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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2015-
017202, filed Jan. 30, 2015, the entire contents of which are
incorporated herein by reference.

FIELD
[0002] Embodiments described herein relate generally to a
display device.
BACKGROUND
[0003] As an example of display devices, a display device

in which a backlight unit of a white light source and a liquid
crystal display panel comprising a primary-colors filter are
combined is well known. Since the color filter permits a
specific wavelength range to pass therethrough and cuts the
other wavelength ranges, the efficiency of the light emitted
from the backlight unit is deteriorated by the cut wavelength
ranges in the display device.

[0004] In contrast, a display device in which a backlight
unit of a single-color light source and a liquid crystal display
panel comprising a wavelength conversion element are com-
bined has been disclosed. In a quantum dot of a semiconduc-
tor, for example, light-emission properties such as a polariza-
tion direction and a peak wavelength can be varied by
controlling its shape and size. For this reason, application of
such a quantum dot to a wavelength conversion element has
been expected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1is a perspective view schematically showing
a display device of one of the present embodiments.

[0006] FIG. 2 is an illustration showing a pixel configura-
tion.
[0007] FIG. 3 is a view showing a cross-section of the

display device comprising a wavelength conversion layer in
the first substrate.

[0008] FIG. 4 is a view showing a cross-section of the
display device comprising the wavelength conversion layer in
the second substrate.

[0009] FIG. 5isa graph presenting characteristic curves of
a pixel transmittance to a voltage applied to a pixel electrode.
[0010] FIG. 6A is an illustration schematically showing a
polarization direction of the light passing through the display
device, in black display.

[0011] FIG. 6B is an illustration schematically showing a
polarization direction of the light passing through the display
device, in black display.

[0012] FIG. 7A is an illustration schematically showing a
polarization direction of the light passing through the display
device, in white display.

[0013] FIG. 7B is an illustration schematically showing a
polarization direction of the light passing through the display
device, in white display.

[0014] FIG. 8 is a view showing a cross-section of the
display device comprising a light propagation layer.

[0015] FIG. 9 is an illustration showing a structure of the
reflective layer.
[0016] FIG. 10 is a view showing a method of forming a

wavelength conversion element.
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DETAILED DESCRIPTION

[0017] In general, according to one embodiment, a display
device comprises a first insulating substrate, a second insu-
lating substrate opposed to the first insulating substrate, a first
pixel electrode and a second pixel electrode arranged between
the first insulating substrate and the second insulating sub-
strate, a wavelength conversion element located between the
first pixel electrode and the first insulating substrate or
between the first pixel electrode and the second insulating
substrate, to convert light of a first wavelength polarized in a
first polarization direction into light of a second wavelength
polarized in a second polarization direction, and a liquid
crystal layer located between the first insulating substrate and
the second insulating substrate, having a first thickness in an
area opposed to the first pixel electrode, and having a second
thickness greater than the first thickness in an area opposed to
the second pixel electrode.

[0018] According to another embodiment, a display device
comprises a first substrate, a second substrate opposed to the
first substrate, and a liquid crystal layer arranged between the
first substrate and the second substrate, and the first substrate
comprises an insulating substrate comprising a first main
surface and a second main surface opposed to the first main
surface, a polarizer arranged on the first main surface, a
wavelength conversion element arranged on a side of the
insulating substrate opposed to the second main surface, an
interlayer insulating film arranged at a position opposed to the
wavelength conversion element, and including a first recess
portion at a position different from the position opposed to the
wavelength conversion element, a first pixel electrode
arranged between the interlayer insulating film and the liquid
crystal layer, and opposed to the wavelength conversion ele-
ment, and a second pixel electrode arranged between the
interlayer insulating film and the liquid crystal layer, and
located at the first recess portion, and the liquid crystal layer
has a first thickness in an area opposed to the first pixel
electrode and a second thickness greater than the first thick-
ness in an area opposed to the second pixel electrode.
[0019] Embodiments will be described hereinafter with ref-
erence to the accompanying drawings. The disclosure is a
mere example, and arbitrary change of gist which can be
easily conceived by a person of ordinary skill in the art natu-
rally falls within the inventive scope. To more clarify the
explanations, the drawings may pictorially show width, thick-
ness, shape, and the like, of each portion as compared with an
actual aspect, but they are mere examples and do not restrict
the interpretation of the invention. In the present specification
and drawings, elements like or similar to those in the already
described drawings may be denoted by similar reference
numbers and their detailed descriptions may be arbitrarily
omitted.

[0020] FIG. 11is a perspective view schematically showing
a display device of one of the present embodiments.

[0021] The display device comprises a liquid crystal dis-
play panel in the present embodiment, but the display device
may comprise a spontaneous light-emitting display panel of
organic electroluminecence or the like, an electronic-paper
type display panel comprising a cataphoretic element, or the
like, as the display panel.

[0022] A liquid crystal display device DSP comprises a
display panel PNL, a driving IC chip IC which drives the
display panel PNL, an illumination device which illuminates
the display panel PNL, a control module CM, flexible circuit
boards FPC1 and FPC2, and the like. In the present embodi-
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ment, a first direction X is, for example, a short-side direction
of the display panel PNL. A second directionY is a direction
which intersects the first direction X and also a long-side
direction of the display panel PNL. In addition, a third direc-
tion 7 is a direction which intersects the first direction X and
the second directionY.

[0023] The display panel PNL comprises a first substrate
100, a second substrate 200 arranged to be opposed to the first
substrate 100, and a liquid crystal layer (a liquid crystal layer
LQ to be described later) held between the first substrate 100
and the second substrate 200. The display panel PNL includes
a display area DA on which an image is displayed, and a
frame-shaped non-display area NDA located around the dis-
play area DA. The display panel PNL comprises pixels PX
arrayed in a matrix in the first direction X and the second
direction Y, in the display area DA.

[0024] The backlight unit BL which is an example of the
illumination device is disposed on a back surface side of the
display panel PNL. Various types of units are applicable as the
backlight unit BL, but explanation of the detailed structure of
the backlight unit BL is omitted.

[0025] The driving IC chip IC is mounted on the first sub-
strate 100 of the display panel PNL. The flexible circuit board
FPC1 is mounted on the first substrate 100 and makes con-
nection between the display panel PNL and the control mod-
ule CM. The flexible circuit board FPC2 makes connection
between the backlight unit BL and the control module CM.
[0026] The display device DSP of such a configuration
corresponds to what is called a transmissive type liquid crys-
tal display device comprising a transmission display function
of displaying an image by selectively transmitting the light
incident onthe display panel PNL from the backlight unit BL,
by each of the pixels PX. However, the display device DSP
may be what is called a reflective type liquid crystal display
device comprising a reflective display function of displaying
an image by selectively reflecting the external light incident
on the display panel PNL from the outside, by each of the
pixels PX, or a transreflective type liquid crystal display
device comprising functions of both the transmissive and
reflective type liquid crystal display devices. In the reflective
type liquid crystal display device, a front light unit may be
arranged on a front surface side or display surface side of the
display panel PNL as an illumination device. A transmissive
type liquid crystal display device will be hereinafter
explained as an example of the liquid crystal display device.

