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(57) ABSTRACT

A liquid crystal lens panel includes a first substrate including
afirst base substrate and a first electrode layer disposed on the
first base substrate; a second substrate including a second
base substrate facing the first base substrate and a second
electrode layer disposed on a surface of the second base
substrate, the second substrate facing the first base substrate;
and a liquid crystal layer disposed between the first substrate
and the second substrate. The liquid crystal layer has a refrac-
tive index of about 0.2 to about 0.29 and a dielectric constant
of about 5.5 F/m to about 10 F/m.
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LIQUID CRYSTAL LENS PANEL AND
DISPLAY DEVICE HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2012-0040396, filed on
Apr. 18, 2012, which is incorporated herein by reference for
all purposes as if fully set forth herein.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to a liquid crystal lens
panel and a display device having the same. More particu-
larly, the present disclosure relates to a liquid crystal lens
panel capable of improving a display quality of a three-di-
mensional (3D) image and a display device having the same.
[0004] 2. Discussion of the Background

[0005] A 3D image display typically provides a left-eye
image and a right-eye image having a binocular disparity, to
a left eye and a right eye of a viewer, respectively. The viewer
sees the images with both eyes and mixes the images together
in brain and perceive the 3D image.

[0006] For the 3D image, a 3D image display device
employing a linear polarization method, which separates the
left-eye image and the right-eye image from each other using
3D glasses, has been suggested, but the viewer bears incon-
venience of wearing 3D glasses.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides a liquid crystal lens
panel capable of improving a display quality of a 3D image.
[0008] The present disclosure provides a display device
having the liquid crystal lens panel.

[0009] Exemplary embodiments of the present disclosure
provide a liquid crystal lens panel which includes a first
substrate including a first base substrate and a first electrode
layer disposed on the first base substrate; a second substrate
including a second base substrate facing the first base sub-
strate and a second electrode layer disposed on a surface of
the second base substrate, the second substrate facing the first
base substrate; and a liquid crystal layer disposed between the
first substrate and the second substrate. The liquid crystal
layer has a refractive index of about 0.2 to about 0.29 and a
dielectric constant of about 5.5 F/m to about 10 F/m.

[0010] Exemplary embodiments of the present disclosure
provide a display device which includes a display panel to
display an image; and a liquid crystal lens panel to convert the
image to two-dimensional image or a three-dimensional
image. The liquid crystal lens panel includes: a first substrate
including a first base substrate and a first electrode layer
disposed on the first base substrate; a second substrate includ-
ing a second base substrate facing the first base substrate and
a second electrode layer disposed on a surface of the second
base substrate, the second substrate facing the first base sub-
strate; and a liquid crystal layer disposed between the first
substrate and the second substrate. The liquid crystal layer
has a refractive index of about 0.2 to about 0.29 and a dielec-
tric constant of about 5.5 F/m to about 10 F/m.

[0011] According to the above, the liquid crystal lens panel
and the display device may improve display quality of the 3D
image.
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[0012] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other advantages of the present
invention will become readily apparent by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings.

[0014] FIG. 1 is an exploded perspective view showing a
display device according to an exemplary embodiment of the
present invention.

[0015] FIG. 2 is a cross-sectional view showing a display
panel and a liquid crystal lens panel of the display device
shown in FIG. 1.

[0016] FIG. 3 is a cross-sectional view illustrating the lig-
uid crystal lens panel shown in FIG. 1 and FIG. 2.

[0017] FIG. 4 is a view showing a voltage applied to a first
electrode layer of the liquid crystal lens panel shown in FIG.
3.

[0018] FIG. 5 is a view showing a phase delay in each
sub-area of the liquid crystal lens panel shown in FIG. 3.
[0019] FIG. 6 is a view showing a phase delay included in
one period of the liquid crystal lens panel shown in FIG. 3.
[0020] FIG. 7 is a cross-sectional view showing an initial
alignment state of a second liquid crystal layer of the liquid
crystal lens panel shown in FIG. 1 and FIG. 2.

[0021] FIG. 8 is a cross-sectional view showing an align-
ment state of a second liquid crystal layer of the liquid crystal
lens panel shown in FIG. 1 and FIG. 2 according to an electric
field.

[0022] FIG. 9 is a graph explaining a phase delay of a light
passing through the second liquid crystal layer of the liquid
crystal lens panel according to a voltage applied to the liquid
crystal lens panel.

[0023] FIG. 10 is a graph showing a phase variation of the
light passing through the liquid crystal layer employed in the
liquid crystal lens panel according to a dielectric constant of
the liquid crystal layer.

[0024] FIG. 11 is a graph explaining a minimum phase
delay value according to a refractive index and a dielectric
constant of a liquid crystal layer employed in the liquid crys-
tal lens panel.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0025] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure is thorough, and will fully convey
the scope of the invention to those skilled in the art.

