14 JULY 2006 LI QUI D CRYSTAL DI SPLAY DEVI CE, OPTI CAL ELEMENT, MNET4QDLY2006
FABRI CATI NG THE LI QUI D CRYSTAL DI SPLAY DEVI CE AND METHOD OF MAKI NG THE
OPTI CAL ELEMENT BACKGROUND OF THE INVENTION 1. Field of the Invention:

[ 0001] The present invention relates to a liquid crystal display device
(LCD), an optical el ement,yoyripidiagl pidvLagabeY¥dcghe LCD and a nethod of
maki ng the opti cal elenent The present |nvent|on also relates to a

material of a liquid crystal qﬂ¥¥¥ﬂ%De at can be used effectively
in the LCD or the optical elene scripti‘on of the Related Art: [0002]

LCDs are u ext ensivel po bl e Ie o] nications units such
as cell h%ﬁgg p@?s%ﬁ%?f %Bﬁﬂétgﬁg L&éﬁaDpFBE gnggﬁﬁge Kfcﬁpﬁﬂpances,
flat panel dlsplays for TV sets, for exanple, and display boards, w ndows,
doors and wal l's by ut Nﬁmqmmﬂ%élﬂ%m}tﬂl&ﬁlnéLMts of their liquid
crystal layer. [0003] An LCD conducts a display operation by utilizing the
optical anisotropy of its liquid crystal nolecules. Accordingly, in an LCD,
the orientation directions of the i 14 JULY 2006 liquid crystal nolecules

are controll ed. The ori entg{¢KEROUND OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display device (LCD), an optical element, a method of
fabricating the LCD and a method of making the optical
element. The present invention also relates to a material of
a liquid crystal alignment film that can be used effectively

in the LCD or the optical element.

2. D ipti ¢ the Related Art.:
[0002] LCDs are used extensively today in portable
telecommunications units such as cell phones, personal
computers, word processors, amusement appliances, flat panel
displays for TV sets, for example, and display boards,
windows, doors and walls by utilizing the optical shuttering

effects of their liquid crystal layer.

[0003] An LCD conducts a display operation by utilizing
the optical anisotropy of its 1liquid crystal molecules.

Accordingly, in an LCD, the orientation directions of the



directions of liquid crystal nolecules may be controlled by any1étJULXr2006s
t echni ques dependi ng on the display node (e.g., TN node) of the LCD.

Normal |y, the orientation directions of liquid crystal nolecules are
controlled by using at | east one alignnment film [0004] An alignnent film

has oftenilhgenidei thgstal f iMoDedfules pargnetomBi€118d. suclrhas pelighiheeonr
pol yvi nyl al cohol that had been subjected to be rubbing treatnent or a

silicon diieecdqohi! _rafdepﬁ?&i&dcbysaalomoilqa%l%a%ﬁt b&N YGRS ELea AFPNI
other things, a polyimde filmthat has been subjected to a rubbing

treatnment _{S n . d t.oday: n ali 7 fil Thi.s_i.s_.hec e the
r ubbi ng tgé ni%%ga%%%%¢¢%uf%% é?ﬁ%%?ivervgggﬁﬁ%sgnbro Sct?%ﬁb;ﬁg H@%%ﬁse
polyimde s nore_stabilized chemcally (i.e., resulting in a_relatively
smal | amd&n@-of FHpuPPEFEs oF xitilf i ﬁﬁgxthe NP&W?&lghyngP | ayieRtathem any
ot her candi date material. [0005] Recently, to nmeet high demands for

devel opnefddrgictiogk- r e pohb@utpearystali dmedgsudesdi sppaysontueildad by
orientation nodes have been proposed as alternatives to the conventional
tw st ed nasahigc afTNeasbdene Aabhgnmeher £ihmngs, an optically conpensated
birefringence (OCB) node has been researched and devel oped particularly
vigorously as an orientation node prom sing high response speed. FIGS. 7A

and 7 14 fjdex) 2006 AR 3GHeHRhTAl M mSBAY BN Yaersld G 65 P{1ATNED 400

polymer material such as polyimide or polyvinyl alcohol that
had been subjected to be rubbing treatment or a silicon
dioxide film deposited by an oblique evaporation process.
Among other things, a polyimide film that has been subjected
to a rubbing treatment is normally used today as an alignment
film. This is because the rubbing technique contributes
effectively to mass production and because polyimide is more
stabilized chemically (i.e., resulting in a relatively small
amount of impurities mixing into the liquid crystal layer)

than any other candidate material.

[0005] Recently, to meet high demands for development of
high-response-speed liquid crystal displays, various
orientation modes have been proposed as alternatives to the
conventional twisted nematic (TN) mode. Among other things,
an optically compensated birefringence (OCB) mode has been
researched and developed particularly vigorously as an

orientation mode promising high response speed. FIGS. 7A and

]



operating in the OCB node (which wll be herein referred to as HWJULOCEB06de
LCD'). Although not showmn in FIG 7A or 7B, an QOCB-node LCD normally
further includes an elenent for conpensating for a phase difference (see
Japanese Lai d-Open Publication No. 11-271759, for exanple). [0006] In the

OCB- node 7BCDs4068mat headly enétadvw ORxehpllagyof stttsthirasi o£r il alLoml eoal es
12a (of a liquid crystal material having positive dielectric anisotropy)

are conbb%&la%qngylal kgeMees hbhas i&ﬂ:i‘cﬁm\glﬂ-bbemﬁéﬁglﬁr?e?é@i‘éée@o g8 the
i nsi de surfaces of two substrates 10a and SO as to be in contact with a

liquid cr ¥lst%1é2%%r ][t%nt |Ie @%trﬁgg %ﬁt?xg ag %&%:I%tot% liguid

crystal ayer S|tu crysta etul eg’ 1§a
exhibit a gﬁgy orientation state as. shown in FI.G 7A. On the other hand

when a vOFBagedenatltGl mEratyy or fRFYMer ¢ ARA1YA8SE t & SoPeRe VE

applied fromel ectrodes (not shown) on the inside surfaces of the

subst r at €ompeasatdngolfarn ahehasgui difienencsd (sger Japandgge | LaiiAdOpenst al
nol ecul es 12a exhibit a bend orientation state as shown in FIG 7B. The LCD
400 can PobiddeetiandNepl ay-2perag| ofiontesampbppnse speed of severa
mlliseconds while the liquid crystal nolecules 12a are exhibiting the bend
orientation state. [00071 In the OCB-npbde LCD 400, however, it is difficult

3 14 JULJoRePS to makardl lods Gtidk CLOS! #boTOkEEYIBS kA GRANGE d£ QM Lhe

its 1liquid crystal molecules 12a (of a 1liquid crystal
material having positive dielectric anisotropy) are
controlled by alignment films 41la and 41b, which are provided
on the inside surfaces of two substrates 10a and 10b so as to
be in contact with a 1liquid crystal 1layer 12, while no
voltage is being applied to the 1liquid crystal layer 12. In
that situation, the 1liquid crystal molecules 1l2a exhibit ‘a
splay orientation state as shown in FIG. 7A. On the other
hand, when a voltage that is equal to or higher than a certain
voltage Ver is applied from electrodes (not shown) on the
inside surfaces of the substrates 10a and 10b to the 1liquid
crystal layer 12, the liquid crystal molecules 1l2a exhibit a
bend orientation state as shown in FIG. 7B. The LCD 400 can
conduct a display operation at a response speed of several
milliseconds while the liquid crystal molecules 1l2a are

exhibiting the bend orientation state.

