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(57) ABSTRACT

A liquid crystal display device includes a backlight provided
on a liquid crystal cell in which a liquid crystal layer is
interposed between first and second substrates, a first polar-
izing plate is attached to the outside of the first substrate, and
a second polarizing plate is attached to the outside of the
second substrate. The liquid crystal cell and the backlight are
driven by a field sequential system. A diffusion film is pro-
vided on the first polarizing plate which is located on the
display surface side of the liquid crystal cell. The backlight is
acollimated backlight with a halfvalue width of20 degrees or
less. The viewing angle is increased by the diffusion film
while the reduction of the contrast due to the use of the
diffusion film is prevented by the collimated backlight, to
achieve a liquid crystal display device with sufficient
response time and contrast.
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LIQUID CRYSTAL DISPLAY DEVICE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese Patent Application JP 2013-219601 filed on Oct. 22,
2013, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND

[0002] The present invention relates to a display device
with a backlight, and more particularly, to a liquid crystal
display device using a field sequential system.

[0003] A display device with a backlight, for example, a
liquid crystal display device includes a TFT substrate in
which pixel electrodes, thin film transistors (TFT), and the
like, are formed in a matrix pattern. Further, a counter sub-
strate is disposed opposite the TFT substrate, in which a color
filters and the like are formed at positions corresponding to
the pixel electrodes of the TFT substrate. A liquid crystal is
interposed between the TFT substrate and the counter sub-
strate. Then, the transmittance of light caused by liquid crys-
tal molecules is controlled at every pixel to form images.
[0004] The liquid crystal display device can be made small
and thin, and is used in various fields. The liquid crystal does
notemit any light ofits own, so that a backlight is provided on
the back side of a liquid crystal display panel. In order to
improve the use efficiency of backlight, there is a technique to
increase the amount of light in the direction perpendicular to
the surface of the liquid crystal display panel by the use of a
prism sheet and the like.

[0005] Japanese Unexamined Patent Application Publica-
tion No. 2008-250334) describes a light collecting element
that can extract the emitted light as polarized light, without
being dependent on the azimuth angle, by laminating a cir-
cular polarizing reflection plate and a retardation plate. I
DW'11 LCT p4-14L describes an example of the diffusion
film.

SUMMARY

[0006] A so-called field sequential driving method is a driv-
ing method of the liquid crystal display device, which may
use color filters but can operate without using color filters, so
that the energy efficiency of the backlight is excellent.
[0007] FIGS. 7A and 7B are schematic views of the prin-
ciple of the field sequential system. FIG. 7A shows a pattern
displayedin the display area of the liquid crystal cell, showing
adisplay state ofa strip-shaped pattern of red, green, blue, and
white. FIG. 7B shows the state of the backlight emitting light
of red, green, and blue by diving one field into 3 subfields to
obtain the display of FIG. 7A. In other words, the display
pattern is changed by changing the signal voltage applied to
the liquid crystal cell according to the light emission period of
each color, to allow the pattern of FIG. 7A to be viewed after
the three subfields are displayed. FIGS. 7A and 7B show an
example of three subfields of general RGB. However, the
present invention is not limited to this example, and can also
be applied to a field sequential system for complementary
colors to emit light of colors that are complementary to one
another.

[0008] The most important problem for the field sequential
operation is that the response speed of the liquid crystal is
slow. In general, the response of the liquid crystal can be
expressed by Equation 1 and Equation 2.
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[0009] In Equation 1, toff is the response time when the

voltage is turned off, and ton is the response time when the
voltage is turned on. Further, y1 is the rotational viscosity
coefficient of the liquid crystal material, d is the gap of the
liquid crystal layer, K is the elastic constant of the liquid
crystal material, and Ae is the dielectric constant anisotropy.
[0010] As canbe seen from Equations 1 and 2, the response
time of the liquid crystal is proportional to the square of the
gap, and is proportional to the elastic constant. The elastic
constant depends on the liquid crystal display mode.
Although some liquid crystal display modes have a short
response time, there are also modes with insufficient viewing
angle. In addition, the contrast may be reduced with a con-
figuration in which the viewing angle is increased.

