111470/ PCT - 1 - Description Title of Invention LI QU D CRYSTAL
DI SPLAY ELEMENT AND LI QUI D CRYSTAL MODULE 5 Technical Field 1114707TheT
present invention relates to (i) a liquid crystal display elenent in
whi ch appearance of an interference fridge is inhibited and (ii) a
liquid crystal nodul e including the above 10liquid crystal display

el ement anDeaclrigtiodh crystal display el ement different fromthe above
liquid crystal display el enent. In particular, the present
invention fglatesiheehfibRi ting appearance of an interference fringe
inaliquid crystal display element including, as an electrode for a

di spl ay region, 1 : pe r ent o]
Background Art %%I% %ﬁ%ef‘gihag‘u?ﬁﬁgﬁom%ﬂif%dq}:el}l)}?st%IQUID
di spl ay el enent i ncl udi[gﬁ two substrates attached to each other each
of which Z@RSY%T&}% & RIVLE a transparent el ectrode. Pat ent
Literature 1 cited below, for exanple, discloses a |liquid crystal
di spl ay el ement including substrates so disposed as to face each
ot her and each provided with an electrode. This liquid crystal
di spl ay elpsgnthisal imkiligs D S/ 2, where S 25represents the narrowest
portion of a non-conductor section in
The present invention relates to (i) a liquid crystal
display element in which appearance of an interference fringe is
inhibited and (ii) a liquid crystal module including the above
10 liquid crystal display element and a liquid crystal display
element different from the above liquid crystal display element.
In particular, the present invention relates to inhibiting
appearance of an interference fringe in a liquid crystal display

element including, as an electrode for a display region, only a

15 comb-shaped transparent electrode.

Background Art

There has been known a liquid crystal display element

including two substrates attached to each other each of which
20 is provided with a transparent electrode.

Patent Literature 1 cited below, for example, discloses a
liquid crystal display element including substrates so disposed
as to face each other and each provided with an electrode. This
liquid crystal display element satisfies D 2 S/2, where S

25 represents the narrowest portion of a non-conductor section in



111470/ PCT - 2 - an electrode structure, and D represents the

di stance between the respective el ectrodes provided on the twh1470/PCT
substrates so di sposed as to face each other. Pat ent
Literature 1 discloses, for exanple, that-satisfying 5the above
relation inproves the light scattering property of a liquid crystal

di spl ay el 2neatectCodat sormitivtre PatredtD Lidpretam s tht0daptaese Patween
Application Publication, Tokukai hei, No. 7-234414 A (Publication

Date: SeptgidefeSpedfIR) IebdtPsicafl proveatdoR e 6pb Bihd@Ates so
15Theaboveconvent’i onal t echni que, however, problematically fails to

suffi ci entyy LODLRI 1o 9B LS Lrensgdfinge (moire) . - AN
interferencefringe refers to a striped pattern that a viewer sees
when view ng a dI-l’g Llr?%/ L?yelgatll.llﬂé“ldd?srglsr}saels,dijos (le)?gmple, that satisfying
) the above relation improves the light scattering property of a

liquid crystal display element.

Citation list
Patent Literature 1
10 Japanese Patent Application Publication, Tokukaihei, No.

7-234414 A (Publication Date: September 5, 1995)

Summary of Invention
Technical Problem
15 The above conventional technique, however,
problematically fails to sufficiently inhibit an interference
fringe (moire}.
An interference fringe refers to a striped pattern that a
viewer sees when viewing a display by a liquid crystal display
20 element in a light transmitting state. Such a striped pattern
appears over a display surface of a liquid crystal display
element in the shape of, for example, a rainbow.
The appearance of an interference {fringe decreases
display quality of a ligquid crystal display element.

25 In the case where the above liquid crystal display element



20 elenment in a light transmtting state. Such a striped pattern
appears over a display surface of a liquid crystal display elétend/PET
t he shape of, for exanple, a rainbow The appearance of an
interference fringe decreases display gdality of a liquid crysta

di splay elenent. 25In the case where the above liquid crystal display
el ement likl4v¢PCTs-a3paratlasdihmsea paral liguidacryetal madulpuitdhat
crystal nodule that perforns a three-dinensional (3D) display, the
above _deCrﬁéﬁﬁn‘rﬂsdasﬂ{@é%ﬁhéh_%ibﬁam@)oﬁQbF@ﬂﬂ ithe ABOWY BeRHease
i nvention 'has been acconplished in view of° 5 the above problem It

is an obj ect dq%pggg @ﬁgﬁ@&f%ﬁ ql\{gp%;ﬁqp%%geu@%q;(%ple a liquid crystal

di spl ay el'enen Crys each of which
appearance of an_interference fringe is inhibited. Solutjon to .

Probl em 101 n or GBRCLBIS3FT6 1S HHBRe DB BF4TRRIES RF§siR view of
di;glay el enment of the present invention includes: a first substrate,
a $econd stibstalaeee probigind i ystan phyeet sdnting cheesdpt viesienton to
first substrate and the second substrate; a first transparent

el ectrode providied dtiqaiidi spyayal ldigHgiyorleinéhe dntista $idpsid ateystal
and a second transparent el ectrode provided at a display region of

the secondm%{p?fg 2h&adh d@@ﬂicﬁngﬁgeﬂ%@?ﬁ H2% RGNS riOtchBEIRIn5BER

60 nm where dl represents a thic S o e first transparent
eIectrodei@ngﬁgsfrepresents a thickness of the second transparent
el ectrode. gh t he above arrangenent, at |east one of the
transparent el ectrodes has a thjckness of 60 nmor below This
reduces an opti cePlpdem 8PiFerRH® occurring due to the presence or
absence of a transparent el ectrode, which in turn nakes it possible
tdQrovide a |idu dooigstal solo@ athel abene iprdbsim ¢ ha apispardancey sifal
an interference fringe is inhibited.
display element of the present invention includes: a first
substrate; a second substrate; a liquid crystal layer
sandwiched between the first substrate and the second
substrate; a first transparent electrode provided at a display

15 region of the first substrate; and a second transparent
electrode provided at a display region of the second substrate,
at least one of d1 and d2 being not larger than 60 nm, where d1
represents a thickness of the first transparent electrode and d2
represents a thickness of the second transparent electrode.

20 With the above arrangement, at least one of the
transparent electrodes has a thickness of 60 nm or below. This
reduces an optical-path difference occurring due to the
presence or absence of a transparent electrode, which in turn

makes it possible to provide a liquid crystal display element in

25 which appearance of an interference fringe is inhibited.



111470/ PCT - 4 - Advantageous Effects of Invention Aliquid
crystal display elenent of the present invention, as describédlAaBOVBCT
includes a first transparent el ectrode provided at a display region

of the first substrate and a second 5 - ffransparent el ectrode provided
at a display region of the second substrate, at |east one of dl and

d2 bei ng not | arfydrvartagedusnBifehésoidIinveptasents a t hi ckness of

the first transparent el ectrode and d2 represents a thickness of the

second transpar ent]ighegtdBerallQiHif asgPeyEmA BB RN b reBkes idvention,
possi bl e to advantageously provide a'liquid crystal display el ement

Ln which %Qeﬁregkggmbﬁfgsaﬁlgb%frgﬁ&ﬁ%@s‘;:irdé'”ﬁfs;k:tggggs%aﬁr%%t Blie&trode

Description o

Sonem | oL, A SRR BL B Bl S G, TRk

20Fig. 2 is a diagramschematically illustrati ng a configuration of a
fisst |iquithnsparantdilsptagdelmmstiddd adcecignhe® ruiginnant shisosk eend
of the present invention. Fig. 3 Fig. 3 is a diagram

il lustratisgbstbste ahedeabtandénbbdimiri2 dleihlpenptdaeperithemté®mm,
where (a) illustrates a
where dl1 represents a thickness of the first transparent
electrode and d2 represents a thickness of the second
transparent electrode.
10 The above arrangement makes it possible to

advantageously provide a ligquid crystal display element in

which appearance of an interference fringe is inhibited.

