- 1 - Description Title of the Invention: LIQU D CRYSTAL DI SPLAY DEVI CE AND
METHOD FOR MANUFACTURI NG TRANSPARENT ELECTRODE Techni cal Field [0001] The
present invention relates to a liquid crystal display apparatus having a
sinple matri x type el ectrode structure, and also to a nethod of producing
transparent el ectrodes. Background Art

Description
Title of the Invention: LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING TRANSPARENT ELECTRODE
Technical Field

[0001] The present invention relates to a liquid crystal
display apparatus having a simple matrix type electrode
structure, and also to a method of producing transparent
electrodes.

Background Art

[0002] Fig. 2 is a sectional view of a vertically aligned
liquid crystal display apparatus showing an example of a
liquid crystal display apparatus having a simple matrix
type electrode structure. The vertically aligned 1liquid
crystal display apparatus 1 includes a liquid crystal pan-
el 2, and displays an image by using the liquid crystal
panel 2.

[0003] In the liquid crystal panel 2, a first transparent
substrate 5a configured by a glass plate or the 1like in
which first strip-like transparent electrodes 3a made of
ITO (Indium Tin Oxide) or the like are formed on one sub-
strate surface, a first alignment film 4a is formed on the
first strip-like transparent electrodes 3a, and a rubbing
process is performed on the first alignment film 4a, and a
second transparent substrate 5b configured by a glass

plate or the like in which second strip-like transparent



[0002]Fig. 2 is a sectional view of a vertically aligned liquid crystal

di spl ay apparatus show ng an exanple of a liquid crystal display apparatus
having a sinple matrix type el ectrode structure. The vertically aligned
liquid crystal display apparatus 1 includes a liquid crystal panel 2, and
di splays an image by using the liquid crystal panel 2. [0003]In the liquid
crystal panel 2, a first transparent subsfrate 5a configured by a gl ass
plate or the like in which first strip-like transparent el ectrodes 3a nade

of 1 TO (1 ndi WileHupoQuldod GhadliCol! KGAIS: TPRIPY 8 QR SEARLAL BnSWileace,

a first alignnent ornmed on t rst strip-like transparent

el ectrodes 3a, ,and r ubhi rQcess, | r.f he.fi.rs i_annent
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or the like in which s coqgfs[fh -like transga%ent trodes 3b
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alignnment film4b is formed on the second strig-like transparent el ectrodes
3b, and a ruBBBRING REISESS TRrPOFIRPSh PRetBECSRFCRS; et R are
bonded together so that the first alignnent film4a and the second
al i gnment fi 4R AFaakonsiasbdegatharad? sthedr thahifigsksiadgameantefdim da
pol ymer spheres 6 as a spacer material, and the periphery is sealed by a
frame-1ike sead Ztheymaasnd a&ljgnmentodilm 4bs aug mRPosed thwe eagde afthathe
liquid crystal panel 2, the first transparent substrate 5a which is in the
| ower side i swhidrf igsimgl, afoz resaampslehstpalynéda osphelessiteasf aa dpesien ght
(l'ight source), and the second transparent substrate 5b which is in the
upper side i snafiiadyr ethdasthee fgeonitptsatystirsatsedlied byt e ftaee-ofike desgll ay
screen, thereby configuring a transm ssion type one.
7, whereby a panel body 2a is formed. 1In the case of the
liquid crystal panel 2, the first transparent substrate 5a
which is in the lower side is configured as a rear sub-
strate 5a on the side of a backlight (light source), and
the second transparent substrate 5b which is in the upper
side is configured as a front substrate 5b on the side of
a display screen, thereby configuring a transmission type
one.

[0004] In a gap (cell gap) between the first transparent
substrate 5a and the second transparent substrate 5b, fur-
thermore, a liquid crystal is encapsulated by the vacuum
injection method, the dripping method, or the 1like, so
that a liquid crystal layer 8 is formed. In the case of
the liquid crystal panel 2, a nematic liquid crystal (neg-
ative liquid crystal) having a negative dielectric con-

stant anisotropy is used as the liquid crystal, thereby

forming a vertically aligned one.



[0004] In a gap (cell gap) between the first transparent substrate 5a and
the second transparent substrate 5b, furthernore, a liquid crystal is
encapsul ated by the vacuuminjection nethod, the dripping nethod, or the
like, so that a liquid crystal layer 8 is fornmed. In the case of the liquid
crystal panel 2, a nematic liquid crystal_(negative liquid crystal) having
a negative dielectric constant anisotroby3i§ used as the liquid crystal,
thereby formng a vertically aligned one. - 3 - [0005] Moreover, a first

pol ar i g p! al e BRdes @Rl I£ded Pot NosHbsLE ALCp1UREAMR Of st UERELLAL ¢

transparent substrate 5a opposite to the sid ch is 1n contact with the
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Compl 6t 1 ng tR8 PERGH o 4t b paids IhIgboET -y SB¥Fack vk Ebutigran

el ectrode StU£glg;§é¥al layer 8, and a second polarizing plate 9 is
applied to the substrate surface of the second transparent
substrate 5b opposite to the side which is in contact with
the liquid crystal layer 8, thereby completing the liquid
crystal panel 2.

[0006] Fig. 3 is a view showing an electrode structure of
simple matrix driving in the vertically aligned 1liquid
crystal display apparatus. 1In the first and second strip-
like transparent electrodes 3a and 3b, for example, the
first strip-like transparent electrodes 3a which are in
the lower side are formed in parallel in a plural number
in a lateral direction (horizontal direction) to be formed
as a whole as a lateral stripe pattern to be configured as
scanning electrodes that are connected to a scan driving
circuit 10, and the second strip-like transparent elec-
trodes 3b which are in the upper side are formed in paral-
lel in a plural number in a longitudinal direction (ver-
tical direction) to be formed on the whole as a longitu-
dinal stripe pattern to be configured as signal electrodes
that are connected to a signal driving circuit 11. The

first and second strip-like transparent electrodes 3a and

3b constitute the simple matrix type electrode structure.



