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(57) ABSTRACT

A display apparatus and a polarizer for multi-domain vertical
aligned liquid crystal display apparatus are provided. The
display apparatus includes a liquid crystal display device, a
first polarizer, a second polarizer and a diffractive optical
element. The first polarizer is disposed on the first substrate.
The second polarizer is disposed between the second sub-
strate and the backlight module. The diffractive optical ele-
ment includes a first diffraction grating and is disposed on a
light emitting side of the first polarizer. An azimuth angle the
first diffraction grating is counted from an absorbing axis of
the first polarizer as standard.
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DISPLAY APPARATUS AND POLARIZER FOR
MULTI-DOMAIN VERTICAL ALIGNED
LIQUID CRYSTAL DISPLAY APPARATUS

[0001] This application claims the benefits of Taiwan appli-
cation Serial No. 100128742, filed Aug. 11, 2011, and
100131574, filed Sep. 1, 2011, the subject matters of which
are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure relates in general to a display appa-

ratus and more particularly to a display apparatus having a
diffractive optical element.

[0004] 2. Description of the Related Art

[0005] Currently, an image display device mainly com-
prises a liquid crystal display device, a plasma display device,
an OLED display device and an electronic paper display
device, etc. The liquid crystal display device is a non-self-
luminous display device, and thus usually needs a backlight
source for generating light that entering the liquid crystal
display panel with a uniform plane profile through an optical
film such as a diffusion film, a brightness enhancement film,
etc, for displaying an image.

[0006] A conventional wide viewing angle liquid crystal
display device such as a vertical aligned or multi-domain
vertical aligned liquid crystal display device has a wide view-
ing angle. However, an image displayed by it at some specific
observation angles needs to be improved. For example, there
is an obvious difference of the image color and brightness at
different observation angles ofthe left, right side and the front
view. In addition, the difference of the image color and bright-
ness would increase as the viewing angle increases. At some
special viewing angles of the upper left side, the lower left
side, the upper right side, the lower left side, and the image
deviation problem is more serious. In addition, the contrast-
decreasing problem also occurs due to light leakage.

[0007] Therefore, a display apparatus for improving image
quality problems such as difference of image color, bright-
ness, etc is need.

SUMMARY

[0008] A display apparatus is provided. The display appa-
ratus comprises a liquid crystal display device, a first polar-
izer, a second polarizer and a diffractive optical element. The
liquid crystal display device comprises a backlight module
and a liquid crystal panel. The liquid crystal panel comprises
a first substrate, a second substrate and a liquid crystal layer.
The liquid crystal layer is disposed between the first substrate
and the second substrate. The liquid crystal layer comprises
liquid crystalmolecules. As no electrical field is applied in the
liquid crystal layer, liquid crystal molecules are substantially
perpendicular to surfaces of the first substrate and the second
substrate, or the molecules have a pretilt angle substantially
equal to or bigger than 60 degrees with the surfaces of the first
substrate and the second substrate. As an electrical field is
applied in the liquid crystal layer, the liquid crystal molecules
are tilted into a liquid crystal tilt direction by the electrical
field. The first polarizer is disposed on the first substrate. The
second polarizer is disposed between the second substrate
and the backlight module. A polarizing direction of the first
polarizer is substantially perpendicular to a polarizing direc-
tion of the second polarizer. The diffractive optical element
comprises a first diffraction grating and is disposed on a light
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emitting side of the first polarizer. An azimuth angle the first
diffraction grating is counted from an absorbing axis of the
first polarizer as standard.

[0009] A polarizer for a multi-domain vertical aligned lig-
uid crystal display apparatus is provided. The polarizer com-
prises a first polarizer and a diffractive optical element. The
first polarizer has a light absorbing axis. The diffractive opti-
cal element comprises a first diffraction grating and is dis-
posed on a side of the first polarizer. An included angle
between a grating direction of the first diffraction grating and
the light absorbing axis is in a range between 015 degrees or
in a range between 9010 degrees.

[0010] The above and other aspects of the disclosure will
become better understood with regard to the following
detailed description of the non-limiting embodiment(s). The
following description is made with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 illustrates a three dimensional diagram of a
display apparatus according to one embodiment of the
present invention.

[0012] FIGS. 2-8 and 17-31 illustrate diffractive optical
elements in embodiments.

[0013] FIGS. 9-16 illustrate grating regions of the diffrac-
tive optical elements in embodiments.

[0014] FIG. 32 illustrates a cross-section view of the dis-
play apparatus in one embodiment.

[0015] FIGS.33A-1 and 33B-1 illustrate three dimensional
diagrams of the substrate and the liquid crystal layer of the
display devices in embodiments, wherein no electrical field is
applied in the liquid crystal layer.

[0016] FIGS.33A-2 and 33B-2 illustrates top views of the
substrate and the liquid crystal layer of the display device in
embodiments, wherein no electrical field is applied in the
liquid crystal layer.

[0017] FIG. 34A illustrates aliquid crystal molecule having
aliquid crystal azimuth angle due to an electrical field applied
in the liquid crystal layer.

[0018] FIG. 34B-1 illustrates a three dimensional diagram
of the substrate and the liquid crystal layer of the display
device, wherein an electrical field is applied in the liquid
crystal layer.

[0019] FIG. 34B-2illustrates a top view of the substrate and
the liquid crystal layer of the display device, wherein an
electrical field is applied in the liquid crystal layer.

[0020] FIGS. 35-43, 49-51 and 57-59 illustrate relations
between of the polarizing direction of the polarizer and the
diffractive optical element.

[0021] FIGS. 44, 52 and 60 illustrate the brightness and
contrast in white states of the display device detected at a
constant azimuth angle 1 of 0 degree and various zenith
angles 6.

[0022] FIGS. 45, 53 and 61 illustrate the brightness and
contrast in black states of the display device detected at the
constant azimuth angle 1 of 0 degree and various zenith
angles 0.

[0023] FIGS. 46, 54 and 62 illustrate the brightness and
contrast in white states of the display device detected at the
constant azimuth angle 1\ of 90 degrees and various zenith
angles 6.
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[0024] FIGS. 47, 55 and 63 illustrate the brightness and
contrast in black states of the display device detected at the
constant azimuth angle y of 90 degrees and the various zenith
angles 6.

[0025] FIG. 48 shows curves of the brightness in the black
state and the central contrast detected at the front view of the
display devices having the diffractive optical element,
wherein the diffractive optical element has the diffraction
grating with single azimuth angle direction and the diffractive
optical element is arranged in the various azimuth angles 1.
[0026] FIG. 56 shows curves of the brightness in the black
state and the central contrast detected at the front view of the
display devices having the diffractive optical element,
wherein the diffractive optical element has the diffraction
gratings with two azimuth angle direction and the diffractive
optical element is arranged in the various azimuth angles 1.
[0027] FIG. 64 shows curves of the brightness in the black
state and the central contrast detected at the front view of the
display devices having the diffractive optical element,
wherein the diffractive optical element has the diffraction
gratings with three azimuth angle direction and the diffractive
optical element is arranged in the various azimuth angles 1.

DETAILED DESCRIPTION

[0028] FIG. 1 illustrates a three dimensional diagram of a
display apparatus according to one embodiment of the
present invention. FIGS. 2-8 and 17-31 illustrate diffractive
optical elements in embodiments. FIGS. 9-16 illustrate grat-
ing regions of the diffractive optical elements in embodi-
ments. FIG. 32 illustrates a cross-section view of the display
apparatus in one embodiment. FIGS. 33A-1 and 33B-1 illus-
trate three dimensional diagrams of the substrate and the
liquid crystal layer of the display devices in embodiments,
wherein no electrical field is applied in the liquid crystal layer.
FIGS. 33A-2 and 33B-2 illustrates top views of the substrate
and the liquid crystal layer of the display device in embodi-
ments, wherein no electrical field is applied in the liquid
crystal layer. FIG. 34A illustrates a liquid crystal molecule
having a liquid crystal azimuth angle due to an electrical field
applied in the liquid crystal layer. FIG. 34B-1 illustrates a
three dimensional diagram of the substrate and the liquid
crystal layer of the display device, wherein an electrical field
is applied in the liquid crystal layer. FIG. 34B-2 illustrates a
top view of the substrate and the liquid crystal layer of the
display device, wherein an electrical field is applied in the
liquid crystal layer. FIGS. 35-43, 49-51 and 57-59 illustrate
relations between of the polarizing direction of the polarizer
and the diffractive optical element. FIGS. 44, 52 and 60
illustrate the brightness and contrast in white states of the
display device detected at a constant azimuth angle 1y of 0
degree and various zenith angles 0. FIGS. 45, 53 and 61
illustrate the brightness and contrast in black states of the
display device detected at the constant azimuth angle 1 of 0
degree and various zenith angles 6. FIGS. 46, 54 and 62
illustrate the brightness and contrast in white states of the
display device detected at the constant azimuth angle 1 of 90
degrees and various zenith angles 0. FIGS. 47, 55 and 63
illustrate the brightness and contrast in black states of the
display device detected at the constant azimuth angle 1 of 90
degrees and the various zenith angles 0. FIG. 48 shows curves
of the brightness in the black state and the central contrast
detected at the front view of the display devices having the
diffractive optical element, wherein the diffractive optical
element has the diffraction grating with single azimuth angle
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direction and the diffractive optical element is arranged in the
various azimuth angles . F1G. 56 shows curves ofthe bright-
ness in the black state and the central contrast detected at the
front view of the display devices having the diffractive optical
element, wherein the diffractive optical element has the dif-
fraction gratings with two azimuth angle direction and the
diffractive optical element is arranged in the various azimuth
angles 1. FIG. 64 shows curves of the brightness in the black
state and the central contrast detected at the front view of the
display devices having the diffractive optical element,
wherein the diffractive optical element has the diffraction
gratings with three azimuth angle direction and the diffractive
optical element is arranged in the various azimuth angles 1.

