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

Field (0001) The present

vertically aligned liquid crystal

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

perfornms a displaying operation by the tinme-division driving at a |arge
duty ratio. Patent Literature 1. JapameserBatssi Application Layi ng- Open

No. 10-197858

[0001]

[0002]

[0003]

[0004]

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-
pPle-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 1: Japanese Patent Application Laying-
Open No. 10-197858
Problems to be Solved by the Invention

When a vertically aligned liquid c¢rystal 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 value in the
thickness direction of a liquid crystal layer is increased,

the ON transmittance is raised, but the viewing angle is

invention relates to a vertically aligned |iquid

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

a



Probl ens to be
liquid crystal

Sol ved by the Invention (0003] When a vertically aligned
di splay device is driven at a high duty ratio, however,

t he

ON transmttance 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
s raised, but the viewing angle is narrowed because, in the
vertical alignment type, the birefringence change of the liquid crysta
| ayer due to inclination is large. [0005tTherefore, it is an object of the

transmttance i

invention to provide a vertically aligned liquid crystal
whi ch the phase pdir-bbge& sl e ihNehdeviPtidenesy idhhect |

crystal |ayer i

s increased beyond a usual range, ereby the ON

di splay device in
Of thel B3ui d

transmttance i Relikghgeile/ chan¥kNgsi Ehé NCiAAEEriy@thIPIONS tdhiR antihast and
t he view ng angl e,

[0005]

[0006]

[0007]

clination is large.

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.

Characteristics requested in a wvertically 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

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

is interposed between a first glass substrate which is



(0006] Characteristics requested in a vertically aligned Iiquid crystal

di spl ay device include a high contrast, a high-speed responsibility, and a
wi de viewing angle. It is the that the phase difference value in the

t hi ckness direction of a liquid crystal layer (liquid crystal cell) is
preferably in a range of from80 nmto 400 nm It is generally known that,
when a high contrast and a hi ghspeed responsibility are further consicined,
t he adequate region is nore narrowed, and the target value is 240 to 280
nm Means for Sol ving the Probl ens [0007TI% the invention, as set forth in
claim1, the above- discussed problens are solved by a vertically al i gned

lig- uid cr ystaltrthpiﬁéhtde\énae inN WMicel) AmbhgUEdr &t Yoidl st trans-
i nt erposed between a first glass substrate whichis - 3 -
parent electrodes that are opposed to each other across a
gap, the first transparent electrodes are disposed, and a
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

N,, Ne — N, = An, and a thickness of the liquid crystal



transparent, and in which, anong first and second transparent el ectrodes
that are opposed to each other across a gap, the first transparent

el ectrodes are disposed, and a second gl ass substrate which is transparent,
and in which the second transparent el ectrodes are di sposed, the |liquid
crystal |ayer being configured by liquid crystal which has a negative
dielectric constant anisotropy, and in which alignnent of |iquid crystal
nol ecul es is substantially perpendicular to the first and second gl ass
substrates, the alignnment of the liquid crystal nolecul es bei ng made
substantially parallel to the first and second gl ass substrates when a
vol tage is appl hggepeiyesinilieehi 45ta andpagcandi éfansbar eaiuelatildhodes, &
first polarising plate which has an absorption axis extending in a

predet erm ned d!ggesﬁl 8D hied! 2CEE PN: B, Sidei pf ot bRididsds Hiasstsdhsizat e
opposite to a side that 1s contacted with the liquid crystal |ayer, and a
second pol ari zi Rgeph a&e: avhi:Sf+aas1ape ADSOTRIY QR aXirangtending 15002 nm
direction perpendicular to the absorption axis of the first polarizing
plate is placedten 13e69ddam)f at Farsecopndsgl assfetdrsdd ailmtepposi imsdred Si de
that is contacted with the liquid crystal |ayer, wherein, when a refractive
i ndex in a | ongbaxwéenli tREt ifDAsOf ahdesbeopd dpaYassizingnplletekbes ang itheli cat ed
as n", arefractive index in a short axis direction is indicated as n n- a,
= An, and a thi cimresspbésé¢ hdiftfapeincdecpystal is- ajunihgyakr phasendiiddtesdt as d,
a phase difference value which is given by An*d, and which is in a

t hi ckness direcenon pflatdevhichikhry stedatiyperefsastive nindexamplssft— rom
500 nmto 1,600 nm a first phase difference plate is inserted between the
first and secondopyl &hati nghen aa exefzpsdivheindextiphaselel fPererides-ate is
a uni axi a/ phase difference plate which has a negative refractive index

ani sotropy t hat tifheRhewinsg raa@F<IBURNIRREIFFiYes LEdeExiR JiRRNS o Sfowi ng
umrefractive index in a plane is_indicated_as n", refractiye index in a
fast axis direcGr6Rtprpeitr chl BPEEPHNE LPAW 0 & %’arsé‘cf‘?‘bﬁ %{'}F%F'ﬂ%ne i's