[0027] FIG. 2 is an illustration showing a pixel configura-
tion.
[0028] Each pixel PX comprises a switching element PSW,

apixel electrode PE, a common electrode CE, a liquid crystal
layer LQ and the like. The switching element PSW is formed
of, for example, a thin film transistor (TFT). The switching
element PSW is electrically connected to a gate line G and a
source line S. The gate line G extends in, for example, the first
direction X. The signal line S extends in, for example, the
second direction Y. It should be noted that the gate line G and
the signal line S may be formed linearly or at least one of them
may be bent or curved.

[0029] The pixel electrode PE is electrically connected to
the switching element PSW. The pixel electrode PE is
opposed to the common electrode CE, and drives the liquid
crystal layer LQ by an electric field formed between the pixel
electrode PE and the common electrode CE. A storage capaci-
tor CSis formed, for example, between the common electrode
CE and the pixel electrode PE.
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[0030] FIG. 3 is a view showing a cross-section of the
display device comprising a wavelength conversion layer in
the first substrate.

[0031] Thedisplay device DSP comprises the display panel
PNL, the backlight unit BL, a first optical element OD1, and
a second optical element OD2. The illustrated display panel
PNL may be configured to correspond to a display mode
using a lateral electric field which is parallel chiefly to the
main substrate surface or a display mode using a longitudinal
electric field perpendicular to the main surface of the sub-
strate, an oblique electric field inclined to the main substrate
surface or a combination thereof. In the display mode using
the lateral electric field, for example, a configuration in which
the first substrate 100 comprises the common electrode CE
besides pixel electrode PE can be applied. In the display mode
using the longitudinal electric field or the oblique electric
field, for example, a configuration in which the first substrate
is provided with the pixel electrode PE and the second sub-
strate 200 is provided with the common electrode CE can be
applied. The main substrate surface indicates a surface paral-
lel to an X-Y plane defined by the first direction X and the
second direction Y which are perpendicular to each other. The
common electrode CE is not illustrated in FIG. 3.

[0032] Thedisplay panel PNL comprises the first substrate
100, the second substrate 200 and the liquid crystal layer LQ.
The first substrate 100 and the second substrate 200 are
bonded to each other with a predetermined gap formed ther-
ebetween. The liquid crystal layer LQ is held between the first
substrate 100 and the second substrate 200.

[0033] The first substrate 100 comprises a first insulating
substrate 110, a wavelength conversion layer 130, an inter-
layer insulation film 140, a first pixel electrode PE1, a second
pixel electrode PE2, a third pixel electrode PE3, and a first
alignment film AL1. It should be noted that the switching
elements, gate lines, signal lines and various insulating films
are not illustrated. In contrast, the second substrate 200 com-
prises a second insulating substrate 210, a light-shielding
layer BM, an overcoat layer 220, and a second alignment film
AL2. The display device DSP may further comprise a color
filter. A color filter may be arranged in the second substrate
200 or the first substrate 100.

[0034] The first insulating substrate 110 is formed of an
insulating material having a light transmissivity such as a
glass substrate or a resin substrate. The first insulating sub-
strate 110 includes a first main surface 111 opposed to the
backlight unit BL and a second main surface 112 arranged on
a side opposite to the first main surface. The wavelength
conversion layer 130 is arranged on a side opposed to the
liquid crystal layer LQ of the first insulating substrate 110,
i.e.,a side opposed to the second main surface 112 of the first
insulating substrate 110.

[0035] Thewavelength conversion layer 130 includes a first
wavelength conversion element WC1, a second wavelength
conversion element WC2, and a bank BA. The first wave-
length conversion element WC1 is spaced apart from the
second wavelength conversion element WC2 and arranged
side by side with the second wavelength conversion element
WC2 in a direction parallel to the second main surface 112 of
the first insulating substrate 110. The first wavelength con-
version element WC1 is formed in an area corresponding to a
first pixel PX1. The second wavelength conversion element
WC2 is formed in an area corresponding to a third pixel PX3.
A wavelength conversion element is not arranged in an area
corresponding to the second pixel PX2. For example, the first



US 2016/0223863 A1l

wavelength conversion element WC1 converts blue light into
green light and the second wavelength conversion element
WC2 converts blue light into red light. For this reason, for
example, if the backlight unit BL is a blue light source, the
second pixel PX2 corresponds to a blue pixel displaying a
blue color, the first pixel PX1 corresponds to a green pixel
displaying a green color, and a third pixel PX3 corresponds to
a red pixel displaying a red color. Each bank BA is formed
between the wavelength conversion elements, and located at
each pixel boundary. The banks BA are formed of, for
example, a resin material. The banks BA may further have a
light shielding property.

[0036] The first wavelength conversion element WC1 com-
prises a solid-state support SOL, and a first quantum rod QR1
which is a rod-shaped quantum dot dispersed in the solid-
state support SOL. The second wavelength conversion ele-
ment WC2 comprises a solid-state support SOL, and a second
quantum rod QR2 which is a rod-shaped quantum dot dis-
persed in the solid-state support SOL. The solid-state support
SOL is formed of, for example, a resin material such as a
thermosetting resin or a photosetting resin. For example, a
long axis of each of the first quantum rod QR1 and the second
quantum rod QR2 is aligned in a direction parallel to the
second main surface 112.

[0037] The quantum rod is a rod-shaped quantum dot, an
outer shape of which has a long axis and a short axis. The
length along the long axis and the short axis of the quantum
rod ranges from several nanometers to several tens of nanom-
eters. The quantum rod of the present embodiment is formed
of, for example, a group-11-VI semiconductor or group-I11-V
semiconductor having a wurtzite or sphalerite crystalline
structure. For example, a polar axis of such a quantum rod is
ac axis or <111>axis and matches the long axis. The quantum
rod is formed in, for example, a core-shell structure. The core
is located at the center of the quantum rod and is formed of,
for example, cadmium selenide (CdSe), cadmium telluride
(CdTe), indium phosphide (InP) or the like. The shell covers
the surrounding of the core to stabilize the core physically and
chemically. The surrounding of the shell is often modified by
an organic molecule. The shellis formed of, for example, zinc
sulfide (ZnS), cadmium sulfide (CdS) or the like. The quan-
tum rod has an emission wavelength selectivity in accordance
with the type and size of the semiconductor of the core. Thus,
a quantum rod having a preferable emission wavelength can
be formed and arranged at each of the first wavelength con-
version element WC1 and the second wavelength conversion
element WC2.