[0011] An object of the present invention is to achieve a
liquid crystal display device with sufficient response time for
the field sequential operation, and with sufficient viewing
angle or screen contrast.

[0012] The present invention is made to solve the above
problems with specific means as follows:

[0013] (1) There is provided a liquid crystal display device
including a backlight provided on the back side of a liquid
crystal cell in which a liquid crystal layer is interposed
between a first substrate and a second substrate, a first polar-
izing plate is attached to the outside of the first substrate, and
a second polarizing plate is attached to the outside of the
second substrate. The liquid crystal cell and the backlight are
driven by a field sequential system. A diffusion sheet is
attached on the first polarizing plate which is located on the
display surface side of the liquid crystal cell. The backlight is
acollimated backlight with a halfvalue width of20 degrees or
less.

[0014] (2) There is provided a liquid crystal display device
including a backlight provided on the back side of a liquid
crystal cell in which a liquid crystal layer is interposed
between a first substrate and a second substrate, a first polar-
izing plate is attached to the outside of the first substrate, and
a second polarizing plate is attached to the outside of the
second substrate. The liquid crystal cell and the backlight are
driven by a field sequential system. A diffusion film is pro-
vided between the first polarizing plate and the first substrate,
which are located on the display surface side of the liquid
crystal cell. Thebacklightis a collimated backlight with a half
value width of 20 degrees or less.

[0015] (3) There is provided a liquid crystal display device
including a backlight provided on the back side of a liquid
crystal cell in which a liquid crystal layer is interposed
between a first substrate and a second substrate, a first polar-
izing plate 1s attached to the outside of the first substrate, and
a second polarizing plate is attached to the outside of the
second substrate. The liquid crystal cell and the backlight are
driven by a field sequential system. A diffusion film is pro-
vided on the side of the liquid crystal layer of the first sub-
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strate, which is located on the display surface side of the
liquid crystal cell. The backlight is a collimated backlight
with a half value width of 20 degrees or less.

[0016] According to the present invention, it is possible to
achieve a field sequential system liquid crystal display device
with sufficient response speed for the field sequential opera-
tion, and with the useful viewing angle and contrast proper-
ties.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG.1isaschematic cross-sectional view of aliquid
crystal display device according to the present invention;

[0018] FIG. 2 is a cross-sectional view of a liquid crystal
cell;

[0019] FIG.3isadetailed cross-sectional view of the liquid
crystal cell;

[0020] FIG. 4 is a plan view showing a pixel structure in a
TFT substrate;

[0021] FIG.5isacross-sectional view showing an example

of a backlight according to the present invention;
[0022] FIGS. 6A and 6B are views for comparing between
the viewing angles with and without a diffusion film;

[0023] FIGS. 7A and 7B are views of the field sequential
operation;
[0024] FIGS. 8A and 8B are views of the influence of the

back scattering of the diffusion film;

[0025] FIG. 9is a schematic cross-sectional view showing
an example of the backlight according to the present inven-
tion;

[0026] FIG. 10 is a table showing the influence of the dif-
fusion film and collimated backlight on the contrast;

[0027] FIG. 11 is the definition of the half value width of the
backlight;
[0028] FIG. 12 is a graph showing the relationship between

the half value width of the backlight and the contrast, accord-
ing to the present invention;

[0029] FIG. 13 is a schematic view showing the field
sequential operation according to the present invention;
[0030] FIG. 14 is an example of the backlight used in the
present invention,;

[0031] FIG. 15 is another example of the backlight used in
the present invention;

[0032] FIGS. 16A and 16B are examples of an LED pack-
age used in the present invention;

[0033] FIG. 17 is still another example of the backlight
used in the present invention;

[0034] FIG. 18 is a cross-sectional view showing a second
embodiment of the present invention; and

[0035] FIG. 19 is a cross-sectional view showing a third
embodiment of the present invention.