[0026] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. It will be
understood that when an element or layer is referred to as
being “on” or “connected to” another element or layer, it can
be directly on or directly connected to the other element or
layer, or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
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no intervening elements or layers present. In contrast, It will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “beneath” another
element, it can be directly beneath the other element or inter-
vening elements may also be present. Meanwhile, when an
element is referred to as being “directly beneath™ another
element, there are no intervening elements present. It will be
understood that for the purposes of this disclosure, “at least
one of X, Y, and Z” can be construed as X only, Y only, Z only,
or any combination of two or more items X, Y, and Z (e.g.,
XYZ,XYY,YZ, 77).

[0027] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.

[0028] FIG. 1 is an exploded perspective view showing a
display device according to an exemplary embodiment of the
present invention, and FIG. 2 is a cross-sectional view show-
ing a display panel and a liquid crystal lens panel of the
display device shown in FIG. 1.

[0029] Referring to FIG. 1 and FIG. 2, a display device
includes a display panel 100 and a liquid crystal lens panel
200. The display panel 100 and the liquid crystal lens panel
200 are coupled to each other using an adhesive member
through which light passes. For instance, an optically clear
adhesive (OCA) is disposed between the display panel 100
and the liquid crystal lens panel 200 as the adhesive member,
and thus the display panel 100 and the liquid crystal lens panel
200 may be coupled to each other. In the present exemplary
embodiment, the OCA includes an optically transparent
adhesive, so that the OCA has transparency and adhesive
force.

[0030] The display panel 100 displays an image to provide
the viewer with the image. The display panel 100 may be, but
not limited to, various display panels, such as an organic light
emitting display panel, a plasma display panel, a liquid crys-
tal display panel, an electrophoretic display panel, an elec-
trowetting display panel, etc. In a non-self-emissive display
panel such as a liquid crystal display panel, an electrophoretic
display panel, or an electrowetting display panel, the display
device further includes a backlight unit (not shown) to pro-
vide light to the display panel 100. In the present exemplary
embodiment, a liquid crystal display panel will be described
as the display panel 100 as a representative example.

[0031] The display panel 100 has a rectangular-plate shape
with long sides and short sides, and displays the image
through a display area 140. In addition, the display panel 100
includes an array substrate 110, an opposite substrate 120
facing the array substrate 110, and a first liquid crystal layer
130 disposed between the array substrate 110 and the oppo-
site substrate 120.

[0032] The array substrate 110 includes a plurality of pixels
arranged in a matrix form. A light blocking layer may be
disposed between the pixels to prevent interference of the
light passing through each pixel so as to improve a contrast
ratio of the display panel 100. In addition, each pixel includes
a gate line (not shown) extending in a first direction substan-
tially in parallel with a side of the array substrate 110, a data
line (not shown) extending in a second direction crossing the
first direction and insulated from the gate line, and a pixel
electrode (not shown). In addition, each pixel includes a thin
film transistor (not shown) electrically connected to the gate
line, the data line, and the pixel electrode. The thin film
transistor switches a driving signal applied to the pixel elec-
trode.
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[0033] In addition, a driver IC (not shown) is disposed
adjacent to a side of the array substrate 110. The driver IC
receives various signals from an external source (not shown),
and outputs the driving signal to the thin film transistor in
response to the various signals to drive the display panel 100.
[0034] The opposite substrate 120 includes RGB color fil-
ters (not shown) disposed thereon to realize predetermined
colors using the light provided from the backlight unit 300
and a common electrode (not shown) disposed on the RGB
color filters to face the pixel electrode. The RGB color filters
may be formed by a thin film process. While the RGB color
filters are illustrated as being disposed on the opposite sub-
strate 120, the position of the RGB color filters should not be
limited thereto. For instance, the RGB color filters may be
disposed on the array substrate 110.

[0035] The first liquid crystal layer 130 includes liquid
crystal molecules. The liquid crystal molecules are aligned in
a specific direction by voltages respectively applied to the
pixel electrode and the common electrode so as to control the
transmittance of the light provided from the backlight unit
300. As a result, the display panel 100 displays a desired
image.

[0036] The liquid crystal lens panel 200 may convert the
image displayed on the display panel 100 to a 2D image or a
3D image. The liquid crystal lens panel 200 is disposed at a
side in which the light exiting from the display panel 100
travels, and the liquid crystal lens panel 200 has a transmis-
sion area 240 at a location corresponding to the display area
140. In this case, the transmission area 240 transmits the
image displayed in the display area 140. In addition, the liquid
crystal lens panel 200 has a shape corresponding to that of the
display panel 100. That is, the liquid crystal lens panel 200
has a rectangular-plate shape with long sides and short sides
in conformity with the shape of the display panel 100.
[0037] The liquid crystal lens panel 200 includes a plurality
of lens parts LP, and the lens parts LP separate the image
displayed on the display panel 100 to a left-eye image and a
right-eye image.

