;eBélnﬂhhiIk4k*nﬁ‘nﬂnksAJ r LI QU D CRYSTAL DI SPLAY BACKGROUND OF THE

| NVENTI ON The present invention relates generally to a 5 |qulﬁ Hlmmmmm
di spl ay, and ngre particularly to a liquid crystal display wt m " ’ Mmm%
| ayer for inproving gray level inversion. In recent years, a transg%agLve
liquid crystal display has been applied to various uses. In these 10 Uses,
the liquid crystal display is often viewed hpt—only in a front-&mmﬁmnwmmmmw
direction (nornal direction) but also in various directions (an

the circunstances, there is a denmand for a display node that can regqoé?é‘e

wi dening of a view ng angle. 15 ASTl¥e QF SHEAINWNTIGIN t he transmi s ;
liquid crystal di N (Twi st ed Nematic) node is nost widely use
because of its g&%ﬁhﬁgé3§Y§ﬁA@ﬂQﬁ§%kﬁYn|t|on and high transmttance. In the

i i | evel
case where gray-|evel display erformed in the TN node, 20 gray
i nversi on tgke)s/ pl ace when theéégﬁ(é%ﬂuﬁqg OF BB ENVENEEPNain angl e and the

i i i . For,exanple, in the case of a 90 TN node
[ aui d”orystal”di spl e RS S e aBAPREE BTt 658} et gPagEaLiy ctossdispl ay, 8
; . ¢chosen and the | um nance (cd/c at eac
lgf\éil ise\?];ISt |h§ %&%@?dlﬁﬁr%slg;c s|Cg\;ie‘—’l bsaé?’cga{?c?]fﬁ R U LAT Y f¥@r@nt angl es
i i : n... This, m.nance measurenent was
;:arzri regl gtl![ ngt %ﬁ%ﬁ%ﬂﬁvﬁﬂ C%J%?%Tw zﬁ%uhm%ac?llc%efj%céq C]Za,yeﬁ%e#‘?"ﬁm nance at
i i jutifhodi ffaxd,Ssangles 81 toward a major-axis 5
8??3:;/?2:103 g?l Pfﬁffl?rﬁgﬂﬁ %%Veégullﬁ%lgc??'ve to a nornmal Z1 of a liquid
crystal display 1. | nrgeretalt yé&rgﬁﬂgwtﬁaﬂgmfggfgg|£§h£1&ﬂc}$§%gp crxsta
nol ecules is set to be downward of the screen ("downward viewihg angle").
display has been applied to various uses. 1In these

10~ uses, the liquid crystal display is often viewed not
only in a front-face direction (normal direction)
but also in various directions (angles). Under the
circumstances, there is a demand for a display mode
that can realize widening of a viewing angle.
15 As the display mode of the transmissive liquid
crystal display, a TN (Twisted Nematic) mode is
most widely ﬁsed because of its advantages of high
definition and high transmittance. 1In the case
where gray-level display is performed in the TN mode,
20 gray level inversion takes place when the screen is
viewed at a certain angle and the display quality
deteriorates.
For example, in the case of a 90° TN mode liquid
Crystal display that is capable of 64-level gray scale
25 display, 8 levels of the 64 gray levels are chosen and
the luminance (cd/cm?2) at each gray level is measured

at respective observation points at different angles



10 In the TN node, each gray |level is reproduced by controlling the
orientation state of liquid crystal nolecules by applying an electric field
on a pixel-bypixel basis. In this case, as shown in FIG 2, when the

of f-axis angle 81 is gradually increased toward 15 the major-axis direction
D of liquid crystal nolecules, that is, toward the | ower side of the
screen, gray level inversion occurs at a cé@€tain off-axis angle.
Specifically, the |um nance versus off-axis angle curve associated with
each gray |level has a mninmum 20 value. In addition, since the orientation
state of |iquidretgtiue hol tbal rermali e§ thensgragnl.ev&hito lgmiypaheeel , the
m ni mum val ue varies fromgray level to gray |evel. Consequently, at a
certain of f-axiBeafgrenenhewpfntpanéedopus frayepsvsinghawiitd clseseft e

bl ack may 25 be higher than the_|lum nance of a gray |level that is close to
white ("gray | eVBPIRAGERsTBhReY. 2AsthRe lBRERRNS RG] LSS VAiiOR PR NGSay

| evel inversion occurs - cones closer to the normal direction
(front-face dir%ifﬁoﬂlBFeFﬁEESBEgéﬁ¥}Stﬁ@giEPeéhle%%%%g AoPe) ohsrgkel y,

| eadi d ' LN . lLity. d , I I
| mver St ont i GeaLCPERFRY. Bl ovtAHard CEYFERAl RATEIagS EAIE AdBpEons | PS

I n- Pl Swi t chi : [ iLn,Vertical, Al t d
have boon put (8 BIBELPeaP uRo. RNy BFYSAT RESE ATt a- OFy SEAR TBIEp) ays.

t he tra”S”itta”Eﬁeiﬁa#8¥LéﬂgstQ§5QEFg anI5§g§ié§igigggsinghgﬁgc-ge%Er

difficult to realize Tow cost an | um nanc theré i s a déeman

i nprovement of ibeggtdtspbay8owkitatBec@t bRE BaRdent N@HSAGS 2ESN RFAROSEd
an anisotropic light scattering filmhaving Iight 15 scattering properties

t hat depend on &nhghé"j nci dence angles. The |ight scattering filmhas such
characteristics that the haze value of 80% or nore is obtained with respect
to lightl@hat is incidethewINhmadei neadangeagndleeeiln ia sperddedd ange (e.
g. between 20 0 and 60 ) and the haze value of 20%or less is obtained with
respect to |ightorbhaelisngnthdeariahthtanni atetenoé anghed rmrystal
symmetrically opposite range (between - 60 and 0 ) (see, e.g. Jpn. Pat.

Appl n. KOKAI PubPieciies Np. appbpingienoplegsrine fabdde otesc piiked -bivght
scattering film , however, has_such characteristics that _a high haze val ue

i s obtained wi thl¥@kpeelse | {gnELifaFaps, as ghowpcideAIGui B Whendence

A ch may | cad TR dourSRRLT oRIPREL ool (95 0eA bIY LHEFFRAGeRT Canarplay
| mege. Hwis. thendiapl 8y QUL AY 2 IRYA I8! 8E 21ghea BREE.FUMMARY, sl EE
that is, toward the lower side of the screen, gray
level inversion occurs at a certain off-axis angle.
Specifically, the lumihance versus off-axis angle
curve associated with each gray level has a minimum
20 value. In addition, since the orientation state of
lliquid crystal molecules varies from gray level to gray
level, the minimum value varies from gray level to gray
level. Consequently, at a certain off-axis angle, the
luminance of a gray level that is close to black may
25 be higher than the luminance of a gray level that is

close to white ("gray level inversion"). As the off-

axis angle, at which the gray level inversion occurs,



" The present invention has been made in consideration of the above-described
probl ens, and the object of the invention is to provide a |iquid crystal

di splay 10 that can be nmanufactured at | ow cost and can have a hi gh display
quality. According to a first aspect of the present invention, there is
provided a liquid crystal display of a single-domain TN node, conprising an
array 15 substrate with el ectrodes provideddi ndependently for individua

pi xel s, an counter substrate that is di sposed to be opposed to the array
substrate, a liquid crystal layer that is held between the array substrate
and the count er baxtostersatod caredt itoc [thdbe snddngplli diiareystiadn 2 venltecild @S,

pol ari zes plates that are disposed on outer surfaces of the array substrate
and the count er dyesitrisre afedpectsansien) ,arthea difdearsib@mrdmsemddmt i s

di sposed between a surface of the counter substrate and a surface of the
pol ari zes pl at e URRHENGLY /i eadiingh tsf dEnags tigmc d rati mastspepia Mt wyr ay

| evel s occurs within four |evels of 64 gray levels in a case where an

of f-axi s.angl e towardh T -EXIRF MG tTIGH oFe¥ae IntRAgion,. widet yst al
nol ecul escrel ative 1.0 a _nornal, .of .t he c%&pﬂter Suhstrate is wthin 50 .

According to a SeCSHERENEE Jt L 36h, FafeA9qRE Blbvi ded a
l'i quid tal disspl f is -d i n, TN _nod .

