12 MAY 2005 1 METHOD OF MANUFACTURI NG PHOTO ALI GNMENT LAYER BA

OF THE I NVENTION 1. FIELD OF THE I NVENTION 5 The present invention
relates to a nethod of nanufacturing a photo-alignnment |ayer used in a
liquid crystal display device and, nore particularly, to a nethod of
manuf acturing a photo-alignnment Iayer capable of aligning Iliquid

crystal nol ecul ageyoDd | @ tMvAXPOSUIERING thoyto-bgi oM subjest ed to a
rubbing treatnent. 2. DESCRI PTI ON CF RELATED ART In liquid crystal

di spl ay devices, the state of nolecular alignnment of liquid crystals is
changed by the action of an 15 electric field and a change in optical
characteristics attendlq%aﬁhe change is utilized for display. In

general, liquid crystal SSAECRIEB W |15 kYUK i n the space between

two substrates. To align liquid crystal nolecules in a specific
orientali oRJELDeCFNTREI DNVENTI@Res of the substrates 20 are subjected to
an alignment treatnment. The alignment treatment is usually performed by a

rubby ng  nmethed bpewbheh: avERYEeon ”P«Qfaeésat@% YBfhs&chE as a pol yi ni de
is formed on a substrate nade of gl ass, for exanple and then rubbed

with a clot one dire Conseque d 25 | es
near ¢ hE*SuhRTaftia e BFrhRent SUTRAY Thett ustntn sooE 43 e ERLERY
becone parallel to the rubbing direction. For
display device and, more particularly, to a method of
manafacturing a photo-alignment layer, capable of aligning

liguid crystal molecules by light exposure, without being

10 subjected to a rubbing treatment.

2. DESCRIPTION Or RELATED ART
In liquid crystal display devices, the state of molecular
alignment of liquid crystals is changed by the action of &n
15 electric field and a change in optical characteristics
attending the change is utilized for display. In general,
liquid crystals are used while interposed in the space between
two substrates. To align liguid crystal molecules in a
specific corientation, the interior surfaces of the substrates
20 are subjected to an alignment treatment.

The alignment treatment is usually performed by a rubbing
method in which a layer made of a polymer such as a polyimide
is formed on a substrate made of glass, for example, and then
rubbed with a cleth in one direction. Conseguently, liguid

25 crystal molecules near the substrate are aligned so that their



exanple, in atwist nematic (TN) cell, two substrates coated vag ﬂr §
alignnment layer on their interior surfaces face each other betwe N ﬂ@
pol ari zers whose pol arization directions are 5 perpendicular to each
other, and the substrates are further 2arranged so that their rubbing
directions are parallel to the polarization direction of their adjacent

pol ari z@nh $eckBekeRy comkipigalt epossi Bhe trarbarm aidiespliay .Whreh operates
based on changes in light transmttance. 10 Al't hough the rubbi ng met hod

has the _advantage that  Lh f.acturi.n paratu [
structuFégmglgregﬁiﬁg%wﬁﬁocggggﬁé%réé@ﬂrggagfté%ot%gggﬁfgﬁ%gggkﬁgggtnent
because dust may adhere during the manufacturing process. Also in TFT
liquid ¥EpSt an @erIusmaRti dif Sdv €Ty sh&dt] ¢ rivé&d ofi geinf agssd fars Fefh

previ ously deposited on the substrate nay be destroyed by static

el ectri eithy rwbictiveies: gemepatied iderisnghivhe pulikirmg atproc@ssedthiusis ewer i ng
the manufacturing yield. In the liquid crystal display device, since

liquid eeysbalyimRhacultes aldrdt nied , S QMR e Gl r R8RS fafrtyRr such
as view ng-angl e 20 dependence in which the display color or contrast

b obl onf T BT CESANG 6770 d5Sds 4 NGV a Hod AL, “ApFREation. B rer

Publ i cation No. Sho 62-159119 has proposed a nulti-domai n net hod _of

provi di R§1 2% igetiere i yacddian odndhed rof diReanitqiicd adiyera. hed@Yes for

12 MAY 2005 3 different regions obtained by dividing each pixel, while

Japanesmaliexanitned skRdtemt tApfloreata oii,spRiarys whRull icpatriade sNdzased on
changes in light transmittance.

10 Although the rubbing method has the advantage that the
manufacturing apparatus has a simple structure, a cleaning
process 1is required after the alignment treatment because dust
may adhere during the manufacturing process. Also in TFT
liguid crystal cells, which have recently been widely used,

15 TFT previously deposited on the substrate may be destroyed by
static electricity which is generated during the rubbing
prccess, thus lowering the manufacturing yield. 1In the liguid
crystal display device, since ligquid crystal molecules align
in some direction, problems arise, such as viewing-angle

20 dependence in which the display color or contrast varies
depending on the viewing angle.

As one method cof sclving the probliem, for example,
Japanese Unexamined Patent Application, First Publication No.

Sho 62-159119 has propesed a multi-domain method of providing

25 different pretilt angles of the liguid crystal molecules for



Sho 63-106624 has proposed a nulti-domain nmethod of providing gi Lﬁﬁf ?dﬁg
alignnment directions of the liquid crystal nolecules 5 for differ

regi ons obtained by dividing each pixel. Such nulti-domains are not
suited for rubbing alignment nethod bécause of the conplicated process
required. To solve these problens, there has recently been interest in

liquid enystedlerd! XY RMs cRRLold BY RHR: AYesaWhi ghxda, Winet use
rubbi ng. As non-rubbi ng alignnent téchniques,” for exanple, the oblique

evapor ati_on _net h the L .an i Bl t's) layer t :

phot ol i tjﬁé)g’rnfﬁﬁyqpr?eet’ﬁ%‘gé‘,e%a% “S%gf @-ppéﬁi‘%%%e%?\‘f %trﬁgd?uﬁggg}%geoﬁ‘ Sdi ed.
Anong these nmet hods, the photo-alignnent nethod, in which a coatjng

| ayer f&hwed3on 68 hassrapesies éxpoddd CemgenarmeEdd icgh® 4 15 a\ de a
liquid crystal aligning property, is sinple. Therefore, the photo-

al i gnnmenti frfetrfeodt heds dyeemt rtiersinielns stfudihed ]l iAs idhe mytsated- red liegrderst

nmet hod, a nmethod utilizing photoisonerization of a photo-alignnent

Moi ety (£@rJ.gi fAHE AR WU CRARI 8 of BILNINRY QW §iRRkAt.0- 8Lignnent
function in organic nol ecules, a nmethod utilizing photo dinerization of

117 R OB (1R TG o Bh 7 aRa i Gup S AR e TR
utilizing photodegradation of a polyimde resin have been 25 reported.
12 MAY 2605use &L thhe mamediige tesh RieE afotreaiirgdhent | ayer, which
utilizes photoisonerization, photo dinerization, or photocrosslinking, a
pol ynmeri ¢ matTer isadlve nhatdeclprioird eptsgt a-here has recently been interest
in liquid crystal alignment contrelling techniques which do
10 not use rubking. As non-rubbing alignment techniques, for
example, the cblique evaporation method, the LB (Langmuir
Blcdgett’s) layer method, photolithography methods, and photo-
alignment methods have been studied. Among these methods, the
phcto-alignment method, in which a coating layer formed on a
1% substrate is exposed tc polarized light to provide a liquid
crystal aligning property, is simple. Therefore, the photo-
alignment method has been intensively studied. As the photo-
alignment method, a method utilizing phctoisomerization of a
photc-alignment moiety (e.g., an azo group) capable of
20 carrying out a photo-alignment function in organic molecules,
a method utilizing photo dimerization of a cinnamoyl group, a
coumarin group, or a chalcone group, a method utilizing
photocrosslinking of a benzophenone group, and a method

vt:lizing photodegradation of a polyimide resin have been

25 reported.



alignment noiety is introduced into the side chain or the main ng
is often used to obtain a uniform|ayer when coated on a substrate nmade
of glass, for exanple. It is also possible to use a material prepared by
usi ng nol ecul es having a photo- alignmént property as guest nol ecul es and
di spersing themin a host conmpound consisting of a polyneric conpound.

10 For exanphe, tHeSmaRatreatl Fer 4h%74$h%94L-dilsehasas aaplket owhdlchgnment
material which can align liquid crystals In a fixed direction to the

pol ari zatien_dir i 1. X di.ghtai ¢ ith a resin such as
poninigéhggégéxgggk%gst gq%ffggfg’tg%ggglE%FgéZZ%F%%PT ﬁ%ﬁever, this
photo-alkgnnent mat erial has 1% t he .probl em that .t he al%gnnent state
obt ai neBPByCEXPESUAEXEHI pél BFIFEGLCgRE L&4sPly ¢Ralt§eS by PexpESHPE to
light having different directions of polarization because the photo-

al i gnmeat igarentamodtkitlyi Zes ioitgodnans iisdmethzasice chatime orditdier gigd ndye
and is reversible. The photo-alignnment |ayer 20 disclosed in said U S
patent tpatiASt akl efared uSeld kel yotainchange fiotm akiy@Rmemlersicale egven by

exposure to natural light, anc therefore, it is not suited for practical
use in .aul r | @i spl deyj.ce. . | o c Lgk
dichroi% 5§ggk?ﬁ§%u§%§%iﬁqtﬁgagﬁétgﬁélggnngnF'lggg?&ﬁagh?heﬁgFgg%%ﬁ1that

it 25 gradually diffusei into th% %}quid cr¥$gal, and thus the VAY 2005
5 char atPePFst PcBaf&Xgal PIEPEGE tholYditsg "PatPIf Cot ethdavilq® & FOAStal
di splay device are likely to be degraded, and al so has the problemthat
t he phoéiahmgnielr dPgyéy Essasicstie MAlggiud €sceyst il spleirgrmentt Neapaki Bty
wi th the passage of tine.

host compound consisting of a peolymeric compound.

10 For example, U.S. Patent No. 4,574,941 discloses a photo-
alignment material which can align liguid crystals in a fixed
direction to the polarization direction by mixing & dichroic
dye with 2z resin such as polyimide and exposing the mixture to
polarized light. However, this photo-alignment material has

15 the probklem that the zlignment state obtained by exposure to
polarizead light easily changes by expecsure to light having
different directions of polarization because the photo-
alignment material utilizes cis-trans iscmerization of the
dichroic dye and is reversible. The phcto-alignment layer

20 disclosed in said U.S. patent is unstable and is likely to
change its alignment state even by exposure to natural light,
anc therefore, it is not suited for practical use in a liguid
crystal display device. The low-molecular weight dichroic dye

included in the photo-alignment layer has the problem that it

25 gradually diffuses into the liquid crystal, and thus the



5 Japanese Unexam ned Patent Application, First Publication . ﬁﬁdmm
8-328005 and U.S. Patent No. 6,001,277 disclose a liquid crystgl

al i gnnment | ayer obtained by exposing a film nade of a resin having a
phot oi soneri zabl e structural unit, which exhibits dichroizm to

pol arized light. That is, a film 10 nmade of the resin obtained by coating

a resincggkuttenibaveRg (eagstrueliveak Holdinyhiehiexhobi tseditgnodzm on
a substrate -s exposed to polarized light, thereby causing alignnent,

and, f . .e_0 [ t o] I X cr | & nkin
aroup of TYRE T oBr P Ay at-C o T by b TRt g B erantagar] and B Rb e
strucLural unit, which exhibits dicEroiznl ii incoigorateg gnto. he
resin ha8et REOBLEHI ERAEhAPEt RNETEr PULBTPED k@Y T r bRFFENEARI OAIBEt he
di chroic structural unit by polarized licht difficult, thereby it is
di ffi cuttysoabbtaignsehti cepabi20tal wghhenhe ppapeagg. oAl thoagh t he
probl ens descri bed above can be solved to sone extent with respect to

the 4 ayer magdgpahede URSkAmAALUNGa@ehtr HppULaht UBh] Fhrkhepabdecababn
whi ch exhibits dichroizm the alignnent direction of the structural

unit which gxhi bi hehroi.zm .S i et el [ , 4t 5 causi ng
t he proﬁﬁéng?ﬁa? ?Eg%gﬁiSﬁ%eg}gétggéeggnghé gtggifg?gld59§&§g§o 5 6 unit
is gradually | ost by _heat and light, and thus the Iiguid cry§t?l

al i gnnentdeafabrlsty e adtenmE8 tnaPirai ABEFBFIaPY ofigPCpérPod. 18 BRI EF
SUMVARY OF THE | NVENTI ON An object to be achieved by -the present

i nventi madesoffoa resin having a photoisomerizable structural unit,

which exhibits dichroizm, to polarized light. That is, a film

10 made of the resin obtained by coating a resin solution having
a structural unit, which exhibits dichrecizm, on a substrate is
exposed to polarized light, thereby causing alignment, and,
furthermore, the state of alignment is fixed by a crosslinking
greup of the resin.