[0038] The liquid crystal lens panel 200 includes a first
substrate 210 disposed closer to the display panel 100, a
second substrate 220 facing the display panel 100 while inter-
posing the first substrate 210 between the second substrate
220 and the display panel 100, and a second liquid crystal
layer 230 disposed between the first substrate 210 and the
second substrate 220.

[0039] The first substrate 210 includes a first base substrate
211, a first electrode layer 212 disposed on the first base
substrate 211, and a first alignment layer 213 disposed on the
first electrode layer 212.

[0040] The second substrate 220 includes a second base
substrate 221, a second electrode layer 222 disposed on the
second base substrate 221, and a second alignment layer 223
disposed on the second electrode layer 222.

[0041] The first electrode layer 212 and the second elec-
trode layer 222 include a plurality of electrode patterns. In
addition, the electrode patterns may be made of a transparent
conductive oxide, such as indium tin oxide (ITO) or indium
zinc oxide (IZ0). Accordingly, the first electrode layer 212
and the second electrode layer 222 form an electric field in
response to voltages respectively applied thereto, along
which liquid crystal molecules in the second liquid crystal
layer 230 are aligned.

[0042] The first alignment layer 213 and the second align-
ment layer 223 control the initial alignment of the liquid
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crystal molecules of the liquid crystal layer. Thus, since the
first alignment layer and the second alignment layer pre-
determines the alignment direction of the liquid crystal mol-
ecules, the liquid crystal molecules may be rapidly aligned.
[0043] The second liquid crystal layer 230 may be aligned
in various modes, such as a vertical alignment mode, a hori-
zontal alignment mode, etc. In addition, in the initial align-
ment state of the second liquid crystal layer 230, it is possible
that a long axis of the liquid crystal molecules is not twisted
between the first substrate 210 and the second substrate 220.
[0044] In the present exemplary embodiment, the second
liquid crystal layer 230 may have a refractive index of about
0.2 to about 0.29, a dielectric constant of about 5.5 F/m to
about 10 F/m, and a thickness of about 2.2 um to about 10 pm.
[0045] FIG. 3 is a cross-sectional view illustrating the lig-
uid crystal lens panel shown in FIG. 1 and FIG. 2; FIG. 4is a
view showing a voltage applied to a first electrode layer of the
liquid crystal lens panel shown in FIG. 3; FIG. 5 is a view
showing a phase delay in each sub-area of the liquid crystal
lens panel shown in FIG. 3; and FIG. 6 is a view showing a
phase delay included in one period of the liquid crystal lens
panel shown in FIG. 3.

[0046] Referring to FIG. 3, FIG. 4, FIG. 5, and FIG. 6, the
liquid crystal lens panel 200 includes the first substrate 210,
the second substrate 220, and the second liquid crystal layer
230 disposed between the first substrate 210 and the second
substrate 220.

[0047] The first substrate 210 includes the first base sub-
strate 211, the first electrode layer 212 disposed on the first
base substrate 211, and the first alignment layer 213 disposed
on the first electrode layer 212. The first electrode layer 212
includes a plurality of first electrode patterns 212A disposed
on the first base substrate 211, an insulating layer 212B that
covers the first electrode patterns 212A, and a plurality of
second electrode patterns 212C disposed on the insulating
layer 212B.

[0048] The first electrode patterns 212A and the second
electrode patterns 212C may have stripe shapes extending in
a direction substantially parallel with the long sides or the
short sides of the liquid crystal lens panel 200. Alternatively,
the first electrode patterns 212A and the second electrode
patterns 212C may have stripe shapes extending in an
inclined direction with respect to the long sides or the short
sides of the liquid crystal lens panel 200.

[0049] Alternatively, the first electrode patterns 212A may
be alternately arranged with the second electrode patterns
212C and substantially in parallel with the second electrode
patterns 212C in a same plane. That is, the first electrode
patterns 212A may be arranged so that they are not over-
lapped with the second electrode patterns 212C when viewed
from above.

[0050] Theinsulating layer 212B may include a transparent
inorganic insulating material or a transparent organic insulat-
ing material to electrically insulate the first electrode patterns
212A from the second electrode patterns 212C.

[0051] The second substrate 220 includes the second base
substrate 221, the second electrode layer 222 disposed on the
second base substrate 221, and the alignment layer 223 dis-
posed on the second electrode layer 222. The second elec-
trode layer 222 may be the common electrode disposed on the
surface of the second base substrate 221, which faces the first
base substrate 211.

[0052] Meanwhile, the first alignment layer 213 and the
second alignment layer 223 may be rubbed or light-aligned in
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the direction substantially parallel with the direction in which
the first electrode patterns 212A and the second electrode
patterns 212C, or inclined to such direction. The rubbing
direction or the light-alignment direction of the first align-
ment layer 213 may be opposite to that of the second align-
ment layer 223.