[0038] The interlayer insulating film 140 is arranged
between the wavelength conversion layer 130 and the liquid
crystal layer LQ. In other words, the interlayer insulating film
140 is arranged between the first wavelength conversion ele-
ment WC1 and the liquid crystal layer LQ, in an area corre-
sponding to the first pixel PX1. In addition, the interlayer
insulating film 140 is arranged between the second wave-
length conversion element WC2 and the liquid crystal layer
LQ, in an area corresponding to the third pixel PX3. The
interlayer insulating film 140 is arranged between the first
wavelength conversion element WC1 and the second wave-
length conversion element WC2, in an area corresponding to
the second pixel PX2. The interlayer insulating film 140
includes a first recess portion 101, in an area corresponding to
the second pixel PX2. In other words, the first recess portion
101 is formed at a position different from the position
opposed to the first wavelength conversion element WC1 and
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the second wavelength conversion element WC2. The inter-
layer insulating film 140 has a third main surface 143 opposed
to the liquid crystal layer LQ. The second main surface 112 is
closer to the third main surface 143 of the first recess portion
101 than to the third main surface 143 at the position opposed
to the first wavelength conversion element WC1 and the sec-
ond wavelength conversion element WC2. The interlayer
insulating film 140 may have thickness different in the third
direction Z, in the area corresponding to the first recess por-
tion 101 and the area opposed to the first wavelength conver-
sion element WC1 and the second wavelength conversion
element WC2. The interlayer insulating film 140 is formed of,
for example, a transparent resin material, but may be formed
of a transparent inorganic material such as silicon nitride,
silicon oxide or the like.

[0039] The first pixel electrode PE1, the second pixel elec-
trode PE2 and the third pixel electrode PE3 are arranged
between the first insulating substrate 110 and the second
insulating substrate 210 or between the interlayer insulating
film 140 and the liquid crystal layer LQ. In the example
illustrated, the first pixel electrode PE1, the second pixel
electrode PE2 and the third pixel electrode PE3 are arranged
on the third main surface 143 of the interlayer insulating film
140. The first pixel electrode PE1 is arranged in the area
corresponding to the first pixel PX1 and opposed to the first
wavelength conversion element WC1. The second pixel elec-
trode PE2 is arranged in the area corresponding to the second
pixel PX2 and located at the first recess portion 101. The third
pixel electrode PE3 is arranged in the area corresponding to
the third pixel PX3 and opposed to the second wavelength
conversion element WC2. Each of the first pixel electrode
PE1 to the third pixel electrode PE3 is formed of, for example,
a transparent, electrically conductive material such as indium
tin oxide (ITO) or indium zinc oxide (1Z0).

[0040] The first alignment film AL1 covers the third main
surface 143, the first pixel electrode PE1, the second pixel
electrode PE2, and the third pixel electrode PE3. The second
insulating film 210 is arranged to be opposed to the first
insulating substrate 110. The second insulating substrate 210
is formed of an insulating material having a light transmis-
sivity, similarly to the first insulating substrate 110. The sec-
ond insulating substrate 210 includes a fourth main surface
214 opposed to the liquid crystal layer LQ and a fifth main
surface 215 arranged on a side opposite to the fourth main
surface 214.

[0041] The light-shielding layer BM is arranged on the
fourth main surface 214 of the second insulating substrate
210. The light-shielding layer BM is located at each pixel
boundary and opposed to the banks BA. The light-shielding
layer BM is formed of a material absorbing the light. The
light-shielding layer BM may not be arranged. In this case,
the banks BA can functionally serve as the light-shielding
layer BM.

[0042] The overcoat layer 220 covers the light-shielding
layer BM and is arranged on the fourth main surface 214 of
the second insulating substrate 210. The overcoat layer 220 is
arranged in each of the area corresponding to the first pixel
PX1 and the area corresponding to the third pixel PX3. In
other words, the overcoat layer 220 is opposed to each of the
first wavelength conversion element WC1 and the second
wavelength conversion element WC2. The overcoat layer 220
includes a second recess portion 201, in the area correspond-
ing to the second pixel PX2. In other words, the second recess
portion 201 is opposed to the first recess portion 101 and
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formed at a position different from the position opposed to the
first wavelength conversion element WC1 and the second
wavelength conversion element WC2. Tt should be noted that
the overcoat layer 220 may also be arranged in the area
corresponding to the second pixel PX2. In this case, desirably,
the overcoat layer 220 is formed to have the thickness differ-
ent in the third direction Z, in each of the area corresponding
to the first pixel PX1 and the area corresponding to the second
pixel PX2. The overcoat layer 220 is formed of, for example,
a transparent resin material. In the present embodiment, at
least one of the first recess portion 101 and the second recess
portion 201 may be formed.

[0043] The second alignment film AL2 covers the overcoat
layer 220. Each of the first alignment film AL1 and the second
alignment film AL2 is formed of, for example, a resin material
such as polyimide. The first alignment film AL1 and the
second alignment film AL2 are subjected to alignment treat-
ment as needed. Each of the first alignment film ALL1 and the
second alignment film A2 is formed of a material having a
preferable alignment property such as a horizontal alignment
property or a vertical alignment property in accordance with
the display mode of the liquid crystal.

[0044] The liquid crystal layer LQ is arranged between the
first insulating substrate 110 and the second insulating sub-
strate 210 and is in contact with the first alignment film AL1
and the second alignment film AL2. The liquid crystal layer
LQ has first thickness D1 in the third direction Z, in the areas
corresponding to the first pixel electrode PE1 and the third
pixel electrode PE3. In addition, the liquid crystal layer LQ
has second thickness D2 in the third direction Z, in the area
corresponding to the second pixel electrode PE2. In the area
corresponding to the second pixel electrode PE2, the second
thickness D2 is greater than the first thickness D1 since the
first recess portion 101 and the second recess portion 201
exist. The difference between the first thickness D1 and the
second thickness D2 is controlled by the depth in the third
direction Z of the first recess portion 101 and the second
recess portion 201. For example, the second thickness D2 is
approximately double the first thickness D1.

[0045] Thefirst optical element OD1 is arranged on the first
main surface 111 of the first insulating substrate 110 and
located between the first insulating substrate 110 and the
backlight unit BL. The first optical element OD1 comprises a
first polarizer PL1. The second optical element OD2 is
arranged on the fifth main surface 215 of the second insulat-
ing substrate 210. The second optical element OD2 comprises
a second polarizer PL.2. Each of the first optical element OD1
and the second optical element OD2 may further comprise
various optical function layers such as a retardation film.
Each of the first polarizer PL1 and the second polarizer PL.2
may be configured to comprise, for example, a film-type
polarizer obtained by dying a resin material such as polyvinyl
alcohol or the like with iodine or pigment or a wire-grid
polarizer obtained by arranging fine metal wires at regular
pitches.

[0046] Thebacklightunit BL is provided on a side opposed
to the first main surface 111 of the first insulating substrate
110. The type of backlight unit BL is not limited specifically.
The backlight unit EL comprises, for example, a blue mono-
chromatic light source. A light-emitting diode (LED), a semi-
conductor laser, or the like can be applied as the light source.
It should be noted that the polarized light of the light emitted
from the backlight unit BL is, for example, natural light but
may be linearly polarized light or elliptically polarized light.
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[0047] FIG. 4 is a view showing a cross-section of the
display device comprising the wavelength conversion layer in
the second substrate.