[0029] Referring to FIG. 1, the diffractive optical element 2
is disposed on a light emitting side of the display device 10 for
displaying an image. The display device 10 may be incorpo-
rated with other elements, such as a touch element for form-
ing a touch panel. The diffractive optical element 2 may be
used with other elements, such as an anti-reflection film or a
touch panel, and disposed on a light emitting side of the
display device 10 for displaying an image. In embodiments,
the display device 10 is a vertical aligned/multi-domain ver-
tical aligned liquid crystal display device. In embodiments,
the absorbing axis of the polarizer (not shown) on the light
emitting side of the display device 10 is parallel to the long
side of the display device 10, thus the absorbing axis of the
polarizer on the light emitting side of the liquid crystal display
device 10 can be defined as a X axis for defining the azimuth
angle. The absorbing axis of the polarizer on the light entering
side of the display device 10 is substantially perpendicular to
the axis. In another embodiment, the absorbing axis of the
polarizer (not shown) on the light emitting side of the display
device 10 is parallel to the short side of the display device, and
the absorbing axis of the polarizer on the light emitting side of
the liquid crystal display device 10 is defined as a'Y axis for
defining the azimuth angle. The absorbing axis of the polar-
izer on the light entering side is substantially perpendicular to
the Y axis. In embodiments, the diffractive optical element 2
may be used together with the polarizer. Otherwise, the dif-
fractive optical element 2 may be disposed between the two
polarizers. The diffractive optical element 2 may be a film
having a grating, such as a phase grating, for diffracting a light
emitted from the display device 10. In following description,
the absorbing axis of the polarizer (not shown) on the light
emitting side of the display device 10 is used for the X axis for
defining the azimuth angle. In addition, an observation angle
to the liquid crystal display device is presented by a zenith
angle 6 and an azimuth angle 1 in spherical coordinate. The
azimuth angle ) indicates an included angle onthe X-Y plane
from the X-axis. The zenith angle 6 indicates an included
angle from the Z-axis perpendicular to the X-Y plane. The
positive included angle represents a counter-clockwise-direc-
tion included angle, and the negative included angle repre-
sents a clock-wise-direction included angle.

[0030] A backlight module is disposed on a side of the
liquid crystal panel for providing a surface light source for the
liquid crystal panel display. A direct-type backlight module or
a side-type backlight module may be used.

[0031] Referring to FIG. 2, in embodiments, the diffractive
optical element 32 comprises the grating region 43 and the
grating region 53 separated from each other. An “ordinary
region (or non-grating region)” besides the grating region 43
and the grating region 53 of the diffractive optical element 32
is a region that generates a low-degree diffraction effect. In
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particular, the grating region 43 and the grating region 53 can
generate a high-degree effect diffraction effect of a intensity
ratio of the total zero order diffraction light (the light having
an emitting direction same with an incident direction) to the
total non-zero order diffraction light (the light having an
emitting direction different from an incident direction) lower
than 100:1 to a light passing through the grating region 43 and
the grating region 53 with a specific direction. The “ordinary
region (or non-grating region)” generates the low-degree
effect diffraction effect of a intensity ratio of the total zero
order diffraction light (the light having an emitting direction
same with an incident direction) to the total non-zero order
diffraction light (the light having an emitting direction differ-
ent from an incident direction) higher than 100:1 to a light
passing through the “ordinary region (or non-grating region)
”, 50 as to increase penetration quantity of the light. Alterna-
tively, the “ordinary region (or non-grating region) passes
through no light almost. That is, a light-opaque region can
have the similar effect with the “ordinary region (or non-
grating region). The grating regions 43 and the grating
regions 53 are arranged in rows. The grating regions 43 and
the grating regions 53 arranged in alternation constitute col-
umns. The grating region 43 and the grating region 53 respec-
tively have the diffraction grating 44 and the diffraction grat-
ing 54. The diffraction grating 44 and the diffraction grating
54 respectively have constant period and uniform directions
(azimuth angles). The diffraction grating 44 having constant
period represents that the connecting lines of the wave crests
(or wave troughs) of the diffraction grating 44 have a substan-
tially constant gap distance between the connecting lines. The
diffraction grating 54 having constant period represents that
the connecting lines of the wave crests (or wave troughs) of
the diffraction grating 54 have a substantially constant gap
distance between the connecting lines.

[0032] Regarding to formation for the diffractive optical
element, Taiwan application Serial No. 99119949 is incorpo-
rated herein as a reference.

[0033] In embodiments, the direction of the diffraction
grating is the direction of the connecting line of the wave
crests (or the wave troughs) of the diffraction grating struc-
ture, in other words, the direction of the ridge (groove). In
embodiments, the direction of the diffraction grating of the
grating region is indicated by a solid line. An included angle
between the direction of the diffraction grating and the X-axis
is the azimuth angle t of the diffraction grating.

[0034] In one embodiment, the period of the diffraction
grating represents a closest gap distance between the wave
crests (or a closest gap distance between the wave troughs.
For example, the period D1 of the diffraction grating 44 is 1
um, indicating that the gap distance between the wave crests
of the diffraction grating structure of the grating region 43 is
1 um. The period D2 of the diffraction grating 54 may be 1
pm. The direction of the diffraction grating 44 is different
from the direction of the diffraction grating 54. The direction
of the diffraction grating 44 may be perpendicular to the
direction of the diffraction grating 54. In this case, for
example, the azimuth angle T1 of the diffraction grating 44 is
90 degrees. The azimuth angle of the diffraction grating 54 is
0degree. The grating region 43 and the grating region 53 may
have spherical shapes respectively having a diameter K1 and
a diameter K2, such as 28 um-29 pm. A refractive index of a
material of the diffraction grating may be about 1.49. A height
between the wave crest and the wave trough of the diffraction
grating structure is about 0.4 um. For example, the refractive
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index of the material, the gap distance between the wave
crests, or the height between the wave crest and the wave
trough of the diffraction grating structure are designed prop-
erly, for generating a high-degree effect diffraction effect of a
intensity ratio of the total zero order diffraction light (the light
having an emitting direction same with an incident direction)
to the total non-zero order diffraction light (the light having
an emitting direction different from an incident direction by a
deflection angle bigger than 15 degrees) lower than 100:1 to
alight passing through the diffraction grating structure with a
specific direction. The non-grating region is designed prop-
erly for generating the low-degree effect diffraction effect of
an intensity ratio of the total zero order diffraction light (the
light having an emitting direction same with an incident
direction) to the total non-zero order diffraction light (the
light having an emitting direction different from an incident
direction by a deflection angle bigger than 15 degrees) higher
than 100:1 to a light passing through the non-grating region.
The design method for the non-grating region is not described
in detail herein.

[0035] Inotherembodiments, the single grating region may
have diffraction gratings having the same azimuth angle and
various periods. For example, the single grating region has
diffraction gratings having two kinds of the closest gap dis-
tances between connecting lines of wave crests (or wave
troughs), substantially 1 um and 0.5 um. An area of the
grating region may occupy 17.5%~94% of an area of the
diffractive optical element.

[0036] Referring to FIG. 2, in a line constituted by the
grating region 43 and the grating region 53 arranged in alter-
nation, the closest gap distance between the grating region 43
and the grating region 53 may be constant or varied according
to actual demands. For example, the closest gap distances S1,
S2 of the grating regions 43 and the grating regions 53 may be
1 um-15 um, such as 1 pm, 9 um, or 15 um. In other embodi-
ments, the gap distance S1 is 9 um, and the gap distance S2 is
15 pm. In another embodiment, the closest gap distance
between the grating region 43 and the grating region 53 may
be 0 or negative that is the grating region 43 and the grating
region 53 have an overlapping area therebetween. In another
embodiment, the closest gap distance between the grating
regions 43 or between the grating regions 53 may be zero 0 or
negative that is the grating regions 43 have an overlapping
area therebetween, or the grating regions 53 have an overlap-
ping area therebetween.

[0037] Referring to FIG. 2, for example, in a line consti-
tuted by the grating regions 43 or in a line constituted by the
grating regions 53, the closest gap distance between the grat-
ing regions 43 or the closest gap distance between the grating
regions 53 may be adjusted to be constant or varied according
to actual demands. In one embodiment, the closest gap dis-
tance S4 between the grating regions 43 and the closest gap
distance S5 between the grating regions 53 are respectively 1
pm-15 um, such as 1 um and 13 pm. In another embodiment,
the closest gap distance S4 between the grating regions 43 and
the closest gap distance S5 between the grating regions 53
may be 0 or negative that is the grating region 43 and the
grating region 53 have an overlapping area therebetween. In
another embodiment, the closest gap distance between the
grating regions 43 or between the grating regions 53 may be
zero 0 or negative that is the grating regions 43 have an
overlapping area therebetween, or the grating regions 53 have
an overlapping area therebetween.
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[0038] The diffractive optical element 62 in FIG. 3 is dif-
ferent from the diffractive optical element 32 in F1G. 2 in that
the diffractive optical element 62 has a grating region 73
having a diffraction grating 74 with a constant azimuth angle.
The diffractive optical element 82 in FIG. 4 is different from
the diffractive optical element 32 in FIG. 2 in that the diffrac-
tive optical element 82 comprises grating regions 93,103 and
113 respectively having diffraction gratings 94, 104 and 114
with different azimuth angles. For example, the azimuth
angle T2 of the diffraction grating 94 is 135 degrees, the
azimuth angle of the diffraction grating 104 is 0 degree, and
the azimuth angle T3 of the diffraction grating 114 is 45
degrees.

[0039] The diffractive optical element 122 in FIG. 5 is
different from the diffractive optical element 32 in FIG. 2 in
that the grating regions 133 and the grating regions 143 are
respectively arranged in rows, and the grating regions 133 and
the grating regions 143 are arranged in alternation in rows
vertically.

[0040] The diffractive optical element 152 in FIG. 6 is
different from the diffractive optical element 32 in FIG. 2 in
that all the grating regions 163 and the grating regions 173 are
arranged in alternation.

[0041] The diffractive optical element 182 in FIG. 7 is
different from the diffractive optical element 32 in FIG. 2 in
that the diffraction grating 194 of the grating region 193 and
the diffraction grating 204 of the grating region 203 have
azimuth angles other than O degree and 90 degrees. For
example, the azimuth angle T4 of the diffraction grating 194
is 45 degrees. The azimuth angle T5 of the diffraction grating
204 is 135 degrees.

[0042] In one embodiment, the diffractive optical element
may have grating region at least having four directions of
diffraction grating, respectively. Referring to FIG. 8, for
example, the azimuth angle of the diffraction grating 174 of
the diffractive optical element 192 is O degree. The azimuth
angle T6 of the diffraction grating 184 is 45 degrees. The
azimuth angle T7 of the diffraction grating 214 is 90 degrees.
In addition, the azimuth angle T8 of the diffraction grating
234 is 135 degrees. In another embodiment, in the diffractive
optical element having the diffraction gratings of more than
three kinds of the azimuth angles, the grating regions having
different azimuth angles may be arranged in alternation.
[0043] Inoneembodiment, the diffraction grating direction
of the single grating region is not limited to only one direc-
tion. The single grating region may have the diffraction grat-
ing of various azimuth angles. In addition, the grating region
is not limited to the spherical shape as shown in FIGS. 2-8.
For example, in embodiments, the single grating region hav-
ing four kinds of the diffraction grating directions may com-
prise square shape (FIG. 9), rectangular shape (FIG. 10) or
other quadrilateral shapes. For example, the single grating
region having three kinds of the diffraction grating directions
may comprise regular triangle shape (FIG. 11), isosceles
triangle shape (FIG. 12), non-isosceles triangle shape (FIG.
13). For example, the single grating region having multiple
kinds of the diffraction grating directions may comprise regu-
lar pentagon shape (FIG. 14) or other regular pentagon
shapes; or regular octagon shape (FI1G. 15) or other octagon
shapes; or ellipse shape (FIG. 16) or other curved shapes; or
other suitable shapes. In addition, the effect from the grating
of polygon shape can also be obtained a combination of the
gratings of different directions, and therefore the present dis-
closure is not limited to the grating of polygon shape.
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[0044] In some embodiments, the diffractive optical ele-
ment 212 comprises the grating region 223 as shown in FIG.
17. Referring to FIG. 17, in one embodiment, the period T of
the grating region 223 is 20~250 um. A width W ofthe grating
region 223 is 19um-237.5 um. The period N of the diffraction
gratings 224 is 1 pm. The gap distance M between the dif-
fraction gratings 224 is 1 pm-12.5 um. In another embodi-
ment, the gap distance between the grating regions 223 may
be 0 or negative. The negative gap distance means the adja-
cent grating regions 223 have an overlapping region therebe-
tween. The azimuth angle of the diffraction grating 224 is 90
degrees.