[0053] The liquid crystal molecules 231 of the second lig-
uid crystal layer 230 may be initially aligned in the direction
substantially parallel with the surfaces of the first substrate
210 and the second substrate 220. However, the initial align-
ment direction of the liquid crystal molecules 231 should not
be limited to such direction. For instance, the liquid crystal
molecules 231 of the second liquid crystal layer 230 may be
initially aligned in a direction substantially vertical to the
surfaces of the first substrate 210 and the second substrate
220.

[0054] Meanwhile, the liquid crystal lens panel 200
includes the lens part and each lens part serves as a Fresnel
lens. Each of the lens parts LP may have a lens axis substan-
tially in parallel with the direction in which the first electrode
patterns 212 A and the second electrode patterns 212C extend.
In addition, each of the lens parts LP may include a plurality
of Fresnel areas.

[0055] In more detail, the distances between adjacent first
electrode patterns 212A and the distances between adjacent
second electrode patterns 212C decrease as they are closer to
a boundary of the lens part from a center portion of the lens
part LP. As an example, as shown in FIG. 3, each of an (n-1)th
Fresnel area and an n-th Fresnel area includes two first elec-
trode patterns 212A and two second electrode patterns 212C.
In addition, the distance between the first electrode patterns
212A and between the second electrode patterns 212C in the
(n-1)th Fresnel area are widest, and the distance between the
first electrode patterns 212A and between the second elec-
trode patterns 212C in an (n+1)th Fresnel area are narrowest.
[0056] Inaddition, each of the Fresnel areas may include a
plurality of sub-areas sZ1, sZ2, sZ3, and sZ4. For instance,
each of the Fresnel areas may include four sub-areas s71,s72,
sZ3, and sZ4, each of which corresponding to areas in which
the first and second electrode patterns 212A and 212C are
disposed. That is, each of the Fresnel areas may include a first
sub-area sZ1, a second sub-area sZ2, athird sub-area sZ3, and
a fourth sub-area sZ4.

[0057] In the present exemplary embodiment, each of the
first electrode patterns 212 A and each of the second electrode
patterns 212C have a width equal to or smaller than 10 um in
each Fresnel area. As an example, while not limited thereto,
each of the first electrode patterns 212A and each of the
second electrode patterns 212C may have a width equal to or
smaller than 5 um.

[0058] Meanwhile, the widths of the first electrode patterns
212A and the second electrode patterns 212C may be equal to
or greater than the thickness of the second liquid crystal 230,
e.g., a distance between the first substrate 210 and the second
substrate 220. Accordingly, the thickness of the second liquid
crystal layer 230 may be equal to or smaller than 10 pm. As an
example, while not limited thereto, the thickness of the sec-
ond liquid crystal layer 230 may be equal to or smaller than 5
pm.

[0059] Hereinafter, an operation of the liquid crystal lens
panel 200 will be described with reference to a lens part of the
liquid crystal lens panel 200.

[0060] The second electrode layer 222 is applied with a
common voltage Vcom, and the first and second electrode
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patterns 212A and 212C of the first electrode layer 212 are
applied with a step-shaped voltage. The amplitude of the
step-shaped voltage to the first and second electrode patterns
212A and 212C increases as the first and second electrode
patterns 212 A and 212C are closer to the center portion of the
lens part from a boundary between adjacent lens parts LP. For
instance, as shown in FIG. 4, the first electrode patterns 212A
in the first sub-area sZ1 are applied with the common voltage
Vcom, the second electrode patterns 212C in the second
sub-area sZ2 are applied with a voltage at a first level, the first
electrode patterns 212A in the third sub-area sZ3 are applied
with a voltage at a second level, and the second electrode
patterns 212C in the fourth sub-area sZ4 is applied with a
voltage at a third level. Accordingly, in each Fresnel area, the
first electrode patterns 212A disposed in the same sub-area or
the second electrode patterns 212C disposed in the same
sub-area are applied with the voltage to delay the light inci-
dent to the re-aligned liquid crystal molecules with the same
phase.

[0061] As described above, when the voltages are applied
to the first electrode layer 212 and the second electrode layer
222, an electric field is generated between the first substrate
210 and the second substrate 220. Due to the electric field, the
liquid crystal molecules 231 of the second liquid crystal layer
230 are realigned as shown in FIG. 3. That is, assuming the
liquid crystal molecules 231 of the second liquid crystal layer
230 are initially aligned in the horizontal direction, the liquid
crystal molecules 231 in the fourth sub-area sZ4 are aligned in
the horizontal direction with respect to the surfaces of the first
and second substrates 210 and 220, and the alignment of the
liquid crystal molecules 231 are closer to the vertical direc-
tion with respect to the surfaces of the first and second sub-
strates 210 and 220 as the liquid crystal molecules 231 are
closer to the first sub-area sZ1 from the third sub-area sZ3. In
the present exemplary embodiment, the liquid crystal mol-
ecules 231 of the second liquid crystal layer 230 are aligned in
the horizontal direction in the initial state, but the alignment
of'the liquid crystal molecules 231 should not be limited to the
horizontal direction. That is, the liquid crystal molecules 231
of the second liquid crystal layer 230 may be aligned in the
vertical direction in the initial state.