Brief Description of Drawings
15 Fig. 1
Fig. 1 1is a diagram schematically illustrating a
configuration of a liquid crystal module in accordance with an
embodiment of the present invention.
Fig. 2
20 Fig. 2 is a diagram schematically illustrating a
configuration of a first liquid crystal display element in
accordance with an embodiment of the present invention.
Fig. 3
Fig. 3 1is a diagram illustrating substrates of an

25 embodiment of the present invention, where (a) illustrates a



111470/ PCT - 5 - first substrate and (b) illustrates a second
substrate. Fig. 4 Fig. 4 is a diagramillustrati h414A0/PCT
el.ectrode configuration of a first liquid crystal display elenent in
accordance with an 5enbodi ment of the pr5e3ent i nvention. Fig. 5

Fig. 5is a cross-sectional viewtaken along ine A-Ain Fig. 4 in
accor dancefinst rswins tirdbigd iameh t{ bp fill fust riteseat sé ovedt substFage. 6 10Fi g.
6 is a diagramillustrating an exanple interference fringe. Fig. 7

Fig. 7 is a tableighgw ng thicknesses of transparent el ectrodes and
the results of visual inspection. 15 Description of Enbodi ments

e et UL o0 PO Lo oSSR o
descri bes (':[)P% {r%steﬂhdiﬁv%ggiisggl display element in accordance with an
S embodiment of the present invention.
Fig. 5
Fig. 5 is a cross-sectional view taken along line A-A in Fig.
4 in accordance with an embodiment of the present invention.
Fig. 6
10 Fig. 6 is a diagram illustrating an example interference
fringe.
Fig. 7
Fig. 7 is a table showing thicknesses of transparent

electrodes and the results of visual inspection.

15
Description of Embodiments
The description below deals with an embodiment of the
present invention with reference to Figs. 1 through 7.
The present embodiment describes the present invention
20 by taking for example a liquid crystal module including two

liquid crystal display elements and capable of a
three-dimensional display.

The pair of liquid crystal display elements of the present
invention is not necessarily a pair as such, but may instead be

25 substituted by a single liquid crystal display element. This



20 by taking for exanple a liquid crystal nodule including two liquid
crystal display elenents and capable of a three-dinensional dlspFrayPCT
The pair of liquid crystal display elenents of the present invention
is not necessarily a pair as such, but‘ﬁHy i nstead be 25substituted

by a single liquid crystal display elenent. This 111470/ PCT - 6 -

point is deetmtbedd¢acrihed later. Figure 1 is a diagram schematically
illustrating a liquid crystal nodule 10 of the present enbodi nent.

The liquid crystRiguisul és1,dRgrdmusthatedtionlly glldstizting sddguid
two liquid crystal display elenents, nanely a first liquid crystal

di spl ay el £y, 20 ¢ i th Wy el @l p Sl A% £ LBIEMInand a second

liquid cry i splay el enent rquid crystal nodule 10,

whi ch incl udes these,.two Jiqui rystal .di splay el.enents, i s.capabl
of a three-di msn’tlli]‘cn)n%ﬂq’ui‘tﬁf dﬁ’éfp"‘ld[gg Mﬂﬂ%pfgy)iXSVHiHsér@F%Q\e]rnvfb%\sﬁ’
through the first liquid crystal display elenment 20, an inmage )

di $pl ayed iclinteseeBadliqwid ccersiatladiapdpy aglemamift, IRmlE @i st
views that inmage as a three-di nensional display. (Overall

Confi gur atliqmid15ésystdlustlispkay i relEngent, 20e (liqquidl erystal rhdgplay
10 includes, as main constituent conponents, a backlight 32, a second

liquid crysfegheditpRidd 8! 888 BAhq@id | ESfstd10Hi dp Ay Sdi@imEhIPBBY The
el enent 20, and a bezel 34. These constituent conponents are stacked

D1 spl oy £ SHEHE) Srie telosHaHIELP o FRTR dnalFRli Ly SHE Byuia

functions as . . . .
crystal display elements, is capable of a three-dimensional

10 display (3D display). When a viewer views, through the first
liquid crystal display element 20, an image displayed by the
second liquid crystal display element 30, the viewer views that
image as a three-dimensional display.

(Overall Configuration)

15 As illustrated in Fig. 1, the liquid crystal module 10
includes, as main constituent components, a backlight 32, a
second liquid crystal display element 30, a first liquid crystal
display element 20, and a bezel 34. These constituent
components are stacked on top of one another in the order

20 above.

(Second Liquid Crystal Display Element)

The second liquid crystal display element 30 functions as
an image display element and thus displays an image.

The second liguid crystal display eclement 30 is not

25 particularly limited in configuration, and may be, for example,



an image display elenent and thus displays an inmage. The second

liquid crystal display elenent 30 is not 25particularly |imféd4vA/PCT
canfiguration, and nmay be, for exanple, 111470/PCT - 7 - an active
matrix |iquid crystal display el enent idcluding (i) pixels disposed
inamtrix and (ii) TFT elenments provided for the respective pixels
as switchesn @Ritree tafuiid Ucqusitdl ciysipllagisbéaene)edrmet finrdudingui(d
crystal display elenment 20 functions as a parallax barrier.

The descriphialy Bespwseeris s fontire éhﬁSLiij MRT e lemiehab grepPldyd for
element 20 with reference to Fig. 2, which is a diagram schematically

illustrat iﬂgeq-e%%éltg%aﬁﬁfﬁlsoésté\?i{éﬂéé liquid 10crystal display
e f E

el enment 20. rst lrquid crystal display elenent 20 of the

present enbodi nent., A1, ated.in. Fig. is structured to

i ncl ude (i) fwo ubsl ot Crsia adicn ef%,leﬁ%ﬁati/ a first
substrate 42 and a second substrate 44, and (ii) a liquid crystal

|l ayer 60 15sandwienddrsedimeid orystad dispdayaekament 20 fynetransas a
substrate 42 and the second substrate 44 are provided with, on
respecti vepavaflacebaraténg the liquid crystal |ayer 60, a first
transparent electrode 46 and a second transparent el ectrode 48

[ f; ﬁgg; Ir \éﬁ![ y-eI nglftrlg gcﬂeéig%gggéggcrbﬁ%#%a%t A€ fReandst NegHeQ0PEystal
display element 20 with reference to Fig. 2, which is a diagram
schematically illustrating a configuration of the first liquid

10 crystal display element 20.

The first liquid crystal display element 20 of the present
embodiment, as illustrated in Fig. 2, is structured to include (i)
two substrates facing each other, namely a first substrate 42
and a second substrate 44, and (ii) a liquid crystal layer 60

15 sandwiched between the two substrates.

