Descri ption VERTI CALLY ALI GNED LI QUI D CRYSTAL DI SPLAY DEVI CE Techni cal

Fi el d [0001] The

vertically aligned liquid crystal

present invention relates to a vertically aligned liquid

crystal display device which perfornms sinple-matrix driving (duty driving).
Background Art [0002]1n order to increase the capacity and definition of
di spl ay device by sinple-matrix driving,

hi gh duty driving nust be perfornmed. As a prior art exanple of such a
vertically aligned liquid crystal display device, Patent Literature 1
di scloses a vertical alignnent liquid crystal display el ement which

perforns a displaying operation by the tinme-division driving at a | arge

duty ratio.

[0001]

[0002]

[0003]

[0004]

Description

VERTICALLY ALIGNED LIQUID CRYSTAL DISPLAY DEVICE
Technical Field

The present invention relates to a vertically aligned
liquid crystal display device which performs simple-matrix
driving (duty driving).
Background Art

In order to increase the capacity and definition of a
vertically aligned liquid crystal display device by sim-
ple-matrix driving, high duty driving must be performed.
As a prior art example of such a vertically aligned liquid
crystal display device, Patent Literature 1 discloses a
vertical alignment liquid crystal display element which
performs a displaying operation by the time-division driv-
ing at a large duty ratio.
Patent Literature 1l: Japanese Patent Application Laying-
Open No. 10-197858
Problems to be Solved by the Invention

When a vertically aligned 1liquid crystal display
device is driven at a high duty ratio, however, the ON
transmittance is lowered. Therefore, the display becomes
dark, and the contrast is lowered.

By contrast, when the phase difference wvalue in the
thickness direction of a liquid crystal layer is increased,

the ON transmittance is raised, but the viewing angle is

a



Patent Literature 1: Japanese Patent Application Layi ng-Open No. 10-197858
Probl ens to be Sol ved by the Invention [0003] When a vertically aligned
liquid crystal display device is driven at a high duty ratio, however, the
ON transmittance is |owered. Therefore, the display becones dark, and the
contrast is |owered. [0004] By contrast, when the phase difference value in
the thickness direction of a liquid crystal layer is increased, the ON
transmttance is raised, but the viewing angle is narrowed because, in the
vertical alignment type, the birefringence?change of the liquid crystal
| ayer due to inclination is |arge.

narrowed because, in the vertical alignment type, the bi-

refringence change of the liquid crystal layer due to in-
clination is large.

[0005] Therefore, it is an object of the invention to
provide a vertically aligned liquid crystal display device
in which the phase difference value in the thickness di-
rection of a liquid crystal layer is increased beyond a
usual range, whereby the ON transmittance in high duty
driving is increased to improve the contrast and the view-
ing angle.

[0006] Characteristics requested in a vertically aligned
liquid crystal display device include a high contrast, a
high-speed responsibility, and a wide viewing angle. It
is the that the phase difference value in the thickness
direction of a liquid crystal layer (liquid crystal cell)
is preferably in a range of from 80 nm to 400 nm. It is
generally known that, when a high contrast and a high-
speed responsibility are further considered, the adequate
region is more narrowed, and the target value is 240 to
280 nm.

Means for Solving the Problems

[0007] In the invention, as set forth in claim 1, the above-
discussed problems are solved by a vertically aligned liq-
uid crystal display device in which a liquid crystal layer

is interposed between a first glass substrate which is



[ 0005] Therefore, it is an object of the invention to provide a vertically
aligned liquid crystal display device in which the phase difference val ue
in the thickness direction of a liquid crystal |layer is increased beyond a
usual range, whereby the ON transmttance in high duty driving is increased
to inprove the contrast and the view ng angle. [0006] Characteristics
requested in a vertically aligned liquid crystal display device include a
hi gh contrast, a high-speed responsibility, and a wide viewing angle. It is
the that the phase difference value in thedthickness direction of a |iquid
crystal layer (liquid crystal cell) is preferably in a range of from BO nm

to 400 nm It igrdR5eLAldy lh@Wint Ratkich\WhaRlodg N kst aiiid asdeoad tarahisghspeed
responsibility are further considered, the adequate region is nore

narrowed, and tparbitstedttlodesi shadlaid ofifdsed tdbasnsh fatheSoladrogst he
Probl enms [0007]In the invention, as set forth in claim1l, the above-
di scussed probl gap, atke SPined tianapapait cslldatrabiegnate | dispasied,candt al
di splay device in which a liquid crystal |ayer
second glass substrate which is transparent, and in which
the second transparent electrodes are disposed, the liquid
crystal layer being configured by liquid crystal which has
a negative dielectric constant anisotropy, and in which
alignment of liquid crystal molecules is substantially
perpendicular to the first and second glass substrates,
the alignment of the liquid crystal molecules being made
substantially parallel to the first and second glass sub-
strates when a voltage is applied between the first and
second transparent electrodes, a first polarizing plate
which has an absorption axis extending in a predetermined
direction is placed on a side of the first glass substrate
opposite to a side that is contacted with the liquid crys-
tal layer, and a second polarizing plate which has an ab-
sorption axis extending in a direction perpendicular to
the absorption axis of the first polarizing plate is
placed on a side of the second glass substrate opposite to
a side that is contacted with the liquid crystal layer,
wherein, when a refractive index in a long axis direction
of the liquid crystal molecules is indicated as n., a re-

fractive index in a short axis direction is indicated as

No, Ne — N, = An, and a thickness of the liquid crystal



is interposed between a first glass substrate which is transparent, and in
whi ch, anong first and second transparent el ectrodes that are opposed to
each other across a gap, the first transparent el ectrodes are di sposed, and
a second gl ass substrate which is transparent, and in which the second
transparent el ectrodes are disposed, the liquid crystal |ayer being
configured by liquid crystal which has a negative dielectric constant

ani sotropy, and in which alignnent of liquid crystal nolecules is
substantially perpendicular to the first-d&d second gl ass substrates, the
alignment of the liquid crystal nol ecul es being made substantially parallel
to the first and,geroid iqlAasataahsd Al @Sphhed & frebage vaLaPRmied bstveen
the first and second transparent el ectrodes, a first polarizing plate which
has an absorpti giyaxi By exheddi 04 | vhiznPriedaterdn fethididsacidieBetsol aeed on
a side of the first glass substrate opposite to a side that is contacted
with the I'iquidtheysiqlid a§stadntayersGGORALPRhaaI Zange PAErowhBE0h hAs an
absorption axis extending in a direction perpendicular to the absorption
axis of the firgb pokeoi anngaplfakreti phpstaceiffuaremce glatk tilse imsesrddgl ass
substrate opposite to a side that is contacted with the liquid crystal

| ayer, wherein, babesera tied r itt st candideecaml gpdlardzangs pdrtest | amdokthehe
liquid crystal nolecules is indicated as no, a refractive index in a short
axi s direction fsrshdpbateddiifarepcaoplate is Am, unbakial phaesesd ferthe
liquid crystal layer is indicated as d, a phase difference value which is
gi ven by [err] deneadpbite hwhich rhag tahindgaddvedirefra¢bivefindax |andged-
crystal layer is set in a range of from500 nmto 1,600 nm a first phase
di fference pl at 8°P% thaler kbt \iafxacheve | irdexnkp secHYRY [F81idr idiFRG™
plates, and the first phase difference plate is_a_uni axial phase difference
pl at e whi ch hast3°RethRYWAS PefRXiPT® Fe i¥@; ipEeH AR thRLanghdf 37
refractive index. in a slow axis direction showi ng a_nmaxi nu ef ractive

mr
index in a pl anBifRteh@A% dred® FZETFRCtAVR FNARK 1P 3 38X PHSH FESCEALNS
direction perpendicular to the slow.axis directign in.a plane is_indicated
as ny, and a re??’é%?’?%é"ﬁtlﬁaeffiﬁhea stlrﬁ"cﬁﬁéisgjoﬁercg:c °|norJini§ ?afna Icated™as nz,
shows n, = ny >.nz . a phase difference va i thic i.Lection
that, when a thfERAESY 3% THdi*®St &d raesrafjf“?es Ig}?‘%/%‘ﬁ ‘J;ﬁ?%eis"i‘“%%/ il