sinple matrix driving in the vertically aligned liquid crystal display
apparatus. In the first and second strip-like transparent el ectrodes 3a and
3b, for exanple, the first strip-like transparent el ectrodes 3a which are
in the lower side are forned in parallel in a plural nunber in a latera
direction (horizontal direction) to be formed as a whole as a | ateral
stripe pattern to be configured as scanﬁiﬁg‘electrodes t hat are connected
to a scan driving circuit 10, and the second strip-1like transparent

el ectrodes 3 high aLg,h8 IS dRpCrphde 2r e JHeds | AnRakakkeliohd ¢
plural nunber 1n a longitudinal direction (vertical direction) to be forned

on the whol e a LEydi ri pa: . cenfigur a | I
el ectrodes t ﬁg}% a?éggg{ﬁ%gctlre%é ?I(S)éla glﬁ gna#lgé?t\:}?%b&% r g&z{[sQ:llggthseﬁc}%;&? and
second strip-like transparent el ectrodes 3a and cqonsti tute the sinple
matrix type & @cH dddSst ﬁ%PﬁPg.renE: 4efe?ﬁr?§%sl i:%)%i n(‘:# yé al W%Jé%él < each
of intersections of the selected.|lateral and Longitudinal fj.rst apnd second
strip-like t erft Qﬁ%ﬁ&}%heénS%EEn&a%ff%Hﬂ%a$ %?Qﬁﬁqdﬁf%ﬁ1 Tel
in the lateral and longitudinal directions, respectively is set as one

pi xel . In ot HéPR%or RESRSLHHELY giF gSRF yaFaPPBaRdke3 - p?ii’ewsth.ﬁre “8%dthged
ina grid-like manner, the first and second strip-Ilike transparent

el ectrodes 3dranthgalaguigl seasladt PIrey 4nd AR RFhapFyanged daspect
to the pixels which are arranged in a grid-like manner, and a voltage is
appl i ed whi | @sisi-dethengrarawpr r ctheorfdisr st and $egend| st 1 ortg t trelnspa-fir st
and second strip-like transparent electrodes 3a and 3a. As a result, the

i quid cryst alentofeldettodps d3argsdaBal ayer pladced duateralist aind eldnginof

pi xel s at intersections of the selected | ateral and | ongitudinal first and
second stri p-tuddimdlignspiauie ntespertt gl eshed 3 il Shwlad eh ditrey eawrrddageed yin t he
liquid crystal panel 2 has a sinple matrix type electrode structure, and

perforns sinp Q_Tﬁ&i-rlii&edrzdaﬂrf&,( iy drvoitgde 19 el Lo ewivhbs eséhecpunber
of display pixels is large, the driving is time-division nultiplex driving.
[0007] Fig. 4 iy ar¥b€¥e880Wnas t&e fheaNoerEdl shhdCiWmritfudil@ POk aFdgi ng

plates of the vertically aligned liquid crystal display apparatus. In the
first and seggng Rakaaa strip-like transparent electrodes 3a and 3a.
As a result, the liquid crystals of the liquid crystal
layers 8 (liquid crystal cell) of pixels at intersections
of the selected lateral and longitudinal first and second
strip-like transparent electrodes 3a and 3b are driven.
Namely, the liquid crystal panel 2 has a simple matrix
type electrode structure, and performs simple matrix driv-
ing (duty driving). In the case where the number of dis-
play pixels is large, the driving is time-division multip-
lex driving.
[0007] Fig. 4 is a view showing the arrangement structure of
the polarizing plates of the vertically aligned liquid

crystal display apparatus. In the first and second pola-

rizing plates 9a and 9b, the first polarizing plate 9a has



rizing plates 9a and 9b, the first polarizing plate 9a has - 5 - an
absorption axis in the direction indicated by the arrow 9a', and the second
pol ari zing plate 9b has an absorption axis in the direction indicated by
the arrow 9b'. Nanely, the first polarizing plate 9a and the second

pol ari zi ng plate 9b are placed so that their absorption axes 9a' and 9b'

are perpendicul ar to each other (crossed Ricols arrangenent), and the

di splay node of the liquid crystal panel 2 is nornally black. [0008]Fig 5°

is a V|EM/'ll%ﬁkﬁéUf%ngh'ﬁkﬂg Qf the WQﬁédﬁﬂdd/fﬂdﬁﬂgﬂgigﬂP

di spl ay appar at us, Is a view of a non-driven state |s a V|ew

of a driven state, L Joaid eﬁ%yg_&%&&ﬁia& bl hag 1 nag,“ g3t e

where a voltage’ i $ ot ap ween rst and secon r|p
transparent electrod

nd 3b as 38 t nmol ecul ar
maj or axis diffect |18ns c?f %Ilr Gt v tg‘e8§(n)r?‘f F?EDQI i qtﬂe F¥rst al
| ayer 8 (|1 qui st al sandmﬁc etmeen the first and second
STt i ke EBRSCERRT BPLEELAUBE (?ala;l'l'r?d § 2rd SHHRt SREPAF PmATmg
aligned in an_optical axis which is E endlcular to the first and second

transparent ®d5dE LR RIRFED 3N f thetroAbserrthens pxes Had swbnd

alignment films 4a and 4b. |In order to, for exanple, control the alignnment
direction, h@RdverretRerRRPgdARBART sthe?«F@h medhgi | éc#@?ﬁ?ﬁ@gNacghﬁl lan | t

(pre-tilt) and there is little change in the polarization state of |ight
pass- rangement), and the display mode of the 1liquid crystal

panel 2 is normally black.

[0008] Fig. 5 1is a view illustrating driving of the
vertically aligned liquid crystal display apparatus, (a)
is a view of a non-driven state, and (b) is a view of a
driven state. In the liquid crystal panel 2, in the non-
driven state where a voltage is not applied between the
first and second strip-like transparent electrodes 3a and
3b, as shown in Fig. 5(a), the molecular major axis direc-
tions of liquid crystal molecules 8a in the liquid crystal
layer 8 (liquid crystal cell) sandwiched between the first
and second strip-like transparent electrodes 3a and 3b are
substantially entirely aligned in an optical axis which is
perpendicular to the first and second transparent sub-
strates 5a and 5b by the functions of the first and second
alignment films 4a and 4b. In order to, for example, con-
trol the alignment direction, however, the alignment is
performed while forming a small tilt (pre-tilt), and there

is little change in the polarization state of light pass-



- 6 - ing through here. Therefore, light (linearly polarized |ight) passing
through the first polarizing plate 9a which is on the side of the backlight
of the liquid crystal panel 2 is incident substantially as it is on the
second pol arizing plate 9b which is on the side of the display screen of
the liquid crystal panel 2, and nostly bl ocked or absorbed thereby to form
a dark display (black display). [0009] -B§ contrast, in the driven state
where a voltage is applied between the first and second strip-1like

transparent el ect a 3b, i nF Liqui.d.crysta
nol ecul es 8a%%§tﬁé?%?%uia%%gystaFﬁﬁgéggwg’sgﬁﬁggéhzgghs?%g n%ﬁ%é iTst and
second strip-li transpare el ectrodes..3a .and .3b .ar.e ali.gned hei,r
negative di ellé'@&‘r%i)cpc,a&ﬁpgflgn%%gﬁugg‘t rtg’ﬁy%ilr]f St BOERENSs %‘%antglb%ﬂ ch
perpendicular, to the electric field, i.e., substantially jn parallel to the
first and sedéh®? % e O g‘«ftcé‘shgg‘%r?fsﬁe a?ﬂ‘d“%rda S4d pan-

pol ari zation state of |ight passing through here. Therefore, |ight passing
t hrough the &l & ivdliRsiAent p?‘é‘?%t%tm& 28 df LRe°d deora@DbRAN i ght
of the liquid crystal panel 2 emits fromthe liquid crystal |ayer 8 while

