy
light emission wavelength less than an energy light emission
wavelength of the second layer, and the first layer is disposed
in the light conversion layer closer to the LED light source
than the second layer.

[0025] According to yet another alternative exemplary
embodiment of the present invention, an LCD device com-
prises an LED light source, a light conversion diffusion layer
disposed separate from and above the LED light source, and
a liquid crystal panel disposed above the light conversion
diffusion layer. The light conversion diffusion layer includes
a semiconductor nano crystal, the light conversion diffusion
layer converts light emitted from the LED light source to
white light, and the liquid crystal panel forms an image using
the white light.

[0026] The LED light source may be disposed at a periph-
eral side of the light conversion diffusion layer and emits a
blue light or an ultraviolet light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0028] FIG. 1 is a partial cross-sectional view of a liquid
crystal display (“LCD”) device according to an exemplary
embodiment of the present invention;

[0029] FIG. 2 is a partial cross-sectional view of an LCD
device according to an alternative exemplary embodiment of
the present invention;

[0030] FIG. 3 is a partial cross-sectional view of an LCD
device according to another alternative exemplary embodi-
ment of the present invention; and

[0031] FIG. 4 is a partial cross-sectional view of an LCD
device according to yet another alternative exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0033] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.
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[0034] Tt will be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0035] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof.

[0036] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0038] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
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are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0039] Hereinafter, exemplary embodiments of the present
invention will be described in further detail with reference to
the accompanying drawings.

[0040] FIG.1is apartial cross-sectional view of'a backlight
unit according to an exemplary embodiment of the present
invention and a liquid crystal display (“LCD”) device includ-
ing the backlight unit. Referring to FIG. 1, an LCD device
includes a backlight unit 100 and a liquid crystal panel 500
whichdisplays an image of a predetermined color using white
light emitted from the backlight unit 100.

[0041] The backlight unit 100 includes a light emitting
diode (“LED”) light source 110, and a light conversion layer
120 which converts light emitted from the LED light source
110 to white light. The LED light source 110 includes a
plurality of LED chips (not shown) which emits light having
a predetermined wavelength. In an exemplary embodiment,
the LED light source 110 is an LED light source 110 which
emits blue light, but alternative exemplary embodiments are
not limited thereto. For example, the LED light source 110
according to an alternative exemplary embodiment may be an
LED light source 110 which emits an ultraviolet light, for
example.

[0042] In an exemplary embodiment of the present inven-
tion, the light conversion layer 120 is spaced apart from the
LED light source 110 by a predetermined distance, and
changes, e.g., converts, light emitted from the LED light
source 110 to white light and emits the white light toward the
liquid crystal panel 500. The light conversion layer 120 is
formed of semiconductor nano crystal. As a result, the light
conversion layer provides advantages of, but not limited to,
substantially improved color reproducibility and color purity.
[0043] In an exemplary embodiment of the present inven-
tion, the semiconductor nano crystal can be formed of at least
one of a group 1I-VI compound semiconductor material, a
group I11-V compound semiconductor material or a group IV
semiconductor material. Specifically, the group II-VI com-
pound semiconductor material, group 111-V compound semi-
conductor material and group IV semiconductor material
includes, for example, HgTe, HgSe, HgS, CdTe, CdSe, Cds,
ZnTe, ZnSe, ZnS, GaN, GaP, InN, InP, InAs, Si and Ge, but
alternative exemplary embodiments are not limited thereto.
Rather, these materials are examples of a material which may
be used to form the semiconductor nano crystal. Therefore,
various other semiconductor materials may be used for the
light conversion layer 120 in alternative exemplary embodi-
ments of the present invention. Further, the light conversion
layer 120 may be manufactured by coating the semiconductor
nano crystal onto a transparent substrate (not shown) or, altet-
natively, by distributing a film form in which the semicon-
ductor nano crystal is distributed onto a transparent compos-
ite.