[0045] The diffractive optical element 212A in FIG. 18 is
different from the diffractive optical element 212 in FIG. 17 in
that the azimuth angle of the diffraction grating 224A of the
grating region 223A is 0 degree. In other embodiments, the
grating regions are not limited to the stripe shape of the
grating region 223A as shown in FIG. 18, and may having
square shape patterns with a constant gap distance therebe-
tween as shown in FIG. 19, the square shape patterns with
various gap distance therebetween as shown in FIG. 20, the
square shape patterns arranged in alternation as shown in
FIG. 21, the square shape patterns arranged randomly as
shown in FIG. 22, rhombus patterns with a constant gap
distance therebetween as shown in FIG. 23, the rhombus
patterns with various gap distances as shown in FIG. 24, the
square shape patterns arranged randomly as shown in FIG.
25, the square shape patterns arranged randomly as shown in
FIG. 26, a combination of various shape patterns as shown in
FIG. 27. In some embodiments, the patterns as shown in FIG.
27 can be arbitrarily changed or placed upside down. In
embodiments, the patterns of the grating region may be
changed according to actual demands properly.

[0046] Referring to FIG. 28, the diffractive optical element
232 may also comprise the diffraction grating 244, the dif-
fraction grating 254. The diffractive optical element 232 may
also be regarded as a result of the grating region having the
diffraction grating 244 and the grating region having the
diffraction grating 254 overlapped with each other. In one
embodiment, the diffractive optical element 262 comprises
the grating region 273 and the grating region 283 as shown in
FIG. 29. The diffractive optical element 292 may also com-
prise the grating region 303 and the grating region 313 as
shown in FIG. 30.

[0047] The grating regions of the diffractive optical ele-
ment are not limited to order arrangement, and can be
adjusted into disorder arrangement according to actual
demands. Referring to FIG. 31, for example, the diffractive
optical element 322 may also comprise the grating region
333, the grating region 343, the grating region 353, the grating
region 363 and the grating region 373 disorderly.

[0048] In embodiments, the many diffractive optical ele-
ments can be overlapped for using according to actual
demands. The different diffractive optical elements may be
arranged by overlapping the grating regions having the same
pattern, i.e. the same shape or the same diffraction grating,
with each other, or by overlapping the grating regions having
different patterns, i.e. different shapes or diffraction gratings
of different characteristics, with each other. Referring to FIG.
2, for example, in a case of overlapping one diffractive optical
element 32 with another diffractive optical element 32, the
grating region 53 of the one diffractive optical element 32 is
overlapped with the grating region 43 of the another diffrac-
tive optical element 32, and the grating region 43 of the one
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diffractive optical element 32 is overlapped with the grating
region 53 of the another diffractive optical element 32. For
example, when using a laser light source and the incidence
angle of laser beam being normal to a single-layer diffractive
optical element 32 as shown in FIG. 2, diffraction lights of
two directions such as %so degrees or %270 degrees are
formed. Conversely, when using the laser light source and the
incidence angle of laser beam being normal to a stacked
structure constituted by multi-layer diffractive optical ele-
ments, not only the transmission light having the diffraction
directions as formed by the single-layer diffractive optical
element, but also transmission lights having other diffraction
directions such as oblique directions. Cause of this is from the
additional the periodic structure for the oblique direction. In
addition, it is presumed that one grating region close to a light
source diffracts a normal incident light, and the diffracted
light is further diffracted by another grating region away from
the light source. The azimuth angles of the two grating
regions are different. Therefore, besides the diffraction lights
of two directions such as %so degrees or %270 degrees are
generated by the single-layer diffractive optical element,
additional diffraction lights of other oblique directions such
as 45 degrees, 135 degrees, 225 degrees, or 315 degrees are
formed.

[0049] In embodiments, the stacked structure constituted
by the diffractive optical elements of various layers may be
constituted by overlapping the grating regions of the same
pattern according to actual demands. Referring to FIG. 2, in
oneembodiment, for example, one diffractive optical element
32 is overlapped with another diffractive optical element 32.
The grating region 43 of the one diffractive optical element 32
is overlapped with the grating region 43 of the another dif-
fractive optical element 32. The grating region 53 of the one
diffractive optical element 32 is overlapped with the grating
region 53 of the another diffractive optical element 32. It can
increase diffraction effect.

[0050] In embodiments, the diffractive optical element is
adjusted according to condition and effect for the display
device.

[0051] Referring to FIG. 32, in embodiments, the display
device 410 is a liquid crystal display device such as a vertical
aligned/multi-domain vertical aligned liquid crystal display
device. The display device 410 comprises a backlight module
411, a liquid crystal panel 427, the polarizer 415 and the
polarizer 425. The liquid crystal panel 427 is disposed on the
backlight module 411. For example, the liquid crystal panel
427 comprises a thin film transistor substrate 416, a liquid
crystal layer 418 and a color filter substrate 421. The thin film
transistor substrate 416 and the color filter substrate 421 may
have an electrode layer 417 and an electrode layer 419 respec-
tively. In some embodiments, alignment films (not shown)
may be disposed on the electrode layer 417 and the electrode
layer 419. The liquid crystal layer 418 is disposed between the
thin film transistor substrate 416 and the color filter substrate
421. The polarizer 415 may be disposed between the thin film
transistor substrate 416 and the backlight module 411 (on the
light entering side of the liquid crystal panel 427). The polar-
izer 425 may be disposed on the color filter substrate 421 (the
light emitting side of the liquid crystal panel 427). The dif-
fractive optical element 402 may be disposed on the light
emitting side of the polarizer 425. In other embodiments (not
shown), the diffractive optical element 402 may be disposed
on the color filter substrate 421 or between the color filter
substrate 421 and the polarizer 425. The diffractive optical
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element 402 is disposed by placing the wave crest structure
facing the polarizer 425 or opposite to the polarizer 425. The
diffractive optical element 425 may further stack with other
elements having different functions, such as an anti-reflection
film, a scratch-resistant film, etc.

[0052] The direction of the liquid crystal molecules 428 of
the liquid crystal layer 418 may be changed by changing a
condition of the electrical field in the liquid crystal layer 418.
In embodiments, as no electrical field is applied in the liquid
crystal layer 418, for example, voltages applied to the elec-
trode layer 417 and the electrode layer 419 (FIG. 32) are both
zero, the liquid crystal molecules 428 are substantially per-
pendicular to the surface of the thin film transistor substrate
416 and the surface of the color filter substrate 421, as indi-
cated by the cross-section view of FIG. 33A-1 and the top
view of FIG. 33A-2. As an electrical field is applied in the
liquid crystal layer 418, for example by applying different
voltages to the electrode layer 417 and the electrode layer 419
respectively, the liquid crystal molecules 428 is tilted into a
liquid crystal tilt direction to have a liquid crystal azimuth
angle due to the electrical field. The liquid crystal molecules
have a liquid crystal tilt angle relative to the electrode layer. In
another embodiment, as no electrical field is applied, the
liquid crystal molecules 428 adjacent to the thin film transis-
tor substrate 416 may have a pretilt angle PA bigger than or
equal to 60 degrees and included with the surface of the thin
film transistor substrate 416, and the liquid crystal molecules
428 far from the thin film transistor substrate 416 tend to be
more perpendicular to the thin film transistor substrate 416
and the color filter substrate 421 gradually, as show in the
cross-section view of FIG. 33B-1 and the top view of FIG.
33B-2. In yet another embodiment (not shown), the liquid
crystal molecules 428 adjacent to the color filter substrate 421
may have a pretilt angle bigger than or equal to 60 degrees and
included with the surface of the color filter substrate 421, and
the liquid crystal molecules 428 far from the color filter
substrate 421 tend to be more perpendicular to the thin film
transistor substrate 416 and the color filter substrate 421
gradually. In yet another embodiment (not shown), the liquid
crystal molecules 428 adjacent to the thin film transistor
substrate 416 and the color filter substrate 421 may have
pretilt angles bigger than or equal to 60 degrees and included
with the surface of the thin film transistor substrate 416 and
the surface of the color filter substrate 421 respectively. In a
case of the liquid crystal molecules 428 having the pretilt
angle, as an electrical field is applied in the liquid crystal layer
418, for example by applying an electric potential by apply-
ing different voltages to the electrode layer 417 and the elec-
trode layer 419 respectively, the liquid crystal molecules 428
are tilted to liquid crystal tilt direction and to have a liquid
crystal azimuth angle and a liquid crystal tilt angle relative to
the electrode layer more rapidly due to effect from the elec-
trical field and the pretilt direction. In one embodiment, the
absorbing axis of the polarizer on the color filter substrate 421
is used as the X axis for defining the azimuth angle, and the
azimuth angle of the liquid crystal tilt direction relative to the
substrate such as the color filter substrate 421 is defined as the
liquid crystal azimuth angle Q, as shown in FIG. 34A. In other
words, the liquid crystal azimuth angle Q is an included angle
between the X axis and the projection direction onto the
surface of the substrate such as the color filter substrate 421
from the head ends of the liquid crystal molecules 428. For
example, as the display device 410 is a single-domain vertical
aligned liquid crystal display device, only one kind of the
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liquid crystal azimuth angle Q is generated, and an included
angle between the single kind of the liquid crystal tilt direc-
tion and the absorbing axis of the polarizer on the light emit-
ting side is 45 degrees. For example, the symmetrical liquid
crystal azimuth angle is 45 degrees, 135 degrees, 225 degrees
or 315 degrees. As the display device 410 is a two-domain
vertical aligned liquid crystal display device, it is compre-
hended that two kinds of the liquid crystal azimuth angles Q
would be generated at the same time, included angles
between the two kinds of the liquid crystal tilt directions and
the absorbing axis of the polarizer on the light emitting side
are both 45 degrees. For example, the symmetrical liquid
crystal azimuth angles are 45 degrees and 135 degrees, or 225
degrees and the 315 degrees. Otherwise, the symmetrical
liquid crystal azimuth angles are 45 degrees and 225 degrees,
or 135 degrees and 315 degrees. As the display device 410 is
a multi-domain vertical aligned liquid crystal display device,
it is comprehended that various kinds of the liquid crystal
azimuth angles Q would be generated at the same time. For
example, the symmetrical liquid crystal azimuth angles are 45
degrees, 135 degrees, 225 degrees and 315 degrees as shown
in the cross-section view of FI1G. 34B-1 and the top view of
FIG. 34B-2, or other liquid crystal azimuth angles. In addi-
tion, the multi-domain vertical aligned liquid crystal display
device may comprise a low color shift, usually using the
technique of eight-domain vertical aligned liquid crystal dis-
play in which as some voltage is applied to the device, the
liquid crystal tilt angles in one group of four domains having
the liquid crystal azimuth angles of 45 degrees, 135 degrees,
225 degrees and 315 degrees are different from the liquid
crystal tilt angles in another group of four domains also hav-
ing the liquid crystal azimuth angles of 45 degrees, 135
degrees, 225 degrees and 315 degrees.