t he pol ari zatliaai zdngx epiatehPrgevhiahd iifenee tthe psidei 2f | Shecshipian of
the transm ssion axis which is perpendicular to the absorption axis 9a' of
t he second palcsien mf ptheelluitatcrystad thansl de, ofndhaoditdyl dlaxkebn of
the liquid crystal panel 2 is increased to forma bright display (white

di splay). [@¥ Gbddatbed tha@ehyr rtentfarm larddnl displdy qiblhak WEitsghlawhen a
DC current is continued to be applied to a liquid crystal, the liquid
crystatoo®opri al By dedetidEtat edn khet kirivesy sweied | ¢héiquad vl is
(negative liquid crystal) having a negative dielectric constant anisotropy,

al i gnment  di SigyIBARCaseOfder eMeN falrst raldt byabidl @wrig-lage Vidlsds-
| ower than a predeterm ned voltage, and therefore a pixel is driven by, for

exarple, a sl dirakagdiigLind aan AiacaH B elg (190 | susdld

crosstal k), and the contrast is inpaired. In the driving of the vertically

aligned i quﬁ&%ﬁ%é’caﬂi %@&@éu&%@aré‘éuinl,tﬂée&%{q%&& &8s apPl hedesi gpal

is inverted at predeterm ned period In order to elimnate a DC cofiponent.

In order to vent .cr r 0 [ fur - & Aredes er m ned
GPF vol tage (eHEh 3 thder "I DEELEE Ol dddail WiRe BB ELELE O)
at which the |iquid crystal.is driven Ls applied also,to non-sel ect ed

pi xel . [0011]}3%:% etsce:?]i %%oadbeosve,at%%dvggt i—’lg:%l Iaf'/‘Ll ﬁeéiﬁé)a{ It?}heu’ird negative

dielectric constant anisotropy in a direction substantial-
ly perpendicular to the electric field, i.e., substantial-
ly in parallel to the first and second transparent sub-
strates 5a and 5b, and change the polarization state of
light passing through here. Therefore, light passing
through the first polarizing plate 9a which is on the side
of the backlight of the liquid crystal panel 2 emits from
the liquid crystal layer 8 while the polarization state is
changed, and hence the polarization component of the
transmission axis which is perpendicular to the absorption
axis 9a' of the second polarizing plate Sb that is on the

side of the display screen of the liquid crystal panel 2



crystal display apparatus 1 includes: the first and second transparent
substrates 5a and 5b which are opposed to each other to be placed through a
predeterm ned gap; the first strip-like transparent el ectrodes 3a which are
placed in parallel on the surface of the first transparent substrate 5a
that is opposed to the second transparent substrate 5b, - 8 - and the
second strip-like transparent el ectrodes 3b~which are placed in parallel in
the direction perpendicular to the first strip-like transparent el ectrodes

3a, on the syifage. afb Lhe5e¢and Lr sg§eﬁs;eals;s§m_§gt Qaagtépdigﬁia{,gopposed

to the first transparent substrate 5a; "the Iitquid crystal Iayer which is
pl aced tween the _gppose ur of.th I d se LT rent
subst r%@s‘yﬁa and?{gﬁg’anaddD\Méﬁi ct’lz}%%%gonlf% gﬁ?%‘hég% taC%e EFi %gl lér%@%ﬁaﬁavi ng
a negative dielectric, constant anisotro the align t of the Li.qui,
crystal mol eldF8s %ao%e?ﬂﬁrgﬁ%sf‘ﬁnfzfgltllgﬁ%gr %é’ng?ecgﬁ‘g??fﬁ%gt KR #i rlég@rué%d
second transparent _substrates 5a and 5b, and in ﬁhlch, when a vol tage which
is equal to GFYStgHer HRant¥BED T B i PRI eshdl Hev6FEagatee: apghi ed

between the first and second strip-like transparent el ectrodes 3a and 3b,
the al i gnnentthef usad |neRatieriiaatd npreetits (BgIpsivghdignirdalarysital)
parallel to the first and second transparent substrates 5a and 5b; and the
first pol ari havjng «a enega®hiveh dielscdeds renslantur paéeostortie faldgn-
transparent substrate 5a that is opposite to the surface opposed to the
second transpendntdisstbstbaiae$Shocand eMeoh atasa t helabsvepyi dewanicd tegge i n
the predeterm ned direction, and the second polarizing plate 9b which is
pl aced on t hehsuhf dce lefwelrh eclsec an b hedetspamiorid siditaget e il tthairdfore
opposite to the surface opposed to the first transparent substrate 5a, and
whi ch has the pifkr adsaepireAnbeyi T etample, dar edghal pearaged Gidm to
the absorption axis 9a' of the first polarizing plate 9a, and perforns
sinple matriahd Widitad 044 Yadsh¥i POkel (this is called crosstalk), and
the contrast is impaired. In the driving of the vertical-
ly aligned liquid crystal display apparatus 1, therefore,
the applied signal is inverted at predetermined period in
order to eliminate a DC component. In order to prevent
crosstalk from occurring, furthermore, a predetermined OFF
voltage that is equal to or lower than a critical voltage
(threshold) at which the liquid crystal is driven is ap~-
plied also to a non-selected pixel.

[0011] As described above, the vertically aligned 1liquid
crystal display apparatus 1 includes: the first and second
transparent substrates 5a and 5b which are opposed to each
other to be placed through a predetermined gap; the first
strip-like transparent electrodes 3a which are placed in

parallel on the surface of the first transparent substrate

5a that is opposed to the second transparent substrate 5b,



[0012]Fig. 6 is a schematic sectional view of the vertical- |y aligned

| iquid crystal display apparatus in which the structures of the alignnent
films, the spacer material, the seal, the liquid crystal |ayer, the

pol ari zing plates, and the like are omtted, (a) is a view show ng the
shapes of the conventional first and second strip-like transparent

el ectrodes, and (b) is a view showing an @lectric field which is produced
by the OFF voltage that is applied between the conventional first and

second tr anspakehell ridirlese o (Pe | Bxifigpdidst a00opP6000 ST LRLhke

transparent electrodes 3a and 3b which are used 1n th us configure
vertically alLign ljguid c i spl p. , s_shown in
Fro o(a) oPEs Eagseah fhopkRafies I MeRMA i pBHALen RS- PRBT
into a taper shape w th respect to _the opposed surfaces of the first and
second transggFen’%JIP Thst gtlé’sﬂ‘al}eangr%%,spﬁggnﬁhee e ﬁsec%?odé’é‘f&?‘ﬁ'n

t rapezoi dal shages in m@%ph t he opposed surfaces_of the ggrst and second
strip-like tPHRSBGPeRE SFsCPILEE ST3RRBBE E0PPSEFE ehebhibas, s op-
respectively. [0013]In the first and second strip-1like transEarent ]

el ectrodes 3R°8RE P hibendirst apeansrprerfagubgsrase Saijothesdimpid
above, as shown by the solid arrows in Fig. 6(b), the electric field
produced by cr¥FstRE J@neage wihéahi dsapdiaced hatwasn t beef pppesadd ssecond
strip-like transparent electrodes 3a and 3b is aligned substantially in
paral l el to fheegi rett tha Famsdndard| secrodt lerdrisparenitd swbshdatesans$par ent
substrates 5a and 5b in mddle portions (pixel mddle portion) of the first
and second stndpSbi keantdr whiphr dist cenFdignueees bya thed 13biid @rgistal, hhwt, in
end portions (pixel peripheral portion) of the first and second strip-1like
transparent ehecta atgfatidvandibedtric ptarstahbeanlisstibpyfi €hd a3 igat-

al i gned substantially in parallel to the direction perpendicular to the

first and semend bEaRhRANGRiA REsHaAS oA el 2D 8 Blitdd FulRdaRTidN -
oblique electric field, and the alignnment of the liquid crystal nolecules