The first substrate 42 and the second substrate 44 are
provided with, on respective surfaces facing the liquid crystal
layer 60, a first transparent electrode 46 and a second
transparent electrode 48 respectively. The f{irst transparent

20 electrode 46 and the second transparent electrode 48 are each
made of ITO, and are substantially transparent.

Figure 2 also illustrates L1 to L3, which will be described
later.

(Comb Shape)

25 The description below deals with a shape of the



made of 1 TO, and are substantially transparent. Figure 2 al so
illustrates Li to L3, which will be described later. (Conb Shapéyo/PCT
111470/ PCT - 8 - transparent electrodes. Figure 3 is a diagram
schematically illustrating respective Ténf i gurations of the

substrates of the present enbodi nent, where (a) illustrates the first
substrat e tzmspatenti Elestnates. thigwerdhdisubsdragrmmg sdrgmatically
illustrated in Fig. 3, the first transparent electrode 46 and the

second tranbpatentingd ek i¢é @éﬁf@ﬁfﬁﬂian& ednthehep®strates hef the
words, the transparent electrodes each have a plurality of slits

paral | el t, 008 ARGhBRI LR RYE e AL YAREING (Ph B0 HORT S PAGL A B2

t he shape stripes. ttanspar el ectrodes of e present
enbodi ment _each . ncl ude two conb-shaped portions, facing and engagi ng
with each %’E‘ﬁe{b) ?‘ﬁu ﬁ%};e ,Selcﬁ’é'chﬁlglﬁﬁ%rr?gtepgr‘lt'i ons of the two
conb- shaped portions are disposed alternately. The substrates each
have a display régilbmgiaded i Rige 3.16he it dhtmnaprirgntaglagiramkiccio
only a portion of the corresponding one of the transparent el ectrodes
i s presentamdi thepeetban itsairrs fduees hape catodend & eateh e a(chr timogoralmb
Pl acement) The transparent electrodes are, as also illustrated in
Fig. shape. In other words, the transparent electrodes each have a
plurality of slits parallel to one another to have a plurality of
portions extending in the shape of stripes.

10 The transparent electrodes of the present embodiment
each include two comb-shaped portions facing and engaging
with each other. In other words, the extending portions of the
two comb-shaped portions are disposed alternately.

The substrates each have a display region (that is, the

15 region D in Fig. 3) in which only a portion of the corresponding
one of the transparent electrodes is present which portion is in
the shape of comb teeth.

(Orthogonal Placement)
The transparent electrodes are, as also illustrated in Fig.

20 2, so provided that in the state where the two substrates are so
disposed as to face each other, the comb-teeth portions (that is,
the above extending portions) of one of the transparent
electrodes extend in a direction that is orthogonal, in a plan

view, to the direction in which the comb-teeth portions of the

235 other of the transparent electrodes extend.



20 2, so provided that in the state where the two substrates are so

di sposed as to face each other, the conb-teeth portions (thatli470{RET
above extending portions) of one of the transparent el ectrodes extend
in a direction that is orthogonal, in a9p1 an view, to the direction

in which the conb-teeth portions of the 25other of the transparent

el ectrodes extend other4®yrdst asdllustrated lin (@)hendwOrdef Big. 3, the
illustrated in (a) and (b) of Fig. 3, the direction in which the

conb- t eet hd p@ydti OASi re Xk ieitth ah cosenoh - tdea s pbstich eedte rah@lredrad 09@he
degrees to the direction in which the conb-teeth portions extend on

the other ofptliea BUOSLI 2 Ehe d MY 90P1BREELE I GRLAK 4 e (RIS HiBRh the

whi ch are rectangul ar, arranged s that t irst transparent

el ectrode 46 (,pi.xel . el ectrode) provided .on the figyst substrate 4
(seqrent - s IS GG PaPS Hiatts Kagt ML AE. Hob i gare] The XRbheR ths - More
direction that is parallel to the direction along the short sides of
10the rectSPgeifaeatlys st thgbssuisérabes, whichnp apnt reaetangalaecosde
transparent el ectrode 48 (counter el ectrode) provided on the second

substr at e ddr{rcgedosigildetlsabsthat By st nttaudepaceniy- ebedt trozhe t46n$pixel
extending in a direction that is parallel to the direction along the

long si desgjefct2otie peehadgH! @n Sewendirstbsiinier 44 4bo\sSyhsdn Allde
Are Attached) The first liquid crystal display el enent 20 of

t he prese L nent | r..an u at if St raje.42
and the sggc%ﬁg?g%t)égfrg{lg%ﬂaegr e?ggréﬁdgés]%&?béod‘ggﬂng&g g#é?’%&%ol% a
each other_ jin such manner that the copb-teeth portions of the first
t r anspar effliTECALPRJAR B PR ek tp &ha; uestorn g ehg s ggbaifesiaf

a plan view, to the direction in which the conb-teeth portions of the
sdébnd tr didvpacenang e bgetspubgtente 425Fi gure 4 is a diagram
illustrating an electrode 111470/ PCT

In contrast, the second transparent electrode 48 (counter

electrode) provided on the second substrate 44 (common-side

substrate) includes comb-teeth portions extending in a

direction that is parallel to the direction along the long sides of
15 the rectangular second substrate 44.

(How Substrates Are Attached)

The first liquid crystal display element 20 of the present
embodiment is arranged such that the first substrate 42 and
the second substrate 44 are, as described above, attached to

20 each other in such a manner that the comb-teeth portions of the
first transparent electrode 46 extend in a direction that is
orthogonal, in a plan view, to the direction in which the
comb-teeth portions of the second transparent electrode 48
extend.

25 Figure 4 1is a diagram illustrating an electrode



- 10 - configuration of the first liquid crystal display el enment 20
in correspondence with an enbodi nent of the present inventiohll470/PCT
Specifically, Fig. 4 schematically illustrates respective
configurations of the first transparentl@tectrode 46 and second
S5transparent electrode 48 in a plan view of the first liquid crystal
di spl ay el emehig2a fioomafhthei desbflighedsecpathlsubsplayeelment 20 in
The first liquid crystal display elenment 20 includes conb-teeth

el ect r odescextcdsib Ad c@iddhagiahabhy er@bedih @hbesf tHBUSre8énit|irisd i sitet
in Fig. 4, the first liquid crystal display 10 elenent 20 has, in a
pl an view,qfL); i orzp:w t h4no pi); i |

el ectrode ?é‘y’é}@%@f rl apIFpll g gach&o}?ﬁgé,]ggﬁéﬂ)ti iﬁl@%%%ﬂreg‘o‘r’]‘f‘%é}%%(‘f‘ﬁve
only one el ectrode l.ayer. . Specifically, the first |iqui

orytal o SR LEERtBHe 96 thesfnat i anpanbint aleetiodt 46 Ghd sesapd
position P1 (see Fig. 4) 15.in a plan view since neither the first

t r &spar entragi searodé edechopde KB svcomdaty ginpaiet c éinsdt Hawe dagrystal
present at the first position PL. The first liquid crystal

di spl ay el@mspitay?2eldased@ famspahensidct exdt tloelesd ayred ssabsthatseebnd
position P2 in a plan 20 view since both the first transparent

el ectrode 46 andripe (paqondqliansny Bl elisgiegdetinane pEseAtIAlics

t he second position P2. irst Fiquid crystal display

2
oL oo 20, JUbHo RS ATEER Rt SLSEL LRI AY HechN e
48 is present at the 111470/PCT - 11 - thi rfd gosi,ti oa_ P3, whergas
the first IRHSspaPeHiustErteddd 458 stapdent 158t hguid; FEYpERY display