[0048] The example shown in FIG. 4 is different from the
example shown in FIG. 3 with respect to the position of the
wavelength conversionlayer 130. The wavelength conversion
layer 130 includes the second substrate 200. In the example
illustrated, the wavelength conversion layer 130 is arranged
on the fourth main surface 214 of the second insulating sub-
strate 210. In other words, the first wavelength conversion
element WC1 is located between the first pixel electrode 2E1
and the second insulating substrate 210, and the second wave-
length conversion element WC2 is located between the third
pixel electrode 2E3 and the second insulating substrate 210.
[0049] The interlayer insulating film 140 includes the first
recess portion 101 in the area opposed to the second pixel
electrode PE2. In the interlayer insulating film 140, the thick-
ness in the third direction Z of the area opposed to the second
pixel electrode PE2 is smaller than the thickness in the third
direction Z of the areas opposed to the first pixel electrode
PE1 and the third pixel electrode PE3.

[0050] Theovercoat layer 220 is arranged on the side ofthe
wavelength conversion layer 130, which is opposed to the
liquid crystal layer LQ. In other words, the overcoat layer 220
is arranged between the first wavelength conversion element
WC1 and the liquid crystal layer LQ, in the area correspond-
ing to the first pixel PX1. In addition the overcoat layer 220 is
arranged between the second wavelength conversion element
WC2 and the liquid crystal layer LQ, in the area correspond-
ing to the third pixel PX3. The overcoat layer 220 includes the
second recess portion 201 in the area corresponding to the
second pixel PX2. The second alignment film AL2 is
arranged on the side opposed to the liquid crystal layer LQ of
the overcoat layer 220.

[0051] In this example, too, at least one of the first recess
portion 101 and the second recess portion 201 may be formed.
Thus, the liquid crystal layer LQ has the first thickness D1 in
the areas opposed to the first pixel electrode PE1 and the third
pixel electrode PE3, and the second thickness D2 greater than
the first thickness D1 in the area opposed to the second pixel
electrode PE2.

[0052] FIG. 5is a graph presenting characteristic curves of
a pixel transmittance to a voltage applied to a pixel electrode.
[0053] First characteristic curve CC1 is a graph represent-
ing an example of a transmittance to a voltage applied to the
first pixel electrode PE1 in the first pixel PX1. Second char-
acteristic curve CC2 is a graph representing an example of a
transmittance to a voltage applied to the second pixel elec-
trode PE2 in the second pixel PX2. The vertical axis indicates
the transmittance, and the horizontal axis indicates the
applied voltage. In the first characteristic curve CC1 and the
second characteristic curve CC2, respectively, the maxinum
transmittance indicating white display is set at 100% while
the minimum transmittance indicating black display is set at
0%. The “white display” corresponds to a state in which the
color of each pixel is displayed, for example, a state in which
a green color is displayed in the first pixel PX1, and a state in
which a blue color is displayed in the second pixel PX2.
[0054] In the first characteristic curve CC1, the applied
voltage at black display is a first black display voltage V11
while the applied voltage at white display is a first white
display voltage V12 higher than the first black display voltage
V11. In the second characteristic curve CC2, the applied
voltage at black display is a second black display voltage V21
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while the applied voltage at white display is a second white
display voltage V22 higher than the second black display
voltage V21. For example, the first black display voltage V11
is zero volt.

[0055] The first black display voltage V11 is different from
the second black display voltage V21 with respect to the
absolute value. The first white display voltage V12 is different
from the second white display voltage V22 with respect to the
absolute value. Furthermore, the absolute value of the second
black display voltage V21 is larger than, for example, the
absolute value of the first white display voltage V12, but may
be smaller than the absolute value of the first white display
voltage V12.

[0056] Theliquid crystal layer L.Q of the first pixel PX1 has
a refractive anisotropy Anl1 to the light passing through the
liquid crystal layer LQ, by an electric field formed between
the first pixel electrode PE1 and the common electrode CE
when the first black display voltage V11 is applied. Similarly,
the liquid crystal layer LQ has a refractive anisotropy An12 to
the light passing through the liquid crystal layer L.Q, by an
electric field formed between the first pixel electrode PE1 and
the common electrode CE when the first white display voltage
V12isapplied. The liquid crystal layer LQ of the second pixel
PX2 has a refractive anisotropy An21 by an electric field
formed between the second pixel electrode PE2 and the com-
mon electrode CE when the second black display voltage V21
is applied, and a refractive anisotropy An22 by an electric
field formed between the second pixel electrode PE2 and the
common electrode CE when the second white display voltage
V22 is applied.

[0057] FIG. 6A is an illustration schematically showing a
polarization direction of the light passing through the display
device, in black display. FIG. 6A illustrates a polarization
direction of the light in the area corresponding to the first
pixel PX1.

[0058] First, a behavior of the light emitted from the back-
light unit BL, in the first pixel PX1, will be explained with
reference to FIG. 6A. The backlight unit BL emits, for
example, natural light of a first wavelength Al. After passing
through first polarizer PL1 having first transparent axis TA1,
the natural light becomes linearly polarized light which is
polarized in first polarization direction POL1 parallel to the
first transparent axis TA1.

[0059] Next, the linearly polarized light passes through the
liquid crystal layer LQ having the refractive anisotropy An11.
Since the liquid crystal layer LQ has the first thickness D1 in
the first pixel PX1, retardation of the liquid crystal layer L.Q
canbe represented by (Anl1xD1). If the refractive anisotropy
Anll is zero, the polarization direction of the linearly polar-
ized light passing through the liquid crystal layer LQ is not
changed since the retardation (An11xD1) of the liquid crystal
layer LQ is zero. In other words, the polarization direction of
the linearly polarized light emitted from the liquid crystal
layer LQ is maintained as the first polarization direction
POL1.

[0060] Next, thelinearly polarized light is made incident on
the first wavelength conversion element WC1. The first wave-
length conversion element WC1 converts the linearly polar-
ized light of the first wavelength A1 polarized in the first
polarization direction POL1 into linearly polarized light of
second wavelength A2 polarized in second polarization direc-
tion POL2. More specifically, the first quantum rod QR1
provided in the first wavelength conversion element WC1
absorbs the linearly polarized light of the first wavelength 21
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and emits the linearly polarized light of the second wave-
length A2 longer than the first wavelength A1. The quantum
rod has a function of emitting the linearly polarized light
which is polarized in a specific direction. The first quantum
rod QR1 of the present embodiment has a property that the
polarization direction of the absorbed linearly polarized light
is perpendicular to the polarization direction of the emitted
linearly polarized light. In other words, the second polariza-
tion direction POL2 is perpendicular to the first polarization
direction POL1. For example, the long axis of the first quan-
tum rod QR1 is aligned parallel to the first transparent axis
TAL.

[0061] Next, the linearly polarized light polarized in the
second polarization direction POL2 is made incident on the
second polarizer PL2. The second polarizer PL2 has the sec-
ond transparent axis TA2 parallel to the first transparent axis
TAL1. Since the second polarization direction POL2 is perpen-
dicular to the first transparent axis TA1 parallel to the first
polarization direction POL1, the second polarization direc-
tion POL2 is also perpendicular to the second transparent axis
TA2. The linearly polarized light polarized in the second
polarization direction POL2 is therefore absorbed into the
second polarizer PL2. In other words, the light emitted from
the backlight unit BL inthe first pixel PX1 is not emitted to the
outside of the display device DSP. Thus, the first pixel PX1
becomes black display.