DETAILED DESCRIPTION

[0036] Hereinafter, the details of the present invention will
be described with reference to the preferred embodiments.

First Embodiment

[0037] FIG. 1 is a cross-sectional view of a liquid crystal
display device according to the present invention. The liquid
crystal display device of FIG. 1 is driven by a field sequential
system. In FIG. 1, a backlight 30 is provide on the back side
of aliquid crystal cell 10, and a diffusion film 20 is present on
the display surface side of the liquid crystal cell 10. The
diffusion film 20 has a function of providing a wide view by
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diffusing the light emitted from the liquid crystal cell 10. The
diffusion film 20 can be formed, for example, by scattering
particles with different refractive indices on a certain
medium. The property of the diffusion film 20 is such that the
one with less back scattering can prevent the reduction of the
contrast.

[0038] The liquid crystal display device of F1G. 1 operates
by a field sequential system, which can use the backlight 30
whose color changes according to time. The most popular
light source is LED, but other light sources such as OLED and
inorganic EL can also be used. However, the backlight 30
used in the present invention should be a collimated backlight
in order to prevent the reduction of the contrast.

[0039] FIG. 2 is a cross-sectional view of the liquid crystal
cell shown in FIG. 1. In FIG. 2, a liquid crystal layer 107 is
interposed between a TFT substrate 100 and a counter sub-
strate 200. A lower polarizing plate 111s attached on the lower
side of the TFT substrate 100. Then, an upper polarizing plate
12 is attached on the upper side of the counter substrate 200.
In addition to the polarization plates, a retardation plate may
also be used in order to change the direction of the polarized
light. Glass is generally used for the TFT substrate 100 and
the counter substrate 200. However, a plastic substrate or a
composite plate of a glass substrate and a plastic substrate
may also be used.

[0040] FIG. 3 is adetailed cross-sectional view of the liquid
crystal cell, excluding the polarizing plates. FIG. 3 shows a
so-called twisted nematic (TN) mode liquid crystal cell. In
FIG. 3, a color filter 202 is formed on the counter substrate
200. The liquid crystal display device is driven by the field
sequential system and does not necessarily require the color
filter 202. It is possible that the color filter 202 is not present
in the field sequential liquid crystal display device.

[0041] InFIG. 3, a scanning line 101 is formed on the TFT
substrate 100, and a gate insulating film 102 is formed so as to
cover the scanning line 101. A source electrode 103 extending
from a TFT, not shown, is formed on the gate insulating film
102. Then, a passivation film 104 is formed so as to cover the
TFT (not shown), the source electrode 103, the gate insulating
film 102, and the like. The passivation film 104 may be
formed by an inorganic film or by an organic film. A pixel
electrode 105 is formed on the passivation film 104. Then, an
alignment film 106 is formed so as to cover the pixel electrode
105. The pixel electrode 105 is coupled to the source elec-
trode 103 through a through hole 108.

[0042] A black matrix 201 is formed in the counter sub-
strate 200, and a color filter 202 is formed corresponding to
each pixel. It is also possible that the color filter 202 is not
present in the field sequential system. An overcoat film 203 is
formed so as to cover the color filter 202, and a counter
electrode 204 is formed on the overcoat film 203. Then, the
alignment film 106 is formed so as to cover the counter
electrode 204.

[0043] In FIG. 3, the liquid crystal layer 107 is interposed
between the TFT substrate 100 and the counter substrate 200.
A liquid crystal molecule 1071 has a positive dielectric con-
stant. When a voltage is applied between the pixel electrode
105 and the counter electrode 204, the liquid crystal molecule
1071 rises up in the vertical direction to change the transmit-
tance of the liquid crystal layer 107. Note that FIG. 3 shows
the TN mode liquid crystal cell, but the present invention is
not limited to this example and can also be applied to a
so-called Vertical Alignment (VA) mode liquid crystal cell or
aso-called In Plane Switching (IPS) mode liquid crystal cell.
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[0044] FIG.4isaplan view of a pixel structure of the liquid
crystal cell in the TFT substrate 100. Note that FIG. 3 is a
cross-sectional view taken along line A-A' in FIG. 4. In FIG.
4, the pixel electrode 105 is formed in a flat shape in the area
surrounded by the scanning lines 101 and video signal lines
111. The dashed line in the lower left of the pixel indicates the
position of a TFT 110. The pixel electrode 105 is coupled to
the source electrode (not shown) extending from the TFT 110
through the through hole 108.