15 Hocwever, a laver having & structure in which the
structural unit, which exhikits dichrcizm, is incorporated
into the resin has the problem that this structure makes
recrientation of the dichroic structural unit by polarized
licht difficult, thereby it is difficult to obtain sufficient

20 alignment property. Although the problems described above can
be solved to some extent with respect to the layer made of a
resin having a structural unit in the side chain which
exhibits dichroizm, the alignment direction of the structural
unit which exhibits dichroizm is not completely fixed, thereby

25 causing the preoblem that the alignment state of the structural



provi de a photo-alignment |ayer, which has excellent long-term $fI200y
to light and heat. To achieve the object described above, the present 10
i nvention provides a nmethod of manufacturing a photo-alignnent |ayer

whi ch conprises coating a material for ¢the photo- alignnent |ayer, which
contains a dichroic dye having two or nore polynerizabl e groups per

nol ecul epignia gwhsitealle, lard xpesitngnidhe igoat i rgd ahers tthepdlianiizied
light, thereby 15 inparting a photo-alignent function, and polyneri zing

the, oROLTEELEaRhe aruRs daphgating b ld-olle GkRORNSed Acgordiinato the

met hod of “manufactdring a photo ali'gnment | ayer of the present |nvent|on
it Is made 8SSIb|e to prOV|de a photo-alignnent |ayer, which has
excelleﬁ?r?g phot ocheni cal |ong-termstability. According to the method
of manufacturing a photo-alignnment |ayer of the present invention, a
uni form and stable alignment | ayer can be fornmed because the material
for the photo-alignnment |layer is coated on the substrate, exposed to

pol azi zed light, and thaer2& tdiemmerkyt yorcured wviphot@eur ed. 12 MAY 2005
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The material for a photo-alignnment

layer, whichahsg Bﬁ%@t 11 chr0| Cv% %h)a ng cmethad of 1%@%&51%%‘3’1% tQ

i nventi on, cont al ving"two or nore polynerl zabl e

th di h h t
Oy BEauTae: onbe toma nardiente L e s &P%%'hgﬂéﬁf%xoeeﬁ%m AEEET a

dye in which_a Ilght absorbi ng property of chronophore varies depending
on the @tRrEELisy 6P anddite@nd dieat.

Tc achieve the object described above, the present

10 invention provides a method of manufacturing a photo-alignment
layer which comprises coating & material for the photo-
alignment layer, which contains a dichroic dye having two or
more pelymerizable groups per molecule, on & substraie, and
exposing the coating layver to polarized light, thereby

15 imparting a pheto-aiignment function, and poclymerizing the
polymerizable groups by heating or light exposure.

According to the method of manufacturing a phcto-
alignment layer of the present inventiocon, it is made possible
to provide a photo-alignment layer, which has excellent

20 phctochemical long-term stability. According to the method of
marufacturing a photo-alignment layer of the present
invention, a uniform and stable alignment layer can be formed
because the material for the photo-alignment layer is coated
on the substrate, exposed to polarized light, and then

25 thermally cured or photocured.



10 vector of polarized |light. Exanples of the dichroic dye inclg@eMAY 2005
ant hr aqui none, azo, qui nophthal one, and peryl ene dyes. Anong these dyes,
the azo or anthraqui none dye is particularly preferred because it

exhi bits good photo-alignnent propertiés by exposure to polarized |light.
Before introducing a 1 polynerizable group, the azo or anthraqui none dye
can be used wthout any specific [imtation as far as it can be used as
the dichroic dye. The dichroic dye having a polynerizable group used in

the present inventi BETﬁgﬂElﬂeD%§§P|I¥T§}ZSNt B?S'I gd1Ryeheashi ng a 20

in
di chroic dye having a roxyl group wth car oxy ic acird having a

pol yneri zabl rou Qarbo ylic acid chl.oride h pol yneri zahl e
group, or EQ%bEﬁ FF&a&nhﬁﬁkFHé%W l&”mﬁﬁF gabwg 5%0&6 dEEEY di ng

to a publlcly known nethod. The dichroic dye haV|ng a hydroxyl group can
be easi iy $yat hesiufedtu2s ngy methgsl iodl yhenowe seathédven2ipny 205 aitke
di chroic dye having two or nore polynerizable groups per nol ecule used in

the presgertchrvent dge ¢avibe easl oy mealey meiliviedibybexpaswu@st @elri ght or
heating, thereby making it possible to fix nolecules in the

phot o- alm' g@@% te 'aygrth@hageh%@ehaggeﬁa@%g &Qp?!oba{o%ppsure to

polarize Ilg retain ani otropy ng period, and thus a
stable Li UId %gtal al i gnnent cangg gbtal s”of t he
N

d Exa
ponnerP? BW&IQFS S S efeﬁ Q£&Fyl F60p, écbﬁgﬁ ¢yl oyl oxy
group, a 10 (neth)acrylam de group, a vin roup, a vinyloxy group, an
azi de gF&dB;F Satéhlrolditetify WigrduR ldﬁﬂmaﬁ¥§ﬁé ngr BEFPEAWNG L
chromophore varies depending on the directicon of an electric
10 vector of polarized light. Examples cof the dichrcic dye
include anthraguinone, azo, guinophthealcne, and perylene dyes.
Among these dyes, the azo or anthraquincne dye is particularly
vreferred because it exhibits gcod photo-zlignment properties
by exposure to polarized light. Befcre introducing a
13 polymerizable grcup, the azo or anthraguinone dye can be used
without any specific limitation as far as it can be used as
the dichroic dye.
The dichreoic dye having a polymerizable group used in the
present invention can be easily synthesized by reacting a
20 dichroic dye having a hydroxyl group with carboxylic acid
having a polymerizable group, carboxylic acid chloride having
a polymerizable group, or a carboxylic anhydride having a
polymerizable group according to a publiicly known method. The

dichroic dye having a hydroxyl group can be easily synthesized

25 by a publicly known methcd.



(met h)acryl am de group, a vinyl group, and a vinyloxy group are

because the photopol yneri zati on or thermal 15 pol ynerization can be
conducted conparatively easily, and a g(nmeth)acryl oyl group, a

| met h) acryl oyl oxy group, and a (neth)acrylam de group are nore preferred.
These polynﬁftéaghehgegepay@BMab@nQObeneg Wwot8 pbeymeeizablanghoagsi none
dye via a |linker group which may have an 20 ester bond, an ether bond, an
i mde bond, or an.am. de bond,, such al: r yl,ene group.
ExanpleEerm?LchﬂﬁkBFeSr6HptFﬁcE%858§Frgﬁg%ﬁ?gﬁgi%HHaPéyggﬁgi r oups
having 1 to 18 carbon atonms, such as a_ nethylene gro g, %n etgﬁéenet
group, BclyreeiRgHehy grBapLrg 25 ﬂéﬂFén@Fh??éﬁéngroGB,rﬁ pelie&mEBnyi-ene
group, a hexanethylene 12 MAY 2005 9 group, a heptarriethyl ene gnoup, an
oct amet pykenplgr aupfia modramiebylienthgr phptoaadégamenhyleyergr vipChan
undecanet hyl ene group, or a dodecanet hyl ene group; branched al kyl groups

havifig L .h9edB8aCanRaR t2LeNBhySUGRodara tonpbhyketkyl eaghgroupd Soa
1-met hyl -trinmethyl ene group, "a 2-nethyl-trinmethyl ene group, a

1-met hyl -t etranethyl ene_gr.oup, - -t e | en [QURA; & 1
1-nethyf?ééﬁpaﬁ§fﬁ Féﬁgygfgép? §o§9g§%2§o§’p%ﬁ?gﬁépﬁy?eﬁga%}%ug}q%#da

3- et hyl - pent anet hyl ene group; phenyl epe groups such as a p-phenyl ene
group; &RUSLElapRéUyPESHY LENE Ty FalinSehaVItAg EYC - 28 strai ght - chain or

branched al koxyl group, such as a 2-nethoxy-1, 4-phenyl ene group, a

3- et hexy- 1, Zxphenglsend gheupolamerdeibly- group include a

these groups, a (neth)acryloyl group, a (neth)acryl oyl oxy grouD1Bﬁ@“émed

{meth)acryloyl group, a (meth}acryloyloxy group, a
10 (meth)acrylamide group, a vinyl group, a vinyloxy group, an
azide group, a chloromethyl group, and an epoxy group. AmMONg
these groups, a (meth)acryloyl group, a (meth)acryloyloxy
group, a {meth)acrylamide group, a vinyl group, and a vinyloxy
group are preferred because the photopolymerization or thermal
15 polymerization can be conducted comparatively easily, and a
(meth)acryloyl group, a {meth)acryloyloxy group, and a
(meth}acrylamide group are more preferred.
These polymerizable groups may be combined with the azo
or anthraguinone dye via a linker group which may have an
20 ester bond, an ether bond, an imide bond, or an amide bond,
such as alkylene group or phenylene grecup.
Examples of the linker group include straight-chain
alkylene groups having 1 to 18 carbon atoms, such as a
methylene grcoup, an ethylene group, a trimethylene group, &

25 tetramethylene group, a pentamethylene group, & hexamethylene



phenyl ene group, a 3-ethoxy-1, 4-phenyl ene group, or a 2, 3, 5-

tri met hoxy- 1, 4- phenyl ene group. 15 The dichroic dye having two or1 anyemﬁ
pol ymeri zabl e groups per nolecule is used alone as the material for the
photo- alignment |ayer, and can also b2 used in conbination with a
polyneric material such as polyvinyl alcohol or polyimde. Anong the azo
dyes h%ﬁkﬁghtwp-ﬁ@p@@m@tpﬁhyﬁerbzabbe gﬁOogmampShpéenﬁDBé@upe gsed in the
met hod of rranufacturing the photo- alignnment |ayer of the present

invention, an.azo dye _represented geperab, f ahmihaetipettbylene
pref er r’?ﬁﬂ“"f%%@%o‘%roﬁg’l?g g%%d‘{”g?éhgg%”m | +bx NEN-(~ NEN X2 -R -
2M R SO03 R wherein Rl and Rr_each independent r e

pol ynerdzalst.e ograupoderabeéayLEom Eﬁé?ué’rogﬁa&?héd ?Eﬁ( ﬁog&g%ps
(meth)acryloyl group, a (nmeth)acryloyloxy group, a (r_nstth) acrl%/el arpoclil%
group, b ng Nyl t @r bepcaabdnaavionyl, oxpchr GEpE XITEREYXS 8ydrTe 9 '

i ndependently represent ~1) a direct bond, (2) an al kylene or a

phenyl ene, _ o1 bayi pghyt @nk8 cganpon satemmc horl -¢3)ime thivilesre GTOWP i n
whi gh t%ela yl %le group gnd thg phlggyl ene group (2) are conbined via a

dircct bond, an ester bon n_et ond, -an 1@ .Jjmide LeprdnQreran am de
bond:; Ya21T%%f@%iﬁ%§£5°Eﬁgggﬁeﬁgngﬁ&h i %Xzi%is gldirect bond; Y 2
represents a direct bond when X 2 i% a direct onQ&E¥}wﬁnd Y 2 each

i ndependepiby ?epreséhty largntégethylene group, =

pentamethylene group, Cr & 3-methyl-pentamethylene group;
phenylene groups such as & p-phenylene group; and

10 alkoxyphenylene groups having a Ci-1s straight-chain or
branched alkoxyl group, such as a 2-methoxy-1, 4-phenylene
group, & 3-methoxy-1, 4-phenylene group, & Z-ethoxy-1, 4~
phenylene group, a 5-ethoxy-1, 4-phenylene group, oI & 2,3,5-
trimethoxy-1, 4-phenylene group.