8a in a non- ig{)?,%t@@nmwuxs «H stne bed-by Lhe ebkbdue tﬁ‘la%%brair@nfti ehi- As

shown by the ow arrows in Fig. 6(b), therefore, |ight |eakage occurs in

the peripheryof+asnen selecssd Rhyelin qid dhe i LLaDSTLLEBNGRIER is

i ncreased, whereby the contrast I's | owered.
equal to or higher than the predetermined threshold vol-
tage is applied between the first and second strip-like
transparent electrodes 3a and 3b, the alignment of the
liquid crystal molecules 8a is substantially in parallel
to the first and second transparent substrates 5a and 5b;
and the first polarizing plate 9%a which is placed on the
surface of the first transparent substrate 5a that is op-
posite to the surface opposed to the second transparent
substrate 5b, and which has the absorption axis 9a' in the
predetermined direction, and the second polarizing plate
9b which is placed on the surface of the second transpa-

rent substrate 5b that is opposite to the surface opposed

to the first transparent substrate 5a, and which has the



[0014] In order solve this, as disclosed in Patent Literature 1, for
exanpl e, a technique is known in which a black mask is di sposed on the
surface of the second strip-like transparent substrate which is opposed to
the first transparent substrate, and in a portion where the second
transparent el ectrodes are not fornmed, the taper-shaped end portions of
the second transparent el ectrodes are covéred by the black nmask, and |ight
| eakage in the periphery of a non-selected pixel is prevented from

occurring, thaseipdEy o dhe eRNthasty RdQbrAdedAddrtlididilg: R efife

Literature [0015] "Patent Literature 1: Japanese Patent Apﬁ]lcatlon

Lai d- Open NOaﬁ%é%H%&éﬂ”gﬁgg Q;'tgg kﬂ&eQEEQQ polarizing plate 9a, and
performs simple matrix driving (duty driving).

[0012] Fig. 6 is a schematic sectional view of the vertical-
ly aligned liquid crystal display apparatus in which the
structures of the alignment films, the spacer material,
the seal, the liquid crystal layer, the polarizing plates,
and the like are omitted, (a) is a view showing the shapes
of the conventional first and second strip-like transpa-
rent electrodes, and (b) is a view showing an electric
field which is produced by the OFF voltage that is applied
between the conventional first and second transparent
electrodes of (a). In the first and second strip-like
transparent electrodes 3a and 3b which are used in the
thus configured vertically aligned liquid crystal display
apparatus 1, usually, as shown in Fig. 6(a), electrode end
portions enclosed by the dotted lines are formed into a
tapered shape with respect to the opposed surfaces of the
first and second transparent substrates 5a and 5b, and the
whole electrodes form trapezoidal shapes in which the op-
posed surfaces of the first and second strip-like transpa-
rent substrates 5a and 5b configure the bases, respective-
ly.

{0013] In the first and second strip-like transparent

electrodes 3a and 3b having a trapezoidal shape as de-



Problemto be Solved by the Invention [0016]In the above-described
conventional art, however, the taper-shaped end portions of the second
transparent el ectrodes are covered by the black mask, and hence the area of
each pixel contributing to the display is correspondingly reduced. Nanely,
there arises a problemin that the aperture rati o of each pixel is reduced
and the display is darkened. [0017] - 101t is an object of the invention
to provide a liquid crystal display apparatus and net hod of producing

transpar ent eleehLadgnold WIECAnblaNky GakAR {10 A et | Bheral PRIb) On Of

a non-sel ected prxel can be suppresse out C|ng t ap rture fatio

o1 "each pi xelyoa0d L5 SOBLER SE0A0ERLOEH: BEETLiagil ML, L b

Pr obl em

applied between the first and second strip-like transpa-
rent electrodes 3a and 3b is aligned substantially in pa-
rallel to the direction perpendicular to the first and
second transparent substrates 5a and 5b in middle portions
(pixel middle portion) of the first and second strip-like
transparent electrodes 3a and 3b in a pixel, but, in end
portions (pixel peripheral portion) of the first and
second strip-like transparent electrodes 3a and 3b in a
pixel, the electric field is not aligned substantially in
parallel to the direction perpendicular to the first and
second transparent substrates 5a and 5b, to be formed as
an oblique electric field, and the alignment of the liquid
crystal molecules 8a in a non-selected pixel is disturbed
by the oblique electric field. As shown by the hollow ar-
rows in Fig. 6(b), therefore, light leakage occurs in the
periphery of a non-selected pixel, and the OFF transmit-
tance is increased, whereby the contrast is lowered.

[0014] In order solve this, as disclosed in Patent Litera-
ture 1, for example, a technique is known in which a black
mask is disposed on the surface of the second strip-like
transparent substrate which is opposed to the first trans-
parent substrate, and in a portion where the second trans-

parent electrodes are not formed, the taper-shaped end



- 12 - [0018]1In order to attain the object, the liquid crystal display
apparatus of the invention is characterized in that the apparatus includes:
first and second transparent substrates 5a and 5b which are opposed to each
other to be placed through a predeterm ned gap; a liquid crystal |ayer 8
whi ch is placed between opposed surfaces of the first and second
transparent substrates 5a and 5b; first~stkip-like transparent el ectrodes
3a which are forned in a stripe-like pattern on the surface of the first

transparent $SHIREL o Lhat sééoﬁ? PP%§g§£§\EEH€ $960Qd LEansRar (Nl e g

substrate 5b; a transparent resin Ich is a transparent resin

covering fil t s f fter Skl pe-l. ke hla mask .21 is faornmed in
a direction p@gﬁ B%ﬁdibcalﬂcg{ rﬁfagslﬁa’hea&fc} ?‘sltgthstt ?"le;?- 9% Y %ri%’sepfreerrﬁp Ié’ct‘?‘{)d"es
3a, on the surface .of ttrgie second .transgare t .sybstrate 5b that i s opposed
to the first YPanSPAraHt sOHETT ats SRESYRRCEPEsiAF ™ | REFUFFHRT 1 nvdiarshy
trapezoi dal recessed ons 22a.in a filmsurface corresponding to gaps