Substrate w th SFSot i Baed o T o A oM R BB o an
counter substr a%rttp%ﬁlail:il?%ﬁ%%e Zqut[r%CQae h%o%%%ﬁ %&@ec%a:p;r%cqubaslt rate, a

liquid crystal |ayer that etween e array subs 0" %nd t he

counter substratgeand Honehviedes sl qudlLryshala W 1e%is§ﬂ'a§;dé zam pl at es
a

that are disposed on outer surfaces of the array “substrat ‘t he count er

substrate respectiav@dttamded it o iam laxerdtiial Joi Wigehased, gt ween a
surface of the counter substrate and 15 a surface of the polariZzer plate,

wherein the dif Sisicen iltayer dis fdenflitgweed suidh.d hatw tdestdegieeaiafh di f fusi on
of transm ssion light, which passes in one direction, has a nmaxi mum val ue
at a predet er m Authiofkhcexi $hang 6 st awatethaadpriedetiemrcdetheaxi af dilfeant i on
relative to the 20 normal of the diffusion |ayer, and the diffusion |ayer

i s di sposed sucHiskd@vshe predeternined axial direction coincides with the
maj or-axis direction of the liquid crystal nol ecules. According to a third
aspect of the presenP2Fhepdiiqohandhertere frasyikran Prarpse cryst al

di splay of a single-domain TN nmode, conprising an array substrate with
el ect r odes prov? e&nﬂﬁggﬁgﬁééhgﬁﬁ%t scattering film hdving light

15 scattering properties that depend on light incidence
angles. The light scattering film has such charac-
teristics that the haze value of 80% or more is
obtained with respect to light that is incident with
an incidence angle in a specified range (e.g. between

20 0° and 60° ) and the haze value of 20% or less is
obtained with respect to light that is incident with
an incidence angle in a symmetrically opposite range
(between - 60° and 0° ) (see, e.g. Jpn. Pat. Appln.
KOKAI Publication No. 2000-171619).

25 The above-described light scattering film,
however, has such characteristics that a high haze

value is obtained with respect to light that is



- 6 for individual pixels, an counter substrate that is disposed to be
opposed to the array substrate, a liquid crystal layer that is held between
the array substrate and the counter substrate and includes liquid crystal 5
nol ecul es, polarizes plates that are di sposed on outer surfaces of the
array substrate and the counter substrate respectively, and a diffusion
| ayer that is disposed between a surface off the counter substrate and a
surface of the polarizes plate, wherein the degree 10 of diffusion of the
diffusion layer is 80%or nore in a case where an off-axis angle toward a
maj or - axi s di r et¢otent wheh|ireldernegsaaglenl bouk egidel nange.t o a nor nal
of the counter substrate is in a range between 30 and 50 , and the degree
of diffusion ofCYHEAELREFIYusiRReFagerryslight spahtebbngnogcesse where the
of f-axis angle toward the major-axis direction of the |iquid crystal
nol ecul es relaﬂﬁ%gghdn?%elﬁﬁﬁn%? Sroradathomt ©F BERRFRAERARSGS| ATa range
bet ween 0 and in a.range over 50 20 ﬂﬂe presené,inxention c

be a

d. .
i @%%%Q%Jogi%p B3PI RE 1Bae Mo atREir 8458 VoﬁPé%%ggand

provide a liqui

can have hi g LS gyﬁ!' y. Additional objects and advantages of the
inventioéﬁmjIlq%%}sé%@¥%r #%'the description which follows, 25 and in

part will be obvious fron1t@ggﬁg§qﬁhﬂhhgp, ¢N B YT R IEled by practice of
advant ages o Ttlﬂéea

the invention. The objects an I'nvention may be realized

and obt ai ned by nmeanghef nibgehPS INESY-E i nat ; -
particularly pointed outpher%iEa%%ggﬁeég%E%hgéggéﬁﬁ%?%% %é ?ﬁ%§§ESE§AL

VI EW8 OF THE DRAMMNG ff henh @cassmpanyé 8@r tdbadi pesh1 ¥k fhaaaethaceppach bat ed
in and constitute a part of the specification, illustrate presently

preferred embodimenisvaitide isventpooviaedat bgetber cyissbalhaeigpnayal
description given above and the detail ed description of the preferred
enmbodi et s gi Vgre betaw, be enamufacexpedi at 1Dovheopt i antptes bhhavehe
I nvention. '

high display quality.

According to a first aspect of the present
invention, there is provided a liquid crystal display
of a single-domain TN mode, comprising an array

15 substrate with electrodes provided independently
for individual pixels, an counter substrate that is
disposed to be opposed to the array substrate, a liquid
crystal layer that is held between the array substrate
and the counter substrate and includes ligquid crystal
20 molecules, polarizer plates that are disposed on
outer surfaces of the array substrate and the counter
substrate respectively, and a diffusion layer that is
disposed between a surface of the counter substrate and
a surface of the polarizer plate, wherein inversion of
25 luminance at respective gray levels occurs within four

levels of 64 gray levels in a case where an off-axis

angle toward a major-axis direction of the liguid



"FIG 1 is a view for explaining a principle for neasuring the |um nance of
aliquid crystal display; FIG 2 is a graph showi ng an exanple of a
nmeasurenent result of the lumnance in relation to an 15 off-axis angle 61
at each gray level in a conventional liquid crystal display; FIG 3

schematically shows the structure of a liquid crystal

an enbodi nent
that schemati

reasuring the h?é&eﬁ%#%,mthter}% q.lsf fplilrsolv(%.réielda >faerl;iqlflli% c8ry|sstaal %{iagjph.l.a%p owng

a neasur enent
5

10

15

20

25

of the present invention; 20 FIG 4 is a cross-sectional

di splay according to

Vi ew

tally shows the structure of the liquid crystal display shown
in FIG 3; FIG 5 is a cross-sectional view that schemati tally shows t
structure of a g&lvstiedemodlesud eshatel2d ijve dppla cabiralt @ ft Hévd iquinter yst a
di splay shown in FIG 4; FIG 6 is a graph showi ng an exanpl e of g
charact eri sti cs S¥PstEetifsaie Wilthdnof50a diffusion layer, which is included
in the polarizes plate shown in FIG 5, in relation to an off-axis angl
(i nci dence angl e) B2AIHAENT §% 33 SRR FSREG Ahithe e itheiple f

re

of a single-domain TN mode, comprising an array
substrate with electrodes provided independently
for individual pixels, an counter substrate that is
disposed to be opposed to the array substrate, a liquid
crystal layer that is held between the array substrate
and the counter substrate and includes liquid crystal
molecules, polarizer plates that are disposed on
outer surfaces of the array substrate and the counter
substrate respectively, and a diffusion layer that is
disposed between a surface of the counter substrate and
a surface of the polarizer plate, wherein the diffusion
layer is configured such that the degree of diffusion
of transmission light, which passes in one direction,
has a maximum value at a predetermined off-axis angle
toward a predetermined axial direction relative to the
normal of the diffusion layer, and the diffusion layer
is disposed such that the predetermined axial direction
coincides with the major-axis direction of the liquid
crystal molecules.

According to a third aspect of the present
invention, there is provided a liquid crystal display
of a single-domain TN mode, comprising an array

substrate with electrodes provided independently

he

e
or



"the lum nance in relation to an off-axis angle 81 at each gray level in a
liquid crystal display that adopts 10 the pol arizes plate shown in FIG 5;
FIG 9 shows a neasurenent result of an inversion beginning angle and a
front-face lum nance with respect to a plurality of sanples in which set
conditions of the diffusion layers are different; 15 FIG 10 is a
cross-sectional view that schemati cally shows the structure of another

pol arizes plate that is applicable to the liquid crystal display shown in
FIG 4; and FIG 11 shows a neasurenent result of an inversion 20 begi nni ng
angl e and a froforf dodiviidugdnded xeilish reespesinttar syuslahratia ythaft sienpl es in
whi ch set conditjions of the diffusion |ayers are different. DETAILED
DESCRI PTI ON OF THEPRReENTIooReA dopgsed droy sthel aditsyl fpbademtding tloands
enbodi ment of the present invention will now be described with reference to

the acconpanyi nGTdS&fingsyess thatsAewhqlf mMadwern £he quirpryhsiratispl ay,
Srystal panel LARATAES QU AT PRE KRS A7 PGP | LB (G such
that a liQUid C%%ﬁ%%hl%a,e%gf%gygé%l%?a égréhégﬂgréﬁdfgggggéu§§'
outer surfaces of the array substrate and the counter
substrate respectively, and a diffusion layer that is
disposed between a surface of the counter substrate and
a surface of the polarizer plate, wherein the degree
10 of diffusion of the diffusion layer is 80% or more in
a case where an off-axis angle toward a major-axis
direction of the liquid crystal molecules relative to a
normal of the counter substrate is in a range between
30° and 50° , and the degree of diffusion of the
15 diffusion layer is less than 80% in a case where the
off-axis angle toward the major-axis direction of the
liguid crystal molecules relative to the normal of the
counter substrate is in a range between 0° and 30° and
in a range over 50°
20 The present invention can provide a liquid crystal
display that can be manufactured at low cost and can
have a high display quality.
Additional objects and advantages of the invention
will be set forth in the description which follows,
25 and in part will be obvious from the description, or
may be learned by practice of the invention. The