P3.
10 element 20 has, in a plan view, (1) a portion with no electrode,

(ii) a portion with two electrode layers overlapping each other,
and (ii1) a portion with only one electrode layer.
Specifically, the first liquid crystal display element 20
has no transparent electrode at the first position P1 (see Fig. 4)
15 in a plan view since neither the first transparent electrode 46
nor the second transparent electrode 48 is present at the first
position P1.
The f{first liquid crystal display element 20 has two
transparent electrode layers at the second position P2 in a plan
20 view since both the first transparent electrode 46 and the
second transparent electrode 48 are present at the second
position P2.
The first liquid crystal display element 20 has only one
transparent electrode layer at the third position P3 in a plan

25 view since the second transparent electrode 48 is present at the



(Cross Section) Figure 5 is a cross-sectional viewtaken
along:line AAAin 5Fig. 4, and illustrates a cross-sectional 111470/PCT
canfiguration of the first liquid crystal display el enment 20.

Figure 5 illustrates transnmtted |ight beams Li to L3, which are
transmtted |ight beans at the respective positions P1 to P3 in Fig.

4. The tr atisirid peditightPdeansetdas dhle3finstRirgpndpsrent rdeponddeod 6 is
those in Fig. 2. The transmtted light beans Li to L3 at the

respectiveapasitti 0shRlthordPdpdwiveonagsil l ustrated in Fig. 5,
respective optical paths within the liquid crystal |ayer 60 that

differ fromone gnoihersdd}; gth (optical-path difference). In other
words, 15 the t(r ansgn%etstéecgl%?l ht beans Li to L3 have respective

optical path lengths different fromone another, the optical. pat f,
Che T ranon tt ed TIGHR Do FrosPAGEs DRg . THaN taiten o 1188 A-A'in
transmtted |ight beam L2, the optical path of the transmtted |ight
beam L2 beFig HMongeyd tidhastimfic ofa i@ sg-entieoned coghigrobdan 1. the
(Interference Fringe) An optical -path difference present

bet ween adfiaseniqpid tédgrstadfdmspliaguete eregst 210.di spl ay el ement as
descri bed above nmay cause an interference fringe to be observed by a

\F;: :‘r’]"er 1iiz;8wpg$%tgﬂ2é$3?dé€v¥tf§€eé |1 qairfs @ Ve @l 118hePbawngkemantol .3
which are transmitted light beams at the respective positions
P1 to P3 in Fig. 4. The transmitted light beams L1 to L3 in Fig.

10 5 correspond to those in Fig. 2.

The transmitted light beams L1 to L3 at the respective
positions P1 to P3 have, as illustrated in Fig. 5, respective
optical paths within the liquid crystal layer 60 that differ from
one another in length (optical-path difference). In other words,

15 the transmitted light beams L1 to L3 have respective optical
path lengths different from one another, the optical path of the
transmitted light beam L1 being longer than that of the
transmitted light beam L2, the optical path of the transmitted
light beam L2 being longer than that of the transmitted light

20 beam L3.

(Interference Fringe)

An optical-path difference present between adjacent
portions of a liquid crystal display element as described above

may cause an interference fringe to be observed by a viewer

25 viewing a display by the liquid crystal display element in a plan



Figure 6 illustrates an exanple interference fringe. Figure 6
illustrates rainbowlike nmoire in the shape of a rainbow as &h1470/PCT
exanpl e interference fringe observed by a viewer 5view ng a display

by the first liquid crystal display eFednt 20 in a pl an vi ew.

An interference fringe tends to be observed particularly when the
first liquigwrystal display elenent 20 is in a light transmtting
state. For instance, in the case where the first 10 liquid crystal

di splay el ement Ripuse ob ailbastbdtes Waint eek¥peplan ihntefdrerpieefringe.
fringe tends to be observed when no voltage is being applied.

(Thi ckness Tga -rrp(g%;,)_ : e l:i-quiide. C
di spl ay ellg%bl%)%e 2% ggﬁ?%g%tregsgﬁ%l 1 e}wl’ouokgi Ir#eé%’?% illrr11 \%}gew %?%Pﬂée of a
above appear.ance of an interference fri nﬂe i ncl udeB tranapgrent.

el ect r odest HRHOWat P R ST HpRLG PHEERT R G D8 SPSRRY Bt Y & viewer
appearance of an interference fringe. The description below refers to
Fi . 7, wWhiEWEHdws d2ephrfkpedds forst Hauidapspatehdispdayrolgaseadd20

the results of visually inspecting a display by a liquid crystal
di spl ay eliemanplan viewSpecifically, Fig. 7 shows the results of
visual ly observing (inspecting) a display by the first liquid crystal

i 751 25t raneparont o et e 46 SRS Sorend (T ansoarent o Bertade aY
111470/ PCTo 1 ed3 the first liquid crystal display element 20 is in a light
transmitting state. For instance, in the case where the first
10 liguid crystal display element 20 is of a normally white type, an
interference fringe tends to be observed when no voltage is
being applied.
(Thicknesses of Transparent Electrodes)
The first liquid crystal display element 20 of the present
15 embodiment, in view of the above appearance of an interference
fringe, includes transparent electrodes each having an
optimized thickness. This inhibits appearance of an
interference fringe.
The description below refers to Fig. 7, which shows
20 thicknesses of the transparent electrodes and the results of
visually inspecting a display by a liquid crystal display element.
Specifically, Fig. 7 shows the results of visually observing
(inspecting) a display by the first liquid crystal display element
20 while varying the respective thicknesses of the first

25 transparent electrode 46 and second transparent electrode 48



inthe first liquid crystal display elenment 20. The results shown in
Fig. 7 are of an exanple in which the first transparent el eclidd@04BCT
and the second transparent el ectrode 48 have an equal thickness. 5The
vi sual inspection has two itens: whet hel3an interference fri nge
(rainbow1like noire) is observed in the light transmtting state

(that is, imtheeficatédigmned eryisdal idisplhygelicanengs2@l TdispEales shenvn
20 is of a normally white type, a state in which no voltage is being
applied) and mhet eragel ofhihnegxakd pdef iai evieicH ath gnfigst dedheiparreyt
is observed in a displaying state (that is, in the case where the

first 1iquidgrysieak adibshl an£keHd %@P@ﬁrﬁf@@?uwwé%waegn

a state in which a voltage is being app nt er f erenceFri ngean
Transparent El e ttr ode 15Thi cknesses) The exanpl e results shown
in Fig. 7 A1 &40t hdg%frbersfﬁ'ng vi sual inspection while varying the
respective thicknesses, of the first transparent electrode 46 and
second transpar enCel BEUHdle 128PFHCLIPA alRENgEWPr oHiCIDSAM W ethG ThnAn
20As illustrated in Fig. 7, an interference fringe appears ("P") with
t he respeciiteef¢héokadssegeofratind dwahkeamenire¢lieco bedesedfirv@henight
100 nm whereas no interference fringe appears ("G') with the

respect i verrid $inesegs sahtehpridanspainentheledd adreref 90 fikseriiquid
bel ow. This indicates that reducing the 25respective thicknesses of

the ”ansp@fﬁ};ﬂle& I, Sﬁe&%@ﬂ?zbgig éﬁé“%ﬁéﬁ%ly%it?ﬁgﬁg tate in

appear ance nirnrerrerence 1rin at no i1 nter ge

presumably appears at least wth the respective thicknesses of . .the.

transparen‘f’%ég ctnr%dgghcﬂ‘g%ol%ngﬁ}n%e g Li an WE‘&t d Efohgéletmg
partly because reducing the respective thicknesses of the transparent
ellfct r odesdeldgiresyt rRligpmealt- gaficigirddr éacebseseeidbda salisplaying

state (that is, in the case where the first liquid crystal display
element 20 is of a normally white type, a state in which a
voltage is being applied).

