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ACTI VE- MATRI X LI QUI D CRYSTAL Di SPLAY BACKGROUND OF THE3307
| NVENTI ON : The present invention relates'j¥y31 j ve- 86/29
matri x liquid crystal display device. In 11 quildfcrystal

di spl ay devices, displaying 5 is performed by varying the optical
properties of the

ACTIVE-MATRIX LIQUID CRYSTAL DISPLAY



liquid crystal |ayer disposed between the substrates by changi ng t he
alignment direction of the liquid crystal nol ecul es in the layer by
applying an electric field thereto. 1 The conventiona
active-matrix liquid crystal di spl ays have predom nantly been of the
tw sted nematic (TN) node in which the direction of the electric field
applied to the liquid crystal nolecules is set to be substantially
vertical to the substrate plane, and 15 display is perforned by naki ng use
of optical rotatory power of the liquid crystals. On

t he ot her hand, a system whi ch nakes use of the birefringence effect
of the liquid crystals by setting the direction of the electric field

applied to 20 tgiegdutitinéh O Ste StewerGwbst antially parallel to the

substrate plane by using interdigital electrodes (in- pl ane switching

nmode) has been proposed i mphd Present | fifierttion HEIRGEE TP @h avtiWe-
91/ 10936 (JP-T 5-505247). This in-plane switching node has the

advant ages of winfiridb MQidcryst£l adisplay |dexdic@pacity in conparison
W th ' -2- t he conventional TN -
mode, and is a pronising thchniquied crydtal tdisplase|depniares ofd iampliaydngt ri x
liquid crystal di spl ays. In this in-plane swtching
mode, howeves, is performed by varying the optical properties of the
liquid crystal layer disposed between the substrates by
changing the alignment direction of the liquid crystal
molecules in the layer by applying an electric field
thereto. |
10 The conventional active-matrix liquid crystal
displays have predominantly been of the twisted nematic
(TN) mode in which the direction of the electric field
applied to the liguid crystal molecules is set to be
substantially vertical to the substrate plane, and
15 display.is performed by making use of optical rotatory
power of the liquid crystals.

On the other hand, a system which makes use of
the birefringence effect of the liquid crystals by |
setting the direction of the electric field applied to

20 the liquid crystals to be substantially parallel to the
substrate plane'by using interdigital electrodes (in-
plane switching mode) has been proposed in, for
instance, JP-B 63-21907 and WO 91/10936 (JP-T 5-505247).

This in-plane switching mode has the advantages of wide

25 viewing angle and low load capacity in comparison with



5 since it utilizes the birefringence effect of the liquid crystals for

maki ng display, it is necessary to set the gap between the substrates
(liquid crystal |ayer thick- ness) to bg about 4 [err]m which is
notably smaller than that of the TN nbdé (about 10 [err]n) for

obtaining a 10 dlsplay performance equ to, the TN node., Y,
reduction of théhleaf@ln eRtdonads T "‘?&@'I A0S S fe PO Sing teﬁ?‘P&@H@e of

display irregularit nonunlfor f bet ween .t he

substr at es, giv% % %F3 %E%ﬁ%agﬁbnggr&étjﬁ%gﬂgtl5X gﬁldlsplayed
I mge quality %5 aqq reductlon of yield resulting in | owered mass :
productivity. The gap betmeen the substrates is controlled

to a specified val ue by di %p%5§|nq 9 24 %ﬁ@%ﬁl gz&ﬁ e, hoRRSE! caI

pol ymer beads as spacer o t he opposing 2 substr et ween i'ch the

l'iquid crysta E&h%% 1% utildizEHRO9E birefringence efifedth@fathievaibRiiG X
liquid crystal display devices, a level difference of up to about 1

[err]m may be cry@t@i@@bﬂMﬂﬁ&ngl&jfﬁpﬁye, du fisc ;etiesshe yato setelt@eent
25 form ng section, and a certain degree of nonuniformty of the

| nt er - subst r at e ggg@p biekviewsy ithebsphetomiced (Atiguid crystialellayegi ¢inickoo,
due to a delicate rel ation between said level difference _and dispersion
of said spacer ness) to be about 4 um, which is notabjy smaller than
that of the TN mode (about 10 um), for obtaining a
10 display performance equal to the TN mode. Generally,
reduction.of the layer thickness brings into relief the
influence of display irregularity due to nonuniformity
of the gap between the substrates, giving rise ﬁo such
problems as deterioraﬁion of displayed image gquality
15 and reduction of yield resulting in lowered mass
productivity.

The gap between the substrates is controlled
to a épecified value by dispersing the uniformly sized
spherical polymer beads as spacer of the opposing

20 substrates between which the liquid crystal layer is
disposed.

In the active-matrix liquid crystal display
devices, a level difference of up to about 1 um may be
produced on thé substrate surface at the active element

25 fofming section, and a certain degree of nonuniformity
of the inter-substrate gap is inevitably produced at the
pixel region, too, due to a delicate relation between

said level difference and dispersion of said spacer



beads. In the in-plane switching node, the sane degree of
gap irreqgularity represents a far greater rate . of gap variation than in
the TN node because of snaller 5 inter-substrate gap, so that the

techni ques for | essen- ing or elinminafi®g display irregularity due to
non- uniformty of said gap are of vital inportance for the

i n-pl ane swi t chibegdfode. Further, according to the known TN
node, there 10 is no dependence ,of the threshqgl.d voltage on the gap

bet ween the substrates (dd& ttﬁ‘e\/di’{'é%jl@qee%%sq%ﬂi’\ﬂ @edey t%ev\ﬁiaF“@ accordi ng
to the in-plane mﬁtch%gg node, _since .. the ga q%%me the s bstra&gs

i ndependently c i9uHs 93P i & at%té%tﬁﬁﬁfg%q & (‘fife FEF5EH Fate
responsitivity) 5 together, wi th.the gap.betwuee | ect r.odes H{?ge et al.
hop - Phys. | Lut OF SRR Jr L WiAEHERmE P S dd B de gy,
control of the I NBRN S t ' Npretetcls ARY OF
THE | NVENTI ON %8&&6 ll#%e gpar%'s:agrﬁ 1{}‘r?f%/ﬁ(:n%tﬂle('s)n S eﬁﬁés‘sagfgcf tloegso ve

the above probl amy ANGTiiddt SnP WPy | ir MG PAHue to #dn-ve-matrix
liquid crystal display device enploying the in-plane sw tching node,

which is mnimZad fickntity of sditsjap rface Aff nauyll fisMportamye iforediHearity
of display 25 resulting fromvariation of the gap between the
substrat es, and iwrpdlanes ssiscclciappbiadenf di spl aying hi gh-quality
i mges and has excellent mass productivity.
' Further, according to the known TN mode, there
10 1is no dependence of the threshold voltage on the gap
between the substrates (due to voltage responsitivity),
while according to the in-plane switching mode, since
the gap between the substrates independently contributes
to the threshold voltage (due to field responsitivity)
15 together with the gap between electrodes (Oh-e, et al.
Appl. Phys. Lett. 67 (26), 1996, pp 3895-3897),

particularly severe control of the gap between the

substrates is necessary.

SUMMARY OF THE INVENTION

20 The present invention is envisaged to solve
the above problems, and for this purpose, it provides an
sctive—matrix liquid crystal display device employing
Ithe in-plane switching mode, which is minimized'in or
almost free of nonuniformity or irregularity of display

25 resulting from variation of the gap between the
substrates, and which is also capable of displaying

high-quality images and has excellent mass productivity.



-4- - : The active-matrix liquid crystal display devi ce
according to the present invention conprises a group of electrodes for
applying an electric field to the liquid crystal |ayer disposed between
a pair of 5 substrates, said electric fiefd™ belng parallel to the

pl ane of said substrates, active elenents prqvi Qnnection to

said el ectrodes, and an afhgn@&Hivies ?@F@ llquWﬁlEﬁy§FP&nélFP a¥i qui d
crystal nol ecul es |n the suba{ag%}al d|re t.ion at the interface

between 10 sa®§Vii (f%ﬁ? é&ge Nof~OfR& L5€8 Spp03|ng
substrates, whel gl R RildANAUAUI ¥o. fag,gh{g,m& FrIER P 21305 O

strength of tor & oring o nol ecul es and

said al Lonment WAt ; qui d Weyiltaat g égas'aaofbett%énntaega%e%fbetween

said 15 liquid cryst aye opposSi ng substrates, i s et t

be not |ess tshap,}rahtdd]le A RARGId Meld beihy HRra11€1 ®¥ ¢he ystal

| ayer thickness). The "extrapol ation I'ength" refers to the
increment of thelapealcitsdid eubEtidtel e i veh el entts2@riovddied dmyst al
cel | behaves like a cell having a greater i nter-substrate gap than the
actual gap in tgomedftiidie to saildiredsdvtirbddsyr atid rars aldygnmenaplayeat(isgn of
an electric field, in case the interfacial anchoring is weak and

finite (de Gennedichhallgrs dheoflilguiid cr@rststlamol@cudes i25 the versity
Press, 1974 .page 75).
substantlally same direction at the interface between
10 said liquid crystal layer and at least one of the
opposing substrates, wherein the extrapolatioh length,
which expresses the strength of tortional anchoring of
the'liquid crystal molecules and said alignment layer
surface at one or both of the interfaces between said
15 1liquid crystal layer and said opposing substrates, is
set to be not less than 10% of the gap between the
substrates (liquid crystal layer thickness).
The "extrapolation length" refers to the
increment of the apparent inter-substrate gap when the
20 1liquid crystal cell behaves like a cell having a greater
inter-substrate gap than the actual gap in terms of the
threshold characteristics on application of an electric
field, in case the interfacial anchoring is weak and
finite (de Gennes: The Physics of Liquid Crystal, Oxford
25 University Press, 1974, page 75).
The alignment layer used in the present
invention may be one in which the tortional anchoring

coefficient A2 at the alignment layer surface against



The alignnment |ayer used in the present I nvention may be one in which

the tortional anchoring coefficient A2 at the alignnent |ayer surface
agai nst the liquid crystal nolecules at the interface is |ess
than 20 [err]N'm Regar di ng #h& nethod for changing the
optical - properties according to the status of nplecul ar align- 5 nent
of said |iquid &hestdiauig arystal aabaradias@t Fhe interfacs,iis Jess

pol ari zers arranged to have their axes of pol ari zation crossed at right
angl es with eacﬁgﬁﬁhéﬁ,uN Me.and to select the parameter d.An (d: liquid

Oyl sty Cr L CKnes el A R 40 WlaHRHEPHR' ot cplf

|l iquid crystal conpositionf 0 asto'sa

[err]nxd.[err]n r : ISy [ t:he, _
control l ed ali gr?ée%ﬂ%r[ﬁeg Eﬁ%ce%ﬁqlon otfo tthhee Iél%auq% ﬁg%tg%ge}?alelgﬁ S sub-
stantial |y the sk e e d ddiedammbaara) sal ds Kxdddwnt ¢o/st al

| ayer and said pair of substratwes. Al so, at | east one of the

alignment |ayer gse a gadreidf @olsd ke drrmimfed TP MR alles rmagesoiofan
organi ¢ pol yner containing a polyner and/or oligomer in whi ch t he

pol ynmeri zat e of podiag-icdadiiomidndssesi grioupight?2 @yl sowifdh @achgothes ,
provided in the amne or acid noi ety accounts for 5-30% of the total
nunber of nol esand to select the parameter d-An (d: liquid crystal
layer thickness; An: refraétive index anisotropy of the
10 1liquid crystal composition) so as to satisfy the
_relation of 0.2 uym<d-+An <0.5 um.

It is desirable that the controlled alignment
direction of the liquid crystal molecules is sub-
stantially the same at the two interfaces between said

15 1liquid cfystal layer and said pair of substrates.

Also, at least one of the alignment layers
formed on said substrates is preferably made of an
organic polymer containing a polymer and/or oligomer in
which the polymerizate of long-chain alkylene groups

20 and/or fluoro groups provided in the amine or acid
moiety accounts for 5-30% of the total number of moles.
' The polymer and/or ocligomer used in said
alignment layer are preferably those having a weight-
average mbiecular weight of 2,000-90,000. The long-
25 chain alkylene groups and/or fluoro groups in the
polymer may be main chain type, side chain type or

terminal type.

The alignment layer is preferably made of an



The pol yner and/ or oligonér used in said al i gnnent | ayer are

preferably those having a wei ght- aver age nol ecul ar wei ght of
2, 000-90, 000. The long- 25 chain al kylene groups and/or fluoro groups in
t he pol yner may be nain chain type, Si e"chain type or term na

type. .The alignnment |ayer is preferably made of an

-%P organic°58P9&€rPﬁ&?h%ﬁnﬁﬁﬁﬁ$ﬁﬁiﬂﬁﬁﬂ Ehé 0 grgrps and/pPror g
, which includ | .and/. lJ - ' i d.i.m t ,

gl(r)?);ﬁ'sar a_nld{cgrl gﬁpégﬁzlg%f)%%%”%’h&n&r} rt:lgxéi:e%ﬁgfrp r}g}nﬁ A5 /3% ?1'1gog|.%;_ype

ol i gomer - i mi dosi ane, . 0 -a -i mide

typg. It is al sghﬂé Q%&?gﬁgﬁlﬁgyééép?r?i rgez;:ﬁ%g{ glryr?grg'aogtegi %gaﬁom

dehydrati on ri ngyple0Siyed yifdaCdnlyd o iRRImMATEi ndddsall oxaneOltiy@RTEanaN C

acid conpri sing single<ring rigid di am ne as am ne noi éfy and an

al i phatic tekr apaimer! and/Ht aigotier+anddeddnddd @ypen alTitciel adso
tetracarboxylic aci d di anhydride and an aromatic tetracarboxylic acid
di anhydri de havpogsible tkaiuse \yre drgagpichpolyaletylobtained §romps and/ or
fluoro groups as acid noiety. Accordi ng to an enbodi nent of
active-matrix @ehlyidgaitd cor ywsing-adicsiingy réadtdenofoft lae poleygent andyent i on,
at least one of the alignnent |ayers forned on the substrates nmay be an
i nor gani ¢ mat er cdigompar-amile acid comprising a single-ring rigid
diamine as amine moiety and an aliphatic tetracarboxylic
10 acid dianhydride and/or an alicyclic tetracarboxylic
acid dianhydride and an aromatic tetracarboxylic acid
dianhydride having main chain type long-chain alkylene
groups and/or fluoro groups as acid moiety.
According to an embodiment of active-matrix
15 1liquid crystal display device of the present invention,
at least one of the alignment layers formed on the
substrates may be an inorganic material layer. This
inorganic material layer is preferably an inorganic
alignment layer which has been surface treated by
20 oblique evaporation technique. In case of using such an
inorganic alignment layer, an organic alignment layer
may be used as the other alignment layer. Such an
organic alignment layer is preferably a layer of an
organic polymer which has had a rubbing treatment..
25 According to an embodiment of the electrodes
and active elements used in the present invention, it is

desirable that these are formed only on one of the pair-

ing substrates, and that the outermost surface of this



i norganic material layer is preferably an inorganic al i gnnent | ayer
whi ch has been surface treated by 20 oblique evaporation technique. In
case of using such an i norgani c alignnent |ayer, an organic alignment
| ayer may be used as the other alignmerdt 7 ayer. Such an organic

alignment layer is preferably a |ayer of an . organjc polyner. which has
had a rubbing t ralsigite Issconstituteq by ap n’g“‘?‘iﬁ%%ﬂ&ﬁﬂ?ﬁi‘t I#yeie

el ectrodes and active elenments used in.the present inventiqn, it is
desirabl e that these are A H?ﬁ;}:%r? Gt e{gr}pg%gn_t of' ﬁ%g“’e'
substrates, and at. e qut er r 1S
-7- subst rat“éarﬁél%gnls%‘ﬁt@%glgfanéf%a?ané%ln% eorfl aﬁh‘f a‘?yreers.ent
According to anat di LV, h | | opy

gghﬁa” nE BRI B Lt AGHd Ve ¢ e talﬁ[f’i‘édxﬂ‘edé cnla#ﬁyﬁ ed

di spl ay device e present I nventi on, east one e al 1 gnnent

layers fornmeds HPrHd & dA5aPEL v& s St d P mAPbd G Adyieroffa a

photoreactive material. Such a photoreactive material | ayer is
preferably a phaghotacddetrive igarerial ayesuch a Whetoresc s ety eiciled to
i nearly polarized |ight irradiation treatment, and such a
phot oreacti ve alliayer id pmeferabky a sphotdreadtiversalgriment drageer c
pol ymer contai ning a polyner and/or oligoner having at |east one
di azobenzene gr sdpich has been subjected to linearly polarized light
irradiation treatment, and such a photoreactive align-
10 ment layer is preferably made of an organic polymer
containing a polymer and/or oligomer. having at least one

diazobenzene group.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, features and
15 advantages of the present invention will be understood
more clearly from reviewing the following detailed
description with reference to the accompanying drawings,
wherein:
FIGS. 1A, 1B, 1C and 1D are the schematic
20 illustrations of behavior of the liquid crystal
molecules in the liquid crystal display device according
to the present invention. FIGS. 1A and 1C show the
states of the liquid crystal molecules in a situation
where no electric field has been applied, and FIGS. 1B
25 and 1D show the states of the liquid crystal molecules

in a situation where an electric field has been applied.
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ON OF THE DRAW NGS These and ot her objects,
5 advant ages of the present invention will be understood
omreviewi ng the foll owi ng detail ed description with
e acconpanyi ng draw ngs, — 8wherein: ' ' FI GS
1D are the schematic 20 illustrations of behavior of the

nmol ecuF&6.i @ dBdustyatescppdesl ancbprapadandce accordi ng
i nvention. FIGS. 1A and 1C show. the states of the liquid

sorphopadi apghiogiing ofytdee Iigudde Sr¥stati Brderid egeon
. 1B §5 %nd 1D show the states of the liquid crystal
thea SuPsEIAtEn P&®1n el ectric field has been appli ed.

FIG 2. prkisly akes aobah 2REM9nG"eng liect bopakona)

e liquid crystal I he™"Su rate s ace.

EBa%Q%ggQQsttll%sao‘%Cttrh%' %@lne s@i?&?fréﬂ ! flogel.i cs of the

I ng no . 4A and 4B &are graphic
the eirest.r aaophidcalp ghar aehphiiet i23usrhBgodgvbge of

invention. FIG 4A shows the characteristics observed
thehelient rios-opttioa), chad adt@riéBickl ishahe deewice of the
seen when torsional anchoring

present invention. FIG. 4A shows the characteristics
observed when torsional anchoring is strong, and FIG. 4B
shows the characteristics seen when torsional anchoring
is weak.

FIG. 5 is a graph showing the relation between
the extrapolation length/liquid crystal layer thickness
ratio and the index of reduction of luminance variation
by the weak torsional anchoring effect.

FIG. 6 is a structural illustration of thin-

film transistors, electrodes and wiring in the device of

" the present invention. FIG. 6a is a frontal view, and

20

25

FIGS. 6b and 6c are the side sectional views.

FIG. 7 is a graph showing the results of
determinations in an example of the present invention.

FIG. 8 is a graph showing the results of
determinations in another example of the present
invention.

FIG. 9 is a graph showing the results of
determinations in still another example of the present

invention.



s weak. FIG 5 is a graph show ng the relation between

the extrapolation length/liquid crystal |ayer thickness rati o and the
i ndex of reduction of |um nance variation 15 by the weak torsional
anchoring effect. FIG 6 i5 & Structural illustration of

t hi n- filmtransistors, electrodes and wiring in_the device of

the present invention. Fl&IGallsig & g¥@Rh whowing,fhe resples ofp and 6¢
are the side sectional, views. 20 . FIG 7.s raph show.ng the
fesults of ASEETRLRAGISRS (1D et ARRRRETRRATPLS Shothe RF&ERIN.

FIG 8 is a graph shqQwi ng the results of determ nations in another
exanpl e of the &ﬂ&ﬁﬁ%?on‘ invention. 25 FIG 9 is a graph
showi ng the results of F.:[((1;e_t G.‘Lrlmirl:atai %r}%ﬂ'hn sﬁ&v)ilngar%?zteh?res%ﬁggplo% of the

pr esent i nventi on.

FIG 10 is asgr gateriaWaid ddie irr?%“éo?nﬁgrativéi%rdﬁg{%tdfo%é 'i:rlé"ster&EOt her

exanpl e of the present I nventi on. 11 1s”a grap
showi ng the resyhvenfio determ nations in a conparative exanple of the
pr esent i nvention. . FIG 12 is a graph show ng the
results of FIG. 12 is a graph showing the results of

determinations in another comparative example'of the
present invention. |
10 FIG. 13 is a graph showing the results of
determinations in still another comparative example of
the present invention.
FIG. 14 is a graph showing the results of
determinations in yet another comparative example of the

15 present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Firstly, in the in-plane switching mode
embodying the present invention, the torsional anchoring
between the liquid crystal molecules and the alignment
20 1layer surface at their interface is set to such a.low
level that the extrapolation length, which is an index
of torsional anchoring strength, will become 10% or more
than 10% of the gap between the substrates.
The working principles of the in-plane
25 switching mode which underlie the present invention are
explained with reference to a model case shown in FIG.

1. FIGS. 1A and 1B are the sectional illustrations of



determ nations in another conparative exanple of the presént I nventi on.
10 FIG 13 is a graph showing the results of determ nati ons
in still another conparative exanpl e of t he present invention.

FIG 14 is a graph showing the results of™ 10 Feterminations in yet anot her
conparative exanple qQf the 15 present invention. DESCRI_PTI OF THE
PREFERRED EMBODP@BRF4Or of the 1q“14:|9fs>t%’3?1 |“}P]ter$‘éﬂﬁ? pitafe Wi ng

node enbodyj ng .t he prese nti.on, the tor, nal anchorin

between the Iiqfi% é’%&"'\%t n‘ec‘tﬁ] tgn A READE | 0% PG 7eP®Ur f ace at
their interface et S t { ol_at
| ength, which i ;‘I}ﬁ (S’Ea n&IClrb a#et Vgrhs? ofnré e"‘cf?%)lr Sgnsg ési}eerr:e)n&gﬁ’ 3% qiljt%become

10% or nore BiHq T t
The0 wor ki ng pri el pl e?joq} q{?e t?ﬁ %&ngﬁ{%gﬁ; l{be lr%%irrgog"tse hlocw# Jln I e
‘the present igivention arep sect‘%ﬂ Y &heMddl 1 ‘”é‘ﬁeﬁreﬁ@cﬁ QA viAdglgecase

shown in FIG 1. FIGS. 1A and 1B are the sectional |IIustrat|ons of
- 10 - behay f;ﬂléa‘ fdesHawrtli th st ala ) ART W &rdrtal Vidd Ghereof
crystal elenment of the in-plane swtching node, and FIGS. 1C and 1D

are the frontal s emowhdre®EIGa JOU t ihinear electrodes 4, 1 are formed

on the inside of one of the substrates. The surfaces. of
both of the pairing substrates are constituted by an

10 alignment layer, and a liquid crystal composition is
sandwiched between the substrates. (In this instance,
dielectric anisotropy of the composition is supposed to
be positive, but the in-plane switching mode can be
similarly realized with a negative liquid crystal

15 composition by simply interchanging the direction of the
major axis and the minor axis of the liquid crystal
molecules.) |

~ The rod-like liquid crystal molecules 6 are

aligned in the direction indicated by 10, which has a

20 slight angular difference from the longitudinal
direction (in the frontal view of FIG. 1C) of fhe
electrodes 4, 1, at the interface of the two substrates
by anchoring with the alignment layers 5. They stay in
this state almost uniformly in the liquid crystal layer

25 when no voltage is applied. |

Here, when different potentials are given to

the pixel electrode 4 and the common electrode 1 to

generate an electric field 9 in the liquid crystal



corresponding to only one of the pixels is shown here). 5 A

section on the cell side with no voltage applied is shown in FIG 1A
and a frontal view thereof i's shown in1 | G 1C. Linear electrodes 4, 1
are forned on the inside of one of the substrates. The surfaces of

boun of the el m& faffsﬁ% o R b, P OB
I t hi ' t {.

TEREERESEL S h ﬁ@%sﬁ%rélﬁﬁ%%%f%m%?aé%;#%e

sim lariy realizeg dud hal GO Xt 1 HIdE SRR c 1B ARMAS dtidh i 51 !y

i nt erchangi ng the rect | on of maj or axi s an m nor axi s of
the liquid CrYStF'ﬂI'GS. 1B rg}{aaqﬁ &y )the interaction o-@‘eclfé)(&ﬂélke%ﬂﬂl@' d

crystal nolecules 6 are aligned in the direction indicated by 10,
which has a 20 gisg¥ropygwmrerl fIrfeid ecdysial ongudidich rald the
direction (in the frontal view of FIG 1C of the el ectrodes 4, 1, at
the interface ofelldotrivo fidisd s atBsis mot inatex lrehange tdf tthe aptdroaant

| ayers 5. They stay in this state alnmost uniformy in the liquid
crystal |layer ZFopenties of tthe liguppidrystal element by theeramtidmen
different potentials are given to t he pi xel electrode 4 and the conmon

electrode 1 to of thgermefractive|indexr anisvtrapy of Hee iligwi & grsstial

composition layer and the polarizer 8, and such a change
10 prompts display.

Here, the relation between in-plane switching
mode and interfacial torsional anchoring is discussed
while making comparison with the conventional TN mode.

It is known that the alignment regulating

15 force (anchoring force) by anchoring of the alignment
layer and liquid crystal molecules varies significantly
depending on the material of the alignment layer and the
rubbing conditions, but it_aléo varies according to the
direction in which the alignment of the liquid crystal

20 molecules is changed on the alignment layer surface.

In the case of a liquid crystal material
having a positive dielectric anisotropy aligned
substantially horizontally on the surface, the change of
alignment of the liquid crystal molecules on the

25 substrate surface induced by the application of an
electric field is made in the direction rising up from
the surface in the TN mode in which the electric field

is applied substantially vertically to the substrate



conposition | ayer by the potential difference between the two

el ectrodes, the liquid crystal nolecules are turned to the direction of
electric field as shown in FIGS. 1B and_ 1D by the interaction of the
dielectric 5 anisotropy of the liquid cFy% al conposition and the

lectric field. Thi tivat h f th | cal . t f
The 11 quid orystHIEeTERRRY PHLIRURE CRARSS O THSTRITGCAT BATHGH, the

i sot f the |iguid | ! I t | ari 8,
andsuch & changt B G oGt ep of OB Sk | B pd U el T O
and such a change” BES o TR on
i soussed | wiTELCER rode R EECE, R LA e PGS Y 1

It is known thatgiker 2hi STPPipaesrieli 69 tHE S@bserdeaciwiéngader ce) by
anchoring of the alignnent | ayer and liquid crystal nolecul es varies

significantlys mhuglgpenéi aDignméhe regelatingffohee aat otii@ninteyficanikt he
rubbing conditions, but it also varies according to the direction in
whi ch the alignmragedfon heheé i pplar cayshatingOi hbhecrdesd | in cEBge2l 1w t he
al i gnnment | ayer surface. In the case of a liquid crystal

mat eri al havihe) copeantionalli ENemodeé s winiketibpis dbageddon the
substantially horizontally on the surface, the change of al i gnment of
the liquid crystepraboralianchering, absgubtlustratedfirFIGdutedibythte
application of an electric field is made in the direction risjng up
from t he sur¥rmRlane t 5l YhiRgcne@e nhi Caneral Ly ecPP1RT faRfRPTiNG is

10 very strong almost unexceptionally (Proust, et al:
Colloid & Polymer Sci., 254 , 672-673, 1976), while
torsional anchoring is relatively weak, and it is
practically possible to find out an alignment f£ilm which
shows weak torsionai anchoring as proposed in the

15 presen£ invention (Lévy, et al: Journal de Physique
Letters, Vol. 40, 1979, L-215). |

By weakly setting the torsional anchoring at
the liquid crystal/alignment layer interface so that the
extrapolation length will become greater than 10% of the

20 gap between the substrates, it is poésible, in the in-
plane switching mode, to lessen display irregularity
caused by nonuniformity of the gap between the
substrates as compared with the case of strong torsional
anchoring at said interface, even with a same degree of

25 gap nonuniformity.

