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FIG. 1A
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FIG. 2A
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FIG. 3A
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SEMI-TRANSMISSIVE LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a semi-transmis-
sive liquid crystal display device and more particularly to
the configuration of optical control layers provided on the
front side of a display panel.

[0003] 2. Description of the Related Art

[0004] In recent years, a semi-transmissive liquid crystal
display device has been used for applications, such as a PDA
(personal digital assistant), a portable telephone and a por-
table electronic device, in which suppressed power con-
sumption and improved display performance are required.
For such applications, the semi-transmissive liquid crystal
display device is preferred which utilizes external light such
as sunlight or illumination light at daytime or under bright
indoor environment and further utilizes backlight at night-
time or under dark indoor environment.

[0005] However, when the semi-transmissive liquid crys-
tal display device is used mainly in a transmissive mode
using backlight at nighttime, the device occasionally causes
a phenomenon in which the viewing angle characteristics of
the device deteriorates depending on the viewing angle in
relation to a display screen. In addition, when the semi-
transmissive liquid crystal display device is used mainly in
a reflective mode using sunlight at daytime, the device
causes a phenomenon in which parallel rays of sunlight
incident on the liquid crystal display device are diffracted
within the device to produce rainbow-colored and stripe-
shaped light or radial light. In order to prevent those
phenomena, the surface of display device is, in some cases,
processed to convert incident light to scattered light. The
conversion of incident light is generally performed by
forming an anti-glare (AG) layer on the surface of the
display device. However, the surface of display device thus
processed causes sunlight to be scattered backward off the
display device (hereinafter, referred to as backward scatter-
ing), i.e., scattered toward a viewer, resulting in the phe-
nomenon in which the entire screen cannot be viewed
depending on the viewing angle because of white represen-
tation on the entire screen.

SUMMARY OF THE INVENTION

[0006] Accordingly, an object of the present invention is to
provide a liquid crystal display device capable of exhibiting
excellent viewing-angle characteristics and suppressing the
degree to which sunlight is scattered backward off the
display screen of the device.

[0007] According to the present invention, there is pro-
vided a semi-transmissive liquid crystal display device
includes a liquid crystal panel having a plurality of pixels,
each of the pixels being divided into a transmissive region
and a reflective region; a backlight member disposed behind
the liquid crystal panel; a diffraction film disposed on a front
side of the liquid crystal panel so as to diffract a transmissive
light from the backlight member through the transmissive
region; and a scattering layer disposed between the diffrac-
tion film and the liquid crystal panel so as to scatter an
external light entering the reflective region through the
diffraction film.
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[0008] The semi-transmissive liquid crystal display device
thus configured has the following preferable applications.

[0009] According to the first aspect of the liquid crystal
display device of the invention, the device further includes
a polarizer disposed between the diffraction film and the
scattering layer.

[0010] According to the second aspect of the liquid crystal
display device of the invention, the diffraction film serves as
a Bragg grating.

[0011] According to the third aspect of the liquid crystal
display device of the invention, the diffraction film diffracts
the light from the backlight member toward upper region of
the liquid crystal panel.

[0012] According to the fourth aspect of the liquid crystal
display device of the invention, in the third aspect, the
diffraction film is formed such that two layers having
refractive indexes different from each other are alternately
laminated at an angle inclined in relation to the horizontal
direction and the two layers extend in left/right directions
with respect to a display plane of the liquid crystal panel.

[0013] According to the fifth aspect of the liquid crystal
display device of the invention, the light scattering layer is
formed by dispersing fine particles selected from the group
consisting of a plurality of fine circular particles and a
plurality of fine polyhedral particles into a transparent resin
as a matrix.

[0014] According to the sixth aspect of the liquid crystal
display device of the invention, the scattering layer allows
the external light to transmit therethrough exhibiting a
transmittance not less than 80%.