orti
of the bl ack mevzfgpé?& SOB5F@Stri p-1i ke transparent el ectrodes 30b
which are forned in the recessed portions 22a of the resin film 22, and
whi ch have afiiFedfdd litaF@tdit®al shape. [0019] Furthernore, the nethod
of producing transparent el ectrodes of the invention is a nethod of
produci ng t h®at@ndnd-iderafurieke transparent el ectrodes 30b in the liquid
crystal display apparatus of the invention, and characte- - 13 - rized in
that, BHIQE5] tHedemtly ifgddndtars dck Japsinedt iFateortndbplnidate o recitd-@pen
perpendi cular to the first strip-like transparent el ectrodes 3a, on the
surface of the.sé&e@1bltransparent substrate 5b that is opposed to the first
transparent substrate 5a, overcoatng with a transparent resin is perforned
to formthe tsunp@pEs & thesiIdvientiiod?2 which has the inverted trapezoi dal
recessed portions 22a on the filmsurface corresponding to the gaps of the

bl ack mask 2Pprovlén R $RC®RA veld bR lkhke rhiansRanent el ectrodes 30b are
formed in the recessed portions 22a of the resin film 22, thereby obtaining

the seggmdept i p- ik e ABRA-RIMs li8ld Alas <3 JMHi1C 2 NAV ] QL JdIVerdad

t rapezoi dal shape.
taper-shaped end portions of the second transparent elec-
trodes are covered by the black mask, and hence the area
of each pixel contributing to the display is correspon-
dingly reduced. Namely, there arises a problem in that
the aperture ratio of each pixel is reduced and the dis-
play is darkened.

[0017]

It is an object of the invention to provide a liquid
crystal display apparatus and method of producing transpa-
rent electrodes in which light leakage from a peripheral
portion of a non-selected pixel can be suppressed without
reducing the aperture ratio of each pixel, and the con-

trast can be improved.

Means for Solving the Problem



Effects of the Invention [0020] According to of the liquid crystal display
appar atus and net hod of producing transparent el ectrodes of the invention,
the second strip-like transparent el ectrodes, which are conventionally
trapezoidal, are fornmed into an inverted trapezoi dal shape, whereby
generation of an oblique electric field in the periphery of a non-selected
pi xel can be suppressed, and di st ur bances i ch are due to the obl i que
electric field can be suppressed in the alignnent of liquid crystal

ol ecy R gN & NORnSelLedLd thi XStea i t RAWINoE {ech| agheMBbaplfa pl:%?@@aﬁn the

back sides of and between the the second strlp-llke transparent electrodes,

: 5 \ L ' |
14 nor eo&gggltg?apé%%;a?ﬁge o¥eceRd slg.{‘;.eqlgdﬂ&ﬁsg_ga%ﬁgﬁﬁ% rqdes

into an inverte apezo shape 1s realized. t, It 1s possible

o provide aiquid orystaladionl an apoar akis. endngeLlad ol Jraducla.

transparent electro ou ucl ng € aperture

each pixel, light | eakage fraom r.ipheral portiaon.of a non-sel ected pixel
can be suppré?géérﬁgfé gﬁr g% @%ﬁﬁ RES §€PF§ {tPafESEi &% e§e%8nge
strip-like transparent el ectrodes, and the bl ack naak, and the contrast can

be i nproved. PBACEA BELOMEH: PoRTSAStREMANEM §GD7 @ liquid crystal layer

8 which is placed between opposed surfaces of the first
and second transparent substrates 5a and 5b; first strip-
like transparent electrodes 3a which are formed in a
stripe-like pattern on the surface of the first transpa-
rent substrate 5a that is opposed to the second transpa-
rent substrate 5b; a transparent resin film 22 which is a
transparent resin covering film that is formed after a
stripe-like black mask 21 is formed in a direction perpen-
dicular to the first strip-like transparent electrodes 3a,
on the surface of the second transparenﬁ substrate 5b that
is opposed to the first transparent substrate 5a, the re-~
sin film having inverted trapezoidal recessed portions 22a
in a film surface corresponding to gaps of the black mask
21; and second strip-like transparent electrodes 30b which
are formed in the recessed portions 22a of the resin film
22, and which have an inverted trapezoidal shape.

[0019] Furthermore, the method of producing transparent
electrodes of the invention is a method of producing the
second strip-like transparent electrodes 30b in the liquid

crystal display apparatus of the invention, and characte-



[0021] [Fig. 1] Fig. 1 is a schematic sectional view showing the liquid
crystal display apparatus having a sinple matrix type el ectrode structure
according to the invention, (a) is a schematic section show ng the shapes
of first and second strip-like transparent el ectrodes, and (b) is a
schematic sectional view show ng an electric field which is produced by an
OFF voltage that is applied between the fli¥st and second transparent

el ectrodes of (a). [Fig. 2] Fig. 2 is a sectional view of a vertically

al i gned '!ququgaysm' = 'axfeeparawss%ag@_-hikan x%?éﬁp' Galk %1iquid

crystal disp ay apparatus laving a sinple matrix type electrode structure.

[F19 31 Fi 9eobiled 3,1t RO, S0 SLUBLS, 001 L1 t§waﬁee'f%%g[ggﬁ%ﬁ

structure offfﬁm vertic t al

St Tucture of 13 ar%ﬁ?‘?\%p?)?‘a? Sriod ¢ %;FYV&;’?Q%%EE:EI??&%E‘

di splay appara%%idpftglnsparent substrate 5b that is opposed to the
first transparent substrate 5a, overcoatng with a transpa-
rent resin is performed to form the transparent resin film
22 which has the inverted trapezdidal recessed portions
22a on the film surface corresponding to the gaps of the
black mask 21, and the second strip-like transparent elec-
trodes 30b are formed in the recessed portions 22a of the
resin film 22, thereby obtaining the second strip-like
transparent electrodes 30b which have an inverted trape-
zoidal shape.

Effects of the Invention

[0020] According to of the liquid crystal display apparatus
and method of producing transparent electrodes of the in-
vention, the second strip-like transparent electrodes,
which are conventionally trapezoidal, are formed into an
inverted trapezoidal shape, whereby generation of an obli-
que electric field in the periphery of a non-selected pix-
el can be suppressed, and disturbances which are due to
the oblique electric field can be suppressed in the align-
ment of liquid crystal molecules in a non-selected pixel.