[0062] FIG. 6B is an illustration schematically showing a
polarization direction of the light passing through the display
device, in black display. FIG. 6B illustrates a polarization
direction of the light in the area corresponding to the second
pixel PX2.

[0063] Next, a behavior of the light emitted from the back-
light unit BL, in the second pixel PX2, will be explained with
reference to FIG. 6B. After passing through the first polarizer
PL1 having the first transparent axis TA1, the natural light
emitted from the backlight unit BL becomes linearly polar-
ized light which is polarized in the first polarization direction
POL1 parallel to the first transparent axis TA1.

[0064] Next, the linearly polarized light passes through the
liquid crystal layer LQ having the refractive anisotropy An21.
Since the liquid crystal layer LQ has the second thickness D2
in the second pixel PX2, the retardation of the liquid crystal
layer LQ can be represented by (An21xD2). The linearly
polarized light passing through the liquid crystal layer L.Q is
influenced by the retardation (An21xD2) of the liquid crystal
layer LQ and its polarization direction is changed. At this
time, if the retardation (An21xD2) is A/2, the polarization
direction of the linearly polarized light emitted from the lig-
uid crystal layer L.Q is perpendicular to the first polarization
direction POL1 of the linearly polarized light incident on the
liquid crystal layer LQ. In other words, the polarization direc-
tion of the linearly polarized light emitted from the liquid
crystal layer LQ is parallel to the second polarization direc-
tion POL2 shown in FIG. 6 A. Thus, in the second pixel PX2,
too, the linearly polarized light emitted from the backlight
unit BL is absorbed into the second polarizer PL2 having the
second transparent axis TA2 and is not emitted to the outside
of the display device DSP. In other words, the second pixel
PX2 becomes black display.

[0065] FIG. 7A is an illustration schematically showing a
polarization direction of the light passing through the display
device, in white display. FIG. 7A illustrates a polarization
direction of the light in the area corresponding to the first
pixel PX1.
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[0066] First, a behavior of the light emitted from the back-
light BL, in the first pixel PX1, will be explained with refer-
ence to FIG. 7A. After passing through the first polarizer PL.1
having the first transparent axis TA1, the natural light emitted
from the backlight unit BL becomes linearly polarized light
which is polarized in the direction parallel to the first trans-
parent axis TAT.

[0067] Next, the linearly polarized light passes through the
liquid crystal layer LQ having the refractive anisotropy An12.
The retardation of the liquid crystal layer L.Q in the first pixel
PX1 can be represented by (An12xD1). The linearly polar-
ized light passing through the liquid crystal layer LQ is influ-
enced by the retardation (An12xD1) of the liquid crystal layer
LQ and its polarization direction is changed. At this time, if
the retardation (An12xD1)is A/2, the polarization direction of
the linearly polarized light emitted from the liquid crystal
layer LQ is perpendicular to the polarization direction of the
linearly polarized light incident on the liquid crystal layer LQ.
In other words, the linearly polarized light emitted from the
liquid crystal layer LQ is polarized in the direction perpen-
dicular to the first transparent axis TAl. The polarization
direction of the linearly polarized light emitted from the lig-
uid crystal layer LQ is set as the first polarization direction
POL1. In other words, the first polarization direction POL1 is
perpendicular to the first transparent axis TA1.

[0068] Next, thelinearly polarized light is made incident on
the first wavelength conversion element WC1. The first quan-
tum rod QR1 in the first wavelength conversion element WC1
absorbs the linearly polarized light of the first wavelength 21
polarized in the first polarization direction POL1 and emits
the linearly polarized light of the second wavelength A2 polar-
ized in the second polarization direction POL2. The second
polarization direction POL2 is perpendicular to the first
polarization direction POL1. For example, the long axis of the
first quantum rod QR1 is aligned parallel to the first transpar-
ent axis TA1.

[0069] Next, the linearly polarized light polarized in the
second polarization direction POL2 is made incident on the
second polarizer PL2. The second polarizer PL2 has the sec-
ond transparent axis TA2 parallel to the first transparent axis
TA1. The second polarization direction POL2 is perpendicu-
lar to the first polarization direction POL1, and the first polar-
ization direction POL1 is perpendicular to the first transpar-
ent axis TAl. In other words, the second polarization
direction POL2 is parallel to the first transparent axis TA1.
The linearly polarized light emitted from the first wavelength
conversion element WCI transmits the second polarizer PL2.
In other words, the light emitted from the backlight unit BL in
the first pixel PX1 is emitted to the outside of the display
device DSP and contributes to the display. Thus, the first pixel
PX1 becomes white display (more exactly, green display).
[0070] Next, a behavior of the light emitted from the back-
light unit BL, in the second pixel PX2, will be explained with
reference to FIG. 7B.

[0071] FIG. 7B is an illustration schematically showing a
polarization direction of the light passing through the display
device, in white display. FIG. 7B illustrates a polarization
direction of the light in the area corresponding to the second
pixel PX2.

[0072]  After transmitting the first polarizer PL1 having the
first transparent axis TA1, the natural light emitted from the
backlight unit BL, becomes linearly polarized light which is
polarized in the direction parallel to the first transparent axis
TAL.
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[0073] Next, the linearly polarized light passes through the
liquid crystal layer LQ having the refractive anisotropy An22.
The retardation of the liquid crystal layer LQ in the second
pixel PX2 can be represented by (An22xD2). The linearly
polarized light passing through the liquid crystal layer L.Q is
influenced by the retardation (An22xD2) of the liquid crystal
layer 1.Q. At this time, if the retardation (An22xD2) is A, the
polarization direction of the linearly polarized light emitted
from the liquid crystal layer LQ is parallel to the polarization
direction of the linearly polarized light incident on the liquid
crystal layer LQ. In other words, the polarization direction of
the linearly polarized light emitted from the liquid crystal
layer LQ is parallel to the second polarization direction POL2
shown in FIG. 7A. Thus, in the second pixel PX2, too, the
linearly polarized light emitted from the backlight unit BL is
not absorbed into the second polarizer PL2 having the second
transparent axis TA2, but is emitted to the outside of the
display device DSP and contributes to the display. Thus, the
second pixel PX2 becomes white display (more exactly, blue
display).

[0074] The light emitted from the backlight unit BL in the
third pixel PX3 shows the same behavior as the behavior in
the pixel PX1 shown in FIG. 6A and FIG. 74, though not
shown in FIGS. 6 A, 6B, 7A and 7B. Unlike the first pixel PX1
comprising the first wavelength conversion element WC1,
however, the third pixel PX3 comprises the second wave-
length conversion element WC2. In other words, in the third
pixel PX3, the linearly polarized light of the first wavelength
A1 polarized in the first polarization direction POLI is sub-
jected to wavelength conversion into linearly polarized light
of third wavelength A3 polarized in the second polarization
direction POL2 by the second quantum rod QR2 provided in
the second wavelength conversion element WC2. The first
wavelength A1 corresponds to, for example, a peak wave-
length in the emission spectrum or a dominant wavelength in
an XYZ color system. For example, the first wavelength 21 is
a wavelength in a blue area ranging from 380 to 490 nm, the
second wavelength A2 is a wavelength in a green area ranging
from 490 to 560 nm, and the third wavelength X3 is a wave-
length in a red area ranging from 560 to 780 nm.