15 The dichroic dye having two or more polymerizable groups
per molecule is used alone as the material for the photo-
alignment layer, and can alsc be used in combination with a
polymeric material such as polyvinyl alcchol or polyimide.

Amcng the @zo dyes having two or more pclymerizable

20 groups per molecule used in +he method of manufacturing the

photo-alignment layer of the present invention, &n azo dye

represented by the general formulz (1) is preferred:



bond, an ester bond, an ether bond, an im de bond, or an am de bond when
X1 and X2 represent a |inker group other than the 15 direct bond;] RMAY 2085
3, R4, and R 5 each independently represent hydrogen, hal ogen, a

car boxyl group, a nmethyl halide group,J0a nethoxy halide group, a cyano
group, or a hydroxyl group; and M represents hydrogen, an alkali netal,
or NH4. Anong the pol ynerizabl e groups descri bed above, a 20

(et h)acryl ol oxy graup and a (neth) ag am de gtoup are 6 preferred as

i for Spécific nples of R2, R3, R4,

) an( gPudg hppdr ogayy, hal ogens
such as fluorine, 3 i odi car boxyl groups; nethyl
hal i de groups suchgas a fluor thyI group, agdiflucronmethyl group, a
trifluoronmethyl group, or a chloBonethyl group; nethoxy halide 5 groups
such as a fluoronethoxy group, a trifluoromethoxy group, or a
chl or onet hoxy group; a cyano group; and a hydroxyl group. Anong these
gr oups, woarboryR' gmol smdh tindkpeordencinyrepresest areppdnecicably
preferred. Exanples of Min the general forrmula (1) include a 10 hydrogen
atom alkalp BelaktaborgomUeReagrbubhcoibisedhynmpfoa (RetAsStuilLalONs;
and NH4. Anong these, sodiumatomis preferred. The azo dye having a
polynerl e qr n e easily
Cynt nostZeqPhy & R rBT RSy e A " ae reue - TRt s SCEYAanL ot S20rP%, &

Egg; gfhggg géraﬁgﬁ:S@ﬁfézﬁﬂhgToiﬁa%EBSB,bﬁgmgﬁﬁ‘x2 each independently

J

and R5 ingpuhelgen

represent {1} a direct bond, (2) an alkylene or a phenylene
group having 1 to 18 carbon atoms, or (3) a linker group in
which the alkylene group and the phenylene group (<) are
combined via a dirsct bond, an ester bond, an ether bond, an

10 imide bond, or an amide bond; Y' represents a direct bond when
X! is a direct bond; Y® represents a direct bond when X’ is a
direct bond; Y' and Y? each independently represent a direct
bond, an ester bond, an ether bond, an imide bond, or an amide
pond when X! and X? represent a linker group other than the

i5 direct bond; Rz, R3, R, and R® each independently represent
hycrogen, halogen, a carboxyl group, a methyl halide group, a
methoxy halide group, a cyano group, cr a hydroxyl group; and
M represents hydrogen, an alkali metal, or NH.

Among the polymerizable groups described above, a

20 {meth)acryloloxy group and a (meth)acrylamide group are

preferred as R’ and R® in the general formula {1}.

Specific examples of rR?, R% R% and R® in the general



acid and sodiumnitrite. A 4,4'-bis(4-hydroxy-3- 12 MAY 2005
trifluoronethyl phenyl -1-azo) bi phenyl -3, 3" -disulfonic acid di~~, odium
salt is synthesized by reacting o 20 trdfl uoronet hyl phenol with a

di azoniumsalt mxture. The azo dye hgving a hydroxyl group thus
obtained is reacted wwth a carboxylic acid having a pol ynerizabl e group,

car Doxyldinfiold (160 Hdide Y00 A ONUTEIZ A0 H up r10f0raaibOXY 1T ¢

anhydri avi ng ‘a pol yneri a publicly known nethod, 25

t her eby nt hesi zi ng an 'azo dye having a_pclynerizabl e grou \Y, 2005
12 repré%éﬁFé@ebbeﬁgu@@meﬁgllP MA‘a CF Pxfﬁeg&fﬁpﬁye”%ﬁgﬂﬁg%g%ﬁde

pol yneri zabl e group represented by the general formula (1) exhibits high
sol ubi | ictryuips watcdr agr aa f lpolramedrhganior 9@, ventdiddg cedmesinyd grgopd 2
affinity to a 5 substrate such as gl ass because it has a sulfo group or a

salt thengafuorbieiehar &rotoald g drveiomeMivah draupreekatoxdl nandde

|l ong-termstability, "can be fornmed on a substrate such a glass only by
coat i ng terial faqr _a t 0- al.i | ayer,, iGh I ed by
diss%lvﬁ%&u ﬁesggg éyeahggpﬁﬁ-g%ﬁgﬁgﬁggﬁ§h 'eal6WgF§&€I?§E$£Ee ted by the
general fornmula (1) in water or a polar organic solvent, on the
subst r at9 Cdkd NGV iSRG ERESREIRYY BroWH| & ORGENITE VR veRS YRR lof
an unpol ynmeri zed coating | ayer made of the material for a

phot o- aldrgmpent Anaygr tbeneagnpngsancazbodyé gibupavieng a pol yneri zabl e
group, which was formed on a substrate such as glass, to polarized |ight

sel ecti aliyf 1e6GidnRE hgy1 Sircigisul=dle Wit iaMiag A redfRGideeni ¢ transition
nonment in the
Examples of M in the general formula (1) include a

10 hydrogen atom; alkali metal atoms such as lithium, sodium, or
pctassium atoms; and NHy. Among these, scodium atom is
preferred.

The azo dye having a polymerizable group represented by
the general formula (1} can be easily synthesized by the

15 following method. That is, a diazonium salt is synthesized by
a ciazotization reaction between benzidine-3, 3’ -disulfonic
acid and sodium nitrite. A 4,4'-bis(4~hydroxy-3-
triflucromethylphenyl-l-azo)biphenyl-3,3’'-disulfenic acid
disodium salt is synthesized by reacting o-

20 trifluoromethylphenol with a diazonium salt mixture. The azo
dye having a hydroxyl group thus obtained is reacted with a
carboxylic acid having a polymerizable group, carboxylic acid
chloride having a polymerizable grcup, or carboxylic anhydride

having a polymerizable group by a publicly known method,

25 thereby synthesizing an azo dye having a pclymerizable group



same direction as that of an electric vector of polarized |ight and
recrients the electronic transition nonent of the 20 nol ecul e so] AMANGAH05
to coincide with the direction of the electric vector of polarized

| ight. Consequently, anisotropy arisg® in the coating |ayer, thereby
enabl i ng the coating | ayer to carry out a photo-alignnment function.

B I I I 25 th d
et 0SoPEBAT By TRa Jencral OFBreata PIICie oli1y 2 MAY 2005 13— °

pol yneri zed, thereby makj ossible to fix the structural

Phe’ Cont i ng' ThUer SONAVENPALANG, BABERVEET | 830 By T EXBoSEPEEFETBBHabY 2 e
light, and to retain anisotropy for a |ong period, and thus a stable

liquid thgsgaheabighmentlkayé) eShchhatbehophabnédbiMdbrginheater or a

ant hraqui none dyes having at |east two polynerizable groups per

”DIeCUIPolﬁ@'ébgaﬁﬁcu§©QVEHttBﬁd BrRhhpdtof anBBbliagEBLhhgyato a
phot o- al i gnnent "| ayer of the present i nvention, an anthraqU|none dye

P esealed Bl s omagel 10! Gemec(2) haspsetsedypply dr g Forc”
wher el ntﬁgregg R’Ighe?ggoﬁép aeaggaéfr?gpeggeep,“yh:{ce rl'?e'tss?nrrttecahanical and
long-term stability, can be formed on a substrate such a glass
only by coating a material for a photo-alignment layer, which
is prepared by dissolving the azo dye having a pclymerizable
10 group represented by the general formula (1) in water cr a
polar corganic sclvent, on the substrate and removing the water
or polar organic solvent.
Exposure of an unpolymerized coating layer made of the
material for a photo-alignment layer containing an azo dye
15 having a polymerizable group, which was formed on a substrate
such as glass, to polarized light selectively excites a
structural unit having an electronic transiticn moment in the
same direction as that of an electric vector of polarized
light and reorients the electronic transition moment ¢f the
20 molecule so as not to coincide with the direction of the
electric vector of polarized light. Consequently, anisotropy
arises in the coating layer, thereby enabling the ccating
layer to carry out a photo-alignment function.

Because there are twc pelymerizable groups per molecule,

Z5 the azo dye represented by the general formula (1) is easily



pol ymeri zabl e group selected fromthe group consisting of a ]2”MY7W5
(met h)acryl oyl group, a (neth)acryl oyl oxy group, a 15 (neth)acrylam de
group, a vinyl group, and a vinyloxy group; X~ X8, X9, and X10 each

i ndependently represent a direct bondl3 an al kyl ene group, or a phenyl ene
group; Y7, Ya' Y9, and Y' represent a direct bond when X1, X8, X9, and

X20 reppesoRbrazedl reabrbeRdinzXingYBrt ¥9ssapdeYLO eaghthedependenthy
represent a 20 direct bond, an ester bond, an ether bond, an i m de bond,

or an am.de.bopnd when. X 9, .and, X i I r epr esent
an aIkyPBﬁg é?oﬁgeoFggtﬁﬁgnéggﬁg’gyggg? %§%§?gg? gﬂSBQE%QQ&Z%BS 14 q
each independently represent an integer of 0 to 4, provided hat the sum
total oF*RPSHreptoar@ligridef dafhte o2nd ﬁ?lrﬁﬁalnRaBQSPéﬁpgge PTa%group
selected fromthe group consisting of a hydroxyl group, a nitro group, a
sul fo gienp, pamiani nangr cbps 5 atehiboXyhugdoupysaaderdapnoegtodpyesnd a
carbanoyl group; and r and s each independently represent an integer of

0 tog 4, ~;preui dedastihaly.the sumtotal of r and s is fromO to 6. Anong

t hose descri bed above, any of R7-X 7 _Y7-, R8-x8-yB-, R -X-Y -, and

R'-X"-Y"- is_preferabl met h)acryl.oyl qr 0 acryl oyl oxy
group, or a @ﬁ@pﬁ)ﬁgﬁy%gﬁpggquﬁﬁB? §H§5p§F$#§8|3%|§%5%g$§?§b|y a
(et h) acryl oyl oxy %roup or a (meth)acrylam de group. A n% t he
ant hr aqBPRIRE LdFes ﬁeﬁ#@@@ﬁt@@rbVO#ﬁéUéémewéﬂchféFﬁuPéegg}, &"§ye havi ng
a hydroxyl group, a nitro group, a 15 sulfo group, an am no group, a
car boxy heghodp c fameeucapttargngup, phota-edrligameylt deyey exXhitbict Prgseat
solubility in water

invention, an anthraguinone dye represented by the general

10 formula (2} is preferred:

—-X°-R%),
1 w10 RI%
q

R')

g

wherein Ri R?, R’ and R' each independently represent a
polymerizable grcup selected from the group consisting of a
(methYacryloyl group, & (meth)acryloyloxy group, a

15 (meth)acrylamide group, a vinyl group, and a vinyloxy group;
X7, X8, %% and X' each independently represent a direct bond,
an alkylene group, or & phenylene group; Y’, Y% ¥® and y1e
represent a direct bond when X7, x!, X° and X'’ represent a
direct bond; Y, Y%, Y®, and Y!° each independently represent a

20 direct bond, an ester bond, an ether bond, an imide bond, or

an amide bond when X', X%, Xa and X*? each independently

represent an alkylene group or a phenylene grcup; m, n, p, and



or a polar organic solvent. Ampbng the anthraquinone dyes represepthgy 2004
the general formula (2) , a dye in which RR1 and R 12 represent a

hydr oxyl group, a sulfo group, or a carboxyl 20 group is preferred
because the affinity to a substrate sue¢h as glass is inproved, and a
uni form coating | ayer can be obtained. Furthernore, a dye in which R13
and R 13 egphes@lkpandlydngxykpgeeeptoknaisukfergoeup ts parprouidedy
preferred. The antﬁraquinone dye represented by the general fornula 25

(2) cant9%§egﬁg;¥uﬁy@%Qgﬁi%% Ry Eeag%igggaaj?EtgggﬂugnggquyﬁulgnMAY 2005

havi ng a nhydrox group or “an amho"§r carboxylic acid having a
pol ynmeri zabl e group, a carboxylic acid chlaoride having a palynerizable
group, 8r FEFVH i FMRISHE HEA Ag o™ P& FRTR &5 16’&&6‘;9 tﬂf Y
publicly known nethod. The 5 ant.iraqui none dye having a hydroxyl group
or an ahiydoogryduprocgn al sdathe egasuby systhési gadups oant RELAAL BXAHEF none
dye by a publicly known nethod. The ant hraqui none dye represented by the

genet al of epBbay1( @i hi t-n%rf&ia?h_osglrubbl,i kyid B wateemeylagpolhar engdanic
10 solvent and éxhi'bits a good affinity to a substrate such as gl ass.