objects and advantages of the invention may be realized



5 Specifically, the liquid crystal display panel 10 conprises an array
substrate 100, an counter substrate 200 that is disposed to be opposed to
the array substrate 100, and a liquid crystal |ayer 300 that is held
between the array substrate 100 and counter 10 substrate 200 and incl udes
liquid crystal nolecules. The array substrate 100 and counter substrate 200
are attached to each other by a seal nenber 1%, with a predeternined cel
gap for holding the liquid crystal |ayer 300 bei ng provided therebetween.
The 15 liquid crystal layer 300 is formed of a liquid crystal conposition
that is seal ed et vere ined dvy ayeanudso f atlee 100s bndnental etissbandat e 200.
The liquid crystal display panel 10 includes an effective display section
102 for displ aﬁcmjolerratwg%,pazlotwwmw&np%wé?dr@@tolheégméﬁgaéd by the
seal nmenber 11. The effective display section 12 conprises a plurality of
pi xel s PX (R, G BBRIEFhBESGREPAFPHNGEATHRA §E?%EB%‘-PxVI%ﬁ§ BExEHE PRAVENST i se
red pixels PXR greeg?gixels PXG and $Iue,8ixels PXB. The,Biers PX (R G
25 B) have basi cal | y' Fhe?SOBEPRRY Y uPE2YARIP nc MRGER cBF 61 PEHEPS ~of

| | ors.  Speci fically,. the pixel | udes_a, color .| h
S Tormed of a bRwd S i Readne HaFeF: & parheopi o Bhelt RErRhseRl ol or

layer that is f0f/ted.ol.8 Greelnieoi B CBLELLA! onfh81RLXEL BXBLpbncl udes a

color layer that 1s forne esrn naterra iqurd crysta

di splay panel 10, ¢&et t6ies a?mhi%%glg%flﬂiﬁﬁc&gngéﬁeigﬁt dbsckopPRdnin a

pi ctureframe shape al ong a peri region o he effective display
section 12. Fwﬁhiwéﬁﬂa§$w@!&héeﬁﬁé0@eﬂ§ilédf&éEBQiEEiénrsﬁlBhEHFer'a' with
|l ight shielding 10 properties, for exanple, a black resin material. The
l'iquid crystal pitepdayedanbodOnénitshgivencbylles, asertveutd erpllb@n 14 on a
peri pheral region of the effective display section 12. The circuit section
14 incl udes at tleaspripcisled dfi vieecincentsonl5 In this enbodi nent, the
circuit section 14 includes at least a part of a scan line drive circuit 18
t hat supplies drive BIignalsig¢saaniswghaksexpdainingnanbeinefipdeadolri nes Vi
to Ym and at |least a part of a signal line drive circuit_ 19 that supplies
drive 20 signal®egsieEed stypal eninangd af nanbéausd sryahpll dheplRYto Xn.
In the effective display section 12, the array substrate 100 includes an

m nunber of scan IinggGletbsYﬁlgéﬁph-ﬁhﬁﬂépgoﬁnsﬁﬁﬁ§PiFiﬁésaX1 to Xn, an m

X028 nurber ofe SILLENLIO eLeNPiLse 12ds podian mn pugtel of ol xel
count er fbetrng¥2%§Eén§A8ﬂgsel at each gray level in a conventional
liquid crystal display;

FIG. 3 schematically shows the structure of a
liquid crystal display according to an embodiment of
the present invention;

20 FIG. 4 is a cross—sectional view that schemati-
cally shows the structure of the liquid crystal display
shown in FIG. 3;

FIG. 5 is a cross-sectional view that schemati-

cally shows the structure of a polarizer plate that
25 is applicable to the liquid crystal display shown
in FIG. 4;

FIG. 6 is a graph showing an example of



- 11 a single counter-electrode 204. The scan lines Y (1-m are disposed

inthe rowdirection of the pixels PX. The signal lines X (1-n) are

di sposed in the colum direction of the pixels PX. 5 The switching el enents

121 are provided in association with the respective pixels PX and are

di sposed near intersections of the scan lines Y and signal lines X. A gate

el ectrode 121G of the switching el enent-128 is connected to the associ ated

scan line Y (or fornmed 10 integral with the scan line Y). A drain el ectrode

121D of the switching el ement 121 is connected to the associated signal

line X (or formtriantegriativs ofnthesihmae vahee XYf A dbifusiah ectrode 121S

of the switching elenent 121 is connected to the associated 15 pi xel

el ectrode 151. @ieeni vérieh ekt rigerekuded iR etheadepbaae?et yohbrovi ded in the

i ndi vi dual pixel s and,digposed inamtrix in the effective display section

12. Each pixel Bl ridid 4% §s tonfedbbrn ote h 25bta%t e @RI € chi ng 20

el ement . 121 in the associated pixel PX The pixel electrode 151 is forned

of an electricaﬁﬁﬁp%é%ﬂﬁﬁm %%;%%Iéﬁ?al with light transmssivity, such as

| TO (I ndigum Ti n OXi The, opposed electrode 204 is_connonly. provided for

all the 5?xels PX. gﬁ%ﬁtoﬂn%%rgeY%%Yr%%E %%pgﬁhnfggoBB%s%ﬁl?%lggi %35 m X n

pi xel el ectrodgs, 1ol M i gui st al y Th nterel ectrode

204 is forned gfean e%%t%ﬁ%a%%%]c‘g% u%t%@etﬂg-gggﬁggrjﬁ?%rf@?é%th | i ght

transmssivity, suchppg IdQ 41 Adiumli nEA1AE) a hBaLlhPhEARSHLSTH YELkI quid
T R R R (A

crystal display panel 10 shown in array substrate is forned

5 using an insuwd inensdised ate A0latidh +dodh SransM S shyidyo suph as a
gl ass substrate. In the effective display section 12, the array substrate

100 incl udes vagdchusgtdpebeveliCinas Branidi degseal §igprhy! tRES, a8¥bEghi ng
el ements and pi xel electrodes. In addition, 10 the array substrate 100

i ncl udestGan or itEm gioloar f24m J 0Bt ¢ hsltowns th SPDSed5t 0 cover the entire
effective display section 12. The orientation film 103 is rubbed in a
direction 103A at 45FF@} afiskovs anmaxssrénentendsngti afaadownvardion
direction of the liquid 15 crystal display panel 10 (i.e. downward
direction of tHREEHEEY angf tard i hEFombmeace hbupbratee wibktraseegbo is
formed using an insulating substrate 201 with |ight transm ssivity, such as
a gl ass substr;(%.a IREFRI LY P ¥ 33TREC T 51 Wyl S cFRbncandl Ehens odfit er
substrate 200 includes.the counter-el ectrﬁfl ,_etc. Further, the counter
substrate 200 Tty USE R i BIYRES o7 g i ¢ eRhat i s disposed to saver

the entiyee effectivefisplgy; gogt 00,42, T2 80t eqt ali en {1 Lm,208 s rubbed

cally shows the structure of another polarizer plate
that is applicable to the liquid crystal display shown
in FIG. 4; and
FIG. 11 shows a measurement result of an inversion
20 beginning angle and a front-face luminance with respect
to a plurality of samples in which set conditions of
the diffusion layers are different.
DETAILED DESCRIPTION OF THE INVENTION
A liquid crystal display according to an
25 embodiment of the present invention will now be
described with reference to the accompanying drawings.

As is shown in FIG. 3, a liquid crystal display,



* 25 direction 205A at 45 relative to the axis D. The rubbing direction 205A
i s perpendicular to the rubbing direction 103A of the orientation film 103.
- 13 A polarizer plate PL1 is provided on the outer surface of the array
substrate 100 in the liquid crystal display panel 10. A polarizer plate PL2
is provided on the outer surface of the counter substrate 5 200. Further, a
diffusion layer is disposed between a surfae 200A of the counter substrate
200 and a surface PL2A of the polarizer plate PL2. In this enbodi nment, as
shown in FIG 5, the polarizer plate PL2 is configured to include a

di ffusion |ayer To% eMamrlfat iarelactiaerongtyie | }keuid féugstonl | diyeplawhich is
separate fromthe pol arizer  plate PL2, may be provided. The pol arizer plate
PL2 shown in FI GREUYGRS Wi SHrb etk iranel aler s Boa, L5opidiner B9l The
pol ari zer pl ateﬁf.LZ is configured to include an 15 anal yzer 504 that is

di sposed bet weelf 3 RaAGY P 115 SO BHUESA Btzh whalt thel Bididsi on | ayer

DF that is disposed between the pratection |ayers 502 and 503. The
pol ari zer plate P25 Fi3EF by Qﬁo-‘a‘gﬁ%’iy%%ﬂ FURAT S R F TR BHEAERF - t he

tecti | 0l; 4.0, f . 20. 200A_ of 1 he, t te 200.
Thus: “the Ssurt ach A B T ar 8 srar i e At oael th an ot er
surface 503A of ddig iG] oft 18y %o Thet ol arh 2ot Bl & &8k |l udes