[0045] FIG. 5 is an example of the backlight 30 shown in
FIG. 1. The present invention is used in the field sequential
system, so that the color of the light emitted from the back-
light of FIG. 5 changes according to time. In FIG. 5, an LED
package 40, which is a light source, is provided on the side
surface of a light guide plate 32. The thickness of the light
guide plate 32 is represented by t. The light guide plate 32
converts the light entering from the side surface into surface
emission. The light guide plate 32 can be formed of a resin
such as, for example, acrylic or polycarbonate.

[0046] The LED package 40 includes multiple LED chips
that emit light of different colors. The packaged LED chips
should be arranged sufficiently close to each other to achieve
the field sequential operation.

[0047] A diffusion sheet 33 is provided on the light guide
plate. Then, two prism sheets, namely, a second prism sheet
34 and a first prism sheet 35 are provide in this order on the
diffusion sheet 33. The light from the backlight 30 used in the
present invention should be sufficiently collimated. Thus, the
present invention uses a so-called reverse prism sheet, which
is a prism sheet in which unevenness is formed on the under-
side, in order to increase the collimating efficiency. The prism
sheet can be formed of a resin such as, for example, acrylic or
polycarbonate.

[0048] FIGS. 6A and 6B are graphs showing the difference
between the viewing angle property when the diffusion sheet
is provided on the display surface side ofthe liquid crystal cell
as shown in the present invention and the viewing angle
property when the diffusion sheet is not provided. FIG. 6A is
the viewing angle property when the diffusion film is not
used, and FIG. 6B is the viewing angle property when the
diffusion film according to the configuration of the present
invention is used. As can be seen by comparing FIG. 6A and
FIG. 6B, according to the configuration of the present inven-
tion, the viewing angle is significantly increased. Thus, even
if the viewing angle of the liquid crystal cell is reduced as a
result of increasing the response speed of the liquid crystal
cell so as to enable the field sequential operation, itis possible
to increase the viewing angle by providing the diffusion film
on the display surface side of the liquid crystal cell as
described in the present invention.

[0049] However, the use of the diffusion film 20 on the
display surface side of the liquid crystal cell 10 results in the
reduction of the contrast. This is due to the back scattering
occurring in the diffusion film 20. FIG. 8A is an example in
which the back scattering of the diffusion film 20 is large,
showing that the amount of leakage of light passing through
the diffusion film 20 is large. In other words, it is shown that
the contrast is reduced. On the other hand, FIG. 8B is an
example in which the back scattering of the diffusion film 20
is small, showing that the amount of leakage of light passing
through the diffusion film 20 is small. In other words, it is
shown that the reduction of the contrast is small.

[0050] In other words, when back scattering is present, the
back scattered light returns to the liquid crystal layer. As a
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result, internal reflection occurs within the liquid crystal cell
10 and the polarization state is broken, and then light leakage
occurs in black display. Thus, in the present invention, it is
desirable to use the diffusion film 20 in which the back scat-
tering is small. The best way is to use a diffusion film with no
back scattering.

[0051] On the other hand, if it is difficult to avoid back
scattering of the diffusion film 20, the light leakage is reduced
by increasing the light collection ratio of the backlight 30, in
order to prevent the reduction of the contrast. In other words,
as shown in FIG. 9, if the light is incident only in the normal
direction of the liquid crystal cell 10, the angle of the light
reflecting on the side of the liquid crystal cell 10 from the
diffusion film 20 with respect to the normal line of the liquid
crystal cell 10 is reduced, even if back scattering occurs due to
the presence of the diffusion film 20. The greater the angle of
the reflected light with respect to the normal line of the liquid
crystal cell 10, the greater the disappearance of polarization
due to internal scattering. Thus, the contrast is reduced. On
the other hand, when the angle of the reflected light with
respect to the normal line of the liquid crystal cell 10 is small,
the disappearance ofpolarization is prevented. As a result, the
amount of leakage of light can be reduced, and thus the
reduction of the contrast can be prevented.