[0053] In some embodiments, the diffractive optical ele-
ment is designed according the liquid crystal molecules 428
of the display device 410 (FIG. 33A, 33B).

[0054] In some embodiments, the diffractive optical ele-
ment is designed according to the alignment film of the dis-
play device 410.

[0055] In some embodiments, the diffractive optical ele-
ment is designed according to the arrangement of the polar-
izer. Referring to FIG. 35, in embodiments, the azimuth angle
of the system is defined using the absorbing axis of the polar-
izer on the light emitting side as a standard. Therefore, the
azimuth angle g1 of the polarizing direction 445 of the polar-
izer on the light emitting side, i.e. the upper polarizer, is 90
degrees, that is, the azimuth angle of the transmission axis of
the polarizer is 90 degrees and the azimuth angle of the
absorbing axis of the polarizer is 0 degree (parallel to the X
axis). The azimuth angle of the polarizing direction 455 of the
polarizer adjacent to the backlight module, i.e. the lower
polarizer, is 0 degree, that is the azimuth angle of the trans-
mission axis of the polarizeris 0 degree and the azimuth angle
of the absorbing axis of the polarizer is 90 degrees (perpen-
dicular to the X axis). The diffractive optical element 462,
similar to the diffractive optical element 32 in FIG. 2, has the
grating region 473 and the grating region 483, respectively
having the diffraction grating 474 having the grating direction
having the azimuth angle of 0 degree and the diffraction
grating 484 having the grating direction having the azimuth
angle of 90 degrees. The density of the diffraction grating 483
is bigger than or equal to the density of the diffraction grating
473. In this case, the azimuth angle of the long axis direction
of the row constituted by the grating regions 473 and the
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azimuth angle of the long axis direction of the row constituted
by the grating regions 483 are 0 degree. The azimuth angle of
the long axis direction of the column constituted by the grat-
ing regions 473 and the grating region 483 arranged in alter-
nation is 90 degrees.

[0056] The embodiment as shown in FIG. 36 is different
from the embodiment as shown in FIG. 35 in that the grating
regions 493, similar with the grating region 473 in FIG. 35,
and the grating region 503, similar with the grating region 483
in FIG. 35 arearranged in alternation. In this case, the azimuth
angle of the long axis direction 496 of the row constituted by
the grating regions 493 and the azimuth angle of the long axis
direction 497 of the row constituted by the grating regions
503 are 0 degree. The azimuth angle of the long axis direction
of the column constituted by the grating regions 493 and the
grating region 503 arranged in alternation is 60 degrees. The
embodiment as shown in FIG. 37 is different from the
embodiment as shown in FIG. 35 in that the grating regions
513, similar with the grating region 473 in FIG. 35, and the
grating region 523, similar with the grating region 483 in FIG.
35 are arranged in alternation. In this case, the azimuth angle
of the long axis direction of the row constituted by the grating
regions 513 and the grating regions 523 arranged in alterna-
tion is 0 degree. The azimuth angle of the long axis direction
of the column constituted by the grating regions 513 and the
grating regions 523 arranged in alternation is 90 degrees.
[0057] Referring to FIG. 38, the azimuth angle of the polar-
izing direction 505 of the polarizer, such as the polarizer 425
in FIG. 32, on the light emitting side is 90 degrees, that is the
azimuth angle of the transmission axis of the polarizer 425 is
90 degrees, or the azimuth angle of the absorption axis of the
polarizer 425 is 0 degree. The azimuth angle of the polarizing
direction 515 of the polarizer, such as the polarizer 415 in
FIG. 32, adjacent to the backlight module is 0 degree, that is
the azimuth angle of the transmission axis of the polarizer 455
is 0 degree, or the azimuth angle of the absorption axis of the
polarizer 455 is 90 degrees. The diffractive optical element
522, similar with the diffractive optical element 82 in FIG. 4,
has the grating region 533, the grating region 543 and the
grating region 553, for example, respectively having the dif-
fraction grating 534 having the grating direction having the
azimuth angle of 135 degrees, the diffraction grating 544
having the grating direction having the azimuth angle of 0
degree, and the diffraction grating 554 having the grating
direction having the azimuth angle of 45 degrees.

[0058] Referring to FIG. 39, the azimuth angle of the polar-
izing direction 545 of the polarizer, such as the polarizer 425
in FIG. 32, on the light emitting side is 90 degrees, that is the
azimuth angle of the transmission axis of the polarizer is 90
degrees, or the azimuth angle of the absorption axis of the
polarizer is 0 degree. The azimuth angle of the polarizing
direction 555 of the polarizer, such as the polarizer 415 in
FIG. 32, adjacent to the backlight module is 0 degree, that is
the azimuth angle of the transmission axis of the polarizer is
0 degree, or the azimuth angle of the absorption axis of the
polarizer is 90 degrees. The diffractive optical element 562,
similar with the diffractive optical element 182 in FIG. 7, has
the grating region 573 and the grating region 583, respec-
tively having the diffraction grating 574 having the grating
direction having the azimuth angle of 135 degrees and the
diffraction grating 584 having the grating direction having the
azimuth angle of 45 degrees.

[0059] Referring to FIG. 40, the azimuth angle of the polar-
izing direction 605 of the polarizer, such as the polarizer 425
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in FIG. 32, on the light emitting side is 90 degrees. The
azimuth angle of the polarizing direction 615 of the polarizer,
such as the polarizer 415 in FIG. 32, adjacent to the backlight
module is 0 degree. The diffractive optical element 622 for
using is similar with the diffractive optical element 292 in
FIG. 40, and has the grating region 603 and the grating region
613, respectively having the diffraction grating 604 having
various grating directions and the diffraction grating 614
having the grating direction having the azimuth angle of 90
degrees.

First Experimental Example

[0060] The experiment uses the Konica Minolta CS-2000
to measure the V260B3-LE1 type liquid crystal display
device (manufactured by CHIMEI INNOLUX CORPORA-
TION) incorporated with the diffractive optical element 212
(T=124 pm, W=117 pm, N=1 pm, M=7 pm) as shown in FIG.
17, and in which the azimuth angle of the polarizing direction
of the polarizer (the upper polarizer) on the (light emitting
side) is 90 degrees, and the azimuth angle of the polarizing
direction of the polarizer (the lower polarizer) adjacent to the
backlight module is 0 degree. The white state and the black
state of the liquid crystal display device are measured for
every 5 degrees of counter-clockwise rotating of the diffrac-
tive optical element 212. In addition, the contrast value (white
state (255 gray level) brightness/black state (0 gray level)
brightness) and the normalization brightness of each gray
level (brightness of each gray level/white state (255 gray
level) brightness) are calculated. Data are shown in table 1.
From the results shown in table 1, it is found that the display
device has the higher contrast values (higher than 70%) as the
azimuth angle of the diffraction grating 224 is in a range
between 0+15 degrees, or in a range between 90+10 degrees.

TABLE 1
azimuth angle of
diffraction Central
grating contrast
-85 2036.06
-80 1669.96
=75 1363.75
=70 1121.63
-65 988.787
-60 901.776
-55 883.481
-50 867.445
-45 897.603
-40 1013.12
-35 1091.08
-30 1202.22
=25 1302.89
-20 1527.62
-15 1954.99
-10 222436
-5 2386.65
0 2387
5 2375.07
10 2213.66
15 1942.91
20 1536.5
25 1306.8
30 1193.08
35 1090.86
40 1001.26
45 898.504
50 863.88
55 888.454
60 910.851

Feb. 14, 2013
TABLE 1-continued
azimuth angle of

diffraction Central
grating contrast
65 993.333

70 1120.93

75 1361.88

80 1681.92

85 2027.31

90 2365.39

[0061] A measuring method for the characteristics is
adjusting the angle of the diffraction grating, and measuring
the difference between the normalization brightness of the
display device at the zenith angle of 0° and the brightness of
the display device at the zenith angles 0f 45° or 60° at specific
gray levels to obtain a normalization brightness difference.
The display device without using the diffractive optical ele-
ment is one comparative exanple.

[0062] The test results show that at the observation angle
=0 degree, the greatest difference value (15.66%) between
the normalization brightness at the zenith angle 6=45 degrees
and the normalization brightness at the zenith angle 0=0
degree of comparative example is at the 112 gray level. There-
fore, this test takes 112 gray level as an observation standard
for the condition of (0,y)=(45,0). The difference value
between the normalization brightness of the display device
with the diffractive optical element 212 in embodiments is
smaller than that in comparative examples. In embodiments,
the azimuth angle of the diffraction grating 224 may be in a
range of -90~-30 degrees in which the normalization bright-
ness values are all improved, or in a range of -90~-70 degrees
in which a variation degree of the optimum values of the
normalization brightness difference at 6 0f45° and 0°is under
10%. Table 1 shows the symmetrical characteristic of the
diffractive optical element 212, indicating that the azimuth
angle of the diffraction grating 224 can be in a range between
-90x60 degrees, or in a range between —90+20 degrees. In
detail, for example, from the results in table 24, it is found
that the difference value between the normalization bright-
ness values of 112 gray level at 6=45 degrees and 6=0 degree
becomes bigger as the azimuth angle of the diffraction grating
224 of the diffractive optical element 212 is more diverged
from -90 degrees. As the divergence is about -30 degrees, the
difference value has the biggest value (14.20%), but still
smaller than the difference value of comparative example
(15.66%).