et y 7

a polarizer that 1s disposed en two protect’ion |layers. € 90 TN

node singl e-domaiop IdHHd & £ridpts<l i ave R?&%sélc@tcg_aﬁl%igﬂafm tted from
i sp

a backlight unit 400 illum nates the liquid crystal ay panel - 14

10 from the backubsterafe tIwm ardmy £ ubisduid e a Thes paeckid@htnamhi ch has
passed t hrough the polarizer plate PL1 on the ‘array substrate 100 side, is

i nci dent on the ild dqudldl tretsteain panelarhy e dtheittentod | g SowstePdul at ed
through the liquid crystal |ayer 300 and enmanates fromthe counter

substrat 0200 sisddstHeE A iazed iplateldd 21 ispliet tdmed tya passBsch hes eni ssi on
| ight energing fromthe counter substrate 200. Thereby, an inmage is

di spl ayed on the eff g \arxiypeystimrtectdnan ofunher| sgosdratgst al

di spl ay panel 10Q. The diffusion |ayer DF, which is applied here, is
configured to h&Pd @dFedbtadieddch aardt Ahendyr e 82 Himenzeonl b

transm ssion |ight mhichciﬁztrans jtted in one directjon, takes a nmaxinmm
val ue at a pred%F a predetermined cell gap for holding the liquid

crystal layer 300 being provided therebetween. The
15 liquid crystal layer 300 is formed of a liquid crystal
composition that is sealed between the array substrate
100 and counter substrate 200.
The liquid crystal display panel 10 includes an
effective display section 102 for displaying an image,
20 within an inner region surrounded by the seal member
11. The effective display section 12 comprises a
plurality of pixels PX (R, G, B) that are arranged in
a matrix. The pixels PX comprise red pixels PXR, green
pixels PXG and blue pixels PXB. The pixels PX (R, G,
25 B) have basically the same structure and include color
layers of associated colors. Specifically, the pixel

PXR includes a color layer that is formed of a red



"15 mned off-axis angle with an inclination toward a predeterm ned axi al
direction relative to the normal of the diffusion |ayer DF. For exanple,
the diffusion | ayer DF has properties as shown in FIG 6. In FIG 6, the
absci ssa indicates an incidence angle B2 ( ) of 20 incident light that is
incident on the diffusion |layer DF, and the ordinate indicates the degree
of diffusion. The degree of diffusion i § exXfressed by a haze value (~). As
is showmn in FIG 7, the haze value is neasured 25 using a haze neasuring
device 3. A light source 4 is disposed on a side opposite to the haze
measuri ng devi c&eB1MiRatamalgi f il anidely EXORnatwdepsedsolitie layens
haze measuring device 3 is fixed in a normal direction Z2 of the diffusion
|l ayer DF. Wth tHiaL gt thgied kf e apl veeHin thalrid aki onthe ghitxehat

energes fromth jffusion layer DF is neasured jn the state in which 5 the
| i ght source 4 I%QEBSI rlf;tuégesat &P 1% LBy aﬂb‘?fe B iyded LV iR R onard a

pr edet er m ned a>g_jes P rn%{aeti.v to the normal Z2 of the diffusion | ayer DF.
The of faxi s angl eséilcortrer ’ds to an angle fornmed between the normal Z2

d the di ti f i ght )1 h [ ti f th I
22 s set St 0 - an ot ad Sidartv e drhire bafe bl BoheTvEsi fe of the
predeter i ned axSuft @bl &d At NOWEle 25 4Snidil Galed P plus (4)
sign, and an off-axis angle B2, Ich 1s on the negative side o e

predetermined 15 raxis fAdg aélilefg tp gevei 1Rl g di® éﬁdﬁl?@t@fé’&tﬁvég nus:

(-) sign. The diffusion layer wi th the characteristics shown in Fl

can diffuse trarsigsiswsddighin wiz.h ardd ghiegt+ -haree vl skecef oM 3 ng dence
angl e 82 of about 20 40 . The haze value in this case was 95~. In other

wor ds, the degr eémmifedidff wsires itrakest e il iwdlirh Ved glet adh bl dfigaxi s angl e
of 40 . Wien the incidence angle 8 2 is 0, that is, the angle of the
normal Z40 t he diddaesttored ayior BRagsle |owleazde madire mditebbat. 300. 25 In
the liquid crystal display according to the present enbodi nent, the

di ffusion layer DF wilhe tﬁ@%%r%%ﬁ&%tqlt%pbmmamﬁl F1 &G feértkedi sposed
such that - 16 _the direction of the predeterm ned axis P thereof

coi nci des subst dMGIHISF i tH 5HE hrej 7180 sL4ie iRAE BheFabi Be ¢ 9Bt al

nol ecul es, that is, .the direction of the axis, D extending vertically
downwar ds of thé’é qqeqtﬁfggeccr Y& ARIA RS SR 1k - The clrcuit

section 14 includes at least parts of drive circuits.
15 In this embodiment, the circuit section 14 includes
at least a part of a scan line drive circuit 18 that
supplies drive signals (scan signals) to an m-number
of scan lines Y1 to Ym, and at least a part of a
signal line drive circuit 19 that supplies drive
20 signals (video signals) to an n-number of signal
lines X1 to Xn.
In the effective display section 12, the array
substrate 100 includes an m~number of scan lines Y1
to Ym, an n-number of signal-lines X1 to Xn, anm X n
25 number of switching eiements 121, and an m X n number
of pixel electrodes 151. 1In addition, in the effective

display section 12, the counter substrate 200 includes



" As regards the liquid crystal display wth the above-descri bed structure, 8
| evel s of the 64 gray |levels are chosen and the | um nance (cd/cnRy of each
gray level is neasured at respective observation points 10 at different
angles relative to the normal of the screen in the sane manner as descri bed
in connection with the prior art. The nethod of neasuring the |um nance is
the same as described referring to FIG ~1. 1fI G- 8 shows a | uni nance
distribution in the case 15 of gradually increasing the off-axis angle 81
toward the major-axis direction D of liquid crystal nolecules, that is,
downwar ds of theé séhngde. cPhatermedardeoder 04 .0of f-axi s angl e curve

associ ated with each gray |evel has a mininmmvalue. By virtue of the
adoption of the 20 diT&ﬁJsﬁC@ﬁl ldyeas OF (har) proyiderassthdmimifcae® val ue
when transm ssion light is incident at an incidence angle 82 of about 40 ,
the inclinati on9efechd@utfe the S4c1 s &F 1 evidle FdBifEs dés & (Irihe

icinit f the _of f-axi |, f 40 . , i.ngly,_ the mni 25 val

g Lot arce af byl v o R g e g
si de, and ocegurr ..t he inversi he s . of f-axis

angle ful 8%*‘1&1%“%?021&6&gsl;g‘a%ﬁtéo#?&v@ﬁicsoﬁolnveldi‘eodﬁtvl@nﬁs&ﬁaqla i d

crystal display,,:Therefore, LQui d . :

qu)e/ll ity canpbeygrl-(g\ﬁllﬁ 521(‘13 r%?g%a%:&%_ %ég{eiﬁ_fs{)?é( g‘rﬁ)sc?(;(??r%e\rﬁlglijso (ﬁ%r]enga}g t)(; t he

5 case of usingjhke rdielhtysnen r?léfa%f:%re [ aM 0l it 60 e degiae 18fhdll ff usion

takes a maxi mumvalue (i.e. t aze value 1s 95% at a predeterm ned

off-axis angle of gd@e cH@WRVRIGe tl@@.c@fdcﬁeihéﬁsvﬁilﬁ%ﬂ{ﬁ?iélgmgﬁﬁy 12vels
i nversion varies depending on where the predeterm ned 10 of f-axis angle at

whi ch the degr eeocahediticfdusioon Heakes ot inrddnyoarllued & seir Ryrhadhat degr ee
of diffusion is obtained at that tinme. If the predeterm ned off-axis angle
62 at whilbh t he idégea lofwidinf fulse erarakdnen ¥axi mudnalnie lectaeidd5 at an
angl e at which gray |evel inversion occurs, the gray |evel inversion

suppr essi ng ef f d@lDcaf Fheehiillichddhg el emerndesidlallse adratedttesl gray | evel

i nversion be suppressed over a w dest possible off-axis angle 82.
Preferably, thetglreeéétsé’%aﬁ@di Sfifongd dine ahglar gonmadc tHedrsd miktval ue
of the degree of _diffusiqn_should be _set in a range between 15 and 55 .
More pref er abl thtehélﬁPé’getlélntﬁ d of ¥ SBHEE RN BRI MitiPd nd *egr ee of

g fuston takes op R Bunaalue oioul 4 0% Sel. 4 8 Jode, belyeen 50, and 26
bet ween %g and EQX%H %H%d@%gd% %%i.as shown in FIG 2. :
The pixel electrodes 151 are independently
provided in the individual pixels and disposed in a
matrix in the effective display section 12. Each pixel
electrode 151 is connected to the associated switching
20 element 121 in the associated pixel PX. The pixel
electrode 151 is formed of an electrically conductive
material with light transmissivity, such as ITO (Indium
Tin Oxide). The opposed electrode 204 is commonly
provided for all the pixels PX. The counter-electrode
25 204 is opposed to all the m X n pixel electrodes
151 Qia the liquid crystal layer 300. The counter-