[0044] Inaddition, the light conversion layer 120 according
to an alternative exemplary embodiment may be formed to
include a plurality of layers. In this case, the layers are dis-
posed such that a layer has a light emission wavelength hav-
ing a lower energy, that is, a longer wavelength, as the layer is
located proximate to, e.g., closer to, the LED light source 110.
For example, when the LED light source 110 is a blue LED
light source, the plurality of layers may have an arrangement
structure of the LED light source 110—a red light conversion
layer—a green light conversion layer. Also, the plurality of
layers forming the light conversion layer 120 may have the
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following arrangement structure. For example, the plurality
of layers may have an arrangement structure of the LED light
source 110—a red light conversion layer—a green light con-
version layer—a red light conversion layer—a green light
conversion layer. Also, the plurality of layers may have
another arrangement structure of the LED light source
110—a red light conversion layer—an orange light conver-
sion layer—a yellow light conversion layer—a green light
conversion layer. Also, the plurality of layers may have
another arrangement structure of the LED light source
110—a red+yellow light conversion layer—a green+orange
light conversion layer. The above-described arrangement
structures of the plurality of layers forming the light conver-
sionlayer 120 are exemplarily described so that, in the present
embodiment, a variety of arrangement structures of the plu-
rality of layers forming the light conversion layer 120 may be
available in addition to the above-described arrangement
structures. Also, when the light conversion layer 120 is
formed of a plurality of layers, the plurality of layers may be
separated a predetermined distance from one another and a
blank layer may be arranged therebetween. Accordingly, as
the plurality of layers are separated from one another, energy
transfer can be prevented.

[0045] When light emitted from the LED light source 110
passes through the light conversion layer 120 formed of the
semiconductor nano crystal, white light mixed with blue
light, green light and red light is produced. Further, the blue
light, the green light and the red light are controlled, e.g., are
maintaired to have a desired ratio thereof, by changing a
composition and/or a size of the semiconductor nano crystal
which forms the light conversion layer 120. Accordingly, a
white light having substantially improved color reproducibil-
ity and color purity is thereby obtained in an exemplary
embodiment of the present invention.

[0046] Still referring to F1G. 1, an LCD device according to
an exemplary embodiment of the present invention further
includes a diffusion panel 130 disposed between the light
conversion layer 120 and the liquid crystal panel 500. The
diffusion panel 130 diffuses and emits the white light output
from the light conversion layer 120. Thus, the white light
passing through the diffusion panel 130 has a substantially
improved uniformity. As shown in FIG. 1, the light conver-
sion layer 120 contacts the diffusion panel 130, e.g., is dis-
posed directly on the diffusion panel 130, but alternative
exemplary embodiments of the present invention are not lim-
ited thereto. In an alternative exemplary embodiment, for
example, the light conversion layer 120 may be separated
from the diffusion panel 130, e.g., not disposed directly
thereon.

[0047] As described above, the light conversion layer 120
may be manufactured by coating the semiconductor nano
crystal onto a transparent substrate or, alternatively, by using
a film-type material in which the semiconductor nano crystal
is distributed in a transparent composite. In yet another alter-
native exemplary embodiment, the light conversion layer 120
may be manufactured by coating the semiconductor nano
crystal onto the diffusion panel 130.

[0048] A collimating system 140 is provided between the
diffusion panel 130 and the liquid crystal panel 500, as shown
in FIG. 1. The collimating system 140 condenses the white
light output from the diffusion panel 130 to be supplied to the
liquid crystal panel 500.

[0049] The white light emitted from the backlight unit 100
including the LED light source 110 and the light conversion
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layer 120 is supplied to the liquid crystal panel 500 and is
therefore incident thereon. Thus, the liquid crystal panel 500
displays an image having a predetermined color with the
white light output from the backlight unit 100.

[0050] The liquid crystal panel 500 of an LCD device
according to an exemplary embodiment includes a first polar-
ized panel 501, a liquid crystal layer 502, a second polarized
panel 503 and a color filter 504. In an exemplary embodiment,
the first polarized panel 501, the liquid crystal layer 502, the
second polarized panel 503 and the color filter 504 are
sequentially arranged as illustrated in FIG. 1. As a result, the
white light output from the backlight unit 100 passes through
the first polarized panel 501, the liquid crystal layer 502, and
the second polarized panel 503 and is thereafter incident on
the color filter 504, thus forming the image having the prede-
termined color.

[0051] FIG.2isapartial cross-sectional view of'a backlight
unit according to an alternative exemplary embodiment of the
present invention and an LCD device including the backlight
unit. In FIG. 2, the same reference characters refer to the same
or like components of an LCD device described above with
respect the exemplary embodiment shown in FIG. 1, and any
repetitive detailed description thereof has been omitted. Thus,
in the following description, only differences from the above-
described exemplary embodiment will be described.