[0062] Thus, the phase delay value of the light passing
through the liquid crystal lens panel 200 varies depending on
which sub-areas sZ1, sZ2, sZ3, and sZ4 the light passes
through as shown in FIG. 5. That is, the phase delay value of
the light gradually becomes larger stepwise in each sub-area
sZ1, 872, s73, and s74 of the liquid crystal lens panel 200 as
the light is closer to the center portion of the lens part LP.
Accordingly, each of the lens parts LP may serve as the
Fresnel lens. Meanwhile, as the level of the voltage applied to
the first electrode patterns 212A and the second electrode
pattern 212C becomes larger, the phase delay of the light
passing through the second liquid crystal layer 230 becomes
smaller, but it should not be limited thereto or thereby.
Depending on the exemplary embodiments, as the level of the
voltage applied to the first electrode patterns 212A and the
second electrode pattern 212C becomes smaller, the phase
delay of the light passing through the second liquid crystal
layer 230 may become larger.

[0063] Asdescribedabove, the liquid crystal lens panel 200
controls the voltages applied to the second electrode layer
222, the first electrode patterns 212A, and the second elec-
trode patterns 212C, and thus the phase delay value of the
liquid crystal layer 230 varies in a multi-level value as shown
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in FIG. 6. Accordingly, one lens part may form one phase
modulation type Fresnel lens. Therefore, the liquid crystal
lens panel 200 may refract the light to be concentrated on a
focus position using various properties of light, e.g., diffrac-
tion and destructive and constructive interferences.

[0064] Meanwhile, if the voltages applied to the first elec-
trode patterns 212A and the second electrode patterns 212C
are the same, it may possible that the second liquid crystal
layer 230 does not operate as the Fresnel lens to transmit all
the light. Accordingly, the liquid crystal lens panel 200 may
allow a 2D image generated by the display panel 100 to be
perceived by the left-eye and the right-eye.

[0065] As described above, according to the present exem-
plary embodiment, the liquid crystal lens panel 200 utilizes
the principle of the Fresnel lens so as to reduce the thickness
of'the second liquid crystal layer 230 of the liquid crystal lens
panel 200, i.e., the cell gap between the first and second
substrates 210 and 220. Accordingly, the liquid crystal lens
panel 200 may easily control the liquid crystal molecules 231.
In addition, since the surfaces of the first and second sub-
strates 210 and 220, which make contact with the second
liquid crystal layer 230, are substantially flat, the liquid crys-
tal lens panel 200 may improve the uniformity of the align-
ment of the second liquid crystal layer 230.

[0066] FIG. 7 is a cross-sectional view showing an initial
alignment state of a second liquid crystal layer of the liquid
crystal lens panel shown in FIG. 1 and FIG. 2, FIG. 8 is a
cross-sectional view showing an alignment state of a second
liquid crystal layer of the liquid crystal lens panel shown in
FIG. 1 and FIG. 2 according to an electric field, and FIG. 9 is
agraph explaining a phase delay of a light passing through the
second liquid crystal layer of the liquid crystal lens panel
according to a voltage applied to the liquid crystal lens panel.
In this case, the second liquid crystal layer 230 has a refractive
index of about 0.29 and the light has a wavelength of about
550 nm.

[0067] Referringto FIG. 7, theliquid crystal molecules 231
of'the second liquid crystal layer 230 are inclined with respect
to the surface of the first and second substrates 210 and 220 in
the initial state after the rubbing or light-alignment process.
For instance, the liquid crystal molecules 231 are inclined at
an angle of about 5 to about 6 degrees in the initial state with
respect to the surface of the first and second substrates 210
and 220. Accordingly, the phase delay value of the light
passing through the second liquid crystal layer 230 may be
greater than the wavelength of the light incident into the
second liquid crystal layer 230.

[0068] For example, when the liquid crystal molecules 231
of'the second liquid crystal layer 230 are inclined at the angle
of'about 5 to about 6 degrees in the initial alignment state and
the wavelength of the light incident into the second liquid
crystal layer 230 is about 550 nm, the second liquid crystal
layer 230 phase-delays the light as shown in FIG. 9. That is,
a maximum phase delay value Rmax of the light passing
through the second liquid crystal layer 230 may be about 680
nm.

[0069] Referring to FIG. 8, when an electric field is gener-
ated between the first substrate 210 and the second substrate
220, the liquid crystal molecules 231 of the second liquid
crystal layer 230 are realigned by the electric field. In this
case, the liquid crystal molecules 231 may be realigned in the
vertical direction to the surface of the first and second sub-
strates 210 and 220.
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[0070] However, the alignment of the liquid crystal mol-
ecules 231 is not completely vertical to the surface of the first
and second substrates 210 and 220. That is, the phase varia-
tion of the light occurs while the light passes through the
second liquid crystal layer 230. The phase of the light passing
through the second liquid crystal layer 230 is delayed by more
than zero.

