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(57) ABSTRACT

A liquid crystal display device includes a pair of polarizing
films; a liquid crystal cell that is sandwiched between the pair
of polarizing films; a retardation layer (A) of 70 um or less in
thickness, which is disposed between the liquid crystal cell
and one of'the pair of polarizing films; and a retardation layer
(B) of 70 um or less in thickness, which is disposed between
the liquid crystal cell and the other of the pair of polarizing
films, wherein the retardation layers (A) and (B) satisfy fol-
lowing formulae (1) to (3):

RthU>RthD : Formula (1)
-20 nm=RthD=20 nm : Formula (2)
20 nm<RthUZ60 nm : Formula (3)

wherein RthU and RthD represent a retardation in a thickness
direction at a wavelength of 550 nm of the retardation layer
(A) and the retardation layer (B), respectively.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device having a wide viewing angle property and exhib-
iting excellent color reproducibility over a wide viewing
angle. Also, the present invention relates to improvements of
color reproducibility and contrast viewing angle of a liquid
crystal display device, particularly, an IPS-mode liquid crys-
tal display device.

[0003] 2. Description of the Related Art

[0004] Display devices using a liquid crystal display ele-
ment (sometimes called a liquid crystal display panel), an
electroluminescent element (classified into an organic system
and an inorganic system by the fluorescent material used,
hereinafter referred to as “EL element”), a field emission
device (hereinafter referred to as “FED element”), an electro-
phoretic element or the like perform the image display with-
out providing a space (vacuum casing) for two-dimensionally
scanning electron beams, such as cathode ray tube (CRT),
behind the display screen. Accordingly, these display devices
are characterized by being thin and lightweight and less con-
suming the electric power. Such a display device is sometimes
called a flat panel display from its characteristic feature in
appearance.

[0005] Because of those advantages over the cathode ray
tube, the display device using a liquid crystal display element,
an EL element, a field emission element or the like is widely
spreading in various uses such as OA equipment (e.g., note-
book computer, monitor for personal computer), portable
terminal and television, in place of the display device using a
cathode ray tube. Behind the progress of shifting to the flat
panel display from the cathode ray tube, there is a technical
innovation such as enhancement of the pictorial quality, for
example, enlargement of the viewing angle property or dis-
play color reproduction region of a liquid crystal display
element, an EL element and the like. Also, with recent spread
of the multimedia or Internet, the movie display performance
1s enhanced. Furthermore, expansion into the fields unrealiz-
able by CRT, such as electron paper and large-screen infor-
mation display for public use or advertisement, is proceeding.
[0006] The liquid crystal display device usually comprises
a liquid crystal cell, a driving circuit for feeding a display
signal voltage to the liquid crystal cell, a backlight (light
source on the back side) and a signal control system for
sending an input image signal to the driving circuit, and these
are collectively called a liquid crystal module.

[0007] The liquid crystal cell usually comprises a liquid
crystal molecule, two substrates for encapsulating and sand-
wiching the liquid crystal molecule, and an electrode layer for
applying a voltage to the liquid crystal molecule, and a polar-
izing plate is further disposed outside of the liquid crystal cell.
The polarizing plate usually comprises a protective film and a
polarizing film and is obtained by dyeing a polarizing film
comprising a polyvinyl alcohol film with iodine and after
stretching the film, stacking a protective film on both surfaces
thereof. In a transmissive liquid crystal display device, in
some cases, this polarizing plate is fixed to both sides of the
liquid crystal cell and one or more optically compensatory
sheets are further disposed. Also, in a reflective liquid crystal
display device, a reflector plate, a liquid crystal cell, one or
more optically compensatory sheets, and a polarizing plate
are usually disposed in this order. The liquid crystal cell
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performs the ON-OFF display by the difference in the orien-
tation state of liquid crystal molecules and is applicable to any
of the transmissive, reflective and transflective liquid crystal
display devices.

[0008] When an optically compensatory sheet with the
retardation values in the plane surface and in the thickness
direction being controlled is used, a liquid crystal display
device reduced in the change of brightness dependent on the
viewing angle can be provided. For example, JP-A-11-
305217 (the term “JP-A” as used herein means an “unexam-
ined published Japanese patent application”) proposes, for
the purpose of preventing light leakage when viewed from an
oblique direction, a wide viewing angle polarizing film hav-
ing a polymer orientation film of which in-plane retardation
and retardation in the thickness direction satisfy a predeter-
mined relationship.

[0009] Also, JP-A-2006-30937 discloses a film where the
retardation values in the plane surface and in the thickness
direction of the protective film of the polarizing plate are
controlled, and proposes a liquid crystal display device
reduced in the light leakage when viewed from an oblique
direction by combining the film with an optically compensa-
tory sheet.

SUMMARY OF THE INVENTION

[0010] However, in those liquid crystal display devices, the
brightness and the viewing angle of color can be hardly sat-
isfied at the same time and in particular, the viewing angle at
the black display time cannot be improved. Also, the durabil-
ity of the panel is insufficient.

[0011] Accordingly, an object of the present invention is to
provide a liquid crystal display device having excellent color
reproducibility over a wide viewing angle.

[0012] Another object of the present invention is to provide
aliquid crystal display device where color shift is unobserved
or alleviated even when obliquely viewed at the black display
time.

[0013] Still another object of the present invention is to
provide a color filter contributing to the improvement of color
reproducibility in a liquid crystal display device of horizontal
orientation mode.

[0014] These objects can be attained specifically by the
following means.

[0015] <I> A liquid crystal display device comprising:
[0016] a pair of polarizing films;
[0017] aliquid crystal cell that is sandwiched between the

pair of polarizing films;

[0018] aretardation layer (A) of 70 um or less in thickness,
which is disposed between the liquid crystal cell and one of
the pair of polarizing films; and

[0019] aretardation layer (B) of 70 um or less in thickness,
which is disposed between the liquid crystal cell and the other
of the pair of polarizing films,

[0020] wherein
[0021] the liquid crystal cell comprises:
[0022] a pair of oppositely disposed substrates, at least

one of which has an electrode; and
[0023] an orientation-controlled liquid crystal layer that
is disposed between the pair of oppositely disposed sub-
strates,
[0024] the electrode creates an electric field having a com-
ponent parallel to the substrate having the electrode, and
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[0025] the retardation layers (A) and (B) satisfy following
formulae (1) to (3):
RthU>RthD Formula (1):
-20 nmm=RthD=20 nm Formula (2):
20 nm<RthU=60 nm Formula (3):
[0026] wherein
[0027] RthU represents a retardation in a thickness direc-

tion at a wavelength of 550 nm of the retardation layer (A),
and

[0028] RthD represents a retardation in a thickness direc-
tion at a wavelength of 550 nm of the retardation layer (B).
[0029] <2>The liquid crystal display device as described in
<1>, wherein the retardation layers (A) and (B) satisfy fol-
lowing formulae (4) and (5):

-10 nm=ReU=10 nm Formula (4):
-10 nm=ReD=10 nm Formula (5):
[0030] wherein
[0031] ReU represents an in-plane retardation at a wave-

length of 550 nm of the retardation layer (A), and

[0032] ReD represents an in-plane retardation at a wave-
length of 550 nm of the retardation layer (B).

[0033] <3>The liquid crystal display device as described in
<1>, wherein the retardation layers (A) and (B) both comprise
a cellulose acylate film.

[0034] <4>Theliquid crystal display device as described in
<3, further comprising:

[0035] two pairs of protective films,
[0036] wherein
[0037] each polarizing film of the pair of polarizing films is

sandwiched between each pair of the two pairs of protective
films, and

[0038] the thinnest protective film and the thickest protec-
tive film are different in film thickness by 20 um or less.

[0039] <5>Theliquid crystal display device as described in
<1>, wherein
[0040] the electric field having a component parallel to the

substrate having an electrode is generated by a pixel electrode
and a counter electrode which are disposed in different layers.
[0041] <6>The liquid crystal display device as described in
<1>, wherein the electric field having a component parallel to
the substrate having an electrode 1s generated by a pair of
electrodes, which are disposed in different layers and at least
one of which is transparent, and by an electrode to which a
voltage is not applied.