The reason why display irregularity can be
lessened by weakening said torsional anchoring in the

in-plane switching mode is explained below.



Is applied substantially vertically to the substrate

- 12 - interface, while such change of alignnent is made in the
i n-plane direction of the surface in the |E§flane swi tching node in
which the electric field is applied antially parallel to the

substrate interface. 5 Thus t he allg nE _Egulating force at the
interface is based onFffie BoPERPRACROLY Ny FPPLERFEEcHar hakieR ofi
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alignnment filmwhi'ch shows weak forsional anchoring as proposed in the

15 present ipvegheoBhtbevpateerak: ofovanrihtdenPb¥sivglieage-luhehhace, Vol .
40, 1979, L-215). By weakly setting the torsional anchoring

at - t he |i quhdracyetridbticsgwirent theyénternt-subatease ghpt ofha liquid
extrapol ation length will becone greater than 10% of the .20 gap between

t he substrates, crystalpedeimensg, was changed sligpktaye ($0d)chnngonpede, to

| essen display irregularity caused by nonuniformty of the gap between
t he substraspgngsncenpar@arwathoph@fcageuaﬁfgrm@hg o6r §hengep.

The threshold voltage Ve of the change of

10 alignment (Fredericksz transition) for the in-plane
field of the liquid crystal molecules in the in-plane
switching mode with equal torsional anchoring at the
interfaces of the liquid crystal layer and the two
pairing substrates is approximétely given by the

15 following equation (Yokoyama: Mol. Cryst. Lig. Cryst.,
1988, Vol. 165, pp. 265-316; Oh-e, et al: Appl. Phys.
Lett., Vol. 67, 1995, pp. 3895-3897):

Ve = (ng/(d + 2b)) V(K2/Ae) (1)

wherein d and g denote the gap between the substrates
(liquid crystal layer thickness) and the gap between the
20 electrode ends, respectively, K2 and Ae denote twist
elastic constant and dielectric anisotropy, respective-
ly, of the liquid crystal composition, and b denotes the
extrapolation length which expresses the torsional
anchoring strength of the liquid crystal molecules and

25 the alignment layer surface at the interface defined by



anchoring at said interface, even with a sane degree of 25 gap

nonuni formty. - The reason why display irregularity can be
| essened by weakening said torsional anchoring in the i n-pl ane
swi tching node is expl ai ned bel ow. - 14 = - 13 -

FIG 3 graphically illustrates variation,of di spl a #unin nce wth
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when the inter-substrate gap of a liquid crystal el enment was changed
slightly (Ad) in corre- spondence to variation of nonuniformty of the
. gap. The threshol d voItng yg/gﬁ the chapge of 10 alignnment
(Fredericksz transition) for the in-plane field of tze liquid crystal
nmol ecul es in the in-plane swi tching node with equal torsional anchoring
at the interfaces of the liquid crystal |ayer and the two pairing
substrates is approxi mat efpegsteonggrt khe tbrédbhali agchquangonf( ¥hkoyansa:
Mol. Cryst. Liqgq. Cryst., 1988, Vol . 165, pp. 265-316; Ch-e, et al:

Appl . Phys. aléghmentolaye?, sugfacepp theagpalder) becomes the

5 extrapolation length b; b is supposed to be 0 when the
torsional anchoring is so strong that.the direction of
alignment of the liquid crystal molecules on the
alignment layer surface is considered fixed.

The variation of threshold voltage AVc when

10 the gap between the substrates changed by +Ad from the

center value d is given by the following equation:

AVe = (2mgAd/((d + 2b) - (Ad))V(K2/Ae) (3)

Let us here considef the case of gray level
display where display irregularity appears most con-
spicuously. Taking the instance of the applied voltage

15 v50 at which the display luminance shown in FIG. 3 is
reduced to half (50%) of the maximum luminance and the
amount of variation AV50 induced when the gap between
the substrates changed by +Ad, it is considered that
AV50 is almost proportional to the afore-mentioned Avc.

20 The ratio of "AvV50weak" (in case torsional .
anchoring at the interface is weak) to "AV50str" (in

case torsional anchoring is so strong that the



[err] wherein d and g denote the gap between the substrates

(liquid crystal |ayer thickness) and the gap between the 20 el ectrode
ends, respectively, K2 and [err] denote tw st el astic constant and

di el ectric ani sotropy, respective- A B The liquid crystal
conposition, and b denqgtes the extrapol atjon | ength which expresiss t he

t or si onal etFanat afi genah e Jonffidered o berfledd &2VvaRy Pos

a
the alignnment |ayer rface at the jnterface defined by
- 14 - t he Q(ﬁaiﬁ?W%ﬂﬂﬂqQH? My the torsional anchoring
coefficient A2 of the alignnent |ayer surface:
b = K2/ A2 (2) The stronger the torsional anchoring
of the al i gdvesdwdaky/AVHatfitace, the snall er beconmes the 5
extrapolation length b; b is supposed to be 0 when the t or si onal
anchoring is so strdfya mtdd ) ekt APbt(d + 2R) ghrdiddk t hd 4)i qui d
crystal nol ecul es on the alignnent | ayer surface is considered fixed.
The variation of threshold voltage Avc when 10 the gap between the
substrates changed by [ er mhérd momudiformi toeriferthenlgap ds Adyiangn by t he
foll owi ng equati on:

Ad-Ad<d-d, then the above equation can be approximated

5 by:
AV50weak/AV50str = 1/((1 + 2b/d)-(1 + 2b/4)) (5)

Since b>0, the above formula gives
Av50weak/AV50str<l. It is thus seen that in case the
torsional anchoring is weak (Fig. 4B), the range of
variation of V50 incidental to the change of the gap is

10 diminished as compared with the case of strong torsional
anéhbring (Fig. 4A) as shown in FIG. 4.

Begarding the range of variation of luminance
AB50 corresponding to AV50 as shown in FIG. 3, it is
considered that AB50 is almost proportional to AV50.

15 Therefore, in the range of luminance variation of AB50
caused by gap dhange of +Ad, the ratio of luminance
variation in the case of weak torsional anchoring at the
interface to that in the case of strong torsional
anchoring can be approximated by the formula (5), and

20 when the ratio of the extrapolation length to the gap
between the substrates is given as b* = b/d, the

following approximation is possible:



[err]Vc = (2ng[err]d/((d + 2b) - [err] (3) Let us
here consi der the case of gray |evel di spl ay where displ ay
irregularity appears nost con- spi cuou éy. Taki ng the instance of the
applied voltage 15 V50 at which the dispTl i | Gmi nance shown in FIG 3 is

Vari ation AVSD | nad MR, AT Beblbbh + 267 hbIctigbthlos chaRged by
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fol |l ow ng equati on:
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When nonuniformty

of the gap is err]d-[err]d<d.d, then the

above equati on ciattdrfagWraxisidws i P3G, 4. That [Hg,) |whdhnerdy'd sondVo0str
[err] 1/((1 + 2b/d).(l + 2b/d)) (5) Since b>0, the above
formula give$ anchoring is weakened, the range of variation (AV50) of

the characteristic curve caused by change of the inter-

substrate gap to d+Ad in FIG. 3 is lessened, causing a

corresponding reduction of variation (AB50) of display

luminance.

10

The above AB50weak/AB50str ratio can be

considered as an index of reduction of display

irreqularity (variation of luminance) against variation

of gap by the weak torsional anchoring effect.

The formula (6) is plotted in FIG. 5 with b*

15 as abscissa and AB50weak/AB50str as ordinate. This

graph shows that a slight enlargement of the extrapola-

tion length/substrate gap ratio b* results in a sharp

decrease of the above index AB50weak/AB50str, that is,

produces a remarkable luminance variation reducing

20 effect by weak torsional anchoring.

With reference to color vision of human being,

Weber ratio is known as a criterion for recognizability

of luminance difference, and it is said that the

luminance difference of 10% can be recognized by human

25 being. Therefore, by contfolling alignment at the

interface between the substrate and liquid crystal layer



[err] V50weak/[err]V50str<1. It is thus seen that in case the t or si onal

anchoring is weak (Fig. 4B), the range of variation of V50 incidental
to the change of the gap is 10 di m ni shed conpared with the case of
strong torsional anchoring (Fig. 4A) as-§hown in FIG 4.

Regardi ng the range_of vari at,ion of | un nganc err] B50 car.responding to
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extrapol ation length to the gap etween _%e substrates 1's given as b* =
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- 16 - [err] ince b*>0, [err] B5Oweak/[err]B50str<1. It is thus seen
t hat t he variindiogui2dbleirihemenuresiod initgy fofddigarl dyn Quanrimarce can
be m nim zed by weakening torsional anchoring at the i nterface as shown
in FIG 4. That dausethdy tgapsivamriat Hommwihicch may ocmakdredhda he range of
variation ([err]V50) of the characteristic curve caused by change of
the inter- manufacturing process of liquid crystal elements.

In an in-plane switching mode active-matrix
10 1liquid crystal display, an inter-substrate gap
unevenness of about 0.5 u is produced in the pixel
section. So, when this is combined with an alignment
layer (e.g. a rubbed alignment layer of a polyimide
alignment layér material PIQ which gives the strong
15 torsional anchoring and available from Hitachi Chemical
Co., Ltd.), the display irregularity becomes about 14%.
Therefore, in order to confine the degree of
display irregularity within said threshold value (10%)
of luminance difference visibility so that the display
20 luminance unevenness may not be recognized, it is
necessary to provide a value smaller than 0.7 as the
reduction index (AB50weak/AB50str), and this can be
~ realized by making the extrapolation length/substrate
gap ratio b* (see FIG. 5) greater than 0.1, that is,
25 making the extrapolation length greater than 10% of the
gap between the substrates.
Further, by adopting weak torsional anchoring

for the alignment at the substrate/liquid crystal layer



substrate gap to d[err]d in FIG 3 is | essened, causing a correspondi ng

‘reduction of variation ([err]B50) of display | um nance. 10
The above [err] B50weak/[err] B50str ratio cgg be consi dered as an index
of reduction of display irregularity (varTation of |uminance) against

variation of gap by the weak torsional chori effect.
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Wth reference to color vision o el ng, Weber ratio is known as

a criterion §orj fRGOONbEAbEhE t YorsioRdl | anERErTrg dbdéLf bovent aofl theis said
that the | um nance difference of 10% can be recogni zed by human 25

bei ng. Theref org1idymenpt 1@yet nguatagentot thethiquid ¢rystdhowolbecwkes the
substrate and liquid crystal |ayer - 17
- so that nepnuthé ol hifhidoéryssal Aglignnenhckayer | inkerfacecksisel to
|l ess than 10% by availing of the |um nance variation reducing effect
i nci dental to gtp hernati gneager thanj a0wsNimt brsthRainzptaRe i fitehing
possible to obtaig

moae.

10 In order to obtain, with the in-plane
switching mode, the display performance equal to that of
the TN mode, it is necessary to make the gap between the
substrates (thickness of the liquid crystal layer) about
4 ym. 1In this case, for making the extrapolation length

15 greater than 10% of the gap between the substrates, the
extrapolation length b must be hot less than about 0.4
um. Since the twist elastic constant K2 of the practi-
cal liquid crystal compositions presently available in
the art is not greater than about 8 pN, it is suggested

20 to use an alignment layer material which can give weak
torsional anchoring; with the torsional anchoring
coefficient K2 at the alignment layer surface (as given
from the equation (2)) being not greater than 20 uN/m.

Thirdly, in the present invention, an organic

25 polymer cdntaining an oligomer and/or polymer in which
the polymerizate of long-chain alkylene groups and/or
fluoro groups given in the amine or acid moiety is 5-30%

of the total number of moles is used as an alignment



5 aliquid crystal display device which can nmake I ncogni zable the
nonuni formty of display |um nance caused by gap variation which may
occur in the manuf acturi ng process of .liquid crystal elenents.

In an in-plane sw tching node active- mat rTx1310 liquid crystal display, an

I nter-substrate gap unevenness of about 0.5 [err], is produced in the
pi xel sect ilAYes@ateeipl nfQr | btaining isdk ht%?gla‘?’?aglnrﬂﬁhonng | ayer

(e.g. a rubbed alignnent | ayer o ol yi m de al i gnnent | ayer materi al
Pl Q whi ch gives $4f&* &% dﬁ%"aﬁlﬁ%n?%r%%%% anchoring and avail able from

H tachi Chem cal Co. ’Ir{-t&'réer tweélgos\gi@é%n%ﬂ{ L%ﬁgdﬁ%ﬁilgg‘p%%ﬁpout

14% Therefore, 1n ord

display irregul gjiisgh id dk Spédks tneshpdd ya tite (JdIbetweerditnd EdNICE
difference visibility so that the display 20 |umhance unevenness nay not

be recogni zeds idtiftes, i¥1ELESEEEYrdBLY) Q¥ et Vona® H6Nd £red hade ary as
t he reduction index ([err]B50weak/[err]B50str), and this can be

real i zed by makialgidgritersitYaypet ahaoer 1ahovii chibsdn aive wealyaprsiomab*
(see FIG 5) greater than 0.1, that is, 25 nmaking the extrapolation |length
greater than 10%ndhahing withaphéectorsionadl andwrimgescoefficient at

Furt her, by adopting weak torsional anchoring for the alignnment at the
substrat e/l i qui cheg yawtignmentkrlayer surface being not greater than 2013 -

uN/m. For obtaining such weak torsional anchoring, it
10 is advisea to use an alignmgnt layer material in which
long-chain alkylene groups and/or flﬁoro groups have
been intrpduced at a rate above a prescribed level (5%).
It should be noted, however, that when the
ratio of the copolymerized portion of long-chain
15 .alkylene groups and/or fluoro groups becomes higher than
a certain level (30%), tﬂe tilt angle of the liquid
crystal molecules at the interface may exceed 10°to
cause nonuniform display due to nonuniformity 6f tilt
angle in high-tilt alignment. Also, when the tilt angle
20 exceeds 10°, the wide viewing-angle effect, which is one
of the prominent advantages to the in-plane switching
mode, is mostly lost.
Further, when the ratio of the copolymerized
portion of long-chain alkylene groups and/or fluoro
25 groups in the alignment layer material is elevated, the
torsional anchoring coefficient A2 at the alignment
layer surface may become lower than 1.0 um/N, which

tends to cause improper alignment and excessive lowering



interface, it is possible to | ower the drive voltage due to reduction

of threshold voltage and to enhance the ri se response speed.
Secondarily, according to the present 5 invention, the torsional anchoring
coefficient of the alignment |ayer surféBe~for the liquid crystal

nol ecul es at the liquid crystal/alignment |layer interface is set to

be not greater tHarfeRRY FeIRPRFE NSPERAt nlh| LHctREFEPrfPdvised ROt Q)

por for mance equandiferertly +aife et of (448 TRoteafSd Shiense
gap between the Eﬁuﬁéfgﬁéfggsfiﬁg%%rgﬁgﬁ?gf’the liquid crystal I|ayer)

about 4 [errq S caske, ng the extrapolation length 15

greater than 10% of the gaﬁgﬁié\ﬁ%t%%éﬁfﬁcéé‘ﬁ it is VAR afd on

| ength b nmust be not |ess out 0.4 m Since the tw st

el astic constantyde £ 4DEgPmésti tayer iﬁa&hiémutwe%dpénhmsﬁmitipns
presently available in the art is not greater than about 8 pN, it is

suggested 20 t parsticm of | hongAtcha by calkplene agroinp cdndbor gf o re adr oup
torsional anchoring, with the torsional. anchoring coefficient K2 at
the alignnment | a®r5s30% et the tdtah numbefrofnmoltesqguas i bm 129 )piresent not
greater than 20 Jerr]N'm .. Thirdly, in the present invention,
an organic 25 potyeRtiennt Eehi ARtaknong gdietnzRtRRE el YeRING Made ch
G ven i hthe. am ARk e TRAGE b1 b1gu1q SrusbaL S1SRraY ehich of o TURUTLERS
ol es i's useflo asir?ndfslgiafgge%regularity and excellent in mass
productivity.

Moreover, by use of an alignment layer
comprising a polymer having introduced thereinto an
oligomer which is lower in weight-average molecular

15 weight than the conventional polymer (having a weight-
average molecular weight of 100,000 or more) of long-
chain alkylene group and/or fluoro group, printability
is improved when a varnish is coated on the substrate by
a printing method.

20 The polymer and/or oligomer constituting the
long~-chain alkylene groups and/or f£luoro groups are
preferably a polymer and/or oligomer-amic acid imide
type, a polymer and/or oligomer-imide type, a polymer
and/or oligomer-imidosiloxane type, a polymer and/or

25 oligomer-amide imide type or the like, which have a
weight-average molecular weight of 2,000-90,000 (con-
verted to standard polystyrene) no matter whether they

are main chain type, side chain type or terminal type.



- 19 - | ayer material for obtaining weak torsional anchoring such

as nentioned above. In order to provide an extrapol ation

| engt h which is not | ess than 10% of the gap between the sub- 5
strates, it is desirable, as nentioned abov&l To use an al i gnment

| ayer material which can give weak torsional ancharing with the
torsional anchoring coeff ik&Rafiadly prefigrged ifpmame Ildyég‘es@rrie&(?@tbei ng

not greater than 20 [err]NNm For ohtainin uch weak -t arsignal
anchoring, it ZIOVENHRR I 3 I & ’g?ﬂﬁﬁ{% I T et éfb'ﬂ’:ﬂ% iTShi ch

| ong-chai n al kyl ene _groups and/or_fluoro aroups have . ..been intr ced
at a rate above agud}eggqﬂﬁe;’c% QOé\lRaljls(%%/()é} sqingtﬁ.e rihg ng:lq ag‘}%(ﬁﬁ c?"od;d#bet ed,
however, that : | t Eﬂﬂﬂl 'ggd riion _of .

| ong- chain 15\,\,;1316&{}3?1t &ﬁoelegtryou‘{o@%% osr aPle%or 0 gl?/o%[od ecég'(r}eqtsd“ﬁilr}g(t?en}lct han

a certain | evel (3@ oortdésdd |df MWL Pnddie lddtibdbarboxy s @digml ecul es

at the interface may exceed 1l0[err]to cause nonuni form di splay due to

nonuni fornity ofditdrdtydride aigd for mﬁzg}blid el d Py W s acihen the
tilt angle 20 exceeds 10[err], the wi de view ng-angle effect, which is one
of the prom nentdishlgydrighs drd tdre arondE bie teitadarkpxylic reodisd is nostly
| ost. Further, when the ratio of the copol ynerized
portion of |ong-&Gitenhydnide davipoumaimmhakn f4ype dong-chain alkylene
groups and/or fluoro groups. |
10 For preparation of the organic alignment layer
of the present invention, a pertinent precursor, for
example, a polymer and/or oligomer-amic acid type, a
polymer and/or oligomer-amic acid imide type, a polymer
and/or oligomer-imide type, a polymer and/or oligomer-
15 imidosiloxane type, or a polymer and/or oligomer-amide-
imide type, is coated on the substrate, followed by
dehydration ring-closure, mixing and other necessary
treatments.
The compounds constituting the amine moiety
20 having long-chain alkylene groups and other copolymer?
izable compounds usable in the present invention
include, for example, 1,8-diaminooctane, 1,10-
diaminodecane, 1,l2-diaminodecane, 2,4-diamino-3-methyl-
stearylphenyl ether, 2,4-diamino-laurylphenyl ether,
25 2,4~-diamino-palmitylphenyl ether, 2,4-diamino-1-
octyloxybenzene, 2,2-bis[4-(p-aminophenoxy)phenyl)-
octane, 2,2-bis[4-(p-aminophenoxy)phenyl]ldecane, 2,2-

bis[4-(p~aminophenoxy)phenyl]ltridecane, 2,2-bis[4-(p-



25 groups in the alignment |ayer material is elevated, the t or si onal

anchoring coefficient A2 at the alignnent "l ayer surface nmay becone
|l ower than 1.0 [err]m N, which t ends tg cause i nproper alignnment and
excessi ve | owering - 22 = - 20 - of decay

response speed. It,is therefore adyised creeifly raise the

et o of said | ARIRTRRERGFXIPERAYL I56araTpeatay bt M ir AT nhe ST
e o e SRV ERELL S Saclh 3 AR Tl - o e RDRIRARIETL L
uore, 2roup  bBedrCHb ) ABEnd g ahe AT poln s bendly | ot s PEGET™
] BB Bathtob ook Astend) bl HpsphBoHER ISR LY 210
al i gnment | ay®r gecanépnpis bbramendabEiR6y XY NGoddésRE ) C8ls {per ei nto an
ol igonmer which is lower in weight-average nol ecular 15 weight than the
conventi onal polamenoémropoRy \eethadecane, abis ppeambhebehzoyexgjt of
100, 000 or nore) of |ong- chai n al kyl ene group and/or fluoro group,
printability octadépaneycaebheic aaghdndShydsazbde edpophemplendst rat e by
a printing nmethod. 20 The pol ymer and/or ol igoner constituting
t he diamine, m-phenylenediamine, 4,4'-diaminodiphenyl ether,
3,3'-diaminodiphenyl ether, 4,4'-diaminodiphenylmethane,

10 3,3'-diaminodiphenylmethane, 4,4'-diaminodiphenyl
sulfide, 4,4'-diaminodiphenylpropane, 3,3'-diamin6-
diphenylpropane, 4,4'~diaminodiphenylsulfone, 3,3'-
diaminodiphenylsulfone, l,5-diaminonaphthalene, 2,6-
diaminonaphthalene, 4,4'-diaminoterphenyl, 1l,1-

15 methaxylenediamine, 1,4-diaminoc¢cyclohexane, isophthalic
acid dihydrazide, adipic acid dihydrazide, succinic acid
dihydrazide, 3,3'-dimethyl-4,4'~diaminodiphenylmethane,
3,3'-butyl-4,4'-diaminodiphenylmethane, 3,3'—dibutoxy—
4,4'-diaminodiphenylmethane, 2,4—diamino-l—methoxy-

20 methylenebenzene, 2,4—diamino-l—butoxyméthylenebenzene,
3,3'-dimethyl-4,4'-diaminodiphenyl ether, 3,3'-dimethyl-
2,2'-diaminodiphenylmethane, 2,z;bis[4-(p—aminophenoxy)-
phenyl ]propane, 2,2—bis[4-(p-aminophenoxy)phenyl]butane,
2,2-bis[4-(p—aminophenoxy]pentane, 2,2-bis[4-(p~amino-

25 phenoxy)phenyllhexane, 2,2-bis[4-(p—aminophenoxy)-
phenyl ]methane, 2,2-bis[4-(p-aminophenoxy)phenyl]-
sulfone, 2,2-bis[4~(p-aminophenoxy)phenyllketone, 2,2-

bis[4-(p-aminophenoxy)phenyllbiphenyl, 2,2-bis[4-(p-



I ong- chai n al kyl ene groups and/or fluoro groups are preferably a

pol ymer and/or oligonmer-amc acid i mde type, a polyner and/or

ol i goner-imde type, a polyner and/ or qligoner-imdosil oxane type, a
pol ymer and/or 25 oligoner-amde inide fy or the like, which have a
wei ght - aver age nol ecul ar wei ght of 2, 000-90, 000 (cgn; . _verted to

st andar d poIyst9méﬁ@PhﬁB°ﬁﬂﬂP@FnMﬂéFﬂgaopﬁéﬁne! aﬁebﬁﬁﬁﬁ Xﬁa?ﬁlpgpe, si de
chain type or termnal .type. s e - 21 -
Especial | y prefBPPBBxYépxﬁgglﬂWEFHXISW€§8Hanne' 2udeRiFoA™ B an organi c
alignment |ayer _in_which th ' ' IS si-ngl e-ring
rigid am ne andaFﬁ8°Phen°§€58“&8?&3gkgﬁﬁg??ggéhggggﬁyngﬁsgﬁd/gr

ol i goner-amc ' YoY% s | tyi heaC@iRe4yl e acid

di anhydri de and;ggﬁg F@%@?ﬁ?§§3%%§%§#3255??9bgg?ﬁ ! 1d?antgydride and an

aromati c tet sacgmhasenGoddicky ) benzdidnadd 1ge opaviend bivi[a-¢hai n type
| ong- chai n al kyl ene groups and/or fluoro groups. 10 For

preparation of hhenobeazioylaxyyhEnzoiwid]pentahe,hdipids¢p- i nvention, a

pertinent precursor, for exanpl e, a polyner and/or oligonmer-amc acid

type, a p o ayimo bamncoyrl cxdyi ypemeoianias isdiay dlohexangpe big [dol(prrer

and/ or oligoner-inde type, a polymer and/or oligoner- 15 i m dosil oxane

type, or a pol yaminsbeénzoydlaxyphenzgaiici@cidlnethyleyalphexane .c ®d€dd—on t he

substrate, followed by ) ) )
(p-aminobenzoyloxy)benzoic acid]methane, bis[4-(p-

10 aminobenzoyloxy)benzoic acid]butane, bis[4-(m-amino-
benzoyloxy)benzoic acidlbutane, bis[4-(p-aminomethyl-
benzoyloxy)benzoic acid]propane, bis[4-(p-aminoethyl-
benzoyloxy)benzoic acidlpropane, bis[4-(p-aminobenzoyl-
oxy)benzoic acid]lheptane, bis(p-aminobenzoyloxy)propane,

15 bis(p—-aminobenzoyloxy)methane, bis(p—aminobenzoyloxy)-
ethane, bis(p-aminobenzoyloxy)butane, bis(p-amino-
benzoyloxy)pentane, bis(p-aminobenzoyloxy)hexane, bis(p-
aminobenzoyloxy)heptane, 2,2-bis[4-(4-aminophenoxy)-
phenyllhexafluoropropane, 2,2-bis[4-(3-aminophenoxy)-

20 phenyl]lhexafluoropropane, 2,2-bis[4—(2-aminophenoxy)¥
3,5~dimethylphenyl ]hexafluoropropane, p-bis(4-amino-2-
trifluoromethylphenoxy)benzene, 4,4'-bis(4-amino-2-tri-
fluoromethylphenoxy)biphenyl, 4,4'-bis(4-amino-2-tri-
fluoromethylphenoxy)diﬁhenylsulfone, 1,4-bis(3-amino-

25 phenoxy)benzene, diaminosiloxane, and aminosiloxane.

The compounds constituting the acid moiety

having long-chain alkylene groups and other copolymeriz-

able compounds usable in the present invention include,



dehydration ring-closure, mxing and ot her necessary

treatnents.’