[0075] As explained above, the efficiency of use of the light
emitted from the backlight unit BL can be improved since the
color display is implemented by converting substantially
monochromatic light emitted from the backlight unit BL into
adesired wavelength by the wavelength conversion layer 130,
according to the present embodiment, unlike the display
device to which a color filter absorbing light other than light
of a desired wavelength from multiwavelength white light.
For this reason, the power consumption of the backlight unit
BL can be reduced. In other words, the display device DSP of
the present embodiment can reduce the power consumption.
[0076] Inthe first wavelength conversion element WC1, the
polarization direction of the absorbed light is perpendicular to
the polarization direction of the emitted light. The liquid
crystal layer LQ has the second thickness D2 greater than the
first thickness D1, in the area corresponding to the second
pixel PX2.

[0077] Furthermore, the absolute value of the second black
display voltage V21 is different from the absolute value of the
firstblack display voltage V11. The polarized state of the light
in the first pixel PX1 can be thereby made to match the
polarized state of the light in the second pixel PX2, without
arranging, for example, the A/2-retardation film in the area
corresponding to the second pixel PX2. In other words, since
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the display device DSP does not require a step of arranging a
retardation film in the area corresponding to the second pixel
PX2, in the manufacturing process, increase in the manufac-
turing costs can be suppressed.

[0078] The present embodiment can therefore provide a
display device capable of reducing the power consumption
and suppressing the increase in the manufacturing costs.
[0079] In addition, the display device DSP comprises the
first wavelength conversion element WC1 comprising a plu-
rality of the first quantum rods QR1 aligned in the same
direction. The quantum rod emits the light polarized in a
specific direction. Thus, in the present embodiment, even if
the first wavelength conversion element WC1 is arranged
between the first polarizer PL1 and the liquid crystal layer LQ
or between the second polarizer PL.2 and the liquid crystal
layer LQ, the display device DSP has no risk of raising a
problem to change the white display and the black display. In
other words, the present embodiment can increase the degree
of freedom in designing the display device DSP. In addition,
the emission wavelength can be controlled at an arbitrary
value in a wavelength range longer than the absorption wave-
length, by varying the shape and size of the first quantum rod
QR1. The color displayed by the first pixel PX1 can be there-
fore adjusted arbitrarily, in the display device DSP.

[0080] The quantum rod used in the wavelength conversion
element emits the light, for example, omnidirectionally. The
quantum rod does not only absorb the light from the light
source and emit the light to a side opposite to the light source,
but also emits the light to light source side. Thus, if the user is
located on a side opposite to the light source with respect to
the quantum rod, the display device should desirably com-
prise a structure to make the light emitting to the light source
side contribute to the display, in order to efficiently use the
light emission of the quantum rod. Next, a specific embodi-
ment will be explained.

[0081] FIG. 8 is a view showing a cross-section of the
display device comprising a light propagation layer. Expla-
nations of the constituent elements duplicating those shown
in FIG. 3 or the same reference numbers and symbols as those
in FIG. 3 will be omitted arbitrarily.

[0082] Thefirstsubstrate 100 comprises a light propagation
layer 120 and the wavelength conversion layer 130. The
wavelength conversion layer 130 includes the wavelength
conversion elements WC. The wavelength conversion ele-
ments WC include the first wavelength conversion element
WC1 and the second wavelength conversion element WC2.
The light propagation layer 120 and the wavelength conver-
sion layer 130 arranged on a side opposed to the second main
surface 112 of the first insulating substrate 110. In addition,
the light propagation layer 120 is arranged between the first
insulating substrate 110 and the wavelength conversion layer
130. The light propagation layer 120 comprises a first optical
path portion 21, a non-optical path portion 22, and a second
optical path portion 23. The first optical path portion 21 and
the second optical path portion 23 penetrate the light propa-
gation layer 120 in the third direction Z.

[0083] The first optical path portion 21 and the non-optical
path portion 22 are arranged in the first pixel PX1 and the third
pixel PX3, and are formed to be opposed to the first wave-
length conversion element WC1 and the second wavelength
conversion element WC2. The first optical path portion 21
comprises a bottom surface 21a opposed to the first insulating
substrate 110, and an upper surface 215 opposed to the first
wavelength conversion element WC1 and the second wave-
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length conversion element WC2. Furthermore, the first opti-
cal path portion 21 has a side surface 21¢ which links the
bottom surface 21a and the upper surface 215. The bottom
surface 214 is in contact with the second main surface 112 of
the first insulating substrate 110. The upper surface 215 is in
contact with either the first wavelength conversion element
WC1 or the second wavelength conversion element WC2.
The area of the bottom surface 21a is larger than the area of
the upper surface 214. In the cross-section illustrated, the first
optical path portion 21 is tapered such that the width in the
first direction X becomes smaller from the second main sur-
face 112 of the first insulating substrate 110 toward the wave-
length conversion layer 130. In addition, in the example illu-
minated, a plurality of first optical path portions 21 are
arranged in each pixel, and the first optical path portions 21
are arranged in the first direction X. At the first optical path
portion 21, an angle 6 made between the bottom surface 21a
and the side surface 21¢ should desirably be set such that, for
example, to totally reflect the light incident in the normal
direction (i.e., the third direction Z) of the second main sur-
face 112 on the side surface 21¢, the angle of the light incident
on the side surface 21c¢ is larger than a critical angle. The first
optical path portion 21 is formed of, for example, a high-
refractive-index material such as transparent resin.

[0084] The non-optical path portions 22 are arranged to
sandwich the first optical path portion 21. In the example
illustrated, each of the non-optical path portions 22 is
arranged between two of the first optical path portions 21. The
non-optical path portion 22 is in contact with the side surface
21c of the first optical path portion 21, but is not in contact
with the bottom portion 21a or the upper surface 215. In
addition, the non-optical path portions 22 are also formed
between the banks BA and the first insulating substrate 110.
In the cross-section illustrated, each of the non-optical path
portions 22 is inversely tapered such that the width in the first
direction X becomes greater from the second main surface
112 of the first insulating substrate 110 toward the wavelength
conversion layer 130. The non-optical path portions 22 are
formed of a low-refractive-index material such as transparent
resin, which has a refractive index lower than that of the first
optical path portion 21.

[0085] The second optical path portion 23 is arranged in the
second pixel PX2. In the example illustrated, the second
optical path portion 23 is formed sequentially with the non-
optical path portions 22. but may be formed of the same
material as the material of the first optical path portions 21.
[0086] A reflective film RL is formed between the non-
optical path portions 22 and the first wavelength conversion
element WC1 and between the non-optical path portions 22
and the second wavelength conversion element WC2. Fur-
thermore, the reflective film RL is also formed between the
banks BA and the first wavelength conversion element WC1
and between the banks BA and the second wavelength con-
version element WC2.