BRIEF DESCRIPTION OF THE DRAWING

[0042] FIG. 1 illustrates a schematic view showing one
example of the liquid crystal display device of the present
invention;

[0043] FIG. 2 illustrates a schematic cross-sectional view
showing one example of the liquid crystal display device of
the present invention; and

[0044] FIG. 3 illustrates a schematic cross-sectional view
showing one example of the liquid crystal display device of
the present invention;

[0045] 1 denotes Upper polarizing plate protective film, 2
denotes MD Direction of upper polarizing plate protective
film, 3 denotes Polarizing film of upper polarizing plate, 4
denotes Absorption axis of polarizing film of upper polarizing
plate, 5 denotes Liquid crystal cell-side protective film of
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upper polarizing plate, 6 denotes MD Direction (slow axis
direction) of liquid crystal cell-side protective film of upper
polarizing plate, 7 denotes Optically anisotropic film, 8
denotes Slow axis of optically anisotropic film, 9 denotes
Upper substrate of liquid crystal cell, 10 denotes Rubbing
direction for liquid crystal orientation of upper substrate, 11
denotes Liquid crystal molecule (liquid crystal layer), 12
denotes Lower substrate of liquid crystal cell, 13 denotes
Rubbing direction for liquid crystal orientation of lower sub-
strate, 14 denotes Liquid crystal cell-side protective film of
lower polarizing plate, 15 denotes MD Direction (slow axis
direction) of liquid crystal cell-side protective film of lower
polarizing plate, 16 denotes Polarizing film of lower polariz-
ing plate, 17 denotes Absorption axis of polarizing film of
lower polarizing plate, 18 denotes Lower polarizing plate
protective film, 19 denotes MD Direction of lower polarizing
plate protective film, 20 denotes Backlight unit, 20a denotes
Light source lamp, 21 denotes Upper polarizing plate, 22
denotes Lower polarizing plate, 23 and 23' denote Direction
of applied electric field, 24 denotes Linear electrode, 25
denotes Insulating layer, and 26 denotes Electrode.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The embodiments of the present invention are
described in detail below.

[0047] In the context of the present invention, the term
“from (a numerical value) to (a numerical value)” is used to
mean a range including the numerical values before and after
“to” as a lower limit value and an upper limit value, respec-
tively.

[0048] Also, in the context of the present invention, Re(\)
and Rth(A) indicate the in-plane retardation and the retarda-
tion in the thickness direction, respectively, at a wavelength of

A

[Optical Performance of Retardation Layer or Optical Film]

[0049] The Re(r) of the retardation layer or optical film
used in the present invention is a value measured using an
ellipsometer (M-150, manufactured by JASCO Corp.) by
applying light in the direction perpendicular to the film sur-
face after moisture conditioning at 25° C. and 60% RH for 24
hours. The measurement wavelength range is from 400 to 700
nm.

[0050] As for the Rth(A) of the retardation layer or optical
film of the present invention, the retardation value Re(}) is
measured by making light at a wavelength of A nm to be
incident from directions inclined with respect to the film
normal direction at 40° and -40° from the normal direction by
using the in-plane slow axis as the inclination axis (rotation
axis) (when the slow axis is not present, an arbitrary direction
in the film plane is used as the rotation axis) and based on the
values obtained, assumed values of the average refractive
index and film thickness values input, Rth is calculated
according to the following formulae (I) and (II).

X
Re(®) = |nx - e x

{522+

{recossir ()

Formula (I)
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-continued
d

cos{sin’1 ( sin}i}—{ 9 )}

[0051] In the formula, Re(B) represents the retardation
value in the direction inclined at an angle of 0 from the normal
direction.

[0052] In formula (I), nx represents the refractive index in
the in-plane slow axis direction, ny represents the refractive
index in the direction crossing with nx at right angles in the
plane, nz represents the refractive index in the direction cross-
ing with nx and ny at right angles, and d represents the
thickness of the film.

Rtt=((rx+mny)/2-nz)xd

[0053] Inthe measurement above, as for the assumed value
of average refractive index, the values described in Polymer
Handbook (John Wiley & Sons, Inc.) and catalogues of vari-
ous optical films can be used. The average refractive index of
which value is unknown can be measured by an Abbe refrac-
tometer. The values of average refractive index of main opti-
cal films are as follows: cellulose acylate (1.48), cycloolefin
polymer (1.52), polycarbonate (1.59), polymethyl methacry-
late (1.49) and polystyrene (1.59).

[0054] The present invention relates to a liquid crystal dis-
play device comprising at least a pair of oppositely disposed
substrates with at least one substrate having an electrode, a
liquid crystal cell disposed between the substrates, which has
an orientation-controlled liquid crystal layer and in which an
electric field having a component parallel to the substrate
having an electrode is created by the electrode, and a pair of
polarizing films disposed to sandwich the liquid crystal cell,
wherein a retardation layer (A) and a retardation (B) are
further provided between the polarizing film and the liquid
crystal cell and between the polarizing film of another polar-
izing plate and the liquid crystal cell, respectively, the retar-
dation (RthU) in the thickness direction at a wavelength of
550nm of theretardation layer (A) and the retardation (RthD)
in the thickness direction at a wavelength of 550 nm of the
retardation layer (B) satisfy all of the following formulae (1)
to (3), and the thickness of the retardation layer (A) and the
thickness of the retardation layer (B) both are 70 um or less:

Formula (IT)

RthU>RthD Formula (1):

-20 nm=RthD=20 nm Formula (2):

20 nm<RthU=60 nm. Formula (3):
[0055] RthD is preferably

-15 nm=RthD=135 nm, Formula (2)":
and more preferably

-10 nm=RthD=10 nm. Formula (2)":
[0056] Also, RthU is preferably

20 nm<RthU=50 nm, Formula (3)":
and more preferably

20 nm<RthU=45 nm. Formula (3)":

[0057] Thetotalin-plane retardation (ReU)at a wavelength
of 550 nm of the retardation layer (A) and the total in-plane
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retardation (ReD) at a wavelength of 550 nm of the retarda-
tion layer (B) preferably satisfy the following formulae (4)
and (5):

IReUI=10 nm Formula (4):

IReDI=10 nm. Formula (5):
[0058] ReU is preferably

IReUI<8 nm, Formula (4)"
and more preferably

IReUI=3 nm. Formula (4)":
[0059] Also, ReD is preferably

IReDI=8 nm, Formula (5):
and more preferably

IReDI=3 nm. Formula (5)":
[0060] In the retardation layer (A), in view of reduction in

the coloration of panel and in the color change due to viewing
angle, it is preferred that

IRe(450)-Re(630) =10 nm, (6)-3:

and

IRth(450)"Rth(630)|=35 nm. (7)-4:
[0061] As described above, in the present invention, the

thickness of each of the retardation layers (A) and (B) is 70
wm or less.

[0062] Forreducing panel warpage which may occur due to
environmental change, the thickness of each of the retarda-
tion layers (A) and (B) is preferably 60 pm or less, more
preferably 50 um or less.

[0063] The retardation layers (A) and (B) for use in the
present invention are not particularly limited in the material
therefor and each may be further divided into a plurality of
layers. Above all, in the present invention, the retardation
layers (A) and (B) both are preferably a polarizing film pro-
tective film. In this case, as long as the conditions specified
above are satisfied, a retardation may be imparted to a self-
adhesive material or an adhesive used for closely adhering the
protective film and the substrate, or an optically compensa-
tory film may be further disposed between the protective film
and the substrate.

[0064] As regards the specific method for realizing the
above-described retardation ranges in the retardation layers
(A) and (B), there may be used a known technique such as a
method using a polymer film obtained by copolymerizing a
monomer having positive optical anisotropy and a monomer
having negative optical anisotropy, and a method of adding an
additive to a polymer film. Above all, a method of adding a
retardation-decreasing agent to a polymer film described in
JP-A-2006-30937 may be preferably used. The additive is not
particularly limited in its molecular weight as long as it com-
patibilizes with the polymer film used and does not impair the
transparency, and an additive having a molecular weight gen-
erally called an oligomer may also be used.

[0065] Other than these methods, the retardation in the
above-described ranges of the retardation layers (A) and (B)
can also be realized by adjusting the process conditions dut-
ing the production of a polymer film, such as drying tempera-
ture conditions, conveying tension conditions and stretching
treatment conditions, and these conditions may be adjusted
within the range not impairing the film quality.
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[0066] The wavelength dispersion of the retardation layers
(A)and (B) for use in the present invention can be adjusted by
an additive. The kind, amount added and addition method of
the additive are not particularly limited, and the wavelength
dispersion may be adjusted by a known method, such as a
method of adding a material having absorption in the ultra-
violet region.

[0067] The main component of the polymer film constitut-
ing the retardation layers (A) and (B) is preferably a polymer
excellent in optical performance, transparency, mechanical
strength, thermal stability, moisture blocking property, isot-
ropy and the like. Examples thereof include a cellulose acy-
late, a polycarbonate-based polymer, a polyester-based poly-
mer such as polyethylene terephthalate and polyethylene
naphthalate, an acryl-based polymer such as polymethyl
methacrylate, and a styrene-based polymer such as polysty-
rene and acrylonitrile@styrene copolymer (AS resin). Other
examples include a polyolefin such as polyethylene and
polypropylene, a polyolefin-based polymer such as
ethylene@propylene copolymer, a norbornene-based poly-
mer, a vinyl chloride-based polymer, an amide-based poly-
mer such as nylon and aromatic polyamide, an imide-based
polymer, a sulfone-based polymer, a polyethersulfone-based
polymer, a polyether ether ketone-based polymer, a polyphe-
nylene sulfide-based polymer, a vinylidene chloride-based
polymer, a vinyl alcohol-based polymer, a vinyl butyral-
based polymer, an arylate-based polymer, a polyoxymethyl-
ene-based polymer, an epoxy-based polymer and a polymer
obtained by mixing these polymers.