indicated as ny, and a refractiye index in a_thickness direftion.i

i ndi cated as n" PERBRRIAFFuLan,Fo, the %‘%zﬁ‘é‘sdflﬁ%‘?%’ﬁé‘e af B TH t’hse&m_

t hi ckness directj,on _that, when a thickness.is indic d,as, d i j.ven by
1(n" n"ladl bei"‘fr’fé’a‘s'ﬁi1 P Qv a5k aofr%}&%%ﬂﬁ i ?%ail‘?zioé*r‘\‘n%’“‘%"ﬁzs gilll‘ st
phase difference_plate havi.ng. opt j axy erpendi culsar, to _t jof St
and second gl assregﬁbé't'r?i eslfgfggbﬁ JlgAsa’Jl*s’e;(Al}%(;“r;}t hrE‘i nc "ai>mnf,' t%gtﬁﬁégbl ens

are sol ved by aieelieald voaldgnes bl abshohuchselay dadcoateq ding

to claim1, wherein secon ase difference plate is additionally

inserted betweenpifpnfissisanchfeqaad sRolari 2isngipbat 8¢, |3Ad 4 he,)yecand
phase difference plate is a un-xial phase difference plate which has a

posi tive refractl ygl MehANI0LRORY fdife TIOVEEh 220 rim Mo a RS Gudli - -
5 - ference value in a plane that, when a thickness is indicated as d2, is

given by I (n, njhedZibeitnghsek idifBetan@e plate aAdin) dr0 GO dibiss
second phase difference plate having an optical axis parallel to the first
and second gl aspespbatiifiea to0BRY) Arssetantosebtond gilaaismeGhs tirwtesr.obl ens
are solved by a
[0008] As set forth in claim 2, the problems are solved by a

vertically aligned liquid crystal display device according

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 ny, > ny, = n,, a phase dif-



vertically aligned /icuid 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 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 > n" a
phase difference value in a plane that, when a thickness is indicated as
d3, is given by /(nr, nv)led3 being set in a range of froml nme to 100 an,
a phase difference value in the thickness 8irection that is given by 1(n.
ny) /2 - n.isd3 being set in a range of from220 ne to 1,320 mm the third

phase di 1 er encegllebe havhdiosffal Praldihatl OWnaKi & RAYakhels t0s thaull rst
and second gl ass substrates. Effects of the Invention (0010] According to

the vertically tq!htggeqsl | gl d:.s”%ﬁé‘}l 8 splay _de;{!})qeazsggljlgr Ryl Raclpi s

1, 2, and 3 of e I n- vent'ion he birefringence of the li1quid crystal

| ayer in which theghhagesdid f £r8008 Malouam, Nthdesddddk S8 edlli farencd -
bleu is increased beyond a usual range (fronlBO nmto 400 nn) can be

conpensat ed by thiatehaseidyf faer espaa cab atagisapdraenee thbe BN taanymddance
in high duty driving can be increased, so that the contrast and the view ng
angl e can be i nye@¢¥ad. 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 ny > ny > n,, a phase difference value in a
plane that, when a thickness is indicated as d3, is given
by |(n. - 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 + ny)/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-



Brief Description of the Drawings [0011] [Fig. 1] Fig. 1 is a sectional

vi ew showi ng a basic configuration of enbodinents of the VA liquid crystal
di spl ay 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 the enbodi ments of the
VA liquid crystal display devices set forth in clains 1 to 3 of the
invention. [Fig. 3] Fig, 3 is a plan view show ng pol ari zing plates of the
enbodi ments of the VA liquid crystal display devices set forth in clains 1
to 3 of the invention. [Fig, 4] Fig. 4(ay Ps~a di agram show ng |iquid
crystal alignnment in an undriven state of the enbodinents of the VA liquid
crystal display tdewi ¢8Siseteddd BekyBngl ai GBual :unFeOf(£ikbe 8OVENtEOMo0aNd
Fig. 4(b) is a diagramshowing liquid crystal alignment in a driven state
of the enbodi neniy @hntbe ¥ompérBitddCchbystak phepd ayisiRvenes pehtd orddd in

claims | to 3 of the invention. [Fig, 5] Fig. 5 is a diagramshow ng the
configuration ofhenbe enRdash rexainsal ttiecd/And hdghddety dulvidigs phaybeledti-ce set
forth in claiml of the invention. [Fig. 6] Fig. 6 is a schematic view
showi ng phase didreaseacesdlitiar itheecetntung andstha timviegbadphentsn dfe t he
VA liquid crystal display devices set forth in clainms | to 3 of the
i nvention. [Fig.impfpoted. 7 is a diagram show ng the configuration of the
enbodi ment of the VA liquid crystal display device set forth in claim?2 of
the invention. [BEigf B¢sdripti®ni of athk Agreanghowi ng t he configuration of
the enbodi nent of the VA liquid crystal display device set forth in claim3
of the inM@ALLLAFipFi ¢t]1 OFifi g.1 9i$s an dfalrannls hbi®hg ShREIRONA goRHitd on of
an enbodi ment of a VA liquid crystal display device of a nodification of
t he invention. 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 1liquid 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.