[0071] For instance, as shown in FIG. 9, when the liquid
crystal molecules 231 are realigned by the electric field and
the light at the wavelength of about 550 nm is incident into the
second liquid crystal layer 230, a minimum phase delay value
Rmin of the light passing through the second liquid crystal
layer 230 may be about 130 nm greater than zero.

[0072] However, as shown in FIG. 9, In case the minimum
phase delay value Rmin of the light passing through the
second liquid crystal layer 230 is equal to or greater than 100
nm, a distortion of an image occurs in the display device
employing the liquid crystal lens panel. This is because the
minimum phase delay value Rmin passing through the sec-
ond liquid crystal layer 230 is equal to or greater than 100 nm.
Accordingly, the second liquid crystal layer 230 may have the
minimum phase delay value Rmin smaller than 100 nm for
better performance.

[0073] Meanwhile, a difference between the maximum
phase delay value Rmax and the minimum phase delay value
Rmin of the light passing through the second liquid crystal
layer 230 of'the liquid crystal lens panel 200 may be equal to
or similar to the wavelength of the light passing through the
second liquid crystal layer 230. That is, the maximum phase
delay value Rmax and the minimum phase delay value Rmin
of'the light passing through the second liquid crystal layer 230
satisfy the following Equation.

Rmax-Rmin=A Equation

[0074] In Equation, Adenotes the wavelength of the light
passing through the second liquid crystal layer 230. Rmax
denotes the maximum phase delay value of the light passing
through the second liquid crystal layer 230 and Rmin denotes
the minimum phase delay value of the light passing through
the second liquid crystal layer 230. In detail, Rmax denotes
the phase delay value of the light passing through the second
liquid crystal layer 230 when no electric field is generated in
the liquid crystal lens panel 200, and Rmin denotes the phase
delay value of the light passing through the second liquid
crystal layer 230 when the electric field is generated in the
liquid crystal lens panel 200.

[0075] Thus, since the second liquid crystal layer 230
employed in the liquid crystal lens panel 200 has the mini-
mum phase delay value Rmin greater than zero, the initial
phase delay value of the second liquid crystal layer 230 may
be greater than 550 nm.

[0076] FIG. 10 is a graph showing a phase variation of the
light passing through the liquid crystal layer employed in the
liquid crystal lens panel according to a dielectric constant of
the liquid crystal layer, and Table 1 shows the phase delay of
the light in accordance with the refractive index and the
dielectric constant of the liquid crystal layer. The maximum
phase delay value Rmax and the minimum phase delay value
Rmin of experimental examples 1, 2, 3, and 4 is are measured
when the light at the wavelength of about 550 nm passes
through the liquid crystal layers.
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TABLE 1
Experimental Experimental Experimental Experimental
example 1 example 1 example 1 example 1

Refractive 0.29 0.29 0.29 0.29
index (An)
Thickness (um) 2.793 2.443 2.442 2426
Initial phase 810.04 708.4 708.12 703.64
delay value
(nm)
Dielectric 5.5 5.5 8.0 10.0
constant (F/m)
Rmax (nm) 723.03 623.26 623.36 633.67
Rmin (nm) 74.59 67.26 46.31 35.18
Effective 648.45 556 577.05 598.49
phase delay
value (nm)
[0077] Referring to FIG. 10 and Table 1, the initial phase

delay value dAn of the liquid crystal layer used in the liquid
crystal lens panel is obtained by multiplying the thickness of
the liquid crystal layer and the refractive index of the liquid
crystal layer. In addition, the effective phase delay value may
be the difference between the maximum phase delay value
Rmax and the minimum phase delay value Rmin of the light
passing through the liquid crystal layer.

[0078] The initial phase delay value dAn is an ideal value
related to the phase variation of the light passing through the
liquid crystal layer and is obtained when the liquid crystal
molecules of the liquid crystal layer are aligned in the direc-
tion completely in parallel to the surface of the liquid crystal
lens panel, from which the light exits. However, the maxi-
mum phase delay value Rmax of the light passing through the
liquid crystal layer may be different from the initial phase
delay value dAn. This is because the liquid crystal molecules
of the liquid crystal layer are not aligned in the direction
completely in parallel to the surface of the liquid crystal lens
panel, from which the light exits.

[0079] Meanwhile, since the minimum phase delay value
Rmin is equal to or smaller than 100 nm in experimental
examples 1 to 4, the liquid crystal layer in experimental
examples 1 to 4 may be employed in the liquid crystal lens
panel.