[0068] Among these, in view of adhesion to the polarizing
film or processing suitability, a cellulose acylate is preferred,
and cellulose acetate and cellulose acetate propionate are
most preferred.

[Cellulose Acylate Film]

[0069] In addition to adjusting the retardation in the thick-
ness direction, various functions may be imparted to the cel-
lulose acylate film for use in the present invention, or for
stably performing the production, various additives (for
example, a plasticizer, an ultraviolet inhibitor, a deterioration
inhibitor, a fine particle, a separation accelerator and an infra-
red absorbent) may be added thereto. Such an additive may be
either a solid matter or an oily product. That is, the additive is
not particularly limited in its melting point or boiling point.
For example, mixing of ultraviolet absorbing materials hav-
ing a melting point of 20° C. or less and a melting point of 20°
C. ormore, or similar mixing of plasticizers may be employed
and these are described, for example, in JP-A-2001-151901.
Examples of the separation accelerator include ethyl esters of
citric acid.

[0070] Inthecase where the cellulose acylate film is formed
as a multilayer film, the kind or amount added of the additive
may differ among the layers. This is a conventionally well-
known technique described, for example, in JP-A-2001-
151902. Furthermore, the materials described in detail in JIIT
Journal of Technical Disclosure, No. 2001-1745, page 16 et
seq., Japan Institute of Invention and Innovation (Mar. 15,
2001) are preferably used.

[0071] Inthe present invention, the cellulose acylate film is
used in a thickness of 20 to 70 um. The film thickness is
generally adjusted by the flow rate during the production but
when a film is formed by decreasing the flow rate under the
same conditions except for the flow rate, IRth(450)-Rth
(630)I tends to become small and the retardation can be
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adjusted to the preferred embodiment of the present invention
without using a method leading to rise in the cost, such as the
above-described method of adding an additive for adjusting
the wavelength dispersion.

[0072] On the other hand, if the film thickness is less than
20 um, handling during film formation or processing into a
polarizing plate becomes difficult and stable production can
be hardly obtained. The film thickness is more preferably
from 25 to 70 um and most preferably from 30 to 50 pm.

[Production Method of Cellulose Acylate Film]

[0073] The film production method using a cellulose acy-
late solution is described below.

[0074] As regards the method and apparatus for producing
the cellulose acylate film, a solution casting film-forming
method and a solution casting film-forming apparatus con-
ventionally used for the production of a cellulose triacetate
film are used. The dope (cellulose acylate solution) prepared
in a dissolving machine (kettle) is once stored in a storing
kettle and finalized by removing bubbles contained in the
dope. The dope is supplied to a pressure-type die from the
dope discharge port through, for example, a pressure-type
quantitative gear pump capable of feeding a constant amount
of solution with high precision by the number of rotations and
uniformly cast on an endlessly running metal support in the
casting part from a mouth ring (slit) of the pressure-type die,
and the damp-dry dope film (also called web) is peeled off
from the metal support at the peeling point after traveling
nearly one round of the metal support. The obtained web is
nipped with clips at both ends and dried through conveyance
by a tenter while keeping the width, and the obtained film is
then mechanically conveyed by aroll group of a drying appa-
ratus to complete the drying and taken up into a roll in a
predetermined length by a take-up machine. The combination
of the tenter and the drying apparatus comprising a roll group
varies depending on the purpose. In addition to the solution
casting film-forming apparatus, a coating apparatus may be
added for applying a surface processing to the film, such as
subbing layer, antistatic layer, antihalation layer and protec-
tive layer. These are described in detail in JIIT Journal of
Technical Disclosure, No. 2001-1745, pp. 25-30, Japan Insti-
tute of Invention and Innovation (Mar. 15, 2001), with cat-
egories of dissolution, casting (including co-casting), metal
support, drying, separation and the like, and the contents
therein can be preferably used in the present invention.

[Polarizing Plate]

[0075] The liquid crystal display device of the present
invention comprises a pair of polarizing plates disposed to
sandwich a liquid crystal layer. As regards the polarizing
plate, for example, a polarizing plate obtained by dyeing a
polyvinyl alcohol film or the like with iodine, stretching the
film to produce a polarizing film, and stacking a protective
film on both surfaces thereof may be used.

[Polarizing Film]

[0076] The polarizing film includes an iodine-based polar-
izing film, a dye-based polarizing film using a dichroic dye,
and a polyene-based polarizing film. The iodine-based polar-
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izing film and the dye-based polarizing film are generally
produced using a polyvinyl alcohol-based film.

[Production Process of Polarizing Plate]

[0077] The production process of the polarizing plate for
use inthe present invention generally includes a drying step of
shrinking the stretched film for polarizing film to reduce the
volatile content, but after a protective film is laminated on at
least one surface following or during the drying, a heating
step is preferably provided. In the embodiment where the
protective film serves also as a support of an optically com-
pensatory film functioning as an optically compensatory
layer, heating is preferably performed after laminating a pro-
tective film on one surface and a protective film having retar-
dation on another surface. Specific examples of the method
for laminating a protective film include a method of laminat-
ing a protective film to a polarizing film by using an adhesive
during the film drying step while holding both ends, and then
slitting both ends; and a method of;, after drying, removing the
film for polarizing film from the both-end holding parts,
slitting both ends of the film, and laminating a protective film
thereon. As for the slitting method, a general technique such
as a method of cutting both ends with a cutter (e.g., knife) or
a method using a laser, may be employed. After the films are
laminated, the laminate is preferably heated so as to dry the
adhesive and improve the polarizing performance. The heat-
ing conditions vary depending on the adhesive but in the case
of an aqueous adhesive, the heating temperature is preferably
30° C. or more, more preferably from 40to 100° C., stillmore
preferably from 50 to 90° C. In view of performance and
production efficiency, these steps are preferably performed in
a consistent production line.

[0078] The adhesive for laminating the polarizing film and
the protective films is not particularly limited, but examples
thereof include a PVA-based resin (including a PVA modified
with an acetoacetyl group, a sulfonic acid group, a carboxyl
group, an oxyalkylene group or the like) and an aqueous
boron compound solution. Above all, a PVA-based resin is
preferred. The thickness of the adhesive layer is, in terms of
dry thickness, preferably from 0.01 to 10 um, more preferably
from 0.05 to 5 pm.

[Optically Compensatory Film]

[0079] In the liquid crystal display device of the present
invention, an optically compensatory sheet comprising a bire-
fringent polymer film may be further used. The kind of the
polymer is not particularly limited as long as the requirements
of the present invention are satisfied. A birefringent polymer
film satisfying the optical properties required of the optically
compensatory film can be produced, for example, by appro-
priately using an additive or adjusting the stretching condi-
tions.

[Liquid Crystal Material]

[0080] The liquid crystal material constituting the liquid
crystal layer for use in the liquid crystal display device of the
present invention is not particularly limited. For example, a
nematic liquid crystal having a positive dielectric anisotropy
Ae may be used as the liquid crystal material. The thickness
(gap) of the liquid crystal layer is preferably set to be approxi-
mately from more than 2.8 pm to less than 4.5 um. When the
retardation (An@d) of the liquid crystal layer is set to be from
more than 0.25 um to less than 0.32 um, transmission prop-
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erties almost free of wavelength dependency can be obtained
in the visible light range. A maximum transmittance can be
obtained when the liquid crystal molecules are turned at 45°
from the rubbing direction to the electric field direction. Inci-
dentally, the thickness (gap) of the liquid crystal layer is
controlled by polymer beads. Of course, the same gap can be
obtained by using glass beads or fibers or by using a resin-
made columnar spacer. Also, the liquid crystal material LC is
not particularly limited as long as it is a nematic liquid crystal.
With a larger dielectric anisotropy Ae value, the driving volt-
age can be decreased, and with a smaller refractive index
anisotropy An, the thickness (gap) of the liquid crystal layer
can be increased and reduction in the liquid crystal-encapsu-
lating time as well as in the fluctuation of the gap can be
attained.

[Liquid Crystal Cell]

[0081] The liquid crystal cell used for the liquid crystal
display device of the present invention comprises a pair of
oppositely disposed substrates with at least either one having
an electrode and an orientation-controlled liquid crystal layer
disposed between the substrates. An orientation film capable
of orienting the liquid crystal molecules is preferably formed
onboth opposing inner surfaces of the substrates for the liquid
crystal cell. Also, a color filter is preferably formed on either
one of the opposing surfaces. A polarizing film or an optically
anisotropic layer contributing to the optical compensation of
retardation of the liquid crystal layer may be disposed inside
of the liquid crystal cell. Also, a columnar or spherical spacer
is generally disposed for keeping the distance (cell gap)
between two substrates. Other than these, a reflector plate, a
condenser lens, a brightness-enhancing film, a light-emitting
layer, a fluorescent layer, a phosphorescent layer, an antire-
flection film, an antifouling film, a hardcoat film and the like
may be disposed in the cell.