electrode 204 is formed of an electrically conductive



- 18 The effect of inproving the gray level inversion is greater as the
degree of diffusion is higher. However, if the degree of diffusion is
increased to such a level that the haze val ue exceeds 99~, such 5 problens
wi |l occur that a displayed character may blur or the |um nance |lowers. If
t he maxi num val ue of the haze value is |less than 85~, the gray |evel

i nver si on suppressing effect decreases,'anhzgray | evel inversion will occur
at an angle close to the normal direction 10 (i.e. front-face direction).
It is thus preferable that the maxi mumvalue of the degree of diffusion be
85~ to 990 in tBrRETHRLtWEthakéghhl bEanpgisedHigy, t REchormaLTAi rection, in
consideration of_ogcurrence of blurring or a decrease in lumnance, 15 it

i s desirable t hAFREhEdEYRe@X 58 ffusion be not so high. Thus, the haze
value in the normal direction_of the.diffusion |ayer shoyl d preferably
be 75~ or less, and rgﬁﬁrgF@Pﬁﬂﬂ§S§EQ)EAguﬁgsC &éﬁagzgéﬁp éd , for

i ndi vidual |iqu ryst ispla it IS necessa set an _opt.i nmal

val ue of the pr%@e%@?ﬁ?ng%a%¥$ia fsggﬁgfﬁrgy ﬁﬁﬁéﬁrﬁﬁé ggBIFEd%BFPFHSion

| ayer DF ¢ akes [ | t dj tfusion, .an_optimal val ue
.for the &%xinu&?%g?%eg%Pl%ﬁ%fgggﬁgegg?gggéﬁgs?é%,%ggg ggggﬁt?ﬁﬁBsWéFue 25

for the degree givgtﬁfu§ﬁ@Ha%€eghslgggnghbggﬁggg[pnIntﬁgde%Eekgﬁvgbove

considerations, it 1S desir t0 adopt a usi on 'l ayer hat "has a

high degree  _disglay éceibhusppntha arfggaghmgh¥aear&@b/EQEQQdQE
off-axis angle 8. In particular, 1t was confirned that a very high effect

of suppressing gaajyohevelnésyesathnayascaht ained bydadeghianglandsf fusion

| ayer DF that has a 5 degree of diffusion of 800 or nore in the range of
of faxi s angl e Bwhethiergn 8DemextS0anddphaslactlegteedet.di Thusdantabn900 or
| ess (preferably 80s or less) in the range of off-axis angle 82 between O
and 30 ahel in thHeerangeyofuls2togbe 500. in0lNdrs, ansorégatdsisnx f3anpl es of
90 TN node liquid crystal displays wherein conditions of applicable

di f fusi on | ayer50arehgbrieadispesadgte aeveni Ehegenyirevelffeatérvsi on occurs
("inversion beginning angle" ( L% and front-face | um nance é~) wer e
measured 15 anddtIMRAY eBECTHRN | hver sTBRA BEYERARRGORNGEAMr &P&r 45t suBRedngl e
at which inversjon_of.|um nanc curs nor e t han one |ocation, in the
case where the Tnf n&hteS Jso?reig%ge#mﬂgll ereflﬁlaet]o‘fef i B s

i ih respect 1o RaRe B cont oraguEdHEr BRIk & ERRRTontarty | cvel ¢

Wth respect to ea erg gray rleve ay levels

obt ai nedy by equaldyr g vidi 4 vel s _by hg., .| evel
i nversion beginni%gtgng?gé§ga§é%§%§£di§j?%'?és%gg?&%5&e§%%%§¥lgﬁe%§4 gray
|l evel s, this angh& isrgénpubstantially equal to an angle at which inversion

of lum nance occurs within four gray levels. A front-face lumnance is a
relative val ue, whiconi shebbahBedh¥hEN the counter substrate 200 is

formed using an insulating substrate 201 with light
transmissivity, such as a glass substrate. In the

20 effective display section 12, the counter substrate
200 indludes the counter-electrode, etc. Further, the
counter substrate 200 includes an orientation film 205
that is disposed to cover the entire effective display
section 12. The orientation film 205 is rubbed in a

25 direction 205A at 45° relative to the axis D. The
rubbing direction 205A is perpendicular to the rubbing

direction 103A of the orientation film 103.



- 20 the neasurenent value relating to a sanple X is set at 100% The
sanple X includes a diffusion |ayer wherein a nmaxi num val ue of the degree
of diffusion is set at 80%in terns of the haze value and the predeterm ned
5 off-axis angle with this maximumvalue is set at 20 . A sanple A includes
a diffusion |ayer wherein a maxi num val ue of the degree of diffusion is set
at 85%in terns of the haze value and the J¥edeterm ned offaxis angle with
this maxi nrumvalue is set at 20 . A 10 sanple B includes a diffusion |ayer
wherein a maxi num val ue of the degree of diffusion is set at 95%in terns
of the haze val ue anBli Phdapiedet plataelldf isarksvadgtieoni thet hiisemaxi num
value is set at 20 . A sanple Cincludes a diffusion |ayer wherein a
maxi mum val ue ofUAERERCHckrecabrayi sebstbatesleetint tB6od iguidrns of the
haze value and the predetermned off-axis angle with this maxi numvalue is
set at 40 . A:ﬁ%ﬁﬁi@§>Sh%?ﬂ%%sp%nﬁIfI%sio% Payarigpereiata Rhaki #8m val ue

of the degree of _diffusion is set_at 95%.in ter of the haze val ue 20 and
t he predetermlﬁ§P¥ﬁ$§§x?% ER%I%uﬁffhs?ﬁ%gcﬁBQFgEﬂ?v%?E%t?g swpshralg . A

I E d I i i wh i i I f the d
of it us on 1200 UEEETD ¢ Y RErIr bR TRReE AR e b ety e med
of f-axis angle ¥6ffhé$I§O@§é%f“@ﬂg5c¥3ﬁygri§u§§fr§£e699%e§%§3$2%86?ace

i ncl udes a diffusion Tayer erein a maxi num value of

di ffusion i % oLyt | 40 i
iffusion is sefr Bl $P%HE ﬁ@I£§%9ér Peafazgrya ;F%aEHlé &mbo l%%n?he

predeterm ned off-axis angle wth this maxi mumyv e1s set a

measur ement resal tshemshownric, G the 560811 her nBastEepENt 1 keshhkiglt was
confirmed that 5 there is a tendency that the inversion beginning angle

increases as therqed edet eiolmed of di ARLSiGNIl gyeACDRASEAR]l téPnaBYvely] he
sanples, a relatively high front-face | um nance was obtai ned. However, even
i f the predet erfilredl D¢ -dkfSushoh elaget hewlsaok, i§ heeg@ritontrdmcehe

| umi nance is lower in the sanples (B, D, F) that include the diffusion

| ayers with hi @rkageigedslate dPE2 ushan. béspreyaded.the sanple F, a
front-face | um nance, which corresponds to 90% of the reference sanple X
coul d not be obt ai nethe 1Borri per sahpresPLehashewnpie BlfiasSconditi ons

wherein the front-face Ium nance is 900 or nore and the gray | evel
inversion is nU%RCIVé%§n/ 2§ PEAC SRR el TV e ¥ Red Gt aySPevandi A¥2F si on

Degi 01 19 o0l %50y e vena Dus gonl hEg Lhal tpe Loversion ol
orey, | ou s el b o S0t o 81912 SOIBLER NECUBLaL. BLSechentian of
0 SPLoD 5% AR 98 s OB i e ofBE B o 2
Alternatively, id dSsp9ssdb&thden the protection layers 502 and 503.
The polarizer plate PLZ is fixed by attaching an outer
surface 501A of the protection layer 501 to the surface
20 200A of the counter substrate 200. Thus, the surface
PL2A of the polarizer plate PL2 corresponds to an
outer surface 503A of the protection layer 503. The
polarizer plate PL1 includes a polarizer that is
disposed between two protection layers.
25 In the 90° TN mode single-domain liquid crystal
display panel 10, backlight emitted from a backlight

unit 400 illuminates the liquid crystal display panel



'- 22 use a polarizes plate that includes a view ng-angle conpensati on

| ayer di sposed between the surface of the counter substrate 200 and the
surface of the polarizes plate PL2. 5 Specifically, a polarizes plate PL2',
as shown in FIG 10, includes three protection |ayers 501, 502 and 503. The
pol ari zes plate PL2'" includes an anal yzer 504 di sposed between the
protection layers 501 and 502, and a diffusi4on-ayer DF with directivity,
which 10 is disposed between the protection | ayers 502 and 503. Furt her,
the pol arizes plate PL2' includes a view ng-angle conpensation | ayer VC
that is provi ded brfremsufadedoAdd ahetlpr oy ocsubsiyeat &0100 The