[0007] In the OCB-mode LCD 400, however, it is difficult



splay orientation state into the bend orientation state unifornt$JoL¥r2006e
entire display area. [0008] It is known that the probability of occurrence
of this transition is closely correlated to the pretilt angle (see N

Nagae et al., "A novel nethod for high speed transition fromsplay to bend

al i gnment tbn rhdee OaB1NMOUeqLER cdtdiasholeenvase "12d DBhad@R0, £Pom26:hd Or
exanple). Specifically, if liquid crystal nolecules have a pretilt angle

of less t03RagS BROERESt1LRC SPLEAY OLhEN! ARON Rhil © oliinint UR! Qe free

energy and 1s nore stabilize an the bend orientation state. On the other

hand, when tlgg 1Ql;'eti)lt %E%| €n xcee%sls4§ de rees, the bend orientation state
is more SEabPri"z&d°than e sgllgf? renfdt Fofi%state. In the spl ay

orientation state, the smaller the pretilt angle of liquid crystal

nol ecules, the less likely the liquid crystal nolecules change into the
bend ori el088} on stiteis Anwinli baey, the probapidiittuat ¢Hnocgulmirgnoeolatage
needs to be applied to the liquid crystal layer to make the liquid crystal
nol ecul estbhandgeanstidibne indlosedyt atomre Isttadd. tp0G0S poetnke tamglle qui d
crystal nol ecul es change into the bend orientation state at a | ower voltage

nmore easi | ¥eea NNEIN@SaOf &F OVAT NG Ba hif@vdir efridthanglr ediigh f Bpedion-

di splay area on a substrate was proposed. According to this 4 14 JULY 2006

met hod, t g &b &h CE¥Shals pTRVECLY eBeRECadi YRReAtIGRAI Bie OCB-mode LCD
with fast response”, IDRC 2000, p. 26, for example).
Specifically, ' if 1liquid crystal molecules have a pretilt
angle of less than 45 degrees, the splay orientation state
has a lower Gibbs free energy and is more stabilized than the
bend orientation state. On the other hand, when the pretilt"
angle exceeds 45 degrees, the bend orientation state is more
stabilized than the splay orientation state. In the splay
orientation state, the smaller the pretilt angle of 1liquid
crystal molecules, the 1less 1likely the 1liquid crystal
molecules change into the bend orientation state.
Accordingly, in such a situation, a high voltage needs to be

applied to the 1liquid crystal layer to make the 1liquid

crystal molecules change into the bend orientation state.

[0009] To make the 1liquid crystal molecules change into -
the bend orientation state at a lower voltage more easily, a
method of providing a high pretilt angle region for a non-

display area on a substrate was proposed. According to this



pretilt angle in the non-display area than in the display area o4JULY 2086¢e
substrate. In that case, the liquid crystal nolecules in the non-display
area (i.e., the high pretilt angle region) change into the bend orientation
state responsive to a |ower voltage applied than the |liquid crystal

mol ecul esmethble dilsdl Aiqi®R Ciry€tala méYe@iBis | tax@nglhe veheghongred¥el t hose
liquid crystal nolecules that have changed into the bend ori ent ation state

in the h'ﬂPePiﬂ:' Lﬁgf@giﬁ’ Fﬁé%&ﬁ' &28p DSy UsRLh agn 50T A5 108 AR {feél quid

crystal nolecules Tn th e ow pretilt angle regli on change |nto t

orientatign s e [e 001 Ie o the hod
di scl osed8| n é@%pésnr%se gltéf)lg% Pug+' [ on%% '20868 gﬁ; ﬂEJE
pretilt anlerelonlsfornedb .usin avert cal ali nent_ fllma_ndthe

| ow pretiPPLeFYLESr &gt ofPPs AT ﬂslaﬁ'&a hoti zo BEghnRFRt ¥4 m
That is to say, by selectively coating a portion of the surface of a

substr at eanpgle arediiondr erghandgnniéntof i [thenntleendl prégntieitioapplstata o the
remai ni ng portion of the substrate surface, the high and low pretilt angle
regi ons casspen$dverto Al 3owedapeantagePaippitiedAmhlanc athieorl ipi @ 0y sihn910

di scl oses a nethod of formng a horizontal alignment region in a portion of

a vertiCahol18éh988€nn fithe hyi $xPo¢i Rirdahatiperti an abwt hgr¥eiitcaingie

alignnment filmto an ultraviolet ray having a wavel ength of 5 14 JULY 2006
region). And those ligquid crystal molecules that have changed
into the bend orientation state in the high pretilt angle
region can be used as cores for makihg theL liquid crystal

molecules in the low pretilt angle region change into the bend

orientation state more easily.

[0010] For example, according to the method disclosed in
Japanese Laid-Open Publication No. 2000-75299, +the high
pretilt angle region is formed by using a vertical alignment
film and the low pretilt angle region is formed by using a
horizontal alignment £ilm. That is to say, by selectively
coating a portion of the surface of a substrate with a
different alignment £film material from that applied to the
remaining portion of the substrate surface, the high and low
pretilt angle regions can be formed. Also, Japanese Patent
Application No. 2000-107910 discloses a method of forming a
horizontal alignment region 1in a portion of a vertical
alignment f£film by exposing that portion of the vertical

alignment film to an ultraviolet ray having a wavelength of



245 nm (which will be herein referred to as a "deep W ray"). [084IUL¥X006
only the OCB-node LCDs but also LCDs operating in a hybrid aligned nematic
(HAN) node, which is one of the electrically controlled birefringence (ECB)
nodes, have been researched vigorously. An LCD operating in the HAN node
will be hesenm (viifid edillo s hvreidAeTedeeldCRo. asha HaWepodw k&b~ utilizes
a hybrid orientation state of liquid crystal nolecules. Accordingly,
conpared to a TN-node LCD utilizing the twisted orientation state of liquid

crystal ul es, e D) elys-d Welgl e S 1n
additionmbﬁﬁl i ke tﬁﬁﬁ&ﬁfﬁigﬁ%ﬁ@ ﬁ’é%ﬁdn%@‘gcﬁfﬁge cRE st ating
l'iquid crystal | equl_es change fromt l ay orientation state_into the
bend ori e%'f ati (I){F}ggflgt @il,gg@ r chtmﬁfnx%dewﬁ%c xp’@ct%lbet&fb rh&

di splay node that contributes to driving the LCD at a | ow applied voltage.
[0012]  Flede®teigrliat i el FyoLirtsParsfripganeef 4 ECE I%@eﬁmdgaYEDbEGB. In
t he HAN-nbde LCD 500, a horizontal alignnment filmb51la is provided on the
surface ofesgrrchasbtvigarolyso adn LED feperatinguin thgsHAN mader wi2l whil e

a vertical alignment film51b is provided on the surface of the other

substr at ebdl dersin aSeterddord age ahe HaNumoaeryspal | eyer HAR-mAde LCD
schematically illustrated in FIG 8, the vertical alignnent film51b

i ncl udes s dei £ N8 (hyBriaVvebidieahtathibanMatecorponent ghi@lb'eriRahi1ext end
approximately along a nornmal to 6 14 JULY 2006
molecules. Accordingly, compared to a TN-mode LCD utilizing
the twisted orientation state of liquid crystal molecules, the
HAN-mode LCD excels in high speed response. In addition,
unlike the OCB-mode LCD, the HAN-mode LCD need not make the
liquid crystal molecules change from the splay orientation
state into the bend orientation state. Accordingly, the HAN

mode is expected to be a display mode that contributes to

driving the LCD at a low applied voltage.

[0012] FIG. 8 schematically shows a structure for an HAN-
mode LCD 500. In the HAN-mode LCD 500, a horizontal alignment
film 5la is provided on the surface of one substrate 10a so as
to face a liquid crystal layer 12, while a vertical alignment
film 51b is provided on the surface of the other substrate 10b
so as to also face the 1liquid crystal 1layer 12. As
schematically illustrated in FIG. 8, the vertical alignment
film 51b includes side chains (i.e., vertical alignment

components) 51b’ that extend approximately along a normal to



the surface of the substrate 10b. [0013] If the horizontal and v4#4uuUtX12006
alignnment filns 51a and 51b are nade of different materials, then the filns
51la and 51b will exhibit nmutually different electrical characteristics
(e.g., polarizations). Accordingly, while the LCDis driven by applying a
vol t age t aheheulrifgeedo€r yReakubkayatelPobcharges are stored in the alignnent
film's) 51a and 51b. In that case, a so-called "DC offset voltage" is
generated responsive to the voltage applied to the liquid crystal | ayer 12.