nzl edl being Selolil  AOEnRlcddM A2 LI BnbBalnd20 LM Lhe L GhLoEhase

di fference plate having an optical axis perpendiclilar to thé'first and

second gl ass sufskfaiste AR A5 el thobkiledd) &lAidRi2a WhRALDT GRLEM are
solved by a vertically aligned Iitquid crystal display device according to
claim 1, wherei ghciefnd Phasa dicbheasnae, piat given aggli | tnal Inyg) yaserted
between the first and second pol ari zi ng plates, and the second phase
difference platg, jea1ardihgXisat BRRage rdhhbebengeonl ake whi &b hasze pasitive
refractive index anisotropy that shows n, > ny = nz, a phase dif- ference
val ue in a pl anehé hgirs¥hphaset Biffammtel Pliatdi taivddgaandyptisali weasby
1(n. - nl1)18d2 being set in a range of from1l rimto 100 rim the second
phase differ enceeppaidicdudarngo athefiircal and | s2qeandakileks t sukidigrattesst and
second gl ass substrates.

[0008] As set forth in claim 2, the problems are solved by a

vertically aligned liquid crystal display device accoxding
to claim 1, wherein a second phase difference plate is ad-
ditionally inserted between the first and second polariz-
ing plates, and the second phase difference plate is a un-
iaxial phase difference plate which has a positive refrac-

tive index anisotropy that shows n, > n, = n., a phase dif-



[ 0009] As set forth in claim3, the problens are solved by a vertically
aligned liquid crystal display device according to claim?2, wherein, in

pl ace of the first and second phase difference plates, a third phase
difference plate is inserted between the first and second pol ari zi ng

pl ates, and the third phase difference plate is a biaxial phase difference
pl ate which has a refractive index anisotropy that shows n. > ny > nx, a
phase difference value in a plane that, when a thickness is indicated as
d3, is given by 1(n. - ny)11,d3 being set $n-a range of from1l nmto 100
nm a phase difference value in the thickness direction that is given by

1(n. + nl)/2 - reldhdd DeidY Hfta ighahe’ ARAE, Obnbh 0N 2ROEMBLO 5L 32QiiI M

the third phase difference plate having an in-plane slow axis parallel to

the first and secead Q'sasc’f‘z,%@stéﬁ,te%s-blﬁffﬁﬁt; of, 408 | BB i 90 in a

[ 0010] According to the vertically aligned 1 quidcrystal display devices

set forth in cl dakBelof2frad JuPftol AB0I Aim, VENY | SHbonldNBhREE edifgRMmER Of

the liquid crystal |ayer in which the phase difference value in the

thi ckness direcplate having an optical axis parallel to the first and
second glass substrates.

[0009] As set forth in claim 3, the problems are solved by a
vertically aligned liquid crystal display device according
to claim 2, wherein, in place of the first and second
phase difference plates, a third phase difference plate is
inserted between the first and second polarizing plates,
and the third phase difference plate is a biaxial phase
difference plate which has a refractive index anisotropy
that shows nx > ny > n,, a phase difference value in a
plane that, when a thickness is indicated as d3, is given
by |(nx - ny)|ed3 being set in a range of from 1 nm to 100
nm, a phase difference value in the thickness direction
that is given by |(nx + n,)/2 - n,|ed3 being set in a range
of from 220 nm to 1,320 nm, the third phase difference
plate having an in-plane slow axis parallel to the first
and second glass substrates.

Effects of the Invention

[0010] According to the vertically aligned liquid crystal

display devices set forth in claims 1, 2, and 3 of the in-

vention, the birefringence of the liquid crystal layer in

which the phase difference value in the thickness direc-



tion is increased beyond a usual range (from80 rimto 400 rin) can be
conpensated by the phase difference plate, and hence the ON transmttance
in high duty driving can be increased, so that the contrast and the view ng
angl e can be inproved. Brief Description of the Drawings [0011] [Fig. 1]
Fig. 1 is a sectional view show ng a basic configuration of enbodi nents of
the VA liquid crystal display devices set forth in clains 1 to 3 of the
invention. [Fig. 2] Fig. 2 is a plan view showi ng an el ectrode structure of
t he enbodi nents of the VA liquid crystal ~dfsplay devices set forth in
clainms 1 to 3 of the invention. [Fig. 3] Fig. 3 is a plan view show ng

pol ari zing pl at @30Qf it hen&hRdd"BEYSn@f a tduaIA rainglli df £dny BaAl naflitzplady
devices set forth in clains 1 to 3 of the invention. [Fig. 4] Fig. 4(a) is

a di agram show mg)| caHi Be CédtgetsatbiigByEthe i phae WidEevaicsiplLrenf anle
enbodi ments of the VA liquid crystal display devices set forth in clains 1
to 3 of the i nvaehtentharol Rirgnsd{Barice dndhagh adatgh@stigiing i can becrinst al
alignnment in a driven state of the enbodinents of the VA liquid crysta
di spl ay devi ces cxehaséd/ tdo ithat| ahascdntirasd ahdt thee iviesnbhgoangld-iqgpn b Fi g.
5 is a diagram show ng the configuration of the enbodinent of the VA |liquid
crystal displayidproeedset forth in claiml1l of the invention. -7 [Fig. 6]
Fig. 6 is a schematic view show ng phase difference plate insertion places
i n the enbodi neRrsebfDedraripAhibngef dehey Paufing$ spl ay devices set forth in
clains 1 to 3 of the invention.
[0011] [Fig. 1] Fig. 1 is a sectional view showing a basic

configuration of embodiments of the VA liquid crystal dis-

play devices set forth in claims 1 to 3 of the invention.

[Fig. 2] Fig. 2 is a plan view showing an electrode

structure of the embodiments of the VA liquid crystal dis-

play devices set forth in claims 1 to 3 of the invention.

[Fig. 3] Fig. 3 is a plan view showing polarizing plates

of the embodiments of the VA liquid crystal display de-

vices set forth in claims 1 to 3 of the invention.

[Fig. 4] Fig. 4(a) is a diagram showing liquid crystal

alignment in an undriven state of the embodiments of the

VA liquid crystal display devices set forth in claims 1 to

3 of the invention, and Fig. 4(b) is a diagram showing

liquid crystal alignment in a driven state of the embodi-

ments of the VA liquid crystal display devices set forth

in claims 1 to 3 of the invention.

[Fig. 5] Fig. 5 is a diagram showing the configuration of

the embodiment of the VA liquid crystal display device set

forth in claim 1 of the invention.



[Fig. 7] Fig. 7 is a diagramshow ng the configuration of the enbodi nent of
the VA liquid crystal display device set forth in claim2 of the invention.
[Fig, 8 Fig. 8 is a diagram showi ng the configuration of the enbodi nent of
the VA liquid crystal display device set forth in claim3 of the invention.
[Fig. 9] Fig. 9 is a diagramshow ng the configuration of an enbodi 3nent of
a VA liquid crystal display device of a nodification of the invention.
Description of Reference Nunerals [0012] 1, 2, 3 VA liquid crystal display
device 4liquid crystal panel 4a panel body 5first glass substrate

[Fig. 6] Fig. 6 is a schematic view showing phase
difference plate insertion places in the embodiments of
the VA liquid crystal display devices set forth in claims
1 to 3 of the invention.
[Fig. 7] Fig. 7 is a diagram showing the configuration of
the embodiment of the VA liquid crystal display device set
forth in claim 2 of the invention.
[Fig. 8] Fig. 8 is a diagram showing the configuration of
the embodiment of the VA liquid crystal display device set
forth in claim 3 of the invention.
[Fig. 9] Fig. 9 is a diagram showing the configuration of
an embodiment of a VA liquid crystal display device of a
modification of the invention.
Description of Reference Numerals

[0012] 1, 2, 3 VA liquid crystal display device
4 liquid crystal panel
4a panel body
5 first glass substrate
5a first transparent electrode
6 second glass substrate
6a second transparent electrode
8 liquid crystal layer
8a liquid crystal molecule
9 first polarizing plate

9a absorption axis



5a first transparent el ectrode 6second gl ass substrate 6a second
transparent electrode 8liquid crystal layer 8a |iquid crystal nolecule
9first polarizing plate 9a absorption axis

[0013]

[0014]

10 second polarizing plate

10a absorption axis

13 first phase difference plate

14 second phase difference plate

15 third phase difference plate

Best Mode for Carrying Out the Invention

Hereinafter, embodiments of the vertically aligned
liquid érystal display devices (hereinafter, referred to
as "VA 1liquid crystal display devices") set forth in
claims 1 to 3 of the invention will be described with ref-
erence to the drawings.