[0063] The test results also show that at observation angle
=0 degree, the greatest difference value (26.33%) between
the normalization brightness at the zenith angle =60 degrees
and the normalization brightness at the zenith angle 0=0
degree of comparative example is at the 104 gray level. There-
fore, this test takes 104 gray level as an observation standard
for the condition of (8,y)=(60,0). The difference value
between the normalization brightness values of the display
device with the diffractive optical element 212 in embodi-
ments is smaller than that in comparative examples. In
embodiments, the azimuth angle of the diffraction grating
224 may be in a range of -90~-30 degrees in which the
normalization brightness difference is still acceptable, orin a
range of -90~-70 degrees in which the normalization bright-
ness difference is within a tolerance value. Table 1 shows the
symmetrical characteristic of the diffractive optical element
212, indicating that the azimuth angle of the diffraction grat-
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ing 224 can be in a range between =90+60 degrees, or in a
range between -90x20 degrees. In detail, for example, from
the results in table 2A, it is found that the difference value
between the normalization brightness values of 104 gray level
at 6=45, 60 degrees and 6=0 degree becomes bigger as the
azimuth angle of the diffraction grating 224 of the diffractive
optical element 212 is more diverged from -90 degrees. As
the divergence is about -30 degrees, the difference value has
the biggest value (24.51%), but still smaller than the differ-
ence value (26.33%) of comparative example.

[0064] Intable 2A, the normalization difference is the nor-
malization brightness difference between the conditions hav-
ing the diffraction grating having the azimuth angle of -90
degrees as a standard and the diffraction grating having the
azimuth angle of other rotating angles.

TABLE 2A
(p =0 degree)
Normalization Normalization
brightness brightness
difference normal- difference
azimuth between 8 of ization between 6 of normal-
angle of 45°and 0°  difference  60° and 0° ization
diffraction (gray level at (gray level  difference at
grating 112) 6 of 45° 104) 0 of 60°
comparative 15.66% — 26.33% —
example
-90 10.30% 100.00% 15.65% 100.00%
-80 10.36% 100.58% 15.90% 101.57%
=70 10.60% 102.93% 16.32% 104.24%
-60 11.50% 111.70% 17.97% 114.81%
=50 12.92% 125.52% 21.71% 138.71%
-40 13.44% 130.54% 22.85% 145.96%
=30 14.20% 137.89% 24.51% 156.60%
[0065] At the observation angle =45 degrees, the greatest

difference value (15.27%) between the normalization bright-
ness at the zenith angle 6=45 degrees and the normalization
brightness at the zenith angle 6=0 degree of comparative
exampleis at the 128 gray level. Therefore, this test takes 128
gray level as an observation standard for the condition of
(6,)=(45,45). The difference value between the normaliza-
tion brightness values of the display device with the diffrac-
tive optical element 212 in embodiments is smaller than that
in comparative examples. In embodiments, the azimuth angle
of the diffraction grating 224 may be in a range of -90~-30
degrees or in a range of -80~-40 degrees in which the nor-
malization brightness difference is within a tolerance value.
In detail, for example, from the results in table 2B, it is found
that the difference value between the normalization bright-
ness values of 128 gray level at 6=45 degrees and 6=0 degree
becomes bigger as the azimuth angle of the diffraction grating
224 of the diffractive optical element 212 is more diverged
from =50 degrees. As the divergence is about =90 degrees, the
difference value has the biggest value (10.98%), smaller than
the difference value (15.27%) of comparative example.

[0066] The test results also show that at the observation
angle =45 degrees, the greatest difference value (25.50%)
between the normalization brightness at the zenith angle
0=60 degrees and the normalization brightness at the zenith
angle 6=0 degree of comparative example is at the 136 gray
level. Therefore, this test takes 136 gray level as an observa-
tion standard for the condition of (8,)=(60,45). The differ-
ence value between the normalization brightness values of the
display device with the diffractive optical element 212 in
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embodiments is smaller than that in comparative examples. In
embodiments, the azimuth angle of the diffraction grating
224 may be in a range of =90~=30 degrees in which the
normalization brightness values are all improved, or in a
range of =60~-40 degrees in which a variation degree of the
optimum values of the normalization brightness difference at
0 of 45° and 0° is under 10%. Since Table 1 shows the
symmetrical characteristic of the diffractive optical element
212, the azimuth angle of the diffraction grating 224 can be in
a range between -90+60 degrees, in a range between -60~-
40 degrees, or in a range between 40~60 degrees. In detail, for
example, from the results in table 2B, it is found that the
difference value between the normalization brightness values
of 136 gray level at 8=60 degrees and 6=0 degree becomes
bigger as the azimuth angle of the diffraction grating 224 of
the diffractive optical element 212 is more diverged from -50
degrees. As the divergence is about =90 degrees, the differ-
ence value has the biggest value (18.42%), smaller than the
difference value (25.50%) of comparative example.

[0067] Intable 2B, the normalization difference is the nor-
malization brightness difference between the conditions hav-
ing the diffraction grating having the azimuth angle of 0
degree as a standard and the diffraction grating having the
azimuth angle of other rotating.

TABLE 2B

(} =45 degrees)

Normalization Normalization
brightness brightmess
difference normal- difference
azimuth between 0 of ization between 6 of normal
angle of 45°and 0°  difference  60° and 0° ization
diffraction (gray level at (gray level  difference at
grating 128) 6 of45° 136) 0 of 60°
comparative 15.27% — 25.50% —
example
=90 10.98% 100% 18.42% 100%
-80 9.92% 90.34% 16.56% 89.9%
=70 9.61 87.55% 14.60% 79.25%
-60 9.43 85.91% 13.84% 75.12%
=50 9.11 82.99% 13.05% 70.84%
-40 9.93 90.45% 14.07% 76.4%
=30 10.26% 93.45% 15.39% 83.54%
Second Experimental Example
[0068] The experiment uses the Konica Minolta CS-2000

to measure the V260B3-LE1 multi-domain vertical aligned
type liquid crystal display device (the pixel of which is
1366*768,60 PPI, the long side of the pixel is 421 pm) incor-
porated with the diffractive optical element 462 (in one
embodiment S1=9 pm, S2=15 pm, S4=S5=13 pm, D1=D2=1
pm, K1=K2=28 um, referring to FIG. 2, in other embodi-
ments S1=9 pm, S2=15 pm, S3=9 pm, D1=D2=1 pm,
S4=85=41 um, K1=K2=28 pm) as shown in FIG. 35, and in
which the azimuth angle of the polarizing direction of the
polarizer (the upper polarizer) on the light emitting side is 90
degrees, and the azimuth angle of the polarizing direction of
the polarizer (the lower polarizer) adjacent to the backlight
module is 0 degree. The white state and the black state of the
liquid crystal display device are measured for every 5 degrees
of counter-clockwise rotating of the diffractive optical ele-
ment 462. In addition, the contrast value (white state (255
gray level) brightness/black state (0 gray level) brightness)
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and the normalization brightness of each gray level (bright-
ness of each gray level/white state (255 gray level) bright-
ness) are calculated. Effects of adjusting the angle of the
diffraction grating to the contrast results are shown in table 3.

TABLE 3
azimuth angle of

diffraction Central
grating 474 contrast
-85 2653.63
-80 2275.96
=75 1927.98
=70 1879.63
-65 1672.25
-60 1582.49
-55 1508.89
-50 1416.34
-45 1389.98
-40 1408.87
-35 1455.02
-30 1541.79
=25 1721.54
-20 1906.83

-15 2213.4
-10 2449.05
-5 2736.44
0 2874.65
5 2745.95
10 2458.79
15 2214.45
20 1915.55
25 1715.48

30 1552.6
35 1457.98
40 1406.88
45 1398.19
50 1421.03
55 1487.78
60 1587.25
65 1682.31
70 1879.84

75 2010.5
80 2269.47
85 2565.52
90 2807.26

[0069] Intable 3, 0 degree indicates that the azimuth angle
of the diffraction grating 474 of the grating region 473 is 0
degree, and the azimuth angle of the diffraction grating 484 of
the grating region 483 is 90 degrees, as shown in the arrange-
ment condition in FIG. 35. Intable 3, +5 degrees indicates that
the azimuth angle of the diffraction grating 474 of the grating
region 473 is +5 degree, and the azimuth angle of the diffrac-
tion grating 484 of the grating region 483 is +95 degrees. The
azimuth angle of the polarizing direction of the polarizer on
the light emitting side is fixed at 90 degrees. From the results
shown in table 3, it is found that the display device has the
higher contrast values (higher than 70%) as the azimuth angle
of the diffraction grating 474 is in a range between 0+15
degrees, or in a range between 90+10 degrees. A measuring
method for the characteristics is adjusting the angle of the
diffraction grating, and measuring the difference between the
normalization brightness of the display device at the zenith
angle of 0° and the brightness of the display device at the
zenith angles of 45° or 60° to obtain a normalization bright-
ness difference. The display device without using the diffrac-
tive optical element is one comparative example.

[0070] The test results show that at the observation angle
=0 degree, the greatest difference value (15.66%) between
the normalization brightness at the zenith angle 8=45 degrees
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and the normalization brightness at the zenith angle 6=0
degree of comparative exampleis at the 112 gray level. There-
fore, this test takes 112 gray level as an observation standard
for the condition of (8,y)=(45,0). The difference value
between the normalization brightness of the display device
with the diffractive optical element 462 in embodiments is
smaller than that in comparative examples. In embodiments,
the azimuth angle of the diffraction grating 474 may be in a
range of 0~105 degrees. In detail, for example, from the
results in table 4A, it is found that the display device has the
smallest difference value between the normalization bright-
ness values of 112 gray level at 6=45 degrees and 6=0 degree
as the azimuth angle of the diffraction grating 474 of the
diffractive optical element 462 is set at 20 degrees. The big-
gest difference value (14.36%) is obtained as the azimuth
angle of the diffraction grating 474 is set at 40 degrees in
embodiments, still smaller than the difference value of com-
parative example (15.66%).

[0071] The test results also show that at observation angle
=0, the greatest difference value (26.33%) between the nor-
malization brightness at the zenith angle 6=60 degrees and
the normalization brightness at the zenith angle 6=0 degree of
comparative example is at the 104 gray level. Therefore, this
test 104 gray level as an observation standard for the condi-
tion of (8,)=(60,0). The difference value between the nor-
malization brightness values of the display device with the
diffractive optical element 462 in embodiments is smaller
than that in comparative examples. In embodiments, the azi-
muth angle of the diffraction grating 474 may be in a range of
0~105 degrees in which the normalization brightness values
are all improved, or in a range of 0~60 degrees in which the
normalization brightness values are all improved. In detail,
for example, from the results in table 4A, it is found that the
difference value between the normalization brightness values
0f 104 gray level at 0=45, 60 degrees and 0=0 degree becomes
bigger as the azimuth angle of the diffraction grating 474 of
the diffractive optical element 462 is more diverged from 0
degree. As the divergence is about 60 degrees, the difference
value has the biggest value (22.93%)), still smaller than the
difference value of comparative example (26.33%). Compat-
ing the results in table 2A and table 4A founds that the effect
of rotating the diffractive optical element 474 is weaker than
that of rotating the diffractive optical element 212.