[0082] As regards the substrate for the liquid crystal cell, a
transparent glass substrate is generally used, but a silicon
glass substrate being harder and endurable against high tem-
peratures may also be used. Furthermore, a plastic substrate
with excellent heat resistance or a substrate composed of a
polymer material may be also used. A flexible or reelable
display using a substrate composed of a deformable material
is also effective. In the reflection-type display device, it is
sufficient if only one of the substrates is transparent, and a
metal substrate such as stainless steel may be used for the
other substrate.

[0083] In the present invention, the liquid crystal display
device has at least three picture element regions. For example,
in a liquid crystal display having a color filter and effecting
color display, one pixel is generally formed by one set of
light’s three principal colors, that is, red, green and blue
sub-pixels (picture element regions). In some cases, one pixel
is formed by three or more color sub-pixels. One embodiment
of the present invention is a multi-gap configuration where
the sub-pixels of respective colors constituting one pixel are
different in the cell gap.

[0084] Also, a structure called multi-domain where one
pixel is divided into a plurality of regions may be employed so
as to adjust the color balance or average the viewing angle
characteristics.

[0085] Furthermore, a multi-gap configuration where three
picture element regions vary in the thickness of the liquid



US 2008/0212003 A1

crystal layer may be employed, or the electrode-to-electrode
distance may be changed among three picture element
regions.

[Color Filter]

[0086] In the liquid crystal display device of the present
invention, a color filter is preferably disposed on one oppos-
ing surface of a pair of substrates for the liquid crystal cell.
The color filter is not particularly limited, but, for example, a
color filter comprising respective layers of red (R), green (G)
and blue (B) is preferably disposed.

[0087] In the liquid crystal display device of the present
invention, the liquid crystal cell has three picture element
regions as described above, and color filters disposed respec-
tively on at least two picture element regions out of those
regions are different in the Rth from each other. It is preferred
that the color filters disposed respectively on three picture
element regions are different in the Rth from each other. One
preferred means for achieving this configuration is a method
where out of the color filters disposed respectively on those
three picture element regions, the color filters disposed on at
least two picture element regions are made to be different in
the thickness.

[0088] By virtue of this method, out of the Rth values of
color filters disposed respectively on those three picture ele-
ment regions, the Rth values of color filters disposed respec-
tively on at least two picture element regions can be made
different, and the object of the present invention can be more
effectively achieved.

[0089] Thecolor filter can be produced, for example, by the
following method. First, colored pixels according to the pur-
pose, such as red, green and blue, are formed on a transparent
substrate. As for the method of forming colored pixels such as
red, green and blue on a transparent substrate, there may be
appropriately used, for example, a dyeing method, a printing
method, a colored resist method of coating a colored photo-
sensitive resin solution by a spin coater or the like and then
patterning the coating through photolithography, or a lami-
nation method. For example, in the formation method includ-
ing a coating step, a color filter having RGB layers different in
the thickness can be formed by adjusting the amount coated.
In the case of utilizing a lamination method, a color filter
comprising RGB layers different in the thickness can be
formed by using transfer materials differing in the thickness.
[0090] In the case of forming a black matrix by using a
black photosensitive resin, the black matrix is preferably
formed after the above-described colored pixels were formed.
Because, if the black matrix is formed first, curing proceeds
only in the resin surface in the case of a black photosensitive
resin having a high optical density and the uncured resin
dissolves out (referred to as side etching) in the subsequent
development, particularly, development performed repeat-
edly for forming colored pixels, giving rise to separation of
the formed matrix in an extreme case.

[0091] On the contrary, when the black matrix is formed in
the last place, the periphery of the black matrix is surrounded
by colored pixels and less allows penetration of a developer
from the cross-section and this is greatly advantageous in that
side etching hardly occurs and a black matrix having a high
optical density can be formed.

[0092] Furthermore, in the case where colored layers for
the formation of colored pixels are formed by a lamination
method, if a black matrix is formed first, the places where
colored pixels should be formed are closed nearly in a lattice
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manner by the black matrix and there arises a problem that a
bubble is readily entrained at the lamination, but when the
black matrix is formed later, such a problem is not caused and
this is preferred.

[0093] In the case where the light transmittance of the col-
ored pixel exceeds 2% in the photosensitive wavelength
region of the black photosensitive resin, a light absorbent or
the like is preferably added previously in the colored pixel to
reduce the transmittance to 2% or less. As for the light absor-
bent used here, various known compounds may be used.
Bxamples thereof include a benzophenone derivative (e.g.,
Michler’s ketone), a merocyanine-based compound, a metal
oxide, a benzotriazole-based compound and a coumarin-
based compound. Among these, compounds having good
light absorptivity and capable of keeping a light-absorbing
performance of 25% or more even after heat treatment at 200°
C. or more are preferred. Specific examples thereof include
titanium oxide, zinc oxide, a benzotriazole-based compound
and a coumarin-based compound, with a coumarin-based
compound being preferred from both aspects of heat resis-
tance and light absorptivity. Incidentally, the above-described
heat treatment at 200° C. or more is performed for further
curing each pixel formed.

[0094] Next, a black photosensitive resin layer is provided
over the entire surface of the transparent substrate to cover the
pixel pattern and this may be performed using, for example, a
method of coating a black photosensitive resin solution by a
spin coater or a roll coater, or a method of previously coating
a black photosensitive resin solution on a temporary support
to form an image forming material and then transferring the
black photosensitive resin layer onto the pixel pattern.
[0095] Subsequently. the stack is exposed through a photo-
mask from the black photo-sensitive resin layer side to cure
the black photosensitive resin layer in the light-shielded part
where a colored pixel is not present (black matrix). The col-
ored pixels are usually not disposed at designed intervals or in
a size as arranged, because slight displacement is caused by
an alignment error of the exposure apparatus or by the effect
of thermal expansion of the substrate, or the pixel itself is
thickened or thinned. This tendency is emphasized particu-
larly on a large-size substrate. For this reason, exposure
through a photomask having pixel intervals as designed
brings about generation of a portion where the black matrix is
overlapped with the pixel or a portion where conversely a gap
is formed between the black matrix and the pixel. The over-
lapped portion appears as a projection, and the gapped portion
causes light leakage. These portions both are undesirable.
[0096] 1In the case of producing the color filter by using a
transfer material, the retardation of the color filter may be
adjusted by adding a retardation raising agent or a retardation
decreasing agent to a photosensitive layer or a colored layer
which are a constituent layer of the transfer material.

[0097] Representative examples of the retardation raising
agent which can be used include additives described in JP-A-
2000-111914. As regards the retardation decreasing agent,
additives and the like described, for example, in JP-A-2006-
30937 may be preferably used.

[0098] The embodiment of the present invention is
described below by referring to the drawings.

[0099] The liquid crystal display device shown in FIG. 1
comprises a liquid crystal cell (9 to 13); an upper polarizing
plate 21 (1 to 6) and a lower polarizing plate 22 (14 to 19),
which are disposed to sandwich the liquid crystal cell; and a
backlight unit 20 comprising a lamp 20a as a light source,
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which is disposed further on the outer side of the lower
polarizing plate 22. The liquid crystal cell (9 to 13) comprises
a liquid crystal cell upper substrate 9, a liquid crystal cell
lower substrate 12, and a liquid crystal layer 11 sandwiched
therebetween. The lower substrate 12 has, on the opposing
surface thereof, an electrode layer (not shown in FIG. 1), and
the electrode layer is constructed to be able to provide the
liquid crystal layer with an electric field parallel to the surface
of the substrate 12. The electrode layeris usually composed of
transparent indium tin oxide (ITO). On the electrode layer of
the substrate 12 and on the opposing surface of the substrate
9, an orientation layer (not shown in FIG. 1) for controlling
the orientation of liquid crystalline molecules 11 is formed
and when a drive voltage is not applied, the direction of
orientation of the liquid crystalline molecules 11 is controlled
by the direction 10 or 13 of rubbing applied to the surface of
the orientation layer.

[0100] The shape, construction and the like of the electrode
are not particularly limited and may be any shape or construc-
tion as long as an electric field parallel to the substrate of the
liquid crystal cell can be created. In general, an electrode
construction employed in IPS-mode and FFS-mode liquid
crystal display devices can be utilized. For example, the elec-
trode may be composed of a pixel electrode and a counter
electrode disposed in different layers or may be composed of
a pair of electrodes disposed in different layers with at least
one electrode being transparent, and an electrode to which a
voltage is not applied.

[0101] FIG. 2 schematically shows the OFF state and the
ON state according to one example of an IPS-mode liquid
crystal display device. Incidentally, FIG. 2 shows only a part
of one pixel of the liquid crystal display device, and the
relative size and the like of each member are not necessarily
agreeing with those actually employed. The same applies to
FIG. 3 described later. Also, in FIG. 2, the same reference
numerals are used for the members corresponded to the mem-
bers in FIG. 1, and the same applies to FIG. 3 described later.