[0015] According to the seventh aspect of the liquid
crystal display device of the invention, the liquid crystal
panel includes a liquid crystal layer sandwiched between a
first substrate provided with a color layer and a second
substrate provided with a plurality of pixel electrodes, and is
constructed such that the second substrate is located on a
side of the backlight member and each of the pixel elec-
trodes comprises a transparent electrode for the transimis-
sive region and a reflective electrode for the reflective
region.

[0016] According to the eighth aspect of the liquid crystal
display device of the invention, the seventh aspect of the
device further comprises a polarizer disposed between the
diffraction film and the scattering layer in which the diffrac-
tion film diffracts the light from the backlight member
toward upper region of the liquid crystal panel.

[0017] According to the ninth aspect of the liquid crystal
display device of the invention, in the seventh aspect of the
device, the first substrate has a V). plate 21, a light
scattering layer, a %) plate, the polarizer, a V4. plate and
the diffraction film in order provided on a surface
thereof opposite the liquid crystal layer, and the second
substrate has a %) plate, a 25 plate and a polarizer in
order provided on a surface thereof opposite the liquid
crystal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1A is a schematic cross-sectional view of a
pixel of the semi-transmissive liquid crystal display device
of an embodiment of the present invention;
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[0019] FIG. 1B is a schematic view showing the posi-
tional relationship between an eye of a viewer and the
semi-transmissive liquid crystal display device;

[0020] FIG. 2A illustrates a cross sectional view of one
pixel of the semi-transmissive liquid crystal display device
configured to remove a light scattering layer from the device
shown in FIG. 1A,

[0021] FIG. 2B illustrates a cone coordinate graph indi-
cating contrast characteristics of the device when a view-

point is changed with respect to the display screen of the
device shown in FIG. 1A;

[0022] FIG. 3A illustrates a schematic cross sectional
view of one pixel of the semi-transmissive liquid crystal
display device configured to remove a diffraction film and a
light scattering layer from the device shown in FIG. 1A,

[0023] FIG. 3B illustrates a cone coordinate graph indi-
cating the contrast characteristics of the device shown in
FIG. 3A;

[0024] FIG. 4 schematically illustrates the relationship
between transmissive light and scattered light when parallel

rays transmit through a diffraction film of the diffraction
film;

[0025] FIG. 5 illustrates the viewing angle characteristics
of the semi-transmissive liquid crystal display devices with
and without the light scattering layer shown in FIG. 1,
respectively; and

[0026] FIG. 6A illustrates a cross sectional view of one
pixel of the semi-transmissive liquid crystal display device
for explaining the effect of the position of the light scattering
layer of the present invention; and

[0027] FIG. 6B illustrates a cross sectional view of one
pixel of a conventional semi-transmissive liquid crystal
display device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] Anembodiment of a semi-transmissive liquid crys-
tal display device according to the present invention will be
explained below with reference to the accompanying draw-
ings. FIG. 1A is a schematic cross-sectional view of one
pixel of the semi-transmissive liquid crystal display device
of the present invention. Specifically, FIG. 1A is an enlarged
view of multiple optical control layers provided on surfaces
of individual substrates on sides thereof opposite a liquid
crystal layer. In this case, a transmissive region is shown in
the left half of the figure and a reflective region is shown in
the right half. FIG. 1B is a schematic view showing the
positional relationship between a viewer and the semi-
transmissive liquid crystal display device, and the schematic
view is comprised only of the liquid crystal layer and the
individual substrates interposing the liquid crystal layer
therebetween for simplicity.