[0052] FIG. 10 is a table comparing the contrast in the
general liquid display device, and the contrast when the dif-
fusion film 20 is provided on the display surface side of the
liquid crystal cell 10 as described in the present invention. In
FIG. 10, the diffusion film 20 is not present in the general
liquid crystal display device shown in No. 1. In this case,
although the viewing angle is small, the contrast is kept high
because the diffusion film 20 is not used. This contrast is set
to 1000 as reference.

[0053] On the other hand, No. 2 in FIG. 10 shows the
contrast when the general backlight is used and the diffusion
film 20 is used. In other words, although the viewing angle is
increased because of the use of the diffusion film 20, the
contrast is reduced to 600 compared with the contrast in the
existing liquid crystal display device. No. 3 in FIG. 10 shows
the contrast when the collimated backlight with a strong light
collection capability is used as the backlight as described in
the present invention. In No. 3, the contrast is increased to 800
because of the use ofthe collimated backlight. In addition, the
viewing angle is increased by the use of the diffusion film 20
compared with the viewing angle in the existing liquid crystal
display device.

[0054] As described above, in the present invention, the
diffusion film 20 is provided on the display surface side of the
liquid crystal cell 10, and at the same time, the collimated
backlight 30 is used as shown in No. 3, in order to increase the
viewing angle and keep the contrast within a practical range.
FIG. 11 is a view of the definition of half value width of the
backlight, which is an indication of the light collection ratio
of the collimated backlight 30. In FIG. 11, the BLmid is
defined by BLmid=(BLmax-BLmin)/2, which is approxi-
mately halfthe difference between the maximum illuminance
and the maximum illuminance value BL.max and the mini-
mum illuminance value BLmin of the backlight.

[0055] FIG. 12 is agraph plotting the half value width of the
backlight on the horizontal axis and the contrast ratio on the
vertical axis, in the configuration of the present invention. The
contrast ratio is rapidly increased when the half value width of
the backlight is 20 degrees or less. As a result, in the configu-
ration shown in F1G. 1, it is possible to achieve a liquid crystal
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display device capable of the field sequential operation with
the viewing angle property kept large and the contrast kept
constant, by using the collimated backlight in which the half
value width of the backlight is set to 20 degrees or less. Note
that the requirements of the half value width of 20 degrees or
less are not necessarily satisfied by all azimuth angles. It is
possible that the half value width is 20 degrees or less in only
one azimuth angle direction.

[0056] FIG. 13 is a schematic view of the backlight used in
the present invention. The backlight shown in FIG. 13 has the
same configuration as that of the backlight shown in FIG. 7,
but is different in that the half value width of the backlight is
20 degrees or less. The property of changing color for each
subfield in one field is the same as that in FIG. 7.

[0057] FIG. 14 shows a specific example of the configura-
tion of the backlight used in the present invention. FIG. 14
shows a backlight called vector type. In FIG. 14, a single LED
package 40 is provided on the side surface of the light guide
plate 32. Multiple LED chips thatemit light of different colors
are placed in the single LED package 40. The distance
between the LED chips is set to be sufficiently small so that
the light from each LED chip is emitted from the main surface
of the light guide plate with a substantially uniform illumi-
nance distribution.

[0058] InFIG. 14, grooves are formed on the light emission
surface of the light guide plate 32, substantially concentri-
cally around the LED package 40. Note that it is possible to
form ridges instead of grooves. A reflection sheet is provided
on the lower side of the light guide plate, and a diffusion sheet
and a prism sheet are provided on the upper side of the light
guide plate according to need. However, these components
are omitted in FIG. 14.

