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DISPLAY DEVICE WITH INCREASED
OPTICAL EFFICIENCY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0087390 filed in the
Korean Intellectual Property Office on Aug. 9, 2012, the
entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a display device,
and more particularly, the present invention relates to a dis-
play device with increased optical efficiency.

DISCUSSION OF THE RELATED ART

[0003] Computer monitors, television sets, mobile phones,
and the like are all examples of products that utilize display
devices. Suitable display devices may be cathode ray tube
display devices, liquid crystal display devices, organic light
emitting diode display devices, and plasma display devices.
[0004] The liquid crystal display, which is one of the most
common types of flat panel displays currently in use, includes
two display panels with field generating electrodes, such as a
pixel electrode and a common electrode, incorporated
thereon, and a liquid crystal layer interposed therebetween.
The liquid crystal display generates an electric field in the
liquid crystal layer by applying a voltage to the field gener-
ating electrodes and determines the direction ofliquid crystal
molecules of the liquid crystal layer by the generated electric
field, thus controlling polarization of incident light so as to
display an image.

[0005] In a general display device, both a light amount
controlling layer which determines luminance by controlling
a light amount passing through a substrate and a color form-
ing layer which determines an emitting light color are formed.
For example, the light amount controlling layer uses a polar-
izer and a liquid crystal layer and the color forming layer uses
a color filter. However, while the light emitted from a back-
light is passed through the color filter, brightness thereof is
decreased. Accordingly, light efficiency is decreased by the
color filter formed in the liquid crystal display.

[0006] Recently, instead of the color filter, a display device
using a phosphor or quantum dots has been developed. How-
ever, display devices converting color by using phosphors or
quantum dots use ultraviolet (UV) light or near UV light as a
light source, and in a case of light having a short wavelength,
apolarization characteristic of a conventional polarizer is low
such that it is difficult to use the liquid crystal layer as the light
amount controlling layer.

SUMMARY OF THE INVENTION

[0007] The present invention provides a display device
capable of using a conventional polarizer and a liquid crystal
layer as a light amount controlling layer while increasing
efficiency of light by using a phosphor as a color conversion
layer instead of a color filter.

[0008] A liquid crystal display according to an exemplary
embodiment of the present invention includes a first substrate.
A color conversion layer is disposed on the first substrate. A
second substrate and a third substrate are disposed on the
color conversion layer and face each other. A light amount
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controlling layer is disposed between the second substrate
and the third substrate. A backlight unit is disposed under the
first substrate.

[0009] The color conversion layer may include a partition
disposed on the first substrate, and a plurality of phosphors
disposed in a region defined by the partition.

[0010] A first polarizer disposed between the second sub-
strate and the color conversion layer may be further included.
[0011] A second polarizer disposed outside the third sub-
strate may be further included. Polarization axes of the first
polarizer and the second polarizer may cross each other.
[0012] The backlight unit may emit ultraviolet light, near
ultraviolet light, or blue light.

[0013] A light blocking member formed between the sec-
ond substrate and the color conversion layer may be further
included.

[0014] An assistance layer formed between the second sub-
strate and the color conversion layer and including a light
transmitting part and a light shielding part may be further
included.

[0015] The liquid crystal display according to an exem-
plary embodiment of the present invention includes the color
conversion layer disposed between the liquid crystal panel
and the backlight. The color conversion layer is made of a
resin including the phosphor. Accordingly, ultraviolet light or
near ultraviolet light emitted from the backlight pass through
the color conversion layer and is converted into visible light
displaying the desired color. The visible light is incident to the
liquid crystal panel. The light amount may be accordingly
controlled using the liquid crystal panel including the con-
ventional polarizer and the liquid crystal layer, thereby dis-
playing the image having the desired color and brightness.
Accordingly, the desired color may be displayed without the
color filter inside the liquid crystal panel, the light efficiency
may be increased, and the liquid crystal panel including the
conventional polarizer and the liquid crystal layer may be
used as the light amount controlling layer even though the
color conversion layer including the phosphor is used.
[0016] A display device includes a backlight unit, a color
conversion layer, and a first substrate disposed between the
backlight unit and the color conversion layer. A second sub-
strate and a third substrate are disposed on the color conver-
sion layer. A light amount controlling layer is disposed
between the second substrate and the third substrate.