As a resukgopafhe i mage ¢ oo Spheyedahs v%%&tc &esal %{m{e%ftr 5hys

causing a so-called "image per5|stence probl em To overcone a

probl em | L@ U e pgnase de kLo PRl {eat 4 o9, N 11311780, sglgses a

met hod of & orn1ng horlzontal nirent y Subjectlng averti

alignment filmto a horizontal allgnnent process.  This publication
di scl oses 3&d exéﬁﬁlarylﬁ6r|26ﬁpéplﬁl|gﬁHEHPlbYoce§§ffﬁrﬁﬂFch elgetiiretcal
alignnment filmis exposed to a polarizing ultraviolet ray that falls within

t he wavel chgractengetdes286.Inm polaodzahiens h. r alitaerdingher gyhble 16hg/ cn
to 20 J/cm. The ultraviolet ray preferably falls wthin the wavel ength
range of 24D nbst drR86nnmyacappllyhggt a t helpahéi dat i bhe [1GEAF]A Toeystal
conventional nethods descri bed above, however, have the foll ow ng drawbacks.
7 14 JULY1898% 12, charges are stored in the alignment film(s) 51la and
51b. In that case, a so-called "DC offset voltage” is
generated responsive to the voltage applied to the 1liquid
crystal layer 12. As a result, the image to be displayed is

sometimes not refreshed, thus causing a so-called "image

persistence” problem.

[0014] To overcome a problem like this, Japanese Laid-Open
Publication No. 11-311788 discloses a method of forming a
horizontal alignment film by subjecting a vertical alignment
film to a horizontal alignment process. This publication
discloses an exemplary horizontal alignment process in which
the vertical alignment film is exposed to a polarizing
ultraviolet ray that falls within the wavelength range of 230
nm to 400 nm at a radiation energy of 10 J/cm’ to 20 J/cm’.
The ultraviolet ray preferably falls within the wavelength

range of 240 nm to 330 nm according to the publication.

[0015]) The conventional methods described above, however,

have the following drawbacks.



[0016] As for the OCB-node LCD fabricating method disclosed in 3apubhyszn06
Lai d- Open Publication No. 2000-75299 in which the high and low pretilt
angl e regions are nade of dissimlar naterials on the surface of one
substrate so as to face the Iliquid crystal l|layer, the process steps of

appl yi ng #00d6] patt ensi fgrt RheaddBt moaal Laebi gabeAtatihy fetabiabisbogkdabe
performed, thus increasing the nunber of manufacturing process steps
required apd jdpaneasi NGidhepehr dRHatilRONd. Acen- 149 PrasemhiéRVERLi on
di scovered and confirmed via experinents that the nmethod of formng a

hori zont al, . Iigﬁ@e r egl Qn. i : tical QN t S LLE n
uItravioIg%ggay av?%& 39%%55 engﬁﬁagfn%i %ﬁ%aél |s@ %gegﬁ?ndiﬁég%%ggg

Pat ent Application No. 2000-107910 created instability in the orienfation
state (o BRtoEhalingh (it BITeTE Bothe SHFEEMR Phefor, dric the
alignment region. A simlar problemal so happened even when a vertical

al i gnment 11gPAfh wesYekpbsetrYeF a pdter iPHARESH t SARPS eCfr apPRAY#RSCI ®8B@d in
Japanese Lai d- Qpen Publication No. 11-311788. SUVWMARY OF THE | NVENTI ON

[ 0018] | npekrtierntingotdvec oaddi ticompabbledignaesdr i Hickin ameteriadn stigjuddt bé t he
present invention is to inprove the performance and increase the

producti vpeyfeimadl i ghud thybéasindi SRéagudbEt CEf OmahlifatypeihgChHotags a
high pretilt angle 8 14 JULY 2006 region (i.e., vertical alignnment region)

and a | owgpegki kbquired and decreasing the throughput.

[0017] Also, the present invention discovered and confirmed
via experiments that the method of forming a horizontal
alignment region by exposing a vertical alignment film to an

ultraviolet ray having a wavelength of 245 nm as disclosed in

Japanese Patent Application No. 2000-107910 created
instability in the orientation state (e.g., the magnitude of
the pretilt angle) of the horizontal alignment region. A

similar problem also happened even when a vertical alignment
film was exposed to a polarizing ultraviolet ray as disclosed

in Japanese Laid-Open Publication No. 11-311788.

SUMMARY OF THE INVENTION
{0018} In order to overcome the problems described above,
an object of the present invention is to improve the
performance and increase the productivity of a liquid crystal

display device of the type including a high pretilf angle



angle region (i.e., a horizontal alignnment region) such as the AN 28 oD
and t he HAN-node LCD descri bed above. [0019] Anot her object of the present
invention is to provide a material of a liquid crystal alignment filmthat
can bé used effectively to formthe high and low pretilt angle regions with
hi gh st abfegign ahd.effi ctearchicadndabhonognktcaleganenandade bdwspaletdlt
material. [0020] A preferred enbodi nent of the present invention provides

a, |liqui carglyest abgdlospl(ay. edevi @ehotieonit@li datigsiaht diespilom)) dewcke as
preferably includes two substrates, a liquid crystal layer that is

sandw cheghd b aibdd e tmOarsd et d at%-mod8dLEPOaakLanpBat abbl@s. Each of the
alignment filnms is preferably provided on one surface of associated one of

the substrates so as to face the liquid crystal layer. The quuid crystal
di spl ay |&He prefer def.i nes nmu e pi ctur el.enent.s

devico, dGRSP" o arfbh%llﬁe SR8 1 (ftnrrg:ﬁ’t Bt o VERIiap ndde 3P a

pol ymer materj al The mer_ mat er.i al freferably i.ncl udes a_pmin chain, an

atoni ¢ grRFYi&/i Agmats l’f& t1Rh ?s Hdaud& i veystati a\?d’f@ﬁmeé’fpofsje]d“t&hé‘ﬁ
actinic ray, and a side chain that is bonded to the main chain by way of
the at omiAryr Bep.uske pEEpREAVEAHt ek alf ol hthee hsigte endi nlaws preftédaply
able to give a pretilt angle of greater than 85 degrees but 90 degrees or 9
14 JULY Z00fld esedionlsi quidhcryisglal swaletlitg odndheefifiippiechay ysnal kayer.

optical element made of such a material.