TABLE 4A
(P = 0 degree)
Normalization Normalization
brightness brightness
difference difference normal-
azimuth between 0 of normal- between 0 of ization
angle of 45° and 0° ization 60°and 0°  difference
diffraction (gray level  difference at  (gray level at
grating 474 112) 6 of 45° 104) 6 of 60°
comparative 15.66% — 26.33% —
example
0 13.79% 100.00% 20.57% 100.00%
10 14.02% 101.72% 20.94% 101.78%
20 13.62% 98.79% 21.15% 102.82%
30 13.93% 101.02% 21.41% 104.09%
40 14.36% 104.16% 22.35% 108.67%
45 13.83% 100.34% 22.39% 108.83%
50 13.88% 100.65% 22.72% 110.45%
60 14.00% 101.52% 22.93% 111.45%
70 14.11% 102.32% 22.35% 108.65%
80 14.04% 101.81% 22.52% 109.47%
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TABLE 4A-continued

(P =0 degree)
Normalization Normalization
brightness brightness
difference difference normal-
azimuth between 8 of normal- between 6 of  ization
angle of 45° and 0° ization 60°and 0°  difference
diffraction (gray level  difference at  (gray level at
grating 474 112) 0 of 45° 104) 6 of 60°
90 13.91% 100.87% 21.27% 103.4%
100 14.05% 101.88% 20.78% 101.02%
105 14.04% 101.81% 21.45% 104.27%
[0072] At the observation angle y=45 degrees, the greatest

difference value (15.27%) between the normalization bright-
ness at the zenith angle 8=45 degrees and the normalization
brightness at the zenith angle 6=0 degree of comparative
exampleis at the 128 gray level. Therefore, this test takes 128
gray level as an observation standard for the condition of
(0,)=(45,45). The difference value between the normaliza-
tion brightness values of the display device with the diffrac-
tive optical element 462 in embodiments is smaller than that
in comparative examples. In embodiments, the azimuth angle
of the diffraction grating 474 may be in a range of 0~105
degrees in which the normalization brightness values are all
improved, or in a range of 20~60 degrees in which the nor-
malization brightness values are all improved. In detail, for
example, from the results in table 4B, it is found that the
difference value between the normalization brightness values
of 128 gray level at 6=45 degrees and 6=0 degree becomes
bigger as the azimuth angle of the diffraction grating 474 of
the diffractive optical element 462 is more diverged from 0
degree. As the divergence is about 70 degrees, the difference
value has the biggest value (14.61%), still smaller than the
difference value of comparative example (15.27%). The dif-
ference value becomes smaller gradually as the azimuth angle
is more diverged from 70 degrees until the azimuth angle
reaches 90 degrees. The difference value becomes bigger
gradually as the azimuth angle is more diverged from 90
degrees.

[0073] The test results also show that at observation angle
=45 degrees, the greatest difference value (25.50%)
between the normalization brightness at the zenith angle
6=60 degrees and the normalization brightness at the zenith
angle 6=0 degree of comparative example is at the 136 gray
level. Therefore, this test takes 136 gray level as an observa-
tion standard for the condition of (0,)=(60,45). The differ-
ence value between the normalization brightness values of the
display device with the diffractive optical element 462 in
embodiments is smaller than that in comparative examples. In
embodiments, the azimuth angle of the diffraction grating
474 may be in a range of 0~105 degrees or in a range of 20~60
degrees. In detail, for example, from the results in table 4B, it
is found that the difference value between the normalization
brightness values of 136 gray level at 8=45, 60 degrees and
0=0 degree becomes bigger as the azimuth angle of the dif-
fraction grating 474 of the diffractive optical element 462 is
more diverged from 50 degrees. As the divergence is about
105 degrees, the difference value has the biggest value (23.
77%), still smaller than the difference value of comparative
example (25.50%).
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[0074] Comparing the results in table 4B and table 2B
founds that the influence of rotating the diffractive optical
element 462 is smaller than that of rotating the diffractive
optical element 212.

TABLE 4B

(y = 45 degrees)

Normalization Normalization
brightness brightness
difference difference normal-
azimuth between 0 of normal- between 6 of  ization
angle of 45° and 0° ization 60°and 0°  difference
diffraction (gray level  difference at  (gray level at
grating 474 128) 0 of 45° 136) 0 of 60°
comparative 15.27% — 25.5% —
example
0 12.60% 100.00% 20.23% 100.00%
10 13.62% 108.07% 22.93% 113.34%
20 13.05% 103.52% 20.86% 103.08%
30 12.63% 100.18% 20.85% 103.03%
40 13.14% 104.27% 19.62% 96.96%
45 13.28% 105.37% 19.68% 97.27%
50 13.67% 108.48% 19.07% 94.27%
60 14.35% 113.88% 19.81% 97.91%
70 14.61% 115.95% 20.67% 102.17%
80 13.89% 110.23% 21.18% 104.69%
90 13.52% 107.3% 21.65% 107.01%
100 13.97% 110.87% 22.19% 109.68%
105 14.43% 114.52% 23.77% 117.49%
Third Experimental Example
[0075] The experiment uses the Konica Minolta CS-2000

to measure the V260B3-LE1 multi-domain vertical aligned
type liquid crystal display device incorporated with the dif-
fractive optical element 522 (S6=1 um, S7=1 pm, S8=1 um,
D3=D4=D5=1 pm, S9=S10=S11=1 pm, K3=K4=K5=28 jum)
as shown in FIG. 38, and of which the azimuth angle of the
polarizing direction of the polarizer (the upper polarizer) on
the light emitting side is 90 degrees, and the azimuth angle of
the polarizing direction of the polarizer (the lower polarizer)
adjacent to the backlight module is O degree. The white state
and the black state of the liquid crystal display device are
measured forevery 5 degrees of counter-clockwise rotating of
the diffractive optical element 522. In addition, the contrast
value (white state (255 gray level) brightness/black state (0
gray level) brightness) and the normalization brightness of
each gray level (brightness of each gray level/white state (255
gray level) brightness) are calculated. The experimental
results are shown in table 5. In table 5, 0 degree indicates that
the azimuth angle of the diffraction grating 534 of the grating
region 533 is 135 degrees (able to be regard as -45 degrees),
the azimuth angle of the diffraction grating 544 of the grating
region 543 is O degree, and the azimuth angle of the diffrac-
tion grating 554 of the grating region 553 is 45 (+45) degrees.
+5 degrees indicates that the azimuth angle of the diffraction
grating 534 of the grating region 533 is 140 degrees, the
azimuth angle of the diffraction grating 544 of the grating
region 543 is 5 degrees, and the azimuth angle of the diffrac-
tion grating 554 of the grating region 553 is 50 degrees. The
rest can be deduced by analogy. The azimuth angle of the
polarizing direction 505 of the polarizer on the light emitting
side is fixed at 90 degrees. From the results shown in table 5,
it is found that the display device has the higher contrast
values as the azimuth angle of the diffraction grating 544 is in
a range between 45190 degrees, preferably in a range
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between 45+15 degrees, or in a range between -45+90
degrees, preferably in a range between -45x10 degrees.

TABLE 5
azimuth angle of

diffraction Central
grating 544 contrast
-85 738.2421
-80 752.2627
=75 766.3064
=70 794.7366
-65 820.2245
-60 859.1368
-55 886.9945
=50 919.2953
-45 930.3117
-40 926.0811
-35 881.7187
-30 844.9017
=25 795.7842
=20 758.2301
-15 716.3835
-10 692.7616
-5 681.3729
0 683.8843
5 680.8817
10 692.7406
15 737.8889
20 754.3182
25 815.0332
30 842.9949
35 881.5935
40 926.1159

45 939.548
50 919.6185
35 887.0896
60 880.1491
65 819.8475

70 793.929
75 763.1694
80 751.1818
85 737.3529
90 729.1562

[0076] A measuring method for the characteristics is
adjusting the angle of the diffraction grating, and measuring
the difference between the normalization brightness of the
display device at the zenith angle of 0° and the brightness of
the display device at the zenith angles 0f45° or 60° at specific
gray levels to obtain a normalization brightness difference.
The display device without using the diffractive optical ele-
ment is one comparative exaniple.

[0077] The test results show that at the observation angle
=0 degree, the greatest difference value (15.66%) between
the normalization brightness at the zenith angle 0=45 degrees
and the normalization brightness at the zenith angle 6=0
degree of comparative example is at the 112 gray level. There-
fore, this test takes 112 gray level as an observation standard
for the condition of (0,)=(45,0). The difference value
between the normalization brightness of the display device
with the diffractive optical element 212 in embodiments is
smaller than that in comparative examples. The difference
value between the normalization brightness of the display
device with the diffractive optical element 522 in embodi-
ments is smaller than that in comparative examples. In
embodiments, the azimuth angle of the diffraction grating
522 may be in a range of -90~-30 degrees in which the
normalization brightness difference is still acceptable, orina
range of —=90~-70 degrees in which a variation degree of the
optimum values of the normalization brightness difference at
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0 of 45° and 0° is under 10%. Table 5 shows the symmetrical
characteristic of the diffractive optical element 522, indicat-
ing that the azimuth angle of the diffraction grating 544 can be
in a range between -90+60 degrees, preferably in a range
between —=90+20 degrees. In detail, for example, from the
results in table 6A, it is found that the difference value
between the normalization brightness values of 112 gray level
at =45 degrees and 6=0 degree becomes bigger as the azi-
muth angle of the diffraction grating 544 of the diffractive
optical element 522 is more diverged from -90 degrees. As
the divergence is about -30 degrees, the difference value has
the biggest value (10.97%), still smaller than the difference
value (15.66%) of comparative example. Comparing the
results in table 2A and table 6A founds that the effect of
rotating the diffractive optical element 522 is weaker than that
of rotating the diffractive optical element 212.