[0059] FIG. 15 is another example of the backlight used in
the present invention. In FIG. 15, the LED package 40 is
provided on a side surface of the light guide plate 32. The
thickness of the light guide plate 32 is t. The LED package 40
is formed in such a way that multiple LED chips that emit
light of different colors are placed in one package. At this
time, the distance between the LED chips is reduced to enable
the field sequential driving. In FIG. 15, areflection sheet 31 is
provided on the back surface of the light guide plate 32. Then,
areverse prism sheet 36 and a diffusion sheet 33 are laminated
on the light emission surface side of the light guide plate 32.
Here, the prism sheet 36 is the so-called reverse prism sheet
36 with better light collecting effect. Two prism sheets 36
may be provided if required.

[0060] FIGS. 16A and 16B are examples of the LED pack-
age 40 used in FI1G. 15. FIG. 16A is an example in which two
LED chips with different emission colors, a first LED chip 41
and a second LED chip 42, are arranged in the vertical direc-
tion in the package 40. The distance d between the LED chips
in FIG. 16A is smaller than the thickness t of the light guide
plate 32. Here, if there is a difference between the thickness of
the side surface on which the LED package 40 is provided and
the thickness of the other side surface in the light guide plate
32, the thickness t of the light guide plate 32 is that of the side
surface on which the LED package 40 is provided.

[0061] FIG.16B isanexamplein which two LED chips, the
first LED chip 41 and the second LED chip 42, are arranged
in the horizontal direction in the LED package 40. In FIG.
16B, when t is the thickness of the light guide plate 32, the
distance d between the two LED chips is St or less, preferably
2t or less, and more preferably t or less.
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[0062] FIGS.16A and 16B are examples in which two LED
chips are placed in the LED package 40. However, three or
more LED chips may be placed in the LED package 40. In this
case also, the distance between the both ends of the LED
chips, which are vertically arranged as shown in FIG. 16A, is
equal to or less than the thickness t of the light guide plate, and
the distance between the LED chips, which are horizontally
arranged as shown in FIG. 16B, 1s 5t or less, preferably 2t or
less, and more preferably t or less. Note that if the distance of
the LED package 40 along the side of the light guide plate 32
is defined as D, the distance d between the LED chips within
the LED package 40 is preferably half of D or less.

[0063] FIG. 17 is the case where the backlight 30 used in
the present invention shown in FIG. 1 is a direct-type back-
light. In FIG. 17, the LED package 40 is provided below the
prism sheet 36. Multiple LED chips that emit light of different
colors are placed in the LED package 40. In this way, it is
designed to reduce the distance between the LED chips so as
to enable the field sequential driving.

[0064] In FIG. 17, the distance D between the LED pack-
ages is selected so as not to cause uneven brightness. The
arrangement of the LED chips in the LED package 40 in FIG.
17 is the same as the arrangement of the LED shipsin the LED
package 40 shown in FIG. 16B. In FIG. 17, if the distance
between the LED chips that emit light of different colors in
the LED package 40 is d, d is half of D or less. Also when the
number of LED chips in the LED package 40 is three or more,
the distance d between the both ends of the LED chips is set
to half or less of the distance D between the LED packages.

Second Embodiment

[0065] FIG. 18 is a cross-sectional view of a second
embodiment according to the present invention. Also in the
second embodiment, the collimated backlight described in
the first embodiment is used on the back surface of the liquid
crystal cell. FIG. 18 is different from FIG. 1 in that the
diffusion film 20 is integrated into the liquid crystal cell. In
FIG. 18, the diffusion film 20 is provided between the upper
polarizing plate 12 and the counter substrate 200. At this time,
it is desirable that the diffusion film 20 is a film in which the
polarization does not disappear.

[0066] The diffusion film 20, as well as the inner surface of
the counter substrate 200 on which an image is formed are
placed as close as possible in order to reduce image blue.
Thus, the present embodiment can reduce image blur more
effectively than the configuration of the first embodiment.
FIG. 18 is an example in which the diffusion film 20 is
provided separately from the upper polarization plate 12. In
this case, it is possible to function as a diffusion film by giving
the diffusion effect to the adhesive attaching the upper polar-
izing plate 12 to the counter substrate 200.