Although the black mask is placed on the back sides of and

between the the second strip-like transparent electrodes,



[Fig. 5] Fig. 5is aviewillustrating driving of the vertically aligned
liquid crystal display apparatus of Fig. 2, (a) is a view of a non-driven
state, and (b) is a view of a driven state. [Fig. 6] Fig. 6 is a schematic
sectional view of the vertically aligned liquid crystal display apparatus
of Fig. 2, (a) is a view show ng the shapes of conventional first and
second strip-like transparent el ect rodes,l4nd (b) is a view show ng an
electric field which is produced by an OFF voltage that is applied between

the conventi gual.ofietSt aRg, 5860k t naespaceshde! £eE{9deskdf drinsgidad or
Carrying Qut the Invention [0022] Herei nafter, an enbodi ment of the

nventi on Wil g Aaser iitd Wil o BhARGEdiR fdiGarl sl sk LA SEhEmAL I C
g the | I'sp

sectional view show ng t iquid crystal ay apparatus having a sinple

matri x type electrode siructure_accqrdi to t ' nti Qn,...G '
schematic secfiorf sﬂ%%‘in%' tﬁg s a%é’sssd’fb q’% rés) éﬁﬁbgé%o%dqsqtq?lﬁgz |‘%‘§’esa°al
transparent ej.ectrodes, and a sc

b) is tic.sectional view show ng an
electric fiel i2&h F?PBFS&g‘Eedaﬁf} an® vo?fag%r?cﬁ%ﬁ”f% a arqsgc?‘roeg't‘?/\/een
the first and second transparent elec- - 16 - | .

electrodes in which, without reducing the aperture ratio
of each pixel, light leakage from a peripheral portion of
a non-selected pixel can be suppressed more surely by both
the inverted trapezoidal second strip-like transparent
electrodes and the black mask, and the contrast can be im-
proved.
Brief Description of the Drawings

[0021] [Fig. 1] Fig. 1 is a schematic sectional view showing the
liquid crystal display apparatus having a simple matrix
type electrode structure according to the invention, (a)
is a schematic section showing the shapes of first and
second strip-like transparent electrodes, and (b) is a
schematic sectional view showing an electric field which
is produced by an OFF voltage that is applied between the
first and second transparent electrodes of (a).
[Fig. 2] Fig. 2 is a sectional view of a vertically
aligned liquid crystal display apparatus which is an exam-
ple of a liquid crystal display apparatus having a simple
matrix type electrode structure.

[Fig. 3] Fig. 3 is a view showing the simple matrix type

electrode structure of the vertically aligned liquid crys-



trodes of (a). The display apparatus shown in Fig. 1 is characterized in
the structure of the second transparent el ectrodes, and a nethod of
produci ng them and the other structure is identical with the vertically
aligned liquid crystal display apparatus shown in Fig. 4. Therefore, the
identical structure portions are denoted by the sane reference nunerals,
and their detailed descriptionis omtted® ~In Fig. 1, the structures of
the alignment filns 4a, 4b, the spacer material 6, the seal 7, the liquid

crystal |ayegs8, gl lgglgbbgkgguglggeglga 29b, and the like are omtted in
t he sane manner as Fi g [0023] 1 n the“vertically allgned l'iquid crystal

di spl ay_appargys 24 ;of 5; Be euDOdmenl, A% SRR FT Gnel(Bergtherene

t ranspar ent eSI nfilm ichis a transpar ent n coveril ng

is forned after the strl e-11i ke bl ack S forned Ln e di.r.ection
per pendi cul al;"% RES 9 rgétp hz}n?(ep?agﬁgpé’ ent" | ggf?bﬁ% Ba21498<6hi ch

has inverted._ trapezoi dal recessed portions 22a_on.the f|In1surface
correspondln&lﬁ%}l%hgra’ﬁﬁ?i %lﬁﬁgaglﬁgﬁaﬁﬁ§R52? fi ¥iforfied on the surface of
the second transparent substrate 5b that is_ opposed to the first
transparent $8BStratk 5d9-am the 3e¥3RH sttipstraeingafspaiog ef edheodes
30b are fornmed in the recessed portions 22a of the resin film22. El ectrode
end portionsVertigaldycardgsed piguRe crasspdr dispdpycaprpascs tesh ofx Fdgd

al ong the shapes (inverted ta- - 17 - pered shapes) of end portions of the
recessed por Ri;orf@)22z aniview ef reaswpn-dhiven ustake, t ardcdhyensi analiew
trapezoi dal second strip-like transparent el ectrodes 3b, the second
strip-like to&hsparénenektéatecdes 30b have an inverted trapezoi dal shape.
Since the plurality of second strip-like transparent el ectrodes 30b are
formed in panfatigel 6p tHigy.di 6ecid oa pecpendtidl aedtidha f vielw Séfi RHld ke
transparent el ectrodes 3a, on the surface (the filmsurface of the resin

film22) of whetseaong wnagspar Qﬂ&u&ﬂb&ﬁr&%ftﬁlaaﬁs%ﬁ v SpPRRATeS oF Fig .

first transparent substrate 5a, the second strip-like transparent

el ectrodes ape f@)mak as RidWOLKowity Bn&t EhRBeki k¢ RRLWLVENRional first
and second strip-like transparent electrodes, and (b) is a
view showing an electric field which is produced by an OFF
voltage that is applied between the conventional first and
second transparent electrodes of (a).
Mode for Carrying Out the Invention

[0022] Hereinafter, an embodiment of the invention will be

described with reference to Fig. 1. Fig. 1 is a schematic
sectional view showing the liquid crystal display appara-
tus having a simple matrix type electrode structure ac-
cording to the invention, (a) is a schematic section show-
ing the shapes of first and second strip-like transparent
electrodes, and (b) is a schematic sectional view showing

an electric field which is produced by an OFF voltage that

is applied between the first and second transparent elec-



[ 0024] The second alignnent film4b is formed on the filmsurface of the
resin film22 which is flattened by enbeddi ng the second strip-Iike
transparent electrodes 30b into the recessed portions 22a. [0025] An exanpl e
of the method of producing the inverted trapezoidal second strip-1like
transparent electrodes 30b will be described. As a first step, first, the
stripe-like black mask 21 is formed in ThE®direction perpendicular to the
first strip-like transparent el ectrodes 3a, on one substrate surface of the

second transpysids SHPSILRL e Fhe FBI XA S tE, DI 868w HBSK 2141 S 1f argred

into a predeterm ned shape (stripe-Ilike “pattern) by applying a

phot Ose”SitiV&%ﬁa&%@é& ”Pﬂefthg' ru%t%rr%dec%@r@hﬁe%ééyn%'t an Sa%%n £SS

on one whol e substrate surface of the second transparent substrate , and

thereafter FK%Jé%éQJH%é%.Qggioaeﬁggkgg BEO%QE%ucing them, and the other
structure is identical with the vertically aligned liquid
crystal display apparatus shown in Fig. 4. Therefore, the
identical structure portions are denoted by the same ref-
erence numerals, and their detailed description is omitted.
In Fig. 1, the structures of the alignment films 4a, 4b,
the spacer material 6, the seal 7, the 1liquid crystal
layer 8, the polarizing plates 9a, 9b, and the like are
omitted in the same manner as Fig. 6.