Description of Reference Nunerals (0012] I, 2, 3 VA liquid crystal display
device 4liquid crystal panel 4a panel body 5first glass substrate 5a first
transparent el ectrode second gl ass substrate fa second transparent

el ectrode liquid crystal |ayer

[Fig. 6] Fig. 6 4is 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 1iguid 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



8a liquid crystal nolecule first polarising plate 9a absorption axis 8 10
second polarizing plate | ea Absorption axis 13 first phase difference plate
14 second phase difference plate

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

[0013] Hereinafter, embodiments of the vertically aligned
liquid érystal display devices (hereinafter, referred to
as "VA liquid crystal display devices") set forth in
claims 1 to 3 of the invention will be described with ref-
erence to the drawings.

[0014] 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 1liquid 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



15 third phase difference plate Best Mdde for Carrying Qut the Invention

[ 00131Herei nafter, enbodi nents of the vertically aligned |iquid crystal

di spl ay devices (hereinafter, referred to as "VAliquid crystal display
devices") nmet forth in clains 1 to 3 of the invention will be described
with reference to the drawings. [0014]Fig. 1 is a sectional view show ng a
basi c configura- tion of the enbodi nents of the VA Iliquid 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 embodi-tents of the VA liquid crystal
di spl ay devices set forth in clains 1 to 3 of the invention, Fig. 3 is a

pl an vi ew show @grgglﬁ{idaiag_gfpia‘[ﬁe.s_; Qfe the E{Pgm:ii nts of the VA liquid
e ort

crystal display vices set Tor in<clains 1 to Qf the invention, Fig.
the. embodt Seath of rha VA FEaiHe ERAE (B BRI harRet AT i e
claims 1 to 3 ofat ReghiWenljn, ARgpFiP el b¢ dndi adhad-RlANJRY thiqui d
crystal alignnment in"a driven state of the enbodinents of the VA liquid
crystal diSpIayVﬂe!k&@ﬁdségystal 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 film 5b is formed
on the first transparent electrodes 5a, 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



forth in claims 1 to 3 of the invention. B30151The VA |iquid crystal

di splay devices 1, 2, 3 (1; the VA liquid crystal display device of the
enbodi ment of the VA liquid crystal display device set forth in claim1 of
the invention, 2: the VA liquid crystal display device of the enbodi nent of
the VA liquid crystal display device set forth in claim2 of the invention,
and 3- the VA liquid crystal display device of the enbodi nent of the VA
liquid crystal display device set forth in claim3 of the invention)
include a liquid crystal panel 4, and dispPay an i mage by using the liquid
crystal panel 4. B30/6] An shown in Fig. 1, in the liquid crystal panel 4, a

first glass subgtigid Spdi My clird idsda tdANsRAIRNnRbaeE] OdR8 bAet pat are

transparent are forned on the whole of one substrate surface, a first

alignment film Bbphérd QrmBda®Bdtbie f idesll ihf AR&RSEnot! BE6WOUL S HoReb@Nd a
rubbi ng process is applied to the first alignment film5b, and a second

transparent gl agsrsiptd ghae® béupvaach a second transparent el ectrodes 6a
that are transparent are simlarly formed on the whol e of one substrate

surface, posegond alignimRNipahielnb6lly i 4a f oftedrapn (Ebkl s@awn dodtwaeapahent

el ectrodes 6a, and a rubbing process is applied to the second alignnent
film6b are bondedst camdicheddritbrgldsengubstiraeet Boandn éwhisc [fitllledf wish
alignnment film5b and the second alignnent film 6b are opposed to each

ot her, while -1iQuid polystal Hakhstic atiquisedrystsphckavimenize megagadet he
periphery is sealed by a sealing nmenber (not shown), thereby formng a
panel body 4a. f0el1§g4nmic monsiaet dwisekRepYy hbygihe (¥attuyalljegween t he

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



first and second gl ass substrate 5 and 6 is filled with Iiquid crystal
(Thematic liquid crystal) having a negative dielectric constant anisotropy,
by the vacuumfilling nmethod, the dripping nmethod, or the |ike, thereby
formng a liquid crystal layer 8 1In the thus fornmed liquid crystal |ayer

0, the thickness d of the liquid crystal layer 8 is set by the dianeter of
the polyner balls 7 which are used as spacer nenbers. [0018]1In the outside
of the panel body 4a, a first polarizing plate 9 is bonded to the substrate
surface (panel back face) opposite to the Idi de of the first glass substrate
5 which is contacted with the liquid crystal |ayer 8, and a second

pol ari zing pl at g tQckstdondethd GuhbeisHbasr 3sn Sdiidae8déPassinddtdl doace)
opposite to the side of the second gl ass substrate 6 which is contacted

with the |iquidgrysiml abdyslg Bcitb@ieby1complieting 86ordd quikshsparsdnd)
panel 4. [00192As shown in rig. 2, in the first and second transpar- ent