[0020] A preferred embodiment of the present invention
provides a liquid crystal display device. The liquid crystal
display device preferably includes two substrates, a liquid
crystal layer that is sandwiched between the two substrates,
and two alignment films. Each of the alignment films is
preferably provided on one surface of associated one of the
substrates so as to face the 1liquid crystal 1layer. The
liguid crystal display device preferably defines multiple
picture elements. In this device, at least one of the two
alignment films is preferably made of a polymer material.
The polymer material preferably includes a main chain, an
atomic group having a bond that is selectively cut when
exposed to an actinic ray, and a side chain that is bonded to
the main chain by way of the atomic group. The polymer
material with the side chain is.preferably able to give a

pretilt angle of greater than 85 degrees but 90 degrees or



The polyner material without the side chain is preferably able #14JYLY&2086
pretilt angle of 2 degrees to 15 degrees to the liquid crystal nolecul es.
[0021] In one preferred enbodi ment of the present invention, at |east one
of the two alignment filnms preferably includes a |low pretilt angle region
that is ma@ssftd eiquid yeeys el eiolbdcwilddoof the 3dideiaherystahe layelreast
one alignnent filmmy further include.a high pretilt angle region that is

made of t e POpYIPherBiRitcHial t RitREudi AdCh8liBe [H022] ik t BrasBRBHIGU! ar
preferred enbodi nent, each of the two alignnent filnms may include the high

Pretit Pt {69420200 BN LAV ML bea0! £ g LULON ol N T o£83E 1LNE

liquid cryst pr ef y 1 ncludes; reglon, ted
bet ween t e hbgggfretilt aggle re%ions of the alignnment filns and in which
&ghi

the i qui Lo S ETPEs MO B -a bend orientation state while no

voltage is applied thereto; and a splay region, which is | ocated between
the low pretilt angle regions of the alignnment filnms and in which the
liquid cry¥2d]l nol edw esorghi lntefersdy embedimentn sefat e thehi | prasentl t age
is applied thereto. In this preferred enbodinent, the liquid crystal

di spl ay dewniven tdroef,erebl easionshectaf atltk sphayabpgnmaeéhdnfhymut prefenrgblhe
bend orientation state. A display node utilizing the bend orientation state
is 10 14 JHcYud@b arefsy arytantOGEBhgbse region that is made of the

polymer material without the side chain. The at least one
alignment film may further include .a high pretilt angle region

that is made of the polymer material with the side chain.

[0022] In this particular preferred embodiment, each of
the two alignment films may include the high pretilt angle
region and the low pretilt angle region. In that case, the
liquid crystal layer preferably includes: a bend region, which
is located between the high pretilt angle regions of the
alignment films and in which the 1liquid crystal molecules
exhibit a bend orientation state while no voltage is applied
thereto; and a splay region, which is located between the low
pretilt angle regions of the alignment films and in which the
liguid crystal molecules exhibit a splay orientation state
while no voltage is applied thereto. In this preferred
embodiment, the liquid crystal display device preferably
conducts a display operation by utilizing the bend orientation

state. A display mode utilizing the bend orientation state is

10



[0023] In an alternative preferred enbodi nent, one of the two d4iH4HAE2Q06
films may include the high pretilt angle region and the other alignnent
filmmy include the low pretilt angle region. In that case, the liquid
crystal l|ayer preferably includes a hybrid region, which is |ocated between
t he hi gh pragfkédanaypragt idOB addlee regi ons of the two alignnment filns and in
which the liquid crystal nolecules exhibit a hybrid orientation state. In
this preferred enbodinent, the liquid crystal display device preferably

conduct s&@()%spl ay lqpeélﬁt Eggerhg eHéye?Bgfed[ %%lellr@nstt | dnangEnghe

preferre odi nment ond o atom c group I's preferably cut when

350 nm M5 ST O, A Sl el Y DR ERBA Py AT e re Bl

falls within the wavel ength range of 350 nmto_|less than 400 nm [0025] In
this par@%ute 6F$F%?PQSQQWBB&|§é&F maKe 18CoHAE tHPodBWpPEEELLLI $1BAEI udes

at least one conpound that is selected fromthe group consisting of benzoyl
per oxi de reddomzoyl Iat Hgratandader i vide veiauhdr eavstpdo 25 lyewmoprhefeppbilgr r ed
enbodi ment of the present invention provides a nethod of fabricating a
l'iquid criystlaldek] d4hgbi-¥d2@egidnsplviiateviselbbatedndetsesrt wheubdghat es,
aliquid crystal layer that is sandw ched between the two substrates and
two and low pretilt angle regions of the two alignment films and

in which the 1liquid crystal molecules exhibit a hybrid

orientation state. In this preferred embodiment, the liquid

crystal display device preferably conducts a display operation

in an HAN mode.

[0024] In still another preferred embodiment, the bond of
the atomic group is preferably cut when exposed to a radiation
that falls within the wavelength range of 300 nm to 450 nm.
More preferably, the bond is cut when exposed to a radiation
that falls within the wavelength range of 350 nm to less than

400 nm.

[0025] In this particular preferred embodiment, the atomic
group preferably includes at least one compound that is
selected from the group consisting of benzoyl peroxide,

benzoyl ether and derivatives thereof.

[0026] Another preferred embodiment of the present

invention provides a method of fabricating a liquid crystal

11



alignnent films, each of which is provided on one surface of as44dualveadoéne
of the substrates so as to face the liquid crystal layer. The liquid
crystal display device preferably defines nultiple picture elenments.. The
met hod preferably includes the steps of preparing the two substrates and
form ng atdilspaaty dewicl tthat Viovdludpsrenio fsubstxdtes poayitguidateysahlon
the surface of at |east one of the two substrates. The pol yner materi al

pref er abl W dyieg! udes: ai sMEAndwhahBd e taled Crigs OtPo haubrd ra tendakdatwbs
selectively cut when exposed to an actinic ray, and a side chain that is

bonded to ghgnimRing Gy Pty §& HREcA! 991 pr8L9HRa Bhe ow'yﬁ@faﬁg; &gi al

with the sidé chain preferably gives a pretilt angle of greater t 5
degrees but 90.degrees or _less to ]iquid crystal | ecul es qf the_ liquid
Crostal | ApepeiSERES R0 trer SBPS AT PR T neF udss FRESs R shauiflosi ng
at least one region of the alignment filmto the actinic ray, therebﬁ
cutting tfEYS4Rd dAYERe atgﬁq;iﬁQHﬂﬂ(ﬁrX%ﬁ§Hxﬂﬁﬁﬂ%aYrﬁﬁ%&?%JP¥%f?ﬁ§b ) 4

| east one region and renoving the side chain, and formng the liquid
crystal | &pdrinelsatmahtipbes pildtqaried edpmealtsnol edleesmebheldi chrafprablyt
angle of 2 degrees to 15 degrees has been given by the at | east one region
of the al iigemedesfithe [ 902p% |ofonerepetengedtieerbodvdrendupstibeepr esedt 12
14 JULY 2006 invention, the exposing step preferably includes the step of
forming at least one of the two alignment films of a polymer
material on the surface of at 1least one of the two
substrates. The polymer material preferably includes a main
chain, an atomic group having a bond that is selectively cut
when exposed to an actinic ray, and a side chain that 1is
bonded to the main chain by way of the atomic group. The
polymer material with the side chain preferably gives a
pretilt angle of greater than 85 degrees but 90 degrees or
less to liguid crystal molecules of the ligquid crystal layer.
The method preferably further includes the steps of exposing
at least one region of the alignment film to the actinic ray,
thereby cutting the bond of the atomic group of the polymer
material in the at least one region and removing the side
chain, and forming the 1ligquid crystal layer that includes
liquid crystal molecules to which a pretilt angle of 2

degrees to 15 degrees has been given by the at least one

region of the alignment film.

[0027] In one preferred embodiment of the present



exposi ng sel ected regions of the alignment film which are to da#iibYi3006
multiple picture elenents, to the actinic ray. The step of formng the
liquid crystal |ayer preferably includes the step of formng the |iquid
crystal layer that includes Iliquid crystal nolecules to which a pretilt
angl e of dnwgmdionhdihesexpesing HhepoDrdégrebiyodncdydesadhseesitep veh by
the other non-selected regions of the alignnent filmthat have not been
exposed t expbaiagt iseilectay. rie@d28k lof ahet heelri qumesingr rieidinerbddictenaref tohe
present invention, the exposing step preferably includes the step of

exposi ng yheiale Bashu@BepledpBthifedelafbdts ONtbhthel @bt snitd £+4y N thge
wavel ength range of 300 nmto 450 nm More preferably, the exposing step

i ncl udes st ' : hes at o] [ di af.i hat
ol o wi t ArEPe e SmERhRY, 130618, crEtha Ae Bl P e A 885817
still another preferped enhodi ment, .the.atom.c ro referably includes at
| east oneEES R ?%a?OFElngeFQ& ed AN (HES pfg%% i§$ﬁ%g'%ﬁcg%%§%yl
per oxi de, . benzoyl ether and derivatives thereof. [0030] Still_ another

pref err ed1éAddi FENEtaL Medeprdsenito Wit i anPpebiildesngdeo®s caFeatefent .
The optical elenent preferably includes two alignnent filnms and a

bi refri ngghee 8&iedegmndesydutt A degxeesiwrhidsbehaseheehne giwerlbynbleet 13

14 JULY 2006 films. In the optical elenent, the birefringence nedi um
other non-selected regions of the alignment film that have

not been exposed to the actinic ray.