[0023] In the vertically aligned 1liquid crystal display
apparatus 20 of the embodiment, as shown in Fig. 1l(a), the
transparent resin film 22 which is a transparent resin
covering film that is formed after the stripe-like black
mask 21 is formed in the direction perpendicular to the
first strip-like transparent electrodes 3a, and which has
inverted trapezoidal recessed portions 22a on the film
surface corresponding to the gaps of the black mask 21 is
formed on the surface of the second transparent substrate
5b that is opposed to the first transparent substrate 5a,
and the second strip-like transparent electrodes 30b are
formed in the recessed portions 22a of the resin £ilm 22.

Electrode end portions of the second strip-like transpa-

rent electrodes 30b extend along the shapes (inverted ta-



[ 0026] As a second step, next, the surface of the second transparent
substrate 5b that is opposed to the first transparent substrate 5a is
overcoated with a transparent resin (coating naterial) at a predeterm ned

t hi ckness, thereby forming the transparent resin film 22 having the

I nverted trapezoidal recessed portions 22a, on a filmsurface correspondi ng
to the gaps of the black mask 21. In ordér to formthe recessed portions
22a, it is ainmed that the thickness ratio between the black mask 21 and the

in fil L.eagl; : hoef d : | is -
(53 Lo 2 bekBalai B, AL plaeasaki! ekl ecosagsoancsinpnit |-

t t electrod 0 f it : [ .whi ch
are i h the fITEsGRFagS IOt Ho 4 Ge ot Fon B GREPEEH;BARE, BaoReR 00
t t el ectrodes 30h . f d_int det I ged

(St11 po- 1 keSBEOPEr HEBP TG ni2a PPRACDS (HETHEIET | v s T TRcE6P ehe
resin film22 by vapor deposition or sputterjng, 8gd t hereafter gerforning
a photo et chPhyiBroLEes. EY R IR He SR WFPFov 80P HRFET 0 AR ERESEEEE r ode

end portions of the second strip-like transparent el ectrodes 30b which are
encl osed by traraseidal| ishéP<ext efdingPoie plurality of second strip-

like transparent electrodes 30b are formed in parallel to
the direction perpendicular to the first strip-like trans-
parent electrodes 3a, on the surface (the film surface of
the resin film 22) of the second transparent substrate 5b
that is opposed to the first transparent substrate 5a, the
second strip-like transparent electrodes are formed as a
whole into a stripe-like pattern.

[0024] The second alignment film 4b is formed on the film
surface of the resin film 22 which is flattened by embed-
ding the second strip-~like transparent electrodes 30b into
the recessed portions 22a.

[0025] An example of the method of producing the inverted
trapezoidal second strip-like transparent electrodes 30b
will be described. As a first step, first, the stripe-
like black mask 21 is formed in the direction perpendicu-
lar to the first strip-like transparent electrodes 3a, on
one substrate surface of the second transparent substrate
5b. For example, the black mask 21 is formed into a pre-
determined shape (stripe-like pattern) by applyingva pho-

tosensitive black mask material at a predetermined thick-



- 19 - the shapes (inverted tapered shapes) of the end portions of the
recessed portions 22a, with the result that, unlike the conventi onal
trapezoi dal second strip-like transparent el ectrodes 3b, the second
strip-like transparent el ectrodes 30b have an inverted trapezoi dal shape.
Since the plurality of second strip-like transparent el ectrodes 30b are
formed in parallel to the direction perpéfdicular to the first strip-like
transparent electrodes 3a, on the surface (the filmsurface of the resin

film22) of fhe sgpopdet ARTRALGRL +3URE! LALE AR LiRaknls seRRAsed 1:Q sHiae

first transparent substrate 5a, the second strip-like transparent

el ectrodes are_for ol e_in ipe-Li ern 29l 110 the
vertically afﬁaﬁeaﬁgﬁggagc%ﬁ %Indd}tgf?ae%%ratﬁgapgkﬁgrglghéf % ﬁggg:?r’b%h—ic%ent ,
therefore, the second strip-like transparent el ectrodes 3a, which are
conven-tionafP"y PF85EZ8idal, are formed into an inverted trape-zoidal

shape, whereby the overall surfaces of the second s rig-&%¥ettransparent
el ect P26 130h onPEhe sFEEOBE (HFR i qiPEter YISl SPEYRPS8 O%F etRRaSEFA a
pl ane which is parallel to the first _and second transparent substrates 5a
and 5b, and, tZ3nspaxanhy $HeSERRER AR ofBaftn FF g oPRAPE t ke cthet Aiest el d
which is produced by the OFF voltage that is applied between the first and
second st ri ptirekspargnspsubsitratectiades Suenpdated withl pgrtegnsparent
substantially - 20 - in parallel to the direction perpendicular to the
first and secesdntr {ospbingt matstiakles afa andeBidetermiredt Hhivkidiss,
portions (pixel mddle portion) and end portions (pixel peripheral portion)
of the first thedebgcdutnsiing pthe keranapapanéntresliactfiokhes23ahardngb the a
pi xel .
inverted trapezoidal recessed portions 22a, on a film sur-
face corresponding to the gaps of the black mask 21. In
order to form the recessed portions 22a, it is aimed that
the thickness ratio between the black mask 21 and the re-
sin film 22 is 1:2 to 1:5, and the depth of the recessed
portions 22a is 0.1 to 0.5 um.

[0027] As a third step, finally, the second strip-like
transparent electrodes 30b are formed in the recessed por-
tions 22a which are in the film surface of the resin film
22. The second strip-like transparent electrodes 30b are
formed into a predetermined shape (stripe-like pattern) by
forming a film on the whole film surface of the resin film
22 by vapor deposition or sputtering, and thereafter per-
forming a photo etching process.

[0028] As described above, therefore, the electrode end

portions of the second strip-like transparent electrodes

30b which are enclosed by the dotted lines extend along



[ 0030] Therefore, generation of an oblique electric field in the periphery
of a non-sel ected pixel can be suppressed, and di sturbances which are due
to the oblique electric field can be suppressed in the alignnment of the
liquid crystal nolecules 8a in a non-sel ected pixel. Al though the bl ack
mask 21 is placed on the back sides of and between the the second
strip-like transparent el ectrodes 30b, Toredver, shapi ng of the second
strip-like transparent electrodes into an inverted trapezoidal shape is

realized. Asiad esHdes | (ihdePRSE RhBeladPsMpdR)t Nor | LAY dnal Ydrdli flisSP! ay
apparatus and net hod of producing transparent el ectrodes in which, wthout

reduci ng the aPaiiinedAtin Yo math el . Wilihteleakans d rame Renaer ol

portion of a non-selected plXel can be suppressed nore sure th the

A ko e L

oL gned 19U Sraatal, sl PR 20,08 YURCiot iEntend Pk,

i trodes 30b have an inverted trapezoidal shape. Since the
plurality of second strip-like transparent electrodes 30b
are formed in parallel to the direction perpendicular to
the first strip-like transparent electrodes 3a, on the
surface (the film surface of the resin film 22) of the
second transparent substrate 5b that is opposed to the
first transparent substrate 5a, the second strip-like
transparent electrodes are formed as a whole into a
stripe-like pattern.