el ectrodes 5a ardebaroddesy iaxet fbr:aéusmf Hrachert t®der varaieal odima:- n
parallel to the horizontal direction (right and left direction of Fig. 2)
of the first gl assn Juppér admi Jowaird divactian) asf 3hen sebesdr gtless camrect ed
to a scan driving circuit 11, and the second transparent el ectrode 6b are
formed i n paral |stirate &heanterflunealiondi aectigmal( appetrated kconeected et iaon) of
t he second gl ass substrate 61 and function as signal el ectrodes connected
to a signal dri\diggadi deinind 2irbnithe2 | i din dher ysq@id pawetal, paeh Sof
intersections of the first and second transparent el ectrodes Sa and 6a

whi ch are fornedcach pdr ahtetrsaqrione kREr thonfarsamhd aaceed| tdpreratents is
used as one pixel. In other words, in the liquid crystal panel 4, plxels

are arranged i nedecarefier-54 kandrfimethichhane £oEmad 418 cBaFRIL ke larish diten
el ectrodes Sa and 6a which are extend in the horizontal and vertical
directions are PFEEERHRY RRLsHRCH GRS (HESHEXRPS Whi BFPDrE® PTAREP T N a
|attice-like manner, and a voltage_is aggl i,ed while seli %I ng regui red ones
of the horizont " &H°TeFeFen M e A égcﬁﬁés'ﬁ]al?ﬁﬁ 1 BHER1T & sa
and 6a. As a result ft}e [ U|1dt%¥ ? Ia%er 8 (I L or stac% ceelcl>s of
the pixels at | RE&EPREREi dfs 2ot A 8ot BT B 17T 20N and vertical ot r st
and second transpar engrgl ect %dgg gnd 6 %gewq%ﬂegr NapEl Yy }rﬂet%j qui d
r

crystal panel 4TS SngPRTeR” b e S|np rix me Fowever, i ving

Is performed by, Ehg%ldi\} paﬂeea% %gvi,pg gﬂéaadw@@ﬁayés%é
nunber of pixels to Isp aye s arge 0020 As 'shown in In the
first and Secoantharbeels 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 liquid 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-



- 12 - 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 S 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 undriven state where no voltage is applied
between the first and second transparent- él2eetrodes 5a and 6a, as shown in
Fig. 4(a), liquid crystal nolecules 8a in the liquid crystal |ayer 8

(I1quid crystal ;eel L) Lot F&%Sg% b%%?ﬂr&?%é]!a&%&iﬂ&dpf@@@ HdARgRar ent
igned s I

el ectrodes 5a and 64 are a ubstanti a perpendicularly to the first

and second gl assag%ggﬁéi%gea;ign%?e%ntghq,{ uped | g itdne fddisheand nyecond

alignment filns SO t the "pol arization state of |ight passing

through the |aygh %rlrb;vt bg, chanoad Jhhef YolarkiOly whiteh 1os Hisang@ tted
0}

through the first polarizing plate 9 on the’incidence side (back side) of

the l'iquid crystalspaeshy 4a£§$ia££&ea1_tn3w id bid t hersbange muildaeegesgnd
pol ari zing plate 10 on the em ssion side (front side) of the liquid crystal

panel 4 to he mgld a-2Bs0ibed thenehy, wd lEilfae pesabizidintpimtdark adiaspl ay
(black display) is perforned. - 13 - [0022]By contrast, in a driven state

where the vol t agad Seapphissihatzaaenplhee fio sircandasedond thainsites ent-

el ectrodes Sa and 6a, as shown in Fig. 4(b), the liquid crystal nolecules
8a in the |iqui dheapribal akayerwal8 andt argqaoseskdeatideehathe intetsegvd widdond
transparent electrodes 5a and 6a are aligned substantially perpendicularly
to the electric ddcdl dthére., substantially parallel to the first and second
gl ass substrate 5 and 6 by the negative dielectric constant ani sotropy, so
that the gObaLizati oAnsthe etlvis |dogifigpaedi himuis srywtehePfefrlerd i siefinged.
Therefore, light which is transmtted through the first polarizing plate 9
on the inci dencemnsirduent sthase| whard @cystaitagandis 42nRLigs thedreePonttthe
liquid crystal layer 8 while the E_OI arization state is change%. Ther ef or e,
the pol ari zat i orfig@fpctisht seForthe tERRFRARES oH-2BE0GAI R | T2DelBenditul ar

to the absorption axis 10 of the second polarizing plate. 10 gn t.he em ssion
side of the |iquift®P"@ryidt ali%rantia)la i B THE e‘é’@@éﬁaq\m“{)“r}efﬁée? egﬁl % hat® a

Dopont display (Wiba MegBhay) 1h7eR8 9105k [ORATAE A0 CohebbROILd
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.