The conpounds constituting the amne moiety 20 having |ong-chain alkylene
groups and ot her copol yner - i zabl e conpounds usable in the present

i nvention i ncl ude, for exanple 1, 8-di $iT nooct ane,
di am nodecane, 1, 12- dlan1nodecan 2, 4- dla .no- 3-

ether, 2, 4-di anitRs- EXAMPLSHe QAT Yt 1“%25 ignhy &ﬁﬁﬁo

oxy) benzoi c aci ct'ane p- anlno nzoy oxy) -

1,

10- :
st ear, phenyl

SpSemYiyuSHd
STS?L{SF44(SIZW]n@ﬁ#@ﬁgiffﬁhgﬁ&(1ﬁé(gE?%1 %gnhydrlde, decamethylene-
2, 2- bi s[ 4-

bi s 4I ?I[D agnpngp e%ﬁéﬂ&qﬁ"?ﬁlcj g&gan%%hgdjgﬁie, Z(iio(decanemethy1ene-—

- 22 - am ng@@%@qmag@a{xel Wy s 2, gty -

benzoic
aci d] oct adecgne g ;a5 BRI ohdriypd)ddyatet racarboxylic acid

bi s(p- an1nobenzoy|oxy)n nane, bi's(p-am nobenzoyl oxy) - decane,
bi s( p- am noabenzaWnipad&Etsc ane-Bis(4-( 3, 4-&i8 yadecane,
bi s( p- am nobenzoyl oxy) - oct adecane, sebacic acid di hydrazi de,

p- phenyl ene-  phénd/D It i dequestyd tarsseh rhoxyd, i of ot idd iddanhgydi nildeny 12 ,&-her |,

3, 3' -di am nodi phenyl ether; 4,4'-di am nodi phenyl net hane,

10

3,3 - dlanlnodlphamW4ﬁﬁ3uﬂﬁd1canboxyphnnuxgxpnggml]trldqggquQ;ra- '

4, 4' - di am nodi phenyl propane, 3, 3'-di anm no- phenyl|
-d|an1nod|phenyMQQHng;1ngp1d dianhydride, stearlc aci

ADI’

opane,, 4,4
stearic ‘acid

10 chloride, pyromellitic acid dianhydride, methyl—'

pyromellitic acid dianhydride, 3,3',4,4'-biphenyl-

tetracarboxylic acid dianhydride, dimethylenetrimellitic

acid dianhydride, 3,3',4,4'-biscyclohexanetetra-

carboxylic acid dianhydride, 3,3',4,4'-benzophenone-

15 tetracarboxylic acid dianhydride, 3,3',4,4'-diphenyl-

methanetetracarboxylic acid dianhydride, 3,3',4,4'-

diphenylethertetracarboxylic acid dianhydride,

3,3',4,4'-diphenylsulfonetetracarboxylic acid di-

anhydride, 2,3,6,7-naphthalenetetracarboxylic acid

20 dianhydride, 3,3',4,4'-diphenylpropanetetracarboxylic

acid dianhydride, 2,2-bis[4-(3,4-dicarboxyphenoxy)-

phenyl ]propanetetracarboxylic acid dianhydride, 2,2-

bis[4-(3,4~-dicarboxyphenoxy)phenyl]hexafluoropropane-

tetracarboxylic acid dianhydride, 2,2-bis[4-(3,4-

25 dicarboxybenzoyloxy)phenyl]propanetetracarboxylic acid

dianhydride, cyclopentanetetracarboxylic acid

dianhydride, 1,2,3,4-cyclobutanetetracarboxylic acid

dianhydride, bicyclo(2,2,2)octa-7-en-2,3,5,6~



di am nodi phenyl sul f one, 1, 5-di am nonapht hal ene, 2, 6-

di am nonapht hal ene, 4, 4'-di am noterphenyl, 1,1- 15 net haxyl enedi am ne,
1, 4-di am nocycl ohexane, isophthalic aci d di hydrazi de, adipic acid
di hydr azi de, “succi ni ¢ acid di hydr azi de,25 ~

3,3 -di met hyl -4, 4' -di am nodi phenyl net_hane, . .

3.3 -butyl - 4, 4' LREAAFABAPENARG RELAaRGanBYSeiden Logy 3, 4-cyclopentane-

4, 4' -di am nodi ph | met .2, 4-di.am,nos; 1- - 0 h :
e L
- di et -4, 4" -di an_nodi ph I : wadis et hyl -
2,2'-digninodipgéﬁgkﬁgfhgﬁgﬁxf,§?E?£Fﬁ§ gygﬁéggﬁhgnoxy)-

phenyl] propane, 2,2-bis[4 SQ‘QGHEBBBQQOEbhEQQQMkEEHtQHE,amine moiety

2, 2- bi s[ 4- (p- am nophenoxy] pentane, 2, 2-bis[4-(p-am no- 25

phenoxy) phengl ] ha¥ang, fAudrd Yréups aNd heroxvpolymerikzable] cempanads
2, 2- bi s[ 4- ( p- am nophenoxy) phenyl | - sul f one,

2, 2- bi s[ 4- ( p- amysapiendry hlec priedenitorimvention include, for example, 4-
bi s[ 4- (p- am nophenoxy) phenyl ] bi phenyl , 2, 2-bi s[ 4-(p- o

- 23 - ani nélueroxpethaphenylensdiamiae ,2 23 2ybiEd 4 4aamiso-
phenoxy) phenyl ] met hyl cycl ohexane, 2, 2-bis[4-(p- .
aninophenoxy)ph@hﬁﬁpﬁﬂamﬁaﬂﬂﬂkﬂﬁ%@ﬁ%ﬂoqﬂéﬁgﬁgaﬁf 2,2-bis[4-(3-

R ORI, e St

2 nobens oy P9y PRORARNERRT A DR TOEHeTY | Iz luoropropane, p-
bis(4-amino-2-trifluoromethylphenoxy)benzene, 4,4'-
bis(amino-2-trifluoromethylphenoxy)biphenyl, 4,4'-bis(4-
amino-2-trifluoromethylphenoxy)diphenylsulfone, p-
phenylenediamine, m-phenylenediamine, 4,4'-diamino-

15 diphenyl ether, 3,3'-diaminodiphenyl ether, 4,4'-
diaminodiphenylmethane, 3,3'-diaminodiphenylmethane,
4,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl-
propane, 3,3'-diaminodiphenylpropane, 4,4'-diamino-
diphenylsulfone, 3,3'-diaminodiphenylsuifone, 1,5-

20 diaminonaphthalene, 2,6-bis[3-(m-aminophenoxy)-
phenyllbiphenyl, 2,2-bis[4-(p-aminophenoxy)phenyl]-
cyclohexane, 2,2-bis[4-(p-aminophenoxy)phenyl]jmethyl-
cyclohexane, 2,2-bis[4-(p-aminophenoxy)phenyl]propyl-
cyclohexane, bis[4-(p-aminobenzoyloxy)benzoic

25 acid]propane, bis[4-(m-aminobenzoyloxy)benzoic
acid]propane, bis[4-(p-aminobenzoyloxy)benzoic
acid]pentane, bis[4-(p-aminobenzoyloxy)benzoic

acid]eyclohexane, bis[4-(p-aminobenzoyloxy)benzoic



(p- am nobenzoyl oxy) benzoi ¢ aci d] net hane, bis[4-(p- 10
am nobenzoyl oxy) benzoi ¢ aci d] but ane, bi s[4-(m am no-
benzoyl oxy) benzoi ¢ aci d] but ane, bi s[4-(p-ani nonet hyl -
benzoyl oxy) benzoi ¢ aci d] propane, bi s[4-(p- ot rioet hyl -

benzoyl oxy) benzoi ¢ aci d] pr.opane, bi s[ 4-(p-am nobenzoyl - oxy) benzqi c
aci d] hept ane, b?§€§§&ﬁ4mﬂ$§%ﬁ%ﬂq5§ﬂ béﬁﬁaﬁ—(E;amlﬂ%benzoyloxy%%enzo;c
bi s(p- am nobenzqyl, t hane, .bi - ai no I 4x%- .ef o

bi s( p- am nobenz Ilgjﬁ%giaélﬁe' , b&sff(ﬁﬁé)m[gﬁ‘{(}-n%%%%%yghz Q|b§>?ﬁ°6§ntg§ﬁ§d,]

bi s(p- am nobenzqyil h — s"(“ﬁ [{;ﬁ,?%%

2, 2-bi s[ 4-(4- am%ﬁg'p erfo%é')@-l% (l?d p erlr?ﬁe]%z% roprod%é?aﬁqtb@%%ne'

2, 2- bi s[ 4- (3- ampyigenyskm noffe t H1YBH 2z YRy UMY iP ¥ d | propane,
2,2-bis[4-(2-anin%ghgﬁgﬁy)-' ré?%-diéﬁ?hypghenyl hexafldg}og?opane,

p- bi s(4- am n&- 2pis| 4- (ip-alninDedBIINE B IONY it acid]propane,

4,4 -bis(4-am no-2-tri - f I uor onet hyl phenoxy) bi phenyl ,

4, 4' - bi s(4- am nbiz{t4- (p~amindbercrayisixty) bEneoioy Jad ijdidredtanef,od,s ( p~

1, 4-bis(3-am no- 25 phenoxy)benzene, diam nosiloxane, and am nosil oxane.
The conpounds camsmichenzaeylidzy Jqpiapans ctand bis (pramigabengoyigixy )al kyl ene

groups and ot her copol yneri z- abl e conpounds usable in the present
i nvention inclufig@thane. - 24 - for
exanpl e, octyl succinic dianhydride, dodecyl succinic di anhydr.i de,

octyl mal oni ¢ di anhydri de, T8&c SARPGPNEFe const ifudingtie cddampdety

g' zzinglyg{ Lfd((aéogo %%%rﬁ%n%tl%r%n%roups balinS rc:itr{xeelrl ic;[c:oip%l%r?nieq: i%ia%qréy%gm%%unds
usable in the present invention include, for example,
'2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl ]hexafluoro-
propanetetracarboxylic acid dianhydride, 2,2-bis[4-(3,4-
dicarboxybenzoyloxy)-3-bromophenyl ]hexafluoropropane-

15 tetracarboxylic acid dianhydride, 2,2-bis[4-(3,4-
dicarboxybenzoyloxy)-3,5-dibromophenyl ]Jhexafluoro-
propanetetracarboxylic acid dianhydride, 2,2-bis[4-(3,4~
dicarboxybenzoyloxy)-3,5-dimethylphenyl Jhexafluoro-
propanetetracarboxylic acid dianhydride, 1,5-bis[4-(3,4~

20 dicarboxybenzoyloxy)phenyl]decafluoropentanetetra-
carboxylic acid dianhydride, 1,6-bis[4-(3,4-dicarboxy-
bénzoyloxy)phenyl]dodecafluorohexanetetracarboxylic
acid dianhydride, 1,7-bis[4-(3,4-dicarboxybenzoxyl-
oxy)phenyl]-tetradecafluoropentanetetracarboxylic

25 acid dianhydride, 2,2-bis([4-(3,4-dicarboxybenzoyl-
oxy)phenyl Joctafluorobutane-tetracarboxylic acid
dianhydride, 4,4'—diphenylethertetracarboxylic acid

dianhydride, 3,3',4,4'-diphenylsulfonetetracarboxylic



5 di carboxyphenoxy) phenyl ] octyl tetracarboxylic acid di anhydri de,

2, 2-bi s[4-(3, 4-di car boxyl benzoyl oxy) - phenyl tridecanetetracarboxylic
aci d di anhydride, 2, 2- _
bis[4-(3,4-dicarboxyphenoxy)phenyl]tridedén%?éfra- carboxylic acid

G o ST A Bl 1A M PR o0
PN qsend R R SR docra-

3,3 ,4,4" -bi t ety a- : | [ 4 j I de,

3,3 ,4,4' - béﬁ%ﬁ?ﬁ?@ cié'ctai& rdalcaar}%(y Ic gfc'i%%&%a%]ﬁ%/ﬁi ©

* 4, 4" - di phengl; (G ACH hi e,

g O P e bony RSB A R s de

',4,4"dlEhe@ﬁéﬂﬂjﬁ¥¥ﬁé¥r2¥2¥353®4463iﬂ”dﬁdHrb0ﬁ¥beﬁ¥HyMBﬂy¥bhenyl]-
, 6, 7- napht hal enet étracarboxylic acid 20 dianhydride,

, 3", 4, 4" - di phemddpaieietiidacso:blad ifcid diahylirdidanhydrdidpentane-

2, 2-bi s[ 4- (3, 4-di car boxyphenoxy) - phenyl ] pr opanet et racar boxylic acid
di anhydri de, 2, Zetracadbox{ylia, akeill ahirdnhygxhieiexyl) fhedwl-cyclobutane-
hexaf | uor opr opane- tetracarboxylic acid dianhydride, 2,2-bis[4-(3,4-
25 di car boxybertzbdasanhoryii ¢ @peishrdianhydaidaw \Bieycs (B, 2,2)octa~7-

di anhydri de, cycl opentanetetracarboxylic acid. _. _dianhydride

1, 2, 3, 4- cycl obutelitd et rInbTiREAGar Rex ¥l icacidiidinnhydrdde, 1,2,3,4-

b'CyCl0(2’Z’fa(nggfgﬁgké%é%é%é%acarboxylic acid dianhydride, and

WNWWW
WWWwww

1,2,3,4-butanetetracarboxylic acid dianhydride.
The solvents usable in the present invention
are those having polarity such as, for example, N-
methyl-2-pyrrolidone, dimethylformamide, dimethylacet-
15 amide, dimethyl sulfoxide, sulforan, butyl lactone,
cresol, phenol, cyclohexanone, dimethylimidazolidinone,
dioxane, tetrahydrofuran, butyl cellosolve, butyl
cellosolve acetate, and aéetophenone.
In the organic polYmer, an amino-based silane
20 coupling agent such as y-aminopropylethoxysilane, §&-
aminopropylmethyldiethoxysilane or N-B(aminoethyl)y-
aminopropyltrimethoxysilane, an epoxy-based silane
coupling agent, a titanate coupling agent, or a surface
treating agent such as aluminum alcoholate, aluminum
25 chilate or zirconium chilate may be mixed or reacted.
The alignment layer may be formed by the commonly used
methods such as spin coating, printing, brush coating,

spraying, etc.



tetracarboxylic acid dianhydride, 1,2, 3, 4-cyclopentane- tetracarboxylic

aci d di anhydride, and 1, 2, 3, 4- but ane- tetracarboxylic acid dianhydri de.
The conpounds constituting the amine noiety__5 having fluoro groups and
ot her copol yneri zabl e conpounds usabl & #8& The present invention

i ncl ude, for exanple, 4- f.| uqr.o- net haphenyl enedi am ne, :

2, 2- bi s[ 4- (4- ani no- pHEh BB S‘rféiﬁﬁ‘% rFe‘?é’a‘irgﬁ 0 £ &30 be fisad, for
M nophenoxy) - 3 SRARERA myA THBEY YL rek Sibstikuted cyclohexanes,
bi s(4-am no-2-trjf ,gﬁng A o -
bi s(am no-2-trif Lﬂﬁﬁgéﬂgﬁﬁ%ﬂéggﬁggﬁg eny{%égé%ﬁ{iﬁ%ﬁqLcyclohexanes, 4
ami no- 2-t ri f | uorQumtvl phenpp sl Rhenyd 388 § Ofigsed-aicycldiBiar&yiedi-an ne,

m phenyl enedi ami ne, 4,4"-diamno- 15 diphenyl ether, 3,3'-dian nodi phenyl
ether, 4,4'- 5 gyubH@ndyst ¢ TG vy~ 4 Gy Sibgh o vudli pilsHud y s hape,

4, 4" -di am nodi phenyl sul fide, 4,4'-diam nodi phenyl - pr opane, -

3, 3' - di am nodi phaibs firtopesd- 4 Y- ibgit b tted -t erphehyllenyd-sibstictuted-

3, 3" -di am nodi phenyl sul fone, 1,5- 20 diam nonapht hal ene,

2, 6- bi s[ 3- ( m ambrigiteanolyg “-subst phersd dyplahstanes, 2-(4-substituted-
2, 2- bi s[ 4- ( p- am nophenoxy) phenyl | - cycl ohexane,

2, 2-bi s[ 4- (p- amm@n@nm@mmwiclmmw 2- (4-subgtd kedmdioxane ) -5~

2, 2- bi s[ 4- (p- am nophenoxy) pheny! ] pr opy! - . cyc| ohexane,

bi s[ 4- ( p- am nobd¥¥EIH Jbw ) hﬁ%ltw%rcb%rmkﬁ)md-f-phenyl esters, 4-

E: Z{ j: E BT :m OE%%@% 9 -ggéﬁohexan%%%mﬁgécid—4'-substitu_ted-

B: :% j: E B: gm zgggpns%ﬁgi%%%gpn%g: %—substJ?‘g&g;gy&}c?f&%(&?aenecarboxylic acid-
4'-substituted-biphenyl esters, 4-(4-substituted-
cyclohexanecarbonyloxy)benzoic acid-4'-substituted-
phenyl esters, 4—(4—substituted—cyclohexy1)benzoic acid-

15 4'-substituted-phenyl esters, 4-(4-substituted-
cyclohexyl)benzoic acid-4'-substituted-cyclohexyl
esters, and 4-substituted-4'-substituted-biphenyls. Of
these compounds, the polycomponent mixed liquid crystal
compositions having an alkyl, alkoxyl, alkoxymethylene,

20 cyano, fluorine, difluorine or trifluorine group at
least one terminal of the molecule are preferably used;

In the present invention, as a fourth feature
thereof, a layer of an inorganic material, preferably an
inorganic alignment layer surface-treatéd by oblique

25 evaporation method may be used as another alignment
layer for providing weak torsional anchoring such as

mentioned above.



- 26 - acid]nethylcyclohexahe, bis[4-(p-aninobenzoyloxy)benzoic
aci d] met hane, bi s[4-(p-am nobenzoyl oxy) benzoi c aci df - but ane,

bi s[ 4- (m am nobenzoyl oxy) benzoi ¢ aci d] but ane, .
Bls%4-gp-an1nonethylbenzoyloxy)benzoic aci ¢ propane, 5

| S[ 4- (p- am noet hyl benzoyl oxy) benzoi ¢ acid ppang . .
bis[4-(p-aninobenzoyloxy)%%nﬁb%eraéFH]ﬁ%ﬁ?%ﬁi}g%ig?ﬁ-present invention,

ami nob | . and_bj s(p-am pah | - :
The conpounds LBREFE: BRengeFRokBENE fobBENLabenayt nhiFEEBRY Cranstion,
?;EFL dgf’p?'c)?’”g;éﬁg%,g £00BQURYSn yie¥32BLE tB t(BLRhESER! thaVEALbREne

2, 2-bis[4-(3, 4-di.e p XK P e JQr ‘s
propanetetracarggistgﬁécﬁgagig%h?%??gL? %?gpg?sﬁzy?géi_composxtlon to

di car boxybenzoyax¥h- 8nkr ereRAENMOleeARSUBECR Dpahcadddl,t ahdamakbogyhi ¢
aci d di anhydride, 2,2-bis[4-(3,4-

di car boxybenzoyh guid3crysicaloeiemeny! linewafichoonoly the polyimide
propanet et racar boxylic acid di anhydride, 2,2-bis[4-(3,4-

di car boxybenzoyhtighmen- dayetrhpinploaey ofhéhef subsgrate surfaces has
propanet etracarboxylic acid dianhydride, 1,5-bis[4-(3,4- 20 .

di car boxybenzoybeeyn) phbbed] focatconsreddingnaldgngent andyngoxpbpdngchgs
di anhydri de, 1, 6-bis[4-(3, 4-dicarboxy- .. )

benzoy| oxy) phenpeptopecEoraedonax &he: @OLYdMigsx glignment, lagegi QBnFaE de,

1, 7- bi s[ 4- (3, 4- di car boxyb -
oxy) pheny! ] 10t PEBESaFUASRIAER FHEEAGEdAPEE: L 0481)

According to this prior art, however, in order
to prevent nonuniformity of alignment during injection
of the liquid crystal composition, it is necessary to
inject the composition in between the substrates in an

15 isotropic phase by heating the composition, and then
gradually cool the composition by applying an electric
or magnetic field. An excessively long time is required
for this step for obtaining an element with little
nonuniformity of alignment, so that this technique is

20 unsuited for the industrial production process.

Also, addition of the chiral molecules
necessary for preventing nonuniformity of alignment
presents a difficult problem in setting the property
values of the optimal liquid crystal composition.

25 | The above problem can be overcome by using an
inorganic alignment layer having the alignability
provided by oblique evaporation as in the present

invention, instead of forming a polyimide alignment



25 aci d di anhydride, 2,2-bis[4-(3,4-dicarboxybenzoyl -

oxy) phenyl ] oct af | uor obut ane-t etracarboxylic acid di anhydri de,
4, 4" -di phenyl et hertetracar boxylic acid di anhydri de,

3,31, 4, 4" -di phenyl sul fonet etracarboxylic ™ -

- 27 - aci d_di anhydride, 2, 6,7-3&phthalgpetetra rboxylic aci d
di anhydri de, 3,36;’%4“%%%%% eatyent as4n, bae Prigg grt, on
di anhydride, 2, 2-bis[.3-(3, 4-
dicarboxyphenox??ﬁh@%yF#ﬁ?5%%ﬁ%?§?%h@§gggﬁﬁ%'cacid 5 di anhydri de,

2,2-bis[4-(3,4-dicarboxyngZgﬁhgé Renylik- ig pog%ggggeEﬁ;ggﬁggQO{glEﬁeacid

di anhydri de, cycl opent ane- racarboxylicracl I'an

1,2,3,4-cycl obulgR@aces JEEHARIIOPHE AT ithdisRMRNFdS an aligning

bi cycl o(2, 2, 2)octa- /- en-2, 3,5, 6-tetracarboxylicacid di anhydri de,
1,2,3,4- 10scyabanamiyast ehuchc d [degtde acivd 1 awdty daude noddniformity

1, 2,3, 4-butanet etracarboxylic acid di anhydri de. The sol vents
usabl e i n the poé€sailtignmesrtt iewen if ahe tlhapd harystaiolcampogition ds, for
exanple, N met hyl - 2- pyrrol i done, di nethylformam de, dinethylacet- 15
am de, di met hyl isdlecdedddn diisf drimnidh s tiadc phase witheudsbleatimanol
cycl ohexanone, di_nethyl i m dazoli_di ngne, di oxane,. _t et rahydrof uran, butyl

| d
cel | osol ve, but W0 sdaaeoddie, digechiryshid FOdespHefm the
In he organic poburer, o s e hasad S1IaNs 20 FULALAIEY TR

10 evaporation of an inorganic material such as silicon
oxide show far weaker torsional anchoring than the
liquid crystal molecules on a generally used rubbed
polyimide alignment layer, a significant effect of
reducing display irregularity by such weak torsional

15 anchoring can be expected.

Further, by differentiating the torsional
anchoring force from one substrate surface to the other,
that is, by providing strong torsional anchoring on one
of the substrate surface by fubbing the polyimide

20 alignment layer while providing weak torsional anchoring
on the other substrate surface by obliqﬁe evaporation of
silicon oxide, instead of conducting alignment control
so as to provide weak torsional anchoring on the
surfaces of both of the pairing substrates as in the.

25 prior art, it is possible to easily realize both of
stable control of aiignment and reduction of display

irregqularity.



am nopr opyl nmet hyl di et hoxysil ane or N-[err] (am noethyl)y-

am nopropyl tri net hoxysi |l ane, an epoxy-based sil ane coupling agent, a
titanate coupling agent, or a surface treati ng agent such as al um num
al cohol ate, alum num 25 chilate or zirconi¥mThilate may be mixed or
react ed. The alignment |ayer may be formed by the commonly used

net hods such as. spin coat Wigh EﬁﬁﬁFﬁﬁﬁe $PU§HGCU&@?n§19W1n9sﬁﬂﬁ}?ng etc.

- 28 - e qU|d stal here can be used for
exanpl e, 4- subsFFFE&tpﬁEﬁ$Pt$d'§&b %@ﬁﬁ éﬁ%
4-substituted-c clohe subst.i,t ut cl,qhexanes

substi t ut ed- phe ?P 5 iﬁ %ﬁr 3%50%@%% g &E °f the liquid
substituted-dic exy I

substi t ut ed- 4'-%3% ? b’éefgﬁb REQZQEEE%tI %érface, the better

bi phenyl - 4" - %vbablkﬂbe¢faw¥n@h @S efdect SWBQEFE%Eﬁ@ldest viewing
phenyl ) -5-pyri m di nes, 2-(4- substltuted dloxane)-5- phenyl s,

4-substi t ut ed- bahgieC badng Provided tirictietichkllyl@®hen the tilt angle
substi t ut ed- cycl ohexanecar boxyl i c aci d-4'-substituted- phenyl esters,

4- subst it ut ed- cyiel Ofexailec aheo)cdsec ofcithe orgafii-cs aldiginmendd laivelre mplose
esters, 4-(4-substituted- = cycl ohexanecarbonyl oxy)benzoic

aci d-4' - substi t aldgnment mwee@m@rrm@d Db Subbinga- G-}cll@hexyl )ben20| c
acid- 15 4'-subst|tuted phen I esters 4- (4-substi tut ed-

cycl ohexyl ) benz §i& EdEud 09 e yrdildh@ngle of the liquid

10 crystal molecules on the layer surface, but it is known
that the tilt angle can be easily approximated to 0° for
the liquid crystal molecules on the surface whose
alignment has been controlled by oblique evaporation of
an inorganie_material such as silicon oxide.

15 Therefore, by providing an inorganic material
layer controlled in its alignment by oblique evaporation
on one of fhe substrate surfaces as in the present
invention, it is possible to minimize nonuniformity of
injection of the liquid crystal composition and display

20 irregularity in operation, and even better viewing angle
effect can be obtained.

According to another feature of the present
invention, a group of electrodes for applying an in-
plane electric field to the liquid crystal layer and the

25 active elements are formed on only one of the pairing
substrates, and an inorganic material layer is provided

on this substrate side.



esters, and 4-substituted-4'-substituted-biphenyls. O t hese conpounds,

t he pol yconponent m xed liquid crystal conposi tions having an al kyl,
al koxyl , al koxymet hyl ene, 20 cyano, quorigg, di fluorine or trifluorine
group at | east one terninal of the noTed¢fil€ are preferably used.

In the present invention, as a fqurth feature thereof, a |layer of an
i norgani c material, preferidblBAsPeen pLAReRad c(edIQ'grﬁ%ﬁPWAd)ﬁé'a6°878)
surface-treated b bl i que .25 evaporation nethod may be used as anot her
T onment o e Y rgE e i STRRGRO s T e T IS prl e

ment i oned above. . - 29 s .

As prior art ressé"fpcﬁtirrﬁgt% hseldp? eas]é%rfe'l nvIerhttl:r(l)%,case c?fimarn(za %catsl‘i)eeenha gthn a
techni que for |iym s lgﬂgi_cé' . f .r%}g&gt' | u o rubbi ng
in the in-plane ﬂ&dlsqgvi{ [ ngi (r)rib&dsepjb?fu%%‘a%li | qui%%%&aﬁ%’o%&s! tionto
5 which the o réémﬁ?ﬂé‘&%ﬁéh haye Eeprerdtsthl and MBdd NHb@ ve-md t 19 d
crystal elenent in"which only the polyimde al i gnnent | ayer on one of

the substrate suioed digstal dibSplay heeid@relond et toiesl fonmantorand no
rubbi ng has been performed on the polyimde alignnent |ayer on the 10
ot her substr at e bt axfe {hP-paikibigiBihstrates, the ionidciowpuliingies this
prior art, however, in order to prevent nonuniformty of alignnment
during injectiorcontaingd tire theul igwrd seeystaheonposition existeddsmsnd to

in the substrate on the electrode side due to the

16 electrode potential given at the time of liquid crystal
driving, which greatly affects the surface properties
such as retention characteristics of the substrate.

These maldistributed ionic impurities interact
with various polar groups in the organic material or the

15 residual polar organic solvent to cause display troubles
such as image retention or sticking, especially when an
organic alignment layer such as a polyimide layer is
formed on the electrode-provided side of the substrate
surface.

20 - Such a problem can be solved by forming an
inorganic material layer on the substrate surface
contacting the liQuid crystal layer of the substrate on
ﬁhe electrode-provided side.