[0028] In another preferred embodiment . of the present
invention, the exposing step preferably includes the step of
exposing the at least one region to a radiation that falls
within the wavelength range of 300 nm to 450 nm. More
preferably, the exposing step includes the step of exposing
the at least one region to a radiation that falls within the

wavelength range of 350 nm to less than 400 nm.

[0029] In still another preferred embodiment, the atomic
group preferably includes at 1least one compound that is
selected from the group consisting of benzoyl peroxide,

benzoyl ether and derivatives thereof.

[0030] Still another preferred embodiment of the present
invention provides an optical element. The optical element
preferably includes two alignment films and a birefringence

medium layer that 1is sandwiched between the two alignment

13



| ayer preferably includes liquid crystal nolecules of which thelédUbNi28060n
state is regulated by the two alignnent filns. At |east one of the two
alignnment filnms is preferably made of a polyner naterial. The pol yner
material preferably includes a main chain, an atom c group having a bond
that is &£&lmestivelp cthewmmtimglosedemonsn athé nitci refringehee simgliughai n
that is bonded to the main chain by way of the atom c group. The pol yner
mat eri al Yayért peesedtabalaiihdudgy el egabdy caplsealo g Mgy eb |l twhanrgl e of
greater than 85 degrees but 90 degrees or less to the liquid crystal

mol ecul esyhd &, PRIWER 1 JRT @ftiadle WikhoBEghhgtehdenrFhatme | Swdr @hE g%me)ﬁtabl e
to give a pretilt angle of 2 degrees to 15 degrees to the liquid crystal

mol ecul esg Oﬁ?%’ﬁé] th“18 St POEL LOF &8”@88“ Q‘EEEPx‘RfenEh‘E %Ssﬁgt rlep¥ ‘3%{%33)“

| east one gnnent s pref era I'nc Pow pre
angl e reg|o$ gt S made of the ol rlal Wi t hout _t he side_chain.

'
The at | €83%€ agPCdAHETT MAYSH1 fu? €F‘ue’?o ?Edg‘agemaﬁ Predie@bdngl e

region that is made of the polynmer material with the side chain. [t0032] In

thi s partieeledeprafBairdcbabbdi FBnAtofdEh BFOUR HAYIRY a i BAREBNTEDRAL AS nay

i nclude the high pretilt angle region and the low pretilt angle region. In

t hat caseselémtibelef cutigemen nexposedayer ar ederibiy Ayl udesl aaf isiste

region 14 14 JULY 2006 that is |ocated between the high pretilt angle

regi ons ofhafe that is bonded to the main chain by way of the atomic
group. The polymer material with the side chain 1is
preferably able to give a pretilt angle of greater than 85
degrees but 90 degrees or 1less to the 1ligquid crystal
molecules. The polymer material without the side chain is

preferably able to give a pretilt angle of 2 degrees to 15

degrees to the liqﬁid crystal molecules.

[0031] In one preferred embodiment of the present
invention, at least one of the two alignment films preferably
includes a low pretilt angle region that is made of the
polymer material without the side chain. The at least one
alignment film may further include a high pretilt angle region

that is made of the polymer material with the side chain.

[0032] In this particular preferred embodiment, each of
the two alignment films may include the high pretilt angle
region and the low pretilt angle region. In that case, the

birefringence medium layer preferably includes a first region

14



alignment filnms and a second region that is |ocated between the14aULYr2006| t
angle regions of the alignnent filns. The first and second regions
preferably have nutually different retardations. [0033] Yet another
preferred enbodi nent of the present invention provides a nethod of making

an opticakngkerBntiocchdead beekedas thwo nalghg it ldigrndreyiunLidd nagace
medi um | ayer that is sandw ched between the two alignnent fi I nms. The

met hod pr%?ﬁpﬁplla}{ ' '"ﬁ'l\'ﬁ@esax{ci‘e Sts%?:ofnti '[Iﬁéeﬂp fhat €33! 1 e‘?er a%éfw

al i gnnent ymer materia ymer materi a pr

I ncl udes mai.n _chain n atomc graqu I n ond t hat sel ect er
cut when gyﬁos]é)dvt%r%%lf%cﬂ]ﬁ% r‘%&g dglr?d %‘I g& a?laJ[ 6{-[ 1JE 'B%nded'i' 8% the
main chain b y of the_atom c group The materlal with the side
chai n pr e\féFéél y’”’gﬂ Ve_CeNGhy é"?BIanﬁnéPIéeﬁﬁrad?Jéét é?"et et ued 1de f Beke Rt 90
degrees or less to liquid crystal nolecules of the birefringence nedi um

| ayer. Thaeterflatiopseferably further includes the step of exposing at |east
one region of the alignnment filmto the actinic ray, thereby cutting the
bond of the atomic group of the polyner material in the at |east one region

and renoviggaf he Si dgtchaidendhe pritdiaddr ehpcalierflr bRer hacl pdesethe

step of formng the birefringence nediumlayer that includes liquid crystal

gglogcu' €S ;L 0ePish) Aroveiistadfgtfiodl of HERIGRS AP Jpt HSHN &ffemeh i Y

includes two alignment films and a birefringence medium 1ayer-
that is sandwiched between the two alignment films. The
method preferably includes the step of forming at least one
of the two alignment films of a polymer material. The polymer
material preferably includes a main chain, an atomic group
having a bond that is selectively cut when exposed to an
actinic ray, and a side chain that is bonded to the main
chain by way of the atomic group. The polymer material with
the side chain preferably gives a pretilt angle of greater
than 85 degrees but 90 degrees or less to 1liquid crystal
molecules of the birefringence medium layer. The method
preferably further includés the step of exposing at least one
region of the alignment film to the actinic ray, thereby
cutting the bond of the atomic group of the polymer material
in the at least one region and removing the side chain. The
method preferably further includes the step of forming the
birefringence medium layer that includes 1liquid crystal

molecules to which a pretilt angle of 2 degrees to 15 degrees

15



has been given by the at |east one region of the alignnment film 440RAAL 2dd%
one preferred enbodi nent of the present invention, the exposing step
preferably includes the step of exposing selected regions of the alignnent
filmto the actinic ray. The step of form ng the birefringence medi um | ayer

preferably j S st g th r ence d t hat
i ncl udes I)hlqsnu::tL %‘r?yglt;L ?nmﬂ ﬂ? }Eol |tt E‘O,Pé Eééi{}l? g% Ié{%f hy%g@é{rﬂthan
85 degree%13ﬁ$ 90 degrees or Iess has been glven by the other non-sel ected
regi ons o alignment filmthat have not been exposed to the actinic
ray. [0035] In another preferred enmbodi ment of the present invention, the
exposing step preferably includes the step of exposing the at |east one
regi on tol@034hdi ati dm t hanef alpefesingd n embodamehengtdf r athe of p8ESemin t 0
450 nm Mre preferably, the exposing step includes the step of exposing
the at | edsivemrtd aregitde t expos iy astep phaferablly Jnicludeshethenasedengt h
range of 350 nmto less than 400 nm [0036] In still another preferred

enbodi nentex gbae_n@t QBN ectaBo¥BgRbRECHADENe | AEh YHRSN AL £1 8BRSt 0B CABPONNE t hat
is selected fromthe group consisting of benzoyl peroxide, benzoyl ether

and der| V VeS ta@ﬁ% %%ep[ 098 7le ¥l _gﬂgr &{P%ﬂ{x’?%r?é@ ﬂe@ﬁ% oh 2L 0f

present 1 4 JUL 0 nventlon provi des errda rqurd cr st al
aIIganentpreferably includes the step of forming the birefringence
medium layer that includes liquid crystal molecules to which
a pretilt angle of greater than 85 degrees but 90 degrees or

less has been given by the other non-selected regions of the

alignment film that have not been exposed to the actinic ray.