Third Embodiment

[0067] FIG. 19 is a cross-sectional view of a third embodi-
ment according to the present invention. Also in the third
embodiment, the collimated backlight described in the first
embodiment is used on the back surface of the liquid crystal
cell. In FIG. 19, the diffusion film 20 is formed on the inner
surface of the counter substrate 200 in the liquid crystal cell.
The diffusion film 20 may be formed on the inner surface of
the counter substrate 200 as a separate component. However,
itis also possible to allow the layer in the counter substrate to
have the same effect of the diffusion film.
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[0068] The overcoat layer is an example of the layer
capable of having the same effect of the diffusion film in the
counter substrate. Further, when color filters are present, it is
possible to allow the color filters to have the same effect of the
diffusion film. In this case, the image blur can be further
reduced than in the second embodiment.
What is claimed is:
1. A liquid crystal display device comprising a backlight
provided on the back side of a liquid crystal cell,
wherein the liquid crystal cell has a structure in which a
liquid crystallayer is interposed between a first substrate
and a second substrate, a first polarizing plate is attached
to the outside of the first substrate, and a second polar-
izing plate is attached to the outside of the second sub-
strate,
wherein the liquid crystal cell and the backlight are driven
by a field sequential system,
wherein a diffusion film is attached to the first polarizing
plate which is located on the display surface side of the
liquid crystal cell, and
wherein the backlight is a collimated backlight with a half
value width of 20 degrees or less.
2. The liquid crystal display device according to claim 1,
wherein an LED package is provided on a side surface of a
light guide plate of the backlight, and
wherein a plurality of LED chips that emit light of different
colors are placed in the LED package.
3. The liquid crystal display device according to claim 2,
wherein when the thickness of the side surface of the light
guide plate is t, and when the distance between the LED
chips provided on the outside of the plurality of LED
chips in the LED package is d, d is equal to 5t or less.
4. The liquid crystal display device according to claim 3,
wherein when the thickness of the side surface of the light
guide plate is t, and when the distance between the LED
chips provided on the outside of the plurality of LED
chips in the LED package is d, d is equal to 2t or less.
5. The liquid crystal display device according to claim 1,
wherein the plurality of LED packages are arranged on the
side surface of the light guide plate.
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6. The liquid crystal display device according to claim 1,

wherein an LED package is provided below a prism sheet
in the backlight,

wherein a plurality of LED chips that emit light of different
colors are placed in the LED package, and

wherein when the distance of the LED package is D, and
when the distance between the LED chips in the LED
package is d, d is half of D or less.

7. A liquid crystal display device comprising a backlight

provided on the back side of a liquid crystal cell,

wherein the liquid crystal cell has a structure in which a
liquid crystal layer is interposed between a first substrate
and a second substrate, a first polarizing plate is attached
to the outside of the first substrate, and a second polar-
izing plate is attached to the outside of the second sub-
strate,

wherein the liquid crystal cell and the backlight are driven
by a field sequential system,

wherein a diffusion film is provided between the first polar-
izing plate and the first substrate, which are located on
the display surface side of the liquid crystal cell, and

wherein the backlight is a collimated backlight with a half
value width of 20 degrees or less.

8. A liquid crystal display device comprising a backlight

provided on the back side of a liquid crystal cell,

wherein the liquid crystal cell has a structure in which a
liquid crystal layer is interposed between a first substrate
and a second substrate, a first polarizing plate is attached
to the outside of the first substrate, and a second polar-
izing plate is attached to the outside of the second sub-
strate,

wherein the liquid crystal cell and the backlight are driven
by a field sequential system,

wherein a diffusion film is provided on the side of the liquid
crystal layer of the first substrate, which is located on the
display surface side of the liquid crystal cell, and

wherein the backlight is a collimated backlight with a half
value width of 20 degrees or less.
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