Further, provision of an inorganic material

25 layer on the substrate surface makes it possible to make
alignment contrél not by rubbing but b& oblique evapora-
tion, which contributes to preventing reduction of yield

due to static breakdown of the active elements by gener-



I nject the conposition in between the substrates in an 15 isotropic phase

by heating the conposition, and then gradual |y cool the conposition by
applying an electric or magnetic field,. An excessively long tine is
required for this step for obtaini ng‘a%?‘e'lerrent with little

nonuni formty of alignent, so that this. tecghni,que i 20 ,unsui ted for the
i ndustrial prod8&iPdnofr §tesdc electricity incy Fa;d&Pthﬁ SHOPREIChi r al

nol ecul es necessary .for . preyenting nonyniform of, _al i gnment

presents a diffWEﬁ%F'p F@npﬁﬁ é@@ﬂ ﬁchﬂ§H§Wb§EE%§%m in 5§gu3§tdf t he
optimal liquid crystal co I thon . e o] an be
overcone by using an ggﬁgfgg iPrS%?S%#QthFaﬁé§g§§§P%é Pﬂé g%?gkébility

provi ded by obl LGUaeaYararal) gk dhd Lubit e @lle having!8h! iAGrgafiitead

of formng a polyimde alig - 30 -

layer with ng rpabiedd s’ Q3R i3S Pkt Pos¥ibdld toPPreventn®rof the
substrate surfaces. By this means, it is possible to inpart

to the sur f agasmizebdilkplfayt he Ulds Gusib ey’ didgedt etlein@iioRd andd
ability of such a degree as will not cause nonuniformty of alignnment

even if the |igetdckingt als e@ijosist iboeaksiown ofnjthet actiive ©d emeqitisd by
crystal phase without heating. Al'so, since the liquid crystal nolecules
on the subs statd cs gliesda iigikiyhg thavet relaldeiang gnremarkabdlel i que
improvement of production yield.
10 : In still another embodiment of the present
invention, a photo-reactive material layer, especially a
photo-reactive layer which has been subjected to
linearly polarized light irradiation to selectively
derive a photochemical reaction, may be used as another
15 alignment layer for providing weak torsional anchoring
mentioned above.

The photo-reactive alignment layer is a
conventional alignment control means with which it has
been considered difficult to provide strong torsional

20 anchoring and a sufficient (more than several degrees
(°) of) interfacial tilt angle, but its weak torsional
anchoring is favorable for realization of the present
invention, and further, since in the in-plane switching
mode there is no need of'providing an interfacial tilt

25 1in principle unlike in the conventional TN mode, this
means is capable of improving the practical aspects of
display such as mass productivity in combination with

the in-plane switching mode.



10 evaporation of an inorganic material such as silicon oxi de show far

weaker torsional anchoring than the liquid crystal nolecules on a
general |y used rubbed pol yi m de alignnsﬂt | ayer, a significant effect .
of reducing display irregularity by Su weak torsional 15 anchoring

can be e ted. Fur{ her, di f | at] h [ I

anchpg!ngpfgrge from one ?EBEPE5$;£§5£?a€é°Yé ﬁé@Qt%@ﬁ#ﬂg En%%%€£$;?ngy

provi ding strong torsiona ' . b

rubbi ng the. po SrhPaRLAgonaRRy Phr: Spagapeushpei st EaeRaE EL R aRYIGATR B
. h N A . .

i1 con oxi de, “Frer BafteF’ pBUAREE heoVibAThg UngRy) Bl AUEEELELIEN. T 1 e

weak torsional %EﬁﬁgrgﬁglﬂnihﬁgrfaciiﬂrEQQQSaHEIEOEB ehvbbgbpai EbRYsaid

substrates as i prior art, It is possible to easily realize both
?iregulZ$??;g CBRbEBredbtabedaTtghnend 18geel! gBoa! viLaRhgyangle
reference to thghurdet¥rewitigsaganebe expelted €reni pedvisibheofnthiane
swi t chi ng node, generally the smaller the tilt angle of the liquid
crystal nnleculgaﬁe@.the substrate surface, the better 5 is the view ng
angle effect, with the w dest view ng angl e bei ng provided
theoretical ly when the tiltheapgeeent invention is further illustrated

Wth

by the following Examples.

10 Example 1

A pair of surface-polished 1.1 mm transparent
glass substrates were prepared. Thin-film transistors
and wiring electrodes were formed on one of the
substrates, and this substrate was further coated with

15 an insulating protective layer (gate insulating layer 2)
made of silicon nitride.

The matrix element comprising said thin-film
transistors and wiring electrédes is not particularly
limited; any type is usable as far as an in-plane

20 electric field can be applied thereto. 1Its producing
method is omitted here as it does not constitute any
essential part of the present invention.

FIG. 6 shows a front view, as taken from the
direction vertical to the substrate plane, of the

25 structures of the thin-film transistors and various
types of electrodes and side sectional views taken along

the lines A-A' and B-B'. Substrates are not shown here.



is 0. In the case of the organic alignnment |ayer whose al i gnment has
been controlled by rubbing, it is difficult to nake O[err] the tilt
angle of the liquid 10 <crystal nolecules on the layer surface, but it is
known that the tilt angl e can be easity33pproxi mated to O[err] for

the liquid crystal nolecules on the surface whose .alignnent has been
controll ed by oblique evaf@ch itdHrofilm tHANSIGEERMIUD datidy iCOMREIEFSas

silicon oxide. 15 Therefore, b roovi di ng an inargani c materi al
| ayer controlIe&W%?%t%}%ﬂqiﬂﬁﬁﬁn(ﬁﬂpEﬁﬁi%%é?%ﬁﬁé%ﬁiﬂ @ St one of the
substrate surfaces as iyt res | hvent j |1z ' to

m ni mze nonuni feg‘rerﬁqirf% .J}iar%irhjegi;%?torpo%%)ntf(e 4 ?é(;buqdd{lcdr setq%ﬁc%rf{)eosi tion

and display 20 (40 Ridddodd) OPFS Urd bndlbhie b0l 14 ewi ng ang] e

effect can be obt7al ne Accordi'ng to another feature of the

present _igwvention, a @HIRMmEH ldAdadP L A WddhrAhdg ‘lectrddeane
electric field to the liquid crystal |ayer and the 25 active elenents are

formed on only Qe e tdengisi tutsd £rom Wisd rsdmes metdl Anyarongieried eri al

| ayer is provided on this substrate side.
- 32 - after Ithehasmubiteratpr apoiseshdgwng. in JP- A 6-160878) to
di spose these el ectrodes and active el enents on one substrate side

alone. In the case of an dcitkemisgest ihe signal electrode 3 and pixel
electrodes 4 are constituted from the same patterned
10 metal layer formed on a gate insulating layer 2. As is
evident from the front view, the pixel electrodes 4 are
disposed between the three common electrodes 1.

The pixel pitch is 100 um in the transverse
direction (i.e. between the signal wiring electrodes)

15 and 300 uym in the longitudinal direction (i.e. between
the scanning wiring electrodes).

The electrode size was so selected that the
wiring section (the section extending parallel to the
scanning wiring électrodes) of the scanning electrode

20 12, signal'electrode 3 and common electrode 1, which
constitute the wiring electrodes stretching across the
plural pixels, will have a greater-than-usual area to
avoid line defect. The widths of said scanning
electrode, signal electrode and common electrode were 10

25 um, 8 um and 8 um, respectively. |

In order to increase aperture ratio, the pixel
electrode 4 and common electrode formed independently

for each pixel unit were somewhat lessened (to 5 uym and



liquid crystal display having such a structure, as 5 conpared with the

conventional TN node active-matriXx liquid crystal display having the
el ectrodes forned on both of the pairing substrates, the ionic
i mpurities contained in the liquid crys @I'conposition exi st biased

in the substrate on the el ectrode side due to_the _10 el ectrode potenti al

given at the tirfe Whr ITRARSFIIYRIR) In the width <f FERIQP af fects the

surface properties . .such refention.characteristics of .the .substrate.

These mal di stri BRENIGHE 7 ﬁ%ﬁﬁ ﬁ?’é%l‘i‘h‘ileﬁ%t‘flrec%% arﬁrb%ss%ﬂﬂ%r |

groups in the o%%.iég;gﬁégéfg%gr the 15 residual polar. organic solvent to
suc

cause display trou as image retention or sticking, especially

when an organi ¢ ali gnrgqy Aﬁy&{ StIhde e Y dddN Wi V8lcdehses iRy med
on the el ectrode-provided S|Jé of The substrate surface. 20

Such a probl egn G Sl e bpydiséshmgction or i hsHaing dRiwitalddayss on
the substrate surface contacting the liquid crystal |ayer of the
substrate on mihineg | ef tconicapimanted atdein this case, it Fearn hly

provi sion of an inorganic material 25 |layer on the substrate surface nakes
it possible to meuse a patghaknfacbhtoblonetpixek ind mevrrn Bwidigs que
evapor a- tion, which contributes to preventing reduction of yield

due to static bridfi@diffeft¢he active el ements by gener-

The signal electrodes 3 and common electrodes

10 1 were provided at intervals of 2 um, with an insulating
layer interposed therebetween.

The number of the pixels was 640 x 3 x 480
since there were provided 640 x 3 (R, G and B) of signal
wiring electrodes and 480 wiring electrodes.

15 Then a solution of a solvent-soluble type
polyimide precursor RN-1046 (produced by Nissan Chemical
Co., Ltd.) was applied on the substrate, heated to
200°C, and allowed to stand in this state for 30 minutes
to remove the solvent, thus forming a high-density

20 polyimide alignment layer. The surface of this

| alignment layer was rubbed with a buffing cloth secured
to the rubbing rollers to impart an aligning ability to
the layer.

A color filter having a light shielding layer

25 was formed on the other substrate, and the polyimide
alignment layer formed on its outermost surface in the
same way as described above was rubbed to afford liquid

crystal alignability.



- 33 - ation of static electricity incidental to the rubbing wor ks,

whi ch has -been a conplex problemin the art. ' Thus, by

provi ding the el ectrodes and active elenents only on the substrate side

havi ng an inorganic 5 material layer, Tt 3BheCones pOSSIb|e to prevent or

m ni m ze display troubles such as | {ete tion and | cki s well
s (P

as breakdown of the acti RURDE oy% af'ﬁ &%ﬁ%%t#‘?‘clﬂpa%

oSt Canot el rﬁ?@%@%ﬂ gﬁ%%”ﬁ‘%&%m .mQ"ﬁ#%g i FPRASERLe 1 ve
gﬁhjetrai:?ladl ?ger ?e%;%?é p%?'é]i’?ggd ‘%l gh f#ér)a ?l%:]ml}ti%t sth ectf\?gﬁ/h

For provi i ng. vEoe gref eﬁf%%%%ﬂg?g’?&“éﬁﬁ%ﬁ??gﬂﬁ%gﬁﬁ%v‘iﬁ A N8P Chg! OV eI

The photo-re Ct%ﬁe ﬁ% QGHEEE Laysh bSganic m6DE¥EDAEORRImashoea@Nbn CERET Ol
means with een considered difficult to provide strong

torsional 20 @£§@9f599f38€ a eHi&i gbenbd( oempribingseprealingoofes
([err]) of) interfacial tilt angle, but its weak torsional anchori ng

is favorabl e fogporeshiat E@Dmobnt bRepwasent surfacenisnahoalignuentrt her,
since in the in-plane swtching node there is no need of providing an
i nterfacial t|Itonﬁﬁollmephodcwphehuhaskbeen cheseéﬁVGQtubﬁhleTFPnDde this

means i s capabl e of |nprOV|ng the practi cal ects of dlsg fg sgch as
mass producti vi pyovhdeoabenifichently large 1n erfacial tilt ang

10 since in the in-plane switching mode no interfacial tilt
is required in principle unlike in the conventional TN
mode, this method, when combined with the 1n—plane
switching mode, is capable of improving practicality
such as mass productivity of the device.

15 Further, it is known that, in the in-plane
switching mode, the smaller the interfacial tilt angle,
the better become the viewing angle characteristics.
Diminishment of the interfacial tilt angle is favorable
for said alignability imparting method comprising

20 spreading of the molecular f£ilm on the water surface, so
improvement of viewing angle characteristics of the film
can be expected.

Then these two substrates were placed one on
the other so that the surfaces thereof having the liquid

25 crystal alignability would face each other, and joined
together with the intermedium of spacérs composed of
dispersed spherical polymer beads and sealant along the

edges to assemble a cell. The rubbing directions of the



the in-plane sw tching node. - 34 -

Further, it is known that, in the in-plane swi tching node, the smaller
the interfacial tilt angle, the better becones the view ng angle
characteristics. Since small interfacia® ilt angle is favorable for

said 5 photoreactive alignnent |ayer ood view n anglf
characteristicstwansbbsékﬂééﬁeHeFPoﬁPng§P§F6ﬁlﬁfPgﬁ?% el tp,carh

The present invention is _further (I .at ed b he follow | es.
10 Biarpl ¢ 1 other, ad thepaneLsr 485 RaBobyoEPaReA oS o AR, PRRE EREN: °°
gl ass substrates re.prepated. Thig-figl. i Ebi

el ect rodes mereaniﬁﬁgpbﬁggagngf£ﬁhgd hlg%&%???é?égfggﬁdt?ﬁpg Zﬁgg??ate was

further coated with 15 a@hgﬂsglﬁggggigrangghvgr§g¥$%e&§§?gsig§ghating

| ayer 2) made of .silicon nrtri rix el ement

conpri si ng sgi dptBiAaf bl Positiler@lielett idNdntisbithepy! et bEdeS0i g1not
particularly ''m’ted any type is usable as far as an in-plane 20
electric field gan, beoapyl,i ad relfeactdvel indexodundisogropy det bdid0oi.980onitted

here as it does not constitute any essential part of the present
i nventi on. (590 nm, 20PICG. afdslkowwistf edasthicewongsanik&2 Pforh.OhpN
was injected in between the substrates of said liquid
crystal cell in vacuo, and the cell was closed by a
10 sealant composed of an ultraviolet curing resin to
produce a liquid crystal panel.

There were prepared 6 liquid crystal panels
having a liquid crystal layer thickness (gap) 4 of
4.740.7 um in an encapsulated state of liquid crystal

15 with said spacers. Thus, retardation (And) of these
panels was 0.32-0.432 um.

These panels were held by two polarizers
(G1220DU mfd. by Nitto Denko KK), with the polarized
light transmission axis of one of the polarizers being

20 arranged substantially parallel to the rubbing direction
and the transmission axis of the other polarizer
arranged orthogonal thefeto to provide the normally
closed characteristics that give dark display with a low
voltage and bright display with a high voltage. Then

25 the structure was worked into a module by connecting the
drive circuits, back light unit and other necessary

parts to obtain a liquid crystal display device.



direction vertical to the substrate plane, of the 25 structures of the

thin-filmtransistors and vari ous types of el ectrodes and side
sectional views taken al ong ~ the lines §§¢§_ and B-B' . Substrates are
not shown here. - - 35 -

Each thin-filmtransistor _unit 14 cqnpri rodes (source

es pi.xel el c&
el ectrodes) 4, a signal T e@l?@tpédgg(&ggiﬁa@Pe@hFGB ng, &Y&Lanni ng
| ectrod | ect , h i 13. .
The_ commn el cctRbgaal 4 220R, oe 3R PRARE k), 550 bubloyeR day 58 ¢ om
th tal | . f {. t .
i kewi oo, the sPBtTe Blertadieyicel! o qriGntdat 18ver Vag Bilihed on & o

fromthe sane pgﬁ%gﬁ?gg,bsi&%@ nd Q-Xﬁ{befd)@f‘%h@s%ln@a ocRed!, akingg thayer

2. As is e romthe front view, the pixel efectrodés 4 are

di sposed bet weeRamee 1A} cHyBYaICIREHPodeSoh was encapsulated#® Riak@
pitch is 100 [err]min the transverse direction (i.e. between the

signal wring ekhediigudds)crytaindell [y [entrapdlatiangiliendithgl whichcti on
(i.e. between the scanning wiring el ectrodes). The
el ectrode size whowso thel doired anadt anchor ingnistineggdde bitokhet Hateedricen
extending parallel to the scanning wiring el ectrodes) of the scanning

el ectrode 20 lbetwegmalthe ddudde Fyatal udlescandddhe, aliiigament

layer surface, was measured by the Fredericksz transi-

10 tion method (Yang: Appl. Phys. Lett., 43(1l), 1983,
pPp.62-64). It was determined to be 1.0 um.

Here, the principle of the-Fredericksz transi-
tion method used for determination of extrapolation
length is explained.

15 This method briefly comprises determining the
extrapolation length from the equation (1) expressing
the dependency of the threshold value Vc of Fredericksz
transition mentioned above on the liquid crystal layer
thickness d.

20 The equation (1) may be transformed into the
following equation by giving specific attention to the
liquid crystal layer thickness d and the threshold wvalue

Ve of Fredericksz transition:

(1/Vec) = (4 + 2b) x ng V (Ae/K2) (7)

There were prepared a plural number of liquid

25 crystal cells differing only in liquid crystal layer



constitute the wiring electrodes stretching across the pl ural pixels,

w Il have a greater-than-usual area to avoid line defect. The w dths of
sai d scanni ng el ectrode, signal electrode and conmon el ectrode were 10
25 [err]m 8 [errlmand 8 [err]m respecTi % In order to
I ncrease aperture ratio, the pixel el ectr 4 and connDn el ctroqﬁ
formed i ndependdftigkness tfxom Rarh, |9&ﬂe{ﬂnqnékgh? 5

Lg;;)]eg}[ ?CSI y) i enfe Rittebvith the igrid créﬁﬁt@ﬁd"r?@’%‘nqi‘{fé’r‘ﬁr'lcﬁ% didi nal
the ol ectrode. weth R SR L %%ﬁ)e's,aefﬁ% l‘iﬂﬁ?|%ff%ﬂmaedscfo°nrne4%a°f%ﬁé”%lﬁig o
E;ﬁaglnlns o Wc;%séej%erél% ml& ’FJ?S one pi x‘g\"lall Hmeﬁ/eefr&ittnﬂ\%%e?ﬁ%t% :
3\:]; 2Ctprow ded at |rnet eerxvtaﬁ}hgp&f&‘@% err ﬁ%@%ﬁ?%@ o2, nger 0 1

i nter posed t her afpy iB&rapolation len dgth Té’lﬁxélbﬁwc!oﬁ)fz tite o oee!expiass-640 X
3 x 480 since there were provided 640 x 3 (R, G and B) of signal

W ring el ectrodesiandin@itates ngpret eibutoiless tdSthe extrapolalissn desmtiit i on
of a solvent-soluble type pol yi m de precursor RN-1046 (produced by
Ni ssan Cheni cal £rom both interfaces in case the upper and lower

interfaées were supposed to be identical).

10 This determination method allows accurate
determination only in the case of weak torsional
anchoring where the extrapolation length becomes
substantially comparable to the liquid crystal layer
thickness in principle;

15 As the extrapolation length determination
methods applicable to the case of strong torsional
anchoring, there are known, for instance, a strong
electric field method (Yokoyama, et al: J. Appl. Phys.,
57(10), 1985, pp. 4520-4526) and a method for determin-

20 ing minute interfacial torsions (Akabane, et al: Jpn. J.
Appln. Phys., Vol. 35 (1996), pp. 4434-4436). 1In the
case of weak torsional anchoring envisioned in the
present invention, the determinations by any of these
determination methods are much the same and well

25 reliable. _

The ratio b* of the extrapolation length b to
the gap between the substrates, as calculated from the

above-determined extrapolatioﬁ length with a central gap



Co., Ltd.) was applied on the substrate, heated to 200[err] C, and
allowed to stand in this state for 30 m nutes ‘to renove the sol vent,
thus formng a high-density 20 polyimde a%Lgnnent | ayer. The surface of
this alignnent Iayer was rubbed with a Buffing cloth secured to the

rubbi ng roIIers art an al g ability to - t he | ayer.
A color filter SP 59#%%#% ng | ayer 25 was fornmed on the other

substrate, and the pol yi mﬁee to saildrggt}n?}lt%]oaﬁq{\ﬂas rubbecgrénitt zﬁzo%tne RSt

surface in the same way as J&sct ove ord I 'qui d

crystal alignabidyisighment 1a yer surface can be immediately determined
Rubbi ng was enploy as nea for 1 nparting allgnablllty I n the 1nstant

exanpl e, but it f'r%zrpct:‘-h% Q—'J:@cr &)oﬂé}.llb%? Rdfh Bl Lwurh Aadiaidn ng a
mul ti-layer film h good aligning performance by raising up and
laying 5 ong h%o’i’idt%trftat@ AE HgER N i Q«:ﬂé}ﬁaﬁs J By RisHialy Ahe F11low-
wat er surface. This nmethod conprising spreadi ng of a nol ecul ar filmon
t he water surfadag ecuatdlorgwieith was aiedivad nitdrw dhehisgdudtdohga) :

consi dered unable to provide a sufficiently large interfacial tilt
angle, but 10 since in the in-plane switching node no interfacial tilt
Is required in principle unlike in the conventional TN node, this
met hod, when conbined with the in- @z K2/b (8)

Therefore, in the case of the instant Example,
A2 =7.0 uN/m.
Determination of the display performance of

10 the above-described liquid crystal display device by a
photoelectric photometer gave the results noted by very
small change of transmittance expressed as a vertical
axis of coordinates where the liquid crystal layer
thickness difference was represented by the horizontal

15 axis, with the center value of 4.7 um as reference (0),
either when a voltage Vmax which gives the maximum
transmittance was applied or when the voltages V90 and
V50 which give 90% and 50%, respectively, of the maximum
transmittance were applied as shown in FIG. 7.

20 In order to make quantitative determination of
display irregularity, the image on the display section
taken by a CCD camera in a state of intermediate tone
display where display irregularity appears most
conspicuously, and the contrast of the maximum luminance

25 irregularity (after elimination of the gentle luminance



swi tching node, is capable of inproving practicality such as mass

productivity of the device. 15 Further, it is known that, in the
i n-pl ane switching node, the smaller the interfacial tilt angle,
the better becone the view ng angle chardct® istics. Di m ni shent  of

the interfacial tilt angle is favorable fof said ali bility inmparting
met hod conpri si AP FEERTY T MR RIS F319% &Fggﬁ’@ m sur f ace,

SO i mprovenegnt .of view.ng angl e characteristi f i .. .scan
be expect ed. dizpidy seet P These mseﬁ‘{)s s?éflzsgqﬁ‘}r relei‘]orlfeéture%lrolr;‘-'é')on

t he ot her so th@vtaé;t ?%t%l{r“[i t her efg %/dwc#rsqkl iquid 25 crystal

alignability woul ce each ot her, and J ol ne together with the
i nt er medi um of spacers cORREA Qfisual IHAYERRA P Yst3 thRlreRIagheads

and seal ant al ong the edges to assenble a cell. The rubbing directions
of the 5 also observed no display irregifiarity du® tuilxtig ates were
substantially parallel to each ot her, and the angle defined by this
direction with tdiFferemmplired iquid arystal dajerdhivkness off the be
75[err]. Then a nematic liquid crystal conposition- - 5 having
~a positive diel ddigquicd amysttalopaniets, afd high-unifornity Mi[splayCwasa
refractive i ndex ani sotropy An of 0.08 (590 nm 20[err]C) and a tw st
el asti c const antobaigfed. 0 pN was injected in between the substrates of
said liquid
Example 2
10 The procedure of Example 1 was carried out

except for use of RN-763 (a product by Nissan Chemical
Co., Ltd.) as the alignment layer material to make a
liquid_crystal display device with a liquid crystal
layer thickness d of 4.0 um.

15 The extrapolation length b of this device was
determined by the Fredericksz transition method as in
Example 1, finding b = 1.49 uym, hence b* (ratio of the
extrapolation length b to the gap) = 0.3725.

The contrast of the maximum luminance

20 irregularity determined in the same way as in Example 1
was about 0.3%. Also, no display irregularity due to the
difference in liquid crystal layer thickness of the
obtained liquid crystal panels was observed in the
visual image quality test, and thus high-uniformity

25 display was obtained.



crystal cell in vacuo, and the cell was closed by a 10 seal ant conposed
of an ultraviolet curing resin to produce a liquid crystal panel.
There were prepared 6 liquid crystal panels having a |iquid crystal

| ayer thickness (gap) d of 4.70.7 [&r@PBmin an encapsul ated state of
liquid crystal 15 wth said spacers. Thus, retardation (And) of these
panel s was 0. 32Egampde[@drr]|m These panels were held by two

pol ari zers (G1220DU nfd. by Ni.tto nko K ith the_ polatized
light transmission axis 0£L8nBréFePHEengagﬁiggiéb£1H@s gﬁlg?VE ge¥cept
substantially parall el e bi l.regtion n he.transpoission
axis of the othg?rpgggrﬁgeéa lbgga#%gﬁ§382§rpﬁ068R3P ?KgFéFgl%oﬁﬂggéFde t he
normal | 'y chQsed aragt.eri.st i hedh a ' a | a.l ow
vol tage and briSﬁf'dPE%F&yg§d%h?ahaﬁahmeoft%égngﬁéﬁgkightﬁgm%%Fﬁc_ure was
worked into g npdgheabyrgeragCHiBY1IBRCdevicediiv8 & 1¢4LEa, cPPEkahi ght unit
and ot her necessary parts to obtain a liquid crystal display device.
- 39 - layer théekhgsesiangft keosane al i gnnent | ayer mat eri al
(G1220DU of Nitto Denko KK) as enployed in the above displ ay device, an
al i gnment | ayer was forne@heneatrapodbtdonsiibagtht b afidthiibbéevbget he sane
process, and the 5 sane liquid crystal conposition was encapsul ated to
make determined in the same way as in Example 1 was 1.50 um,

and the ratio b* of the extrapolation length b to the

10 gap was 0.375.
Contrast of the maximum luminance irregularity

was about 0.3% and the visual image quality test showed

no display irregularity due to the difference in liquid

crystal layer thickness of the liquid crystal panels,

15 confirming high-uniformity display of the present

device.

Example 4
Following the procedure of Example 1 except
for use of AL-3046 (product by Japan Synthetic Rubber
20 Co., Ltd.) as the alignment layer material, a liquid
crystal display device with a liquid crystal layer
thickness 4@ of 4.0 um was produced. b = 1.50 um; b* =
0.375.
Contrast of the maximum luminance irregularity
25 was determined to be about 0.3%. The visual image
quality test showed no sign of display irregularity due

to the difference in liquid crystal layer thickness of



aliquid crystal cell. Its extrapol ation |ength, which shows the
torsional anchoring strength at the interface between the liquid
crystal nol ecul es and the alignment | ayer surface, was measured by the
Fredericksz transi- 10 tion nethod (Yang AppT. Phys. Lett., 43(1), 1983,

pp. 62-64). It was determined to be 1.0
principle of thdhs é'd&‘Hﬂ(s"zriﬁ%ﬁPmPane ‘%g]rF‘?qu’rﬁYtF%srb’thT d"rnlgormltl’

determ nati on of_.extrapol ation | ength is explained. 15

Thi s met hod bH(Q %ﬁ#%N|ses determ ning the extrapol ation | ength
fromthe equation (1) expressing t he dependency of the threshold val ue
Vc of Fredericksz - transition nentioned above on the liquid crystal

| ayer thicﬁ%gﬁgfg 5 20 The equation (1) may be transforned
into the fo ng equation by giving specific attention to the

liquid crystal layer thickagssowimfictid IdUERE b/ adifiple 1 \kcdipt

Fredericksz transition: (2/Vve) = (d + 2b) x [err]g [err]

(7) for tHeersl idptimept emyeﬂ maperisl andrbehe diduidickystal
crystal cells differing only in liquid crystal |ayer

- 40 - t hB cloumpes ¥oioracther ¢ ever erpr odrced &5 Uk kqid cryarabfpanels

ranging in liquid crystal layer thickness (gap) d from
5.0 + 0.55 ym to 5.0 - 0.75 um.