[0029] Referring to FIG. 1A, a color-filter substrate 2
(hereinafter, referred to as a “CF substrate”) and a thin-film
transistor substrate 3 (hereinafter, referred to as a “TFT
substrate™) are disposed sandwiching a liquid crystal layer 1.
In this case, provided in the transmissive region of the TFT
substrate a transparent electrode 41 facing the liquid crystal
layer 1 and provided in the reflective region thereof a
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reflective electrode 42 facing the liquid crystal layer 1. On
the other hand, provided over the transmissive and reflective
regions of the CF substrate 2 a color layer 43 facing the
liquid crystal layer 1. In addition, disposed on a surface of
the CF substrate 2 opposite the liquid crystal layer 1 are a
Vap. plate 21, a light scattering layer 22, a %} plate 23, a
polarizer 24, a ¥4). plate 25, a diffraction film 26 such as
a diffraction grating film and a surface treatment layer
(not shown) such as an anti-reflection layer, thereby
constituting a liquid crystal cell 100 corresponding to one
pixel. Furthermore, if desired, the diffraction film 26
may be used together with, a polyethylene terephthalate
(referred to as “PET”) film provided thereon and having
antiscratch properties. The diffraction film 26 preferably
serves as a Bragg grating.

[0030] As for the TFT substrate 3, disposed on a surface
of the TFT substrate 3 opposite the liquid crystal layer 1 are
a Vap plate 31, a Y25 plate 33 and a polarizer 34 in order,
thereby constituting the liquid crystal cell 100 corre-
sponding to one pixel. In addition, a light source 36 as a
backlight member is disposed behind the polarizer 34.

[0031] How the good viewing-angle characteristics are
obtained in the inventive semi-transmissive liquid crystal
display device will be described with reference to graphs.

[0032] FIG. 2A illustrates a cross sectional view of one
pixel of the semi-transmissive liquid crystal display device
provided with the diffraction film of commercially available
“LUMISTY” (registered trade mark; manufactured by
Sumitomo Chemical Co., Ltd.) as a Bragg grating while the
light scattering layer 22 is removed therefrom, and FIG. 2B
illustrates a cone coordinate graph indicating the viewing
angle characteristics of the device when a viewpoint is
changed with respect to the display screen of the device.
FIG. 3A illustrates the schematic cross sectional view of one
pixel of the semi-transmissive liquid crystal display device
configured to remove both the diffraction film 26 and the
light scattering layer 22 from the device shown in FIG. 1A,
and FIG. 3B illustrates a cone coordinate graph indicating
the viewing angle characteristics of the device. In this case,
a view point from a position normal to the display surface
corresponds to the center of a circle and is represented by
(0°, 0°). Contour lines drawn concentrically ranging from 0°
to 90° represent an angle inclined in relation to the normal
of the display surface, and the radius drawn counterclock-
wise ranging from 0°, which is assumed to correspond to the
right direction on the paper, to 360° represents the direction
of the viewpoint.

[0033] How the diffraction film 26 operates will be briefly
explained below with reference to FIG. 4. The diffraction
film 26 consists of multiple layers containing a plurality of
laminated films comprised of two transparent and inclined
layers having refractive indexes different from each other
and disposed at a specific angle with respect to the direction
of film thickness of the diffraction film 26. When parallel
rays of light are vertically incident on the diffraction film, a
major part of the parallel rays transmits through the diffrac-
tion film and the remainder (about 20% of the rays) is
reflected by the boundary between the two layers having
refractive indexes different from each other. The reflected
light travels within the corresponding layer while being
reflected multiple times by the boundaries between the layer
in problem and the other layer adjacent thereto, and finally,
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exits from the diffraction film at a specific angle (for
example, ranging from 0 to 50 degrees) in relation to the
normal of the film. That is, the diffraction film operates such
that it allows light incident thereon to mainly exit therefrom
vertically (the component of light corresponds to light
indicated by (0°, 0°) of FIGS. 2B, 3B) while partly exiting
at a specific angle in relation to the normal of the film, i. e.,
in a direction towards a viewer who views from upper side
of the display screen of the device, thereby serving as a
Bragg grating. Such operation can be realized by disposing
the inclined layers of the laminated films of the diffraction
film 26 so as to extend in right/left directions (horizontal
direction) on the display screen of the panel.