[0102] In FIG. 2, a plurality of linear electrode layers 24
formed on the opposing surface of the substrate 12 create,
when a voltage is applied, an electric field 23 containing an
electric field component parallel to the plane of the substrate
12. In the state of a voltage being not applied or a low voltage
being applied (OFF state), the orientation of the liquid crys-
talline molecules 11 is controlled by the rubbing axis (10 or
13 in FIG. 1) on the opposing surface of the substrate 9 or 12
to make a slight angle with respect to the longitudinal direc-
tion of the linear electrode layers 24. Here, the liquid crystal
is assumed to have positive dielectric anisotropy. In the state
of a voltage being applied to linear electrode layers 24 (ON
state), an electric field 23 containing a component parallel to
the substrate 9 or 12 is created, and the liquid crystalline
molecules 11 are orientation-controlled while allowing their
long axes to agree with the electric field direction. Inciden-
tally, the electric field 23 direction preferably makes an angle
0f 20° C. or less, more preferably 10° C. or less, with respect
to the surface of the substrate 12, that is, runs substantially in
parallel. In the following, electric fields at an angle of 20° C.
or less are collectively called a parallel electric field. Also, the
same effect is obtained either when the linear electrode layers
24 are formed in parts on the upper and lower substrates or
when formed only on one substrate.

[0103] FIG. 3 schematically shows the OFF state and the
ON state according to one example of an FFS-mode liquid
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crystal display device. The same reference numerals are used
for the same members as in FIG. 2 and their detailed descrip-
tion is omitted.

[0104] In FIG. 3, the electrode has a two-layer structure
composed of an upper electrode layer 24 and a lower elec-
trode layer 26, and these electrode layers are disposed as
different layers through an insulating layer 25. The electrode
layer 26 may be an unpatterned electrode layer or a linearly
patterned electrode layer. The upper electrode layer 24 is
preferably linear but may have any pattern shape such as
mesh, spiral or dot as long as the shape allows passing of an
electric field coming from the lower electrode layer 26. A
floating electrode having a neutral potential may be further
added. The insulating layer 25 may be a layer composed of an
inorganic material such as SiO or nitride film or may be a
layer composed of an organic material such as acrylic or
epoxy-based material. A voltage is applied to the upper elec-
trode layer 24 and the lower electrode layer 26, whereby an
electric field 23' containing a component parallel to the sub-
strate 9 is created. In the OFF state, similarly to the IPS mode,
the liquid crystalline molecules 11 are oriented while allow-
ing their long axes to agree with the rubbing axis (10 or 13 in
FIG. 1) on the opposing surface of the substrate 9 or 12. On
the other hand, in the ON state, an electric field 23' containing
a component parallel with the substrates 9 and 12 is created
and the liquid crystalline molecules 11 are oriented while
allowing their long axes to agree with the electric field direc-
tion.

[0105] Although adetailed structure is not shown in FIG. 1,
an RGB color filter is disposed on the opposing surface of the
upper substrate 9 or the lower substrate 12 of theliquid crystal
cell, and the liquid crystal cell has three picture element
regions where an R layer, a G layer and a B layer are formed.
In this embodiment, out of these three colored layers, at least
two colored layers, for example, G layer and R layer, or G
layer and B layer, are preferably different in the value of Rth
in the thickness direction from each other. It is more preferred
that three colored layers are different in Rth from each other.
In the RGB color filter, the main wavelength at which the
picture element region takes the maximum transmittance is,
in the ascending order, blue light wavelength .z, green light
wavelength A ; and red light wavelength A,. In this embodi-
ment, assuming that the retardation values in the thickness
direction of R, G and B layers are Rth(Az), Rth(h ;) and
Rth(hy), the Rth(A ) of the RGB color filter preferably satis-
fies the following relational formula (9). Furthermore, pref-
erably at least one, more preferably both, of Rth(h;) and
Rth(hy) of the RGB color filter satisty the following formulae
(10) and (11).

Rth(Az) =<5 nm ©):
-35 nim=Rth(hg)=25 mm (10):
-45 i =Rth(Ag)=0 nm (11):
[0106] In order to satisfy these relational formulae, a color

filter where, for example, the thickness (d,) of R layer, the
thickness (d,) of G layer and the thickness (d,) of B layer are
different from each other may be used.

[0107] Again, in FIG. 1, the liquid crystal cell is disposed
between the upper polarizing plate 21 and the lower polariz-
ing plate 22, and the upper polarizing plate 21 and the lower
polarizing plate 22 are disposed by crossing the absorption
axes 4 and 17 with each other. In the case where the upper
polarizing plate 21 is the viewing-side polarizing plate, the
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upper polarizing plate 21 is preferably stacked such that the
absorption axis 4 crosses with the direction of abnormal light
refractive index of the liquid crystalline molecules 11 in the
liquid crystal cell at the voltage non-applied time (OFF state).
The upper polarizing plate 21 comprises a polarizing film 3
and protective films 1 and 5 disposed on the surfaces thereof,
and the lower polarizing plate 22 comprises a polarizing film
16 and protective films 14 and 18 disposed on the surfaces
thereof.

[0108] InFIG.1,acaseof making light to be incident from
the backlight unit 20 disposed on the outer side of the lower
polarizing plate 22 is described below. In the non-driving
state (OFF state) where a drive voltage is not applied to the
electrode (not shown in FIG. 1), the liquid crystalline mol-
ecules 11 in the liquid crystal layer are oriented nearly in
parallel to the surfaces of the substrates 9 and 12 and at the
same time, the long axes thereof are oriented nearly in parallel
to the rubbing axes 10 and 13. In this state, the light converted
into a predetermined polarization state by the polarizing film
16 is not affected by birefringence of the liquid crystalline
molecules 11 and is consequently blocked by the absorption
axis 4 of the polarizing film 3. At this time, black display
appears. On the other hand, in the driving state (ON state)
where a drive voltage is applied to the electrode (not shown in
FIG. 1), an electric field containing a component parallel to
the substrates is formed, and the liquid crystalline molecules
11 are oriented while allowing their long axes to agree with
the electric field direction. As a result, the light converted into
apredetermined polarization state by the polarizing film 18 is
subject to change in the polarization state by the effect of
birefringence of the liquid crystalline molecules 11 and con-
sequently passes through the polarizing film 3. At this time,
white display appears. In the present invention, the retarda-
tion Rth in the thickness of the color filter is varied among the
picture element regions, so that good color reproducibility
can be obtained over a wide range of viewing angle and
coloration at the black display time, so-called color shifting,
can be reduced.

[0109] Inthe IPS-modeliquid crystal display device shown
in FIG. 2, the liquid crystal layer is preferably disposed by
arranging its orientation control direction (rubbing axes 10
and 13 in FIG. 1) to run in the vertical direction, that is, the
twelve-six direction, of the display device, and the absorption
axes 4 and 17 of the upper polarizing plate and lower polar-
izing plate are also preferably disposed in the twelve-six
direction and crossed. Furthermore, the slow axis 6 and 15 of
the protective films 5 and 14 disposed between the polarizing
film 3 or 16 and the liquid crystal layer are also preferably
disposed in the twelve-six direction and disposed in parallel
with the rubbing axis of the liquid crystal cell substrate dis-
posed closer thereto. This arrangement is effective for reduc-
ing leakage light at the black display time or eliminating
coloration in the viewing angle direction.

[0110] As shown in FIG. 1, an optically anisotropic layer 7
may be disposed between the liquid crystal cell-side protec-
tive film 5 of the upper polarizing plate 21 and the liquid
crystal layer 11. The retardation value of the optically aniso-
tropic layer 7 is preferably set to be not more than twice the
An@d value of the liquid crystal layer 11. In the configuration
shown in FIG. 1, the optically anisotropic layer 7 is disposed
between the protective film 5 of the upper polarizing plate 21
and the liquid crystal layer 11 but may be disposed between
the protective film 14 of the lower polarizing plate 22 and the
liquid crystal layer 11 or may be disposed in both. Also, as for
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the retardation of the protective film 5 of the upper polarizing
film 3, when Rth is 20 nm or more larger than the retardation
of the protective film 14 of the lower polarizing film 16, this
is effective for reducing leakage light at the black display time
or eliminating coloration in the viewing angle direction.

[0111] In the FFS-mode liquid crystal display device
shownin FIG. 3, the liquid crystal layer is preferably disposed
by arranging its orientation control direction (rubbing axes 10
and 13 in FIG. 1) to run in the transverse direction, that is, the
third-ninth direction, of the display device, and the absorption
axes 4 and 17 of the upper polarizing plate and the lower
polarizing plateare also preferably disposed in the third-ninth
direction and crossed. Furthermore, the slow axes 6 and 11 of
the protective films 5 and 14 disposed between the polarizing
film 3 or 16 and the liquid crystal layer are also preferably
disposed in the third-ninth direction and disposed in parallel
with the rubbing axis of the liquid crystal cell substrate dis-
posed closer thereto. This arrangement is effective for reduc-
ing leakage light at the black display time or eliminating
coloration in the viewing angle direction. Also, as shown in
FIG. 1, an optically anisotropic layer 7 may be disposed
between the liquid crystal cell-side protective film 5 of the
upper polarizing plate 21 and the liquid crystal layer 11. The
retardation value of the optically anisotropic layer 7 is pref-
erably set to be not more than twice the An@®d value of the
liquid crystal layer 11. In the configuration shown in FIG. 1,
the optically anisotropic layer 7 is disposed between the pro-
tective film 5 of the upper polarizing plate 21 and the liquid
crystal layer 11 but may be disposed between the protective
film 14 of the lower polarizing plate 22 and the liquid crystal
layer 11 or may be disposed in both.