For forming the alignment layer, 1.0 molg
of p-phenylenediamine was dissolved in N-methyl-2-

10 pyrrolidone, to which 0.3 mols (30% of the total number
of moles) of decamethylenebistrimellitic acid d4di-
anhydride and 0.7 mol% of 1,2,3,4-butanetetracarboxylic
acid dianhydride were added and reacted to prepare a
polyamic acid varnish. This varnish was diluted to 6%

15 concentration and, after adding y—aminopropyltriethoxy-
silane in an amount of 0.3 wt$ as solid, subjected to
printing work and heat treatment at 210°C for 30 minutes
to form an approximately 800 A dense polyimide alignment
layer.

20 A nematic liquid crystal composition having a
positive dielectric anisotropy Ae of 10.2 (1 kHz, 20°C),
a refractive index anisotropy An of 0.075 (590 nm, 20°C)
and a twist elastic constant K2 of 5.0 pN was used.
Retardation (And) of the five liquid crystal panels was

25 0.32-0.42 um. |

- The extrapolation length b, which indicates



were plotted with the liquid crystal |ayer thickness d as abscissa (x
axis) and 1/Vc determ ned for each cell as ordinate (y axis).. The
section y where these points 5 were extraRoIated with a straight line
gives -2b, i.e. t he extrapol ati on | engt (The factor 2 in this expres-
sion indicates contrjbutions to the extrapol ation | ength from both
interfaces in CMQW%MCW’P%@V”‘ th rﬂ’ér"f%e’s"gﬁlﬁ?f\?% RRIMRER 0 Dbe
identical). 10 Thi s dg{ on ne qg al pms acc rate

det er mi nat i on ortBe i SEestal i % the
extrapol ation | eé@{%%%ﬁggéldet?%gﬁécf%iéﬁ fso"ﬁ’fé;?ﬂf é%}t&e by AU

crystal |ayer n p
extrapol ation | gaqideded ion MELASESi AP e Wy tdie Gpse of
strong torsional anc orlng, t ere are known, for |nstance a strong

electric fielsl ridishd YOKoFER@in®tb & :11.J0 P! .HENYS, .the rdidDbs J985,
pp. 4520-4526) and a nethod for determin- 20 ing mnute interfacial

torsi ons (Akabanghe edxtatapdlatidn leng#@pb nto Ritys.gap/pl ca T XdiSHH )wigip.
4434-4436). In the case of weak torsional anchoring envisioned in the
present inventi drhe tdentdet egap naf | DG Wy, cwds ¥ . 2heed the dedmsionel | on

met hods are much the same and well 25 reliable. The ratio
b* of the extra@tehoning ceeefficient A2 eficthpmbignpent (haveuuriacs, as
calculated fromthe a ove determ ned extrapol ation length with a
central gap was 5.0 uM/m

10 . The tilt angle at the boundary of the sub-
strate as measured by the crystal rotation method
was 3°. |

The display performance of said liquid crystal

display device was determined by a photoelectric

15 ophotometer to find that the device had the character-
istic of being very small in change of transmittanée
with difference in liquid crystal layer thickness,
either when a voltage Vmax which gives the maximum
transmittance was applied or when a voltage V50 which

20 gives 50% of the maximum transmittance was applied, as
shown in the graph of FIG. 8 where transmittance is
plotted as ordinate and difference in liquid crystal
layer thickness as abscissa, with the center value of
5.0 um as reference (0). In order to make qualitative

25 determination of display irregularity, the image of the
display section was taken by a CCD camera in a state of
intermediate tone display where display irregularity

appears most conspicuously, and contrast of the maximum



- 41 - of 4.7 [err]m was 0.213. The torsional anchoring

coefficient A2 on the alignnent | ayer surface can be immedi ately

det erm ned fromthe extrapolation length b and twi st elastic 5
constant K2 of the liquid crystals, by using’the foll ow i ng equation
whi ch was derlved fromthe equatjon (2); _ A2 = K2/ b
(8) - luminppGeARTEIY ety AR TP s AR e A2

=7.0 [err] N m an of the tg'éeSpl' perfor

10 the above- des¥HRaRgs cﬁﬂﬁ%ﬁ%ﬂa%‘%wgaf i rang@n& oc‘-1 ct ric
hot t No] tt
xpr essed as a VERLS S SPTaY A J%oﬁé%.rneaﬁoe@ﬁ?éner ?%ahe% M orystal
| ayer t hi ckness ]f rq_rteig)c nﬁ%féﬁ ed 1y Mdtzwtﬂ 15 axi s,
[err]n1as refrere

with the center vaI nce ( i tHer” when a

vol tage Vmax gwi ch gl ves i vixXividdal ind, aiaamxad}ca;e\&a &m@ﬂeedza%r when
t he voltages V90 and V50 which give 90% and 50% respectively, of the

maxi mum t r ansen treoGHL sy aiptequll axsi shalue ivo RiHe diffeir@ence in I n
order to make quantitative determ nation of display irregularity, the
i mage on the di ddlgnidantystal layek crhigknesGCo T diter d iquisd strptsdadf
I nternedi ate tone
panels, and high-uniformity display was obtained.

Example 6

10 . In the same way as in Example 5 excepting the
alignment layer material used, 1.0 molg of m-phenylene-
diamine was dissolved in N-methyl-2-pyrrolidone, to
which 0.25 mol% (25% of the total number of moles) of
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]tridecane-

15 tetracarboxylic acid dianhydride was added and reacted
at 40°C for one hour to synthesize an oligomer having a
polystyrene-reduced weight-average molecular weight of
about 60,000. Then 0.75 molg of 1,2,3,4-butanetetra-
carboxylic acid dianhydride was added thereto and

20 reacted at 20°C for 15 hours and then at 130°C for 30
minutes to obtain a poly-oligomer-amic acid imide
varnish. This varnish was diluted to 6% concentration
and, after adding 0.3 wt% (as solid) of y-aminopropyl-
triethoxysilane, subjected to printing work and heat

25 treatment at 230°C for 30 minutes to form an about 700 &
dense polyimide alignment layer. A liquid crystal

display device having this alignment layer and a liquid



di splay where display irregularity appears nost conspi cuously, and the
contrast of the maxi mumlum nance 25 irregularity (after elimnation of
the gentle | um nance - 42 - shadi ng

stretching over the wi de range of the wha! 7 ~ di spl ay section not
recogni zed as display irregularit erm ned b@ bout 0.5%

I'n the|V|s$aIdlﬁﬁ?ét?&aﬂﬁyﬁrté??cxpﬁéﬁedmﬁ? qebapgowﬁﬁsgﬁ 8|splay
irregulari ue to the
el ar 1 due Vo UhE oL Lo d el o gt bhghnets o

obt ai ned. T
ggrriﬁddoyt té?B%EFlPBrmﬁggogfwﬁﬁ-?Gg ;@ Bﬁggﬁg?rgﬁg%Fgéggg 8#\2@?

., Ltd.) as t t t l= t k liquid |
G spl ay device SEPREhTBRR, Faedb) v Y225, 2 TP R s o o 4.0 Lerilm

15 gIhe extrapol ali,en leng htheohakﬁhﬁmdﬁﬁhﬁﬁaW@é 1rre§ﬁlﬁ&ﬁt?€d
by the Fredericksz transition nethod as in Exanple 1, finding b =

[err]m hence bg eQ:rei"HJ.%e@f ith&he samd WaROlad iigh Exenglle D wast Aboyap) =

0.3725. he contrast of the maxi mum | um nance 20

irregularity demerzm.nMgd} e sdmsualnyimege quaddyy ¢est showed no
display irregularity due to the difference in liquid
crystal layer thickness of the liquid crystal panels and

10 assured high-uniformity display.

Example 7
In the same manner as Example 5 excepting the

alignment layer material used, 0.3 molg (30% of the
total number of moles) of 1,l2-diaminododecane was

15 dissolved in a mixture of.N-methyl-z-pyrrolidone and
dimethylacetamide, followed by the addition thereto of
1.0 mols of 1,2,3,4-cyclopentanetetracarboxylic acid
dianhydride and 30-minute reaction at 60°C to synthesize
an oligomer having a polystyrene-reduced weight-average

20 molecular weight of about 4,000. Further, 0.6 mols of
4,4'-diaminodiphenylmethane and 0.1 mol% of diamino-
siloxane were added to the oligomer and reacted at 20°C
for 12 hours and then at 150°C for 30 minutes to produce
a poly-oligomer—-amic acid siloxane varnish. This

25 varnish was diluted to 6% concentration, to which y-
aminopropyltriethoxysilané was added in an amount of 0.3

wt% as solid, and the resulting preparation was



was about 0.3% Also, no display irregularity due to the difference in
liquid crystal |ayer thickness of the obtained liquid crystal panels
was observed in the vi sual i nage qualitX test, and thus high-uniformty
25 di spl ay was obt ai ned. - 48 - - 43 -

Exanpl e 3 . The procedure of Examle 1 was followed except
for use of AL-1GBbigntseflidl Brieing Wik g hedfdgreatmentcat @(Qfé) as

L O LS A ed SIS an Sl 6 Y e R AL o2

W I qul .
Tﬂe§§%?§°ha&;%@o§%9%e2aﬁﬁnﬁe“ﬁé SEee ang § LR My AT QiR
| ength b he 5.6 | , s .

o e Ve e A dEhaPEnG Al o1igoment dayer S i lid ey
showed gle dlll%g}eary N6 & 1§ YoUg, ¢ ur gf‘a%gﬁaﬁ.e”%ér{‘ ndfBUrba as

crystal layer thickness of the [1quid cryst , 15 confirmng

hi gh-uniformty i3 stampd 1) piesend um; asEweea: 0,12, dSRBK bf
Fol |l owi ng the procedure of Exanple 1 except
maximum luminance irregularity was about 0.6. 1In the
visual image quality test, no display irregularity due
to the difference in liquid crystal layer thickness of
10 the liquid crystal panels was observed, and high-

uniformity display was obtained.

Example 8
In the similar manner as Example 5, 0.2.mol%
{20% of the total number of moles) of 2,4-diamino-

15 laurylphenyl ether was dissolved in N-methyl-2-
pyrrolidone, to which 1.0 molg of 3,3',4,4'-bis¢yclo-
hexanetetracarboxylic acid dianhydride was added and
reacted at 50°C for one hour to synthesize an oligomer
having a polystyrene-reduced weight-average molecular

20 weight of about 30,000. To this oligomer were added 0.6
mols of bis(p—aminobenzoyloxy)methane and 0.2 molsg of
isophthalic hydrazide to carry out reaction at 20°C for
15 hours and then at 100°C for one hour to produce a
poly-oligomer-amic acid varnish. This varnish was

25 diluted to 6% concentration and, after addition of 0.3
wty (as solid) of y-aminopropyltriethoxysilane,

subjected to printing work and heat treatment at 200°C



for use of AL-3046 (product by Japan Synthetic Rubber 20 Co., Ltd.) as the

alignnent [ayer material, a liquid crystal display device with a liquid
crystal |ayer thickness d of 4.0 [err]mwas produced. b = 1.50 [err]m
b*" = 0. 375. Contrast of 9ﬂe‘naxinun1luninance
|rregular|ty 25 mas detern1ned to_be about 3% vi sual

qual ity test shoW®d r%’r‘b‘h % B shPEY ?‘Pr%@%‘l‘%r@?@ ﬁu%ense R@X%é“lde'

di ff | hi ck .
o e | A idhenf Fhy e ARECR  Flomis reivetan (Hiapigy
di spl ay. ' t |
1 except for AEPRE Baving, this alionheht Mol giel £7ERHIS & éfgé%? °
composi {1 on. thepgyaer e bRAEEda ok | Auh Oy Vek Hhadel® ien miRdaY 4

Ia er t ness

l'iquid crystal (gap) from .55 [err]mto 5 0 -

0.75 [err]m 5 jin Example 1f0b éomonﬁmi hsnalbgrmemzsayeaon&réisﬂ%%
of p-phenyl enedi am ne was dissolved in N-nethyl-2- 10 pyrrolidone, to

whi ch 0.3 nol % (éXamim t hemivante ninbegularivy was eshowt 0.5%. The
decanet hyl enebi strinellitic acid di- anhydri de and 0.7 nol % of
.1, 2, 3, 4- but anet etisacal bimgge cqualibyi tieslt adéyected nerdisplbayl and react ed
to prepare a
irregularity due to the difference in liquid crystal
layer thickness of the liquid crystal panels and

10 endorsed high-uniformity display of this display device.

Example 9

In a similar manner as Example 5, 0.5 molg of
bis(p—éminobenzoyloxy)methane and 0.5 molg of 4,4’'- |
diaminodiphenylmethane were dissolved in N-methyl-2-

15 pyrrolidone, to which 0.2 mols (20% of the total number
of moles) of octylsuccinic acid dianhydride was added
and reacted at 40°C for one hour to synthesize an
oligomer having a polystyrene-reduced weight-average
molecular weight of about 3,000. Further, 0.8 molg of

20 1,2,3,4-butanetetracarboxylic acid diaﬁhydride was added
for reacting at 20°C for 12 hours and then at 130°C for
one hour to form a poly-oligomer-amic acid imide
varnish. This varnish was diluted to 6% concentration,
then 0.3 wt% (as solid) of y-aminopropyltriethoxysilane

25 was added, and the preparation was subjected to printing
work and heat treatment at 230°C for 30 minutes to form

an about 600 A dense polyimide alignment layer, and a



pol yam c acid varnish. This varnish was diluted to 6% 15 concentration

and, after adding [err]-am nopropyltriethoxy- . silane in an anount of
0.3 Mt% as solid, subjected to printing work and heat treatnent at
210[err] C for 30 ninutes to forn1an appP8xmat el y 800 A dense pol yi ni de
al i gnnment | ayer. A nematic_liquid, crystal copposition

having a pos ¥QQ%§cF%Wb%GrFElﬁn?§bgP%§§t[%?YTrleﬁ@ 3 }yayig, crystal
20[err] O, refractjve index a An of 590 n

and a tw st el astiYSE FRICkRERS $(08. §- {3 AL, 7 ?afP%%n‘} (ﬁd)
f the f I I 2 42

?he egtrgggla{?ujg éﬁéﬁéf% Panﬁcﬁ ¥ﬁ Eé?egng 5% 4% 5751 Mconerast of

- 45 - tor%%gﬁ?ﬁ”fmghgﬁcét Frée E' E ewé£'t§5$@€e bgg weefne the

liquid crystal ul'es an |gn surtace, was

determned Wigh $Négatli SRhGY Q@alfgbt’eéhedetect&ﬂeﬁsrd£§§§:¥a§rﬂf‘ﬁéét&l@é‘r-
nmethod in the same way as In anple 1, finding b = 1.0 [err]

Hence, the ratioiby &he to théede¢ffenpnteat innligugdhcbysbal hragep, thick-
calculated with the center gap of 5.0 [err]m was 0.2, and the

t or si onal anes®rofigtheecliguidncrpgdtal paaeaslgnﬁeoerta9eedshxghxe

was 5.0 [err]Mm 10 The.tilt angle at the boundary of the sub-
strate as neasureeifgrmheycdispiayrofathenpredueed display device.

Example 10

10 In the similar manner as Example 5, 0.2 mol$
of 2,2-bis[4-(3,4-dicarboxybenzoyloxy)-3,5-dimethyl-
phenyl Jhexafluoropropanetetracarboxylic acid dianhydride
was added to a 1.0 molsy solution of p-phenylenediamine
in N-methyl-2-pyrrolidone and reacted at 50°C for one

15 hour to synthesize an alignment material layer cohtain—
ing main chain type fluoro groups and having a poly- _
styrene~-reduced weight—-average molecular weight of about
80,000, Then 0.8 molg of 1,2,3,4~cyclobutanetetra-
carboxylic acid dianhydride was added thereto and

20 reacted at 20°C for 12 hours to obtain a poly-oligomer-
amic acid varnish in which the proportion of the
oligomer containing fluoro groups was about 20%. This
varnish wés diluted to 6% concentration and then 0.3 wtg
(as solid) of y-aminopropyltriethoxysilane was added

25 thereto, followed by printing work and heat treatment at
200°C for 30 minutes to form an about 800 A dense

polyimide alignment layer.



was 3[err]. The display performance of said |iquid crystal
di spl ay device was determ ned by a photoelectric 15 photoneter to find

that the device had the character- istic of being very small in change
of transnmittance with difference in Ti%hid crystal |ayer thickness,
ei ther when a vol tage Vmax _whi ch gives the naximum transm ttance was

applied or when a vol t age TREYquele BIPGHGRSE Sdi@tid K yabalnpanels

transmttance was applied, as_, shown in th raph of, FI.G 8 ere
transmittance i §‘aV1‘P‘3 pibs & enmenf n]aﬂiée‘érﬂf“‘ﬁi‘??’éé)’e‘?ﬁ:e”} T39% % d crystal

| t hi ck bsci i.th th ter, val f 5
reference (0). (SRR TSI TR (4A8) 75 A aRmEmt et S 48 o)
! 'ority. the i e ! . _
camora in o btate G2 0 o o7 0 P 0 SRE A Gd ALY Tidhua
irregularity 5 cARRGRIS NEStar@IeDbs UMY o fNEh &Y igAR1 Hiwdd16 Mgd mum

- 46 - | um nance irregularity (after renoval of the gentle

| umi nance shadi rig, 38 nigi Chingew itsadiredii gie 1M nGeampld e, b = ihD Qi FHAY
section not recognized as displ ay irregularity) was determned. It was

about 0.3% 5 b* = 0.208Jn the visual inmage quality test, there was
seen no display irregularity due to the difference in liquid crystal
| ayer thickness of the |ieteminatidon of display performance of the
above liquid crystal display device by a photoelectric
10 photometer showed very small change of transmittance
with difference in crystal layer thickness as seen in
the graph of FIG. 9 where transmittance is plotted as
ordinate and difference in liquid crystal layer
thickness as abscissa with the center value of 4.8 um as
15 reference (0), either when a voltage Vmax which gives
the maximum transmittance was applied or when a voltage
V50 which gives 50% of the maximum transmittance was
applied. For making quantitative determination of
display irregularity, the image of the display section
20 was taken by a CCD camera in a state of intermediate
tone display where display irregularity appears most
conspicuously, and contrast of maximum luminance
irregularity (after removal of gentle luminance shading
stretchihg over ﬁhe wide region of the whole display
25 section not reéognized as display irregularitf) was
determined. It was about 0.4%. 1In the visual image

quality test, there was observed no display irregularity

due to the difference in liquid crystal layer thickness



panel s, and high-uniformty display was obt ained. Example 6 10

In the sane way as in Exanple 5 excepting the alignnent | ayer nmateri al
used, 1.0 nol % of m phenyl ene- di am ne s dissolved in

N- et hyl - 2-pyrrol i done, to whi ch 0. 25 @6(25@6of the total nunber of
nol es) of 2,2-bi s[ di car boxyphenox h Jtri, ecan - 415
tetracarboxyl|C°§CFHedF&%H9§rFJ§ § %&% E&ﬁ%e&nl °IQ9%XOFéFPﬂEonr
one hour to synthe3|§% %ﬁgllgoner havi ng a pol yst yrene-reduced

wei ght - aver age {ff i*ght of about 60, 000. Then ‘0.75 nol % of

1,2, 3,4-butanetetra- carboxylic acid dianhydri de was added thereto and
20 reacted at 20[err]C for 15 hours and then at 130[err]C for 30

mnutes to Obtagéaﬁ Rl Yyol i goner-anic acid imde varni sh. This varnish
was diluted to ncentration and, after adding 0.3 wt% (as solid) of
y- ani nopr opyl - triet thY%hba%‘imﬂHQJ fahedrt aspmahpms wrb anﬂlolil%at 25
treatnent at 230[err]C for 30 mnutes to form an about dense

pol yi m de al isgnggntL, |53-)5Qrs[4A(|3|,deic@rr%%b@lbenzoyd.bsd?')@l’leﬁg\ll]Gécbﬂluwd-hl S
alignment layer and a liquid - 47 -
crystal |ayer tpenkaas&a&nmbathbﬂymuqlaomdsdnamhydfhde waseaddedoltat mon

|l ength b determ ned by the Fredericksz transition nethod was 0.9

[err]m and b* (eRt medsl sclmtion dofemymhegsd engdigmings ip Nogethyl-2-
pyrrolidone and reacted at 40°C for 2 hours to
synthesize an oligomer containing side chain type fluoro

10 groups and héving a polystyrene-reduced weight-average
molecular weight of about 4,000. Then 0.9 molg of
1,2,3,4-butanetetracarboxylic acid dianhydride was added
to the oligomer and reacted at 20°C for 8 hours and then
at 130°C for one hour to produce a.poly-oligomer—amic

15 acid imide varnish in which the proportion of the
oligomer containing fluoro groups was about 10%. This
varnish was diluted to 6% concentration, to which 0.3
wt% (as solid) of y—-aminopropyltriethoxysilane was
added, followed by printing work and heat treatment at

20 200°C for 30 minutes to form an about 700 A dense
polyimide alignment layer. A liquid crystal display
device having this alignment layer with a liquid crystal
layer thickness d of 4.0 ym was made. When measured as
in Example 1, b = 0.9 um; and b* = 0.225,

25 For quantitative determination of display
irregularity, the image at a 20 mm square area of the

display section was taken by a CCD camera in a state'of



5 Contrast of the maxi mum | um nance irregularity det er m ned

in the sane way as in Exanple 1 was about 0.2% Also, the visual i1nmage
quality test showed no - display irregularity due to the difference in
liquid crystal |ayer thickness of th& 3%uid crystal panels and 10

assured high-uanornit%.display. ) Exanpl e 7 ) .I'n the
same manner as ERBRpMEA3ate-EpPengispday whegzp; gisphey| AFEPIHARELFRI used,
0.3 nol % (30% of _t he %otal nunber ﬁf mol s% oF-l ﬁZ-gianinododecane
was 15 di ssol vBBPFATS MIPSELLENPIRURUERYY- 208, FPBEFaBRcORraxLHaR

di et hyl acet am . I .addi ti.0 of 1 | % of
1,2,3,4-cyc|opegﬁgﬁé?é?ggggfg§%§gﬁé%§cPég ae&ggﬁghﬁgdrF&ewgﬁdaQBHEinute
reaction at 60[grekC tausypt hz L9 ' ;
polystyrene-redgééﬁ'meﬁg tpgggégggmégs ﬁgﬁéghka?gﬁéi§§¥b§?e§bgﬁtdﬁ?868?
Further, 0. 65”05%/%8 ularit§: dyediamiRedigrireaybrehane12ad18. &ryBkiaof

di am no- siloxane weré added to the oligoner and réacted at 20C

for 12 hours andayBentatckdekar bEfCther 13Quidnergsth? paAdlss endording
pol y-ol i gomer-am c acid sil oxane varnish. This 25 varnish was diluted to

6% concent r at i onigheuniifekmier Bisplay by rber ppebentetiiepyayl daeives added
[n4gn_annunt of 0.3 wt % as solid, and the resulting preparation was
Example 12
: According to the procedure of Example 5, 1.0
10 molg of 1,2,3,4-cyclopentanetetracarboxylic acid
dianhydride was added to a 0.25 mol% solution of 2,2-
bis[4—(4-aminophenoxy)phenyl]hexafluoropropane in a
mixture of N-methyl-2-pyrrolidone and dimethylacetamide
and reacted at 80°C for one hour to synthesize an
15 oligomer containing main chain type fluoro groups and
having a polystyrene-reduced weight-average molecular
weight of about 15,000. Then 0.6 molg of 4,4'-
diaminodiphenylmethane and 0.05 molg of diaminosiloxane
were added to the oligomer and reacted at 20°C for 5
20 hours and then at 150°C for 3 hours to obtain a poly-
oligomer-imidosiloxane varnish in which the proportion
of the oligomer containing fluoro groups was about 25%.
This varnish was diluted to 6% concentration, and after
adding thereto 0.3 wtg (as solid) of y-aminopropyl-
25 triethoxysilane, the preparation was subjected to
- printing work and heat treatment at 200°C for 30 minutes

to form an about 700 A dense polyimidosiloxane alignment



subjected to printing work and heat treatnent at 220[err]C for 30

m nutes to forman about 600 A dense polyi m do- si | oxane al i gnnent

| ayer, and a liquid crystal display devi ce having this alignnment |ayer
and a liquid crystal 5 layer thickness W% 4.0 [err]mwas rmade. \Wen
measur ed as in Exanple 1, b = 0.48 [err]m and b* = 0.12. Contrast of
nmexi mum | uni nandayerreg® ddiquides yatadt displayn deydce hawing,dhismmge
quality test, no_display irregularity dye . totbﬂe difference in liquid
crystal |ayer tRligREestofayay Midh Fydit@udd, srys n&P§e®a§%GE$€F§§dF and
hi gh- uni form, ty displa obtai ned. Exanpl -

In the simlar ﬁgnﬁé& & %ﬁé%ﬁg?ES, 3&fﬂnﬂqﬁﬁured FfO%PbFEF%glFOEéIthhber

of noles) of 2, 4-di Sl(ﬁ;in%gld 1 2 |¥L| phenyl ether was dissolved in _

N et hyl - 2- pyrr one, to ch 1.0 ol % of 3, 3", 4, 4'-biscycl o-
hexanet et racag boxylic aci ¢od Jfandiitde i%es eteehiaddion oftcagkpdayt
50[err] C for one hour to synthesize an oli goner havi ng a . '
pol ystyrene-r edyeeegiRiadittygvagdnijec it & 202Gmzeaghh of aheudigpl@go. To
this oligoner were added 0.6 nmol % of bi s(p-am nobenzoyl oxy) met hane and
0.2 nol % of settfilonhalasc Hakbmbyla (OCx avamerautin @acttate af 20[err] C for

15 hours and then at 100[err]C for one hour to produce a
pol y- ol i goner - artint exmed hadtrenitdine Biisplay niler envald splaydiilnregs liaa 18%
concentration and, after addition of 0.3 w % (as solid) of
[ err]-am nopr opgppeaatshamosdi |conspicuoussiyhj auide ¢and nasitntafh gaxdmamand heat
treatnment at_ 200[err]C .
10 Juminance irregularity was determined. It was about 2%.
In the visual image quality test, there was observed no
display irregularity due to the difference in liquid
crystal layer thickness of the liquid crystal panels and

high-uniformity display was obtained.

15 Example 13
In accordance with Example 5, 1.0 mol% of

3,3',4,4'-biscyclohexanetetracarboxylic acid dianhydride
was added to a 0.2 molg solution of 4-fluoro-
methaphenylenediamine in N—methyl-z-pyrrolidone and

20 reacted at 40°C for one hour to synthesize an alignment
layer matgrial containing éide chain type fluoro gréups
and having a polystyrene-reduced weight-average
molecular weight of about 90,000. 0.6 molg of bis(p-
aminobenzoyloxy)methane and 0.2 molg of isophthalic

25 hydrazide were added to the oligomer and reacted at 20°C
for 8 hours and then at 100°C for 2 hours to produce a

poly-oligomer—amide-imide varnish in which the



- 49 - for 30 mnutes to forman about 600 A dense pol yal m de-

i mde alignnment |layer, and a liquid crystal di spl ay devi ce having this
alignment layer with a liquid crystal g/er t hi ckness d of 4.0 [err]m
~was made. Wen neasured as 5 in Exanpl & ﬁ = 1.0 [err]m and b* 0. 25.