[0034] The cone coordinate graph shown in FIG. 2B
teaches that the device having the diffraction film 26 therein
has the area, which is enclosed by the line indicating contrast
of 100 or higher in the cone coordinate, larger than that
obtained by measuring the viewing-angle characteristics of
the device having no diffraction film particularly at 90
degree direction (corresponding to view from an upper side
of the device) in the cone coordinate. This indicates that the
device having the diffraction film 26 therein has viewing
angle characteristics improved in comparison with those
observed in the device having no diffraction film. The reason
is as follows. That is, although the semi-transmissive liquid
crystal display device generally has contrast characteristics
in directions around (0°, 0°) in the cone coordinate signifi-
cantly improved, the device has contrast characteristics
deteriorated in directions other than the aforementioned
directions. In order to improve the contrast characteristics of
the device in the aforementioned directions, especially in
directions towards a viewer who views from upper side of
the display screen of the device, light incident on the device
is partially made to exit therefrom in the directions corre-
sponding to view from an upper side of the display screen of
the device.

[0035] FIG. 5 illustrates the viewing angle characteristics
(indicated by a dashed line) of the semi-transmissive liquid
crystal display device containing both the diffraction film
and the light scattering layer while comparing with those
(indicated by a solid line) of the device from which only the
light scattering layer is removed. In this case, the viewing
angle characteristics of the device are shown as a contrast
profile that is obtained by cutting the cone coordinate graph
corresponding to the viewing angle characteristics along a
line connecting the points of 90° and 270° in the cone
coordinate graph using a plane perpendicular to the bottom
surface of the cone. The graph indicates that a second peak,
observed at around 45 degree viewing angle when viewing
the device from an upper side of display, of the contrast
curve versus viewing-angle increases its height. In practice,
when a semi-transmissive liquid crystal display device is
prepared using the above-described configuration and the
device is viewed by eyes, the second peak can clearly be
identified, making a viewer feel that the viewing angle
characteristics of the device is significantly degraded. In
contrast, when the device has the light scattering layer 22
disposed nearer the liquid crystal layer than the diffraction
film, the second peak apparently reduces its height. In
practice, when a semi-transmissive liquid crystal display
device is prepared using the above-described configuration
and the device is viewed by actual eyes, the second peak
substantially disappears.
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[0036] This means that the device including the CF sub-
strate that has both the diffraction film and the light scat-
tering layer provided thereon has viewing angle character-
istics improved significantly in comparison with the device
including the CF substrate that has only the diffraction film
out of the above-described two components provided
thereon.

[0037] The light scattering layer 22 may be a layer having
high transmittance of light and causing significantly less
backward scattering than forward scattering of light incident
thereon. Furthermore, although the light scattering layer 22
can be realized by employing a single plate, it may also be
used as an adhesive layer to bond the Y4 plate 21 and the
153, plate 23 together. In more detail, the adhesive layer
may be constructed such that fine transparent beads are
dispersed into the adhesive layer as a matrix consisting
of an acrylic adhesive or the like. In order to cause
significantly less backward scattering than forward scat-
tering of light incident on the light scattering layer, the
material (e. g., a plastic material) having refractive index
not significantly different from that of the matrix is
preferably selected to constitute the beads. It is at least
required to prevent the light scattering layer from having
transmittance of light less than 80% and it is more
preferable to make the light scattering layer have transmit-
tance of light not less than 99.9%. For example, the acrylic
adhesive (refractive index =1.52) is made to contain silicone
beads (refractive index =1.46) or fluorinated plastic beads
(refractive index =1.3) having a particle diameter of 1 to 10
micrometers, so that the light scattering layer 22 has trans-
mittance of light not less than 80%. Detailed example of
light scattering layer is disclosed in, for example, JP 2001-
133606 A.

[0038] How the positional relationship between the light
scattering layer and the polarizer affects backward scattering
of light will be described in detail with reference to FIGS.
6A and 6B. FIG. 6A illustrates a cross sectional view of one
pixel of the semi-transmissive liquid crystal display device
configured to dispose the light scattering layer between the
polarizer and the liquid crystal layer, which configuration is
employed in the embodiment of the present invention. FIG.
6B illustrates a cross sectional view of one pixel of the
semi-transmissive liquid crystal display device configured to
dispose an anti-glare (AG) layer on the outer surface of the
polarizer, which configuration is employed in the conven-
tional technique. With respect to the above-described con-
figurations of the device, the degree to which light scattered
backward off the device is suppressed can be estimated
under the following conditions as follows.