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 neon.- dielectric constant anisotropy, and in which the
t 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 voltage is
applied between the first and second transparent el ectrodes 5a and 6a, the
alignment of the liquid crystal nolecules ea is substantially parallel to
the first and second glass substrates 5 -arfd 6 is interposed between the
first glass substrate 5 which is transparent, and in which, anong the first

d d . 5 h
and second, {,apspar e?& %L)gﬂgag,esm a, a%lg%?‘r tggggeagﬁepgp%dvgloca%cqsﬁt er

across the gap, the rst transparent e ba I's disposed, and the

second gl ass SUbSLIALA Gatliegh el FANSAATEN  oaRihd Nelli S SScond

transparent el ec e 6a 1s disposed, the first polarizing plate 9 which

has the absorptignax §2928n&X6£NHNGnbUnaiR £AR! &f M)nedndi Le&lidNys-pl aced
on the side of the first glass substrate 5 opposite to the side that is

contacted with tfig IisdWidi&s Vel aln l@xenidui@ndrjfaisaagad polacdzidedpl ate
10 which has the absorption axis 10a extending in a direction perpendicul ar

to the absorpti Getaes 8Re Ofiddie ahiir sécdil araabpgrditnledeBtirsdps asednan t he
side of the second glass substrate 6 opposite to the side that is contacted

with the |iquid ed ysdedlaligyed Substhatdavigep@asdmarienlsrpl € mee ieded-i Vi Ng
(duty driving), and, in response to the requests of a |large capacity and
hi gh defi nition,tqier ffaend, hi gh. dutupsdanvialfly (BG24]LELgtoSthe £idhitagmam
showi ng the configuration of the
second glass substrate 5 and 6 by the negative dielectric
constant anisotropy, so that the polarization state of
light passing through the layer is changed. Therefore,
light which is transmitted through the first polarizing
plate 9 on the incidence side of the liquid crystal panel
4 is emitted from the licquid crystal layer 8 while the po-
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-



- 15 - enbodinent of the VA liquid crystal display device set forth in
claim1l of the invention. [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 layer 8 in the liquid crystal panel 4 is set to be |arge
or beyond a usual range (80 umto 400 nm. Nanely, the phase difference
value is set in a range of from500 mmto 1,600 mm [0026] Here, the phase
difference value in the thickness direction of the liquid crystal |ayer 8
is given by Ansa where An = no -n, n, is tlHde-refractive index (refractive

i ndex of extraordinary light) in the long axis direction of the liquid

crystal nol ecul g5,y BerbéndtGnef nactinee #index {Jefdachuveiiadex, ot

ordinary light) in the short axis direction of the liquid crystal nol ecul es

ea, and d is thetkhteknesanaf et h«anhl quhslncay%@La&@yﬁ; Sppl X Hddeblie VA
l'iquid crystal display device 1 shownin Fig, 5, first phase difference

plate 13 is lnse;hbeﬂliaﬂvmpsbasnalfﬁns@aqeﬁecemmd@@ Binghdldat esnd and
10 in the liquid crystal pane/ 4.

alignment of the liquid crystal molecules 8a is substan-
tially parallel to the first and second glass substrates 5
and 6 is interposed between the first glass substrate 5
which is transparent, and in which, among the first and
second transparent electrodes 5a and 6a that are opposed
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 1liquid 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



[0028] The first phase difference plate 13 is a uniaxial phase differen
pl ate (negative C plate) which has a negative refractive index anisotr
that, when the refractive index in the slow axis direction showi ng the
maxi mum refractive index in a plane is indicated as n", the re - 16 -
tractive index in the fast axis direction perpendicular to the slow ax
direction in a plane is indicated as ny, and the refractive index int
t hi ckness direction is indicated as n" shows n, wny > n" in which the
phase difference value in the thicknessdilPection that, when the thick
is indicated as dl, is given by i(n, nrniodl is set in a range of fro

nmto 1,320 am eaBchneh d@schdevaptiicahadadrgspel PeRdpbLaly atelOct Nget
and second gl ass substrates, and conpensates the birefringence of the

liquid crystal kayex i 189291 F6€.tHe isvansidienati ¢ vi ew show ng phase
difference plate insertion places in the enbodi nents of the VA liquid

crystal dispisy devinestletvA oOLiduidl eyt Hilspldyodetrheei nvehbiinin

[0030]In Fig. 6, (A, (B, (O, (11), (E), and (F) show the follow ng

di fference pl at eighser tinen pphasediffedcheel rglhel of whisakhpanedsst direc-
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 (xrefractive
index of extraordinary light) in the long axis direction
of the liquid crystal molecules 8a, n, is the refractive
index (refractive index of ordinary light) in the shoxt
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 uniaxial
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

ce
opy

is
he
ness

m 220
rst

phase



(A): between the first glass substrate 5 and the first polarizing plate 9;
(B): between the first glass substrate 5 and the first transparent

el ectrode 5a; (O : between the first transparent el ectrode 5a and the
first alignment filmb5b; (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 electrodes fa; and (F): between the
second gl ass substrate 6 and the second pol ari zi ng plate 10. Nanel y,

00 to (C) are phase difference plate i nserltd on pl aces on the |ight
i nci dence side of the liquid crystal layer 8 and (D) to (F) are phase

difference plat gJn3eHti Alidi aaesn@ned e d4diGhtii 80E SO Petbdfa0buidie dd quid
crystal layer 8. Furthernore, po and (F) are phase difference plate

insertion pl acesuUisshf€adfle d13aekibO0in 42.p130d (B) iddidddec@® APASHd
difference plate insertion places inside the panel body 4a.

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

[0029] 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.