Therefore, sinilar tq,t hal for phat o- Lgnpenty Layer, which
cont ai n§ gﬁﬁafoeéfg g&&?@?@ﬁkgﬁlgyrfﬁéegggﬁe?§|QPS?EE?a 1), “exposure of
an unpol yneri zed coating |ayer nﬁ e of the material f

phot o- aPEGHAERE [tResr 1B SoRt &oke gognraEdeﬁelﬁa§FﬁE grﬁgrgnerizable
group to polarized light selectively excites the styuctural upit, having
an el ect r oni &mongngihisen deswaribeidn abkeesamaydiofe® 8 ¥as t RatX of ~an
el ectric vector of polarized Iight and reorients the
R?-%%-Y°-, and RY¥-x-y'°- is preferably a (meth)acryloyl grcup,
10 a {(meth)acryloyloxy group, or a {meth)acrylamide group, and
particularly preferably a (meth)acryloyloxy group or a
(meth)acrylamide group.
Among the anthraquinone dyes represented by the general
formula (2), a dye having a hydroxyl group, a nitro group, a
15 sulfo group, an amino grcocup, a carboxyl group, a mercapto
group, or a carbamoyl group exhibits good sclubility in water
or a polar organic solvent. BAmong the anthraquinone dyes
represented by the general formula (2), a dye in which R and
R'? represent a hydroxyl group, & sulfo group, or a carboxyl
20 grcup is preferred because the affinity to a substrate such as
glass is improved, and & uniform coating layer can be
obtained. Furthermore, a dye in which RY' and R*? represent a
hydroxyl group or a sulfo group is particularly preferred.

The anthraguinone dye represented by the general formula

Z5 (2} can be easily synthesize by reacting an anthraguincne dye



el ectronic transition nonent of the nolecule to the direction 20 which

reduces |ight absorption. Consequently, anisotropy arises in tmébﬂﬂdm%ng
| ayer, thereby enabling the coating layer to carry out a photo-alignnent
function. Because of the polynerizabli& group, the anthraqui none dye can
be easily polynerized by exposure to |light or heating, thereby making it

25 possi,hle,koaf hydh &3t Geelyr @k URi tmkRct hecapaling kayerbok21BAY 2005
26 mhichg cH%eSed§aﬁisg?rggy E& exposure to polarized light, and to

retain anisotropy for a.long.petiaqd t hu : L gui a
aIignneﬁ?laabéylﬁgnabgo&gFggﬁégal%hgrﬁggérFa?a?gﬁkﬁﬁggpﬁg?g-gﬁ%g%ﬁg%t

| ayer used in the 5 method of manufacturing is used after diss%Iang in
an apprepingt & pellyewrizekdfplodsush CheasGPYBREYRACCRMENEBLEE NeRaD
material for the photo-alignment |ayer to exhibit good solubility

i ncludea bull yaeeinelblld mirceg ty, aNpudtibylypknoehi detsoddi nekéyl f or mani de,
butyl cel |l osclve, y 10 butyrol actone, chl orobenzene, dinethyl sulfoxide,

dine%hy%ﬂ%g&ggkg%on%ngﬁ%i@k%n%%r%T%@@QOXQEDQQOEBG%Q sel wenhs, group

N- et hyl pyrr ol done, | cei | dsol vé, y-butyrol actone, and

di net hy1f id ticularly f I hy f
he- sof GEROR LGP B et 201 ar TREDRICE. T8 ar o Tayer oo &7 & ©

substrate such as glass is good, and a uniformlayer can be obtained.
The phorobalicgymdmovray@tah be manufactured by coating the solution of
the material for the photo-alignnent |ayer onto the substrate by a

met hod such @$iespinthaeafiingpror dye represented by the general formula

(2) exhibits high solubility in water or a polar organic

10 solvent and exhibits a good affinity to a substrate such as
glass. Therefore, similar to the material for the photo-
alignment layer, which contains an azo dye representead by the
general formula (1), exposure of an unpolymerized coating
layer made of the material for the photo-alignment layer

15 containing an azo dye having a polymerizable group toc
polarized light selectively excites the structural unit having
an electronic transition moment in the same direction as that
of an electric vector cf polarized light and reorients the
electronic transition moment of the molecule to the direction

20 which reduces light absorption. Consequently, anisotropy
arises in the coating layer, thereby enabling the coating
layer to carry out a photo-alignment function. Because cf the
polymerizable group, the anthraguinone cye can be easily
polymerized by expcsure to light or heating, thereby making 1t

25 possible to fix the structural unit in the coating layer,



20 printing nethod, drying the coating |ayer, and conducting 12 MAY 2005
phot o- al i gnnment operation and the pol ynerization of the polynerizable
grouddp. The substrate used in the present invention is a substrate which
is conventionally used in the liquid ckystal 25 display device and has
enough heat resistance to wthstand 12 MM 2005 17 heating in the case of

drying ahtieh ceatidi@d heidldtarmenby leyelisuok kongongriped dsgéthl ieng of
the liquid crystal device. A glass substrate can be such a substrate. The

term " phat o-al_i.gnnent eratiqn' .refer : 5 er at,i.o fr JpTRArting a
phot o- altic'gr‘fﬁgr"iltl Lr?r%ljc Siogtﬁr%? ef%%os?urﬁg%qtsgte%cﬁ%gl’i zageJ@ Iti%gﬁtg %\tv?/avel engt h,

whi ch enables the dichraoic dye used in th% present invention to have
|ight abBdaipd oystel geligomeditad alve wavePengPh a3 efhe pol ari zed |i ght,
and exanpl es of |ight having such a wavel ength include visible and 10 W
light. Parti Qileamatedal ifght they iphptaowaviginewegtth Jaiveri wsed randd e rom
about 300 to 400 nmis preferred. Exanples of the polarized Iight used in

phot 9- aljcgmRNto  Nedridtes diuveard Y PAUsId z6d dr ghifssandrield ifptiaeal ly
pol ari zed light, and linearly " polarized |ight obtained by passing |ight

froma UV |light. 15 source, su Xen i p r Redry | anp,
or et &PFFARHE 1, "f%ﬂrto'ugﬁggﬁé% gr :Bgl kggPlsP?grghgrag's%gl gp??il%g prism

such as d an- Thonpson_ pol ari zi ng pri.sm or G an-Tayl or al.ari zing, prismis
pr ef er r &bice Mats ot lai P& tﬂ?%tﬁhq%oér?glilé?%‘fe”tt ﬂ@yﬁ di%d ec?&&fﬁlaq 1goc%

a et hod of
exposure to polarized light in 20 a direction oblique to the substrate,
and a metdledbidfitexpiostyede, but are not limited tc, N-

methylpyrrolidene, dimethylformamide, butylcellosclve, y-

10 putyrolactone, chlorobenzene, dimethyl sulfoxide,
dimethylacetamide, and tetrahydrofuran. Among these solvents,
N-methylpyrrolidone, butylcelleosolve, y-butyrolactone, and
dimethylformamide are particularly preferred because the
coztability of the solution of the material for the photo-

15 alignment layer to a substrate such as glass is good, and a
uniform layer can be cbtained.

The photo-alignment layer can be manufactured by coating
the solution of the material for the phote-alignment layer
onto the substrate by a method such as spin coating or a

20 printing method, drying the coating layer, and conducting
photo-alignment operation and the polymerization of the
po_ymerizable grouddp.

The substrate used in the present invention is a
substrate which is ccnventionally used in the liguid crystal

25 display device and has encugh heat resistance to withstand



to non-polarized light in an oblique direction after exposure i Y 9005
pol arized |ight may be used. The pol ynerization operation is gen RA$4y2
conducted due to exposure to W light or heating after the
phot o-al ignnent 25 operation. |If necessary, a pclynerization initiator
can also 2 MAY 2005 be added to the material for the photo-alignnent

layer. hasthggcase tok heePoly meiiizal i:an due ok ihigghheexnaguient a
photopolynerlzatlon |n|t|ator is preferably used as the polynerization

|n|t|atﬁrlg Asggg%oﬁﬁpto negké%thn 5 b%l%% t quggnv%nt%%qalgxl%gomn
&Tu

ones ca eredt incl ude

2- hydr oxy- 2- nethyl-l-phenylpropan | - one (" DAROCURE 11-73", manufactured
by MercR @3asp substapdieodpdy Bleoled)l Splieinplt tRéFone (" | RGACURE284"

manuf actured by C ba- Gei gy Corporation),

2- (4-1 sopr opyheherytn) 2haye-aiyi-g2inkd trepeylapriopdnrlefens (o BAROCURE

lal 6", manufactured by Merck Co.),

2- med hytaplerLa@%htht %@a&f&%ﬂ lr HmRhaliRerneP ST 1 ob” |b@G%QﬂBEuQ@7"
nanufactured by G Gei gy Cbrporatlon) berzyl dinethyl Ketal

g 4-di e ﬁypggé#ﬁﬁg %fyrﬁgYﬂéU%E %ﬁe gﬁﬁ%ﬁ¥§§ ﬁéég %hg Hﬁéh?& yaku

Co. , Ltd.) and eth p- di met hyl am nobenzoat e (" KAYACUR EPA'

manuf actyeedsey IR PREFAAT GRVENTHIPN) toardVEcyiighGs SRS ke 19
("LUCIRIN TPO', manufactured by BASF Corporation) as a m xture of
isepropﬁbﬂbhaﬁ@hﬁmom@qfwaMEDHﬂgﬂﬁ PETXhe maiufrdcedr éd g ,2@nbr dpr eki nsop
Co.) and ethyl p-dinmethylam nobenzoate. In the case of the polynerization
due to beakings af tiheyhmihapalnenicatd aavidlidrigathorirics udeeher=ili e used as

t he

10 UV light. Particularly, UV light having a wavelength within a
range from about 300 to 400 nm is preferred. Examples of the
polarized light used in photo-alignment include linearly
polarized light and elliptically polarized light, and linearly
polarized light obtained by passing light from a UV light

15 source, such as Xenon lamp, high-pressure mercury lamp, or
metal halide lamp, through a polarizing filter or a polarizing
prism such as Glan-Thompson polarizing prism or Glan-Taylor
polarizing prism is preferrable. To obtain a pretilt angle of
the liguid crystal, a method of exposure to poclarized light in

20 a direction éblique to the substrate, and a method of exposure
to non-polarized light in an cblique direction after exposure
to polarized light may be used.