[0039]
[0040] Sunlight: 2x10° (unit: cd/cm?)

(1) Essential Assumptions

[0041] Ratio of the amount of light scattered backward
off the AG layer to the total amount of light incident
thereon: 1.0%

[0042] Ratio of the amount of light scattered backward
off the light scattering layer to the total amount of light
incident thereon (hereinatter, referred to as backward
scattering ratio associated with light scattering layer):
0.1%

[0043] Transmittance of the polarizer: 49%
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[0044] Note that light except for light related to the
phenomenon where light incident on the corresponding layer
is scattered backward off the layer is excluded from the
figures and the calculation for simplicity (e.g., light scattered
forward off the corresponding layer or light reflected by a
reflector)

[0045] (2) Estimation Values Obtained by Calculating the
Intensity of Light Scattered (Unit: cd/cm®)

[0046] Inthe case of the embodiment (the optical layer for
the CF-substrate consists of: polarizer/light scattering layer/
liquid crystal layer), sunlight incident on the device passes
through the polarizer to reach the light scattering layer and
then, is partially scattered backward off the layer to again
pass through the polarizer, thereby exiting to the outside.
Then, the calculation is carried out under the aforementioned
conditions.

(Sunlight: 2 x 10%) x (Transmittance of the polarizer: 49%)% x
(Backward scattering ratio associated

with light seattering layer: 0.1%) = 0.48 x 10°

[0047] In the case of an example for comparison (the
optical layer for the CF-substrate consists of: AG layer/
polarizer/liquid crystal layer), the outer surface (positioned
opposite the liquid crystal layer) of the polarizer is rubbed to
have a roughened surface as the AG layer. Sunlight incident
on the device is partially scattered by the AG layer to exit to
the outside.

(Sunlight: 2x10%)x(Backward scattering ratio associ-
ated with light scattering layer:0.1%)=20x10°

[0048] As can be seen from the calculation, the device
configured to dispose the light scattering layer between the
polarizer and the liquid crystal layer allows the degree to
which light incident on the device is scattered backward off
the device to decrease more significantly than that observed
in the example for comparison.

[0049] Although the light scattering layer 22 is disposed
between the Yah plate 21 and the ‘%) plate 23, the light
scattering layer 22 is not limited to the above-described
positional relationship and may be disposed at any posi-
tion on the CF substrate to produce the same beneficial
advantages as those obtained by using the aforemen-
tioned device, as long as it is nearer the liquid crystal
layer than the polarizer 24.

[0050] As described above, the semi-transmissive liquid
crystal display device of the present invention is so config-
ured that the diffraction film is provided on the CF substrate
on a side thereof, on which the display screen is located, to
improve the viewing angle characteristics of the device. In
addition, the light scattering layer is provided on the CF
substrate and located nearer the liquid crystal layer than the
diffraction film to improve the viewing angle characteristics
of the device to a larger extent in comparison with the case
where the device employs only the diffraction film. Particu-
larly, disposing the light scattering layer on the CF substrate
nearer the liquid crystal layer than the polarizer makes it
possible to significantly reduce the degree to which sunlight
incident on the device is scattered backward off the device.
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What is claimed is:

1. A semi-transmissive liquid crystal display device com-
prising:

a liquid crystal panel having a plurality of pixels, each of
said pixels being divided into a transmissive region and
a reflective region;

a backlight member disposed behind said liquid crystal
panel;

a diffraction film disposed on a front side of said liquid
crystal panel so as to diffract a transmissive light from
said backlight member through said transmissive
region; and

a scattering layer disposed between said diffraction film
and said liquid crystal panel so as to scatter an external
light entering said reflective region through said dif-
fraction film.