(Interference  Fringe and Transparent Electrode

15 Thicknesses)

The example results shown in Fig. 7 are of performing
visual inspection while varying the respective thicknesses of
the first transparent electrode 46 and second transparent
electrode 48 within a range from 20 nm to 100 nm.

20 As illustrated in Fig. 7, an interference fringe appears
("P") with the respective thicknesses of the transparent
electrodes of 70 nm or 100 nm, whereas no interference fringe
appears ("G") with the respective thicknesses of the transparent
electrodes of 60 nm or below. This indicates that reducing the

25 respective thicknesses of the transparent electrodes tends to



(Lighting Deficiency and Transparent El ectrode Thi cknesses) 10A

li ghting deficiency arising froman alignnment deficiency, inll11470/PCT
contrast, tends to occur ("P') with smaller thicknesses of the
transparent el ectrodes. Specifically,'nB*Fighting deficiency occurs
("G') with the respective thicknesses of the transparent el ectrodes

of 35 nm ombivite, aphercancin af i gmem tarferenescyirigecuendwi that hao
respective thicknesses of the transparent el ectrodes of 20 nm

An al i gnneitedgéienencyfrofgdr sppsequimbly begseises aadesliemad velitiagehe
is not applied to the liquid crystal nolecule, which is likely to

arise in ﬁf’é%@éti% ﬂﬁ%‘?&%é’@% JrAHE tBARS a%%&@iéﬁet@c'?ﬁﬁe%fo 60 nm or

transpare ect rode. e respective thicknesses of the
transparent gl ectrodes of 35 nmor above all ow the sheet resistance
to be 100 9°6tVtess. This presunmabl y makes occurrence of an alignnent
deficiency unlikely, and thus makes occurrence of a lighti né; ]

defd ci ency 25unITikiy yis preavgredrto e - paptlpl hgcawsq tygducing the
The first liquid crystal display element 20 of the present enbodi nent
i s arranged spedttivieathi bknfeisssts tafanbpateah splagetrtosde 4bradedst heduces
second transparent el ectrode 48 each have 5 a thickness ranging from

25 nmto 6hdamAidal Nahth Neiffe pnsearEas c BitRd Lasiese each have a sheet
resi stance of No Q or bel ow.

(Lighting  Deficiency and Transparent Electrode
Thicknesses)

10 A lighting deficiency arising from an alignment deficiency,
in contrast, tends to occur ("P") with smaller thicknesses of the
transparent electrodes. Specifically, no lighting deficiency
occurs {"G") with the respective thicknesses of the transparent
electrodes of 35 nm or above, whereas an alignment deficiency

15 occurs with the respective thicknesses of the transparent
electrodes of 20 nm.

An alignment deficiency occurs presumably because a
desired voltage is not applied to the liquid crystal molecule,
which is likely to arise in case of an excessively large sheet

20 resistance of a transparent electrode.

The respective thicknesses of the transparent electrodes
of 35 nm or above allow the sheet resistance to be 100 Q or less.
This presumably makes occurrence of an alignment deficiency
unlikely, and thus makes occurrence of a lighting deficiency

25 unlikely.



The above arrangenent inhibits appearance of an interference fringe
and occurrence of a lighting deficiency in 10the first liqui dl1¢fy8YECT
di.splay elenent 20. (Liquid Crystal Modul e) The liquid crystal
nodul e 10 of the present enbodi nent i ncl¥des the first liquid crystal
di splay el enent 20, in which appearance of an interference fringe and
occurrence of a [(Bispllti Rbabtyti ency are inhibited. The liquid

crystal nodule 10 is thus capable of a high-quality display.

The liquid crystphenfidst @idQid Wtiysdtall n¢igisies; evomdud of ididlpresent
di splay elenments (namely, the first liquid crystal display el enment 20

and the secadbal A clysbakadiapl A AR Tea S0nel $i20CapARhe plrett
t hr ee- di nensi ona i splay as nentioned above. ( Two-di nensi ona

Di spl ay) The scri,pt,i on bel ow first deal ith a

Do df mensTARIFSaRsAPag e g craoina Tt pLE 4T g each have
perform ng a two-dinensional display, causes an inmage displayed by

t he 25second thigkng sér yianging spragn ePonsmm 30 @9 chnt uadd obBass ths
111470/ PCT - 16 - image display elenent, to be displayed directly
toward a virewespafbrtfdlestrbdgaichchishet adishpleayredistanice20f M0 b or
functions as a parallax barrier, is thus in a light transmtting
state. Thehgigwt liquid crystal display el enent 20 of the present

The above arrangement inhibits appearance of an

interference fringe and occurrence of a lighting deficiency in
10 the first liquid crystal display element 20.

(Liguid Crystal Module)

The liquid crystal module 10 of the present embodiment
includes the first liquid crystal display element 20, in which
appearance of an interference fringe and occurrence of a

15 lighting deficiency are inhibited. The liquid crystal module 10 is
thus capable of a high-quality display.

The liquid crystal module 10, which includes two liquid
crystal display elements (namely, the first liquid crystal display
element 20 and the second liquid crystal display element 30}, is

20 capable of a three-dimensional display as rﬁentioned above.

(Two-dimensional Display)

The description below first deals with a two-dimensional
display. The liquid crystal module 10, when performing a
two-dimensional display, causes an image displayed by the

25 second liquid crystal display element 30, which functions as an



5enbodiment is, in the light transmtting state, unlikely to cause an
interference fringe to appear. The liquid crystal nodullé470/P€T
consequently capable of a high-quality two-di nensional display.

(Thr ee- di nensi onal Di spl ay) 10Thedescri¥? ronbel ownowdeal swi t ha

t hree-di nensi onal display. The liquid crystal nodule 10, when

per f or m ngiraaiger despllamerst orea t,dics pleagjspbase diatireatlbetawanthgeviewer.
di spl ayed by the second liquid crystal display elenent 30, which

functions BBeafirsageult eRyayabldegpiy dlenkendizp) aneidhlddhicetdéhy as a
toward a viewer, but instead causes such an inmage to be di spl ayed

through & BRESIAXHBALLE ic thus inSRORE R YeriBicld QphgoCrysta

nmodul e 10 tauses the first Tiquid cryst ay e . Wwhich
functions as a al l.ax, barrier, t i spl a desired,.desi.gn such as
LSt ped pat t e phess R i vsted AR sl T2 Bdh € Frsant
t he above i mage, displayed by the second qu[t_Ji d crystal display

el énent 30X Girgk e, dastlyn ligkpltagasmitting states unlikedy dioyeause
di spl ay el ement 20. The above arrangenent thus all ows

t he vi ewerahonieaiepe@bthfrengdi tersppeal. di spl ay w t hout use of
eyegl asses for a 111470/ PCT - 17 - three-di nmensional display.