Fig. 1 is a sectional view showing a basic configura-
tion of the embodiments of the VA liquid crystal display
devices set forth in claims 1 to 3 of the invention, Fig.
2 is a plan view showing an electrode structure of the em-
bodiments of the VA liquid crystal display devices set
forth in claims 1 to 3 of the invention, Fig. 3 is a plan
view showing polarizing plates of the embodiments of the
VA liquid crystal display devices set forth in claims 1 to
3 of the invention, Fig. 4(a) is a diagram showing liquid
crystal alignment in an undriven state of the embodiments
of the VA liquid crystal display devices set forth in
claims 1 to 3 of the invention, and Fig. 4(b) is a diagram
showing liquid crystal alignment in a driven state of the

embodiments of the VA liquid crystal display devices set



10 second polarizing plate 10a absorption axis 13 first phase difference

pl ate 14 second phase difference plate 15 third phase difference pl ate Beat
Mode for Carrying Qut the Invention [0013] Hereinafter, enbodi nents of the
vertically aligned liquid crystal display devices (hereinafter, referred to
as "VAliquid crystal display devices") set forth in clainms 1 to 3 of the
invention will be described with reference to the draw ngs.

- 9 -

forth in claims 1 to 3 of the invention.

[0015] The VA liquid crystal display devices 1, 2, 3 (1: the
VA liquid crystal display device of the embodiment of the
VA liquid crystal display device set forth in claim 1 of
the invention, 2: the VA liquid crystal display device of
the embodiment of the VA liquid crystal display device set
forth in claim 2 of the invention, and 3: the VA liquid
crystal display device of the embodiment of the VA liquid
crystal display device set forth in claim 3 of the inven-
tion) include a liquid crystal panel 4, and display an im-
age by using the liquid crystal panel 4.

[0016] As shown in Fig. 1, in the liquid crystal panel 4, a
first glass substrate 5 in which first transparent elec-
trodes 5a that are transparent are formed on the whole of
one substrate surface, a first alignment £ilm 5b is formed
on the first transparent electrodes b5a, and a rubbing
process is applied to the first alignment film 5b, and a
second transparent glass substrate 6 in which a second
transparent electrodes 6a that are transparent are simi-
larly formed on the whole of one substrate surface, a sec-
ond alignment film 6b is formed on the second transparent
electrodes 6a, and a rubbing process is applied to the
second alignment film 6b are bonded to each other along a
direction in which the first alignment film 5b and the

second alignment film 6b are opposed to each other, while



[0014]Fig. 1 is a sectional view show ng a basic configura- tion of the
enbodi nents of the VA liquid crystal display devices set forth in clains 1
to 3 of the invention, Fig. 2 is a plan view showi ng an el ectrode structure
of the enbodinents of the VA liquid crystal display devices set forth in
clainms 1 to 3 of the invention, Fig. 3 is a plan view show ng pol ari zi ng

pl ates of the enbodi nents of the VA Iliquid crystal display devices set
forth in claims 1 to 3 of the invention, Fig. 4(a) is a diagram show ng
liquid crystal alignment in an undriven-sifte of the enbodinents of the VA
liquid crystal display devices set forth in clains 1 to 3 of the invention,

and Fig. 4(b) Lgo?ﬂxaqsﬂmsshpvum ddedlidlh Cdpsded! mahb@RSENAnd NtRe dpéven
state of the enbodinents of the VA liquid crystal display devices set

forth in clai mriphdry if sbhted e isea1ih§ddgreie (WAL! skpur) Cryiskaby
di splay devices 1, 2, 3 (1. the VA liquid crystal display device of the
enbodi ment of tBervéng ipatelrysdyalaadi spl ay device set forth in claim1l of
the invention, 2: the VA liquid crystal display device of the enbodi nent of
the VA |igodxicr yst aln dileplpayellebodye &6t ther igapi fcelli gap) dfetwkeni hikenti on,
and 3: the VA liquid crystal display device of the enbodi nent of the VA
i quid crystal @isgtagndleveamdatlafser tsubistratai i 8ndf 6t He ifitdadi wakh
include a liquid crystal panel 4, and display an i mage by using the liquid
crystal panel 4liquid crystal (nematic liquid crystal) having a negative
dielectric constant anisotropy, by the vacuum filling me-
thod, the dripping method, or the like, thereby forming a
liquid crystal layer 8. In the thus formed liquid crystal
layer 8, the thickness d of the liquid crystal layer 8 is
set by the diameter of the polymer balls 7 which are used
as spacer members.
[0018] In the outside of the panel body 4a, a first
polarizing plate 9 is bonded to the substrate surface
(panel back face) opposite to the side of the first glass
substrate 5 which is contacted with the liquid crystal
layer 8, and a second polarizing plate 10 is bonded to the
substrate surface (panel front face) opposite to the side
of the second glass substrate 6 which is contacted with
the liquid crystal layer 8, thereby completing the liquid
crystal panel 4.
[0019] As shown in Fig. 2, in the first and second transpar-
ent electrodes 5a and 6a, the first transparent electrodes

5a are formed in parallel to the horizontal direction

(right and left direction of Fig. 2) of the first glass



(0016] As shown in Fig. 1, inthe liquid crystal panel 4, a first glass
substrate 5 in which first transparent el ectrodes 5a that are transparent
are formed on the whol e of one substrate surface, a first alignnent film5b
is formed on the first transparent el ectrodes 5a, and a rubbing process is
applied to the first alignnment film5b, and a second transparent gl ass
substrate 6 in which a second transparent el ectrodes 6a that are
transparent are simlarly formed on the whole of one substrate surface, a
second alignment filmeéb is forned on theldecond transparent el ectrodes 6a,
and a rubbing process is applied to the second alignnment film6b are bonded

to each other alsaBgtfath £CtEn@N Fufic ¥l had Needn ledbcBldéd¥TRItnnEltBuS RoaNd
the second alignnment filme6b are opposed to each other, while - 10 -

pol yner bal |'s 7 aar fcdsSedr ffingPasBicuiRNDEL 5, anad thie faohphetnarispaseaked by
a sealing nenber (not shown), thereby form ng a panel body 4a. [0017]In the
panel body 4a, khecgidpdd Gd hrgapjrmert ineparAPl4l riat thadverciosd gliaee-
substrate 5 and 6 is filled with liquid crystal (nematic liquid crystal)
havi ng a negati teofli ¢hEsdr iahdC ABgeANditettSiain) OPE, thy $dmondaglamsf islibi-ng

met hod, the dripping nmethod, or the like, thereby formng a liquid crystal

| ayer 8. In thesthatef®r rmd Fugotibrecrasstsibnhayelerotdhe ¢dnneEatess tgd ef t he
liquid crystal layer 8 is set by the dianmeter of the polyner balls 7 which
are used as spaségnaknbmiving] 004®iilth 2he dnt theldlisfuigherysrl Havy 2a, a

first
each of intersections of the first and second transparent

electrodes 5a and 6a which are formed in parallel to the
horizontal and vertical directions is used as one pixel.
In other words, in the liquid crystal panel 4, pixels are
arranged in a lattice-like manner, the first and second
transparent electrodes 5a and 6a which are extend in the
horizontal and vertical directions are placed with respect
to the pixels which are arranged in a lattice-like manner,
and a voltage is applied while selecting required ones of
the horizontal and vertical first and second transparent
electrodes 5a and 6a. As a result, the liquid crystal
layer 8 (liquid crystal cells) of the pixels at intersec-
tions of the selected horizontal and vertical first and
second transparent electrodes 5a and 6a are driven. Name-
ly, the 1ligquid crystal panel 4 is driven by the simple-
matrix method. However, the driving is performed by the
time-division multiplex driving method because the number
of pixels to be displayed is large.