[0078] The test results also show that at observation angle
=0 degree, the greatest difference value (26.33%) between
the normalization brightness at the zenith angle 0=60 degrees
and the normalization brightness at the zenith angle 6=0
degree of comparative example is at the 104 gray level. There-
fore, this test takes 104 gray level a an observation standard
for the condition of (0,y)=(60,0). The difference value
between the normalization brightness values of the display
device with the diffractive optical element 522 in embodi-
ments is smaller than that in comparative examples. In
embodiments, the azimuth angle of the diffraction grating
544 may be in a range of -90~-30 degrees in which the
normalization brightness values are all improved, or in a
range of -90~-40 degrees in which in which a variation
degree of the optimum values of the normalization brightness
difference at 0 of 60° and 0° is under 10%. In detail, for
example, from the results in table 6A, it is found that the
difference value between the normalization brightness values
0f 104 gray level at 6=45, 60 degrees and 6=0 degree becomes
bigger as the azimuth angle of the diffraction grating 544 of
the diffractive optical element 522 is more diverged from =50
degrees. As the divergence is about =50 degrees, the differ-
ence value has the smallest value (12.75%). As the divergence
is about =30 degrees, the difference value has the biggest
value (15.33%), still smaller than the difference value (26.
33%) of comparative example.

TABLE 6A
(1 = 0 degree)
Normalization Normalization
brightness brightness
difference difference normal-
azimuth between 0 of normal- between 6 of  ization
angle of 45° and 0° ization 60° and 0° difference
diffraction (gray level difference at (gray level at
grating 544 112) 6 of 45° 104) 8 of 60°
comparative 15.66% — 26.33% —
example
-90 8.98% 100.00% 13.28% 100.00%
-80 9.68% 107.74% 14.07% 105.94%
-70 9.52% 105.95% 12.85% 96.77%
—-60 9.99% 111.21% 13.43% 101.10%
-50 10.04% 111.78% 12.75% 95.98%
-40 10.76% 119.79% 14.19% 106.83%
-30 10.97% 122.12% 15.33% 115.40%
[0079] At the observation angle =45 degrees, the greatest

difference value (15.27%) between the normalization bright-
ness at the zenith angle 8=45 degrees and the normalization



US 2013/0038804 A1

brightness at the zenith angle 6=0 degree of comparative
exampleis at the 128 gray level. Therefore, this test takes 128
gray level as an observation standard for the condition of
(8,)=(45,45). The difference value between the normaliza-
tion brightness values of the display device with the diffrac-
tive optical element 522 in embodiments is smaller than that
in comparative examples. In embodiments, the azimuth angle
of the diffraction grating 544 may be in a range of -90~-30
degrees, preferably in a range of =70~=30 degrees. In detail,
for example, from the results in table 6B, it is found that the
difference value between the normalization brightness values
of 128 gray level at 6=45 degrees and 6=0 degree becomes
bigger as the azimuth angle of the diffraction grating 544 of
the diffractive optical element 522 is more diverged from -50
degrees. As the divergence is about =80 degrees, the differ-
ence value has the biggest value (9.25%). still smaller than the
difference value of comparative example (15.27%).

[0080] The test results also show that at observation angle
=45 degrees, the greatest difference value (25.50%)
between the normalization brightness at the zenith angle
6=60 degrees and the normalization brightness at the zenith
angle 6=0 degree of comparative example is at the 136 gray
level.

[0081] Therefore, this test takes 136 gray level as an obser-
vation standard for the condition of (8,1)=(60.45). The dif-
ference value between the normalization brightness values of
the display device with the diffractive optical element 522 in
embodiments is smaller than thatin comparative examples. In
embodiments, the azimuth angle of the diffraction grating
544 may be in a range of -90~-30 degrees. In detail, for
example, from the results in table 6B, it is found that the
difference value between the normalization brightness values
of 136 gray level at 8=60 degrees and 6=0 degree becomes
bigger as the azimuth angle of the diffraction grating 544 of
the diffractive optical element 522 is more diverged from -70
degrees. As the divergence is about —-40 degrees, the differ-
ence value has the biggest value (11.98%), still smaller than
the difference value of comparative example (25.50%).

TABLE 6B

(1 = 45 degrees)

Normalization Normalization

brightness brightness
difference difference normal-
azimuth between 0 of normal- between 0 of  ization
angle of 45° and 0° ization 60°and 0°  difference
diffraction (gray level  difference at  (gray level at
grating 544 128) 0 of 45° 136) 6 of 60°
comparative 15.27% — 25.5% —
example
-90 9.13% 100.00% 11.57% 100.00%
-80 9.25% 101.26% 11.75% 101.55%
=70 8.38% 91.75% 11.00% 95.08%
-60 8.15% 89.18% 11.49% 99.35%
=30 7.63% 83.56% 11.31% 97.76%
-40 7.87% 86.14% 11.98% 103.56%
-30 8.24% 90.18% 11.94% 103.25%
Fourth Experimental Example
[0082] The experiment uses the Konica Minolta CS-2000

to measure the V260B3-LE1 multi-domain vertical aligned
type liquid crystal display device (the pixel of which is
1366%768,60 PPI, the long side of the pixel is 421 um) incor-
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porated with the diffractive optical element having the dif-
fraction grating of the single azimuth angle being the diffrac-
tive optical element 722 in FIG. 41 (similar to the diffractive
optical element 212 in FIG. 17), the diffractive optical ele-
ment 822 in FIG. 42 and the diffractive optical element 922 in
FIG. 43 respectively. The diffractive optical element 722 in
FIG. 41 is obtained by setting the diffractive optical element
212 of the first embodiment into the azimuth angle of the
diffraction grating of the grating region at =90 degrees. The
diffractive optical element 822 in FIG. 42 is obtained by
setting the diffractive optical element 212 of the first embodi-
ment into the azimuth angle of the diffraction grating of the
grating region at —45 degrees. The diffractive optical element
922 in FIG. 43 is obtained by setting the diffractive optical
element 212 of the first embodiment into the azimuth angle of
the diffraction grating of the grating region at 0 degree. In
addition, the azimuth angle of the polarizing direction of the
polarizer (the upper polarizer) on the light emitting side of the
liquid crystal display device is set at 90 degrees, that is, the
direction of the absorbing axis is set at 0 degree. Moreover,
the azimuth angle of the polarizing direction of the polarizer
(the lower polarizer) adjacent to the backlight module is set at
0degree, that is, the direction of the absorbing axis is set at 90
degrees.

[0083] FIG. 44 shows curves of the brightness in the white
state and the contrast of the display device with the fixed
azimuth angle § (FIG. 1) of 0 degree and various zenith
angles 0. FIG. 45 shows curves of the brightness in the black
state of the display device with the fixed azimuth angle 1 of 0
degree and various zenith angles 0. FIG. 46 shows curves of
the brightness in the white state and the contrast of the display
device with the fixed azimuth angle \} of 90 degrees and
various zenith angles 0. FIG. 47 shows curves of the bright-
ness in the black state of the display device with the fixed
azimuth angle 1 of 90 degrees and various zenith angles 6.
From the results shown in FIGS. 44-47, it is found that the
contrast difference is mainly due to the variation of the bright-
ness in the black state since the variation of the brightness in
the white state due to the variation of the measuring angle is
gentle. FIG. 45 shows that in the observation resultat the front
view (8=0° in the horizontal direction, i.e. at the azimuth
angle =0 degree, the display device exhibits a preferable
black state, i.c. a lower brightness in the black state, as the
azimuth angle of the diffraction grating is set at 0 degree, =90
degrees. In the observation result at the horizontal side view
(p=0°), the display device exhibits a preferable black state as
the azimuth angle of the diffraction grating is set at -90
degrees. FIG. 47 shows that in the observation result at the
front view (6=0°) in the vertical direction, i.e. at the azimuth
angle =90 degrees, the display device exhibits a preferable
black state as the azimuth angle of the diffraction grating is set
at 0 degree, =90 degrees. In the observation result at the
vertical side view ()=90°), the display device exhibits a pref-
erable black state as the azimuth angle of the diffraction
grating is set at O degree.

[0084] FIG. 48 shows curves of the brightness in the black
state and the central contrast of the display device having the
diffractive optical element having the diffraction grating of
the single azimuth angle at front view of various azimuth
angles 1. From FIG. 48, it is found that the big central con-
trast occurs in the condition that the azimuth angle of the
diffraction grating is set at 90-15 (i.e. subtracting 15 from 90)
degrees~90+15 (i.e. 90 plus 15) degrees, or 0-15 degrees~0+
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15 degrees. The biggest the central contrast occurs in the
condition that the azimuth angle of the diffraction grating is
set at 90 degrees, or 0 degree.

Fifth Experimental Example

[0085] The experiment uses the Konica Minolta CS-2000
to measure the V260B3-LE1 multi-domain vertical aligned
type liquid crystal display device (the pixel of which is
1366%768,60 PPI, the long side of the pixel is 421 pum) incor-
porated with the diffractive optical element having the dif-
fraction grating of two kinds of the azimuth angles being the
diffractive optical element 1022 in FIG. 49 (similar to the
diffractive optical element 32 in FIG. 2), the diffractive opti-
cal element 1122 in FIG. 50 and the diffractive optical ele-
ment 1222 in FIG. 51 respectively. The diffractive optical
element 1022 in FIG. 49 is obtained by setting the diffractive
optical element 462 of the second embodiment into the azi-
muth angle of the diffraction grating 1054 of the grating
region 1053 at 0 degree as the standard. The diffractive optical
element 1122 in FIG. 50 is obtained by setting the diffractive
optical element 462 of the second embodiment into the azi-
muth angle of the diffraction grating 1154 of the grating
region 1153 at -45 degrees as the standard. The diffractive
optical element 1222 in FIG. 51 is obtained by setting the
diffractive optical element 462 of the second embodiment
into the azimuth angle of the diffraction grating 1254 of the
grating region 1253 at =90 degrees as the standard. In addi-
tion, the azimuth angle of the polarizing direction of the
polarizer (the upper polarizer) on the light emitting side of the
liquid crystal display device is set at 90 degrees, that is, the
direction of the absorbing axis is set at 0 degree. Moreover,
the azimuth angle of the polarizing direction of the polarizer
(the lower polarizer) adjacent to the backlight module is set at
0 degree, that is, the direction of the absorbing axis is set at 90
degrees.

[0086] FIG. 52 shows curves of the brightness in the white
state and the contrast of the display device with the fixed
azimuth angle } (FIG. 1) of 0 degree and various zenith
angles 0. FIG. 53 shows curves of the brightness in the black
state of the display device with the fixed azimuth angle 1 of 0
degree and various zenith angles 0. FIG. 54 shows curves of
the brightness in the white state and the contrast of the display
device with the fixed azimuth angle 1 of 90 degrees and
various zenith angles 0. FIG. 55 shows curves of the bright-
ness in the black state of the display device with the fixed
azimuth angle \} of 90 degrees and various zenith angles 6.
From the results shown in FIGS. 52-55, it is found that the
contrast difference is mainly due to the variation of the bright-
ness in the black state. FIGS. 53 and 55 show that in the
observation result at the front view (6=0°), the display device
exhibits a preferable black state as the azimuth angle of the
diffraction grating is set at 0 degree, =90 degrees. FIG. 53
shows that in the observation result at the horizontal side view
(=0 degree), the display device exhibits a preferable black
state as the azimuth angle of the diffraction grating is set at 0
degree, =90 degrees, and at the small zenith angle 8 (-25~25
degrees). FIG. 55 shows that in the observation result at the
vertical side view ()=90°), the display device exhibits a pref-
erable black state as the azimuth angle of the diffraction
grating is set at 0 degree, =90 degrees, and at the small zenith
angle 0 (-25~25 degrees).