[0112] The shape and arrangement of the electrode are not
limited to those in the configurations shown in FIGS. 2 and 3,
and any shape or construction of the electrode employed in
conventional IPS-mode and FFS-mode devices can be uti-
lized. For example, in order to obtain a wider viewing angle,
linear electrodes (sometimes referred to as a “comb elec-
trode”) may be arranged in a zigzag pattern. In this case,
however, orientation of liquid crystalline molecules in the
liquid crystal layer may be disturbed at a curved part of the
electrode to reduce the contrast of the display device. For
alleviating this reduction in the contrast, it is effective to
arrange the slow axes (6 and 15 in FIG. 1) of the protective
films (5 and 14 in FIG. 1) comprising cellulose acylate film or
the like disposed on the polarizing films (3 and 16 in FIG. 1)
to cross with the average orientation control directions (10
and 13 in FIG. 1) of the liquid crystal layer 11 within 10°.
When such an arrangement is employed, the retardation
unevenness of the liquid crystal layer due to the disturbed
orientation can be compensated and the uniformity of display
can be enhanced. Furthermore, as for the brightness uneven-
ness at the black display time due to disturbed orientation of
the liquid crystal molecules resulting from rubbing, the pro-
tective film is disposed by arranging its slow axis to cross with
the rubbing axis, whereby the retardation unevenness can be
self-compensated and the brightness unevenness can be
reduced.

[0113] Theaverage direction of disturbed orientation of the
liquid crystal molecules is slipped by approximately from 5 to
15° from the original orientation control direction. The dis-
play unevenness can be reduced by crossing the slow axis of
the protective film with the average orientation axis to com-
pensate the retardation. In the case of disposing the protective
film by crossing its slow axis, as described above, if the Re
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value of the protective film is large, even when the unevenness
can be reduced, the absolute value of black brightness may be
increased and contrast drop may result. Therefore, a protec-
tive film having a small Re of nearly 0, such as cellulose
acylate film described in JP-A-2005-138373, is preferably
used.

[0114] Furthermore, as described above, the unevenness
canbe similarly reduced by disposing an optically anisotropic
layer and crossing its slow axis, orientation control direction
or average orientation direction with the average orientation
control direction of the liquid crystal layer within 10°.
[0115] The FFS mode has a tendency of the viewing angle
becoming narrower as compared with the IPS mode and also,
is characterized in that the liquid crystal orientation is greatly
disturbed at the electrode end because of a high electric field
applied thereto. For these reasons, when the slow axes (6 and
15 in FIG. 1) of the protective films (5 and 14 in FIG. 1)
comprising a cellulose acylate film or the like are crossed with
the average orientation control directions (10 and 13 in FIG.
1) of the liquid crystal layer 11 within 10°, a higher effect of
reducing the unevenness is obtained.

[0116] Incidentally, in a liquid crystal display device in
either mode of TIPS mode and FFS mode, with respect to both
or either one of the polarizing plates on the viewing side and
the backlight side, the absorption axis of the polarizing film is
preferably slippedinthe above-described range from the slow
axis of the protective film, and it is more preferred that the
absorption axis of the polarizing film in only one polarizing
plate is slipped in the above-described range from the slow
axis of the protective film.

[Backlight]

[0117] The liquid crystal display device effects the display
by the ON or OFF-cutting of light passing through the liquid
crystal cell and in use as a transmissive liquid crystal display
device, a backlight using a cold-cathode or hot-cathode fluo-
rescent tube, light-emitting diode, field emission element or
electroluminescent element as the light source can be dis-
posed on the back side, and this gives a bright and clear
display device.

[0118] The backlight includes a side edge-type backlight
used for portable terminals and notebook computers and a
directly beneath-type backlight used for display devices such
as television. The side edge type has one or two fluorescent
lamps at the end part of a light guide plate and is advantageous
in that the thickness of the backlight unit can be made small.
On the other hand, in the directly beneath type, the number of
fluorescent lamps can be increased according the required
brightness and high brightness can be easily obtained. A
structure where in the side edge-type or directly beneath-type
backlight, a light-emitting diode, a field emission element, an
electro-luminescent element or the like is used in place of the
fluorescent lamp, or a combination of these plural light
sources, s also effective.

[0119] In order to more enhance the emission efficiency of
the backlight, a prism-like or lens-like condenser-type bright-
ness enhancing sheet (film) may be stacked, or a polarizing
reflection-type brightness enhancing sheet (film) for improv-
ing light loss due to absorption by the polarizing plate may be
stacked between the backlight and the liquid crystal cell.
Also, a diffusion sheet (film) for equalizing the light from the
backlight light source may be stacked or on the contrary, a
sheet (film) having formed by printing thereon a reflection or
diffusion pattern for imparting in-plane distribution to the
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light from the light source may be stacked. The backlight
includes, in addition to the backlight which is always lighted,
a backlight which is intermittently lighted, and a backlight
whichis divided into a plurality of regions to emit light. Also,
the light can be adjusted by correlating the light emitting
method to a picture image. A structure where the backlight is
divided into a plurality of regions and different lights (bright-
ness and color) are emitted from respective regions, may also
be employed.

[Applications]

[0120] The liquid crystal display device of the present
invention includes a direct image viewing type, an image
projection type and a light modulation type. The direct image
viewing type is suitable for OA equipment such as notebook
computer and monitor for personal computers, a multimedia
display such as television, and a small-size display device
such as car navigation system, cellular phone, portable termi-
nal, watch-like terminal and wearable display. This type of
liquid crystal display device is also effective for a display
device of amusement machines or a vertically-placed or
floor-type large-size conference display device.

[0121] Theimage projection type includes a front projector
type of directly projecting an image on a screen, and a rear
projector type of projecting an image from the back side of a
screen. This type of liquid crystal display device is also effec-
tive for a portable projector using an LED light source or the
like.

[0122] The light modulation type is effective for a three-
dimensional display device or a display device called high
realistic representation-type display. For example, this type of
liquid crystal display device is effective for a three-dimen-
sional display using two liquid crystal cells, or a cylindrical
three-dimensional display composed of a plurality of rear
projectors.

EXAMPLES

[0123] The present invention is described in greater detail
below by referring to Examples. The materials, reagents,
amounts and ratio of materials, operations and the like indi-
cated in the following Examples may be appropriately modi-
fied without departing from the spirit of the present invention.
The scope of the present invention is, therefore, not limited to
these specific Examples.

(Production of Cellulose Acylate Films 01 to 03)

[0124] The composition shown below is charged into a
mixing tank and stirred under heating to dissolve respective
components, whereby Cellulose Acylate Solution 01 is pre-
pared.

Cellulose acetate having a substitution
degree of 2.86

Triphenyl phosphate (plasticizer)
Biphenyldiphenyl phosphate (plasticizer)
Compound of Chem. (2) below
Compound of Chem. (3) below

100 parts by mass

7.8 parts by mass
3.9 parts by mass
0.8 parts by mass
0.2 parts by mass
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-continued

Methylene chloride (first solvent)
Methanol (second solvent)

Chem. (2):

Chem. (3):

Cl

[0125] Cellulose Acylate Solution 01 prepared is then cast
using a band casting machine composed of a casting part, a
tenter part and a drying part. Cellulose Acylate Solution 01 is
cast on a continuous metal support in the casting part while
adjusting the flow rate to give a film thickness of 70 um after
the production and separated from the metal support in the
state of the residual solvent amount being about 55%. After
the separation, the web separated is conveyed by a clip-sys-
tem tenter while holding both edges of the web and dried at
100 to 140° C. When the residual solvent amount becomes
about 20%, the web is removed from the tenter. After slitting
both edges having clip marks, the web is further dried in the
drying part comprising a plurality of rolls to aresidual solvent
amount of 0.1% and then taken up. In this way, Cellulose
Acetate Film 01 is produced.

[0126] Cellulose Acylate Films 02 and 03 are produced in
the same manner as in Example 1 except that the film thick-
ness is changed to 60 pm and 40 pm.

(Production of Cellulose Acylate Films 04 to 06)

[0127] The composition shown below is charged into a
mixing tank and stirred to dissolve respective components,
whereby Cellulose Acylate Solution 02 is prepared.