pol arizes plate PL2' is fixed by attaching an outer 15 surface VCA of the
Vi ewi ng- angl e cdmferadkloithtay ethimd thps mested dder QODA. the pdvbachuet er
substrate 200. erqt ot her. words, the view ng-angle conpensation |ayer VCis

di sposed bet wee®P ¢ &t K ToRDRY ek Nbstidre DDolngdent
f PL2A of th l.ari z 20 plate PL2' .. In th , | hoy i FI G
10, the pol ari 288 S &I EYSHAT RATER 111 ncHRIG AR bk TP gl e
ti | ay tively, filmlik i eW ng- |
conpensat Pon | aer M tar<t o i e Sriaal R T And my e
25 pr ovi ded. Wtealatnt}.%e[y %Oﬂ q:r}ieofcotlﬂ*e%ev}.j & %I‘a‘aq.%l 92&&?8 sat I% ! ayer VC’
, that i Ui namic

the view ng angle contrast, S, e ratioin Tunmn ° bet %n white
display - 25 pdndallack gl apalsd ddemoly alyidg de gifsaxs andl e
81, increases, and the gray |evel 1nversion n% ovenent ‘effect 1S ‘enhanced.
As regards six sagpiteenr SN rode s nahas: domigsd i au hegystal displ ays

wherei n vi ewi ng-angl e conpensation | ayers are added and the conditions of
di ffusion | ayer Sharebyar iaad isiagd ard Yiagpldyddersage deseddbase Wiidplay
reference to FIG 9, the angle at which gray |evel inversion occurs in the
maj or - axil® di r ecteicdriob0 1¢f dfi dquned Icirgusitdalc g teclul s ed tparge T 0L ¢ he nor mal
of the liquid crystal display ("inversion beginning angle” ( )) and
front-face | um nance The diefisisisas ulastemmF c oripiackedi s | app hi sd clasee, ais
Super-Wde View film (manufactured 15 by Fuji Phota Co., Ltd.) was used as
t he vi ewi ng- anglc®REGHeRsaticomavey eiiregtivitthe pradvithian Wie tdegree of

vi ewi ngangl e conpensation |ayer, the inversion of |umnance at respective
gray |evels occGwlrfgélls\?oiotnhiQﬁf @ eGSR 10 To fL e 6 4k ly d Vil ansthetedhe

of f-axi s angle tiﬁward Q al IEDSt all azinuth directions relative to the

normal of the |iquirdScAYECat i@ epltayFass aulati i Wb Valytudtterd RIeqbRE TS

azimuth directi r- 4 he .maj_or ~axi s .direct.ion of liqguid crystal

mol ecul egt5 t he ?‘E\%‘gr@:?’gﬁt %?‘ﬁrgﬁr% ﬁ&ﬁcé"%@t@ﬂéﬂl lrﬁaofrjeoqi HBY35ire | evel s of

the 64 25 gray Lewgl$erBY I t,]ﬂqgg ; izer plate, in whch the

vi ewi ng-angl e c%npgr?;gti or?%ggyt?g?%aln the gc#?? ﬁ%lg#%geyetfo f\%}%ﬁ %%IPV\%H

predeterm ned cefdithieORS ffusion layer DF. For example, the diffusion
layer DF has properties as shown in FIG. 6. In FIG. 6,

o]

the abscissa indicates an incidence angle 62 (° ) of
20 incident light that is incident on the diffusion
layer DF, and the ordinate indicates the degree of
diffusion. The degree of diffusion is expressed by
a haze value (%).
As is shown in FIG. 7, the haze value is measured
25 using a haze measuring device 3. A light source 4

is disposed on a side opposite to the haze measuring

device 3, with the diffusion layer DF interposed. The



- 24 5 10 15 are conbined, is enployed, the inversion of |um nance
occurred within four levels of the 64 gray |evels even with respect to
azinmuth directions near the major-axis direction of |liquid crystal

nol ecul es. The nmeasurement result is shown in FIG 11. Fromthe measurenent
result, it was confirmed that there is a tendency that the inversion

begi nni ng angl e i ncreases as the predetermedoff-axis angle increases. In
any of the sanples, a relatively high front-face | um nance was obt ai ned.
However, even if the predeterm ned off-axis angle is the same, the
front-face | uni PAAeeneasnbies davine Sahpl 65xe8, iD, aFhorhal Hhckudéohhe

di ffusion | ayers_w th higher degrees of diffusion. As regards the sanple F,
a front-face | ufif n@hckhewdiERusaerespBndsDFe oUOthf thhe seté&ivocetbenpl e X,
could not be obtained.. O the sanples, . the_sanple D has conditions 20 25
wherein the front?fatalVenPhahtanreispion, Lighe Shatipeegeay feoml the

[ [ [ | ] . le D .th | i " S
begi nni nG angl CWBELTHeY chaghE 1 BF oS NPrSuEEd: RisTRaNFF AREaLbNARL Ehe
[ [ f ol um t [ I ithin f I
of the 64 gray [evele MheroTReoft ki & EMaF 4 oRat DR fey or Sanre 02 °
di [ foli g ' I he I'iquid
ystal o Spl ay et AEbET R e D e B RSB R R RE P ok et ne

crystal display is within 6 eover, was confi Fie

view ng-angl e CesPERSakopRal 22297 LRYCH; DI BROLALDE BBV §hONGRE-
| um nance at respec tive gray |levels occurred wthi our |level's of the 64

gray |levels whemxtbeangieanios cnglesgandd k@l Wsingild azbmag HEigesti ons
relative to the normal of the 5 liquid crystal display is within 40 . As
has been descritke mboval z2canditigetditbetioguobd enystabhdi splidyeof,this
enbodi nent, which is of the single-domain TN node, the diffusion layer with
directi iQy is améd| tleddbeeokrbont bt thenhermslbg®r Asesd0 andot he samface of
the liquid crystal display panel. Thereby, the m ni numval ue of |um nance
can be shifted @bF13%ls sanelof f-2axivhiatylis sindevharoaiel of fs &ké sofingl e
relative to the normal is varied at respective gray |levels, and gray |evel

i nversi on can berPEeMpressbcd et ef BreelabiBei bpathennpnmdlspRay quality

can be prevented even when the screen is viewed
1s 1ndicated by a plus (+) sign, and an off-axis angle

62, which is on the negative side of the predetermined
15 axis P relative to the normal Z2, is indicated by a .
minus (-) sign.
The diffusion layer DF with the characteristics
shown in FIG. 6 can diffuse transmission light with a
highest haze value at an incidence angle 62 of about
20 40° . The haze value in this case was 95%. 1In other
words, the degree of diffusion takes a maximum value
at an off-axis angle of 40° . When the incidence angle
82 is 0° , that is, the angle of the normal 22, the
diffusion layer DF has a low haze value of about 30%.
25 In the liquid crystal display according to the
present embodiment, the diffusion layer DF with the

characteristics shown in FIG. 6 is disposed such that



over a wide view ng angle. Furthernore, a high drive voltage as in the IPS
node or MVA nbde is not required, and high |um nance can be realized at | ow
cost. 20 Additional advantages and nodifications will readily occur to
those skilled in the art. Therefore, the invention in its broader aspects
is not limted to the specific details and representative enbodi nrents shown
and described herein. Accordingly, variousl®5 modifications may be nade

wi t hout departing fromthe spirit or scope of the general inventive concept
as defined by the appended clains and their equivalents. - 26 WiAT I S
CLAIMED | S 1. ¢ idpufectiystaf thepbagdetemminagdl axionhi thdheabde,
conprising an array substrate with el ectrodes provided independently for

i ndi vi dual pi xe¥SLINGHESS cHumt eancibbly aveth hblhe i Batipspases dbrdetdpposed to
the array substrate, a liquid crystal |ayer that is held between the array
substrate and tHe tolit@rcrbsit Fhelamdléncl Hart |$qubie cdyseatrioml ecul es,

pol ari zes plates_that are disposed. on outer surfaces of the array 10
substrate and tHe ?nﬁ%ﬁsg%b%%?%&%ﬁ?%s%%ﬁ?%%% Y %ﬂﬂn%aﬂﬁﬁfﬁgiB%elayer

that i ' , Del f th t bstrat d f

of the pol ar i 2eS BT SLYRE bi hTRURY SPOREL1 LD um nance &t 1 eepecti ve or ay
15 | I i thi I LS |

of t-axis angl e towar i rRaT B ki hrraed: SROEFeE Gt padyauERyerhrT © ™

mol ecul es rel aldyeyd Qs aoniBl ol LOE,FOUNE Sl SUPStEA! EnlSeit DLy SO . 2.