[0020] As shown in Fig. 3, in the first and second polariz-



pol arizing plate 9 is bonded to the substrate surface (panel back face)
opposite to the side of the first glass substrate 5 which is contacted with
the liquid crystal |layer 8, and a second polarizing plate 10 is bonded to
the substrate surface (panel front face) opposite to the side of the second
gl ass substrate 6 which is contacted with the liquid crystal |ayer 8,
thereby conpleting the liquid crystal panel 4. [0019] As shown in Fig. 2, in
the first and second transpar- ent el ectrodes 5a and 6a, the first
transparent electrodes 5a are fornmed in-pakatlel to the horizontal
direction (right and left direction of Fig. 2) of the first glass

substrate 5, a”q{\%“{élﬂéeoé‘f%nﬁciﬁ eLggt# £o2apesifd J13+d 9CaAsdERYI NG

circuit 11, and e second transparent el'ectrode 6b are fornmed in parallel

to the vertical GLEgelian LURPRL@RdibgWah diiceti:A0k10h 1ha:8eeantngl ass

substrate 6, an tiron as signal electrodes connected to a signal

driving circuit 2. 2bbod Ney | i LHY G VedlcBhaPBBEhrDingaphatl 10t BRSEEhEONS Of
the first and second transparent el ectrodes 5a and 6a which are fornmed in

d
parallel to the aBQBL'%ﬁHrﬁlaﬁ@ &idrdaaly din’ efd Airdctibiednascaned pbyel . I n
other words, in the Tiquid crystal panel 4, pixels are arranged in a

lattice-1ike maRmer artbe idd st wdikiSSCAnRd tFEBEPPpsEAtizdngcplatdes 95andnd 6a
which are extend in the horizontal and vertical directions are placed with

respect to the ph¥ekscod Jolarezahid aplett 10 arkaplacsd | skechamnrvbe, abnd a
voltage is applied while selecting required ones of the horizontal and
vertical first asdpse@onaxés agspandntloel geirpedésciardyd Bteraech mashl t,
the liquid crystal layer 8 (liquid crystal cells) of the pixels at
i ntersecti ons ofarheoslsdmct ed horizontal and vertical first and second
transparent el ectrodes 5a and 6a are driven. Namely, the liquid crystal
panel 4 i $0821Ven byIn hehesithyiseconfigwrebtonidHeresedl Rapeldd viligaPs
performed by the tine-division multiplex driving nethod because the nunber
of pixels to bevadsprenyedtate | Whege POOIULARILhAfn FPRIERY. PSEVRRDt 181 i r st
and second polariz- - 12 -
first and second transparent electrodes 5a and 6a, as
shown in Fig. 4(a), liquid crystal molecules 8a in the
liquid crystal layer 8 (liquid crystal cells) interposed
between the first and second transparent electrodes 5a and
6a are aligned substantially perpendicularly to the first
and second glass substrate 5 and 6 by the function of the
first and second alignment films 5b and 6b, so that the
polarization state of light passing through the layer is
little changed. Therefore, light which is transmitted
through the first polarizing plate 9 on the incidence side
(back side) of the liquid crystal panel 4 is incident with
little change on the second polarizing plate 10 on the
emission side (front side) of the liquid crystal panel 4
to be mostly absorbed thereby, with the result that a dark

display (black display) is performed.



ing plates 9 and 10, the first polarizing plate 9 has the absorption axis
extending in the direction indicated by the arrow 9a, and the second

pol ari zing plate 10 has the absorption axis extending in the direction

i ndi cated by the arrow 10a. Nanely, the first polarizing plate 9 and the
second pol arizing plate 10 are placed so that the absorption axes 9a and
10a perpendicularly intersect with each other. [0021]In the thus configured
liquid crystal panel 4, in an undriven state where no voltage is applied
between the first and second transparent- éBeetrodes 5a and 6a, as shown in
Fig. 4(a), liquid crystal nolecules 8a in the liquid crystal |ayer 8

(11quid crogphal cellsy LBRBLRAASEADG! UEaehNEelld Sndiddl SREQ] chganspar ent

el ectrodes 5a and 6a gned ‘substantiall'y perpendicularly to the first

and second gl aSSaSp?ﬂE f%%%wée@ncihé b Ashe Jndncddpaof eddphi-eat @ndcsecond
an ,

alignment filns so that the polarization state of |ight passing

through the |ayeg ddas! 5htifa cirnged sndher &f oFigy. lai(Bht ¥hé Chidid cagsnai tted
through the first polarizing plate 9 on the incidence side (back side) of

the liquid cryst@l pafigkufed S8d NG deBt 10ghid ldbistalchapge ®nidtwrppeeand

pol ari zing plate 10 on the em ssion side (front side) of the liquid crystal
panel 4 to be mM:ddwieabewy Fdstheh@byecdlid Rrahspdrmt elebatodesldiak addspl ay
(black display) is perforned. - 13 - [0022]By contrast, in a driven state
where the volt agm iaxeapphignéed baibsantiarly i geipeaddcskaoiy ta anspzlent

el ectrodes 5a and 6a, as shown in Fig. 4(b), the liquid crystal nolecules
8a in the |iqui dkrikystiald] alysx. ,8 substapbuisddybeawedhel heo fthestfims¢d avdond
transparent electrodes Sa and 6a are aligned substantially perpendicularly
to the el ectric deicohd, glass ,suhstshbat b asng pdwalthe negathee f diekeafydcsecond
gl ass substrate 5 and 6 by the negative dielectric constant anisotropy, so
that the pol ari <enissantt andésetrénwmht spasbrhg thar RadRriAatieR eftrte cRanged.
Therefore, light which is transmtted through the first polarizing plate 9
on the inci dencdighgerapsing EhEeH cPiRt1AY9Fanist 2hangseh tt'E‘be’ﬁ%’ﬁet' he
liquid crystal |layer 8 while the pol arization staié?is changed. Therefore,

the pol ari zati ot @8fpahaRe 3 tHE EPARERH sERERPE SwnftFet spgjeaf‘%&?cul ar
to the absorption axis 10 of the second | arj zi.ng .pl.ate 10 on .the eni ssion
side of the [i qﬂﬂld‘tﬁrés?%l B e ifenge| ﬁg *ed ewlilﬁuf'ﬁecf%%ﬁaf]t R¥at a
Phodnt dieplay WGl seft ol Feon' eI Ly L OOPUMARPUEN LPBLN
larization state is changed. Therefore, the polarization
component of the transmission axis which is perpendicular
to the absorption axis 10 of the second polarizing plate
10 on the emission side of the liquid crystal panel 4 is
increased, with the result that a bright display (white
display) is performed.