[0080] In addition, according to experimental examples 1
and 2, as the thickness of the liquid crystal layer becomes
smaller, the minimum phase delay value Rmin is decreased
with the same refractive index and the same dielectric con-
stant of the liquid crystal layer. That is, the minimum phase
delay value Rmin is decreased as the initial phase delay value
becomes smaller. This is because the initial phase delay value
of experimental example 2 is smaller than the initial phase
delay value of experimental example 1. Here, smaller mini-
mum phase delay value Rmin means that the phase variation
of the light passing through the liquid crystal layer is small.
Thus, the phase variation of the light passing through the
liquid crystal layer of experimental example 2 is relatively
smaller than that ofthe light passing through the liquid crystal
layer of experimental example 1, and the light passing
through the liquid crystal layer of experimental example 2 has
the phase similar to that of the light incident into the liquid
crystal layer of experimental example 2. Therefore, in the
display device employing the liquid crystal lens panel includ-
ing the liquid crystal layer of experimental example 2, the
distortion of the image is smaller in amount when compared
to that of experimental example 1.
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[0081] In addition, according to experimental examples 2
and 4, as the dielectric constant of the liquid crystal layer
becomes larger, the minimum phase delay value Rmin is
decreased with the same refractive index and the same thick-
ness of the liquid crystal layer. Thus, the distortion of the
image may be smaller in the display device that employs the
liquid crystal lens panel including the liquid crystal layer with
the relatively greater dielectric constant.

[0082] Meanwhile, as shown in FIG. 10, as the dielectric
constant of the liquid crystal layer becomes larger, the liquid
crystal molecules of the liquid crystal layer are realigned by
the electric field even though the applied voltages for the
electric field are lowered. Accordingly, as the dielectric con-
stant becomes larger, the thickness of the liquid crystal layer
is reduced.

[0083] In addition, although the thickness of the liquid
crystal layer is the same, the distortion of the image in the
display device may be reduced when the liquid crystal layer
having high dielectric constant is employed in the display
device.

[0084] FIG. 11 is a graph explaining a minimum phase
delay value according to a refractive index and a dielectric
constant of a liquid crystal layer employed in the liquid crys-
tal lens panel, and Table 2 shows the variation of the minimum
phase delay value Rmin in accordance with the dielectric
constant of the liquid crystal layer and the thickness of the
liquid crystal layer. The minimum phase delay value Rmin of
experimental examples 5 to 10 are measured when the light at
the wavelength of about 550 nm passes through the liquid
crystal layers.

TABLE 2
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value Rmin in experimental example 5 may be greater than
the minimum phase delay value Rmin in experimental
examples 7 and 9. That is, as the dielectric constant of the
liquid crystal layer becomes larger, the minimum phase delay
value Rmin is decreased.

[0087] Meanwhile, the initial phase delay value in experi-
mental example 5 is about 580 nm and the minimum phase
delay value Rmin in experimental example 5 is about 100 nm.
However, since the maximum phase delay value of the liquid
crystal layer in experimental example 5 is smaller than about
580 nm, the liquid crystal layer in experimental example 5 is
less suited to be employed in the liquid crystal lens panel.
Accordingly, when the dielectric constant of the liquid crystal
layer is about 5.5 F/m as shown in experimental example 6,
the liquid crystal layer may have the thickness equal to or
greater than about 2.5 um for better performance.

[0088] As shown in experimental examples 7 and 8, when
the refractive index of the liquid crystal layer is about 0.25 and
the dielectric constant of the liquid crystal layer is about 8
F/m, the thickness of the liquid crystal layer may be equal to
or greater than about 2.4 pm.

[0089] As shown in experimental examples 9 and 10, when
the refractive index of the liquid crystal layer is about 0.25 and
the dielectric constant of the liquid crystal layer is about 10
F/m, the thickness of the liquid crystal layer may be equal to
or greater than about 2.3 pm.

[0090] Consequently, the liquid crystal layer employed in
the liquid crystal lens panel has the refractive index of about
0.25to about 0.29, the dielectric constant of about 5.5 to about
10 F/m, and the thickness of about 2.3 pm.

Experimental

Experimental Experimental Experimental Experimental Experimental  example
example 5 example 6 example 7 example 8 example 9 10

Refractive 0.29 0.29 0.25 0.25 0.25 0.25
index
(An)
Thickness 2 25 25 24 25 2.3
(pm)
Initial 580 nm 696 nm 625 nm 600 nm 625 nm 575 nm
phase
delay
value
(dAn)
Dielectric 55 55 8 8 10 10
constant
(F/m)
Rmin 100 68.83 60 47.6 40 26.9
(nm)
[0085] Referring to FIG. 12 and Table 2, in case the refrac- [0091] Although the exemplary embodiments of the

tive index and the thickness of the liquid crystal layer are
uniform, the minimum phase delay value Rmin is decreased
as the dielectric constant of the liquid crystal layer becomes
larger. In addition, when the refractive index and the thickness
of the liquid crystal layer are the same, the minimum phase
delay value Rmin is decreased as the thickness of the liquid
crystal layer becomes smaller.