[0017] A display device includes a backlight unit. A color
conversion layer converts light from the backlight unit into
colored light. A first substrate is disposed between the back-
light unit and the color conversion layer. The first substrate is
disposed below the color conversion layer and above the
backlight unit. A second substrate and a third substrate are
disposed above the color conversion layer and receive the
colored light from the color conversion layer. A light amount
controlling layer is disposed between the second substrate
and the third substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the present disclo-
sure and many of the attendant aspects thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

[0019] FIG. 1 is a schematic cross-sectional view of a dis-
play device according to an exemplary embodiment of the
present invention;
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[0020] FIG. 2 is a graph showing a polarization character-
istic of a polarizer according to a wavelength of light accord-
ing to an exemplary embodiment of the present invention;
[0021] FIG. 3 is a schematic cross-sectional view of a dis-
play device according to an exemplary embodiment of the
present invention;

[0022] FIG. 4 is an enlarged view of a portion A of FIG. 3;
[0023] FIG. 5 is a schematic cross-sectional view of a dis-
play device according to an exemplary embodiment of the
present invention; and

[0024] FIG. 6 is an enlarged view of a portion B of FIG. 5.
DETAILED DESCRIPTION OF THE
EMBODIMENTS
[0025] Exemplary embodiments of the present invention

will be described more fully hereinafter with reference to the
accompanying drawings. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scope of the present disclosure.

[0026] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals may designate like elements throughout the
specification. It will be understood that when an element such
as a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0027] A display device according to an exemplary
embodiment of the present invention will be described with
reference to FIG. 1. FIG. 1 is a schematic cross-sectional view
of adisplay device according to an exemplary embodiment of
the present invention.

[0028] Referring to FIG. 1, adisplay device according to an
exemplary embodiment of the present invention includes a
first substrate 110, a second substrate 210, and a third sub-
strate 310 that are sequentially disposed.

[0029] The first substrate 110, the second substrate 210,
and the third substrate 310 may be made of transparent glass
or plastic.

[0030] A color conversion layer 200 is disposed between
the first substrate 110 and the second substrate 210, and a light
amount controlling layer 300 is disposed between the second
substrate 210 and the third substrate 310.

[0031] A backlight unit 600 is disposed outside the first
substrate 110.
[0032] The first substrate 110, the second substrate 210, the

third substrate 310, the color conversion layer 200, and the
light amount controlling layer 300 include a plurality of pix-
els corresponding in a vertical direction. The plurality of
pixels may be disposed in a matrix shape on a plane surface.
[0033] A first polarizer 12 and a second polarizer 22 are
attached at surfaces opposite to surfaces where the first sub-
strate 100 and the second substrate 200 face each other. For
example, the first polarizer 12 may be attached outside the
first substrate 100, and the second polarizer 22 may be
attached outside the second substrate 200. A transmissive axis
of the first polarizer 12 and a transmissive axis of the second
polarizer 22 may be crossed with respect to each other.
[0034] The light amount controlling layer 300 may include
a plurality of liquid crystal molecules 31.

[0035] Although not shown, a gate line, a data line, a
switching element connected to the gate line and the data line,
and a pixel electrode connected to the switching element may
be formed on the second substrate 210. A switching element
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and a pixel electrode may be formed for each pixel. Also, a
common electrode facing the pixel electrode may be formed
on the third substrate 310. A vertical electric field is formed
between the pixel electrode and the common electrode,
thereby determining the direction of the liquid crystal mol-
ecules 31.

[0036] A firstlight blocking member 320 dividing a bound-
ary of a plurality of pixels is formed on the second substrate
210 and/or the third substrate 310.

[0037] A shape and position of each electrode formed on
the second substrate 210 and the third substrate 310 may be
variously changed. The pixel electrode may be formed on the
second substrate 210 and the common electrode may be
formed on the third substrate 310, however the present inven-
tion is limited thereto. The pixel electrode and the common
electrode may be both formed on the second substrate 2100,
and in this case, a horizontal electric field is formed between
the pixel electrode and the common electrode thereby deter-
mining the direction of alignment of the liquid crystal mol-
ecules 31.

[0038] The color conversion layer 200 includes a plurality
of partitions 202 dividing a plurality of pixel areas. A plurality
of phosphors 2014, 201B, and 201C is disposed in a plurality
of pixel areas deified by the partitions. A plurality of pixels of
the color conversion layer 200 may include first color pixels,
second color pixels, and third color pixels. For example, the
first color pixels may be red pixels, the second color pixels
may be green pixels, and the third color pixels may be blue
pixels. Light passing through the red pixels of the color con-
version layer 200 represents red, light passing through the
green pixels represents green, and light passing through the
blue pixels represents blue.