[0035] In another preferred embodiment of the present
invention, the exposing step preferably includes the step of
exposing the at least one region to a radiation that falls
within the wavelength range of 300 nm to 450 nm. More
preferably, the exposing step includes the step of exposing
the at least one region to a radiation that falls within the

wavelength range of 350 nm to less than 400 nm.

[0036] In still another preferred embodiment, the atomic
group preferably includes at 1least one compound that is
selected from the group consisting of benzoyl peroxide,

benzoyl ether and derivatives thereof.

[0037] Yet another preferred embodiment of the present
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film The material is preferably made of a polynmer material that4igullyzons a
mai n chain, an atom c group having a bond that is selectively cut when
exposed to an actinic ray, and a side chain that is bonded to the nain
chain by way of the atomc group. The polyner nmaterial with the side chain

i s prefernallonalire oo ass aaphﬁttblrhain@fe &f 1Qﬁﬁ§bercﬁM185alﬁ§%§§§ but
90 degrees or less to liquid crystal nol ecul es. The po ynmer materi al

wi t hout t de [ fera tg

degr ees tgﬁf@ deg@g%sﬂ?{grf%f fé gkéf&g}p}{é?& ecu es. ﬁﬂ)%'é%’]a %L?eg%% her
preferred odj nept . of the 6fpreselpl |nvent|on rovi des aﬁot her materlgtl of
aliquid & al PCHIEGRNENME T nFhEHB - N FEPMEE [ FEONR BRVIRAEdE of©
polymer material that includes a main chain, an atomc group having a bond
that is séhadt ihvelsplaatiredy efosden expesad itn @n Bctinde za%i denéhai n
that is bonded to the main chain by way of the atom c group. The atom c
group prefsddabl ghaiw| ttles dts baaddéd one ddvepouaint khikins el wayyedf rome t he
group consisting of benzoyl peroxide, benzoyl ether and derivatives

thereof. RH3G3dk QF&lp [ eatieeSpo By REENnStePiOLESERS BHEPSideC tMaAGE e1éSti CS

and advantages of the present |nvent|on wi Il becone nore apparent fromthe
fol | ow ng ‘}%tf%'xja%‘i eS0Td PEH0Bival Preferied grad npat grgétwe s e
i nvention W|t 4 JULY 2006 reference to the~attache raw ngs.

degrees but 90 degrees or less to liquid crystal molecules.
The polymer material without the side chain is preferably
able to give a pretilt angle of 2 degrees to 15 degrees to

the liquid crystal molecules.

[0038] Yet another preferred embodiment of the present
invention provides another material of a 1ligquid crystal
alignment f£ilm. The material is preferably made of a polymer
material that includes a main chain, an atomic group having a
bond that is selectively cut when exposed to an actinic ray,
and a side chain that is bonded to the main chain by way of
the atomic group. The atomic group preferably includes at
least one compound that is selected from the group consisting

of benzoyl peroxide, benzoyl ether and derivatives thereof.

[0039] Other features, elements, processes, steps,
characteristics and advantages of the present invention will
become more apparent from the following detailed description

of preferred embodiments of the present invention with
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0040] FIG 1 schematically il H4gULXt2086
the structure of an alignnent filmmaterial for use in a preferred

enbodi ment of the present invention. [0041] FIG 2 is a graph showi ng the
absorption spectrum of a polyimde-based alignnent filmmaterial having
hori zont alre@kirghaent opibpe bititasheld0M4alvinkge. 3 is a cross-sectional view

schematically illustrating the structure of an OCB-nobde LCD 100 according
to a preferred enbodi nent of the present invention. [0043] FIG 4 is a plan
view schematically illustrating a configuration for a photomask for use to

fabricate the OCB- nobde LCD 100 shown in FIG 3. [0044] FIG 5 is a graph
showi ng the dependence of the pretilt angl e on the radiation energy of a
deep W ray for a conventional vertic al i %nment film [0045] FIG 6

schematically illustrat BglﬁEmPFﬁgRgPF&Qf‘UPE ntional verti cal

alignment filmand the orientation state of I i qui d crystal nol ecul es change
upon the [MdBbsure F3Ga deepchimabycallylq Us¥r20es [Ugd6]stENGSUreA aind 7B
schematically illustrate how liquid crystal nolecules are oriented in an
OCB- node h@6Dalliignmemd fidint agetesiappfordusberiat @ prkfidniesl aembddageniof Ver
or nore is applied thereto, respectively.

of the present invention.

[0041] FIG. 2 is a graph showing the absorption spectrum

of a polyimide-based alignment film material having

horizontal alignment properties.

[0042] FIG. 3 1is a cross-sectional view schematically
illustrating the structure of an OCB-mode LCD 100 according

to a preferred embodiment of the present invention.

[0043] FIG. 4 is a plan view schematically illustrating a
configuration for a photomask for use to fabricate the OCB-

mode LCD 100 shown in FIG. 3.

[0044] FIG. 5 is a graph showing the dependence of the
pretilt angle on the radiation energy of a deep UV ray for a

conventional vertical alignment f£ilm.

[0045] FIG. 6 schematically illustrates how the structure
of the conventional vertical alignment film and the
orientation state of liquid crystal molecules change upon the

exposure to a deep UV ray.

18



[0047] FIG 8 schematically illustrates how liquid crystal nol eciftd¥L¥ 2006
oriented in an HAN-node LCD. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS -
[ 0048] The present inventors acquired the basic idea of the present

i nvention by observing how the structure and alignnent properties of an

al i gnnment [00HbIn chan§&GSupdA Eemd 78k poshematticalvactihistrate H@d49iquid
Specifically, when a conventional vertical alignnent filmis exposed to a
deep UV rayysthz siodectheisnsard hertehtkdviing aer OCBamodel ghOBniwhirlepaid i es
are broken and the main chain thereof having horizontal alignnment

propertiegoltagal $8 dppraed theeeeby aalanding bhecAttaye! Wee Vir td¥ more
alignnment filmsignificantly. As a result, the horizontal alignnent

propert i e353658¢RhOUALY e S,tg'él%?gct':igrel?fa”pl e, the pretilt angle
someti mes” canhot ~be controll'ed abcurat el anynore and nay decrease to |ess
than 2 degrees. Consequently, in that case, the voltage at which the

orientation state of the ligquid crystal nolecul es changes and the anmount of
time 19 1W040 y 20081f0r 8ngchgraddciald Yo Hardgs thed efo hshgetawhi ¢erstst e or
the orientation state of sone liquid crystal nolecules at one |ocation may
be differbplecudnstare oFienked LngandHaNy®ede LGBl-ecul es at anot her

| ocation. [0050] In contrast, a liquid crystal alignment film naterial
according to a preferred enbodi ment of the present

DETAiLED DESCRIPTION OF PREFERRED EMBODIMENTS
[0048] The present inventors acquired the basic idea of
the present invention by observing how the structure and
alignment properties of an alignment film changed upon the

exposure to an actinic ray.