[0086] In more detail, the initial phase delay value in
experimental example is about 580 nm and the initial phase
delay value in experimental examples 7 and 9 is about 625
nm. However, although the initial phase delay value in experi-
mental example 5 is smaller than the initial phase delay value
in experimental examples 7 and 9, the minimum phase delay

present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.

What is claimed is:

1. A liquid crystal lens panel, comprising:

a first substrate comprising a first base substrate and a first
electrode layer disposed on the first base substrate;

a second substrate comprising a second base substrate fac-
ing the first base substrate and a second electrode layer
disposed on a surface of the second base substrate, the
second substrate facing the first base substrate; and
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a liquid crystal layer disposed between the first substrate

and the second substrate,

wherein the liquid crystal layer has a refractive index of

about 0.2 to about 0.29 and a dielectric constant of about
5.5 F/m to about 10 F/m.

2. The liquid crystal lens panel of claim 1, wherein the
liquid crystal layer has a thickness equal to or greater than
about 2.3 um and equal to or smaller than about 10 pm.

3. The liquid crystal lens panel of claim 2, wherein the
liquid crystal layer has the thickness equal to or greater than
about 2.3 um and equal to or smaller than about 5 pm.

4. The liquid crystal lens panel of claim 2, wherein the
second electrode layer comprises:

aplurality of first electrode patterns disposed on the second

base substrate; and

a plurality of second electrode patterns alternately

arranged with the first electrode patterns and insulated
from the first electrode patterns.

5. The liquid crystal lens panel of claim 4, wherein the
second electrode layer further comprises an insulating layer
to cover the first electrode patterns.

6. The liquid crystal lens panel of claim 4, wherein each of
the first electrode patterns and each of the second electrode
patterns have a thickness equal to or greater than the thickness
of the liquid crystal layer.

7. The liquid crystal lens panel of claim 2, wherein the
thickness of the liquid crystal layer is equal to or greater than
about 2.5 um, the refractive index of the liquid crystal layer is
about 0.29, and the dielectric constant of the liquid crystal
layer is about 5.5 F/m.

8. The liquid crystal lens panel of claim 2, wherein the
thickness of the liquid crystal layer is equal to or greater than
about 2.4 um, the refractive index of the liquid crystal layer is
about 0.25, and the dielectric constant of the liquid crystal
layer is about 8.0 F/m.

9. The liquid crystal lens panel of claim 2, wherein the
thickness of the liquid crystal layer is equal to or greater than
about 2.3 um, the refractive index of the liquid crystal layer is
about 0.25, and the dielectric constant of the liquid crystal
layer is about 10 F/m.

10. A display device, comprising:

a display panel to display an image; and

a liquid crystal lens panel to convert the image to a two-

dimensional image or a three-dimensional image, the

liquid crystal lens panel comprising:

a first substrate comprising a first base substrate and a
first electrode layer disposed on the first base sub-
strate,
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a second substrate comprising a second base substrate
facing the first base substrate and a second electrode
layer disposed on a surface of the second base sub-
strate, the second substrate facing the first base sub-
strate, and

a liquid crystal layer disposed between the first substrate

and the second substrate, wherein the liquid crystal layer

has a refractive index of about 0.2 to about 0.29 and a

dielectric constant of about 5.5 F/m to about 10 F/m.

11. The display device of claim 10, wherein the liquid
crystal layer has a thickness equal to or greater than about 2.3
um and equal to or smaller than about 10 um.

12. The display device of claim 11, wherein the liquid
crystal layer has the thickness equal to or greater than about
2.3 um and equal to or smaller than about 5 um.

13. The display device of claim 12, wherein the second
electrode layer comprises:

aplurality of first electrode patterns disposed on the second

base substrate; and

a plurality of second electrode patterns alternately

arranged with the first electrode patterns and insulated

from the first electrode patterns.

14. The display device of claim 13, wherein the second
electrode layer further comprises an insulating layer to cover
the first electrode patterns.

15. The display device of claim 13, wherein each of the first
electrode patterns and each of the second electrode patterns
have a thickness equal to or greater than the thickness of the
liquid crystal layer.

16. The display device of claim 11, wherein the thickness
of'the liquid crystal layer is equal to or greater than about 2.5
um, the refractive index of the liquid crystal layer is about
0.29, and the dielectric constant of the liquid crystal layer is
about 5.5 F/m.

17. The display device of claim 11, wherein the thickness
of'the liquid crystal layer is equal to or greater than about 2.4
um, the refractive index of the liquid crystal layer is about
0.25, and the dielectric constant of the liquid crystal layer is
about 8.0 F/m.

18. The display device of claim 11, wherein the thickness
of'the liquid crystal layer is equal to or greater than about 2.3
um, the refractive index of the liquid crystal layer is about
0.25, and the dielectric constant of the liquid crystal layer is
about 10 F/m.

19. The display device of claim 10, further comprising an
optically clear adhesive disposed between the display panel
and the liquid crystal lens panel.
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