The liquid crystal display according to 20 clarm whérein't ver si on

of lum nance at]dRSPSCity ecibdvn | Sve! enOCLEn Sn YL Ncdpun2l eypl s,0f 64 gray
| evel s in a case where an off-axis angle toward all azinuth directions

relative to theyrof Mdves ¥ thédls¥Ped 26 Besgbetlv@ubBs&fyst abndbsPhey
according to claim1, wherein the diffusion layer is configured such that

t he degride of diff fdisf Dereait tamnbasd ssébative 29 théghdérmahi 6h pRE&ses in one
direction, has a maxi numvalue at a predeterm ned off-axis angle toward a
predet er mi ned #Bd¢rgeniircthensand atdanveet oas hdesorpédoint bendettilshon

| ayer. 5 4. The |iquid crystal display according to claim3, wherein the

di ffusi on | ayeWitdh dikpgaiebp s Rt ¢ hathe anet pe@def eressedinagi ghedirecti on
coincides with the major-axis direction of the liquid crystal nolecules. 10
5. The liquid cryeRANGHE sb? dyPActHIYi 3 doseribadarefpering tPeFIG. 1.

redeternm ned off-axis_ angle is in range between 15 and 55 .
P %fG. g shows a fhmfhgnce distribution in the case

15 of gradually increasing the off-axis angle 01 toward
the major-axis direction D of liquid crystal molecules,
that is, downwards of the screen. The luminance versus
off-axis angle curve associated with each gray level
has a minimum value. By virtue of the adoption of the

20 diffusion layer DF that provides a maximum haze value
when transmission light is incident at an incidence
angle 62 of about 40° , the inclination of the curve at
each gray level becomes gentler in the vicinity of the
off-axis angle 01 of 40° . Accordingly, the minimum

25 value of luminance at each gray level can be shifted
to the large off-axis angle 01 side, and occurrence

of the gray level inversion at the small off-axis angle



6. The liquid crystal display according to claim3, wherein the maxi num

val ue of the degree of 15 diffusion is between 85% and 99% 7. The liquid
crystal display according to claim3, wherein the diffusion |ayer has a
degree of diffusion of 75%or less in the normal direction of the diffusion
| ayer. 20 8. The liquid crystal display according to claim1, wherein the
pol arizes plate includes the diffusiontayef. 9. The liquid crystal display
according to claim1, further conprising a view ng-angle conpensa25 tion

| ayer that is disposed between the surface of the counter substrate and the
surface of the Bdl @@ & Hunnressed,2gommared |quihe ccystent tispl ay of a
si ngl e-domai n TN node, conPrising an array substrate with el ectrodes

provi ded i ndepeht@pt® yCrystahddisabay- pi keesefanecoantéauidbstyatelt hat is
di sposed to be $§§§ﬁed tp 5 the array_substrate, a liquid crystal [|ayer
that is held bé 2y nel b By R BitPhe¥ dHalik¥ esdnberrzovsdedte and

i ncludes liquid crysiﬁl nglecgles, Eol rizer Elat s .that are di sposed on
outer surfaces of the &rPRyVEUBEEratRedna PREIRERAt &F Shbsrtacetoothe
respecti vel vy, Ef L on y h i s, dj sposed. between rface of

t he count%r su§§¥?§tgfa%%§%855$$a§£f% g%%% %%V%Ei?grwaétgslﬁﬁeian t he
diffusion |ayeradsr&0nbt ol eeusbGh thRls! Dendeanas ohiflblfston.pl

transm ssion light, 15 which passes in one direction, has a maxinum val ue
at a predet er mmege Opdrdui 52094 4OWAI HraqpterfifnLdl Bed-axh 8l afdyngction
relative to the normal of the diffusion layer, and the diffusion-layer is
di sposed such t4elt saimbwrdet eid negkad alr dysetd 98 £9i Ped geseyii h the 20
maj or-axis direction of the liquid crystal nolecules. 11." Aliquid crystal
di splay of a singverslbomi viade sodepes@iPgi Shnghaheathaypsubsteahenwit h

el ectrodes provided i ndependently for individual pixels, an counter
substratld t hat ¢&fdhisposanigle be wpposethetodebee@508r dayfaghshr abhkesaa
liquid crystal layer that is held between the array substrate and the
count er subst r StEXHHN | izl weless | $¢ui dasdywhat depeeal ef, dpbfusienr ipl at es

- 29 that are disposed on outer surfaces of the array substrate and the
counter substr&%F %%%%c@?v%m%t e a diffusion |ayer that i-s di sposed

bet ween a surface of _the counter substrate and a surface of the polarizer 5
plate, wherein the dbhrEReoPrafeFetronedr of headirs asrPdR 1%gertiwh8es or

nore in a case where an off-axis.angle toward a najor-axis direction of the
liquid crystal %ﬁheé%ﬁ%%er ?a§+€£u? °1 %%ggﬁlao?aF @quﬁﬁiEP $8bSEFate 10
s e B 0 ke Aot LS e R0 0
the major-axis «Hd egtd P Ofet Nendd AL On CEYSLAL s BPhECUERSLelaki 8
exhibited. It is desirable that the gray level inver-
sion be suppressed over a widest possible off-axis
angle 62. Preferably, the predetefmined off-axis
20 angle 62 with the maximum value of the degree of
diffusion should be set in a range between 15° and
55° . More preferably, the predetermined off-axis
angle 02 at which the degree of diffusion takes a
maximum value should be set in a range between 30° and
25 50° , since gray level inversion tends to take place
remarkably in the range between 30° and 50° of the

angle 61, as shown in FIG. 2.



to the normal of the counter substrate is in a range 15 between 0 and 30

and in a range over 50 .
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As regards the normal direction, in consideration
of occurrence of blurring or a decrease in luminance,
15 it is desirable that the degree of diffusion be not so
high. Thus, the haze value in the normal direction
of the diffusion layer DF should preferably be 75% or
less, and more preferably 50%.
As has been described above, for individual liquid
20 crystal displays, it is necessary to set an optimal
value of the predetermined off-axis angle at which the
applied diffusion layer DF takes a maximum value of the
degree of diffusion, an optimal value for the maximum
value of the degree of diffusion, and an optimal value
25 for the degree of diffusion in the normal direction.

Based on the above considerations, it is desirable

to adopt a diffusion layer DF that has a high degree
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of diffusion in a relatively narrow range of off-axis
angle 0. 1In particular, it was confirmed that a very
high effect of suppressing gray level inversion was
attained by adopting a diffusion layer DF that has a
5 degree of diffusion of 80% or more in the range of off-
axis angle 62 between 30° and 50° and has a degree
of diffusion of 90% or less (preferably 80% or less) in
the range of off-axis angle 62 between 0° and 30° and
in the range of 02 over 50°
10 Next, as regards six samples of 90° TN mode
liquid crystal displays wherein conditions of appli-
cable diffusion layers are varied, the angle at which
gray level inversion occurs ("inversion beginning
angle" (° )) and front-face luminance (%) were measured
15 and compared. The inversion beginning angle refers
to an angle at which inversion of luminance occurs
at more than one location, in the case where the
luminance is measured while the off-axis angle 6 1is
gradually increased from the angle of the normal
20 direction (081 = 0° ) with respect to each of eight gray
levels, that is, each of gray levels obtained by
equally dividing 64 gray levels by 8. If the gray
level inversion beginning angle is measured with
respect to each of the 64 gray levels, this angle is
25 substantially equal to an angle at which inversion of

luminance occurs within four gray levels. A front-face

luminance is a relative value, which is obtained when
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st 10% & ()- _]Iﬁﬁéyégésurement value relating to a sample X is set at
100%. The sample X includes a diffusion layer wherein
a maximum value of the degree of diffusion is set at
80% in terms of the haze value and the predetermined
5 off-axis angle with this maximum value is set at 20°
A sample A includes a diffusion layer wherein a
maximum value of the degree of diffusion is set at 85%
in terms of the haze value and the predetermined off-
axis angle with this maximum value is set at 20° . A
10 sample B includes a diffusion layer wherein a maximum
value of the degree of diffusion is set at 95% in terms
of the haze value and the predetermined off-axis angle
with this maximum value is set at 20° . A sample C
includes a diffusion layer wherein a maximum value of
15 the degree of diffusion is set at 85% in terms of the
haze value and the predetermined off-axis angle with
this maximum value is set at 40° . A éample D includes
a diffusion layer wherein a maximum value of the degree
of diffusion is set at 95% in terms of the haze value
20 and the predetermined off-axis angle with this maximum
value is set at 40° . A sample E includes a diffusion
layer wherein a maximum value of the degree of
diffusion is set at 85% in terms of the haze value and
the predetermined off-axis angle with this maximum
25 value is set at 60° . A sample F includes a diffusion

layer wherein a maximum value of the degree of diffu-

sion is set at 95% in terms of the haze value and the
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predetermined off-axis angle with this maximum value is
set at 60°
The measurement result is shown in FIG. 9.
From the measurement result, it was confirmed that
5 there is a tendency that the inversion beginning
angle increases as the predetermined off-axis angle
increases. 1In any of the samples, a relatively high
front-face luminance was obtained. However, even
if the predetermined off-axis angle is the same, the

10 front-face luminance is lower in the samples (B, D, F)
that include the diffusion layers with higher degrees
of diffusion. As regards the sample F, a front-face
luminance, which corresponds to 90% of the reference
sample X, could not be obtained.