[0039] The color conversion layer 200 may include a resin
including the phosphors 201A, 201B, and 201C. The phos-
phors may include a material that fluoresces light having a
unique color upon exposure to light regardless of a color of
the light that the phosphor is exposed to. Further, light is
emitted from each phosphor over all regions regardless of a
direction of the light that the phosphor is exposed to.

[0040] The color conversion layer 200 of the first pixel
includes the first phosphor 201A, the color conversion layer
200 of the second pixel includes the second phosphor 201B,
and the color conversion layer 200 of the third pixel includes
the third phosphor 201C.

[0041] Iflight is incident to the first phosphor 201 A from
the backlight unit 600, light of the first color is scattered. If
light is incident to the second phosphor 201B, light of the
second color is scattered. If light is incident to the third
phosphor 201C, light of the third color is scattered. The first
color may be red, the second color may be green, and the third
color may be blue, and in this case, the first phosphor 201A
may be a red phosphor, the second phosphor 201B may be a
green phosphor, and the third phosphor 201C may be a blue
phosphor. However, the first phosphor 201A, the second
phosphor 201B, and the third phosphor 201C of the display
device according to an exemplary embodiment of the present
invention may scatter light of other colors besides red, green,
and blue. Although not shown, the color conversion layer 200
may include an additional phosphor and the phosphor may
scatter light of a fourth color.

[0042] The backlight unit 600 supplying light to color con-
version layer 200 may provide ultraviolet light, near ultravio-
let light, or blue light.
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[0043] Inthisway, the display device according to an exem-
plary embodiment of the present invention includes a liquid
crystal panel including the second substrate 210 and the third
substrate 310. A liquid crystal layer 300 is disposed between
the second substrate 210 and the third substrate 310. The
liquid crystal layer 300 includes a plurality of liquid crystal
molecules 31. The first polarizer 12 and the second polarizer
22 are disposed outside the second substrate 210 and the third
substrate 310, respectively. The backlight unit 600 is disposed
outside the second substrate 210 of the liquid crystal panel.
The color conversion unit is disposed between the liquid
crystal panel and the backlight unit 600.

[0044] The color conversion unit includes the color conver-
sion layer 200 disposed on the first substrate 110. The color
conversion layer 200 includes the plurality of partitions 202
and the plurality of phosphors 2014, 201B, and 201C dis-
posed in a region defined by the partitions 202.

[0045] Theliquid crystal panel includes the plurality of first
light blocking members 320 disposed on the second substrate
210 and disposed between the plurality of pixel areas.
According to a display device of an exemplary embodiment
of the present invention, the first light blocking member 320
may be omitted.

[0046] As described above, ultraviolet light, near ultravio-
let light, or blue light is emitted from the backlight unit 600.
Light emitted from the backlight unit 600 is supplied to the
color conversion unit, and light supplied to the color conver-
sion unit passes through the plurality of phosphors 201A,
201B, and 201C inside the color conversion layer 200 such
that light displaying the first color, the second color, and the
third color is scattered and is supplied to the liquid crystal
panel. For example, the ultraviolet light, near ultraviolet light,
or blue light emitted from the backlight unit 600 passes
through the color conversion unit, and is then converted into
a visible light region displaying the first color, the second
color, and the third color, and is supplied to the liquid crystal
panel.

[0047] FIG. 2 is a view illustrating a characteristic of a
display device according to an exemplary embodiment of the
present invention. FIG. 2 includes a graph showing a polar-
ization characteristic of three conventional polarizers accord-
ing to a wavelength of light.

[0048] Referring to FIG. 2, for three conventional polariz-
ers A, B, and C, for light of a wavelength of less than or equal
to about 400 nm, an intensity of light passing through one
polarizer is very small, and a difference is extremely slight
between light passing through one polarizer and light passing
through two crossed polarizers. For example, when the back-
light unit 600 generates ultraviolet light, near ultraviolet light,
or blue light, and when using the conventional polarizer, the
polarization characteristic is very low such that it is difficult to
use the liquid crystal layer as the light amount controlling
layer.