[0087] The common electrode CE is formed on the side of
the interlayer insulating film 140, which is opposed to the
liquid crystal layer LQ. The common electrode CE is
arranged over the first pixel PX1 to the third pixel PX3. The
interlayer insulating film 150 is formed on the side of the
common electrode CE, which is opposed to the liquid crystal
layer LQ. The interlayer insulating film 150 is formed of; for
example, an inorganic insulating material such as silicon
nitride or silicon oxide. The first pixel electrode PE1, the
second pixel electrode PE2 and the third pixel electrode PE3
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are arranged between the interlayer insulating film 140 and
the liquid crystal layer LQ, and are formed on the side of the
interlayer insulating film 150, which is opposed to the liquid
crystal layer LQ. The first alignment film AL1 is formed on
the side of the interlayer insulating film 150, which is opposed
to the liquid crystal layer LQ. In addition, the first alignment
film AL1 covers the pixel electrodes PE1 to PE3.

[0088] The second substrate 200 comprises a second insu-
lating substrate 210, an overcoat layer 220, and a second
alignment film AL2. The overcoat layer 220 includes the
second recess portion 201 in the area opposed to the first
recess portion 101. The second alignment film AL2 is
arranged on the side opposed to the liquid crystal layer LQ of
the overcoat layer 220. In this example illustrated, too, at least
one of the first recess portion 101 and the second recess
portion 201 may be formed. At this time, the liquid crystal
layer LQ has the first thickness D1 in the area opposed to the
first pixel electrode PEL, and the second thickness D2 in the
area opposed to the second pixel electrode PE2. In the area
opposed to the second pixel electrode PE2, the second thick-
ness D2 is greater than the first thickness D1 since at least one
of the first recess portion 101 and the second recess portion
201 exists.

[0089] In this modified example, too, the same advantages
as those of the above-explained example can be obtained. In
addition, for example, a reflective film having a wavelength
selectivity of transmitting light of a specific wavelength and
reflecting or absorbing light of the other wavelengths, and the
like are not interposed between the first optical path portions
21 of the light propagation layer 120 and the wavelength
conversion layer 130. In other words, the light propagating
the first optical path portions 21 is led into the wavelength
conversion layer 130 without causing loss of reflection,
absorption, or the like. In addition, since the area of the
bottom surface 21a of the first optical path portion 21 located
on the incident side (or the light source side) of the light
propagation layer 120 is larger than the area of the upper
surface 215 located on the emission side (or the wavelength
conversion layer 130 side) of the light propagation layer 120,
more light incident from the bottom surface 21a can be taken.
In the present embodiment, therefore, when the light emitted
from the external light source such as the backlight unit BL is
made incident on the first substrate 100, the light can be led
into the wavelength conversion layer 130 through the light
propagation layer 120 with a high use efficiency. Moreover,
the light incident on the first substrate 100 can be converted
into the light of the other wavelengths with high use effi-
ciency, in the wavelength conversion layer 130.

[0090] Inaddition, by making the incident angle ofthe light
incident on the side surfaces 21¢ of the first optical path
portions 21 greater than the critical angle, the light incident on
the first optical path portions 21 along the direction of the
normal line of the first main surface 110a is totally reflected
on the side surfaces 21¢. For this reason, the light incident on
the first optical path portions 21 can be efficiently led into the
wavelength conversion layer 130 without escaping to the
non-optical path portions 22.

[0091] In addition, the area of installation of the reflective
film RL formed between the non-optical path portions 22 and
the wavelength conversion layer 130 can be made larger by
reducing the area of the upper surface 215 of each first optical
path portion 21. For this reason, the light converted by the
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wavelength conversion layer 130 can be reflected to the side
opposite to the first insulating substrate 110 with a higher
efficiency.

[0092] FIG. 9 is an illustration showing a structure of the
reflective layer.
[0093] The reflective film RL is formed of a conductive

material having a light reflectivity, such as silver, aluminum
or other alloy. The reflective film RL may be, for example, a
single-layer film of a metal material or a laminated film
formed by stacking thin films of plural types of metal mate-
rials. The only reflective film RL arranged on a pixel PX is
illustrated. The reflective film RL includes a first comb elec-
trode RL1 comprising a plurality of first electrode portions
E1, and a second comb electrode RL.2 comprising a plurality
of second electrode portions E2. The first electrode portions
E1 extend in the second direction Y. The second electrode
portions E2 extend in the second direction Y which is the
same as the direction of extension of the first electrode por-
tions E1. The first electrode portions E1 and the second elec-
trode portions E2 are separated from each other and alter-
nately arranged in the first direction X. The first electrode
portions E1 and the second electrode portions E2 is formed in
a stripe shape having a substantially equal width in the first
direction X. The width of each of the first electrode portions
E1 and the second electrode portions E2 is equal to the width
in the first direction X, of the non-optical path portion 22
shown in FIG. 8. The first optical portion 21 is exposed
between the first electrode portion E1 and the second elec-
trode portion E2. In other words, the interval in the first
direction X between the first electrode portion E1 and the
second electrode portion E2 is equal to the width in the first
direction X of the first optical path portion 21. A first elec-
trode portion Ell located at the right end portion in the figure
is formed to be wider than the other first electrode portions
El. A second electrode portion E21 located at the left end
portion in the figure is formed to be wider than the other
second electrode portions E2.

[0094] FIG. 10 is a view showing a method of forming a
wavelength conversion element.

[0095] An example of the method of forming the wave-
length conversion layer 130 will be hereinafter explained
briefly with reference to FIG. 10. First, bank BA1 and bank
BA2 are formed on a main surface 120z of the light propa-
gation layer 120. After that, the first electrode portions E1 and
the second electrode portions E2 of the reflective film EL are
formed on the side surfaces of the bank BA1, the side surfaces
of the bank BA2, and the area corresponding to the non-
optical path portions 22 of the main surface 120a. At this time,
in the example illustrated, the second electrode portions E21
are arranged on the side surfaces of the bank BA1, the first
electrode portions Ell are arranged on the side surfaces of the
bank BA2, and the other first electrode portions E1 and the
second electrode portions E2 alternately arranged at positions
overlapping the non-optical path portions 22 formed between
the first electrode portions Ell and the second electrode por-
tions E21. After that, a liquid liquid-phase support LIQ con-
taining, for example, a raw material of photosetting resin or
thermosetting resin is arranged in an area sectioned by the
bank BA1 and the bank BA2. The quantum rod QR is dis-
persed in the liquid-phase support L1Q. Applicable examples
of the method of arranging the liquid-phase support LIQ are,
for example, an ink-jet method, a printing method and the
like. After arranging the liquid-phase support LIQ, the volt-
age is applied to the first electrode portions E1 and the second
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electrode portions E2 to generate electric fields between the
first electrode portions E1 and the second electrode portions
E2 before curing them. The electric field formed between the
first electrode portion Ell on the side surface of the bank BA2
and the second electrode portion E21 on the side surface of
the bank BA1 is substantially parallel to the main surface
120a across the liquid-phase support LIQ. The electric field is
formed so as to draw an arc between the first electrode por-
tions E1 and the second electrode portions E2 formed in the
area sectioned by the bank BA1 and the bank BA2. As shown
in FIG. 9, since the first electrode portions E1 and the second
electrode portions E2 are formed in a stripe shape extending
in the second direction Y, the electric fields between the first
electrode portions E1 and the second electrode portions E2
are formed along the approximately first direction X in the
X-Y plane. For example, since the quantum rod QR has the
polarity in the long-axis direction, the long axis of the quan-
tum rod QR is aligned along the electric fields. In other words,
the quantum rod QR is aligned such that the long axis is
parallel to the main surface 1204, in the cross-sectional view
of FIG. 10. In addition, the quantum rod QR is aligned such
that the long axis is parallel to the direction of arrangement of
the first electrode portions E1 and the second electrode por-
tions E2, i.e., the first direction X, in the plan view of FIG. 9.
After that, the liquid-phase support LIQ is cured in a state in
which the quantum rod QR remains aligned. As a result, the
liquid-phase support LIQ becomes the solid-phase support
SOL, and the alignment of the quantum rod QR is fixed.
[0096] Thus, the reflective film RL includes the first elec-
trode portions E1, and the second electrode portions E2 sepa-
rated from the first electrode portions E1 and arranged alter-
nately. For this reason, in the display device DSP, the quantum
rod QR can be arranged in the state of being aligned in
substantially the same direction, by applying the voltage to
the reflective film RL, in the process of curing the liquid-
phase support LIQ.