2. The semi-transmisive liquid crystal display device
according to claim 1, further comprising a polarizer dis-
posed between said diffraction film and said scattering layer.

3. The semi-transmissive liquid crystal display device
according to claim 1, wherein said diffraction film serves as
a Bragg grating.

4. The semi-transmissive liquid crystal display device
according to claim 1, wherein said diffraction film diffracts
said light from said backlight member toward upper region
of said liquid crystal panel.

5. The semi-transmissive liquid crystal display device
according to claim 4, wherein said diffraction film is formed
such that two layers having refractive indexes different from
each other are alternately laminated at an angle inclined in
relation to the horizontal direction such that said two layers
are extended in left/right directions with respect to a display
plane of said liquid crystal panel.

6. The semi-transmissive liquid crystal display device
according to claim 1, wherein said light scattering layer is
formed by dispersing fine transparent particles selected from
the group consisting of a plurality of fine circular particles
and a plurality of fine polyhedral particles into a transparent
resin as a matrix.

7. The semi-transmissive liquid crystal display device
according to claim 1, wherein said scattering layer allows
said external light to transmit therethrough exhibiting a
transmittance not less than 80%.

8. The semi-transmissive liquid crystal display device
according to claim 1, wherein said liquid crystal panel
comprises a liquid crystal layer sandwiched between a first
substrate provided with a color layer and a second substrate
provided with a plurality of pixel electrodes, and wherein
said liquid crystal panel is constructed such that said second
substrate is located on a side of said backlight member and
each of said pixel electrodes comprises a transparent elec-
trode for said transimissive region and a reflective electrode
for said reflective region.

9. The semi-transmissive liquid crystal display device
according to claim 8, further comprising a polarizer dis-
posed between said diffraction film and said scattering layer
wherein said diffraction film diffracts said light from said
backlight member toward upper region of said liquid crystal
panel.
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10. The semi-transmissive liquid crystal display device layer, and wherein said second substrate has a Y42, plate,
according to claim 8, wherein said first substrate has a Vah a 2}, plate and a polarizer in order provided on a surface
plate 21, a light scattering layer, a Y2} plate, said polar- thereof opposite said liquid crystal layer.
izer, a Vi) plate and said diffraction film in order pro-
vided on a surface thereof opposite said liquid crystal L



patsnap

TRBER) EEHFAFREREE
NIF(2E)E US20030107691A1 [F(2E)A 2003-06-12
HiES US10/309016 HiEH 2002-12-04
B (E R AGR) NEC/Z\ 7]
MBI ERE(E RN AGE) GOLD CHARM LIMITED
[#RI&Z B A KANEKO WAKAHIKO
KUSANAGI HIDENORI
KA KANEKO, WAKAHIKO
KUSANAGI, HIDENORI
IPCH %5 G02F1/1335
CPCH %5 G02F1/133555 G02F1/133504
5 2001373379 2001-12-06 JP
H AT sk US6995819
SAEBEE Espacenet USPTO
FBE(F) < IRANSMISSIVE__: REFLECTIVE __
. oo — . o e e REGION ! REGION
AEANEEFURIEREENENRE  CEETEMENERELS :
HEREEETHBEMXBSHE K HEELHHE, REELITHESE (AR VL TA R AR WA RR SRR SR R WA RAl

I, MERENFEFERGESTREEEFEXATEARENAAR
=38

V7777777777777 7777777777725
7777777777777 7777+~ 24
U T~ 23
V7 7 777 X7 7777 7~9
T77777 7777777777777~

i S S U -2
i S

(777777777777 7 7 7 7 ~3

VL L7777 L L ~3

42

100


https://share-analytics.zhihuiya.com/view/fd510107-2b68-41c8-af30-ae5bb36851ef
https://worldwide.espacenet.com/patent/search/family/019182102/publication/US2003107691A1?q=US2003107691A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030107691%22.PGNR.&OS=DN/20030107691&RS=DN/20030107691