The first |iquidrgeysdalddSatay loeiEr 180iOtohe QiERER! c8pIlemBNk
is, in the displaying state, unlikely to cause a display deficiency
to occur. BpACIELEH Y ewbDikdd:didd A s piys! &

(Three-dimensional Display)

10 The description below now deals with a
three-dimensional display. The liquid crystal module 10, when
performing a three-dimensional display, does not cause an
image displayed by the second liquid crystal display element 30,
which functions as an image display element, to be displayed

15 directly toward a viewer, but instead causes such an image to
be displayed through a parallax barrier.

Specifically, the liquid crystal module 10 causes the first
liquid crystal display element 20, which functions as a parallax
barrier, to display a desired design such as a striped pattern.

20 The above arrangement allows a viewer to view the above
image, displayed by the second liquid crystal display element
30, through the design displayed by the first liquid crystal
display element 20.

The above arrangement thus allows the viewer to view a

25 three-dimensional display without use of eyeglasses for a



5 display elenent 20 is unlikely to, for instance, cause (i)
di scontinuity in the design such as a stripe pattern or (ii)l1dééreas8€eT

in contrast. The liquid crystal nodule 10 is consequently
capabl e of a high-quality three-di nensi bhal di splay. 10(Multiview
Di spl ay) The description bel ow now deals with a nultiview

di spl ay. THer¢¢glirdeosjenal dbgulagy.10 of the present embodi ment may
further include a conbining gap adjusting nmenber between the first
liquid crystal di'BplBiyselleqeid A6 stad dhegpRecenendmtion b3 tite Ysidlent
di splay el enment 30. This arrangenent makes it possible to adjust the

gap that iénpfs@ag&ﬁte.rne.tigﬂ?eﬂltn??fg%‘a{a,bﬂtg ds&[t@tgﬂnﬁké ay, eLSIRR! 4

20 and the secon iquid crysta enent 30 In the stafe

where they.are combised with each other. As..in the_.case,.of .

por for m nod e R Sl bia CHTURI AP EHEe R i iy atal driduPEy gep]
when performng a nultiview display, does not cause an inmage )
di shl ayed SRy setoment qaPd isr yantikeysdioay ferenmatagee.wganse (i)
functions as a pixel display elenent, to be displayed directly toward
a viewer, digcomsireadty?5caudes desigransuoihgend oa betdipspl pyewk irhr @righii)
a parallax 111470/ PCT - 18 - barrier. Specifically, the

l'iquid crygtatemdule cbdtgawses the first liquid crystal display
el enent 20, which functions as a parallax barrier, to display a

desired design %Q 13§ udd S nlé}ééﬁ%ﬁorﬁgg{ffen ’ltohgs gggl%eﬁﬁgﬁrtl}f ?é?)%sgltehgf a

conbi ni ng gap adjusting fre ust ween st

009 PRl S Rl 20, 00 A Sepa 0 cystal

vi ew t he above i mage, displayed by the second liquid crystal display

elléhent 1030, tHMugtview Baspdayli spl ayed by the first |iquid

crystal The description below now deals with a multiview display.
The liquid crystal module 10 of the present embodiment may
further include a combining gap adjusting member between the
first liquid crystal display element 20 and the second liquid

15 crystal display element 30. This arrangement makes it possible
to adjust the gap that is present between the first liquid crystal
display element 20 and the second liquid crystal display
element 30 in the state where they are combined with each
other.

20 As in the case of performing a three-dimensional display,
the liquid crystal module 10, when performing a multiview
display, does not cause an image displayed by the second liquid
crystal display element 30, which functions as a pixel display

element, to be displayed directly toward a viewer, but instead

25 causes such an image to be displayed through a parallax



di spl ay el enent 20. The above arrangenent thus allows the

viewer to view inages different fromone another dependi ng ohli#eé0/PCT
position of the viewer. In other words, the above arrangenent all ows
the 15viewer to view a nultiview di spl“alﬁ" The first liquid
crystal display elenent 20 of the present enbodinent is, in the

di spl ayi ngharmteg,. unlikely to cause a display deficiency to occur.
Specifically, the first liquid crystal display elenment 20 is unlikely

to, for instancespeaifseallly), @0silEpeId ichyisti] iMothfedesi @rusyehitas farst
stripe pattern or (ii) decrease in contrast. The liquid crystal

nodul e 10 liiauqenéﬁpé@ltaysglaagfgghr Yn@oh g&?h‘ﬂ?ﬁgﬁ#ﬂcﬁl&x‘]ﬁé Yis® parallaF(

di spl ay. cribed abdve, irst Iiquid-crysta

di spl ay 25el ement 20 of th t di ment_incl udes 1 t
111070 PCToRE TS © SIPPUAEs cSERiHest PR A DAL, B RSk T

first liquid crystal display elenent 20 i's consequently a liquid
crystal digpHajusfBgencausamitdis sppadisieg Famnadivstmg emeanber to
fringe, for exanple, is inhibited and which has high display quality.
5 The presénist nhenghenbiedwadn Itk fadtt hottiel degstaptdieplaf ¢lement
enbodi nent above, but may be altered in various ways by a skilled

person Wit hHetise e dtiigueHat PpstNdi§ idTeRteRAIRG. On a
conbi nati on of technical neans altered within the scope of the clains

5, 20 SO essgg kb 5L Al SRR LI PLESER i sove

present enbod onl a0 I Lheblar by [ Led L LIt ckness The o ent

7-1% pm or3 ,regherroal.?lgﬁ ?:h% %n;sti%nacffis%nfayed by the first liquid crystal
display element 20.

The above arrangement thus allows the viewer to view
images different from one another depending on the position of
the viewer. In other words, the above arrangement allows the

15 viewer to view a multiview display.

The first liquid crystal display element 20 of the present
embodiment is, in the displaying state, unlikely to cause a
display deficiency to occur. Specifically, the first liquid crystal
display element 20 is unlikely to, for instance, cause (i)

20 discontinuity in the design such as a stripe pattern or (ii)
decrease in contrast.

The liquid crystal module 10 is consequently capable of a
high-quality multiview display.

As described above, the first ligquid crystal display

25 element 20 of the present embodiment includes transparent



15The material of the transparent electrodes is not limted to I TG
and nay be another transparent conductive nmaterial. Such anofhéf70/PCT
transparent conductive material preferably has a refractive index
ranging from1.8 to 2.0. The transparehﬁgelectrodes are descri bed
above as each 20 including conb-shaped portions facing and engagi ng
with each etewdrodisecacinbparion asl eptimdesdattelades deddré Hods taigua d
as being of a both-side power feeding type. The transparent

el ectrodesceystalhaiyehy RAtnhéitt 20 tig tdvg shuenitly aar angeentry el
may, for exanple, each include only one 25conb-shaped portion.