Cellulose acetate having a substitution
degree of 2.86

Triphenyl phosphate (plasticizer)
Biphenyldiphenyl phosphate
(plasticizer)

Compound of Chem. (2)

100 parts by mass

7.8 parts by mass
3.9 parts by mass

0.8 parts by mass

Compound of Chem. (3) 0.2 parts by mass
Methylene chloride 494.8 parts by mass
Methanol 93.3 parts by mass
Butanol 3.6 parts by mass
[0128] Cellulose Acylate Solution 02 is concentrated to a

concentration of 23.5% and then cast using a drum casting
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machine cooled to -=10° C., to give a film thickness of 70 pm
after casting. In this way, Cellulose Acetate Film 04 is pro-
duced.

[0129] Cellulose Acylate Films 05 and 06 are produced in
the same manner as in Example 1 except that the film thick-
ness is changed to 60 um and 40 pm.

(Production of Cellulose Acylate Film 07)
[0130] The composition shown below is charged into a

mixing tank and stirred to dissolve respective components,
whereby Cellulose Acylate Solution A is prepared.
[Composition of Cellulose Acylate Solution B]

[0131]

Cellulose acylate having an acetylation
degree of 2.94

Methylene chloride (first solvent)
Methanol (second solvent)

100.0 parts by mass

402.0 parts by mass
60.0 parts by mass

(Preparation of Matting Agent Solution)

[0132] 20 Parts by mass of silica particle having an average
particle diameter of 16 nm (AEROSIL R972, produced by
Nihon Aerosil Co., Ltd.) and 80 parts by mass of methanol are
thoroughly mixed with stirring for 30 minutes to obtain a
silica particle liquid dispersion. This liquid dispersion is
charged together with the following composition into a dis-
perser and further stirred for 30 minutes or more to dissolve
respective components, whereby Matting Agent Solution A is
prepared.

[Composition of Matting Agent Solution]
[0133]

Silica particle liquid dispersion having an
average particle diameter of 16 nm
Methylene chloride (first solvent)
Methanol (second solvent)

Cellulose Acylate Solution B

10.0 parts by mass

76.3 parts by mass
3.4 parts by mass
10.3 parts by mass

(Preparation of Additive Solution)

[0134] The following composition is charged into a mixing
tank and stirred under heating to dissolve respective compo-
nents, whereby a cellulose acetate solution is prepared. As for
the compound capable of decreasing the optical anisotropy
and the wavelength-dispersion adjusting agent, the com-
pounds shown below are used.

(Composition of Additive Solution)
[0135]

Retardation-decreasing compound shown
below (Chem. (4))
Wavelength-dispersion adjusting agent
shown below (Chem. (5))

49.3 parts by mass

7.6 parts by mass
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-continued

Methylene chloride (first solvent)
Methanol (second solvent)
Cellulose Acylate Solution B

58.4 parts by mass
8.7 parts by mass
12.8 parts by mass

Chem. (4):
Retardation-Decreasing Compound:

o]

S—NH

6]
Chem. (5):
Wavelength-Dispersion Adjusting Agent:
0] OH

OCgH 5

[0136] 94.6 Parts by mass of Cellulose Acylate Solution B,
1.3 parts by mass of the matting agent solution and 3.8 parts
by mass of the additive solution are mixed after filtering each
solution and cast using a band casting machine. In the com-
position above, the mass ratio of the retardation-decreasing
compound to the cellulose acylate and the mass ratio of the
wavelength-dispersion adjusting agent to the cellulose acy-
late are 11.1% and 1.1%, respectively. The film thickness is
set to 70 um.

(Production of Cellulose Acylate Film 08)

[0137] Cellulose Acylate Film 08 is produced in the same
manner as in Example 3 except that the mass ratio of the
retardation-decreasing compound to the cellulose acylate and
the mass ratio of the wavelength-dispersion adjusting agent to
the cellulose acylate are changed to 11.7% and 1.2%, respec-
tively, by adjusting the amount of the additive solution and the
film thickness is set to 65 pum.

11
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(Production of Cellulose Acylate Films 09 and 10)

[0138] The composition shown below is charged into a
mixing tank and stirred under heating to dissolve respective
components, whereby Cellulose Acylate Solution C is pre-
pared.

Cellulose acylate having an acetylation
degree of 2.94

Compound of Chem. (3)
Retardation-decreasing compound of
Chem. (4)

Methylene chloride (first solvent)
Methanol (second solvent)

100.0 parts by mass

8.8 parts by mass
0.8 parts by mass

530.0 parts by mass
80.0 parts by mass

[0139] Cellulose Acylate Solution C prepared is cast using
aband casting machine to give a film thickness of 60 um or 40
pm, whereby Cellulose Acylate Films 09 and 10 are pro-
duced.

[Production of Cellulose Acetate Film 11]

[0140] The composition shown below is charged into a
mixing tank and stirred under hating to dissolve respective
components, whereby Cellulose Acylate Solution D is pre-
pared.

Cellulose acylate having an acetylation
degree of 2.86

Compound of Chem. (3)

Methylene chloride (first solvent)
Methanol (second solvent)

100.0 parts by mass

8.8 parts by mass
512.0 parts by mass
77.0 parts by mass

[0141] Cellulose Acylate Solution C prepared is cast using
a band casting machine to give a film thickness of 80 pm,
whereby Cellulose Acylate Film 11 is produced.

[0142] With respect to Cellulose Acetate Films 01 to 11
obtained, the optical performance is determined using an
ellipsometer (M-150, manufactured by JASCO Corp.). The
results obtained are shown together in Table 1.

TABLE 1

Thickness Re(550) Rth(550)

IRe(630) - Re(450)|  [Rth(630) - Rth(430)|

Cellulose Acetate
Film 01
Cellulose Acetate
Film 02
Cellulose Acetate
Film 03
Cellulose Acetate
Film 04
Cellulose Acetate
Film 05
Cellulose Acetate
Film 06
Cellulose Acetate
Film 07
Cellulose Acetate
Film 08
Cellulose Acetate
Film 09
Cellulose Acetate
Film 10
Cellulose Acetate
Film 11

70 1.1 42 1.1 11
60 0.7 35 0.9 9
40 0.4 25 0.8 7
70 2.5 39 1.2 14
60 2.2 34 0.8 9
40 1.9 23 0.7 6
70 0.3 -5 1 10
65 0.2 0 0.5 8
60 0.4 9 0.3 11
40 0.5 6 0.2 8
80 0.3 22 0.7 15
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(Production of Polarizing Plate)

[0143] Cellulose Acetate Films 01 to 11 obtained above
each is dipped in an aqueous 1.5 mol/L, sodium hydroxide
solution at 55° C. for 2 minutes, then washed in a watet-
washing bath at room temperature, further neutralized using
0.05 mol/L sulfuric acid at 30° C., again washed in a water-
washing bath at room temperature and dried with hot air at
100° C. In this way, both surfaces of each film are saponified.
[0144] Three kinds of commercially available cellulose
acetate films (TD8OUL, TFY80UL and ZRF80S, all pro-
duced by Fujifilm Corp., thickness: 80 um) are also saponi-
fied in the same manner.

[0145] A roll-form polyvinyl alcohol film of 80 umin thick-
ness is continuously 5-fold stretched in an aqueous iodine
solution and dried to obtain a polarizer. The saponified cellu-
lose acetate film is laminated with the polarizer according to
the combination shown in Table below by using an aqueous
3% polyvinyl alcohol (PVA-117H, produced by Kuraray Co.,
Ltd.) as the adhesive to produce a polarizing plate.

TABLE 2

Sep. 4, 2008

Example 1

(Production of Liquid Crystal Display Device)

[0146] The polarizing plate provided in a commercially
available liquid crystal display device (26C1000, 26-inch
size, manufactured by Toshiba Corp.) using an IPS-mode
liquid crystal cell is separated, and the liquid crystal cell is
taken out. The polarizing plate produced above is laminated
to the viewing side (upper side) and the backlight side (lower
side) of the liquid crystal cell according to the combination
shown below by using an acrylic self-adhesive material. At
this time, the lamination is performed by arranging the
absorption axis direction of the polarizer to agree with the
absorption axis of the originally provided polarizing plate.
The thus-produced liquid crystal panel is placed back to pro-
duce a liquid crystal display device.