[0052] Referring now to FIG. 2, a backlight unit 200
according to an exemplary embodiment includes an LED
light source 210 and a light conversion layer 220 disposed
separate from the LED light source 210. As described in
greater detail above with reference to FIG. 1, the light con-
version layer 220 converts light output from the LED light
source 210 to white light. Further, the LED light source 210
according to an exemplary embodiment includes an LED
light source 210 which emits blue light or, alternatively, an
LED light source 210 which emits ultraviolet light. The light
conversion layer 220 according to an exemplary embodiment
is formed of a semiconductor nano crystal, as described in
greater detail above.

[0053] Thelight conversion layer 220 according to an alter-
native exemplary embodiment may include more than on
layer, e.g., may include a plurality of layers. In this case, the
plurality of layers may have a variety of arrangement struc-
tures as described above. Also, when the light conversion
layer 220 has a plurality of layers, the layers may be separated
a predetermined distance from one another and a blank layer
may be arranged therebetween.

[0054] In an exemplary embodiment of the present inven-
tion, a diffusion panel 230 is provided between the LED light
source 210 and the light conversion layer 220, as shown in
FIG. 2. Light passing through the diffusion panel 230 is
incident on the light conversion layer 220 and is therein
changed to white light. In the exemplary embodiment of the
present invention shown in FIG. 2, the diffusion panel 230
contacts the light conversion layer 220, e.g., the diffusion
panel 230 is disposed directly on the light conversion layer
220, but alternative exemplary embodiments of the present
invention are not limited thereto. For example, the diffusion
panel 230 may be separated from the light conversion layer
220 by a predetermined distance.

[0055] A collimating system 240 which condenses the
white light output toward the liquid crystal panel 500 from the
light conversion layer 220 is provided between the light con-
version layer 220 and the liquid crystal panel 500. Thus, the
liquid crystal panel 500 forms an image having a predeter-
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mined color using the white light output from the backlight
unit 200, as described in greater detail above.

[0056] FIG. 3isapartial cross-sectional view of'a backlight
unit according to another exemplary embodiment of the
present invention and an LCD device including the backlight
unit. In FIG. 3, the same reference characters refer to the same
or like components of an LCD device described above with
respect to the exemplary embodiments shown in FIGS. 1 and
2, and any repetitive detailed description thereof has been
omitted. Thus, in the following description, only differences
from the above-described exemplary embodiments will be
described.

[0057] Referring to FIG. 3, a backlight unit 300 according
to an exemplary embodiment includes an LED light source
310 and a light conversion diffusion layer 325 disposed sepa-
rate from the LED light source 310. In an exemplary embodi-
ment of the present invention, the LED light source 310 can is
an LED light source 310 which emits blue light or, alterna-
tively, may be an LED light source 310 which emits ultravio-
let light, as described above in greater detail with reference to
FIG. 1. The light conversion diffusion layer 325 functions as
the light conversion layer 120 (FIG. 1) or the light conversion
layer 220 (FIG. 2), as well as the diffusion layer 130 (FIG. 1)
or the diffusion layer 230 (FIG. 2). Thus, the light conversion
diffusion layer 325 diffuses light outputted from the LED
light source 310 and also converts the light outputted from the
LED light source 310 to white light, and thereafter emits the
white light toward the liquid crystal panel 500. The light
conversion diffusion layer 325 according to an exemplary
embodiment of the present invention includes a semiconduc-
tor nano crystal, as described in greater detail above with
reference to FIG. 1. In addition, the light conversion diffusion
layer 325 may be manufactured as a film type material in
which the semiconductor nano crystal is distributed in a trans-
parent composite, including a light diffusion material.
[0058] The semiconductor nano crystal according to an
exemplary embodiment may be formed of at least one of a
group I1-VI compound semiconductor material, a group I11-V
compound semiconductor material, and a group IV semicon-
ductor element. The group II-VI compound semiconductor
material, group I1I-V compound semiconductor material, and
group IV semiconductor material include HgTe, HgSe, HgS,
CdTe, CdSe, Cds, ZnTe, 7nSe, ZnS, GaN, GaP, InN, InP,
InAs, Si, and Ge. It will be noted that alternative exemplary
embodiments are not limited to the abovementioned materi-
als. Rather, the abovementioned materials are merely
examples of materials which may be used in forming the
semiconductor nano crystal, and various other semiconductor
materials can be used for the light conversion diffusion layer
325.