[0023] As apparent from the above, each of the VA liquid
crystal display devices 1, 2, 3 is a vertically aligned
liquid crystal display device in which the liquid crystal
layer 8 configured by the liquid crystal which has a nega-

tive dielectric constant anisotropy, and in which the

alignment of the liquid crystal molecules 8a is substan-



crystal display devices 1, 2, 3 is a vertically aligned liquid crystal

di splay device in which the liquid crystal layer 8 configured by the liquid
crystal which has a negative dielectric constant anisotropy, and in which
the alignnment of the liquid crystal nolecules 8a is substan- 14 - tially
perpendicular to the first and second gl ass substrates 5 and 6, and, when a
vol tage is applied between the first and second transparent el ectrodes ba
and 6a, the alignment of the liquid crystal nolecules 8a is substantially
parallel to the first and second gl ass subBdtrates 5 and 6 is interposed
between the first glass substrate 5 which is transparent, and in which,
anong the first tapgigepondetdianinar et take@irQdesnda sakdnfagihad aus- _
opposed to each other across the gap, the first transparent electrode 5a is
di sposed, and tBersee9dnd ghase, SHRES I Aiéh Oa WbTHhdess id adplde@Nbetaldni n

whi ch the second transparent el ectrode 6a is disposed, the first polarizing
plate 9 whi ch h&BRet hfrshHWdPe8bnd dran3pach€dlidtdroled H iRl €ani B8R4
direction is placed on the side of the first glass substrate 5 opposite to
the side that i|altgmberct asf WiHeh Xik@ildi gutiydt&£Y ymoébdoulageBal isartibshansecond
pol ari zing plate 10 which has the absorption axis 10a extending in a
direction perpehdatly gratadlehetabiger flikeh axd sswongf gllhes fsutsttrpebar$ zi ng
plate 9 is placed on the side of the second glass substrate 6 opposite to

t he side that i8sndohtdst datarphseédecbétiwpend ey sfiglst] Plass8 subhbraleyi §e
performs sinple-matrix driving (duty driving), and, in response to the
requests of a | Hhieh cipatrayspanenti glandefipnivhiich, paehgr fhehfghsguand
driving. [0024]Fig. 5 is a diagramshow ng the configuration of the - 15 -
enbodi ment of tfiecepd | Fxpnspacepst glearrqsdiesy SdeAnce &fetthRdr e pPEPEP 1 Of

t he i nvention.
to each other across the gap, the first transparent elec-

trode 5a is disposed, and the second glass substrate 6
which is transparent, and in which the second transparent
electrode 6a is disposed, the first polarizing plate 9
which has the absorption axis 9a extending in a predeter-
mined direction is placed on the side of the first glass
substrate 5 opposite to the side that is contacted with
the liquid crystal layer 8, and the second polarizing
plate 10 which has the absorption axis 10a extending in a
direction perpendicular to the absorption axis 9a of the
first polarizing plate 9 is placed on the side of the sec-
ond glass substrate 6 opposite to the side that is con-
tacted with the liquid crystal layer 8. The device per-
forms simple-matrix driving (duty driving), and, in re-
sponse to the requests of a large capacity and high defi-
nition, performs high duty driving.

[0024] Fig. 5 is a diagram showing the configuration of the



[0025]In the VA liquid crystal display device 1 shown in Fig. 5, the phase
difference value in the thickness direction of the liquid crystal |ayer 8
inthe liquid crystal panel 4 is set to be large or beyond a usual range
(80 rimto 400 rim . Namely, the phase difference value is set in a range
of from500 rimto 1,600 rim [0026] Here, the phase difference value in the
t hi ckness direction of the liquid crystal layer 8 is given by Ansd where An
=n. - nO, tieis the refractive index (refractive index of extraordinary
light) in the long axis direction of the F?qﬁid crystal nolecules 8a, nO is
the refractive index (refractive index of ordinary light) in the short axis
direction of thembodinehtCrgfSt she nWheduikesd8aryandlddisplae tibvideamessetof the
liquid crystal layer 8. [0027]1n the VA liquid crystal display device 1
shown in Fig. 5foathiinsiclplimst off ffher éneentpleat.e 13 is inserted between the
first and second polarizing plates 9 and 10 in the liquid crystal panel 4.

[ 0028] The [P925k phaskn dilid eVRnteapiditerysdails dispharxdaviehatesip¥d eience

pl ate (negative C plate) which has a negative refractive i ndex ani sotropy
that, when the Féfraktithe phdes diffierenseovalyg sindithecthbpkngranidigeche

maxi numrefractive index in a plane is indicated as nx, the re
tion of the liquid crystal layer 8 in the liquid crystal

panel 4 is set to be large or beyond a usual range (80 nm
to 400 nm). Namely, the phase difference value is set in
a range of from 500 nm to 1,600 nm.

[0026] Here, the phase difference value in the thickness
direction of the liquid crystal layer 8 is given by Aned
where An = n, — n,, n. is the refractive index (refractive
index of extraordinary light) in the long axis direction
of the liquid crystal molecules 8a, n, is the refractive
index (refractive index of ordinary 1light) in the short
axis direction of the liquid crystal molecules 8a, and d
is the thickness of the liquid crystal layer 8.

[0027] In the VA liquid crystal display device 1 shown in
Fig. 5, a first phase difference plate 13 is inserted be-
tween the first and second polarizing plates 9 and 10 in
the liquid crystal panel 4.

[0028] The first phase difference plate 13 is a wuniaxial
phase difference plate (negative C plate) which has a neg-
ative refractive index anisotropy that, when the refrac-
tive index in the slow axis direction showing the maximum

refractive index in a plane is indicated as n,, the re



- 16 - fractive index in the fast axis direction perpendicular to the slow
axis direction in a plane is indicated as ny, and the refractive index in
the thickness direction is indicated as n2, shows n. = ny > n2, in which

t he phase difference value in the thickness direction that, when the

thickness is indicated as dl, is given by 1(n, + ny)/2 -

n21,861 is set in

a range of from220 nmto 1,320 nm and which has the optical axis

perpendi cular to the first and second gl ass substrates,
birefringence of the liquid crystal |ayer 18 —[0029]Fig.

and conpensates the
6 is a schematic

vi ew showi ng phase difference plate insertion places in the enbodi nents of
the VA liquid creyabalivéi Sdeay ievhe Sastelaxfiar firddtiohapaEpdndirulaaf tbhe
invention. [0030]In Fig. 6, (A, (B, (O, (D, (E), and (F) show the

foll owi ng phase tilief 26 NGE Pldakect &L rin @1 pphasess i ihdilkatkedqas dnGr aakdal
panel 4: (A): between the first glass substrate 5 and the first polarizing
plate 9; the refractive index in the thickness direction is indi-

cated as n,, shows n, = ny > n;, in which the phase differ-

ence value in the thickness direction that, when the

thickness is indicated as dl, is given by |[(n, + ny)/2 -

n.|edl is set in a range of from 220 nm to 1,320 nm, and

[0029]

[0030]

which has the optical axis perpendicular to the first and
second glass substrates, and compensates the birefringence
of the liquid crystal layer 8.

Fig. 6 is a schematic view showing phase difference
plate insertion places in the embodiments of the VA liquid
crystal display devices set forth in claims 1 to 3 of the
invention.

In Fig. 6, (a), (B), (Cc), (D), (E), and (F) show the

following phase difference plate insertion places in the

liquid crystal panel 4:

(A): between the first glass substrate 5 and the first

polarizing plate 9;

(B) : between the first glass substrate 5 and the first

transparent electrode 5a;

(C) : between the first transparent electrode 5a and the

first alignment £ilm S5b;

(D) : between the second transparent electrodes 6a and the

second alignment £film 6b;



(3): between the first glass substrate 5 and the first transparent
electrode 5a; (C): between the first transparent electrode 5a and the
first alignment film5b; (D): between the second transparent el ectrodes 6a

and the second alignment filme6b; - 17 - (E): between the second gl ass
substrate 6 and the second transparent el ectrodes 6a; and (F): between the
second gl ass substrate 6 and the second pol ari zing plate 10. Nanel y,

(A) to (C) are phase difference plate insertion places on the Iight
i nci dence side of the liquid crystal layed’8; and (D) to (F) are phase
difference plate insertion places on the light em ssion side of the liquid

crystal layer 8.gfurbBendBY &ndQeRdd( Ghasdkesibaedutd fef aindnogthepl stic®nd
insertion places outside the panel body 4a, and (B) to (E) are phase
di fference pl at @ rhR§S4itdrdN ePbBELSIdNFaGCahe panel body 4a.
(F) : between the second glass substrate 6 and the second
polarizing plate 10.