The polymerizaticn operation is generally conducted due

to exposure to UV light or heating after the photo-alignment

25 operation. If necessary, a pclymerization initiator can also



pol ymeri zation initiator. As the thermal polynerization initiatioz' AY 2005
conventionally known ones can be used, and exanpl es 25 thereof inc“ud%
per oxi des such as henzoyl peroxide, 2,4 12 MM 2005 19 dichl orobenzoyl
peroxide, 1,1-di(tertiary-butyl peroxy)-£3,3,5- trinethylcycl ohexane,
n-butyl-4,4"-di(tertiary- butyl peroxy)val erate, and di cunyl peroxide; azo

conpounds s a zphi si-s@hutyronRkEr bhet canditeheanellyletrhi uram
disulfﬁgé. %gg%enétﬁggp@?§%erization ope?ation is conducted by |ight

exposure, in_order to prevent the. aligned.stat f.1he ; Rt gL frer the
photo-alignn%%tthﬁyﬁﬁ?ewﬁﬁch%ﬁagoéwpggdﬁ°6é8ﬁ gggtgkné ?ﬁ?ronfggfng

disturbed, it is preferable for exposure to light havingha mqgflength
whi ch is mottabsdyhedibypttibe 10isteteruisl PIRITELEPRYs YSEFUGTUraAl® unit
corresponds to an azchbenzene skeleton in the azo dye, or an

ant hr a%'wgﬂéri skek 81,0R iR ith@ rant A5 aghi nphet dye) yméi thzeihhbi t s
ani sot ropi | 1 ght absorption of the dichroic dye, that is, |ight having

| engt h.which is diff f,ram t bhe ofse ! ltelze
i qn o EryStarohr GrkSRE TRy ¢y, B SRR R PE e SR e to

expose to non-polarized UV |ight havin wavel engt it hiT range from
200 to B2eraat Wiéﬁuldﬁ‘eE"Mcﬂfr?é‘rﬁ?éf’ie&%@ﬁér' 88Hr1%§% \(l)glr?dlr}c{be by
heating, the substrate subjected to the photo-ali%nnent operation by 20
coat i ng(tMaRTAURE all 7361, teayfestorsd dnng®t ke 'as > descri bed above is
heated. The heating tenperature is preferably wwthin a range from 100 to
300' C, 8pdrBRLEy cRidisnAblph diyamikd®ric RODREACURE 1847, manufactured

by Ciba-Geigy Corporation), 1—(4—isopropylphenyl)-2—hydroxy-2~

10 methylpropan-l-one (“ DAROCURE 1116”, manufactured by Merck
Co.), 2—methy1—l—[(methylthio)phenyl]-2—morpholinopropane—l
(* TRGACURE 9077, manufactured by Ciba-Geigy Corporaticng,
berzyl dimethyl ketal (™ IRGACURE 6217, manufactured by Ciba-
Geigy Corporation),a mixture of 2,4-diethyloxanthone

15 (“ KAYACURE DETX”, manufactured by Nippon Kayaku Co., Ltd.) and
ethvl p-dimethylaminobenzoate (“ KAYACURE EFA”, manufactured by
Nippon Kayaku Co., Ltd.), and acylphosphine coxide (7 LUCIRIN
TEFO”, manufactured by BASF Corporation) &s & mixture of
isopropylthioxanthone (" CANTACURE DETX", menufactured by

20 Wordprekinsop Co.) and ethyl p-dimethylaminobenzoate.

In the case of the pclymerization due to heating, a
thermal polymerization initiator is preferably used as the
polymerization initiator. As the thermal polymerization
initiatecr, conventicnelly known ones can be used, and examples

25 thereof include percxides such as benzoyl peroxide, 2,4-



One enbodi nent of the nmethod of manufacturing a liquid 25 crystal .di
devi ce using the photo-alignnent |ayer nade gy 12 K]/AY 2005 go thg%@m%
of manufacturing a photc-alignnent |ayer of the present invention wll
now be described below A solution of 1% material for the phcto-alignnment
| ayer of the present invention is coated to each surface of two gl ass

subst r aties -2 oRER¥NIEG 1WER JxEQel, I anspanqRk relieel-pdeylpadottyi ed, 3abd t hen
t he photo-alignnent Operation and pol ynerization operation were

conduct d Lo, ke, 2, 00L0al | gnaEnl | ayar aThe csurages provided with

}hehpho o' g are faced'via a spacer so“that their exposed
i ght polarization directions are 10 perpendi cular to each other, an
then a buguilgeseyst A2 lieg atienj edredisaiiee F SERE 1664c 8 ZOASHEPAY, Snﬁuﬁgate
is attached to the outside of the liquid crysial cell thus obtained so
that the a-agobwst stiuegtricon tafi ltee apidot-e-taiamgmimnt Niayem sgeedd 106t h
the transmtting polarizing direction in each substrate, 15 thereby

meking it poggichl @ HeO PFRRMAGIANTE o ldpauiat ieny Stsalcondiusnleay bdeviieet The
di chroi ¢ dye having a polynerizable group used in the present invention

h t he feat that it I bi 1.gh l.yhi | i
o1 gani ¢ “SHLTIRE and GHIT (6 5730 Heod 5 ATy 3 6 8 o) Soe Tobat at

exhibits a . to a glass substrate or a
Coat | ngmEdFen S0 A g DRI Ty CORH g Da AP ErTa o e hate
alignment |ayer used in the present invention on the glass substrate and
dryi ng tofé asolegentfrom puririorfigft uthedmtidr jig preferable for exposure
to light having a wavelength which is not absorbed by the
10 structural unit (this structural unit corresponds to an
azobenzene skeleton in the azo dye, or an anthraguinone
skeleton in the anthraguincne dye) which exhibits anisotropic
light absorption of the dichroic dye, that is, light having a
wavelength which is different from that capable of imparting
15 the liquid crystal alignment capability. Specifically, it is
preferable to expose to non-polarized UV light having a
wavelength within a range from 200 to 320 nm. When the
polymerization operation 1s conducted by heating, the
substrate subjéctea to the photo-alignment operation by
20 coating the material for the photo-alignment layer as
described above is heated. The heating temperature is
preferably within a range from 100 to 300°C, and more
preferably from 100 to 200°C.

One embodiment of the method of manufacturing a liquid

25 crystal display device using the photeo-alignment layer made by



25 for the photo-alignnment | ayer does not diffuse into the liquid 12 NAY
2005 21 crystal and thus the characteristics of the liquid crystaMa 200
di splay device (e.g., liquid crystal alignment capability, voltage
holding ratio) are not likely to detepiforate. Since the material for the
phot o-al i gnment | ayer used in the present 5 invention has a pol ynerizabl e

group, the al.igned stat ap. he: 1§ xedhbyocandyeieng fiheepobynehkzati on
treatnéﬁ?géw%%ﬁofh%f @T?Bﬁngﬁggégérat?on, thereby naking it possible to

solve the problemthat a conventional. _photo-al i nt A ayelut Sominst abl e
to IighU13%§b§u¥@VeﬂblEﬂAWPﬁ S"%h ef8ﬁg8ﬁ§%8%8§%?%géis Exa&%les,

Exanpl es, and Conparative Exanples further iIIustrage t he prgsent
i nvent i pmaidrdel aibr bue thetpredénnrentedtyss i€ né€ PFRPEEY by -t hese
15 Exanpl es. Synthesis Exanple |I An aqueous solution of 0.28 g (0.004

mol ) of ; sodjum  ni triLewastaddednt @ur62eg off0 1802 gimlss shbstrates
benzidiﬂéggggg§n26EdF§§Ifonic acid, and 3.0 m (0.0024 nol) of 3%

hydrochl ori ¢ aci d was_added _dr i [ d%;gaégﬂéﬂ@ tdyg e, X tayce ,thamd t hen
a éiazE%?%a??gnwﬁggcgggn%ﬁégE%%ﬁ%ﬁ@tggé 10 M of an aqueous 5% sodium
carbonate solution was m xed with 0.65 %1 0'004'r“”%tfgn eration

o- - ri f | toe opebhptphdadMENANFPaAH Y TN gf%%ﬂf%ﬁ& ure in an 25 ice bath

and stirring, the diazoniumsalt m xture obtained by 12 %ﬁY 2009 .
were conducted to make a photo-alignment laver. e suril

provided with the photo-alignment layer are faced via a spacer
so that their exposed light polarization directions are

10 perpendicular to each other, and then a liguid crystal 1is
injected between the space. A polarizing plate 1s attached to
the outside of the liquid crystal celi thus obtained so that
the alignment directicn of the photo-alignment layer agrees
with the transmitting polarizing direction in each substrate,

15 thereby meking it possible to manufacture a liguid crystal
display device.

The dichroic dye having a polymerizable group used in the
present invention has the feature that it exhibits high
solubility in water or a polar organic solvent and exhibits =

20 good affinity to & glass substrate or a transparent electrode
mede of oxide such as 1TO. Therefore, =z stable ccating layer
cen be obtained by costing the material for the photo-
alignment layer used in the present invention on the glass
substrate and drying the solvent. A porticn cf the material

25 for the photo-zlignment layer coes not diffuse into the ligquid



22 the nethod descri bed above was gradual |y added dropw se, and 1?$MY?W5
reacti on was continued for 4 hours. After the conpletion of the
reaction, the precipitate was collected by filtration and washed with
heat ed chl orof orm and acetone to obtaigy 0.75 g 5 (yield: 51% of a

4, 4' - bi s(4-hydroxy-3-triflucromnethyl phenyl -

| - az0) bi -303 toLulhenis a0l i sediumgak he 9522:0 ck9st@Q03 mol )

of the gggggég ?Héstgg%aﬁhgdc&aggﬁgfgégagFﬁ 10 nbe o%%pirigigg, fol | oned

by stirring, After adding 0.063 g. ,(0.0006.nol) of t hacryl.i.c acid

chl ori d816B1eKe dFVREEr - Che i@q%échFgﬁ%ﬁésa&éﬁppﬁggdcﬁﬁaéPl?gyFux for 3
hours. The reaction product was cooled to roomtenperature, followed by

the addbiliegeohodrhagolradgng)f @reheotf llikedvi 68 deteBiaratg- pPetFpitate.
After ethanol was further added to the reaction product, the solution was

boi | ed Byehgpaterqaanddr kher ethod@aian i ghimeh®@ 0blyairnugepr eai pineatpae swhitch
was imedi ately dried in air. Consequently, 0.16 g (yield: 63% of a

Soang O SR bR P e Y S P R maTe 3 RSSOt Sl ik o of

géﬁgigi gggggbgoL%n%ﬁuggyﬁéﬂghéﬂggf;ﬁzanzt%%%e%r%%t%é%% %f&%ﬁo%%ennl) of

alignment operation, thereby making it possible to solve the
prchlem that a conventional photo-alignment layer is unstable
te light exposure,

10
EXAMPLES

The following Synthesis Examples, Examples, and

Comparative Examples further illustrate the present invention
in detail, but the present invention is not limited by these

15 Examples.

Synthesis Example 1
An agueous solution of 0.28 g (0.004 mol} of sodium

nitrite was added to 0.6% g (0.002 mol) of benzidine-3,3'~

20 disulfonic acid, and 3.0 ml (0.0024 mol) of 3% hydrochleric
acid was added dropwise while stirring the mixture, and then a
diazotization reaction was conducted. 10 ml of an aqueous 5%
sodium carbonate solution was mixed with 0.65 g (0.004 mol) of
o--rifluoromethylphenol, and, while cooling the mixture in an

25 ice bath and stirring, the diazonium salt mixture obtained by



2 MAY 2005 23 disulfonic acid, and then 3 m (0.0024 nol) of 3%
hydrochloric acid was added dropmﬁse while stirring the nlxturelzﬁwﬁzmﬁ
then a diazotization reaction was conducted. 10 m of an aqueous 5%

sodi um car bonat e sol ution was mi xed wi4th 0.55 g (0.004 nol) of 5

3- hydr oxybenzoi c acid, and, while cooling the mxture in an ice bath and
stirringhet hetdivazarisumisald amoxteuma sobtraidued llyy adtlee detped sdesenidbed
above was gradual |y added dropwi se, and the reaction was conducted for 4

hours. éﬁEeEeEQ%l%ﬂngh%tb%&tl%mebh%o&e@C%bQQs therpLeci pit adRp Vesion
col | ected by f||trat|on 0 and washed mnth heat ed chloroforn1and acet one

to obtai d: .56 of. a 4,4 - droxy: nyl -1 -
azo) bi pR nyP93 gac%1§&|f&ﬁe ﬁg?Q&Hﬁgﬁﬁf i s %qu%ﬁtfﬁ By 185§§9§§|) of
the azo dye thus obtained was mxed with 10 m of pyridine, follomed by
stirri ngndargehegddiing 2862 dy chy o foa0e ams| postt ot hac PPLRd nafi-d 2
chloride to the m xture, the reaction was continued under refl ux for 3
hours. Theendactilen off @duGts’ was sodeired rios y-Gemrtidiiperateté,y lpblehgwed by
the addition of ethanol and further filtration to obtain a precipitate.