[0049] However, the display device according to an exem-
plary embodiment of the present invention includes the color
conversion layer 200 disposed between the liquid crystal
panel and the backlight unit 600 to convert ultraviolet light,
near ultraviolet light, and blue light in the color conversion
layer 200 into visible light, thereby supplying it to the liquid
crystal panel with light.

[0050] Accordingly, the color filter is not formed in the
liquid crystal panel such that deterioration of the intensity of
light according to the color filter may be prevented, and the
liquid crystal panel including the conventional polarizer may
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be used as the light amount controlling layer while using the
ultraviolet light, near ultraviolet light, or blue light as a light
source.

[0051] Next, a display device according to an exemplary
embodiment of the present invention will be described with
reference to FIG. 3. F1G. 3 is a schematic cross-sectional view
of adisplay device according to an exemplary embodiment of
the present invention, and FIG. 4 is an enlarged view of a
portion A of FIG. 3.

[0052] Referring to FIG. 3, the display device according to
an exemplary embodiment is similar to the display device
discussed above with reference to FIG. 1.

[0053] The display device according to an exemplary
embodiment of the present invention includes a liquid crystal
panel including the second substrate 210 and the third sub-
strate 310. A liquid crystal layer 300 is disposed between the
second substrate 210 and the third substrate 310. The liquid
crystal layer 300 includes a plurality of liquid crystal mol-
ecules 31. The first polarizer 12 and the second polarizer 22
are disposed outside the second substrate 210 and the third
substrate 310, respectively. A backlight unit 600 is disposed
outside the second substrate 20 of the liquid crystal panel. A
color conversion unit is disposed between the liquid crystal
panel and the backlight unit 600. The color conversion unit
includes the first substrate 110 and a color conversion layer
200 disposed on the first substrate 110. The color conversion
layer 200 includes a plurality of partitions 202 and a plurality
of phosphors 201A, 201B, and 201C disposed in the region
defined by the partitions 202. The liquid crystal panel
includes a plurality of first light blocking members 320 dis-
posed on the second substrate 210 and disposed between a
plurality of pixel areas.

[0054] The display device also includes a second light
blocking member 325 disposed outside the second substrate
210 of the liquid crystal panel. The second light blocking
member 325 overlaps the first light blocking member 320.
[0055] Referring to FIG. 4, the second light blocking mem-
ber 325 is disposed between the second substrate 210 of the
liquid crystal panel and the first polarizer 12. The second light
blocking member 325 may be formed on an outer surface of
the second substrate 210.

[0056] As described above, ultraviolet light, near ultravio-
let light, or blue light is emitted from the backlight unit 600.
Light emitted from the backlight unit 600 is supplied to the
color conversion unit. Light light supplied to the color con-
version unit passes through the plurality of phosphors 201A,
201B, and 201C in the color conversion layer 200. Light of
the first color, the second color, and the third color is scattered
and is supplied to the liquid crystal panel. At this time, the
second light blocking member 325 may prevent light scat-
tered in the phosphors 201A, 201B, and 201C from reaching
to neighboring pixels.

[0057] The characteristics of the display device described
above with reference to FIG. 1 may be applied to the display
device discussed above with reference to FIG. 3.

[0058] Next, a display device according to an exemplary
embodiment of the present invention will be described with
reference to FIG. 5 and FIG. 6. FIG. 5 is a schematic cross-
sectional view of a display device according to an exemplary
embodiment of the present invention, and FIG. 6 is an
enlarged view of a portion of FIG. 5.