Namely, (A) to (C) are phase difference plate
insertion places on the light incidence side of the liquid
crystal layer 8, and (D) to (F) are phase difference plate
insertion places on the light emission side of the liquid
crystal layer 8. Furthermore, (A) and (F) are phase dif-
ference plate insertion places outside the panel body 4a,
and (B) to (E) are phase difference plate insertion places
inside the panel body 4a.

[0031] The VA liquid crystal display device 1 shown in Fig.
5 shows the configuration where the one first phase dif-
ference plate 13 is inserted into (A) in the liquid crys-
tal panel 4, and the birefringence of the liquid crystal
layer 8 is compensated. Also when the phase difference
plate is inserted into any one of (B) to (F) in place of
(a), it is possible to compensate the birefringence of the
liquid crystal layer 8. Also when two first phase differ-
ence plates 13 are inserted into (A) and (F), (B) and (E),
or (C) and (D), it is possible to compensate the birefrin-
gence of the liquid crystal layer 8, but, in this case,
the phase difference values in the thickness direction of

the two first phase difference plates 13 are set so that



[0031] The VA liquid crystal display device 1 shown in Fig. 5 shows the
configuration where the one first phase difference plate 13 is inserted
into (A) inthe liquid crystal panel 4, and the birefringence of the |liquid
crystal layer 8 is conpensated. Also when the phase difference plate is
inserted into any one of (B) to (F) in place of (A), it is possible to
conpensate the birefringence of the liquid crystal |ayer 8. Al so when two
first phase difference plates 13 are ins_er‘l%eg into (A and (F), (B) and
(E), or (C) and (ID), it is possible to conpensate the birefringence of the
liquid crystal layer 8, but, in this case, the phase difference values in

t he thickness dithetxitntadf ish2Q wm ftior 3t 3phame di fference plates 13 are set
so that - 18 - their total is 220 rimto 1,320 rim [0032] Next, Fig. 7 is
a di agr amlS®¥A ng t MextonFigur dt iien ofdidgrannisbdrient the eonfigmratdand
crystal display device set forth in claim2 of the invention. [0033]In the
VA |iquid crystaf BhepiuRrddeeptecd re WP jHiquid crystal display device

set forth in claim 2 of the invention.

[0033] In the VA liquid crystal display device 2 shown in
Fig. 7, a second phase difference plate 14 is further ad-
ditionally inserted between the first and second polariz-
ing plates 9 and 10 in the liquid crystal panel 4 of the
VA liquid crystal display device 1 shown in Fig. 5.

[0034] The second phase difference plate 14 is a uniaxial
phase difference plate (positive a plate) which has a pos-
itive refractive index anisotropy that shows n, > n, = n,,
in which the phase difference value in a plane that, when
the thickness is indicated as d2, is given by |(nx -
ny) |ed2 is set in a range of from 1 nm to 100 nm, and
which has the optical axis parallel to the first and sec-
ond glass substrates 5 and 6.

[0035] The VA liquid crystal display device 2 shown in Fig.
7 shows the configuration where the one first phase dif-
ference plate 13 is inserted into (A) in the liquid crys-
tal panel 4, and the one second phase difference plate 14
is inserted into (F). Alternatively, the one first phase
difference plate 13 may be inserted into (B), and the one
second phase difference plate 14 may be inserted into (E),

or the one first phase difference plate 13 is inserted in-



Fig. 7, a second phase difference plate 14 is further additionally inserted
between the first and second pol arizing plates 9 and 10 in the liquid
crystal panel 4 of the VA liquid crystal display device 1 shown in Fig. 5.
[ 0034] The second phase difference plate 14 is a uni axi al phase difference
plate (positive a plate) which has a positive refractive index anisotropy
that shows n. > ny = nt, in which the phase difference value in a plane

t hat, when the thi ckness i s indicated as d2, is given by I(n. - n) 'd2is
set inarange of from1l nmto 100 rim ~ahd Which has the optical axis
parallel to the first and second gl ass substrates 5 and 6. [0035] The VA
liquid crystal dosptry aievi tite 20151088 tdnd fphgse’ dilffesebide phatd gL ais on
where the one first phase difference plate 13 is inserted into 00 in the
liquid crystal pasmited, iartch t () .oneAldeeomatipedye dildf commcEipstat phddei s
inserted into (F). Alternatively, the one first phase difference plate 13
may be insert eddiffierendy, pdadet 18 @md Fbeorvheplreswnd| fihasencdffeaercd 4 nmay
be inserted into (E), or the one first phase difference plate 13 is
inserted in- -plate 14 gayCpe dmgerhedoir zcetankgshadatdi inteeare phate 14
is inserted into (D). Aternatively, the one first phase difference plate
13 and the one §¥mshdnghatioriin¥ansdne MPatte 1F) pagr bEwe Raesdofn ()
stacked state into any one (sane insertion plac of (% to (F), or two

pl aces of 00 anmPd HE)/( BPB)af@d( £F) - ofPT (£§) oARf (t%’ iih 2 sttacked state: In
this case, the first phase difference plate 13 is placed outside_the second
phase differenct pfite £ seandt}t%efb?%"’seph??? erdéﬁf‘érﬁ'é??leglﬁ?‘et He ti®

second phase dléierence pI %H14 in a. plane %bﬁ_ et so t?ﬁ% Qflr total is

1 rimto 100 ri¥r2cfife 2 é‘é’*& 8s&8°PPY FhAfe FESTGe wh in%‘é ted
into (A), (B), 19"; cf:{%%eregce vgf&eden%e t% d%:w%f s.terc]:%nlc'il HI de C5 Et al
| ayer 8 is place fat Fhopl Bhe'S & axiSs 1. perp narcufar to the

absorption axi sue%gen%f bigeLp 3t oglarblig HARS S g,h i gl kgl flence

side of the liqurd cry a e second ase difrerence plate

14 which is | nSgltedy niP {dd nm( E) rpf s(eEEnan?Mé‘e 'A%&%ésbﬂgté'ﬁf of

the liquid crystal layer 8 is placed so he 1 n-plane slow axis nx is
per pendi cul ar tﬁltdﬁelab%wftém @S (AP2 @) the sesosd aoéa.r gytngneiate 10

on the light em ssion side of the I|qU|d crystal | ayer 8 36]Fig. 8 is a
di agram showi ngiddee e9aéi gfireld AicRfidt 8B8ystal layer 8 is placed so that
the in-plane slow axis n, is perpendicular to the absorp-
tion axis 9a of the first polarizing plate 9 on the light
incidence side of the liquid crystal layer 8, and the sec-
ond phase difference plate 14 which is inserted into (D),
(E), or (F) on the light emission side of the liquid crys-
tal layer 8 is placed so that the in-plane slow axis n, is
perpendicular to the absorption axis 10a of the second po-
larizing plate 10 on the light emission side of the liquid
crystal layer 8.
[0036] Fig. 8 is a diagram showing the configuration of the

embodiment of the VA liquid crystal display device set

forth in claim 3 of the invention.