[0059] Inaddition, the light conversion diffusion layer 325
according to an exemplary embodiment may be formed to
include a plurality of layers. In this case, the layers are dis-
posed such that a layer has a light emission wavelength hav-
ing a lower energy, that is, a longer wavelength, as the layer is
located proximateto, e.g., closer to, the LED light source 310.
For example, when the LED light source 310 is a blue LED
light source, the plurality of layers may have an arrangement
structure of the LED light source 310—a red light conversion
layer—a green light conversion layer. Also, the plurality of
layers forming the light conversion diffusion layer 325 may
have the following arrangement structure. For example, the
plurality of layers may have an arrangement structure of the
LED light source 310—a red light conversion layer—a green
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light conversion layer—ared light conversion layer—a green
light conversion layer. Also, the plurality of layers may have
another arrangement structure of the LED light source
310—a red light conversion layer—an orange light conver-
sion layer—a yellow light conversion layer—a green light
conversion layer. Also, the plurality of layers may have
another arrangement structure of the LED light source
310—a red+yellow light conversion layer—a green+orange
light conversion layer. The above-described arrangement
structures of the plurality of layers forming the light conver-
sion diffusion layer 325 are exemplarily described so that, in
the present embodiment, a variety of arrangement structures
of the plurality of layers forming the light conversion diffu-
sion layer 325 may be available in addition to the above-
described arrangement structures. Also, when the light con-
version diffusion layer 325 is formed of a plurality of layers,
the plurality of layers may be separated a predetermined
distance from one another and a blank layer may be arranged
therebetween.

[0060] A collimating system 340 for condensing the white
light output from the light conversion diffusion layer 325 to
the liquid crystal panel 500 is disposed between the light
conversion diffusion layer 325 and the liquid crystal panel
500. Therefore, as described above in greater detail with
reference to FIG. 1, the liquid crystal panel 500 forms an
image having a predetermined color using the white light
emitted from the backlight unit 300.

[0061] FIG.4isapartial cross-sectional view of'a backlight
unit according to still another alternative exemplary embodi-
ment of the present invention and an LCD device including
the backlight unit. In FIG. 4, the same reference characters
refer to the same or like components of an LCD device
described herein with respect to the exemplary embodiments
shown in FIGS. 1-3, and any repetitive detailed description
thereof has been omitted. Thus, in the following description,
only differences from the above-described exemplary
embodiments will be described.

[0062] Referring to FIG. 4, a backlight unit 400 according
to an exemplary embodiment of the present invention
includes an LED light source 410 and a light conversion layer
420 disposed separate from the LED light source 410. In an
exemplary embodiment, the LED light source 410 1is disposed
under and at a side of the light conversion layer 420, rather
than directly under the light conversion layer 420 (as was the
case in alternative exemplary embodiments described above
with reference to FIGS. 1-3, for example). Thus, the LED
light source 410 is disposed to the side of and under the light
conversion layer 420, as shown in FIG. 4. In an exemplary
embodiment, the LED light source 410 is an LED light source
410 which emits blue light or, alternatively, an LED light
source 410 which emits an ultraviolet light.

[0063] Alight guide panel 415 is provided inan optical path
between the LED light source 410 and the light conversion
layer 420. More specifically, light guide panel 415 is disposed
under, e.g., directly under, the light conversion layer 420, as
shown in FIG. 4. The light guide panel 415 guides light
emitted from the LED light source 410, disposed at a side of
the light guide panel 415, toward the light conversion layer
420. Accordingly, the light emitted from the LED light source
410 passes through the light guide panel 415 and is thereafter
incident on the light conversion layer 420. The light incident
on the light conversion layer 420 is changed to white light as
it passes through the light conversion layer 420.
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[0064] In an exemplary embodiment of the present inven-
tion, the light conversion layer 420 is formed of a semicon-
ductor nano crystal, as described in greater detail above. The
light conversion layer 420 according to an alternative exem-
plary embodiment can be formed to include a plurality of
layers. In this case, the plurality of layers may have a variety
of arrangement structures as described above. Also, when the
light conversion layer 420 has a plurality of layers, the layers
may be separated a predetermined distance from one another
and a blank layer may be arranged therebetween.