[0049] Specifically, when a conventional vertical
alignment film is exposed to a deep UV ray, the side chains
thereof having vertical alignment properties are broken and
the main chain thereof having horizontal alignment properties
is also damaged, thereby changing the structure of the
alignment film significantly. As a result, the horizontal
alignment properties are seriously disturbed. For example,
the pretilt angle sometimes cannot be controlled accurately
anymore and may decrease to less than 2 degrees.  Consequently,
in that case, the voltage at which the orientation state of

the 1liquid crystal molecules changes and the amount of time
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invention is a polynmer material 1 having a structure such as tha4 JULY 2006
schematically shown in FIG 1. [0051] As shown in FIG 1, the polyner
material 1 includes a main chain 2, atom c groups 3 each having a bond that
is selectively cut when exposed to an actinic ray, and side chains 4 that

ar e bondegot 0 nalkg nRisudhaa N chabyeWwear&f nbha ondfedM €ogttvPhasle The aftm C
groups 3 will be herein sonetines referred to as "spacers" and the bonds of

the spaceps;dhthtPsn %N SPMRIIMES 1660SH" ey O &5 MORRCEN RONGS" -0 H052]
The main chain 2 has a property of aligning liquid crystal nolecules

hori zont a n have S skel et (e, 9. yi. m skel et.on and
pol yvi nyl }Lé%{%g or ;T%é ?epo(#{;gnfeerlaenlﬁtat gl‘r??lﬁl %?' ﬁléct ol% ?ngg a% 159390%%#&&}'12%,[ al
alignment pmaterial. The side chains 4 have a property of aligning the
liquid crPetefukes dtluldethss iledatytohd may be the side chains (e.g., alkyl
chains or alkyl chains replaced with fluorine) of a polynmer material that
Is used as a known vertical alignment nmaterial. The polyner material 1 with
the 20 14[0080]Y 2006Iisi deonhaans,4 @n hhisywidr opeysyadf giligngeatpr efiillnt
angle of greater than 85 degrees but 90 degrees or less to the liquid
crystal nmaeetl£B. a€botengt her dapdefbheeolepibRidimener ief thewpgdeséntt he
side chains 4 has a property of giving a pretilt angle of 2 degrees to 15
degrees tonddrldfiuig &7 ¥8hgher™Ma8eHi83: 1 having a structure such as

that schematically shown in FIG. 1.

[0051] As shown in FIG. 1, the polymer material 1 includes
a main chain 2, atomic groups 3 each having a bond that is
selectively cut when exposed to an actinic ray, and side
chains 4 that are bonded to the main chain 2 by way of the
atomic groups 3. The atomic groups 3 will be herein sometimes
referred to as “"spacers” and the bonds 6f the spacers will be

herein sometimes referred to as "spacer bonds”.

[0052] The main chain 2 has a property of aligning liquid
crystal molecules horizontally and may have the same skeleton
(e.g., polyimide skeleton and polyvinyl alcohol) as a polymer
material that is wused as a known horizontal alignment
material. The side chains 4 have a property of aligning the
liquid crystal molecules vertically and may. be the side
chains (e.g., alkyl chains or alkyl chains replaced with
fluorine) of a polymer material that is used as a known

vertical alignment material. The polymer material 1 with the
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[ 0053] By exposing the polyner material 1 to an actinic ray, thea4sjuiye2006
bonds can be selectively cut and the side <chains 4 can be separated from
the main chain 2. As used herein, the "selectively" cut spacer bonds nean
the spacer bonds that are cut "selectively” with respect to the bonds that

consti t ut g jtdae JiRliksChAl 8h 202 EVENPibpBRtyOBIEY (fik8 ngS RAGSFe ONASayte abEO

sone of the bonds of the side chains™4 are cut updn the exposure to an

actinic r he I ial still n_gi redet er.m n retilt
angle to %%ﬁgttlefqt%%g%%%té;%%{) sec%‘fltesggn 8§ge?%e%§oﬁl§%% gcc u'E ed ?gq‘?ﬁ‘g
main chain 2 are cut. Thus, ng instability wil| be created in the

ori ent at | GFISEAYe MORESIIEa54 M TPE AR MAP Lt RIMYTRT (TRLF Akt

i nvention, the spacer bonds of the polyner naterial are selectively cut by
exposi ng WAdheutethgl sidlearchaiishi4 hay. aAprepgatyvelfy giviewt arrrdbidtal
reaction may also be utilized instead of the exposure to the actinic ray.
However, whgleanofict2 nidegraes stouskdl, dégreesadicer the skliguidvetyyseqphr at e
and renmove the 21 14 JULY 2006 side chains 4 of the polyner material 1 from
a particufpiecpeekion of the alignnent filmon the substrate as conpared
with the nmethod of utilizing heat or chem cal reaction. Thus, the nethod of
this preferred enbodi nent can increase the throughput of liquid crystal

di spl v OfyissPS advagt ageouslyy LAY fnRr 2n3POSal "G APSOLR!I QLRS! T UM
ray, the spacer bonds can be selectively cut and the side
chains 4 can‘be separated from the main chain 2. As used
herein, the "selectively” cut spacer bonds mean the spacer
bonds that are cut “selectively” with respect to the bonds
that constitute the main chain 2. Even if not only the
spacer bonds but also some of the bonds of the side chains 4
are cut upon the exposure to an actinic ray, the polymer
material 1 still can give a predetermined pretilt angle to
the liquid crystal molecules unless the bonds included in the

main chain 2 are cut. Thus, no instability will be created in

the orientation properties.

[0054] In a preferred embodiment of the present invention,
the spacer bonds of the polymer material are selectively cut
by exposing the material to an actinic ray. Alternatively,
heat or chemical reaction may also be utilized instead of the
exposure to the actinic ray. However, when an actinic ray is

used, it is easier to selectively separate and remove the
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a material for a conventional horizontal alignment film As can18eUi¥e2006
fromthis spectrum the absorption of a radiation into polyimde is very
weak in a wavel ength range exceeding 300 nm That is to say, polyimde is
transparent and chemcally stable with respect to a radiation that falls
within theidevatleaid range ohe3@d1id0 Mabennal AQcoftbmglay, patfidlear
spacers 3 used include spacer bonds that are cut when exposed to a

radi ati onpbpatohaldss ¥héhhdibhgewrved £19t Bnl 313 s@hsBPLLEMAO dRpdwaqgt hen
t he spacer bonds can be dissociated selectively. Also, to achieve

sufficient;tgl ltﬁ%i l‘r{(jattYlofclO%F;gi%lilri%gwg "ihrétata!o'ﬁg%%héail' Peddie Gl | gf‘ﬁg]?% film

shoul d pre%erab e as s I ze S possible wth respect to vis
radiation, . Also, tgQ reduce.the da e that coul d be done on the mai