[0097] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A display device, comprising:

a first insulating substrate;

asecond insulating substrate opposed to the first insulating
substrate;

a first pixel electrode and a second pixel electrode arranged
between the first insulating substrate and the second
insulating substrate;

awavelength conversion element located between the first
pixel electrode and the first insulating substrate or
between the first pixel electrode and the second insulat-
ing substrate, to convert light of a first wavelength polar-
ized in a first polarization direction into light of a second
wavelength polarized in a second polarization direction;
and

a liquid crystal layer located between the first insulating
substrate and the second insulating substrate, having a
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first thickness in an area opposed to the first pixel elec-
trode, and having a second thickness greater than the
first thickness in an area opposed to the second pixel
electrode.

2. The display device of claim 1, wherein

the wavelength conversion element comprises a rod-
shaped quantum dot having a long axis aligned in a
direction parallel to a main surface of the first insulating
substrate or the second insulating substrate, and the
quantum dot has a wavelength conversion property of
absorbing the light of the first wavelength and emitting
the light of the second wavelength longer than the first
wavelength.

3. The display device of claim 1, wherein

a first black display voltage applied to the first pixel elec-
trode when a first pixel in which the first pixel electrode
is arranged is subjected to black display, is different in
absolute value from a second black display voltage
applied to the second pixel electrode when a second
pixel in which the second pixel electrode is arranged is
subjected to black display.

4. The display device of claim 3, wherein

a first white display voltage is applied to the first pixel
electrode when the first pixel is subjected to white dis-
play, and

a second white display voltage different in absolute value
from the first white display voltage is applied to the
second pixel electrode when the second pixel is sub-
jected to white display.

5. The display device of claim 1, wherein

the second polarization direction is perpendicular to the
first polarization direction.

6. The display device of claim 1, wherein

the display device further comprises a backlight unit on a
side opposite to a side of the first insulating substrate
opposed to the second insulating substrate.

7. The display device of claim 6, wherein

the backlight unit is a monochromatic light source of the
first wavelength, and

the first wavelength is a wavelength in a blue area.

8. The display device of claim 1, wherein

the display device further comprises an interlayer insulat-
ing film arranged on a side of the first insulating sub-
strate opposed to the second insulating substrate, and

the interlayer insulating film includes a first recess portion
at a position different from a position opposed to the
wavelength conversion element.

9. The display device of claim 1, wherein

the display device further comprises an overcoat layer
arranged on a side of the second insulating substrate
opposed to the first insulating substrate, and

the overcoat layer includes a second recess portion at a
position different from a position opposed to the wave-
length conversion element.

10. The display device of claim 1, wherein

the display device further comprises a reflective film
arranged between the first insulating substrate and the
wavelength conversion element.

11. The display device of claim 10, wherein

the reflective film includes a first electrode portion and a
second electrode portion spaced apart from each other
and arranged alternately, and
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the wavelength conversion element comprises a rod-
shaped quantum dot having a long axis aligned in a
direction in which the first and second electrode portions
are arranged.

12. A display device, comprising:

a first substrate;

a second substrate opposed to the first substrate; and

a liquid crystal layer arranged between the first substrate
and the second substrate,

the first substrate comprising:

an insulating substrate comprising a first main surface and
a second main surface opposed to the first main surface;

apolarizer arranged on the first main surface;

awavelength conversion element arranged on a side of the
insulating substrate opposed to the second main surface;

an interlayer insulating film arranged at a position opposed
to the wavelength conversion element, and including a
first recess portion at a position different from the posi-
tion opposed to the wavelength conversion element;

a first pixel electrode arranged between the interlayer insu-
lating film and the liquid crystal layer, and opposed to
the wavelength conversion element; and

a second pixel electrode arranged between the interlayer
insulating film and the liquid crystal layer, and located at
the first recess portion,

the liquid crystal layer having a first thickness in an area
opposed to the first pixel electrode and a second thick-
ness greater than the first thickness in an area opposed to
the second pixel electrode.

13. The display device of claim 12, wherein

the second substrate comprises an overcoat layer arranged
on a side opposed to the first substrate, and

the overcoat layer includes a second recess portion at a
position opposed to the first recess portion.

14. The display device of claim 12, wherein

the wavelength conversion element comprises a rod-
shaped quantum dot having a long axis aligned in a
direction parallel to a transparent axis of the polarizer,
and the quantum dot absorbs light of a first wavelength
polarized in the alignment direction of the long axis and
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emits light of a second wavelength polarized in a direc-
tion perpendicular to the alignment direction of the long
axis.

15. The display device of claim 12, wherein

a first black display voltage applied to the first pixel elec-
trode when a first pixel in which the first pixel electrode
is arranged is subjected to black display, is different in
absolute value from a second black display voltage
applied to the second pixel electrode when a second
pixel in which the second pixel electrode is arranged is
subjected to black display.

16. The display device of claim 15, wherein

a first white display voltage is applied to the first pixel
electrode when the first pixel is subjected to white dis-
play, and

a second white display voltage different in absolute value
from the first white display voltage is applied to the
second pixel electrode when the second pixel is sub-
jected to white display.

17. The display device of claim 12, wherein

the display device further comprises a backlight unit on a
side oppositeto a side of the first substrate opposed to the
second substrate.

18. The display device of claim 17, wherein

the backlight unit is a monochromatic light source having
a peak wavelength in a blue area.

19. The display device of claim 12, wherein

the display device further comprises a reflective film
arranged between the insulating substrate and the wave-
length conversion element.

20. The display device of claim 19, wherein

the reflective film includes a first electrode portion and a
second electrode portion spaced apart from each other
and arranged alternately, and

the wavelength conversion element comprises a rod-
shaped quantum dot having a long axis aligned in a
direction in which the first electrode portion and the
second electrode portion are arranged.
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