[0030] In Fig. 6, (a), (B), (), (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 5b;

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

second alignment film 6b;



(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 (8) to (P) 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 inserted into (A ) and (F), (B) and
(E), or (C) and (D), it is possible to coripenrsate the birefringence of the
liquid crystal layer 8, but, in this case, the phase difference values in

t he thi ckness diect r a c | S e set
so that - (%Z i°§ota ofdd ?lfggZ%%%%L;ﬁ)%Z%NgxﬁéF?%%g| s a

di agram shovm ng d (A ¥eJal) gg gahe gabodi ment of the VA liquid
crystal display %ew %g;seéf:J %rtﬁ in claim2 of the invention. [0033]In the

VA liquid cr ySta(lFldl 80k Ve E ML EsrcHiOW1 Als3 BuBstfatd 66800t dasEcond
difference plate 14 is further additionally inserted between the first and

second pol ari si g,g,lgy_.g;. %13rd 19.in the liquid crystal panel 4 of the VA
liquid crystal splay device 1 shown in Fig. 5,

Namely, () 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



[0034] The second phase difference plate 14 is a uni axial phase difference
plate (positive a plate) which has a positive refractive index anisotropy
that shows nx > ny n" in which the phase difference value in a plane that,
when the thickness is indicated as d2, is given by 1(nx - ny)ls.d2 is set
in arange of from1l nmto 100 nm and which has the optical axis parall el
to the first and second gl ass substrates 5 and 6, [0035] The VA liquid
crystal display device 2 shown in Fig, 7 shows the configuration where the
one first phase difference plate 13 is ingéried into (A) inthe liquid
crystal panel 4, and the one second phase difference plate 14 is inserted
into (F) Alternahevelygtdlhasoneo fuani o phage amfference plate 13 nay be
inserted into (B), and the one second phase difference plate 14 nay be
inserted [A032M , orNé:ie ONigy.fiT sis phadiaghiant eashewdegplthbe céB8figuratsiont ed
in- - 19 - to (C, and the one second phase difference plate 14 is
inserted into (Df. thet enlnatimeaity oft tbeoWl 1iqsid phaseadi Aiepbncedptiaee 13
and the one second phase difference plate 14 nay be inserted in a stacked
state into any emt feue innsépinoh qf d&be) invefonr.o (F), or two pl aces of
00 and (F), (B) and (F), or (C) and (D) in a stacked state. In this case,
the firstIp di f fEr ehlee Phaléauid | srys bide Figlsivd dlevhee s @c Ghgwphdse
difference plate 14, and the phase difference values of the two second
phase differ encEifl af es? 122990% PhpsfedafEertnces Plafkgt Lenep ripethar iad-1 rim
to 100 rim The second phase difference plate 14 which is inserted into

(A), (D), or (CRbRCRHY iPiertrti Beheeesithe Jt efe 3PAgGPE°RT RO 125yer 8

is placed so that the jn-plane, sl ow axi.s n, is.perpendjcular to the

absor ption axi s*8% Bfaﬁﬂe 4i?’§°{ Yo * %%glﬂ“éflecﬁﬁﬂadit HEFS g 95ndiPfence
side of the liquid,crystal_| r.8, and the second phase_difference plate
14 which is insg%\tléldq%/"nci 5?5%'?(%5,1’10? fiﬁyl?)%e)(chsgiqv#lgﬁf’ Eﬁ'sss:a‘on si de of

the |iqui tal | ' d he, LB I ' i
per pendi PG o 1 no dstr s o At A0Lr PR PAatand tpaart 260 i o 10
on the light egbtﬁﬁéé’rhffé‘%e%e_tﬂfa{éfq oLi¢iySt al ol Axsr wﬁicﬁoﬂ§$]f ';9:5-8 IS a

di agram show n e configuration o he enbodi nent of the VA liqui
crystal display;deydClefflctiQbt Bnkdx CAd 81304 thHELI BN&WN QN> n, = n,,

in which the phase difference value in a plane that, when
the thickness is indicated as d2, is given by |(nx -
ny) |led2 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-



- 20 - (0037]In the VA liquid crystal display device 3 shown in Fig. 8, in
pl ace 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 polarizing plates 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 ny > n,s, in which & phase difference value in a

pl ane that, when the thickness is indicated as d3, is given by 1(ny n) d3
is set in arange f) frafalenen bhe 106cdta pHitehiidEchasce phase difierence
value in the thickness direction that is given by 1(n, 4- ny)/2 silJed3 is
sat in a range ofsdft@d 220cmbp. 1, I2Repra i whi e hase alik 8t pbaages! ow
axis parallel to the first and second gl ass substrates 5 and 6. [0039] The
VA liquid crystalefirspcay gdateca 33 sld0whe rnordd gsedbmeh gy dehelid@efregdeat i on
where the one third phase difference plate 15 is inserted into (A in the
liquid crystal prasd M miyt érenainiseekyd iheaphtsckal fftertendeatpl ahe oag be
inserted into any one of (E) to (F) in place of (A, or two places of (A
and (F), (E) ands4re insertOpnagplhdel) ofl KA) his @Rse ort heo phesmsdiofff dAknce
val ues of two third phase difference plates 15 in a plane are set so that