enbodi mrent of the VA liquid crystal display device set forth in claim3 of
the invention. - 20 - [0037]In the VA liquid crystal display device 3
shown in Fig. 8, in place of the first phase difference plate 13 and second
phase difference plate 14 which are inserted into the liquid crystal panel
4 of the VA liquid crystal display device 2 shown in Fig. 7, a third phase
difference plate 15 is inserted between the first and second pol ari zi ng
plates 9 and 10 in the liquid crystal pan&l [ 0038] The third phase
difference plate 15 is a biaxial phase di fefence pl ate which has a
refractive index anisotropy that shows n, > ny > n", in which a phase

di fferencd00alie i n AnpkhaeVAhaiquivheargdtalt klisplegs desicadBcahednasind3, i S
given by 1(nl - ny)14,d3 is set in a range of from1l nmto 100 rim and

whi ch has a phadédgadi ff,edengdaceal o€ ithet forshi phaes sdififeaencenpilhte L8 gi ven
by 1(n, + ny)/2 - n,14,d3 is set in a range of from220 nmto 1,320 rim
and whi ch has amndn-ssicand hage adifferengel allate tl4e Whicht amed igweagrddgl ass
substrates 5 and 6. [0039] The VA liquid crystal display device 3 shown in
Fig. 8 shows tH8teoshpghiaeidrramstnd parebnt ofi Fhe pnskiaqniil exyntalpl ate
15 is inserted into (A) in the liquid crystal panel 4. Alternatively, the
phase differencSifPat® JAKEASe2] RRYM d@ FATo Any2 dhdref Phage 14 ffeFepmepl ace
of (A), or two places of 00 and (F), (B) and (E), or (C) and (D). In this
case, the phasePdPfeelrice ‘\?éFﬁE%dd’fett“\ﬁGntﬁli‘ ¢ £ifinfs@ndi FRePRh RO I8FAfEs 15

in aplane are set SJC.)a’c'.es 9 and 10 in the liquid crystal panel 4.

[0038] The third phase difference plate 15 is a biaxial
phase difference plate which has a refractive index ani-
sotropy that shows n, > ny > n., in which a phase differ-
ence value in a plane that, when the thickness is indi-
cated as d3, is given by |(nx - ny)led3 is set in a range
of from 1 nm to 100 nm, and which has a phase difference
value in the thickness direction that is given by |(n), +
ny) /2 - n,;|ed3 is set in a range of from 220 nm to 1,320 nm,
and which has an in-plane slow axis parallel to the first
and second glass substrates 5 and 6.

[0039] The VA liquid crystal display device 3 shown in Fig.
8 shows the configuration where the one third phase dif-
ference plate 15 is inserted into (A) in the liquid crys-
tal panel 4. Alternatively, the phase difference plate
may be inserted into any one of (B) to (F) in place of (&),
or two places of (A) and (F), (B) and (E), or (C) and (D).
In this case, the phase difference values of two third

phase difference plates 15 in a plane are set so that



- 21 - their total is 1 nmto 100 nm and the phase difference val ues of
two third phase difference plates 15 in the thickness direction are set so
that their total is 220 nmto 1,320 nm The third phase difference plate 15
which is inserted into (A, (S), or (C on the light incidence side of the
liquid crystal layer 8 is placed so that the in-plane slow axis n,, is
perpendi cul ar to the absorption axis 9a of the first polarizing plate 9 on
the light incidence side of the liquid crystal layer 8, and the third phase
difference plate 15 which is inserted int 1(D), (E), or (F) on the light
em ssion side of the liquid crystal layer 8 is placed so that the in-plane
sl ow axi s n. istpeipesdstdilliay 1 Onii hto abswrph| camdixtie Iflasel dilf§egsencad

pol ari zing plate 10 on the light em ssion side of the liquid crystal |ayer
B. [0040] I n Fi gsalbes 7pfansho8, tiilve Sihragsieghdififierencenpdeteng 160 iandthe80
indicates the alignnment direction of the liquid crystal nol ecul es Ba.

[ 0041] When t he VAitkmpssd dirgetadn displsmer dovitbet theix @tadr ésdiiQenmat a
high duty ratio of 1/60, a viewi ng angle of 50 or nore in each of right and
left at a contr&et1y320 owof TBe lthird pbaspghifianenicef Plate &t Whichahd 50 or
more at a contrast ratio of 20:1 in the upper direction was realized. The
resul ts were coffferest Hptasidl, a@®onescdbe Pmritheadighigingidence side

AUTRONI C- MELCHERS GnbH. ] )
of the liquid crystal layer 8 is placed so that the in-

plane slow axis n, is perpendicular to the absorption axis
9a of the first polarizing plate 9 on the light incidence
side of the liquid crystal layer 8, and the third phase
difference plate 15 which is inserted into (D), (E), or
(F) on the light emission side of the liquid crystal layer
8 is placed so that the in-plane slow axis nx is perpen-
dicular to the absorption axis 10a of the second polariz-
ing plate 10 on the light emission side of the 1liquid
crystal layer 8.

[0040] In Figs. 5, 7, and 8, the straight line connecting 0°
and -180° indicates the alignment direction of the liquid
crystal molecules 8a.

[0041] When the VA 1liquid crystal display devices 1, 2, 3
were driven at a high duty ratio of 1/60, a viewing angle
of 50° or more in each of right and left at a contrast ra-
tio of 10:1 in the right and left direction, and 50° or
more at a contrast ratio of 20:1 in the upper direction
was realized. The results were confirmed by using a cono-

scope manufactured by AUTRONIC-MELCHERS GmbH.



- 22 - [0042]In the VA liquid crystal display devices 1, 2, 3, as conpared
with the optical conpensation of the liquid crystal panel 4 due to the use
of the one or nore first phase difference plates 13 in the VA liquid
crystal display device 1, the conbination of the two third phase difference
plates 15 in the VA liquid crystal display device 3 exerts a higher
conpensation effect, and followed by that of the first phase difference
plate 13 and the second phase difference gl ate 14 in the VA liquid crystal
di splay device 2. [0043] Alternatively, Re™first phase difference plate
13 and the third phase difference plate 15 may be conbi ned with each ot her,
and the cdo®42ht i on Tantlexaml laqoddpensstdloniisplieytdevikesqient?,t8,ths VA
liquid crystal display device 3. Fig. 9 is a diagram show ng the
configurati on ofocmparedoditiethe 0dplaicdld Icogpensatriost af the pliguidevrye-of a
nodi fication (claim1 + claim3) of the invention. [0044] In the VA liquid
crystal displ aytdévhareli(® sivewtoi thei gse R tthe wher dr phexse firdsftepbage pl ate
15 shown in Fig. 8 is further additionally inserted between the first and
second pol ari zi Agference Platgs 103 int e IquiiauéFlygm$tﬁ:¥ar@SP4an dehe VA
l'iquid crystal display device 1 shown in Fig. 5, in place of the second
phase differenc¥ipfale e jgrobinafiiemtof t the I"r‘ﬁ’uﬁ&%?y@%%’re pHrfflergnge t he
VA liquid crystal di spl ay device 2 shown in 7, the _ third phase
di fference pl at B125eg i b BB Hiqudq ﬁ%??éﬂ ‘HéPlaY davice @l’fet’:ﬁ% first
lates 9 and 10_in the Ii t al, _panel or the

f1rst phase di 1 PeReAter rammenes tLm Eart: 5nd59f>i9?cr ¥ B ol y

inserted betwee first g second oI ar.i at es.d 10 |dn t he

liquid crystal géﬁ% Cﬁ% TATTYR 3}532 &P%di s%l% d‘ewp 258 Sh&wn in

Fig. 8. ference plate 14 in the VA liquid crystal display device 2.

[0043] Alternatively, the first phase difference plate 13
and the third phase difference plate 15 may be combined
with each other, and the combination can exert a compensa-
tion effect subsequent to the VA liquid crystal display
device 3. Fig. 9 is a diagram showing the configuration
of an embodiment of a VA liquid crystal display device of
a modification (eclaim 1 + claim 3) of the invention.