After e hgee'b ﬁnt@e -added, 110, ;e arcel%pnh%d%%nprs@qhéct othe golution

was boi by h atl g an filtered again to obtain a precipitaté, which
vas TR BB giied Ul RASSHEN Lty kP MG 8 B30 9 o8
of pyridine, followed by stirring. After adding 0.063 g
(0.0006 mol) of methacrylic acid chloride tec the mixture, the
10 reaction was continued under reflux for 3 hours. The reaction
product was cooled to room temperature, followed by the
addition of ethanol and further filtraticn to obtain a
precipitate. After ethanol was further added to the reaction
product, the solution was boiled by heating and filtered again
15 to cobtain a precipitate, which was immediately dried in air.
Consequently, 0.16 g (yield: 63%) of a compcund represented by

the formula (3):

CFs
H O
NaO S0O5Na H

was obtained.
20
Synthesis Example Z
An aqueous solution of 0.28 g (0.004 mol) of sodium

nitrite was added to 0.69 g {(0.002 mcl) of benzidine-3,3'-



N N1 NtX -0 NaOS SO3Na 0~-< was obtained. Synthesis Exanple 3 5 2.7 ¢
(0.01 nol) of 1,8-dihydroxy-4,5- di am noant hraqui none and 6.27 ¢ f@pﬂ@gmﬁ
nol) of methacrylic acid chloride were added to 30 ml of pyridine, an
the reaction was continued under reflax for 30 m nutes. The reaction
product was cooled to roomtenperature and poured into 100 mMl of 5% 10

di | ut ed fydneehlier i-¢iaci dngardehhenriihg oselbwti paivastf Bkt aydedchlthec
resulting precipitate was washed with water and then dried. The product

t hus obtai.ned was dj ssol ved.in CEL rof or.m. .and en; HEEEiegn@ytﬁ%EUE“
chr omat Gr&p i Suditng SiTcoY g8 ™ %qet %lggéggoEg?y 6Ease and chl or of or m
as the nobile phase to 15 obtain 2.8 g (yield: 53% represented by_{he
f or mul a qiSzotigag iero reaaulon MRS GandsFieresi 50 Bxanpt 22 FAYERARS sahe
manner as in Synthesis Exanple 3, except that 12 MAY 2005 25 2.5 g (0.01
nmol ) of sbdiyer @ardnztd arlnednthwaguimiore andn 8.36 g (0.0368 mol) off
met hacrylic acid chloride were used, 1.99 g (yield: 42% of a conpound
represenf ed Wy ihe U iMlRid,6knd, while cooling the mixture in an
ice bath and stirring, the diazonium salt mixture obtained by
the method described above was gradually added dropwise, and
the reaction was conducted for 4 hours. After the completion
of the reaction, the precipitate was collected by filtration
10 ancd washed with heated chloroform and acetone tec obtain 0.77 g
{yield: 56%) of a 4,4’ -bis(4-hydroxy-2-carboxyphenyl-1-
azc)biphenyl-3,3’~-disulfonic acid disodium selt. 0.21 g
(0.0003 mol) of the azo dye thus obtained was mixed with 10 ml
of pyridine, follewed by stirring. After adding 0.063 g
15 (0.0006 mol) of methacrylic acid chloride to the mixture, the
reaction was continued under reflux for 3 hours. The reaction
product was cooled to rocm temperature, follcowed by the
addition of ethanol and further filtration to obtain a
precipitate. After ethanol was further added to the reaction
20 product, the solution was boiled by heating and filtered again
to obtain a precipitate, which was immediately dried in air.

Consequently, 0.15 g (yield: 62%) of a compound represented by

the formula (4}:



O OONHOHN 50U was obtained. Synthesis Exanmple 5 2.7 ﬂ

nol ) of 1,8-dihydrcxy-4,5- dlam ncant hraqui ncne and 2.6 g (0.025 HbM’YHmS
met hacrylic acid chloride were mxed with 20 m of chl orobenzene, and
the reaction was continued under reflasx for 30 m nutes. The reaction
product was cooled to 600C, and 30 ml of ethanol was added thereto whilc
stirring. This m xtcooe eqt edioog, 15 a toiling point and then
cool ed to 200C. _The rea§ -Ntat- pas collected by filtration,

washed mnth(ﬁtr N di SsC agd then purified by col um
chromat o ra bl ca gel as g?gist pnar ase and chloroform
as the e phase to ébtain 2.7 g el d: 67@% 208 represented by the

formul a (~) 2 MAY 7005 26 OH O OH NH O HN
0.22 g (0.0003 mol) of 4,4'-bis(4-hydroxy-3 5
tr|fIqu@ﬁepﬁﬁﬁpﬁéﬁyl-l-azo)b|phenyl 3,3 -d~-sulfonic acid disodiumsalt
was added to 10 ml of pyridine, and followed by stirring. To the
solution, 0.19 g (0.0006 nol) of p-

0 Synthesis Exanple 6

Synthesis Example 3

5 2.7 g (0.01 mol) of 1,8-dihydroxy-4,5-
diamincanthraquinone and 6.27 g (0.06 mol) of methacrylic acid
chloride were added to 30 ml of pyridine, and the reaction was
continued under reflux for 30 minutes. The reaction product
was coocled to room temperature and poured into 100 ml of 5%

10 diluted hydrochioric acid, and then the solution was fiiltezred.
The resulting precipitate was washed with water and then
dried. The preoduct thus cbtained was dissclved in chlorofcrm
and then purified by column chromatography using silica gel as
the stationary phase and chloroform as the mobile phase to

15 obtain 2.8 g (yield: 53%) represented by the formula (5):

e I

\
~

Synthesis Example 4

In the same manner as in Synthesis Example 3, except that



(acryl oyl - n- hexyl oxy) benzoi ¢ acid chloride and 0.005 g of hydrogggﬁﬂq@
wer e added, and the reaction was continued while 10 stirring at f %
5 hours. After the reaction product was cooled, the precipitate was
collected by filtration, washed with230 nl of ethanol and then dried in
air to obtain 0.21' g (yield: 58% represented by the fornula (8): O
SO, Na 02.6 §, CoCBL fdb2Y DNEN1thQAtbk2) 6, 56dibmNa035t DraQohpanat #Ve

Synt hesi s Exanpl e I An aqueous solution of 0.28 g (0.004 nol) of sodium
nitrite dded ( h) cOkchenzhdbRedd, Beredusadif onic

aci d, a%gaghgnq938§§1R?ggogg4gﬁgﬁécg?l%gbzo hydrochl oric acid was added
dropw se ile stirring.the 12 MAY 2005 . 27 m d e
diazoti%aggoﬁ H@é@ﬁﬂéng%ég 8%n&u5?@89uT8 rﬁPg%éggﬁggqg 06295/52%%%%n1
carbonate solution was mxed with 0.63 g (0.004 nol) of
o-trifluédoenet hyl phenol, and, while cooling the mxture in an ice bath
and stirring, the diazonium5 salt m xture obtai ned by the nethod

descri bed above was gradually added dropw se, and the reaction was
conducted for 4 hours. the conpletion of the reaction, the
precipitate was ol

was obtained.

Synthesis Example 5
2.7 g {0.01 mol) of 1,8-dihydroxy-4,5-

10 diaminoanthraguinone and 2.6 g (0.025 mol) of methacrylic acid
chloride were mixed with 20 ml of chlsrcbenzene, and the
reaction was continued under reflux for 30 minutes. The
reaction product was cooled to 60°C, and 30 ml of ethanol was
added thereto while stirring. This mixture was once heated to

15 a roiling point and then cooled to 20°C. The resulting
precipitate was collected by filtration, washed with ethanol,
diesolved in chloroform and then purified by coclumn
chromatography using silica gel as the stationary phase and
chloroform as the mobile phase to obtain 2.7 g (yield: 67%)

20 represented by the formula (7):



FQQ3 NP - PA\// -NHG N - \\N--(\\7// OH Na03S SO03Na Congaaﬁkgyﬁ
Synthesis Exanple 2 8 g of N-nethyl-2-pyrrolidone, 0.348 g of 1-(2, 003
d- - am nophenoxy) - 2- [ 4- ~phenyl azo) phenoxy] - et hane and 0. 196 g of

4, 4' -di am nodi phenyl net hane were m xed¢ While cooling the mxture in an
ice bath, 0.821 g of ethylene glycol b-is(trinmellitic anhydride) was
added to the g xtaure oun several portions. After the conpletion of the
dropwi se addition| the 20 reaction was continued while cooling in an ice
bath to obt @@ on of polyanide acid. Exanples | to 8 Using
materials f alignment |ayer made oil' the 12 MAY 2005 28
conpounds, obta Mg ImZSyn hesis Exanples | to 6, photo- alignnent |ayers
were forned, and the voltage holding ratio and durability were
evaluategtxﬁzﬁHsd%ciWN procedure is shown bel ow. Method of naking
phot o-al i gnivent | ayer akl1l. Preparation of photo-alignnment materi al

sol ution (f®r photopol?nerization) To 99 parts by weight of each of the
conpounds obtained 10 in the Synthesis Exanpl es and Conparative

Synt hesis Exanples, 1 part by weight of a photopol ynerization initiator
" | RGACURE-

Synthesis Example 6

0.22 g (0.0003 mol) of 4,4'-bis(4-hydroxy-3-

5 trifluoromethylphenyl-l-azo)biphenyl-3,3’-disulfonic acid
disodium salt was added to 10 ml of pyridine, and followed by
stirring. To the solution, 0.19 g {0.0006 mol) of p-
{acryloyl-n-hexyloxy)benzoic acid chloride and 0.005 g of
hydroguincne were added, and the reaction was continued while

10 stirring at 60°C for 5 hours. After the reacticn product was
cooled, the precipitate was collected by filtration, washed
with 30 ml of ethanol and then dried in air to obtain 0.22 g

(yield: 58%) represented by the formula {8):

: 0

0 $0,Na
\/Lo F1iC J — CFsy ?)K/
N N\ —
by PO o
O
o 0

N303S

15
Comparative Synthesis Example 1
An agqueous solution of .28 g (0.004 mol) of sodium
nitrite was added to 0.69 g (0.002 mol} of benzidine-3,3"' -
disulfonic acid, and then 3.0 ml (0.0024 mol) of 3%

20 hydrochloric acid was added drepwise while stirring the



651" (manufactured by C ba-Geigy Corporation), and the niix.u~~. ~ was

di ssol ved in dimethvl formani de to give a solution having a nonkdIMAYiZ008
content of 5% by weight, which was filtered with a -15 filter having a

pore size of 0.1 pmto obtain a solutioon of a nmaterial for a

phot o-al i gnment | ayer. a-2. Preparation of photo-alignnent materi al

sol utiop;(t t polyneLi;zatbar) 0R0rLac89cRakks bynwekeby . of 1@ach
of the gégﬁggﬁdsgggrg%ﬁeda inafheléyntﬁesfs Exanpl es and Conparative

Synt hesi anples, 1 part by .weight. of t hermal, _po L i QE
initiat@i EEB%REaqu?ﬁ&ﬁu%&cFﬁ%é&mbgafRBRﬁ%ﬁYB&*g?NERCE%gih¢%Q?N%?§? and
the mxture was dissolved in dinethylformam de to give % sobi;ion 25
havi ng &.6f0ngol(&t 00 sedte®t of t3WLByoRerghty LRARER Inadne MiP12605 29
filtered with a filter having a pore size of 0.1 pm to obtain a

sol uti orcefl jagmaher idkktfare drphkot dcal bgniesnd ayerribg, FoéhearieFopt um
phot o-al i gnnment | ayer 5 b-1. Photopol ynerization nmethod The sol uti on of

the materhal fon the pholoral ignipat mehawer dekicalied Bydiike wast hod of
(a-1 mgglgnp or#ly coatéd onhgg glagg substrate with an 1 TO el ectrode by

a spin coater .and_dried at 100'C for .15 m f.age of
the 10 &34 Fﬁéﬁﬁafﬁyf JT8WESEe €69 i EaFF%%Egﬁgr%%%dkﬁﬁﬂ?ﬁgﬁ¥§§?r gbout
365 nmfroman ultra-high pressure nmercury lanp at a Eotal energgtgf
JlcmR i moargi-r ebfr8R pBEpERBPAEFAPNt BTath8uBSEFLEBNr ahf®t REECtKE

phot o-al i gnnent operation was conducted. Then, the same surface was
exposed wa@ morllected by filtration and washed with heated chloroform

and acetone to cbtain 0.75 g (yield: 51%) of a compound

10 represented by the formula (9):
O~ =
N N
— N303s SOgNa

Comparative Synthesis Example 2
8 g of N-methyl-2-pyrrolidone, 0.348 g of 1-(2,4-

15 diaminophenoxy)-2—[4—(pheﬁylazo)phenoxy]—ethane and 0.198 g cof
4,4’ -diaminodiphenylmethane were mixed. While cooling the
mixture in an ice bath, 0.821 g of ethylene glycol
bis(trimellitic anhydride) was added to the mixture in several
portions. After the completion of the dropwise addition, the

20 reaction was continued while cooling in an ice bath to obtaln

a sclution of polyamide acid.