- 21 - their totsd (B, Bh tamdl0B)nnprad@) t &ed plRselinli 4 f stacked wihtes of
two third phase difference plates 15 in the thickness direction are set so
that their totalni&h280 gadet.o th328inat Phesehidifignasee diplpérerice pPate 15
which is inserted into (A, (18), or (C) on the |ight incidence side of the
liquid crystal P¥rad Puteigeadds §6cPhdtPhiee | AiffnzassesPIntaxits  nands

per pendi cular to the absorption axis 9a of the first polarizing plate 9 on
the Iight incidEbRcPRasfe GESFTENFR qUREeY R aFR9 a8 Sy P?‘ﬁget Atfd phase
difference platge 15 which. s inserted (nto (D), (E), or. (F)_.on the ||ght
eni ssion side of*iH¥9 iR 'tﬂ’scﬁ'gst"ﬁl 2R 3?9841’% T)é"'ac%%l & hté'te’fhémitﬁi'pl ane
slow axis n, is,perpendjcu to t absorpt.i on_axi §.10a of th econd
pol ari zi ng pl at’égl Th t‘%el‘?tlg g'ﬁ‘t" eni sesisoer?oglfidg of°the ?rqelﬁcg €?§§?aﬁl ayer
8. which is inserted into (A), (B), or (C) on the light inci-

dence side of the liquid crystal 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 ny is
perpendicular to the absorption axis 1l0a 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.



(0040]In Figs, 5, 7, and 8, the straight |line connecting 0' and -180
i ndicates the alignnent direction of the liquid crystal nol ecul es 8a.
(0041)When the VA liquid crystal display devices 1, 2, 3 were driven at a
high duty ratio of 1/60, a view ng angle of 50" or nore in each of right
and left at a contrast ratio of 10:1 in the right and left direction, and
50 or nore at a contrast ratio of 20:1 in the upper direction was realized.
The results were confirned by using a conoscope manufactured by
AUTRONI C- MELCHERS Cebu. - 22 - [0042]1Inm “Ne VA i quid crystal display
devices 1, 2, 3, as conpared with the optical conpensation of the liquid
crystal pgoeB7# due ta the waelafuidecopecdlr diddali delvipbase sthiolherance
plates 13 in the VA liquid crystal display device 1, the conbination of the
two third phase midf.f @&, enae gllagke®£1Then fiket VAhh & UdE fsreaical pdiatpl ap
device 3 exerts a higher conpensation effect, and foll owed by that of the
first phase diffaadeneeopHapbaid dnhfétwncee qindtepids entdidhf ermencingaraded 14 in
the VA liquid crystal display device 2, [0043] Alternatively, the first
phase differencentgbattbel 3igwid t dreystthilr gaphiisé dif the eVidelpinaid dystay be
conbi ned with each other, and the conbination can exert a conpensation
ef f ect subsequentispday hdewife Rgghewr ripsFak - dif s pt aghidwl pbes8. diffipredices a
di agram showi ng the configuration of an enbodinment of a VA liquid crystal
di spl ay devi ce ®la&enbdli¥s daseahed refiirer &hai it @nd recrnd ernliagz-

ing plates 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. > n, > n., in which a phase differ-
ence value in a plane that, when the thickness is indi-
cated as d3, is given by |(ny - ny) |ed3 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 (A),
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



[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 Iliquid crystal display device 2 shown
in Fig. 7, the third phase difference plate 15 shown in Fig, 8 is inserted
be- tween the first and second pol arizi-nglptates 9 and 10 in the liquid
crystal panel 4, or the first phase difference plate 13 showmn in Fig. 5is

further additiopglly Losgrted petyeed 166 fh! Sindnchsanaid Rol@idrzhag
plates 9 and 10 1n the liquid crystal panel 4 of the VA liquid crystal

di splay device 3,8h0unqEN t'u:vbg thard QOdRdeThei MAdehali Giakyst als dispkay
device 40 shown in Fig, 9 shows the configuration where the one first phase

di fference plat enideicssd REGEEELoA N (Mt igd that! trsis €uast als paoehmd, and
the one third phase difference plate 15 is inserted into (F), The insertion

pl aces, directi @asi0820 he.S| ene axiesrd Prdsphaserdslidnicer pnaee vis uatchf ikhe
first and third phase difference plates 13 and 15 are adequately set in a
simlar manner asséheed/Antoqual, c(B)st alr dcspbaytiteiighs ipciderte sid@4 -
Clainms EI]A vertically aligned liquid crystal display device in
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 n, is perpen-
dicular to the absorption axis 1l0a of the second polariz-
ing plate 10 on the light emission side of the liquid
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 liquid 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.