[0044] In the VA liquid crystal display device 40 shown in
Fig. 9, the third phase difference plate 15 shown in Fig.
8 is further additionally inserted between the first and
second polarizing plates 9 and 10 in the liquid crystal
panel 4 of the VA liquid crystal display device 1 shown in
Fig. 5, or, in place of the second phase difference plate
14 inserted into the liquid crystal panel 4 of the VA liqg-

uid crystal display device 2 shown in Fig. 7, the third

phase difference plate 15 shown in Fig. 8 is inserted be-



[ 0045] The VA liquid crystal display device 40 shown in Fig. 9 shows the
configuration where the One first phase difference plate 13 is inserted
into (A) inthe liquid crystal panel 4, and the one third phase difference
plate 15 is inserted into (F). The insertion places, directions of the slow
axes, and phase difference values of the first and third phase difference
plates 13 and 15 are adequately set in a simlar manner as the VA liquid
crystal display devices 1, 2, 3. - 24 - ainms (11A vertically aligned
l'iquid crystal display device in which ~ 23 -a liquid crystal layer is

i nterposed between a first glass substrate which is transparent, and in

whi ch, anong fi eséeranthesetiond tahdnspassditpeledizicgeplibtet Arandpldsiad to
each other across a gap, said first transparent el ectrodes are di sposed,
and a second gl ébs Bidsidr atrgswhl cpanel t4,arspidhenfirsimdhasendiflfesance second
transparent el ectrodes are disposed, said liquid crystal |ayer being
configured by |phukel I \shoah wWwhi Ehghal s ragdheveadditionalily doasrbed

ani sotropy, and in which alignment of liquid crystal nolecules is
substantial | y peepesan dheafirst amid] skcpnd relhrdsdnadriptass %apdt tAt¥, the
alignment of the liquid crystal nolecules being nmade substantially parallel
to said first ahbesbtoHd Frassaiupareht bsofnelt A otiBge icxyabpli @45 bet ween

said first and second transparent el ectrodes,
play device 3 shown in Fig. 8.

[0045] The VA liquid crystal display device 40 shown in Fig.
9 shows the configuration where the one first phase dif-
ference plate 13 is inserted into (A) in the liquid crys-
tal panel 4, and the one third phase difference plate 15
is inserted into (F). The insertion places, directions of
the slow axes, and phase difference values of the first
and third phase difference plates 13 and 15 are adequately
set in a similar manner as the VA liquid crystal display

devices 1, 2, 3.



a first polarizing plate which has an absorption axis extending in a
predeterm ned direction is placed on a side of said first glass substrate
opposite to a side that is contacted with said liquid crystal layer, and a
second pol ari zing plate which has an absorption axis extending in a
direction perpendicular to the absorption axis of said first polarizing
plate is placed on a side of said second - 25 - glass substrate opposite
to a side that is contacted with said liquid crystal |ayer, wherein,

when a refractive index in a long axis di Péction of the liquid crystal

nmol ecules is indicated as n,, a refractive index in a short axis direction
is indicated as no, n, - no = An, andiaiddi ckness of said |iquid crystal

| ayer is indicated as d, a phase difference value which is given by Anita,
and whichis in a thhderrSsadilyeslignedofiigaid dry@itiad diyslay deanper is set
in a range of from500 nut to 1,600 ma, a first phase difference
plate is inserteatlibrt ween said first and second polarizing plates, and
said first phase difference plate is a uni axial phase difference plate

whi ch has a negati vearkfquict iargsitatiekayen sict igpprphsed hétoreen meffigesti ve
index in a slow axis direction showing a maxinumrefractive index in a

pl ane is indi cagddsassubstrateciwhachi ve trafeparant, fand Bxivwhidh,eemeopa
perpendicular to the slow axis direction in a plane is indicated as fly,
and a refractivéirateand nsecend ckeanspagenptcelentyadssndihadt eFeaLAPOSSAows n,
=ny >n,, a phase difference value in the thickness direction that, .
when a thi cknes&oi €aFhdptherdaceresf 2 @Ry FeddhFiTeh. txapspayent. elerg()

being set in a range of from220 nmto 1,320 nm i .
trodes are disposed, and a second glass substrate which is

transparent, and in which said second transparent elec-
trodes are disposed, said liquid crystal layer being con-
figured by liquid crystal which has a negative dielectric
constant anisotropy, and in which alignment of liquid
crystal molecules is substantially perpendicular to said
first and second glass substrates, the alignment of the
liquid crystal molecules being made substantially parallel
to said first and second glass substrates when a voltage
is applied between said first and second transparent elec-
trodes,

a first polarizing plate which has an absorption axis
extending in a predetermined direction is placed on a side
of said first glass substrate opposite to a side that is
contacted with said liquid crystal layer, and a second po-
larizing plate which has an absorption axis extending in a
direction perpendicular to the absorption axis of said

first polarizing plate is placed on a side of said second



said first phase difference plate having an optical axis perpendicular to

said first and second gl ass sub- - 26 strates. [2] A vertically aligned
liquid crystal display device according to claim1, wherein a second
phase difference plate is additionally inserted between said first and
second pol ari zing pl ates, and sai d second phase difference plate is a
uni axi al phase difference plate which has a positive refractive index

ani sotropy that shows n, > ny = a phase difference value in a plane

that, when a thickness is indicated as d22°is given by 1(n, - ny)1.d2 being
set in arange of from1l nmto 100 run

glass substrate opposite to a side that is contacted with

said liquid crystal layer, wherein,

when a refractive index in a long axis direction of
the liquid crystal molecules is indicated as n., a refrac-
tive index in a short axis direction is indicated as n,, n.
-~ n, = An, and a thickness of said liquid crystal layer is
indicated as d, a phase difference value which is given by
Aned, and which is in a thickness direction of said liquid
crystal layer is set in a range of from 500 nm to 1,600 nm,

a first phase difference plate is inserted between
said first and second polarizing plates, and

said first phase difference plate is a uniaxial phase
difference plate which has a negative refractive index
anisotropy that, when a refractive index in a slow axis
direction showing a maximum refractive index in a plane is
indicated as n,, a refractive index in a fast axis direc~
tion perpendicular to the slow axis direction in a plane
is indicated as ny,, and a refractive index in a thickness
direction is indicated as n,, shows ny = ny > ng,

a phase difference value in the thickness direction
that, when a thickness is indicated as dl, is given by
|(ny + ny)/2 - n,ledl being set in a range of from 220 nm
to 1,320 nm,

said first phase difference plate having an optical

axis perpendicular to said first and second glass sub-



sai d second phase difference plate having an optical axis parallel to said
first and second gl ass substrates. [3] A vertically aligned liquid crystal

di spl ay device according to claim?2, wherein, in place of said first
and second phase difference plates, a third phase difference plate is
inserted between said first and second pol arizing plates, and sai d
third phase difference plate is a biaxial phase difference plate which has
a refractive index anisotropy that shows ?, > ny >n" a phase
difference value in a plane that, when a i Ckness is indicated as d3, is
given by 1(n, - ny)led3 being set in a range of from1l nmto 100 rim a
phase dif- - 2#tketesice value in the thickness direction that is given by
1(n. n0/2 - nded3 being set in a range of from 220 amto 1,320 mm

[2] A vertically aligned 1ligquid crystal display device

according to claim 1, wherein

a second phase difference plate is additionally
inserted between said first and second polarizing plates,
and

said second phase difference plate is a wuniaxial
prhase difference plate which has a positive refractive in-
dex anisotropy that shows n, > n, = n,,

a phase difference value in a plane that, when a
thickness is indicated as d2, is given by |(nx - ny) |ed2
being set in a range of from 1 nm to 100 nm,

said second phase difference plate having an optical
axis parallel to said first and second glass substrates.

(3] A vertically aligned liquid crystal display device
according to claim 2, wherein,

in place of said first and second phase difference
plates, a third phase difference plate is inserted between
said first and second polarizing plates, and

said third phase difference plate is a biaxial phase
difference plate which has a refractive index anisotropy
that shows n, > ny > n,,

a phase difference value in a plane that, when a
thickness is indicated as d3, is given by |(nx - ny) |ed3

being set in a range of from 1 nm to 100 nm, a phase dif-



said third phase difference plate having an in-plane slow axis parallel to
said first and second gl ass substrates.

_27_.

ference value in the thickness direction that is given by
I(ny + ny)/2 - n,|ed3 being set in a range of from 220 nm
to 1,320 nm,

said third phase difference plate having an in-plane
slow axis parallel to said first and second glass sub-

strates.