[0059] Referring to FIG. 5, the display device according to
an exemplary embodiment is similar to the display device
described above with reference to FIG. 1.
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[0060] The display device includes a liquid crystal panel
including the second substrate 210 and the third substrate
310. A liquid crystal layer 300 is disposed between the second
substrate 210 and the third substrate 310. The liquid crystal
layer 300 includes a plurality of liquid crystal molecules 31.
The first polarizer 12 and the second polarizer 22 are disposed
outside the second substrate 210 and the third substrate 310,
respectively. A backlight unit 600 is disposed outside the
second substrate 20 of the liquid crystal panel. A color con-
version unit is disposed between the liquid crystal panel and
the backlight unit 600 and includes the first substrate 110 and
a color conversion layer 200 disposed on the first substrate
110. The color conversion layer 200 includes a plurality of
partitions 202 and a plurality of phosphors 201A, 201B, and
201C disposed in the region defined by the partition 202.
Also, the liquid crystal panel includes a plurality of first light
blocking members 320 disposed on the second substrate 210
and disposed between a plurality of pixel areas.
[0061] The display device further includes an assistance
layer 400 disposed outside the second substrate 210 of the
liquid crystal panel and including a light transmitting part 410
and a light shielding part 420. The light shielding part 420 of
the assistance layer 400 is disposed at a position overlapping
the first light blocking member 320.
[0062] Referring to FIG. 6, the assistance layer 400 is dis-
posed between the second substrate 210 and the first polarizer
12 of the liquid crystal panel. For example, the assistance
layer 400 may be formed on the outer surface of the second
substrate 220.
[0063] As described above, the ultraviolet light, near ultra-
violet light, or blue light is emitted by the backlight unit 600.
Light emitted from the backlight unit 600 is supplied to the
color conversion unit. Light supplied to the color conversion
unit passes through a plurality of phosphors 201A, 201B, and
201C in the color conversion layer 200, and the light display-
ing the first color, the second color, and the third color is
scattered and supplied to the liquid crystal panel. At this time,
the light shielding part 420 of the assistance layer 400 may
prevent light scattered in the phosphors 201A, 201B, and
201C from reaching neighboring pixels. The light transmit-
ting part 410 and the light shielding part 420 may have the
same thickness, and thereby the light transmitting part 410
having the same thickness as the light shielding part 420 is
disposed in the region outside the region where the light
shielding part 420 is disposed. Accordingly, a step change of
the polarizer 12 according to the step difference may be
prevented.
[0064] The characteristics of the display device discussed
above with respect to FIG. 1, FIG. 3, and FIG. 4 may be
applied to the display device discussed above with respect to
FIG. 5.
[0065] While exemplary embodiments of the present
invention have been described, it is to be understood that the
invention is not limited to the disclosed embodiments.
What is claimed is:
1. A display device comprising:
a backlight unit;
a color conversion layer;
afirst substrate disposed between the backlight unit and the
color conversion layer;
a second substrate and a third substrate disposed on the
color conversion layer; and
alight amount controlling layer disposed between the sec-
ond substrate and the third substrate.
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2. The display device of claim 1, wherein

the color conversion layer includes:

a partition disposed on the first substrate; and

a plurality of phosphors disposed in a region defined by the
partition.

3. The display device of claim 2, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

4. The display device of claim 3, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.

5. The display device of claim 2, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.

6. The display device of claim 2, wherein

the light amount controlling layer includes a plurality of
liquid crystal molecules.

7. The display device of claim 1, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

8. The display device of claim 7, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.

9. The display device of claim 1, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.

10. The display device of claim 1, wherein:

the light amount controlling layer includes a plurality of
liquid crystal molecules.

11. The display device of claim 1, further comprising

a light blocking member formed between the second sub-
strate and the color conversion layer.

12. The display device of claim 11, wherein

the color conversion layer includes

a partition disposed on the first substrate, and

a plurality of phosphors disposed in a region defined by the
partition.

13. The display device of claim 12, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

14. The display device of claim 13, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.

15. The display device of claim 12, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.

16. The display device of claim 12, wherein

the light amount controlling layer includes a plurality of
liquid crystal molecules.

17. The display device of claim 11, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

18. The display device of claim 17, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.

19. The display device of claim 11, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.



US 2014/0043566 A1

20. The display device of claim 11, wherein

the light amount controlling layer includes a plurality of
liquid crystal molecules.

21. The display device of claim 1, further comprising

an assistance layer formed between the second substrate
and the color conversion layer and including a light
transmitting part and a light shielding part.

22. The display device of claim 21, wherein

the color conversion layer includes:

a partition disposed on the first substrate; and

aplurality of phosphors disposed in a region defined by the
partition.

23. The display device of claim 22, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

24. The display device of claim 23, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.
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25. The display device of claim 22, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.

26. The display device of claim 22, wherein

the light amount controlling layer includes a plurality of
liquid crystal molecules.

27. The display device of claim 21, further comprising

a first polarizer disposed between the second substrate and
the color conversion layer.

28. The display device of claim 27, further comprising

a second polarizer disposed outside the third substrate,

wherein polarization axes of the first polarizer and the
second polarizer cross each other.

29. The display device of claim 21, wherein

the backlight unit emits ultraviolet light, near ultraviolet
light, or blue light.

30. The display device of claim 21, wherein

the light amount controlling layer includes a plurality of
liquid crystal molecules.
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