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

whi ch has a negative dielectric constant anisotropy, and in which alignnment
of liquid crystal nolecules is substantiald?y-perpendicular to said first
and second gl ass substrates, the alignnent of the liquid crystal nolecul es
bei ng madeosabst ant i a4 | %&wlﬂiqhiaocgfé@lai idisbi1agdasecauyd 19l ass ssulstrates
when a voltage is applied between said first and second transparent

el ectrodes, compaféd Sithokaei &bog-fll dompehbstidiaorarh&bsoqmpid Gryaxi s
extending in a predetermned direction is placed on a side of said first

gl ass substrat e tapppandr 4 Glud Hodehkhabe i 6£ CEHY amlecdrWinbhe Sl bt iptidisd
crystal layer, and a second pol arizing plate which has an absorption axis
extending in a diffetémde paapesdilsuliar the Vvhelidhddr piriyetabxdisspdfaysadied fir st

pol arizing plate is placed on a side of said second - 25 - glass substrate
opposite to a swdeet hat thes contiaatédnwef htisai tvd itduiird physé adliffprence
wher ei n, when a refractive index in a long axis direction of

the liquid cryspabtesl ¥rulneshesVAntiquitdedrastak, displafr deviee 3 rd@xtsn a
short axis direction is indicated as no, ne - no = An, and a thickness of
said liquid cryst digheyeronpensagient efifest d,and Fraseved fHeridmde ofalthe which
is given by And, and which is in a thickness direction of said |ig-uid
crystal |ayer i§izet phpse rdiffersrce ol Boolhinco thegpecord phase dif- 5
singl e phase difference plate is inserted between said first and second

pol ari zi ng pl at £8¥eRpRy plate 14 in the;VR Jiquid pishadngisplay siqvics 2.

uni axi al di fference plate which S negativ ef ractive | ndex

ani sot ropgg&ié]t, \/\heﬁl"aerr"él”‘?‘é{ﬁi?(/e "‘?C"ﬁdgsgrisg é’%gist%fr'rf?rﬁ??’ecPﬁﬁhes%w ng a

maxi mum refractive index.i.n.a gl ane 'Lg i ndi cat ed .as Rl refra%{bi.ve i ndex
?egglo n £ 15 'm ined

inafast axis &" ﬁ’é?lpg PRUFET " T0 1 he & aézvei/ axi $°di rbfct?°on in a

plane s 1ndi calgdy ag. 0y ouldd 2af 8! LRF1dokS 1 hAUEK | dheft LBEEKRESSugslizget f O
is indicated as n., Shows n. =% ny Z
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 (claim 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-



a phase difference value in the thickness direction that, when a thickness
is indicated as dl, is given by I(n. n.1. 2d1 being set in a range of from
220 nmto 1,320 rim sai d phase difference plate having an
optical axis perpendicular to said first and second gl ass sub- strates.
[2]A vertically aligned liquid crystal display device according to claim1l

wher ei n, said single phase difference plate is a biaxial phase
difference plate which has a refractive index anisotropy that shows nx > ny
> nx, a phase difference valué3in a plane that, when a

thickness is indicated as d3, is given by 1(nx nv)10d3 being set in a range
of from1 am to}Q0nh Mine s PhASCaril fdRLRACBOYRAL 18 g d1k@ekhibckR@SS0diRECt i ON

that is given by 1(nx nv)/2 - nxi 4d3 being set in a range of from 220 nm
to 1,320 um the liquid crystal panel 4, or the first phase difference
plate 13 shown in Fig. 5 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 dis-
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.



sai d single phase difference plate having an in-plane slow axis parallel
said first and second gl ass substrates, and sai d single phase

to

di fference plate being placed so that the in-plane axis is perpendicular to

t he absorption axis of the second polarizing plate on the |ight em ssion

side of the liquid crystal |ayer.

[11]
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Claims

A vertically aligned liquid crystal display device in
which

a liquid crystal layer is interposed between a first
glass substrate which is transparent, and in which, among
first and second transparent electrodes that are opposed
to each other across a gap, said first transparent elec-
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 1liquid
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
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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 re-
fractive index in a short axis direction is indicated as n.,
Nne — 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 liq-
uid crystal layer is set in a range of from 500 nm to 1,600
nm,

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

said phase difference plate is a uniaxial phase
difference plate which has a negative refractive index ani-
sotropy that, when a refractive index in a slow axis direc-
tion showing a maximum refractive index in a plane is indi-
cated as n,, a refractive index in a fast axis direction
perpendicular to the slow axis direction in a plane is in-
dicated as ny,, and a refractive index in a thickness direc-
tion 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 | (nx + !H)/Z -
n.|edl being set in a range of from 220 nm to 1,320 nm,

said phase difference plate having an optical

axis perpendicular to said first and second glass sub-



strates.

[2]

A vertically aligned 1liquid crystal display device
according to claim 1, wherein,

said single phase difference plate is a biaxial
phase difference plate which has a refractive index aniso-
tropy that shows ny > ny > ng,

a phase difference value in a plane that, when a
thickness is indicated as d3, is given by | (nx - ny) |ed3 be-
ing set in a range of from 1 nm to 100 nm, a phase differ-
ence value in the thickness direction that is given by | (ny
+ ny)/2 — n,|ed3 being set in a range of from 220 nm to
1,320 nm,

said single phase difference plate having an in-
plane slow axis parallel to said first and second glass
substrates, and

said single phase difference plate being placed
so that the in-plane axis is perpendicular to the absorp-
tion axis of the second polarizing plate on the light emis-

sion side of the liquid crystal layer.