111470/ PCT4+ 7 ewfH it ﬂ%p%g t ct :
second tra%%ssp%l(r&eyntelg eecrﬁ ggewgirlg?%ggﬂ'“ e ggo%i:hglsgég%ﬁegg?lnég@?ﬁmage’
conb shape, The first tran rent, el ectrad nd t he,secon .
Cranspar enioTeFereale i dRHBIENE SnAchHiEh: Pae higrna Shlhe qvatity.
arrangenment. One of the first transparent el ectrode and the second
transparent el eckRedersegnt igveatanpl s ned Hmdedoberths slagydption of
In particular, in the case where the second transparent el ectrode 48
is an al |l oier eshbotdiadent sdadtey bng ofay ibghtlare b én i nlius vedy aitby a
edges of the el ectrodes. This arrangenment can inhibit appearance of

an interfesentedfhérg®n within tHa:e,sas?%r bPtheNc8PANe . NeaydeaiBo MhBnt
the arrangenent of conbining the first liquid crystal display el enent

20,11, tegaER00A I U F IR o L oL TR 0,0 0 AL LGIER A e

as nmentioned ear i er, rst
liquid crystal display el.enent 20 may be used by .itself. The first
i qui d orsRiope BEPREBIBBA St tepPumReRPCl iy b deathicahscope
sinple matrix STN display elenent. This arrangenent also can provide
allG qui d cfythal poespnbyingleandan.20i n whi ch appearance of an

interference fringe and occurrence of
For example, the liquid crystal layer 60 of the present

embodiment is not particularly limited in thickness. The liquid
crystal layer 60 has a thickness of, for example, 4.5 pm to 7.0
nm, or preferably 4.6 nm to 6.4 pm.
15 The material of the transparent electrodes is not limited
to ITO, and may be another transparent conductive material.
Such another transparent conductive material preferably has a
refractive index ranging from 1.8 to 2.0.
The transparent electrodes are described above as each
20 including comb-shaped portions facing and engaging with each
other. The transparent electrodes are thus described above as
being of a both-side power feeding type. The transparent
electrodes are, however, not limited to the above in
arrangement, and may, for example, each include only one

25 comb-shaped portion.



a lighting deficiency are inhibited. The liquid crystal

di spl ay el enent of the present invention may be arranged sucRliKkdO/ECT
| east one of the first transparent electrode and the second
transparent electrode is 25in a conb s‘h%%e. 111470/ PCT - 21 -

The liquid crystal display elenment of the present invention nay be
arranged such thBhet hdifst sttransppeaceht electnaste aadd hetlsecondcond
transparent electrode are each in a conb shape; the first transparent
el ectrode hamnepaeshtt ekidtrddeordrcon epvdréhdidnabove dd resicldibertig dm a
the second transparent el ectrode has a conb-teeth portion extendi ng

in a secongdodih eghiagy. &ML ties{ ISl trﬁ%g&ﬁgoaéc%reateh%q@&%hé%& 6nd

second direction in"a plan view. above arrangerrents el t

or both of the 10 tr arent el ectrodes_are | hape. This
Chuses. opt Pt BAT g Thar ERbesafs: Grvar 59 Pt iiheg, of above in
portions, whichis in turn likely tg cause an |nterference fringe
appear. ARTIARBEEEI@Rte @PENGE F%en{ﬂrrétl ﬁk@?%e&ﬁpé’éﬁctwﬁﬂﬁeaéﬁiséhe
wher e conb-shaped transparent el ectrodes facing each other are

150r t hogona¢condeachnsplagent electrdae vinevy ,ofot hexatmpie , pbebhanplldwer
liquid crystal display elenent having either of the above

arrangenendlzdteldedes thin transparent el ectrodes, and can thus
i nhibit appearance of an interference fringe. 20The liquid crystal

di splay el ement of é:{enet i PLESEN A st %QQ Wh r%eﬁﬁyg?ggﬂds'fggngg%[re%t

portion of the fir transpar ent rode ronis
n the o v cenan of dhe fursl sibsircie s oy caigell, e
P, o szf?%l%iﬁ”tat' edges ot Y LT odes. '%ehfsecﬁ?faéégiiéﬁi ®can
inhibit appearance of an interference fringe.
The description above has dealit with the arrangement of
combining the first liquid crystal display element 20 with the
second liquid crystal display element 30 to perform a
15 three-dimensional display. However, as mentioned earlier, the
first liquid crystal display element 20 may be used by itself. The
first liquid crystal display element 20 may be used as, for
example, a simple matrix STN display element. This
arrangement also can provide a liquid crystal display element
20 in which appearance of an interference fringe and occurrence of
a lighting deficiency are inhibited.
The liquid crystal display element of the present
invention may be arranged such that at least one of the first

transparent electrode and the second transparent electrode is

25 in a comb shape.



111470/ PCT - 22 - conb-teeth portion. According to the above
arrangenent, only a conb-teeth portion of each transparent eléd¢t7r6AECT
is present in the display region. This causes an interference fringe

to be easily noticed 5by a viewer. -21-1n view of the above
problem the liquid crystal displ ag el ement having the above
arrangenent inclThes Hkiuwid r angpiéakbnidisipdeyr odbsmeatd oén tthas present

inhibit an interference fringe frombeing easily noticed by a viewer.

10The | i quirtven yistral nthgpbay salremaidd obuldie tligseftici ivent teAnEMarent
preferably be arranged such that the first transparent el ectrode and

the secondetdanspy i AEeAds, AEka RYE BraNERlo N BN AN S 0l 10l

| arger than 100 Q The li1quid crysta ay elenment of the present

15, vent o0, B A EEL LY e ARSGELUET SPRl0E Alaohhal B

arrangenents, the transparent el ectrodes each have a sheet resistance
of Shot | arBeFtioAREXIGNONE 1a enhfigistedirestins: thelsepopdairansparent
This facilitates 20application of a desired voltage to the liquid
crystal | aglerctrode habhe aabovm arteathenpottioan ¢bhtendimgbin di sptaynd
quality from decreasing due to an alignnment deficiency.

The |i qui diffexsieh; dhadl ameera@ntipéctio® REesefkobBYRNT tONIHBYsO80nd
arranged such that the liquid crystal display 25elenent is used for a

three-di mgginds Man view.

With the above arrangements, either or both of the

10 transparent electrodes are in a comb shape. This causes
optical-path differences to occur at a large number of portions,
which is in turn likely to cause an interference fringe to appear.
An interference fringe is more likely to appear in the case where
comb-shaped transparent electrodes facing each other are

15 orthogonal to each other.

In view of the above problem, the liquid crystal display
element having either of the above arrangements includes thin
transparent electrodes, and can thus inhibit appearance of an
interference fringe.

20 The liquid crystal display element of the present
invention may be arranged such that a portion of the first
transparent electrode which portion is present in the display
region of the first substrate is only a comb-teeth portion; and a
portion of the second transparent electrode which portion is

25 present in the display region of the second substrate is only a



111470/ PCT - 23 - A liquid crystal nodule of the present

i nvention includes: the above-described liquid crystal displayl1470/PCT
el.enment; and a second |liquid crystal display el enment so provided as

to overlap the liquid crystal display‘éﬁgnent in a plan view, the
liquid 5 crystal nodule perform ng a three-dinensional display by
causi ng t heomldiegtér porraloni spl ay el ement to display a desired

desi gn. The above arrangenents allow the liquid crystal

di spl ay el enent ,Atoowlin appdar aoey ©fadan géeider,epadyf4i agmb-steeth
10i nhibited, to be used as, for exanple, a parallax barrier for a

t hree-di ' i ; :
mepst el of éQEﬁYErarfl%Pareﬁlﬁeel%%Yﬁdg{ gm@%gﬁf%ydlsplay

facilitate, for exanple, per mng a three-
wi t hout use_ of eyjﬁ.asses for _a

€ i S 6 an,th ge}giWEQ§ional q%§§Jaé. 1? :
I ndust ri al* T cdBFi £F METIGAF Ty5ef @ &5 57 SaPemticss
the present invention, in which appearance of an interference fringe
i s9 nhi bi tBY,2iVde®fitably usable as a liquid crystal display el enent
20i ncl udi ng conb-shaped transparent el ectrodes. Reference Signs List
10li qui d cryst allmydeie oZ0the sabbivqubdobigst,athdi Eghay ergseat display
2530second liquid crystal display el enment
element having the above arrangement includes thin
transparent electrodes, and can thus inhibit an interference
fringe from being ecasily noticed by a viewer.