Protective Film

Polarizing Plate 1
Polarizing Plate 2
Polarizing Plate 3
Polarizing Plate 4
Polarizing Plate 5
Polarizing Plate 6
Polarizing Plate 7
Polarizing Plate 8
Polarizing Plate 9
Polarizing Plate 10
Polarizing Plate 11
Polarizing Plate 12
Polarizing Plate 13

Polarizing Plate 14

Cellulose Acylate Film 01
Cellulose Acylate Film 02
Cellulose Acylate Film 03
Cellulose Acylate Film 04
Cellulose Acylate Film 035
Cellulose Acylate Film 06

cellulose acetate film (TD8OUL)
cellulose acetate film (TFY80UL)

Cellulose Acylate Film 07
Cellulose Acylate Film 08
Cellulose Acylate Film 09
Cellulose Acylate Film 10

Cellulose Acylate Film 01
Cellulose Acylate Film 02
Cellulose Acylate Film 03
Cellulose Acylate Film 04
Cellulose Acylate Film 05
Cellulose Acylate Film 06

cellulose acetate film (TD8OUL)
cellulose acetate film (TFY80UL)

Cellulose Acylate Film 01
Cellulose Acylate Film 02
Cellulose Acylate Film 02
Cellulose Acylate Film 03

Cellulose Acylate Film 11

commercially available cellulose

acefate film

cellulose acetate film (ZRF80S)

cellulose acetate film (TFY80UL)

TABLE 3

Polarizing Plate on Viewing Side

Polarizing Plate on Backlight Side

Kind of Polarizing Plate
(film of retardation layer (A)

Kind of Polarizing Plate
(film of retardation layer (B)

in parenthesis) ReU RthU in parenthesis) ReD RthD
Liquid Crystal Polarizing Plate 1 1.1 42 Polarizing Plate 9 0.3 -5
Display Device 1 (Cellulose Acylate Film 01) (Cellulose Acylate Film 07)
Liquid Crystal Polarizing Plate 2 0.7 35  Polarizing Plate 10 0.2 0
Display Device 2 (Cellulose Acylate Film 02) (Cellulose Acylate Film 08)
Liquid Crystal Polarizing Plate 2 0.7 35 Polarizing Plate 11 0.4 9
Display Device 3 (Cellulose Acylate Film 02) (Cellulose Acylate Film 09)
Liquid Crystal Polarizing Plate 3 0.4 25 Polarizing Plate 12 0.5 6
Display Device 4 (Cellulose Acylate Film 03) (Cellulose Acylate Film 10)
Liquid Crystal Polarizing Plate 4 2.5 39 Polarizing Plate 9 03 -5
Display Device 5 (Cellulose Acylate Film 04) (Cellulose Acylate Film 07)
Liquid Crystal Polarizing Plate 5 2.2 34 Polarizing Plate 10 0.2 0
Display Device 6 (Cellulose Acylate Film 05) (Cellulose Acylate Film 08)
Liquid Crystal Polarizing Plate 5 2.2 34 Polarizing Plate 11 0.4 9
Display Device 7 (Cellulose Acylate Film 05) (Cellulose Acylate Film 09)
Liquid Crystal Polarizing Plate 6 1.9 23 Polarizing Plate 12 0.5 6

Display Device 8

(Cellulose Acylate Film 06)

(Cellulose Acylate Film 10)
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TABLE 3-continued
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Polarizing Plate on Viewing Side

Polarizing Plate on Backlight Side

Kind of Polarizing Plate Kind of Polarizing Plate
(film of retardation layer (A) (film of retardation layer (B)
in parenthesis) ReU RthU in parenthesis) ReD RthD
Liquid Crystal Polarizing Plate 1 1.1 42 Polarizing Plate 12 0.5 6
Display Device 9 (Cellulose Acylate Film 01) (cellulose acetate film 10)
[0147] With respect to the produced liquid display devices, shown below in the same manner as in Example 1. The liquid

the black brightness, the color tint at an azimuthal angle of
45°and a polar angle of 60°, and the change in color tint when

crystal panel is placed back to produce aliquid crystal display
device.

TABLE 4

Polarizing Plate on Viewing Side

Polarizing Plate on Backlight Side

Kind of Polarizing Plate
(film of retardation

Kind of Polarizing Plate
(film of retardation layer (B)

layer (A) in parenthesis) ~ ReU RthU in parenthesis) ReD RthD
Liquid Crystal Polarizing Plate 7 2.8 44 Polarizing Plate 13 0.3 22
Display Device 11~ (TD80UL) (Cellulose Acetate Film 11)
Liquid Crystal Polarizing Plate & 1.2 47 Polarizing Plate 14 02 -8
Display Device 12 (TFY80UL) (ZRFB0S)

measured in all directions of the azimuthal angle at a polar
angle of 60° are determined using EZ-Contrast 160D. As a
result, in all liquid crystal panels, good display quality is
exhibited with small light leakage and small change in color
tint and with a color tint close to neutral gray. Also, when the
liquid crystal display is left standing under temperature and
humidity conditions of 60° C. and 90% R.H. for 48 hours and
then lighted by taking it out into an environment of 25° C. and
60% R.H., in Liquid Crystal Display Devices 1 to 8, only
slight light leakage is observed in the periphery of the display
part, but in Liquid Crystal Display Device 9, light leakage is
observed in the periphery of the display part.

Example 2

(Production of Liquid Crystal Display Device)

[0148] A liquid crystal layer is injected between two glass
substrates to produce an IPS-mode liquid crystal cell in which
the distance between substrates (gap: d) is 3.4 pm. At this
time, An of the liquid crystal layer is 0.08765 and the d@®An
value of the liquid crystal layer is 298 nm. Incidentally, two
glass substrates are disposed to cause their rubbing directions
to run in parallel.

[0149] Polarizing Plate 2 as the upper polarizing plate and
Polarizing Plate 10 as the lower polarizing plate are laminated
in the same manner as in Example 1 to produce Liquid Crystal
Display Device 10. The display performance of the obtained
liquid crystal display device is evaluated, as a result, the same
display quality as that in Example 1 is exhibited.

Comparative Example 1

(Production of Liquid Crystal Display Device)

[0150] Using the liquid crystal cell of Example 1, polariz-
ing plates are laminated thereto according to the combination

[0151] The display quality of the produced liquid crystal
display devices is examined in the same manner as in
Example 1, as a result, coloration to yellow and large change
in color tint are observed in Liquid Crystal Display Device 11.
In Liquid Crystal Display Device 12, the transmittance of
black brightness is high and the light leakage is large. Also, in
both of Liquid Crystal Display Devices 11 and 12, it is con-
firmed that light leakage appears in the periphery of the panel
which is subjected to the same humidity/heat treatment as in
Bxample 1.

[0152] According to the present invention, a liquid crystal
display device having excellent contrast viewing angle prop-
erties can be provided. Also, according to the present inven-
tion, a liquid crystal display device where color shift is unob-
served or alleviated even when obliquely viewed at the black
display time can be provided. Furthermore, according to the
present invention, a liquid crystal display device undergoing
less change in the display performance due to change in the
temperature and humidity and having excellent durability can
be provided.

[0153] The entire disclosure of each and every foreign
patent application from which the benefit of foreign priority
has been claimed in the present application is incorporated
herein by reference, as if fully set forth.

What is claimed is:

1. A liquid crystal display device comprising:

a pair of polarizing films;

a liquid crystal cell that is sandwiched between the pair of
polarizing films;

aretardation layer (A) of 70 um or less in thickness, which
is disposed between the liquid crystal cell and one of the
pair of polarizing films; and

a retardation layer (B) of 70 um or less in thickness, which
is disposed between the liquid crystal cell and the other
of the pair of polarizing films,
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wherein
the liquid crystal cell comprises:
a pair of oppositely disposed substrates, at least one of
which has an electrode; and
an orientation-controlled liquid crystal layer that is dis-
posed between the pair of oppositely disposed sub-
strates,
the electrode creates an electric field having a component
parallel to the substrate having the electrode, and
the retardation layers (A) and (B) satisfy following formu-
lae (1) to (3):

RthU>RthD Formula (1):

-20 nm=RthD=20 nm Formula (2):

20 nm<RthU=60 nm Formula (3):
wherein

RthU represents a retardation in a thickness direction at a
wavelength of 550 nm of the retardation layer (A), and
RthD represents a retardation in a thickness direction at a
wavelength of 550 n of the retardation layer (B).
2. The liquid crystal display device according to claim 1,
wherein the retardation layers (A) and (B) satisfy following
formulae (4) and (5):

-10 nim=ReU=10 nm Formula (4):

-10 nm=ReD=10 nm Formula (5):

wherein
ReU represents an in-plane retardation at a wavelength of
550 nm of the retardation layer (A), and

Sep. 4, 2008

ReD represents an in-plane retardation at a wavelength of
550 nm of the retardation layer (B).
3. The liquid crystal display device according to claim 1,
wherein
the retardation layers (A) and (B) both comprise a cellulose
acylate film.
4. The liquid crystal display device according to claim 3,
further comprising:
two pairs of protective films,
wherein
each polarizing film of the pair of polarizing films is sand-
wiched between each pair of the two pairs of protective
films, and
the thinnest protective film and the thickest protective film
are different in film thickness by 20 um or less.
5. The liquid crystal display device according to claim 1,
wherein
the electric field having a component parallel to the sub-
strate having an electrode is generated by a pixel elec-
trode and a counter electrode which are disposed in
different layers.
6. The liquid crystal display device according to claim 1,
wherein
the electric field having a component parallel to the sub-
strate having an electrode is generated by a pair of elec-
trodes, which are disposed in different layers and at least
one of which is transparent, and by an electrode to which
a voltage is not applied.

L T
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