[0065] A diffusion panel 430 is disposed between the light
conversion layer 420 and the liquid crystal panel 500. The
diffusion panel 430 diffuses and emits the white light output
from the light conversion layer 420 to substantially improve a
uniformity of the white light. In the exemplary embodiment
of the present invention shown in FIG. 4, the light conversion
layer 420 contacts the diffusion panel 430, e.g., is disposed
directly on the diffusion panel 430, but alternative exemplary
embodiments of the present invention are not limited thereto.
In an alternative exemplary embodiment, for example, the
light conversion layer 420 may be disposed separate from the
diffusion panel 430, e.g., not directly on the diffusion panel
430.

[0066] The light conversion layer 420 may be manufac-
tured by coating the semiconductor nano crystal onto a trans-
parent substrate or, alternatively, in a film type material in
which the semiconductor nano crystal is distributed in a trans-
parent composite, as described in greater detail above. Alter-
natively, the light conversion layer 420 may be manufactured
by coating the semiconductor nano crystal onto the diffusion
panel 430.

[0067] In an exemplary embodiment of the present inven-
tion, a collimating system 440 is disposed between the diffu-
sion panel 430 and the liquid crystal panel 500. The collimat-
ing system 140 condenses the white light output from the
diffusion panel 130 toward the liquid crystal panel 500.
Thereafter, the liquid crystal panel 500 forms an image hav-
ing a predetermined color using the white light emitted from
the backlight unit 400, as described in greater detail above.
[0068] In the exemplary embodiment illustrated in FIG. 4,
the diffusion panel 430 is shown as being disposed between
the light conversion layer 420 and the liquid crystal panel 500,
but alternative exemplary embodiments are not limited
thereto. For example, the diffusion panel 430 may be dis-
posed between the LED light source 410 and the light con-
version layer 420, as described in greater detail above with
reference to FIG. 2. Also, in an alternative exemplary embodi-
ment, a light conversion diffusion layer 325 (FIG. 3) may be
provided instead of the light conversion layer 410 and the
diffusion panel 430. Further, the light conversion diffusion
layer 325 may be manufactured by distributing the semicon-
ductor nano crystal in a transparent composite including a
light diffusion material. In this case, the light emitted from the
LED light source 410 is incident on the light conversion
diffusion layer 235 via the light guide panel 415. Thus, the
light incident on the light conversion diffusion layer is dif-
fused and changed to white light while passing through the
light conversion diffusion layer, and is thereafter emitted to
the liquid crystal panel 500 to form the image having the
predetermined color using the white light emitted from the
backlight unit 400.

[0069] According exemplary embodiments of the present
invention as described herein, color reproducibility and color
purity of a backlight unit are substantially improved, since a
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light conversion layer is formed of a semiconductor nano
crystal,. Since the light conversion layer or, alternatively, a
light conversion diffusion layer, is disposed separate from an
LED light source, operating characteristics of the light con-
version layer (or of light conversion diffusion layer) are not
degraded due to heat generated from LED chips, for example.
Also, the light conversion layer formed of the semiconductor
nano crystal may be manufactured as a separate film type
material, and a manufacturing process of the backlight unit is
thereby substantially simplified.

[0070] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0071] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
present invention as defined by the following claims.

What is claimed is:
1. A backlight unit for a liquid crystal display device
including a liquid crystal panel, the backlight unit compris-
ing:
a light emitting diode light source; and
a light conversion layer disposed separate from the light
emitting diode light source between the liquid crystal
panel and the light emitting diode light source, wherein

the light conversion layer comprises a semiconductor nano
crystal, and

the light conversion layer converts light emitted from the

light emitting diode light source to white light and pro-
vides the white light to the liquid crystal panel.

2. The backlight unit of claim 1, further comprising one of
a diffusion panel disposed between the light conversion layer
and the liquid crystal panel and a diffusion panel disposed
between the light emitting diode light source and the light
conversion layer.

3. The backlight unit of claim 1, wherein the light conver-
sion layer is manufactured by coating the semiconductor
nano crystal onto a transparent substrate.

4. The backlight unit of claim 1, wherein the light conver-
sion layer is manufactured by distributing the semiconductor
nano crystal in a film type material and distributing the film
type material into a transparent composite.