Contrast of maxi mum | um nance irregularity was about 0.5% The
visual inmage qURFPPPTEéSD 95t§5€e@1ﬂ6°HF§pF alanBrééHPﬁplﬂyoﬂaé ¥85t he

di ff I d t al t hi ckne he | d
panels and 10 8HAUEs %N o FATHLEP TREpAe)U5R% hPooy EpRagRuEsELen
Exampl e 9

b!s(p-anjnobenzﬁ?éo%?fﬁephgngtgnggﬁ §°ﬁ§?3 8fai'§§gnBP%°gY1gT§8g854§0f
dlanlnodlphenylggggﬁ rgdgl OE%ﬁQOHEdNb§EPQXBE§g§ &? hggge to

which 0.2 nmol % e tota nunber succinic acid

di anhydri de \sastégﬂﬁient a&N200®eciedd 3 ﬁﬁ&z%"ekctbolfo%eahoaboh@ 600 A
synt hesi ze an ol i goner having a pol ystyrene-reduced wei ght - aver age

nol ecul ar wei ghefikeapollyami@ec-imide! Baignhedtmiaeel, add a liquid

1, 2, 3, 4-but anetetracarboxylic acid dianhydri de was added for reacting

at 20[err] C for ct2shalr displdayhdeviicel 3Gtdr v] Cigaid crystelhdayeto form a

pol y-oligoner-amc acid imde varni sh. This varnish was diluted to 6%

concentration, thickness d of 4.0 um was made. When measured as in
Example 1, b = 1.1 um; and b* = 0.275.

10 For quantitative determination of display
irregularity, the image at a 20 mm2 area of the display
section was taken by a CCD camera in a state of
intermediate tone display where display irregularity
appears most conspicuously, and contrast of maximum

15 1luminance irregularity was determined. It was about 5%.
In the visual image quality test, there was found no
display irregqularity attributable to the difference in
liquid crystal layer thickness of the liquid crystal

panels and high-uniformity display was obtained.

20 Example 14
In the similar manner as Examplels, 0.5 molg
of m-phenylenediamine and 0.5 mol$ of 4,4'-diamino-
diphenylmethane were dissolved in N-methjl-z-
pyrrolidone, and 0.2 molg of trifluorosuccinic
25 dianhydride was added thereto and reacted at 40°C for 2
hours to synthesize an oligomer containing terminal type

fluoro groups and having a polystyrene-reduced weight-



then 0.3 % (as solid) of y-am nopropyltriethoxysilane 25 was added, and

the preparation was subjected to printing wor k and heat treatnent at
230[err]C for 30 mnutes to form an about 600 A dense pol yi m de
ali gnnent | ayer, and a 56 - - 50 -

liquid having this alignnment |ayer with a uid crystal -
thi ckness d of ﬁVGrPSPrPﬁﬂﬁ€§1ﬁ6d891ﬂﬁ§n°ﬁeégGF§d2a 00. _FHeExgnﬁI@°}% b =
1.5 [err]m and * . =,.0,375 ntra €. |rre?ular|ty

was sbout 0. 4% Ofnd - 273+ 4 bytRReratrafarpoxyTRE Fela dTRBAYRE 15,
i rregul ar- Hggddﬂg Eﬁetgﬁl EE&rgﬂﬁere?ckgauhq %b¥&t§br|QYEBu}P'Ck'

ness of the I|qU| crysta anel”s and certi

di spl ay of the hﬁd%ﬁ%ﬂ chsalowcd%rcq hours to%éaah%elg pbQy-
the simlar manner as Exanple 5, | %

2, 2-bi s[4-(354- 6&@@6&@&¥Qﬁﬂ€%¥b&&hﬁs&,indMﬁEEBYEhe prope ortion of the
phenyl]hexafluoropropanetetracarboxyl|c aci d di anhydr was added to a

1.0 nol % sol uti edigbmerpkentiadnddtigafiluero grioapl- mashubodtpRosral | dthds and
reacted at 50[err]C for one 15 hour to synthesize an alignnent materi al
| ayer contain- varnishgwasi didudied ttppéf icomcengraionanfofdewed dypol y-

styrene-reduced melgét aver age nol ecul ar wﬁ@Sht of about 80, 000. Then
0.8 mol % of 1, 23dditipe efulasetdtr {28 solidyy BdxyrARiRePEoRYASKdri de was

added thereto and
ethoxysilane, and the preparation was subjected to

10 printing work and heat treatment at 200°C for 30 minutes
to form an about 600 A dense polyimide alignment layer,
and a liquid crystal display device with a liquid
crystal layer thickness d of 4.0 um was made. When
measured as in Example 1, b = 1.3 um; and b* = 0,325.

15 FPor quantitative determination of display
irregularity, the image at a 20 mm2 area of the display
section was taken by a CCD camera in a state of
intermediate tone display where display irregularity
appears most conspicuously, and contrast of maximum

20 luminance irrégularity was determined. It was about
0.8¢. In the visual image quality test, no display
irregularity attributable to the difference in liquid
crystal layer thickness was noted and.high-uniformity

display was confirmed.

25 Example 15

Following the procedure of Example 5, there

were manufactured 7 liquid crystal panels having a



20 reacted at 20[err]C for 12 hours to obtain a poly-oligoner- am c

acid varnish in which the proportion of the ol i gonmer containing fluoro
groups was about 20% This varni sh was diluted to 6% concentrati on and
then 0.3 wm % (as solid) of y-am noprop ?rTethoxysiIane was added 25

thereto, followed by printin rk and .,heat treatnent, at 200 r] C for
B0 T ot o5t 0 1 ek art Ao G ok Skness GHATY i iehe, ranae O -0

- 51 - Th d.4 liqui t al I havi

this alignnent I+a3Pér5 é‘r‘fﬁrtreoa%‘iruﬁg-pirﬁ'%ic‘g%ilﬁl alnquelcprdifg%’lﬁ'al% ras 7 'Secl? essavI "
d f {0x At ;18 + 4 : '

((aggg)psul a{ g(rjn 2Par1§&g{galcﬁ4$ﬁt%l' 5 Rcertyas{ézﬁzt.lc&eﬁzf?lg t ?:ofg t[(h%{]sr(f]) rBoalfn%tl%’gé”easpaneI S

was 0. 30- 0.03&{er4d Pm Wen neasured as in Exanple 1, b = 1.0 [err]m

and b* = 0. 208. Det erm nation of display performance of
the aboves | i qui d crystme GlgniermteiaiRbwas Madeodfedn iihord@nic

phot onet er showed very small change of transm-ttance with difference in
crystal |ayer tldigreentaslayeen material.he Qyr dyite afhif-Eilm Whramsistor
transmttance is plotted as ordinate and difference in liquid crystal

| ayer t hi ckisdske af dfhecisuhstuiate 4 lan damngania @d ignmeng jcontjnalas 15
reference (0), either when a voltage Vmax which gives t he maxi num

transmttance wadyafpmaste St di apn gl was formed by oblique

evaporation technique over the outermost surface on an

10 insulating protective layer made of silicon nifride.
Oblique evaporation was carried out by using a louver
designed to regulate the direction of evaporation to be
60°from the substrate normal to make the tilt angle of
liquid crystal alignment substantially 0°.

15 On the other substrate was formed a colof
filter having a light shielding layer, with a polyimide
alignment layer being formed on the outermost surface.
The aligﬁment layer surface was rubbed by a buffing
cloth attached to the rubbing rollers to provide a

20. liqguid crystal alignment layer.

The polyimide alignment layer was formed by
coating a solvent-soluble type polyimide precursor PIQ
solution (available from Hitachi Chemical Co., Ltd.) on
the substrate surface, printing it and then conducting

25 heat treatment at 200°C for 36 minutes. When measured
as in Example 1, there was obtained b = 1.6 um.

Torsional anchoring of the rubbed polyimide

alignment layer surface and the liquid crystal molecules



V50 which gives 50% of the maxi numtransmttance was appl i ed. For
maki ng quantitative determ nati on of display irregularity, the inmage of
the display section 20 was taken by a CCD qalmara in a state of

i nternedi ate tone di splay where dispréﬁf rregul arity appears nost
conspi cuously, and contrast of maxj num.l um nance irr uIarit%F% fter

removal of gent A& VEFYnSFCOGadiify 3S 5seifetinly S508F thfe SHPAEEGYon of
dotermined. |t RRRGIESEE GABRF e Wb A FEGe SPOTARIE Arigkt ¥ hor o
was observed no diSplay ff@IYlAese 0,94% 4% WihaddeBa®EGe Tnk! aui d
crystal |ayer tﬁlgknggs ! _ - §2 - of

the |iquid | | Oy f g ey i . isned.
Ecampl o 11 " BRsHREE HSNA SRR 1RdY is SRR,

of 1, 5-Dbi s[4 3 o4 EneAMONHNZO M 1VghrEHN W ydaC #d i by oblique
pent anet etracar boxylic acid di anhydride was added to a 1.0 mol % .

sol uti on of m peeaporatdicnniote siliddeidnidel- Therey wWad ialeee obtdinedct ed
at 40[err]C for 2 hours to synt hesi ze an ol i goner containing side chain
type fluoro 10bdgr demas canic thesds iwig-ha qeoltest agneofr &dlcauh )wei ght32aver age

nol ecul ar wei ght of about 4,000. Then 0.9 nol % of
Determination of display performance of the

above liquid crystal display device by a photoelectric

10 photometer showed very small change of transmittance
with difference in liqﬁid crystal layer thickness as
seen in the graph of FIG. 10 in which transmittance is
plotted as ordinate and difference in liquid crystal
layer thickness as abscissa with the center value of 5.0

15 um as reference (0), either when a voltage Vmax which
gives the maximum transmittance was applied or when a
voltage V50 which gives 50% of the maximum transmittance
was applied. For quantitative determination of display
irregularity, the image at the display section was taken

20 by a CCD camera in a state of intermediate tone display
where display irregularity appears most conspicuously,
and contrast of the maximum luminance irregqularity
‘(after elimination of gentle luminance shading
stretching over the wide range of ﬁhe whole display

25 section not recognized as display irregularity) was
determined. It was about 0.3%.-

In the visual image qguality test, there was

noted no display irregularity due to the difference in



1, 2, 3, 4-but anetetracarboxylic acid dianhydri de was added to the

oligoner and reacted at 20[err]C for 8 hours and then at 130[err] C for
one hour to produce a poly-oligoner-amc 15 acid imde varnish in which
the proportion of the ol i gomer contalnlﬁﬁ Tluoro groups mas about 10%

Thi s arni sh wa luted to 69600 entration W % (as
so:i?) ofv[erklr] lgﬁ:fd’?tu %3 %eli . Ja'?r]%“%é fci%%glulf Ht’ii\(/'éet:?]b%/ (
rinting work an a r a or mhutes, to form an
cbout 700 dondeeiin fvft # Jgfn%% Y isniay e P G ool o
evi ce havin is align a r

| g Onralisd el Wb AL N6 Hage zd@if¥ion

t hi ckness d of 4. 0 [err] en measure

0.9 d t ty t f
di spl[ g;r] " alnr regul ar |%§l, thg"?’i'lrr% eo%?ratgcgi moﬂé&gdc;uﬂa%ég ‘}al\r/eaqg# efﬁ?e@ on o

di spl ay section Was. 4k SaEsan idh@ state of

- 53 - I nternedl ate tone dIS play where display irregularity - appears
nost conspi cuously, and contrast of maxi num | um nance irregularity was
determ ned. It was about 0.5% The visual image quality test detected
no display % irEegmplsileg due to the difference in liquid crystal

| ayer thickness of the liquid crystal panels, endorsing hi gh-uniformty

di splay by the present di Sfheypusredure of Example 14 was followed ex-
cept that RN-718 (product by Nissan Chemical Co., Ltd.)
was used in place of PIQ as the material of the poly-
imide alignmént layer on the color filter side substrate

10 surface in Example 15 to make a 1liquid crystal'diéplay
device with a liquid crystal layer thickness d of 4.0
um. There was obtained b = 1.6 ym, in the same mannef
as in Example 1, which indicates that the extrapolation
length b is substantially contribution of the inorganic

15 alignment layer. There was obtained b* = 0.4 (40%).

Contrast of the maximum luminance irregularity
determined in the manner described above was about 0.2%.
Ih the visual image quality test, there was seen no
display irregularity attributable to the difference in

20 1liquid crystal layer thickness, nor were observed image
retention and sticking, at testing to high-uniformity

display by the present display device.

Example 17
A liguid crystal display device with a liquid

25 crystal layer thickness d of 4.0 um was manufactured by



Exanpl e 12 According to the procedure of Exanple 5, 1.0 10

nmol % of 1, 2, 3, 4-cycl opent anet et racar boxylic. acid di anhydri de was added
to a 0.25 mol % sol ution of 2, 2-
bi s[ 4- (4- an1nophenoxy)phenyl]hexafluoroproﬁﬁhe in a m xt ure of

N- et hyl - 2- pyrrol i done and_di net hyl_ acet a d 8 f

hogr to ﬁynthesfﬂélaﬂanStBFlQSRE% BSﬁtSghgﬁamﬁﬁﬁnEghgﬁﬁgggpgﬁ%Fuggg 8;0835
an aving a tyrene-red t I h f
2bout 15, 000, ThERSOSB G, BEEeFtave 1avdy HANRIBECATRROH, Bl criger® 905 ©

mol % of d'a"1n°§ggﬁéﬁn8n thg“@%&ﬁﬁgﬁﬁ%sg?ahg?égkgﬂogﬁﬁ #9dingagted-at

20[err] C for ours an err 3 hours tO obtain a

poly- ol i gogRLge %%' ' gp&&%dv%nbmdeno\ﬁ%% bbqlaﬁepebhp@matlonof t he

ol i gomer contalnlng | uoro oups was about 25% Thi s varni sh was

diluted to 6% cgapedtitald @llideh dlide layerddisnghehdnetrgafiid watefdal
solid) of y-am nopropyl- 25 triethoxysilane, the preparation was subjected

to printinglagels and theabuteraiomnisuaifaz@Ojor the thdin3@idinut es to
forman about 700 A dense pol yi mi dosil oxane al i gnnment

- 54 - | ayetrahsliistioird udﬁwbshraﬂeaym@maa@mm%g Whiea meas@lrleglnrrent
layer with a liquid crystal |ayer thickness d of 4.0 Bprr]n1mas made.

When neasured aasi ummllﬂ-ellrbb:- 2.8 ;i @nd A* 5% TH{79%) .1,

The torsional anchoring coefficient A2 of the

10 alignment layer surface of this Example, as determined
from the value of twist elastic constant K2 against
torsional deformation of the liquid crystal composition
and the measured value of the extrapolation length b,
was 1.8 uN/m.

15 Contrast of the maximum luminahce irregularity
was about 0.1%, and the visual image quality test showed
no display irfegularity due to the difference in liquid
crystal layer thickness of the liquid crystal panels nor
image retention and sticking, endorsing high-uniformity

20 display by the present display device.

Example 18

In the process of Example 5, an equimolar
mixture of a compound of the formula (1) having
diazobenzene groups:

NH2



5 For quantitative determ nation of display irregularity, the

image at a 20 mierr] area of the display section was taken by a CCD
canmera in a state of i nternmedi ate tone gisplay wher e di spl ay
irregularity appears nost conspi cuousTy?+and contrast of naxinUn1 10

| um nance irregul arity wag, defer ed s about 2% e sua

![Engg ]9;.18.| : ty ?éﬁl Iﬁdyﬂaréf 'b‘?&e?hfé‘ayifﬁet angi st T $#559 r%sgtﬁt};ﬁ I%VIfbeutol
e difference in li C [s e | rysta

panel s and ‘?ﬂm‘for%“? éﬁi%%%/ﬁmgt?%b %ﬁedl aﬂyl#%éanp%ﬁé Y

I n accordance w4t a@m%
3,3 ,4,4"-biscyc II hznexane }gctracar%n%ﬂ%%ﬁboﬁ ncf'u d?l%edlanh%varld dcﬁaa to a

0.2 mol % sol ut Hudda drdd UWdLoted toES gb GUYdiic lacid varnish,
N- et hyl - 2- pyrrol i done and 20 reacted at 40[err] for one hour to

synt hesi ze ary aldmghngid latténywds nedteéedlon ofhiai subgr sd the s acé ype
fluoro groups and having a pol ystyrene-reduced wei ght - aver age
mol ecul ar wei ghtbakedlatt2®0° O0for B6 minvted fos(jmidation, and then
am nobenzoyl oxy) met hane and 0.2 nol % of isophthalic 25 hydrazide were
added to the ol iigorastiated rebth ctineaply qpolay ized fbiglst oikls aaraveren at
100[err]C for 2 hours to produce a pol y-ol i goner-am de-i mde varnish in
whi ch t he length of 420 nm. Then thé liqui} crystal composition

was encapsulated in the same manner as in Example 5,

10 followed by annealing at 100°C for 10 minutes to obtain
liquid crystal alignment substantially orthogonal to the
direction of linearly polarized light applied. 1In this
way, a liquid crystal display device with a liquid |
crystal layer thickness d of 4.0 uym was obtained. When

15 measured as in Example 1, b = 1.0 um; and b* = 0,25,

The torsional anchoring coefficient A2 of the
alignment layer surface of this Example, as determined
from the value of elastic constant K2 against torsional
deformation of the liquid crystal composition used and

20 the measured value of the extrapolation length b, was
5.0 uN/m.

In order to make quantitative determination of
display irregulafity, the image at a 20 mm square area
of the display section was taken by'a CCD camera in a

25 state of intermediate tone display where display
irregularity appears most dist;nctly, and contrast of

the maximum luminance irregularity was determined. It

was about 0.5%. In the visual image quality test, there



proportion of the oligoner containing fluoro groups was about 20% This
varni sh was diluted to 6% concentration and then 0.3 W% (as solid) of
y-am nopropyl tri et hoxy- si | ane was adde& foll owed by printing work and
heat 5 treatnent at 200[err]C for 30 m nut % To forman about 600 A

donse 2ol Yam Ue LGP ol TN S s Gk LA o PR A LY
evice W ali r : e.
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appears nost CORsR GHusinegand contrast of maxi mum 15 | um nance
irregularity was determned. It was about 5% In the visual inmage
quality test, there was found no display irregularity attributable to
the difference in l'iquid crystal |ayer thickness of the liquid crystal
panel s and high-Bxanplrenil®y di spl ay was obt ai ned. 20 Exanple 14

In the simlar manner as Exanple 5, 0.5 nol % of m phenyl enedi am ne and
0.5 nol % of 4, 4' -di anmi no- In th# praegsetdfakxannle diSsd@ wompownd edt hyl - 2-
pyrrolidone, and 0.2 nol % of trifluorosuccinic 25 dianhydride was added

thereto and readih®d Earmgia 3z for 2 hours to synthesize an ol i gomer
containing termnal type fluoro groups and having a pol ystyrene-reduced
wei ght -

NH» ——@—N=N—@‘Nﬂz (2)

was used in place of the compound of the formula (1) as
the diamine compound having diaquenzene groups, and a

10 pyromellitic acid dianhydride and/or 1,2,3,4-cyclo-
butanetetracarboxylic acid dianhydride was added and
reacted to synthesize a varnish, and the latter was
coated on the substrate surface, baked at 200°C for 30
minutes for imidation, and then exposed to polarized

15 1light with a wavelength of 420 nm.

The liquid crystal composition was encapsu-
lated as in Example 5 and subjected to annealing at
100°C for 10 minutes to obtain liquid crystal alignment
substantially orthogonal to the linearly polarized light

20 direction. 1In this way, a liquid crystal display device
with a liquid crystal layer thickness d of 4.0 um was
produced. When measured as in Example 1, b = 0.5 um;

and b* = 0.125.



- 56 - aver age nol ecul ar wei ght of about 2,000. Then 0.9 nol % .of

1, 2,3, 4-butanet etracar boxylic acid di anhydri de was added to the

ol i goner and reacted at 20[err]C for 8 hours and then at 100C for 2
hours to produce a poly- 5 ol i goner-i m deb3arni sh in which the proportion

of the ol-i gomer cont ai ni ng fluprgﬁﬁroups was about 20% This
varni sh was diluted to 6%TMhAFLRIDh, 29NIRE FReLELiciant B Phthe 3

wt % (as solid) of, y-am nopyopyltri- gt haoxysi | ane d the preparation
has subj oot ed t RLIGRTDLI SR ToPE Sage 1kt RS cr it Hampfel 48 T or 30

m nut es to form an. u 0 pok vi4d de. al i l.ayer. . : and
a liquid cryst alé)%ifes%\[ﬂ"a@gﬁe%ﬁ%g t\:/\AlﬁA% ﬂ‘?%f‘?? qﬁ# dé ﬂg@%@y‘%{?fg%? atye@t a}:Jkr}]setss d
of-4.0[err]mvva§c,]t5*gaic@n]\./\b'@é"5c_ LSS U £ i ‘d% ofn : ] m
and b* = 0.325. "It a or or qug‘?lt ?%lg?ivi;] et er?érﬁl%?]i(t;cn o‘?o%lésﬁrgy
irregularity,s t ighd NBKe mdaduréd WE1@é 65f Ofhé Nex e SPd Byt ion Bexdtwp yas
taken by a CCD canera in a state of I nternmedi ate tone di splay where

di splay irregul afad y10.2 @ppagars nost conspi cuously, and contrast of

maxi mum 20 lumi nance irregularity was determ ned. It was about 0.8%

I n the visual inmage qualitBot egianinibtal sy adeterminateipn of tdisplay but abl e

to the difference in liquid crystal |ayer thickness was noted and
hi gh-uni formi ty irregnlkar iyy nathe oimagersat 2 20 mm square area of the

display section was taken by a CCD camera in a state of
10 intermediate tone display where display irregularity
appeared most conspicuously, and contrast of the maximum
luminance irregularity was about 0.6%. In the visual
image quality test, there was observed no display
irregularity attributable to the difference in liquid
15 crystal layer thickness of the liquid crystal panels,

and high-uniformity display was obtained.

Example 20
In the process of Example 18, a compound of

the formula (3):

) WY o S "

NH2

20 was used in'place of the compound of the formula (1) as
the diamine compound having diazobenzene groups, and a

pyromellitic acid dianhydride and/or 1,2,3,4-cyclo-



25 Exanple 15 Fol |l owi ng the procedure of Exanple 5, there
were manufactured 7 liquid crystal panels having a

- 57 - liquid crystal |ayer thickness g%?p) in the range of 5.0 +
0.6 [errlmto 5.0 - 1.0 [err]min an encap ated state of l'iquid
crystal. Retardation ([err]nd) of these panels was . 0.3-0.42_ [err]m 5
The ﬁligﬂnent IH?Etama§eﬁﬁé§aéboﬁﬁlﬂﬁoP&&ﬁiélanhyéFFGﬁnﬁﬁF Fgéﬁp ahterial .
On the thin-filmtransistor si,de of the,substra n,inor iC
al i gnment cont r 6eacted| §0cEYRERESIRCS A VEERLGR 8 géfgﬁﬁéarbgggblique

evapor ati on techni th f 1Qni '
o ofective | ayePoRsdd i She ealiiareaguttacty piRed"ar d0boE EBE 26
carried Ut DY H3L09e8 54V i gat d5SleaRCdn agsae coheidbpeayi on of

evaporation to romthe substrate " normal to nmake the tilt

angl e of | g d r@ual ali ghiti Wl wWakelengtal bf @20 hi. On
the other substrate was forred a col or filter having a light shielding
layer, with a polyimde Thealiigui@nicriyarel kempgsitioendwes eheapstuer nost
surface. The alignnment |ayer surface was rubbed by a buffing cloth
attached to thelatleld ag riol [Exasple [ @nddéhen ubjepted doyanmeadingnadnt

| ayer. The polyimde alignnment |ayer was formed_h

100°C for 10 minutes to obtain liquid crystal ali%nment
in the direction substantially orthogonal to the applied

10 linearly polarized light direction.

In this way, a liquid crystal display device
with a liquid crystal layer thickness d of 4.0 um was
produced. When measured as in Example 1, b = 1.5 um;
and b* = 0.375.

15 The torsional anchoring coefficient A2 of the
alignment layer surface of the instant Example, deter-
mined from the value of elastic constant K2 against
torsional deformation of the liquid crystal composition
and the measured value of the extrapolation length b,

20 was 13.6 uN/m.

For quantitative determination of display
irregularity, the image at a 20 mm square area of the
display section was taken by a CCD camera in a state of
intermediate tone display where display irregularity

25 appears most conspicuously, and contrast of the maximum
luminance irregularity was determined. It was about
0.3%. In the visual image quality test, there was

observed no display irregularity due to the difference



coating a solvent-soluble type polyimde precursor PIQ

(avai l able fromH tachi Chem cal Co., Ltd.) on the s
printing it and then conducting 25 heat treatnment at 20
m nut es. \When neasured as in Example T, 6Pher e was ob
[err]m Torsi onal _anchoring,of the rubbed
al i gnnent | ayer énrlaﬁélﬂnﬁrYﬁéail&éNGrcF éFﬁPeﬁﬁleguFﬁg
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sol ution
ubstrate surface,
O[err]C for 30
tained b = 1.6

| yim de
quXEd crystal
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°g€?ﬁ8e§nterface i s

d extrapol ation

| ength is contribution 5 of the inorganic alignnment |ayer forned by

obl i que evapgratl silicon oxide. There was al so
(cal cul at ed vmthg’c‘g%‘m‘PgE Eép of 5.0 [err]m = 0.32.

obt ai ned b*

Determ nation of display pggf egﬁfﬁacs HEmEE?c hqa?everygemdceﬁﬁééﬁhon

di spl ay device by a photoelectric hot onet er showed

of tran5”1ttaﬂcehav1nglhhnégﬁtebénﬁﬁeﬂacktﬂuldn@éb&t@by|
seen in the graph of FIG in which transmttance is

very small change

ayebftthkmmss as
plotted as

ordi nate and di f kHezgenee°Cn,| aquedractival indexl apésothopknAnsofisfabsdi ssa
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ei ther when a

vol tage Vmax whi ¢690 nmgi 268CHhandnai twistr edesticanosshastalpl PEd7¢f mNen

a vol tage V50 which gives 50% of the maxi numtransm
and by following the procedure of Exampl

the rubbing direction, a liquid crystal
10 with a liquid crystal layer thickness d
produced. In correspondence to the nega

anisotropy of the liquid crystal composi

ttance
e 12 except for

display device
of 4.0 um was
tive dielectric

tion, the angle

made by the rubbing direction of the two substrates

arranged substantially parallel to each

15 applied transverse field direction was s

other and the

et to be 15°.

When measured as in Example 1, b = 0.4 uym; and b* = 0.1,

The torsional anchoring coefficient A2 of the

alignment layer surface of this Example,

from the value of elastic constant K2 ag

20 deformation of the liquid crystal compos

measured value of the extrapolation leng
MN/m.