Exemples 1 to 8

Using materials for the photo-alignment layer made of the



15 polarized UV |ight at about 313 nmfrom an ultra-high pressure
mercury lanmp at a total energy of 50 JJcm2 in a direction pergehMAt &y
to a substrate, and thus the polynerization operation of the aligned
coating filmfor the photo-alignnent 2lgayer was conducted. 20 b-2.
Thermal pol yneri zation nmethod The solution of the material for the

photo-albﬂggﬁgéé §E¥%Enggt$b?§gn@%e§gghggaﬁgigg wasculi, f photty-coated on a

glass § an’l ectrode by a spin coater, dried and 25

then cured at 100'C for 15 minutes, and.then th r.f 12 J¥A¥ 2005
30 the eéaghmgnkaﬁéWeWésW@%GogéémﬁgfIFﬁgaFﬁﬁ 58ﬁ§§§§e?%%€qﬁﬁghﬁ at about

365 nmfroman ultra-high pressure nercury lanp at a total ensrgg QE 30
J/icm 2 ppgagdirkBetiiey pereerdizdukaed.o Bhesebetrhi€, TaRE PROSEEH

phot o-al i gnnent operation was 5 conducted. Then, the glass substrate was
heat ed ggogg ggﬁgwat 190" C for 1 hour, and thus the polynerization
operati on o hé ™ coating filmfor the photo-alignnment |ayer was
conducted. c. Formation of liquid crystal cell 10 An epoxy adhesive
contai ning styrene beads having a diameter of 8 pmwas coated around the
peri phery of one of the substrate coated by the photo-alignnent |ayer
obt ai nediﬂeitho(dbofl)nadcrir(ga-PZ}Qtqmat#%?t”ﬁr@”exgéﬁéron of a liquid crystal
injection hole. Another substrate coated by the photo-alignnen% | ayer |15
was | ai ¢-Qn thepsubstiat e ohdiat-alhegraleangn msite S st hed T ®hch

other, and that the plane of polarization of the exposed
phctopolymerizaticn)

To 99 parts by weight of each cf the compounds cbtained

10 in the Synthesis Examples and Comparative Synthesis Examples,

1 part by weight of =z photopolymerization initiator “IRGACURE-

651" (maznufactured by Ciba-Geigy Corporation), and the mixiuzs
z solution having &

was dissolved in dimethylfcrmamide to give &

ncnvolatile content of 5% by weight, which was filtered with 2
15 filter having a pore size of 0.1 pm to obtain & solution of &

material for a photo-alignment layer.

a-2. Preparation of photo-alignment material solution (for
thermal polymerization)
20 To 9% parts by weight of each of the cocmpounds obtzined
in the Synthesis Examples and Comparative Synthesis Exzmples,
1 part by weight of a thermal polymerization initiator “EBN-E”
(manufactured by JAPAN HYDRAZINE COMPANY, INC.), and the

mixture wes cissclved in dimethylformamide to give @& solution

L] T % ight ] was
75 having & nonvolatile content of 5% by weight, which



phcto-al i gnment | ayer on one substrate was at a right angle to f@@m38m5
the other substrate, and then the adhesive was cured at 150'C over
mnutes. The liquid crystal cell was filled 20 with a nematic |iquid
crystal (5CB) in an isotropic phase by&injecting it under a vacuum
through the liquid crystal injection hole, and then the liquid crystal

injecti en)hgleqnas+rsealed cwirt Ragdingpaxycadhesi¥eof28. Meimhed ebtain
eval uati ng photo-alignnment |ayer 12 MAY 2005 31 A Evaluation of liquid

crystal _alignpoent property In_th val iLon_of i qui,d.crysta
o T o =proger R patarizing o o BaeeoTaabutal BAVR=S

photormul tiplier in a cross-nicol state was used. An output 5 fromthe
photonul tiplier was reduced so that the transmttance is 0% when |ight
froma tungsten | anp source of the polarizing mcroscope is conpletely
screeneyd, whirhettibhe faptwitt-aidenmentl0@%ewhen a sanple is not placed on
a sanple stage. After the liquid crystal cell obtained in nethod (c) was

arranged_kn phe L) dihecti-on iwherethe transmttance was maxi mumin state
in which no voltage was applied, a voltage within a range from0O to 5 V

was applied, .and s ped, thereb eter ing e |t age- mttance

(V-T) curve.rl%ﬁeslcﬁe *&”bﬁ?é?&ﬁ %§|Féﬁﬁghgcgr8%grP9%%85333§%3§?§d by a

contrast ratio 15 represented by the follow ng formla: ntrast ratio =
E‘Sl—g’t tcé’i’?it«?{x

Li ght t Aansmi cPaRd@siéy &ms Meaticeh ot (a4 Wy Feghtrt£an 68

application of O V. Alternatively, the liquid crystal alignnment property

was a glass substrate with an ITO electrocde by a spin coater and
dried at 100°C for 15 minutes, and then the surface of the

10 coating layer was exposed to linearly polarized UV light at
about 365 nm from an ultra-high pressure mercury lamp at a
totzl energy of 30 J/cm® in a direction perpendicular to a
substrate, and thus the photo-alignment operation was
conducted. Then, the same surface was exposed to nen-

15 polarized UV light at about 313 nm from an ultra-high pressure
mercury lamp at a total energy of 50 J/cm® in a direction
perpendicular to a substrate, and thus the polymerization
operation of the aligned coating film for the photo-alignment
layer was conducted.

20
b-2. Thermal polymerization method

The solution of the materizl for the photo-alignment
layer obtained by method (a-2) was uniformly coated on a glass

substrate with an ITQO electrode by a spin coater, dried and

25  then cured at 100°C for 15 minutes, and then the surface of



visual ly evaluated. 20 B. Measurenent of voltage holding ratio To the
liquid crystal cell obtained by nmethod (c), a DC voltage of 5 v viaMAY 2003
applied for 64 mcroseconds, and then a holding ratio of the voltage
after opening for 16.6 25 mlliseconds0to the initially applied voltage
was neasured. 12 MAY 2005 32 C. Evaluation of heat durability After the
liquid erystahregll 1abtai ped bypoethodo(t)nwaslyheat #diatd80C 10gh1000
hours, the alignment property was 5 judged in ternms of the contrast ratio

and by ¥£SQB#UF?§§$r§ﬁ£EE?Pi?gdxéP?ahﬁ?éhdHE@QEﬁEéYm@@éuﬁyahHﬁ edt aD.

Evaluation 0 ter t lTquid crystal cell obtained by
met hod (c) was 10 exposed _to binearly polarized W light fro

ul tra-ht§g alp?@§§ﬂyeoﬁe§§ugﬁcmaﬁ5%ﬂ %&%%ﬁEﬂOQHRﬁEB?Q§f%ﬁ}%7ég%%pin an
arbitrary direction, the alignnent progerty was judged in ternms of the
cont rassubatistandaby thsgakhebpertatridhGnaratt AEEFAERENdEREDI ity was
eval uated. 15 Conparative Exanple 1 The conpound of the formula (9)

obt & nedohAuCerpar athye, Syathesss Exeaptecd was lkissal vied am oven at
di met hyl formam de to give a solution having a nonvol atile content of 5%

by wei ghtg-whigh 20,uas fE%HeEQQSthglEPﬁQEE?EZBQYbﬂgpﬁeEQEQoﬁi6@ ehe0. 1

pmto obtarn a solution of a materia of a photo-alignnment |ayer

coating film for the photc-alignment layer was conducted.

c. Formation of liquid crystal cell

10 An epoxy adhesive containing styrene beads having a
diameter of 8 pm was coated around the periphery of one of the
substrate coated by the photo-alignment layer obtained in {(b-
1) or (b-2), with the exception of a liguid crystal injection
hole. Another substrate coated by the photo-alignment layer

15 was laid on the substrate so that the alignment surfaces faced
each other, and that the plane of polarizetion of the exposed
phcto-alignment layer on one substrate was at a right angle to
that of the other substrate, and then the adhesive was cured
at 150°C over 90 minutes. The liquid crystal cell was filled

20 with a nematic liquid crystal (5CB) in an isctropic phase by
infecting it under & vacuum through the liquid crystal
in“ection hole, and then the liguid crystal injection hole was

sealed with an epoxy adhesive.

25 Method of evaluating photo-alignment layer



Usi ng the sane nethod of making the photo-alignnment |ayer shomn1ifymyzm5
Exanples 1 to 8, except that the polynerization operation was not
conducted by nmeans of light or heat, coating 25 onto the substrate and
exposure to linearly polarized UV |ighl 12 MAY 2005 33 were conducted to
make a photo-alignnent layer. Using the resulting substrate with the

phot o- ahi grrENtLzkayer cfalliigayidd cresystiak 1¢ghhewaspiageragcording to the
met hod shown in Exanples 1 to 8, and then eval uated. Conparative Exanple

2 Pol yam de %§!Qh%b%%'Q%gtﬁ%ncgﬁp%%%tU%§u§HnE?§§%§%E§§gBhﬁen% was

di ssolved in |nethyIFornan1de to give sol ution havi ng nonvol atil e
content of 5% by weight, which was filtered with 10.a filter having a
pore si PECBEIGYL PmPOdagBEEainy H1S3I0FCCoR SﬂUlpﬁﬁFeWng for a
phot o-al i gnnent | ayer. The resulting solution was coated on a gl ass
subst r ap&owiottn lan plE@reliecta sdesshyigospisiateares ak@ddri®d aetyebC for 1
mnute to forma resin |ayer. The surface of the resulting coating |ayer

was 45 expased et @hloitrarnlty idlear vzed rdduldeghtsoat halhotihe3 6 anmmiftrramcan
ultra-high pressure nercury lanp at a total energy of 30 j/CM2 , and thus

the phoLQ- @i GATENY (GRGY Gh1an Was, CaNNChedy LSRG bFe chesWdliad 2 ing

substrate with the B'Oto-allgnnent. ayer, iquid crystal cell was mde
aco0r ol 19,80 LIe Dot shoun 20 L BP9 By 30 Ben el o
propert %,O Ot%h %ohve?ul taags%mrzjoll ed ! insg nroa}ct ipol aacrc]a% totl]e ad %ra?n%illei tsyc a%ree. After the
ligquid crystal cell obtained in method (c) was arranged in the
10 direction where the transmittance was maximum in state in
which no veoltage was applied, a voltage within a range from 0
to 5 V was applied, and sweeped, thereby determining the
voltage-transmittance (V-T) curve. The liguid crystal
alignment property was evaluated by a contrast ratio
15 represented by the following formula:
Contrast ratio = Light transmittance upcn application of
4 V/Light transmittance upon application of 0 V.
Alternatively, the liquid crystal alignment property was
visually evaluated.
20
B. Measurement of vocltage holding ratio
Tc the liguid crystal cell obtained by method (c¢), a DC
voltage of 5 V was applied for €4 microseconds, and then a

holding ratio of the voltage after opening for 16.6

25 milliseconds to the initially applied veltage was measured.



25 summarized in Table 1 and Table 2. The results of visual 12 MAY 2005
34 evaluation are shown in Table 1, while the results of evalu ﬁ%
the contrast ratio are shown in Table 2. In the visual evaluati Jﬂﬂ
sanpl es which exhibited good alignnent3zin a unidirection were rated "0",
whi | e sanpl es where defects arose or the alignnent direction varied with
the location were rated "X'. The larger the value of the contrast

ration, the better the alignnent property. 12 MAY 2005 35 (D Z3) ~.-o0

-1-0 -1 % gto % bQIE@ mmO, 0) C mmmO0) 41 'C- >1
~4 0~ 4 0888888 8h°F 2 2 WPGAY A 3 a) < E r- 43 >1 17) m
0000
0000 0 A%ter the liquid crystal cell obtained by method (c) was
heated at 80°C for 1000 hours, the alignment property was

5 judged in terms of the contrast ratio and by visual

observation, and the heat durability was evaluated.