10 The liquid crystal display element of the present
invention may preferably be arranged such that the first
transparent electrode and the second transparent electrode
each have a sheet resistance of not larger than 100 Q.

The liquid crystal display element of the present

15 invention may preferably be arranged such that the d1 and the
d2 are each not smaller than 25 nm.

With either of the above arrangements, the transparent
electrodes each have a sheet resistance of not larger than 100 Q
or a thickness of not smaller than 25 nm. This facilitates

20 application of a desired voltage to the liquid crystal layer.

The above arrangement can thus inhibit display quality
from decreasing due to an alignment deficiency.
The liquid crystal display element of the present

invention may be arranged such that the liquid crystal display

25 element is used for a three-dimensional display.



111470/ PCT - 24 - 32backlight 34bezel 42first substrate (segnent-side
substrate) 44second substrate (common-side substrate) 546fir&tl1470/PCT
transparent el ectrode (pixel electrode) 48second transparent
el ectrode (counter el ectrode) 60liquid4?ystal |ayer Ddisplay region
P1 to P3position 10Li to L3transmitted |ight beam 111470/PCT - 25 -

A liquid crystal module of the present invention includes:

the above-described liquid crystal display element; and a
second liquid crystal display element so provided as to overlap
the liquid crystal display element in a plan view, the liquid
) crystal module performing a three-dimensional display by
causing the liquid crystal display element to display a desired
design.
The above arrangements allow the liquid crystal display
element, in which appearance of an interference fringe is
10 inhibited, to be used as, for example, a parallax barrier for a
three-dimensional display.
The above arrangements thus facilitate, for example,
performing a three-dimensional display without use of

eyeglasses for a three-dimensional display.

15
Industrial Applicability
The liquid crystal display element of the present
invention, in which appearance of an interference fringe is
inhibited, is suitably usable as a liquid crystal display element
20 including comb-shaped transparent electrodes.

Reference Signs List
10 liquid crystal module
20 first liquid crystal display element

25 30 second liquid crystal display element



Claims Claiml1l Aliquid crystal display elenent conprising: a first
substrate; 5a second substrate; aliquid crystal |ayetl11470/PCT
sandwi ched between the first substrate and the second substrate;

a first transparent el ectrode provided ~“a display region of the
first substrate; and 10a second transparent el ectrode provided at a
di spl ay region 032t he aelshghdubstrat e, at least one of dl and
d2 being not |arger than 60 nm where dl represents a thickness of
the first transpent d=dtrode and d2 represents a thickness of the
second 15transparent electrode. Claim2 The liquid crystal display

el ement accor di ngyt o qf Al hale! ogtBhil 8l AOEsplaidie first
transparent el ectrode and the second transparent electrode’is in a

comb shape. G aijm 3 second substrate (common-side substrate)

S 46 first transparent electrode (pixel electrode)
48 second transparent electrode (counter electrode)
60 liquid crystal layer
D display region
P1 to P3 position

10 L1 to L3 transmitted light beam



The liquid crystal display el enent according to claim11, 25wherein:

111470/ PCT - 26 - the first transparent el ectrode and &hé47G/PCT
second transparent el ectrode are each ié] a conb shape; t he
first transparent el ectrode has a conb- Réth portion extending in a

first direction; 5the second transparent electrode has a conb-teeth
portion ex€éabisg in a second direction; and the first
direction is orthogonal to the second direction in a plan view.

10C ai m 4 The |i@Qladnctystal display el enent according to claim1 or
3, wherein: a portion of the first transparent el ectrode

whi ch portion 15A511@ﬁ@aeé¥yétra1t&?s,tsilja?ple%ﬁ&g{ %rﬁ‘];)rtig'ﬁ‘l%.‘: rst
substrate is only a conb-t'eeth portion; and a portion of the
second transparent.. el.ectn Srd%?i@i ch portion is present in the display

Q
regi on of the se%gh?tsﬁﬁa s only a conb-teeth portion.

5 a second substrate;
a liquid crystal layer sandwiched between the first
substrate and the second substrate;
a first transparent electrode provided at a display region
of the first substrate; and
10 a second transparent electrode provided at a display
region of the second substrate,
at least one of d1 and d2 being not larger than 60 nm,
where d1 represents a thickness of the first transparent
electrode and d2 represents a thickness of the second

15 transparent electrode.

Claim 2
The liquid crystal display element according to claim 1,
wherein:

20 at least one of the first transparent electrode and the

second transparent electrode is in a comb shape.

Claim 3
The liquid crystal display element according to claim 1,

25 wherein:



20 Caim5 The liquid crystal display el enent according to any
one of clains 1 to 4, wherein: 25the first transparent el ectfédé784ndcCT
the second 111470/ PCT - 27 - transpare el ectrode each have a sheet
resi stance of not larger than 100 Q Cd<4a'm6 5The liquid crysta

di splay el enent according to any one of clains 1 to 5, wherein: the

dl and the d2 artheachirsét d$ranisaatanrh 2slantrodsd andy the speond
liquid crystal display elenent according to any one of clains 1 to 6,

10

15

20

25

transparent electrode are each in a comb shape;

the first transparent electrode has a comb-teeth portion
extending in a first direction;

the second transparent electrode has a comb-teeth
portion extending in a second direction; and

the first direction is orthogonal to the second direction in

a plan view.

Claim 4

The liquid crystal display element according to claim 1 or

wherein:

a portion of the first transparent electrode which portion
is present in the display region of the first substrate is only a
comb-teeth portion; and

a portion of the second transparent electrode which
portion is present in the display region of the second substrate

is only a comb-teeth portion.

Claim 5

The liquid crystal display element according to any one of
claims 1 to 4,

wherein:

the first transparent electrode and the second



wher ei n: the liquid crystal display elenent is used
for a 15three-di nensional display. Claim8 A liquid crystal AdddFe/PCT
conpri si ng: aliquid cr%?tal di splay elenent recited
in any one of 20clains 1 to 7; and B "a second liquid crystal

di splay elenent so provided as to overlap said liquid crystal display
el ement i ntzapsparepdglectrode eqpeh haued sheatare sisdans epef ortnlanger
t hree-di nensi onal display by causing said liquid crystal display

el enment totlaspl8y 2ha desired design.

Claim 6
S The liquid crystal display element according to any one of
claims 1 to 5,
wherein:

the d1 and the d2 are each not smaller than 25 nm.

10 Claim 7
The liquid crystal display element according to any one of
claims 1 to 6,
wherein:
the liquid crystal display element is wused for a

15 three-dimensional display.

Claim 8

A liquid crystal module comprising:

a liquid crystal display element recited in any one of

20 claims 1 to 7; and

a second liquid crystal display element so provided as to
overlap said liquid crystal display element in a plan view,

the liquid crystal module performing a three-dimensional
display by causing said liquid crystal display element to display

25 a desired design.