For quantitative determination

irregularity, the image at a 20 mm squar

25 display section was taken by a CCD camer

intermediate tone display where display

appears most conspicuously, and contrast

as determined
ainst torsional
ition and the

th b, was 19.8

of display

e area of the

a in a state of
irregularity

of the maximum



was applied. For quantitative determ nation of display irregularity;'
the inmage at the display section was taken 20 by a CCD canera in a state

of internediate tone display where display irregularity appears nost
conspi cuousl y, and contrast of the meXi®®nT!uninance irregularity
(after elimnation of gentle |um nance shading ., siretching oyer the w de
range of the whdiudidiaifienir cegulat i ioh Yt %’rﬁﬁ?ﬁ’keéir asltdi‘?% ﬁﬁaout rb%'
irregularity) was determined. It s. ,abaut 0. 3% I.n the
visual image qua® 5P JEsug e’r“éa%sq&,\éall%&eeftﬂo%?pq HAS PERFVET B due

to the differen

crystal |ayer tfﬁeﬁgﬁgsys jtﬁr%%%laﬁjqw Oa%t}vstf%t}able tpoantet}es ’diﬁ%fence J.ld qui d

hi gh-uni formty .di splay ' : . Alsso. s S
observed no i naglgéfeatd’gn(f:‘l%n:gfqér%&s t|u‘f<kness o8 e ﬁﬁg{l& wigsnt he

cki'ng during opéeration,

view ng angl & a}gﬂ,afér?diﬁi'mm& XoPldfiftay wan B fedld

The procedure o#’ anpl e 14 mé% fol I owed e--féB %%ﬂﬂ that RN-718 (product
by Ni ssan Chem cal Co., Ltd.) was used in place of PIQ as the materi al
of the poly- i mde alignment |ayer on the color filter side substrate

10 surface in Bconpardtive Bxdmple |1 quid crystal display device with
a liquid crystal tayer thickness d of 4.0 _

8 sheets of -ligquid crystal display device
having a liquid crystal layer thickness d in the range
of 4.6 4 0.3 to 4.6 - 1.0 um were produced by following

10 the procedure of Example 1 except that a polyimide
alignment layer material RN-718 (a product by Nissan
Chemical Co., Ltd.) was used in place of RN-1046 as the
alignment layer material.

The extrapolation length b measured with this

15 1liquid crystal display device by Fredericksz transition
method as in Example 1 was substantially 0 um. The
éxtrapolation length/gap ratio b* was also substantial-
ly O.

Evaluation of this liquid cryétal display

20 device in the same way as in Example 1 gave the
following results.

First, the relation between liquid crystal
layer thickness and transmittance of the above liquid
crystal display device was determined to obtain the

25 result shown in FIG. 11.

The characteristic diagram of FIG. 11, as that

of Example 1 shown in FIG. 7, shows the characteristic



[err]m There was obtained b = 1.6 [err]m in the sane manner as in
Exanpl e 1, which indicates that the extrapol ation l ength b is
substantially contribution of the inorganic 15 alignnment |ayer. There was
obtained b* = 0.4 (40%. Cothr ast of the maxi mum | umi nance
irregularity determ ned i n the manner described above was_about 0.2% .
In the visual ifpagEeguabreyvedsin ther ébxge diéfefgnt casgpsprhgn a

irregularity attributable to the difference in , 20 Iiguid crﬁstal | ayer
thi ckness, nor ¥etE2g8s¥MadqvPAgHegives FBE-RAXIRUR,FIEPsREERGNCEL ¥aBsti ng
to high-uniformt | ay by .the spl a
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i nsul ati ng pgotegbi%ﬁibﬁygﬁyggd%o%fo%iEh%oﬂaﬁhghhd%ransmﬁekagéeoaa he
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thin-filmtransistors and“w ri odes was appli I n place of

the oblique evaagbﬁabeo witREREY Cedrelr! valeOtEdenkaY¢hudd ERGsERRr gani c
mat eri al | ayer on the outernost surface of the thin-film transi stor

si de substrate hgpyExagpliekhess\@ebeiRgSyivén as 2efeRehranpheud, (0)=id. 8
[err]m and b* =0.7 (709%. ~ The torsional anchoring .
coefficient A2 ghchhease.

As is seen from this graph, in Comparative

10 Example 1, the amount of change of transmittance due to
the difference in liquid crystal layer thickness reaches
as much as 12%, and its comparison with the graph of |
FIG. 7 representing an embodiment of the present
invention evidently shows the difference in quality

15 between the two devices..

Then, in the similar manner as in Example 1,
the image at the display section of this liquid crystai
display device was taken by a CCD camera, and cbntrast
of the maximum luminance irregularity was determined.

20 It was found that the luminance irregularity factor
reached as high as 15%, and color shading of display due
to variation of difference in liquid crystal layer

thickness was conspicuous visually.

Comparative Example 2
25 A liquid crystal display device with a liquid
crystal layer thickness 4 of 4.0 um was produced by

following the procedure of Example 1 except for use of



10 alignnent | ayer surface of this Exanple, as determ ned fromthe

val ue of tw st elastic constant K2 agai nst torsi onal deformation of
the liquid crystal conposition and the_peasured val ue of the
extrapol ation | ength b, ~was 1.8 [errThﬁﬂ1' 15 Cbntrast of

t he maxi mum | um_nance irregul ari was, about 1% .and t V|§yal

i mge quality t F5hQ s‘tﬁ)\Rleylmld?\(%/Jd’r%'H?%ﬁF |]rar§($g‘ijlr%ﬁ'tiet5/1§:ilue?”t uqed

pancls nor | HvkasR Sash ﬁy“ S L h ot GRS iy -G A Ry 20

di splay by the I

thepprgcegs of %(oﬁ%’ﬁu% qui m)f%yer m'ﬁtn?x u?g gpileglcorrps'ourr%adil §° tJhne
formula (1) havigigmpie ﬂlngbeaz Re ghAUB®: = 0.

NH2 err] N

NH2 Evaluation of thisl Xiquid ¥¥btal display

4,4 - dlan1nod|phenylnethane was used as the diam ne conpound, and a
pyronel litic acidbwlicenhimiritee samé oday as in Example 1 showed con-

1, 2, 3, 4-cycl obut anet etracar boxyli c acid di anhydri de was added and

reacted to synt lsgsicmus pdam shating voff Misplay Mwndcd had igtieon wels
coated on the substrate surface,
difference in liquid crystal layer thickness in the

visual test.

10 Comparative Example 3

A liquid crystal display device was produced
by following the procedure of Example 5 except for use
of an alignment layer material having a polystyrene-
reduced weight-average molecular weight of about 120,000

15 obtained by polymerizing 0.4 molgs (40% of the total
number of moles) of 2,4-diamino-palmitylphenyl ether,
0.6 mols of 2,2,4-bis[4-(p-aminophenoxy)phenyl ]Jpropane,
0.5 mols of 1,2,3,4-cyclobutanetetracarboxylic acid
dianhydride and 0.5 molg of 3,3',4,4'-biphenyltetra-

20 carboxylic acid dianhydride in N-methyl-2-pyrrolidone at
20°C for 10 hours.

There were also produced 7 liquid crystal
panels having a liquid crystal layer thickness d in the
range of 4.3 + 0.55 to 4.3 - 0.9 um. When measured as

25 in Example 1, b = 0 um, and hence b* = 0.
The same evaluation as made in Example 1

showed a large variation of transmittance due to the



baked at 200[err]C for 30 mnutes for imdation, and then i rradi at ed

with linearly polarized light with a wave- | ength of 420 nm Then the
liquid crystal conposition was encapsul ated in the sane manner as in

Exanple 5, 10 followed by annealing at 100f®rT]C for 10 minutes to obtain
liquid crystal aljgnnment supstantially orthoqfnal to the di rection of
linearly poIarif@£§QEﬁﬂc%nﬁﬂi¥&Hu4¢l??N%Fal ay@y , thigkngfg as y&hoyn in

di spl ay device 'V\n'(i& alsii uid cr staIaE&% y t%i kne gerf 4. Otrfjdaerr] m
was obt ai ned. WhF- ré%&{ﬁ%o%gl?% =32 ?’e%,o é‘@fgfﬁ ] MR =
0. 25. The t0rs] . ri | Cl of t
al i gnnment | ayer osfljr‘?%%ﬁ%}%“ﬁ%&ll %ﬁ%ﬁgg %épedéﬁ%;n%%?és A"'22,slf'rom & val ue
of elastic const [ St9@d o vari ol¢ [ Al ddies 14,0ui d
crystal conposi t%ldlﬁi%?gn#é%%% he rreaquedl%/lg{ uerggi ﬁ:fe extrapol ation
length b, was 1iqpid ¢BfdddY Mayer thickness wdd &OrklpidwouBkpisually.
quantitative determ nation of display irregularity, the inmage at a 20
nm squar e area of the display section was taken by a CCD canmera in a
25 state of internediate tone display where display irregularity
appears nost di GonpartativwendExamplass of t he maxi mum | um nance
irregularity was determned. It was about 0.5% In the visual imge
quality test, there A liquid crystal display deviceswith a ldagidl be
detected no display irregularity attributable
crystal layer thickness 4 of 4.0 um was produced
according to the procedure of Example 5 except for use
10 of an alignment layer material haVing a polystyrene-
reduced weight-average molecular weight of about 100,000
obtained by polymerizing 0.8 molgs (80% of the total
number of moles) of 2,2-bis[4- (p-aminophenoxy)-
phenyl]decane, 0.2 molg of 4,4'-diaminodiphenylmethane,
15 0.5 molgs of pyromellitic acid diahhydride and 0.5 molsg
of 1,2,3,4-cyclopentanetetracarboxylic acid dianhydride
in N-methyl-2-pyrrolidone at 20°C for 12 hours. When
measured as in Example 1, b = 3.2 um; and b* = 0.8.
The tilt angle at the substrate interface
20 measured by the crystal rotation method was 15°.
As a result of the evaluation same as in
Example 1, contrast of the maximum luminance ir-
regularity was about 18%, color shading of display was
conspicuous in the visual test, and an approximately 30%

25 variation of tilt angle was seen at and around the

shading.



to the difference in liquid crystal |ayer thickness of the liquid

crystal panels, and high-uniformty display was obt ai ned. 5 Exanpl e
19 In the process of Exanple 18, a conpound of the
formula (2): [err] was used in pra@®@ of the conpound of the
formula (1) as t he di am ne conmpound havi ng di azobenzene groups, and a

10 pyromnel |itic GemnpryerbhngdExa@piaddor 1,2, 3, 4-cycl o-

but anet etracar boxyl i ¢ aci d_di anhydri de was added an . reacted to .

synt hesi ze a varni sh, and 2hbl¥%$¢ eFryBEal 31%B%§%dg%ﬁﬁ?%éwh§ﬂnﬂr%&%ﬁld
surface, baked at 200[err]C for, 30 LhuLe or imdatio a t hen
exposed to poIar?E%ﬂt£f5£%¥ﬁﬁtLﬂi?hnﬁsﬁgée?tngt ur 429 Bﬁ?éhcegdby

ed I " ! g
sUbj ected t o anreaTTpTg: ot CnBTREBRERRPY. of mxpRbEE S ekdept H8t Fuge d"
crystal aligngengs anlﬁl‘?ﬁﬁﬁghi:aiéyeyﬁlg?g?i@i haviRg A1 PSBYLYyPOhELI ngdth

light 20 direction. Nis way, a liquid crystal display device
a liquid crystalré@yeédtfhiéclnessverafemOlEEiLa waSght ofr gebged. Wen

measured as in Exanple 1, b = 0.5 [err]m and b* = 0.125.

110,000, obtained by polymerizing 0.5 moly (50% of the
total number bf moles) of 2,4-diamino-palmitylphenyl
ether, 0.5 mols of 2,2-bis[4-(p-aminophenoxy)phenyl]-

10 propane, 0.5 moly of 3,4-cyclobutanetetracarboxylic acid
'dianhydride and 0.5 mols of 3,3',4,4'~-biphenyltetra-
carboxylic acid dianhydride in N-methyl-2-pyrrolidone at
20°C for 12 hours. When measured as in Example 1, b =
3.0 um; and b* = 0.75.

15 The tilt angle at the substrate interface
measured by the crystal rotation method was 12°,

As a result of the evaluation same as in

Example 1, color shading of display was salient in the
visual test, contrast of the maximum luminance

20 irregularity was about 15%, and an approximately 20%.
variation of tilt angle was seen at and around the

shading.

Comparative Example 6
A liquid crystal display device was produced -
25 by following the procedure of Example 5 except for use
of an alignment layer material having a polystyrene-

reduced weight-average molecular weight of about



- 63 - The torsional anchoring coefficient A2 of the

alignnent | ayer surface in the present Exanple, as determ ned fromthe
val ue of elastic constant K2 agai nst torsional deformation of the
liquid crystal composition 5 and the measdded val ue of the extrapol ation
| ength b, was 10.2 [err]N'm For quantitative

det ermi nati on o12@;8pPayin whirheghrParptyo PﬁethﬁaeélﬂPer2€°ﬂﬁ?§ﬂﬁﬁge ar ea
of the di spl ay section was taken
|nterned|atF toﬁbgqr§p9§9umﬁeWésdﬁ?BP&y3$vscg§PéPF9ybY p°$¥ﬂ§5?53nﬂnst
conspi cuously, an nt t '
sbout 0.6% ' phalsi;%eaéf‘% enggsrféUAPrwlpsgPeneﬁgﬁgﬁa'aéii@ééé‘&ééynﬁ’as
I splay - irr t tt h £ A '
cryotal 1ayer t EAURAEEESBANEIC O PquI LY, 5 Ar dpaqerainoatBaehfe! dend?,
hi gh- unlforngtyod58@5§¥ 8@51°Et% Qegyclobuﬁaﬁéﬁgﬂkﬁcagboxyl1c acid In the

process of Exa a comp formula (3)
NH2 - [err] aQaWﬁ§d'1‘§.G@ h&dploagen@t%tm 398pound 'obiphenyatetra-(1) as
. carboxylic acid dianhydride in N-methyl-2-pyrrolidone at
20°C for 8 hours.
There were also produced 6 liquid crystal
10 panels having a liquid crystal layer thickness d in the
range of 4.6 + 0.9 to 4.6 — 0.5 um. When measured as in
Example 1, b = 0.1 pm; and b* = 0.02.
The torsional anchoring coéfficient A2 at the
alignment layer surface of the instant Example, as. '
15 determined from the value of elastic constant K2 against
torsional deformation of the liquid crystal composition
and the measured value of the extrapolation length b,
was 50 uN/m.
The result of the evaluation same as in
20 Example 1 showed a large variation of transmittance due
to the difference in liquid crystal layer thickness as
shown in FIG. 13 corresponding to FIG. 7 of Example 1.
Contrast of the maximum luminance irregularity was 20%,
and color shading due to the variation of difference in

25 1ligquid crystal layer thickness was salient visually.

Comparative Example 7

A liquid crystal display device having a



the di am ne conmpound havi ng di azobenzene groups, and a pyronellitic
aci d di anhydride and/or 1, 2,3, 4-cycl o-
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Uy ckness d of *Featied Aty &‘°c1ee¥‘h%£$"-'n§*‘sur°§%}??‘.tn Exampl e 1,

b =1.5 [err]sm 100, oo%“d i &ThiQ:ﬁa?é:he ratio of the OJT-E. rt%xri'xg'o” ng

a he |nstant

coefficient A2 of I gnnent | ayer surface o

deter- i n@d&dmgﬂ&wlws bRl oE, CHtiana 6y Qﬁﬂly&[ﬁrlzlng
torsional deformation of the liquid crystal conposition and the
measur ed val ue af. 3 e lsxtofaml 2tbis{ 4-e(Ertdminopithosgs) ghierfy 1| Jemdpdnea,
For quantitative determ nation of display irregularity, the imge at a

20 nm square ar d@a Sofmalise of 4,4'-diaminodiphenylmethane and 0.5 mol% of
2,2-bis[4-(3,4-dicarboxybenzoyloxy)-3,5-dimethylphenyl]-
10 hexafluoropropanetetracarboxylic acid dianhydride in N-
methyl-2-pyrrolidone at 20°C fof 8 hours. When measured
as in Example 1, b = 0.2 um; and b* = 0.048.
As a result of the evaluation same as in
Example 1, contrast of the maximum luminance
15 irregularity was 12%; and color shading of display due
to variation of difference in liquid crystal layer
thickness was salient visually. Luminance irregularity

due to improper alignment was also conspicuous.

Comparative Example 8

20 . A liquid crystal display device with a liquid
crystal laYer thickness d of 4.5 um was produced in the
-same way as in Example 5 except for use of an alignment
layer material having a polystyrene-reduced weight-
average molecular weight of about 1,000, in which the

25 proportion of the oligomer having fluqro groups was
about 2%, obtained by polymerizing 0.02 molg of 2,2~

bis[4-(p-aminophenoxy)phenyllhexafluoropropane, 0.98



di spl ay section was taken by a CCD canera in a state of I nt er nedi at e
tone display where display irregularity 25 appears nost conspicuously, and
contrast of the nmaxi mum | um nance irreqularity was determ ned. It was
about 0.3% In the visual inage qualit 3t &st, there was observed
no display irregularity due to the difference

- 65 - in | %Ry %gyétﬁf -f538inpHiPRABES 6Fh?ﬁe Praureldr9&ihy2,3,4-

panel's, and high-un obt ain

By using a nenatf¥C éorgén%F9tF§F2¥Bﬂﬁ3%FFl6ﬁ18 5h39?¥8r§3%n§%§'€e5 mols
‘ndex ani sot ropyohnsth ohobs oibneabbearrabafuofftfeacte Hpfiafledfin
constant K2 of 7 9 g%%|nga§?rp¥ EBELQ“&PQZBBQ ?6PC§dV6§er ﬁ% le 12

except for rec I on iquid crys I'spl ay devi ce

wth a "qu'dSCrﬂééﬁﬁré&yﬁé thi gkh& gielefb4 Otiqjﬁhp1g§§ b* _p@ogqqed In
correspondence to the negative dielectric ani sotropy of the liquid
crystal conposition, the afigketorsiBREE SNchOLihgbbbEBEiEient i P Hf the two
substrat es arranged substantially parallel to each other and the 15
appl i ed transveréhénﬂédtdnayétl sarfagesof thebindbirtrémbodimd¥ien asasured
as in Exanple 1, b 0.4 [err]m and b* = 0. 1. The torsional

anchori ng coeffldeeermﬂaedfftbm the elastlc constant K2 against

torsional deformation of the liquid crystal composition

10 and the measured value of the extrapolation length b,
was 25 uN/m.

As a result of the evaluation same as in

Example 1, contrast of the maximum luminance irregular-
ity was 13% and color shading of display due to the

15 variation of difference in liquid crystal layer thick-

ness was conspicuous visually.

Comparative Example 9
A liquid crystal display device was produced
according to Example 15 except that a rubbed polyimide
20 alignment layer material RN-718 (produced by Nissan
Chemical Co., Ltd.) was used for both of the pairing
substrates, instead of using a rubbed polyimide
alignment layer material PIQ (produced by Hitachi
Chemical Co., Ltd.) for one of the pairing substrates
25 and an oblique-evaporated silicon oxide alignment layer
material for the other substrate. There were also

produced 6 liquid crystal éanels having a liquid crystal



alignment |ayer surface of this Exanple, as determ ned fromthe val ue
of elastic constant K2 against torsional 20 deformation of the liquid
crystal conposition and the measur ed valge of the extrapolation | ength
b, was 19.8 [err]Nm quantltatlve determ nati on of
di spl ay irregularity, the ipage at a 20 nm

di spl ay secti on YR¥e¥ eicEyess (e RabiRe X 2098 %Eqéj £§f #1567 Oé?]%&'r%d' ate
tone di splay whe éﬁ%dlSplﬂ%h#rre gég{ééyas in ﬁfgﬁgié fnsg COBS hcuggaly,

and contrast of

| um nance irregq§$ﬁééy p¥aS %et I ned. It was about 2% In the visual
I mge quality te her e“was ob érved no display irregularity

attributable to the differpoceriduit of | Cid dodd 184 8 oh Wate tdd Cipess of the
liquid crystal 5 panels, and ﬂ -uniformty display was obtained.

Conpar ative Bxanpkfmple 1 showed 18r§6eea it idn Oof Ot £ayshit tahed! dye
devi ce having a liquid crystal | ayer thickness d in the range of

4.6 + 0.3 to 4.6c0 dhé defféreneeeinrdilgobd Oyyéoal ovayer HRidckmesgs ogedure
of Exanple 1 except that a polyimde alignnment | ayer nmaterial RN-718 (a
product by N ssashown heRIGal 1&€ocortespdndingusedFi@. pf oot Bfampla U6 as
t he alignnent | ayer material .
Contrast of the maximum luminance irregularity was 12%,
and color shading of display due to the variation of
10 difference in liquid crystal layer thickness was salient
visually.
Some of the produced liquid crystal panels_had
a notable number of pixels which failed to go on probab-
ly due to dielectric breakdown. Also, their viewing

15 angle characteristics were obviously worse than those of

the panels of Example 1.

Comparative Example 10
A liquid crystal display device was produced
according to Claim 15 except that PIQ was used as the
20 aiignment layer material for both of the pairing sub-
strates, instead of forming a rubbed polyimide alignment
layer with PIQ for one of the pairing substrates and an
oblique-evaporated silicon oxide alignment layer for the
other substrate, and that rubbing was performed only on
25 the polyimide alignment layer surface of the substrate
on the color filter formed side, with no rubbing

conducted on the polyimide alignment layer of the



The extrapolation length b neasured with this 15 liquid crystal display
device by Fredericksz transition nmet hod as in Exanple 1 was
substantially O [err]m The extrapol atign | ength/gap ratio b* was al so
substanti al - ly 0. Eval GafPofi of this |iquid crystal

di splay 20 device in the sane wa fol |l ow ng

as Lpn. Exanpl e, 1. gave the )
resul ts. SUbStra$$r%?,t?ﬁeghépag?ﬁﬂ ngﬂééﬁtquﬁ?Hm%qy§%%?' | ayer
t hi ckness and transnittanCﬁ%oégége%§€$¥g %%ﬁ%égk éﬁiﬁiqifégvfggplay devi ce
r s : !

was deternmned to obtain t

e _Cgf‘r acteristif, aghem elblBardty 880k Blace aPlukdafRLedreloyn 10

curves observed 4 r di n : : t whi ch
cur ves, bserved ke Nl Bhed) {G1A"E-FREEE: cMliiadrion Yok ASENERY, uh!
gi ves 90% of 4 hejniqo Hﬁé'ﬂy&hi&aa§9bE&§”ESl!ﬁ§naﬂpétSQé 6ﬂdn&ﬁéﬂié vol t age

S V50 which gives 50% of thé maxi numtransm ttance was applied, with
the center val ueppisépeah@quhisciyseghlarityayes s6atsergsreédbeeddegenen as
reference value (0) in each case. - As is seen fromthis

graph, in ConparwhenethdOlixaidl ergstabhecabbuwasobncbahgated toatlei ttance
due to isotropic phase and then gradually cooled down to return
to the nematic phase.
10 In the evaluation same as in Example 1,
contrast of the maximum luminance irregularity was about

30% and color shading of display was salient in the

visual test.

Comparative Example 11

15 In Example 1, a polyimide alignment layer
material RN~1046 was applied on the substrate and
heated, and without rubbing, the layer surface was
subjected to polarized light irradiation by excimer
laser with a wavelength of 248 nm to impart a liquid

20 crystal alignability to the layer. When measured as in
Example 1, b = 0 um; and b* = 0.

In the same evaluation as in Example 1,
contrast of the maximum luminance irregularity was about
20% and color shading of display was conspicuous in the

25 wvisual test.
The liquid crystal élignability in this

example is considered attributable to selective



the difference in liquid crystal l|ayer thickness reaches as nmuch as

12% and its conparison with the graph of FIG 7 representing an
enbodi mrent of the present i nvention eV|dentIy shows the difference in
quality 15 between the two devi ces. 76 Then, in the simlar

e % " X e sokbipaREREof ot tief ARuShSEFAE Sled N AL 1 ¢
e o e e ARSI LS9 Bha ndBE PELERTIOF Yns &R %ﬁq%%fsf@ty%x}@at

the |uninance ir} reac and co

shading of displgye &ugauseatﬂyveﬁéaaée ugﬁéafi@ﬁfa(:@aafcéwwgcrysta'

| ayer t hi ckness was conspf cuous viI's Conparative Exanple 2
25 /\Iééhgﬁhgﬁaéégl di spl ay deV|ce with a liquid crysta

| ayer thickness d of" 4.0 [err] mwas produced by foll ow ng the procedure
of Exanple 1 gxcept for usgsoéxplained above in detail, it is possiblé8 -
PIQ (a polyimde alignnment |ayer material produced by Hi tachi Chem cal
Co., Ltd.) in pIwithothémpnesénasinhentionpbbybhtdénaangmnEhVe+m@twix
material. When neasured as in Exanple 1, b errLeo err]m and b* [err]
0. 5 ligaidaeryatal @hﬁﬁlanﬁeﬂleﬁyGQEﬁb %*a@lgh'QW%L}%ﬁ in

the same way as jn Exanple 1l showed, con:
image display and minimized in display irregularity due

to variation of the gap between the substrates in the

10 in-plane switching mode where an electric field
" substantially parallel to the substrate surface is
applied to the liquid crystal molecules.
Further, a greater degree of freedom is

allowed for setting of the gap between the substrates
15 and other works in the production process, and an

active-matrix 1iquid crystal display device with high

mass productivity can be obtained.



spi cuous col or shading of display due to variation of difference in

liquid crystal |ayer thickness in the visual test. 10 Conparative
Exanpl e 3 A liquid crystal é play device was produced
by following the procedure of Exanple 5 eXc ﬁt for use of an alignnent

| ayer materi al reduced wei ght - aver age nol ecul ar
wei ght of aboutq%¥gpgﬁg 8€%¥@%¥af%ed by polynerizing 0.4 nol % (40% of the

t ot al nunbey of nolesy, %c@iée%%{r}n{%f ,j@éﬂ_.%yi O&ébef%/ O?Vlé)e

mol % of 2, 2, 4- bi's] 4- (p anmi Nophenoxy) pane;
1, 2,3, 4- cyclobut f&&rboxyllc acid di anhydri de and 0.5 nol % of
3,3',4,4' bi phenylt tra- 20 carboxylic acid di anhydride in

N-met hyl - 2-pyrrolidone at 5 pair08f fDibdOr HOek Sat 1east one of whit eigwere
al so produced 7 liquid crystal panel s having a liquid crystal |ayer

thi ckness d in ttwansparémge of 4.3 + 0.55 to 4.3 - 0.9 [err]m Wen
neasured as 25 in Exanple 1, b [err] O [err]m and hence b* [err] O.
The sane eval uati on as nade lm@&rmtyasﬂal layshod\mp@sédirbﬁtmn aaioh of
transmttance due to the -69 -
difference in | iRRi® efyaebstrayes:t hi ckness as shown in FIG 12

corresponding to FIG 7 of Exanple 1. Contrast
a group of electrodes for applying to said

liquid crystal layer an electric field substantially
parallel to the substfate plane and a plural number of
active elements connected to said electrodes, said group
of electrodes and active elements being formed on one of
said pair of substrates;

an alignment layer diéposed between said
liquid crystal layer and at least one of said pair of
substrates; and |

an optical means for éhanging the optical
properties according to the state of molecular alignment
of said liquid crystal layer formed on at least one of
said pair of substrates,

wherein the extrapolation length which
indicates the strength of torsional anchoring of the
liquid crystal molecules and said alignment layer
surface at the interface between said alignment iayer
and said liquid crystal layer is 10% or more of the gap
between said pair of substrates.
2, An active-matrix liquid-crystal display device

according to Claim 1, wherein said optical means

R O YO 0




of the maxi mum | um nance irregularity was 12% Col or shadi ng of displ ay
~due to variation of difference in 5 liquid crystal layer thickness was
conspi cuous visual ly. Conpar ati ve Exanple 4 Aliquid
crystal display device with a |liquid =c?§stal layer thickness d of 4.0
[err] mwas produced according to the procedure of Exanple 5 except for
use 10 of an aldommrdiaes & Paimtef ipplarisers ApyAnead mndhat theigjyced
wei ght - aver age nol ecul ar wei ght of about 100, 000 obt Ln%_ by .

pol yneri zi ng 0. #%R&% Bf QPA%l?%"el‘?rbt’éTtersecﬁﬁlrﬁ)ters'"bt?s“'rﬁﬂie’s% ANk, s 4-
(p-am nophenoxy) -

4, 4" -di am nodi pm?ﬁat%?ﬁ?‘%gﬂ cli%etclge.n% %@ﬁé%ﬂﬂmﬁlﬁ ircefarcafcoticﬁeanjhri/dcﬁ}f de

d 0.5 | % , t | G ' | i d
"N ot hyl - 2- pyRotERY dE HFLEPRUGNE SI QRN uQRs AU eb AR O
in Exanple 1, bgy R 464 e @febness qgﬁ-(%,h the parameter @¥ad il t angle

at the substrate’interface 20 neasured by e crystal rotation method was
15[err]. satisfied\Stife reslation éH1e0 £ Qhmied | KEGABURS | N

Exanpl e 1, contrast of the maxi num | um nance ir- regularity was about
18% col or shadi3wyg of di sEmyackabve-matrionshiquicliscrysttdie display tdesticeand
an approximately 30% 25 variation of tilt angle was seen at and around the
shadi ng. according to Claim 1, wherein at least one of said
alignment layers is made of an organic polymer
containing at least one of the polymer and oligomer in
which the polymerizate of the long-chain alkylene groups
and/or fluoro groups incorporated in the amine moiety or
acid moiety is 5-30% of the total number of moles.
4, An active-matrix liquid crystal display device
according to Claim 3, wherein the weight-average
molecular weight of said polymer and oligomer is 2,000
to 90,000. |
5. An active-matrix liquid crystal display device
according to Claim 4, wheréin said polymer and oligomer
contain at least one long-chain alkylene group and/or
fluoro group in a main chain, side chains or terminal
moiety.
6. An actiVe—matrix liquid érystal display device
according to Claim 1, wherein said alignment layer is
made of an organic polymer having long-chain alkylene
groups and/or fluoro groups selected from the group

consisting of a polymer and/or oligomer-amic acid imide,

a polymer and/or oligomer-imide, a polymer and/or

O




- 70 - Conpar ati ve Exanple 5 A liquid crystal display
device with a liquid crystal layer thickness d of 4.0 [err] mwas
produced by carrying out the procedure of Exanple 5 except for use 5
of an alignment |ayer material having a pbl}gtyrene- reduced

wei ght - aver age mol ecul ar wej ght of about 110, 000, obtained by

pol yneri zi ng 0. ?M%QWE oghkoxane and A PRINRST cﬁn‘MfPres‘)l’tﬂomer‘,

2, 4-di am no- pal m tyl phen) et her, 0.5 nol % of

2. 2-bi s[ 4- (p- ani T Phenyl]- 10 propane 0.5 nol % of

, 4= | ob b | % of .
33 e pher et rae 8 ' SeEfidaateid PO drRtL Gipo Ty Bvice

N- et hyl - 2-
Sl o 1 b1 SR to caZthll{ lihefii) S it a1 iR CPRMESTLLS 11
angle at the sul}&éd@t&flsﬁ%fg&&c poméﬂrﬁﬂelbafré@eoyrdaiydré@i&ilﬁh -

nmet hod was 12[err] a result of the evaluation sane as in
Exanple 1, col Orcb‘df@ﬂ:r@gof)fadpépjmarv@ﬁdﬁ@fI@Iligdmet-l‘m:.c acid serhpi s+ ,
contrast of the maxi mum|um nance 20 irregularity was about 15% and an
approxi mately 20Phg a simgletrbmgofigidtdbamime vas amime atobeily camdirah t he

shadi ng. Conparative Exanple 6 A liquid crystal

di spl ay devi ce vakiphatiecdetpacayboxyl boi agid hdignkydride of @&xanple 5

except for use . of an allgnnent | ayer material having_a polystyrene-
alicyclic te racarboxyllc acid dianhydride and "an

.aromatic tetracarboxylic acid dianhydride having main
chain type long-chain alkylene groups or fluoro groups
as acid moiety. |

8. An active-matrix liquid crystal display device
according to Claim 1, wherein at least one of said
alignment layers is an inorganic material layer.