5. The backlight unit of claim 2, wherein the light conver-
sion layer is manufactured by coating the semiconductor
nano crystal onto the diffusion panel.

6. The backlight unit of claim 1, wherein the light conver-
sion layer comprises a plurality of layers.

7. The backlight unit of claim 6, wherein the plurality of
layers are disposed such that a layer has a light emission
wavelength having a lower energy as the layer is located
closer to the LED light source.

8. The backlight unit of claim 6, wherein the plurality of
layers are separated from one another and a blank layer is
formed therebetween.

9. The backlight unit of claim 1, wherein the light emitting
diode light source is disposed at a side of the light conversion
layer.

10. The backlight unit of claim 9, further comprising a light
guide panel disposed between the light emitting diode light
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source and the light conversion layer, wherein the light guide
panel guides the light emitted from the light emitting diode
light source to the light conversion layer.

11. The backlight unit of claim 1, wherein the light emitting
diode light source emits one of a blue light and an ultraviolet
light.

12. A liquid crystal display device comprising:

a light emitting diode light source;

a light conversion layer disposed separate from and above

the light emitting diode light source; and

a liquid crystal panel disposed above the light conversion

layer, wherein

the light conversion layer comprises a semiconductor nano

crystal,

the light conversion layer converts light emitted from the

light emitting diode light source to white light, and

the liquid crystal panel forms an image using the white

light.

13. The liquid crystal display device of claim 12, further
comprising one of a diffusion panel disposed between the
light conversion layer and the liquid crystal panel and a dif-
fusion panel disposed between the light emitting diode light
source and the light conversion layer.

14. The liquid crystal display device of claim 12, wherein
the light emitting diode light source is disposed at a peripheral
side of the light conversion layer.

15. The liquid crystal display device of claim 12, wherein
the light emitting diode light source emits one of a blue light
and an ultraviolet light.

16. The liquid crystal display device of claim 12, wherein
the liquid crystal panel comprises:

a liquid crystal layer; and

a color filter disposed adjacent to the liquid crystal layer,

wherein the color filter receives the white light and
forms an image having a predetermined color using the
white light.

17. A backlight unit for a liquid crystal display device
including a liquid crystal panel, the backlight unit compris-
ing:

a light emitting diode light source; and

a light conversion diffusion layer disposed separate from

the light emitting diode light source between the liquid
crystal panel and the light emitting diode light source,
wherein

the light conversion diffusion layer comprises a semicon-

ductor nano crystal, and

the light conversion diffusion layer converts light emitted

from the light emitting diode light source to white light
and provides the white light to the liquid crystal panel.

18. The backlight unit of claim 17, wherein the light con-
version diffusion layer is manufactured by distributing the
semiconductor nano crystal in a film type material in a trans-
parent composite including a light diffusion material.

19. The backlight unit of claim 17, wherein the light emit-
ting diode light source is disposed at a peripheral side of the
light conversion diffusion layer.

20. The backlight unit of claim 19, further comprising a
light guide panel disposed between the light emitting diode
light source and the light conversion diffusion layer, wherein
the light guide panel guides the light emitted from the light
emitting diode light source to the light conversion diffusion
layer.

21. The backlight unit of claim 17, wherein the light con-
version diffusion layer comprises a plurality of layers.
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22. The backlight unit of claim 21, wherein the plurality of
layers are disposed such that a layer has a light emission
wavelength having a lower energy as the layer is located
closer to the LED light source.

23. The backlight unit of claim 21, wherein the plurality of
layers are separated from one another and a blank layer is
formed therebetween.

24. A liquid crystal display device comprising:

a light emitting diode light source;

a light conversion diffusion layer disposed separate from
and above the light emitting diode light source; and

a liquid crystal panel disposed above the light conversion
diffusion layer, wherein
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the light conversion diffusion layer comprises a semicon-

ductor nano crystal,

the light conversion diffusion layer converts light emitted

from the light emitting diode light source to white light,
and

the liquid crystal panel forms an image using the white

light.

25. The liquid crystal display device of claim 24, wherein
the light emitting diode light source is disposed at a peripheral
side of the light conversion diffusion layer.

26. The liquid crystal display device of claim 24, wherein
the light emitting diode light source emits one of a blue light
and an ultraviolet light.
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