15 Of the samples, the sample D has conditions
wherein the front-face luminance is 90% or more and the
gray level inversion is most improved. 1In the sample
D, the gray level inversion beginning angle was 50°
It was thus confirmed that the inversion of luminance

20 at respective gray levels occurs within four levels
of the 64 gray levels when the off-axis angle toward
the major-axis direction of liquid crystal molecules
relative to the normal of the liquid crystal display
is within 50°

25 In the above-described embodiment, the polarizer
plate PL2 including the diffusion layer DF shown in

FIG. 5 is employed. Alternatively, it is possible to
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use a polarizer plate that includes a viewing-angle
compensation layer disposed between the surface of the
counter substrate 200 and the surface of the polarizer
plate PL2.
5 Specifically, a polarizer plate PL2', as shown in
FIG. 10, includes three protection layers 501, 502 and
503. The polarizer plate PL2' includes an analyzer
504 disposed between the protection layers 501 and 502,
and a diffusion layer DF with directivity, which
10 is disposed between the protection layers 502 and
503. Further, the polarizer plate PL2' includes a
viewing-angle compensation layer VC that is provided
on a surface 501A of the protection layer 501. The
polarizer plate PL2' is fixed by attaching an outer
15 surface VCA of thé viewing-angle compensation layer
VC to the surface 200A of the counter substrate 200.
In other words, the viewing—angle compensation layer
VC is disposed between the surface 200A of the counter
substrate 200 and the surface PL2A of the polarizer
20 plate PL2'. 1In the example shown in FIG. 10, the
polarizer plate PL2' is configured to include the
.viewing~angle compensation layer VC. Alternatively,
a film-like viewing-angle compensation layer, which
is separate from the polarizer plate PL2', may be
25 provided. With the provision of the viewing-angle

compensation layer VC, the viewing angle contrast,

that is, the ratio in luminance between white display
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angle 61, increasSes, and the gray level inversion

improvement effect is enhanced.

As regards six samples of 90° TN mode single-

5 domain liquid crystal displays wherein viewing-angle
compensation layers are added and the conditions of
diffusion layers are varied similarly as in the case
described with reference to FIG. 9, the angle at which
gray level inversion occurs in the major-axis direction

10 of liquid crystal molecules relative to the normal of
the liquid crystal display ("inversion beginning angle"
(° )) and front-face luminance (%) were measured and
compared.

In this case, a Super-Wide View film (manufactured

15 by Fuji Photo Co., Ltd.) was used as the viewing-angle
compensation layer. With the provision of the viewing-
angle compensation layer, the inversion of luminance at
respective gray levels occurred within four levels of
the 64 gray levels when the off-axis angle toward

20 almost all azimuth directions relative to the normal
of the liquid crystal display is within 40° . However,
as regards azimuth directions near the major-axis
direction of liquid crystal molecules, the inversion of
luminance occurred at more than four levels of the 64

25 gray levels. By contrast, when the polarizer plate,

in which the viewing-angle compensation layer and the

diffusion layer that meets predetermined conditions
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occurred within four levels of the 64 gray levels even
with respect to azimuth directions near the major-axis
direction of liquid crystal molecules.
5 The measurement result is shown in FIG. 11. From
the measurement result, it was confirmed that there is
a tendency that the inversion beginning angle increases
as the predetermined off-axis angle increases. In any
of the samples, a relatively high front-face luminance
10 was obtained. However, even if the predetermined
off-axis angle is the same, the front-face luminance
is lowér in the samples (B, D, F) that include the
diffusion layers with higher degrees of diffusion. As
regards the sample F, a front-face luminance, which
15 corresponds to 90% of the reference sample X, could not
be obtained.
Of the samples, the sample D has conditions
wherein the front-face luminance is 90% or more and
the gray level inversion is most improved. 1In the
20 sample D, the gray level inversion beginning angle was
increased to 65° . It was thus confirmed that the
inversion of luminance at respective gray levels occurs
within four levels of the 64 gray levels when the off-
axis angle toward the major-axis direction of liquid
25 crystal molecules relative to the normal of the liquid

crystal display is within 65° . Moreover, it was

confirmed that with the viewing-angle compensation
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tive gray levels occurred within four levels of the
64 gray levels when the off-axis angle toward almost
all azimuth directions relative to the normal of the
5 liquid crystal display is within 40°
As has been described above, according to the
liquid crystal display of this embodiment, which is of
the single-domain TN mode, the diffusion layer with
directivity is included between the counter substrate
10 and the surface of the liquid crystal display panel.
Thereby, the minimum value of luminance can be shifted
to the largé off-axis angle side when the off-axis
angle relative to the normal is varied at respec-
tive gray levels, and gray level inversion can be
15 suppressed. Therefore, deterioration in display
quality can be prevented even when the screen is viewed
over a wide viewing angle. Furthermore, a high drive
voltage as in the IPS mode or MVA mode is not required,
and high luminance can be realized at low cost.
20 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various
25 modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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O!310% & £) - ' LLELQM & ()bstrate that is disposed to be opposed to the
array substrate, a liquid crystal layer that is held
between the array substrate and the counter substrate
and includes liquid crystal molecules, polarizer plates
that are disposed on outer surfaces of the array
10 substrate and the counter substrate respectively, and a
diffusion layer that is disposed between a surface of
the counter substrate and a surface of the polarizer
plate,
wherein inversion of luminance at respective gray
15 levels occurs within four levels of 64 gray levels in
a case where an off-axis angle toward a major-axis
direction of the liquid crystal molecules relative to
a normal of the counter substrate is within 50°
2. The liquid crystal display according to
20 claim 1, wherein the inversion of luminance at
respective gray levels occurs within four levels of
64 gray levels in a case where an off-axis angle
toward all azimuth directions relative to the normal
is within 40°
25 3. The liquid crystal display according to

claim 1, wherein the diffusion layer is configured

such that the degree of diffusion of transmission
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value at a predetermined off-axis angle toward a
predetermined axial direction relative to the normal
of the diffusion layer.
5 4. The liquid crystal display according to
claim 3, wherein the diffusion layer is disposed such
that said predetermined axial direction coincides
with the major-axis direction of the liquid crystal
molecules.
10 5. The liquid crystal display according to
claim 3, wherein the predetermined off-axis angle is
in a range between 15° and 55°
6. The liquid crystal display according to
claim 3, wherein the maximum value of the degree of
15 diffusion is between 85% and 99%.
7. The liquid crystal display according to
claim 3, wherein the diffusion la?er has a degree of
diffusion of 75% or less in the normal direction of the
"diffusion layer.
20 8. The liquid crystal display according to
claim 1, wherein the polarizer plate includes the
diffusion layer.
9. The liquid crystal display according to
claim 1, further comprising a viewing-angle compensa-
25 tioh layer that is disposed between the surface of the

counter substrate and the surface of the polarizer

plate.
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provided independently for individual pixels, an
counter substrate that is disposed to be opposed to

5 the array substrate, a liquid crystal layer that is
held between the array substrate and the counter
substrate and includes liquid crystal molecules,
polarizer plates that are disposed on outer surfaces
of the array substrate and the counter substrate

10 respectively, and a diffusion layer that is disposed
between a surface of the counter substrate and a
surface of the polarizer plate,

wherein the diffusion layer is configured such
that the degree of diffusion of transmission light,

15 which passes in one direction, has a maximum value at
a predetermined off-axis angle toward a predetermined
axial direction relative to the normal of the diffusion
layer, and the diffusion layer is disposed such that
sald predetermined axial direction coincides with the

20 major-axis direction of the liquid crystal molecules.

11. A liquid crystal display of a single-domain
TN mode, comprising an array substrate Qith electrodes
provided independently for individual pixels, an
counter substrate that is disposed to be opposed to the

25 array substrate, a liquid crystal layer that is held
between the array substrate and the counter substrate

and includes liquid crystal molecules, polarizer plates
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substrate and the counter substrate respectively, and
a diffusion layer that is disposed between a surface of
the counter substrate and a surface of the polarizer
5 plate,
wherein the degree of diffusion of the diffusion
layer is 80% or more in a case where an off-axis angle
toward a major-axis direction of the liquid crystal
molecules relative to a normal of the counter substrate
10 is in a range between 30° and 50° , and the degree of
diffusion of the diffusion layer is less than 80% in
a case where the off-axis angle toward the major-axis
direction of the liquid crystal molecules relative

to the normal of the counter substrate is in a range

15 between 0° and 30° and in a range over 50°