D. Evaluation of light durability
After the liquid crystal cell obtained by method (c) was
10 exposed to linéarly polarized UV light from an ultra-high
pressure mercury lamp at a total energy of 50 J/cm? in an
arbitrary direction, the alignment property was judged 1n
terms of the contrast ratic and by visual observation, and the
iight durgbility was evaluated.
15
Ccrparative Example 1
The compound of the formula (%) obtained in Comparative
Syrthesis Example 1 was dissolved in dimethylformamide to give
a golution having a nonvolatile content of 5% by weight, which
20 was filtered with a filter having a pcre size of 0.1 um to
obtain a solution of a material for a photo-alignment layer.
Using the same method of making the photc-alignment layer
shown in Examples 1 to 8, except that the polymerization
operation was not conducted by means of light or heat, coating

25 onto the substrate and exposure to linearly polarized UV light



m 4J L~4 U ~4 u -H 000000000000 OHH 4141Cf-a~{\2&ﬁ1&0
mMOOO N-HN-H--i 4J 4J 4] H-~) ~) -W M4MWk-4MW N 0 ANIW N
OE-H-H-1H .H~4 ~4 ~4 ~4 ~4 ~ (1) (t) a) (L) (1) (o ECEECEEr~
>1 ol >1 >1 >1>1 r-1 r-A0O0OO0OOO@®3amsa~Q ~-L Q> (11 E0OEO0O0E
000 > ~J W4 -P~44 4 ~) ,--10w00000O0C 0O-c: ~c'C ~cC
c- 1 (, we®eOcopduated tb RakkdaabhbkolaQ4gémkbn€ NayeN. Mil&ing the

resulting substrate with the photo-alignment layer, a liguid

crystal cell was made according to the method shown in

Examples 1 to 8, and then evaluated.

5

Comparative Example 2
Polyamide acid cbtained in Comparative Synthesis Example
2 was dissolved in dimethylformamide to give a solution having

nonvelatile content of 5% by weight, which was filtered with

al]

10 a filter having a pore size of 0.1 um to obtain a soluticn of
a material for a photo-alignment laver. The resulting
solution was coated on a glass substrate with an ITO electrode
by a spin coater and dried at 70°C for 1 minute to form a
resin layer. The surface of the resulting coating layer was

15 exposed to linearly polarized UV light at about 365 nm from an
ultra-high pressure mercury lamp at a total energy of 30
J/cm?, and thus the photo-alignment operation was conducted.
Using the resulting substrate with the photo-alignment layer,
a liquid crystal cell was made accerding to the method shown

20 in Examples 1 tc 8, and then evaluated.

Evaluation results
The evaluation results of the liguid crystal alignment
prcperty, the voltage heolding ratic and the dursbility are

25 surmarized in Takle 1 and Table 2. The results of visual
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visual evaluation, samples which exhibited good alignment in a
unidirection were rated “O”, while samples where defects

5 arose or the alignment direction varied with the locaticn were
rated “"X”, The larger the value of the contrast ration, the

better the alignment property.

M
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Xpn~wwulLouw 12 MAY 2005 37 Wiat is clained is: 1. A~ A %f
manuf acturing a photo-alignment |ayery; which conprises coating a
material for the photo-alignment |ayer, 5 which contains a dichroic dye
havi ng two or nor e al nerlzable groups per nol ecule, on a substrate,
exp05|Hchhé506a?FW§ ayer containing the dichroic dye to polarized
light, thereby inparting a photo-alignment function to the coating

| ayer, and then polynerizing the polynerizable groups by heating or

| i ght exposure. 10 2. The nethod of manufacturing a photo-allignnent

| ayer qccgrgingoliocg! aismultzcther eign at e odiceleridianreyre 1152 ¥a¥ a2 &k havi ng
two or nore polynerizable groups per nol ecul e or an ant hraqui none dye

havi ng two _or rizahl r S EdHreen 3. 1der et hod
of manGPABLare ﬁgc§agﬁgég%ahlg%§gﬁ? qgeefp%;cgﬁgé?ﬁg'to cﬂgln1é®e;hereln

th%)azghgzﬁ E%ﬂ%gl%éoad%lchIOlC dye heving two or more polymerizable

groups per molecule, on & substrate, exposing the coating
layer containing the dichroic dye to polarized light, thereby
imparting a photo-alignment function to the coating layer, anc then
polymerizing the polymerizeble groups by heating or light exposure.
10
2 The method of manufacturing z phcteo-alignment layer
according to cleim 1, wherein the dichrcic dye is an azc dye having
two ©or more polymerizable groups per mcolecule or an
anthraguinone dye having two or more pelymerizable groups per

15 molecule.
3. The method of manufacturing a photo-zlignment layer

eccording to claim 2, wherein the azo dye is an azo dye

represented by the general formula (1):

- 4
R2 S0, R

2 +

R!-X’ —Y1©»N=N—N=N®Y‘ -x*-r® - 2M
R SO, R®

wherein R} znd R® each independently represent a polymerizable

20

s s
grcup selected from the group consisting of a (meth)acryloyl



represented by the general formula (1): R R4 | -- 3 R -X 2
X2 R 2M -T\\ -- R3so 3 R5 20 wherein Bland R6 each |ndependently
represent a polynerizable group selected fromthe group consisting of a
(meth)acryl oyl 12 MAY 2005 38 group, # (neth)acryl oyl oxy group, a
(meth)acrylam de group, a vinyl group, and a vinyl oxy group; X1 and X2

each i ndepepdent | (yethepreesanty 1cky ardupecta hardh)E2)r ydrrdldey lsenepor aa
phenyl ene group having 1to 18 carbon atons, or (3) a linker group in 5

whi ch the, g»'lkﬁr%% 1 laoaaftq Pg%' e X3 o £2)c AR 1 kRahimeach v

di rect bon ond a I mde bond, or an am de

bond; Y Ls a direct bond yh x1 direct b t
a di r ect BORE herl D0 4 &4 = ”&dfbiﬁa S R, R

represent a direct 10 bond, an ester bond an et her bond, an im de bond,
or an agirdep bewd nghén tel dncaxparepriesent of |iGnker lgnkes @IS £Ran t he
direct bond; R2, R3, R4, and R5 each independently represent hydrogen, a

hal Ogenwha&artwmr@lm o dBt hild hald deegrydeme growmt i@y aral i de group,
a cyano group, or a hydroxyl group; 15 and M represents hydr ogen, an

al kal i metal, o N ‘blr@ﬁc HREROA 0f JIRT BRI T UG 2! @rcild gnent

| ayer according to claim3 mhereln the hrorc dye represented by

imide bond, cor an amide bond; y! represents a direct bond when
¥! is a direct bond; Y° represents a direct bond when X% is a
direct bond; Y! and Y? each independently represent a direct

10C bond, an ester bond, an ether bond, an imide bond, or an amide
bond when X! and X%? represent a linker group other than the
direct bond; R?, R’, R®, and R® each independently represent
hydrogen, a haiogen, a carboxyl group, a methyl halide group,
a methoxy halide group, a cyano group, or a hydroxyl group;

15 and M represents hydrogen, an alkali metal, or NH;.

4, The method of manufacturing a photeo-alignment layer
according to claim 3, wherein the dichroic dye represented by
the general formula (1) is a compound in which R* and R®

20 represent a (meth)acryloylexy group; R?, R®, R%, and R’
represent a triflucromethyl group, a carboxyl group, or

hydrogen; and M represents sodium.

5. The method of manufacturing a photo-alignment layer

25 according to claim 4, wherein the dichroic dye represented by



the general fornmula (1) is a conpound in which Rl and R6 20 represent a
(neth)acryl oyl oxy group; R2, R3, R4, and R5 represent a trifl ubl Mkdi
group, a carboxyl group, or hydrogen; and Mrepresents sodium 5. The

met hod of manufacturing a photo-alignnEht |ayer 25 according to claim 4,
wherein the dichroic dye represented by 12 MAY 2005 9 the general fornula
(1) is aneonpaendli Eoshiudh X1)and X 2ompepnesent wancal KylamkoXyphenyl ene;
and Y' and y2 represent an ester bond. 5 6. The nmethod of manufacturing a
phot o-al iy Q%%%%xlg%e%&kiﬁgﬁmﬁyﬂ1 He@vale@iem 2 aWRer ghd the-antduanuigione dye
is an anthradui none dye having a polynerizable group represented by the
general fornmula (2): 0 (R-X-Y Y- X - R) R8-X8-Y8YIQ X (L
R n n PSt&E PRNOR S 0 10 wherein R 7 , RO, R9, and RLO each

i ndependently represent a polynerizable group selected fromthe group
consisting of a (meth)acryloyl group, a (meth)acryl oyl oxy group, a

(met h)acryl am de group, a vinyl group, and a vinylcxy group; 7 x , X8,

X9, =nd eX1@heaetk tihrde pendemidia dtepriesert phodioredti ghoradt layer

according to claim 2, wherein the anthraquinone dye is an
anthraquinone dye having a polymerizable group represented by

the general formula (2):

(RT-x"-v7

vI-x9-R%)
(R®-x%-v8

10 XlU._ Rl%
q

rR')

e

10 wherein R’ R®, R®, and R'® each independently represent a
polymerizable group selected from the group consisting of a
(meth)acryloyl group, a (methfacryloyloxy group, a
(meth)acrylamide group, a vinyl group, and a vinyloxy group:;

x7, %%, X% and X'" each independently represent a direct bond,

15 an alkylene group, or a phenylene group; y’, v®, v%, and yi0

°, and X'° represent a

represent a direct bond when XT, XS, X
direct bond; Y’, Y% Y% and Y each independently represent a
direct bond, an ester bond, an ether bond, an imide bond, or
an amide bond when X', X%, %%, and X'° each independently

20 represent an alkylene group or a phenylene group; m, N, D, and

q each independently represent an integer of 0 to 4, provided

that the sum total of m, n, p, and q is from 2 to 4; R and



15 an al kyl ene group, or a phenylene group; Y 7, yl, Y, and Y

represent a direct bond when X 7, x 8, x 9, and X10 represent a12dﬂMé@%
bond; Y7, Y8, Y9, and Y10 each independently represent a direct bond, an
ester bond, an ether bond, an imde boh@d, or an am de bond when X7, X 8,
X9, and X10 each independently 20 represent an al kyl ene group or a

phenyl emé? gropipesdht Na Proapdsefiecach fnoepemsent dyp repnessntnanof nt eger
of O to 4, provided that the sumtotal of m n, p, and g is from2 to 4,

R11 and #%ng 2(?%%&1 OxyEF r?:?t{c‘?lqj‘ﬁﬁﬁﬁt raﬁ‘ QNP SOt ey TP d R HOUP

consi sti group, o) group, ulfo group, an am no

group, * carbox a nerca rou a car bano r ou
and s e&‘cﬁarrmyeln 15' Oa 19t gearn £ FEPS© | pq& de(fé%ltrzﬂat

the sumtotal of r and s is fronrO to 6. 7. The nmethod of manufacturing
a phot o-ralirgnreerta draylrde et 1y 1P =T 6N vildredar tdfe Girftthréaqui none
dye represented by the general formula ~(2) is a conpound in which 10
R 7 § RerdldandtR{)tHepnasenital (qith)aer W oy dnergroup 6. a 7 8 9 10
7 a9 (nmeth) acrylamde group; X, X, x, x, Y, Y, Y, and Y"
represent a direct bond; m n, p, and q represent 0 or 1; R11 and, Pl 2
represent a hydroxyl group and r and s represent 0 or 1, provided that

the sumtot,ﬁ]le methogI of rrlrasm];{acturlng 2a photo-alignment layer

according to claim 6, wherein the anthraquinone dye
represented by the general formula (2) is a compound in which
10 R’ R®, R? and R represent a (meth)acryloyloxy group or a
(meth)acrylamide group; X', X%, X%, x*°, v’, Y% Y% and Y
represent a direct bond; m, n, p, and g represent 0 or 1; RY
and R'? represent a hydroxyl group; and r and s represent 0 or

1, provided that the sum total of r and s is from 0 to 2.