9. An active-matrix liquid crystal display device
according to Claim 8, wherein said inorganic material
layer is an inorganic aiignment layer which has been
surface treated by an oblique evaporation method.

10. An active-matrix liquid crystal display device
according to Claim 6 or 8, wherein said organic align-
ment layer is a layer of an organic polymer which has
been surface treated by rubbing.

11. An active-matrix liquid crystal display device
according to Claim 1, wherein at least one of said

alignment layers is a layer of a photo-reactive

* c L M § *

material,



reduced wei ght-average nol ecul ar wei ght of about

- 71 - 120,000, in which the ratio of the oligonmer containing
fluoro groups was about 3% obtained by polgnerizing 0. 03 nol % of
2, 2- bi s[ 4- (p- am nophenoxy) phenyl ] hexa- - QUBropropane, 0. 97 nol % of

4, 4" -di am nodi phenyl ether, 5 0.5 nol %,of

1, 2, 3, 4- cycl obutldet et r acAbFERIVERAtF 1x. Liguich frvistels §d spleynsevice

3,3",4,4' -bi phenyl tety.a- arboxylic.acid dianhydride in .
N- net hyl - 2- pyrr &é%r‘gé'nzﬂ to éiﬂ)‘["bﬁ/]] cIFT T, | photo-reactive qpg ¢
were al so produce

| ayer thickness ng 'eﬁ"ilt#g%a%’ecg %11.3%13% pcﬁloq'zf’?_a e%%%éﬁ%%ﬂé%?é%y&%%&ﬁl%en

The torsi onal  affofiond du et 60 theantyf Dolagied iant IC

The torsional al’i gnnmen

of the instant Bxamyigeidh t dSl&EAY, [dAIBd N prRltderdni@dAst i C

const ant K2 agai nst torsional deforrmation of the liquid crystal
conposition redittiidie, neasured val ue of the extrapolation | ength b,
was 50 [err] NNm The result of the evaluation sane as in
Exanpl e 1 showed 3 | ar ge \Aar isatti iore-ofa triandniguizhcryhtal displayt evice
difference in liquid crystal |ayer thickness as showmn in FIG 13
correspondi ng t @RaEdirgpitEClpine 12, wheredontgaist plfotgreanbiveum

| um nance irregularity was 20%

material is an organic ﬁolymer containing a polymer
and/or oligomer having at least one diazobenzene group.
14. An active matrix liquid crystal diéplay device
according to Claim 1, wherein the controlled directions
of liquid crystal molecular alignment at the two
interfaces between said liquid crystal layer and said
pair of substrates are substantially the same.

15. An active-matrix liquid crystal display device
comprising:

a pair of substrates at least one of which is
transparent;

a liquid crystal layer dispbsed between said
pair of substrates;

a group of electrodes for applying to said
liquid crystal layer an electric field substantially
parallel to the substrate plane and a plural number of
active elements connected to said electrodes;

an alignment layer disposed between said

liquid crystal layer and at least one of said pair of .

* [+ L M S *

substrates; and

yer surface

20



and col or shading due to the variation of difference in 25 liquid crystal

| ayer thickness was salient visually. Conparative Exanple 7
A liquid crystal display device having a '
- 72 - liquid crystal layer thickness #%f™ 4.2 [err]mwas produced

according to the procedure of Examul e 5 ex | i gnment
| ayer material having a p8fy éﬁg means, ggﬁcgﬁ 8%tth$e§§§ggﬁglegular

i ght of about 5 100,,000, | h
fluoro groups whSORESHSB0RC &&V&;a' LR ?ffﬁﬁw‘i'*‘i"%@?r ARG

4,4 - am nod: pREn TR Mo AR ey ECRRAR Least. one ot
2,2-bis[4-(3, 4- I di met hyl phenyl]- 10

hexafl uor opr opa%@t a E’acar box%?('{lﬁcgtal)cl%%l anhydride in N

met hyl - 2-pyrrol i done at Z%Fe’rrdﬁ fedfe &dl@-iro%alwé@itti&&w edefficdentn A2

Exanple 1, b [err] 0.2 [err]m and b* = As a result of
the eval uation LFAY idlignmdn@Muyeerd, su’:m&deiﬁgaifnsttha:mmnqumd uni nance
15 irregularity was 12% and col or shadlng of display due to variation
of difference i pdygtill nslesdiiled ayterthe interfaws betweesnlsaid visual ly.
Lum nance irregularity due to inproper alignment was al so conspi cuous.

alignment layer and said liquid crystal layer is 20 uN/m

or less.

16. An active-matrix liquid crystal display device

according to Claim 15, wherein the controlled directions
of liquid crystal molecular alignmeht at the two
interfaces between said 1iquid.crysta1 layer and said
pair of substrates are substantially the éame.

17. An active-matrix liquid crystal display device
according to Claim 15, wherein said optical means
comprises a pair of polarizers arranged so that their
axes of polarization will intersect at substantially
right angles, and that when the refractive index
anisotropy of said liquid crystal layer is represented
by An and the thickness by d, the parameter d-An
satisfies the relation of 0.2 um<d-An<0.5 um.

i8. An active-matrix liquid crystal display device
according to Claim 15, wherein at least one of said
alignment layers is made of an organic polymer
containing at least one of the polymer and oligomer in

which the polymerizate of long-chain alkylene groups

(L




Conpar ati ve Exanple 8 20 A liquid crystal display device with a

liquid crystal layer thickness d of 4.5 [err]mwas produced in the
same way as in Exanple 5 except for use of ap alignnent | ayer materi al
havi ng a pol ystyrene-reduced wei ght - év%?d@e nol ecul ar wei ght of about

1,000, in which the 25 proportion of, the oligoner, havi ng fluoro .gr.oups was
about 2% obtai ,?é}ﬁ/{p)}f Ffo'lf i%W%..W‘?ﬁﬂQﬁ er%,zfg al:\ixe gam::.ne mo:.gety or

P A P b Y eI XP R A el ey 9 pojes,.
cycl obut anet et r 3Gar boxyl i %brg%y N@W&:’gﬁ'}%ﬁé'&mﬁ dispﬁfay device

3,3 ,4,4" -bi phenyltetraca I C acl de 1I'n

N- et hyl - 2- pyr r gl dS006 [ i 1) whdpis. a4k i gh i BARY as in
Example 1, b [e%{r‘i 0. 1lféer%]prr(1q%:ind jbg‘) =V&6.022. e ign %Le t or si onal

anchori ng coef f infd 1fdu Ver aed of SRidPEIYméBYeHa el igunteofid e, oot ant
enbodi nent, as determ ned fromthe elastic constant K2 agai nst

torsi onal deforr®sigg, afoshe |iquid crystal conposition 10 and the

nmeasured val ue of the extrapol ation length b, was 25 [err] NN m

As a result of tage eval uatAmrachiwe-amtimnix lidoddprydstaleaitspisty devioe

maxi mum | um nance irregqul ar- ity was 13% and col or shadi ng of display

due to the 15 \aderding dfo CIdimecike wheteinishid \pokymenand tdil igomer
contains at least one long-chain alkylene group and/or
fluoro group in a main chain, side chains or terminal
moiety.
21. An active-matrix liquid crystal display device
according to Claim 15, wherein said alignment layer is
made of an organic polymer having long-chain alkylene
groups and/or fluoro groups selected from the group
consisting of a polymer and/or oligomer-amic acid imide,
a polymer and/or oligomer-imide, a polymer and/or
oligomer-imidosiloxane and a polymer and/or oligomer-
amide-imide.
22, An active-matrix liquid crystal display device
according to Claim 15, wherein said alignment layer is
made of an organic polymer obtained by dehydration ring-
clodure of a polymer and/or oligomer-amic acid
comprising a single-ring rigid diamine as amine moiety
and an aliphatic tetracarboxylic acid dianhydride or an

alicyclic tetracarboxylic acid dianhydride and an

aromatic tetracarboxylic acid dianhydride having main

R
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ness was conspi cuous visually. Conpar ati ve Exanple 9 A
liquid crystal display device was produced according to Exanple 15
except that a rubbed polyimde 20 alignment |layer material RN-718
(produced by N ssan Cheni cal Co., Ltu.83wms used for both of the
pairing substrates, instead of using a rubbed polyim.de al i gnnment
| ayer material RhAiMHtyRE PN ghaide @lkyleneciaups o £luor® BrodPsSone of
the pairing substrates, 25 and an obli que-evaporated silicon oxide

al i gnnent | ayer @8 @ &AL8t¥or the other substrate. There were al so

pr oduced 6Iicn1£%crystal anel.s havi a4, rystal

o Linas S MR & 1S G digplay devicg

- 74 - | aye

[err]m Wen me 3S | %ﬁgﬁﬂ : Ny [ shence b*

0 (0%. %%goﬂl?%e tJrbesu o?lstl'hevn‘eéva lurlataﬁ:or%ee'rsa;grgenoé'%h%rf sglga_rrpl el
showed a | arge vArigiinedt Afagd@NSIE td AR AEE an i id iRl i n
liquid crystal |ayer thickness as shown in FIG 14 corresponding to
FIG 7 of Exanpla.l. G tacaSivesimatd i iiqaid Ictvistalc diisplagulderiiice was
12% and col or shading of display due to the variation of 10

difference in |iapdotdimgstial Glaber 22 oéhvexrssi nvasa ishliimortganic wiateadilag
layer is an inorganic alignment layer which has been
surface treated by an oblique evaporation technique.
25. An active-matrix liquid crystal display device
according to Claim 21 or 22, wherein said organic
alignment layer is a layer of an organic polymer which
has been surface treated by rubbing. | _
26. An_actiée—matrix liquid crystal display device
according to Claim 15, wherein at least one of said
alignment layers is.a layer of a photoreactive material.
27. An active-matrix liquid crystal display device
- according to Claim 26, wherein said photoreactive
material layer is a photoreactive alignment layer which
has been subjected to linearly polarized light
irradiation to selectively cause a photochemical
reaction.
28. An active-matrix liquid crystal display device
according to Claim 27, wherein said photoreactive
material is an organic polymer containing a polymer
and/or oligomer having at least one diazobenzene group.
29. An active-matrix liquid crystal display device

according to Claim 15, wherein the controlled directions
I

R



Some of the produced liquid crystal panels had a not abl e nunber of

pi xel s which failed to go on probab- |y due to dielectric breakdown.
Al so, their viewing 15 angle characterlstlcs wer e obvi ously worse than

t hose of t he panel s of Exanple 1. - 84 Tonparative Exanple 10

A liquid crystal display device was produced according to Claim15

except that Pl Q%fadiiefl £rysal ZEP]eﬁ‘F‘g}ﬂkrﬂh}%f}Rﬂnmterqr}ﬂ 52 both of

the pairing sub- strates, |nstead

ol gnment "y e Ftrm%%nloﬁ?ewo Hig! aﬁr f%;rl%’ o ﬁ@iﬂi %]iﬂrcnii%an
aubstrat e, and ERAT 1 HIRE AR 4 PR AT L N 595 i de

al i gnnent | ayer surface of the substrate on the color filter forned
side, with no rubbing conducted on the polyimde alignnent |ayer of
t he - 75 - substrate on the
thin-filmtransistor fornmed side. In this liquid crystal
di spl ay devi ce, alignnment irregularity took place around the filling
hol e when the liquid crystal conposition was injected 5 into the liquid
crystal cell in a state of nematic phase, and this irregularity was

scarcely reduced even when the |iqui d—erystat——cetT—Was once heated to

the ) O A



| sotropi c phase and then gradually cooled down to return to the nematic

phase. 10 In the eval uation:sane .as i 1, _contrast
of the maxi mum | um nance irregularity was ut TR saae | gg #di ng
of display was salient in the visual T Congpgg EM | e 11
15 I'n Exanple g I m de allgnnent : 8 “f'ﬂ

RN- 1046 was appAB&E H? heat ed, and w t hout rubblng

he | f d I
excimerlaser th 2 B Ak t A% T8 e OO R s ce
crystal alignabili CL)Ly t.Q tl‘{:&}el 3ynerpla\NEe%mradn@é whikiegy e 1, b

[err] O [err]n1 sane evaluatlon as in

Exanpl e 1, r? STBEYEHE 144V 3G TTGICHY Ard Bubat raftaut

20% and col or sha ng o ay was conspi‘cuous in the 25 visual test.
The liquid Crys%rf@d&&@'dﬂﬁﬂlé&\ tdithe liqd@madyestaontiatacterized

attributable to selective - 76 -
pol yi m de deconpgsivdak watsiashaly gty ireyl dfasgre |lightid cryistaddi ation,
and i mage retention which appears to have been caused by the deconposed

i oni c radical s waslecules and the alignment layer surface at the liqui
crystal/alignment layer interface to an extent that the
extrapolation length which expresses the strength of
said torsional anchoring will become not less than 10%
of the gap between the substrates. For obtéining sudh
weak torsional anchoring, an organic alignment layer
comprising a polymer and/or oligomer having long-chain
alkylene and/or fluoro groups, or an inorganic alignment
layer formed by oblique evaporation technique, or a
photo-reactive alignment léyer fdrmed by linearly

polarized light irradiation is used.



conspi cuous. 5 As expl ai ned above in detail, it is possible

with the present invention to obtain an active-matrix liquid crystal

di spl ay devi ce capable of high-quality . i mage di splay and mnimzed in
display irregularity due to variation of the gap between the substrates
in the 10 in-plane switching node wherfe/#&h electric field

substantially parallel to the substrate surface is applied to the

| iquid crystal nolecul es. Further, a greater degree of
freedomis al l owed for setting of the gap between the substrates 15
and other works in the production process, and an active-matrix liquid
crystal display device with high mass productivity can be obtai ned.

- 77 - WAT IS CAIMED IS: 1. - An active-matrix liquid crystal

di spl ay device conprising: a pair of substrates at |east one of
which is transparent; a liquid crystal layer disposed between
said pair of substratesg a group of electrode i ying to
said liquid crystal | ajErlGn.‘IAptri c field substantiall F éci | to the
substrate plane andBa plural number of : : , -

sop—

7\L |
SNI \QQQQQSSSSEQQQQﬁSSSSL NN
Qo6 - )
5, QO~6 °

.

~ FIG.1C ~ FIG.1D

1ell
Ry

NN
V200,

3
T THTTTTTS- -



active elenents connected to said el ectrodes, said group of electrodes and
active elenents being formed on one of said pair of substrates;

an alignnent 1ayer disposed between said liquid crystal |ayer and at |east
one of said pair of substrates; and an optical means for
changi ng the optical properties accordgpggto the state of nol ecul ar
alignnment of said liquid crystal layer fornmed on at | east one of said
pair of substrates, wherein the extrapol ation | ength which.

i ndi cates the strength of torsional anchoring of the 1liquid crystal

mol ecul es and said alignment |ayer surface at the interface between said
alignnment layer and said liquid crystal layer is 10%or nore of the gap

bet ween said pair of substrates. 2. An active-matrix liquid crystal
di spl ay device according to Caim1, wherein said optical neans

- 78 - conprises a pair of polari zersEIGng?ﬂ so that their axes of
y righ

pol ari zation intersects at substanti al
that when the refractive index anisotropy o
represented by An and the thickneds by d, the
satisfies the relation of 0.2 [err]m<d.An<0.5r[e

— 0

angl es to each other, and
SHPOLARuUI d crystal layer is
NGHORINGerr] n :

]m

/
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3. An active-matrix liquid crystal display device according to

d a|n11 wherein at | east one of said alignnment |layers is nade of an
organi ¢ polyner containing at |east one of the polyner and oligoner in
whi ch the polynerizate of the |ong-chain al kyl ene groups and/or fluoro
groups incorporated in the am ne nnietglpr acid noiety is 5-30% of the
total nunber of noles. 4. An active-matrix liquid crystal display
device according to Caim3, wherein the weight-average nolecular weight
- of said polyner and oligonmer is 2,000 to 90,000. 5. An :
active-matrix liquid crystal display device according to Caim4, wherein
sai d polyner and oligoner contai.n atft?gat | ong-chai n al kyl ene group
and/or fluoro group in a main chain, ¥si C s or termnal noiety. 6.
An active-matrix liquid crystal display device according to Claimil,
wherein said alignnmentglayer is nade L gani ¢ pol yner having

| ong-chain al kyl ene gfoups and/or fl oo s selected fromthe group.
consi sting of a polynef and/or ollgo7EW a imde, a Eﬁiﬁﬂ?r and/ or

C
NN

ol i goner-im de, a polyjer and/or 9 -
oligoner-inidosilox&pe and a polyner'gn or ollg\Fﬁr eEfQ%ﬁ%AZ
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7. ) An active-matrix liquid crystal display device according to Claim
1, wherein said alignnent |ayer is nade of an organic pol yner prepared by
dehydration ring- closure of a polyner and/or oligoner-amc acid conpris-
ing a single-ring rigid diamne as amne noiety and an aliphatic
tetracarboxylic acid dianhydride or an: fcyclic tetracarboxylic acid

di anhydride and an aromatic tetracarboxylic acid di anhydride having main
chain type | ong-chain al kyl ene groups or fluoro groups as acid noiety. 8.
An active-matrix liquid crystal display device according to Caim]l,
wherein at | east one of said alignnent layers is an inorganic materi al

| ayer. 9. An active-matrix liquid crystal display device according
to Claim8, wherein said inorganic material layer is an inorganic

al i gnment | ayer which has been surface treated.by an oblique evaporation
met hod. 10. An active-matrix liquid crystal display device

according to Claim6 or 8 wherein said organic align- nent |ayer is a
| ayer of an organic polyner which has been surface treated by rubbing.
11.. An active-matrix liquid crystal display device according to

Caim1l, wherein at |east one of said alignnent layers is a layer of a
phot o-reactive material. '

FIG. 5
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- 80 - 12. An active-matrix liquid crystal display device according
to Claim1l, wherein said photo-reactive material layer is a

phot o-reactive alignnent |ayer which has been subjected to linearly

pol arized light irradiation to selectively cause a photochem cal

reaction. 13. : An active-matrix |ggugd crystal display device
.according to G aim 12, wherein said photoreactive material is an organic
pol yner containing a polyner and/or oligoner having at |east one

di azobenzene group. .14. An active matrix liquid crystal display
device according to Caim1l, wherein the controlled directions of liquid
crystal nolecular alignnment at the two interfaces between said |liquid
crystal layer and said pair of subst are substantially the same. 15.
An active-matrix liquid crystal displi?ié§yi€i conpri si ng: a
pair of substrates at |east one. of which is transparent; a
liquid crystal |ayer disposgd between Egéd pair of substrates;

a group of electrodes for ag | yi ng EaPd liquid crystal@layer an
electric field substantiallvg paral leltto

nunber of active el ene \a \

al i gnnent | ayer di sposed W Sadd L AA
-one of said pair of

ctrodeg; an

the substrate plane and a plural

yst al Iay& )Jd at | east
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substrates; and - 81 - an
optical neans for changing the optical properties according to the state
of nolecular alignment of said liquid crystal |ayer forned on at |east one
of said pair of substrates, wherein the torsional anchoring
coefficient A2 of said alignnent Payeregu face against the liquid crystal
nol ecul es at the interface between said” "ali gnnent |ayer and said |iquid
.crystal layer is 20 [err]NNm or |ess. 16. An active-matrix liquid
crystal- display device according to Caim1l5, wherein the controlled
directions of liquid crystal nolecular alignnent at the two interfaces
between said liquid crystal layer and said pair of substrates are
substantially the sane. 17. An active-matrix liquid crystal display
device according to Caim 15, wherein sai ptical neans conprises a pair
of polarizers arranged so that their axgél . pplarization will intersect
at substantially right angles, and that when the refractive index

ani sotropy of said |id@0q-crystal--tayerris represented--by-An-and the
t hickness by d, the parafttend {gaigtp | satisfies the relation of 0.2
[err]n<d. [err]n<0.5_[err]lin._g.8.ygg An active-matrix liquid crystal

di spl ay device R 40| __-.y50 | ' )
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according to Caim15, wherein at |east one of said alignment |ayers is
made of an organic polynmer containing at | east one of the polyner and
oligomer in which the polynerizate of |ong-chain al kyl ene groups

- 82 - and/or fluoro groups incorporated in the amne noiety or acid
moiety is 5-30%of the total nunber of otegs. 19. An active-matrix
liquid crystal display device according to Claim 18, wherein the

wei ght - average nol ecul ar wei ght of said polynmer and oligonmer is 2,000 . to
90, 000. 20. An active-matrix liquid crystal display device according
to Claim19, wherein said polyner and oligomer contains at |east one-

| ong-chai n al kyl ene group and/or fluoro group in a main chain, side chains
or termnal noiety. 21. An active-matrix liquid crystal display
device according to Caim15, wherein -sgid_alignment |layer is nade of an
organi ¢ pol ynmer having | ong-chain aIkerﬁ%I .dgps and/ or fluoro groups
selected fromthe group consisting of a polyner and/or oligoner-amc acid

imde, a polyner and/m—e#igone{ﬁi'-mde,- -peLy-rm# andlof------- -
~oligoner-imdosiloxane ai¢l_a,pal 1nd/or pllgoner- ;anlqe |nhde 22.
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according to Claim15, wherein said alignnent

pol ynmer obtai ned by dehydration ring-

| ayer is made of an organic
cl odure of a polyner and/or

oligoner-amc acid conprising a single-ring rigid diam ne as am ne noi ety
and an aliphatic tetracarboxylic acid di-anhydride or an alicyclic '
tetracarboxylic acid dianhydride and an8 agomatic tetracarboxylic acid

di anhydri de having main

| ong- chai n al kyl ene groups or fluoro groups

- 83 - chain type

as acid noiety. 23. An

active-matrix liquid crystal display device according to Cairm 15, wherein

at | east one of said alignnent

24. An active-matrix liquid crystal Ejlgl aai -'jevi ce according to Caim
22, wherein said inorganic material |ay®r norgani ¢ al i gnment | ayer

ceytreated by an oblique_evaporation technique. 25.

whi ch has been surfa
An active-matrix |iqui
22, wherein said orga
whi ch has been surfa
liquid crystal dispB3y
of said alignnent

An active-matrix |igy
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according to Claim 26, wherein said photoreactive material layer is a
phot oreacti ve alignnent |ayer which has been subjected to linearly

pol arized light irradiation to selectively cause a photochem cal
reaction. - 28.. An active-matrix liquid crystal display device
according to Claim27, wherein said pho®ogf @ctive material is an organic
pol ymer containing a polyner and/or oligonmer having at |east one :

di azobenzene group. 29. An active-matrix liquid crystal display
device . according to Claim15, wherein the controlled directions
- 84 - of liquid crystal nolecular alignnent at the two interfaces

between said liquid crystal |ayer and sg aif ~pf substrates are
substantially the sane. . (T':C‘GO 13) :
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ACTIVE-MATRIX LIQUID CRYSTAL DISPLAY

ABSTRACT OF THE DISCLOSURE

An active-matrix liquid'crystal display device
employing the in-plane switching mode in which an
‘electric field substantially parallel to the substrate
"surface is applied to the liquid crystals, charaéterized
by weak torsional anchoring of the liquid crystal' |
molecules and the alignment layer sgrface at the liquid.
_crystal/alignment layer interface to an extent that the
extrapolation length which expresses the strength of
said torsional anchoring will become not less than 10%
of the gap between the substrates. For obtaining such
weak torsional anchoring, an organic aiignment layer
gomprising a polymer and/or oligomer having long-chain
alkylene and/or fluoro groups, or an inorganic alignment
layer formed by oblique evaporation_techhique, or a
photo-reactive alignment layer formed by linearly

. polarized light irradiation is used.

FIG. 1A - 1D
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