[0087] FIG. 56 shows curves of the brightness in the black
state and the central contrast of the display device having the
diffractive optical element having the diffraction grating of
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two kinds of the azimuth angles at front view of various
azimuth angles 1. From FIG. 56, it is found that the big
central contrast occurs in the condition that the azimuth angle
of the diffraction grating is set at 90-15 (i.e. subtracting 15
from 90) degrees~90+15 (i.e. 90 plus 15) degrees, or =15
degrees~+15 degrees. The biggest the central contrast occurs
in the condition that the azimuth angle of the diffraction
grating is set at 90 degrees, or 0 degree.

Sixth Experimental Example)>

[0088] The experiment uses the Konica Minolta CS-2000
to measure the V260B3-LE1 multi-domain vertical aligned
type liquid crystal display device (the pixel of which is
1366%768,60 PPI, the long side of the pixel is 421 pm) incor-
porated with the diffractive optical element having the dif-
fraction grating of three kinds of the azimuth angles being the
diffractive optical element 1322 in FIG. 57 (similar to the
diffractive optical element 82 in FIG. 4), the diffractive opti-
cal element 1422 in FIG. 58 and the diffractive optical ele-
ment 1522 in FIG. 59 respectively. The diffractive optical
element 1322 in FIG. 57 is obtained by setting the diffractive
optical element 522 of the third embodiment into the azimuth
angle of the diffraction grating 1354 of the grating region
1353 at 0 degree as the standard. The diffractive optical ele-
ment 1422 in FIG. 58 is obtained by setting the diffractive
optical element 522 of the third embodiment into the azimuth
angle of the diffraction grating 1454 of the grating region
1453 at -45 degrees as the standard. The diffractive optical
element 1522 in FIG. 59 is obtained by setting the diffractive
optical element 522 of the third embodiment into the azimuth
angle of the diffraction grating 1554 of the grating region
1553 at -90 degrees as the standard. In addition, the azimuth
angle of the polarizing direction of the polarizer (the upper
polarizer) on the light emitting side of the liquid crystal dis-
play device is set at 90 degrees, that is, the direction of the
absorbing axis is set at 0 degree. Moreover, the azimuth angle
of the polarizing direction of the polarizer (the lower polar-
izer) adjacent to the backlight module is set at 0 degree, that
is, the direction of the absorbing axis is set at 90 degrees.

[0089] FIG. 60 shows curves of the brightness in the white
state and the contrast of the display device with the fixed
azimuth angle iv (FIG. 1) of 0 degree and various zenith
angles 8. FIG. 61 shows curves of the brightness in the black
state of the display device with the fixed azimuth angle 1 of 0
degree and various zenith angles 6. FIG. 62 shows curves of
the brightness in the white state and the contrast of the display
device with the fixed azimuth angle 1 of 90 degrees and
various zenith angles 0. FIG. 63 shows curves of the bright-
ness in the black state of the display device with the fixed
azimuth angle 1 of 90 degrees and various zenith angles 0.
From the results shown in FIGS. 60-63, it is found that the
contrast difference is mainly due to the variation of the bright-
ness in the black state. FIGS. 61 and 63 show that in the
observation result at the front view (6=0°), the display device
exhibits a preferable black state as the azimuth angle of the
diffraction grating is set at —-45 degrees. FIG. 61 shows that in
the observation result at the horizontal side view (=0
degree), the display device exhibits a preferable black state as
the azimuth angle of the diffraction grating is set at —90
degrees, and at the medium zenith angle 0 (about 25~60
degrees, —25~-60 degrees). FIG. 63 shows that in the obser-
vation result at the vertical side view (=90°), the display
device exhibits a preferable black state as the azimuth angle
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of the diffraction grating is set at 0 degree, and at the medium
zenith angle 6 (about 25~60 degrees, —25~-60 degrees).
[0090] FIG. 64 shows curves of the brightness in the black
state and the central contrast of the display device having the
diffractive optical element having the diffraction grating of
three kinds of the azimuth angles at front view of various
azimuth angles . From FIG. 64, it is found that the big
central contrast occurs in the condition that the azimuth angle
of the diffraction grating is set at =40-15 (i.e. subtracting 15
from -40) degrees~-40+15 (i.e. =40 plus 15) degrees, or
50-15 degrees~50+15 degrees. The biggest the central con-
trast occurs in the condition that the azimuth angle of the
diffraction grating is set at —40 degrees, or 50 degrees.
[0091] In conclusion, from the fourth experimental
example, the fifth experimental example, the sixth experi-
mental example, it is found that in the observation result at the
horizontal side view (=0 degree), the display device exhibits
apreferable black state as the azimuth angle of the diffraction
grating is set at 90 degrees. In the observation result at the
vertical side view ()=90°), the display device exhibits a pref-
erable black state as the azimuth angle of the diffraction
grating is set at O degree.

[0092] While the disclosure has been described by way of
exampleand in terms of the exemplary embodiment(s), it is to
beunderstood that the disclosure is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A display apparatus, comprising:

aliquid crystal display device, comprising:

a backlight module; and

a liquid crystal panel comprising a first substrate, a sec-
ond substrate and a liquid crystal layer, wherein the
liquid crystal layer is disposed between the first sub-
strate and the second substrate and includes liquid
crystal molecules,

as no electrical field is applied in the liquid crystal layer,
liquid crystal molecules are substantially perpendicu-
lar to surfaces of the first substrate and the second
substrate, or the molecules have a pretilt angle sub-
stantially equal to or bigger than 60 degrees with the
surfaces of the first substrate and the second substrate,

as an electrical field is applied in the liquid crystal layer,
the liquid crystal molecules are tilted into a liquid
crystal tilt direction by the electrical field;

a first polarizer disposed on the first substrate;

a second polarizer disposed between the second substrate

and the backlight module, wherein a polarizing direction
of the first polarizer is substantially perpendicular to a
polarizing direction of the second polarizer; and

a diffractive optical element including a first diffraction

grating and disposed on a light emitting side of the first
polarizer, wherein an azimuth angle the first diffraction
grating is counted from an absorbing axis of the first
polarizer as standard.

2. The display apparatus according to claim 1, wherein the
azimuth angle of the first diffraction grating is in a range
between 0=15 degrees or a range between 9010 degrees.

3. The display apparatus according to claim 1, wherein the
azimuth angle of the first diffraction grating is in a range
between —90x60 degrees.
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4. The display apparatus according to claim 3, wherein the
azimuth angle of the first diffraction grating is in a range
between -90x20 degrees.

5. The display apparatus according to claim 1, wherein the
azimuth angle of the first diffraction grating is in a range of
-90 degrees to =30 degrees.

6. The display apparatus according to claim 5, wherein the
azimuth angle of the first diffraction grating is in a range of
-80 degrees to —40 degrees.

7. The display apparatus according to claim 5, wherein the
azimuth angle of the first diffraction grating is in a range of
-60 degrees to —40 degrees or in a range of 60 degrees to 40
degrees.

8. The display apparatus according to claim 1, wherein the
diffractive optical element further comprises a second dif-
fraction grating, the azimuth angle of the first diffraction
grating is different from an azimuth angle of the second
diffraction grating.

9. The display apparatus according to claim 8, wherein the
azimuth angle of the first diffraction grating is different from
the azimuth angle of the second diffraction grating by 90
degrees.

10. The display apparatus according to claim 9, wherein the
azimuth angle of the first diffraction grating is in a range
between 0+15 degrees or in a range between 90+10 degrees.

11. The display apparatus according to claim 9, wherein the
azimuth angle of the first diffraction grating is in a range of 0
degree to 105 degrees.

12. The display apparatus according to claim 9, wherein the
azimuth angle of the first diffraction grating is in a range of
0~60 degrees.

13. The display apparatus according to claim 9, wherein the
azimuth angle of the first diffraction grating is in a range of
20~60 degrees.

14. The display apparatus according to claim 8, wherein the
diffractive optical element further comprises a third diffrac-
tion grating, an azimuth angle of the third diffraction grating
is different from the azimuth angle of the first diffraction
grating and the azimuth angle of the second diffraction grat-
ing.

15. The display apparatus according to claim 14, wherein
the azimuth angle of the first diffraction grating is different
from the azimuth angle of the second diffraction grating by 45
degrees, the azimuth angle of the first diffraction grating is
different from the azimuth angle of the third diffraction grat-
ing by 135 degrees.

16. The display apparatus according to claim 15, wherein
the azimuth angle of the first diffraction grating is in a range
between 4590 degrees or in a range between -45:+90
degrees.

17. The display apparatus according to claim 16, wherein
the azimuth angle of the first diffraction grating is in a range
between 45x15 degrees or in a range between -45:10
degrees.

18. The display apparatus according to claim 15, wherein
the azimuth angle of the first diffraction grating is in a range
between —90+60 degrees.

19. The display apparatus according to claim 18, wherein
the azimuth angle of the first diffraction grating is in a range
between 9020 degrees.

20. The display apparatus according to claim 15, wherein
the azimuth angle of the first diffraction grating is in a range
of =90 degrees to =30 degrees.
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21. The display apparatus according to claim 20, wherein
the azimuth angle of the first diffraction grating is in a range
of =70 degrees to =30 degrees.

22. A polarizer for a multi-domain vertical aligned liquid
crystal display apparatus, comprising;

a first polarizer having a light absorbing axis; and

a diffractive optical element including a first diffraction

grating and disposed on a side of the first polarizer,
whereinanincluded angle between a grating direction of
the first diffraction grating and the light absorbing axis is
in a range between 015 degrees or in a range between
90£10 degrees.

23. The polarizer according to claim 22, wherein the dif-
fractive optical element further includes a second diffraction
grating, the grating direction of the first diffraction grating is
different from a grating direction of the second diffraction
grating, and an included angle between the grating direction
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of the first diffraction grating and the grating direction of the
second diffraction grating is substantially 90 degrees.

24. The polarizer according to claim 22, wherein the dif-
fractive optical element further includes a third diffraction
grating, a grating direction of the third diffraction grating is
different from the grating direction of the first diffraction
grating and the grating direction of the second diffraction
grating.

25. The polarizer according to claim 24, wherein an
included angle between the grating direction of the first dif-
fraction grating and the grating direction of the second dif-
fraction grating is substantially 45 degrees, an included angle
between the grating direction of the first diffraction grating
and the grating direction of the third diffraction grating is
substantially 135 degrees.

* ok %k
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