[0029] In the vertically aligned 1liquid crystal display
apparatus 20 of the embodiment, therefore, the second
strip-like transparent electrodes 3a, which are conven-
tionally trapezoidal, are formed into an inverted trape-
zoidal shape, whereby the overall surfaces of the second
strip-like transparent electrodes 30b on the side of the
liquid crystal layer 8 are placed in a plane which is pa-
rallel to the first and second transparent substrates 5a
and 5b, and, as shown by the solid arrows in Fig. 1(b),
the electric field which is produced by the OFF voltage

that is applied between the first and second strip-like

transparent electrodes 3a and 30b is aligned substantially



transparent electrodes are forned on the front substrate which is on the
side of the display screen. Alternatively, these may be forned on the rear
substrate which is on the side of the backlight, or may be fornmed on both
the front substrate and the rear substrate. The invention is not limted to
t he enbodi nent, and may be variously nodified w thout departing fromthe
spirit of the invention. Description of” R&f et ence Numeral s [ 0032]
lvertically aligned liquid crystal display apparatus 3a first strip-Ilike

transparent ghegid04e 30brseqand &ifé@tiér'fephﬁrggiail’cﬁﬂhre|t§FtEﬂge £33t st
transparent substrate 5b second transparent substrate
and second transparent substrates 5a and 5b, in both the
middle portions (pixel middle portion) and end portions
(pixel peripheral portion) of the first and second strip-
like transparent electrodes 3a and 3b in a pixel.

[00301] Therefore, generation of an oblique electric field in
the periphery of a non-selected pixel can be suppressed,
and disturbances which are due to the oblique electric
field can be suppressed in the alignment of the liquid
crystal molecules 8a in a non-selected pixel. Although
the black mask 21 is placed on the back sides of and be-
tween the the second strip-like transparent electrodes 30b,
moreover, shaping of the second strip-like transparent
electrodes into an inverted trapezoidal shape is realized.

As a result, it is possible to provide the liquid crystal
display apparatus and method of producing transparent
electrodes in which, without reducing the aperture ratio
of each pixel, light leakage from a peripheral portion of
a non-selected pixel can be suppressed more surely by both
the inverted trapezoidal second strip-like transparent
electrodes 30b and the black mask 31, and the contrast can
be improved.

[0031] In the vertically aligned 1liquid crystal display
apparatus 20 of the embodiment, the black mask, the resin

film, and the inverted trapezoidal second strip-like



8liquid crystal layer 21 black mask 22 resin film 22a recessed portion

22 - Cains

[0032]

- 21 -

transparent electrodes are formed on the front substrate
which is on the side of the display screen. Alternatively,
these may be formed on the rear substrate which is on the
side of the backlight, or may be formed on both the front
substrate and the rear substrate. The invention is not
limited to the embodiment, and may be variously modified
without departing from the spirit of the invention.
Description of Reference Numerals

1 vertically aligned liquid crystal display apparatus
3a first strip-like transparent electrode

30b second strip-like transparent electrode

5a first transparent substrate

5b second transparent substrate

8 liquid crystal layer

21 black mask

22 resin film

22a recessed portion



[Claim1l] Aliquid crystal display apparatus characterized in that said
apparatus includes: first and second transparent substrates which are
opposed to each other to be placed through a predeterm ned gap; a liquid
crystal |ayer which is placed between opposed surfaces of said first and
second transparent substrates; first strip-like transparent el ectrodes
which are formed in a stripe-like patterdZon a surface of said first
transparent substrate that is opposed to said second transparent substrate;
a transparent resin filmuwhich is atynsparent resin covering filmthat is
formed after a stripe-like black mask 1s formed in a direction

perpendicul ar .to said first strip-like transpare | egt.rodes. .on surface
of saﬁgigégo%& trgngﬁgPéﬁt?ﬁﬁ%ﬁ$%l%lf%%?yi§ 865%%8 té?%ﬁﬁé?%ﬁﬁ%;éiln
transparent substrate, said resin filmhaving jnverted trapgezoidal_ recessed
portions in &3F| % r?%ﬁ%r%ﬁ??eéﬁﬁ%ﬂa%ﬁ't%lgﬁ s3B¢ §3F8nglgfﬁnﬁ8§ﬁ?n5nd
second strip-like transparent el ectrodes _which are fornmed in _said_ recessed
portions of SWPIt¥a&Es PPLRPR AR vPPRASPAVECaPATh ePERETt £2p&R i BERCRape.
[Caim2] A nmethod of producing transparent electrodes which is a nethod of
produci ng sathreegbnd prefpterraénedagepar entlicTwd roeestah 1aver vaigh
crystal display apparatus of claiml, characterized in that, after said
stripe-like btagdansk betwaemedopposkd dfnrfacen pef paafitufarsto and23 -
said first strip-like transparent el ectrodes, on said surface of said
second transpacend suxhaispatrenthatubstoppesedftiossaistiip-siike ahspaspat
substrate, overcoating with a transparent resin is perfornmed to forma
transparent restneletirvleshwhashi aver tfedniedapar ca daktripeessked pattepas on
said filmsurface corresponding to the gaps of said black nask, and said
second stripohi ke durFasRAreNt s&1 @CFLEERS tiat sRirad | Sulsstxh teCErsEdis

portions of said resin film thereby obtaining said second strip-1like
transparent ghesteQdes Wi bayEnan travephednt’ aigsiidale ShaP@ranspa-
rent resin film which is a transparent resin covering film
that is formed after a stripe-like black mask is formed in
a direction perpendicular to said first strip-like trans-
parent electrodes, on a surface of said second transparent
substrate that is opposed to said first transparent sub-
strate, said resin film having inverted trapezoidal re-
cessed portions in a film surface corresponding to gaps of
said black mask; and second strip-like transparent elec-
trodes which are formed in said recessed portions of said
resin film, and which have an inverted trapezoidal shape.
[Claim 2] A method of producing transparent electrodes which is
a method of producing said second strip-like transparent
electrodes in the 1liquid crystal display apparatus of

claim 1, characterized in that, after said stripe-like

black mask is formed in the direction perpendicular to



- 23 -

said first strip-like transparent electrodes, on said sur-
face of said second transparent substrate that is opposed
to said first transparent substrate, overcoating with a
transparent resin is performed to form a transparent resin
film which has inverted trapezoidal recessed portions on
said film surface corresponding to the gaps of said black
mask, and said second strip-like transparent electrodes
~are formed in said recessed portions of said resin £film,
thereby obtaining said second strip-like transparent elec-

trodes which have an inverted trapezoidal shape.