Chai n. | tnEnsorTatRof P Endhig pPEERPLERY (RN | ARy CHCEEBRPerdiYy. | n
view of these considerations, the actinic ray to be used is preferably a
radi at i ontPRABIPRMEs ofj LAANigheryaaad| EhgPhay aAgBiees380vaRtagePBS4sYt han 400

nm That is to say, the spacer bonds are preferably cut selectively when
exposed to a radiation that falls within this range and yet 77 14 JULY 2006

not cut WOBSSEXpose@Ito gi showe tREi abkoepfpthan $péderivht &f Npolyemi@nges of
400 nmto 800 nm Exanples of preferred spacers of this type include a

benzoyl pgar axitdeianouR el GoPRWOYIna Bt REFigbRtP1 AitghmahtVeliim.a aAs
derivative of benzoyl peroxide or a derivative of benzoyl ether nmay al so be

used. can be seen from this spectrum, the absorption of a radiation

into polyimide is very weak in a wavelength range exceeding
300 nm. That is to say, polyimide is transparent and
chemically stable with respect to a radiation that falls
within the wavelength range of 300 nm to 450 nm. Accordingly,
if the spacers 3 used include spacer bonds that are cut when
exposed to a radiation that falls within the wavelength range
of 300 nm to 450 nm, then the spacer bonds can be dissociated
sélectively. Also, to achieve sufficient reliability for the
resultant alignment film, the alignment film should preferably
be as stabilized as possible with respect to visible radiation.
Also, to reduce the damage that could be done on the main
chain, the actinic ray should prefergbly be a radiation with
low energy. In view of these considerations, the actinic ray
to be used is preferably a radiation that falls within the
wavelength range of 350 nm to less than 400 nm. That is to
say, the spacer bonds are preferably cut selectively when

exposed to a radiation that falls within this range and yet

NS}
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[0056] In a preferred enbodi ment of the present invention, the dWiJgpLye2006
filmmy be formed of the liquid crystal alignnent filmmaterial described
above through the known process that is carried out on the conventi onal
alignment filmmaterial. For exanple, the liquid crystal alignment film

materi al mey beatpphé®derpodedoltidt iwis ke th@istbshr ahat afwhidewiskbhected
to a desired heat treatnent process so as to forman alignnent film Wen

the alignigpt fanlg® &t Qlipalnm RS P M Eeadked £10h. pReEBLFEBPLBRLE £
pol yi m de may be™ used as the material. Alternatively, a polyamc acid,

which 1is r o] | m.d b ' t sub and
t hen chané)gdg'lrhﬁtc% %’gé"yi %nggél#]péug en%&a’?p éf%%f%eﬁ?gg})o%ggs.y[gééﬁyk
predeterm ned regi on of the alignnment filmthat . has ﬁeen obtained in_.this
manner i s ®&REEsEFVB-a AddieatAin velKar & A9 KRS ThePRGRY enBERO¥H e
speci fied above, thereby selectively cutting the spacer bonds. Thereafter,
the alig®¥edt deriwpfhye bef cherzeyl v ther By akgo Berussdnpl e, thereby
renovi ng the side chains that have been cut fromthe 23 14 JULY 2006 main
chain. If necessary, the alignment filmmay be further dried to elimnate

the sol veqgos6] 0058] rhn at birererrear emdodaweptebifl tthNPradagt oinveémtiow) ch a

pretilt angle of 2 degrees to 15 degrees is given to the liquid crystal

nol ecul esthles deihAREntN £iDhedeler BeGormed of the 1liquid crystal
alignment £film material described above through the known
process that ‘is carried out on the conventional alignment
film material. For example, the 1liquid crystal alignment
film material may be applied as a solution onto the substrate
and then subjected to a desired heat treatment process so as
to form an alignment film. When the alignment film material
has a polyimide skeleton, a thermoplastic polyimide may be
used as the material. Alternatively, a polyamic acid, which
is a precursor of polyimide, may be applied onto the

substrate and then changed into polyimide through a heat

treatment process.

[0057] A predetermined region of the alignment £film that
has been obtained in this manner is exposed to a radiation
that falls within the wavelength range specified above,
thereby selectively cutting the spacer bonds. Thereafter, the
alignment film may be cleaned with a solvent, for example,

thereby removing the side chains that have been cut from the



region of the alignment film In this low pretilt angle regi on14fJULlYe2006
alignment film the main chain of the alignnment filmmaterial has not been
damaged by the exposure to the actinic ray. Thus, the main chain of the
alignment film material can exhibit its original alignnment properties. As a

result, imaifechawnpr etrifl heatgkarkegitdie Qf1ilditmedid gPiERt mbi/l Be fii@her
predeterm ned pretilt angle is given to the liquid crystal nolecules in a

st abi || zegr-@ANES - e Pmihet Ot e H@D¢ent ! he remmi ning regi on of the alignnent
filmthat has not been exposed to the actinic ray becones a high pretilt

angle region in which a pretilt angle of greater than 85 degrees but 90
degrees or ss is given to the liquid crystal nolecules. [0059] If _the
90885 " 1 T oPhe

liquid c | al i ghtedt?iSi | BRRREEri & 198 cPFBEd AboIRITE tﬁﬁﬂﬁJQmw &RB- node
LCD 100 such as that shown in FIG 3 may be fabricated. [0060] As shown in
FIG 3, twelcler 1pvethtt uglegle wet 3ubsOr&ess trod artPaoRes alfi givanciygst al
| ayer 12 that is sandw ched between the substrates 10a and 10b, and two 24
14 JULY 2006 aligghdectybithis mblecaddesllibis héeftmedpdavialegredetkhemineidde
surfaces of the substrates 10a and 10b, respectively, so as to face the
| i qui d crysdodn | ay¥ertie?. aThgnhet 1660 Xef | nesn mtthtiispl Bowpipatatricl el angnes. A
portion of the LCD 100 corresponding to just one of the picture elenents is
schemat i Gadddon | d#ISti@t£0ignment £ilm, the main chain of the alignment
film material has not been damaged by the exposure to the
actinic ray. Thus, the main chain of the alignment £film
material can exhibit its original alignment properties. As a
result, in the low pretilt angle region of the alignment film,
the predetermined pretilt angle 1is given to the 1liquid
crystal molecules in a stabilized manner. On the other hand,
the remaining region of the alignment film that has not been
exposed to the actinic ray becomes a high pretilt angle
region in which a pretilt angle of greater than 85 degrees

but 90 degrees or less 1is given to the 1liquid crystal

molecules.

[0059] If the 1liquid crystal alignment film material
described above 1is used, an OCB-mode LCD 100 such as that

shown in FIG. 3 may be fabricated.

[0060] As shown in FIG. 3, the LCD 100 includes two
substrates 10a and 10b, a liquid crystal layer 12 that is

sandwiched between the substrates 10a and 10b, and two
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in FIG 3. The substrates 10a and 10b may be known color filter 13UQgyrz006s
or active-matrix substrates, for exanple. Al though not shown in FIG 3,
t hese substrates 10a and 10b may i nclude el ectrodes for applying a voltage
to the liquid crystal layer 12, interconnection lines for supplying the

vol tage t QitiR@nRIrACt# OARS, 188 el NA ! @Bt SreUph o bR TSP th Mosignd a
color filter Tayer for use in a color display operation if necessary.

[0061) Ea f¥54§336¥ E%%”%%%slkkgﬁﬁllﬁaagﬂdbhBbi5r2§98c9§ve&9€ B8'Xge%o.

mat eri al described above that 1n dés a nmain Charn; atom c” groups havi ng
bonds that_are selectively cut _when expgsed to_an actinic.ray, and side
chai ns t h3AcH dPedidBd & STURETarAYeRal A - by eyl 10ReASESRFE BROBABLS AS
shown in FIG 3, each alignnment' film1la or 11b includes a low pretilt
angl e regipdeture teiameand syaded oPorhéopoPyndhendt@ i 0 oprhespPorAingi tie
chains and a high pretilt angle region 11H that is nmade of the pol yner
mat eri al ustt tdwee fdetlhapihsture ekerodntowi prechémathgaklyedildnsttated
provi ded for associated one of the picture elenents. On the other hand,

each highinpreté| t 3angl ené e@gudtiiiess WOVaA@d 10W Shae 8k ikfowdssesiated 25
14 JULY 2006 picture elenent, e.g., so as to surround the low pretilt angle

regi on 1lles1kQ062buJber ROLY MBE MR EHfAInd ik N eshBYL PAEEL, ! A0 ExaRfBbON 1L
gives a pretilt angle B L of 2 degrees to 15
Although not shown in FIG. 3, these substrates 10a and 10b may
include electrodes for applying a voltage to the 1liquid
crystal 1layer 12, interconnection 1lines for supplying the
voltage to the electrodes, switching elements such as TFTs or

MIMs, and a color filter layer for use in a color display

operation if necessary.

[0061] Each of the alignment films 1la and 11b is made of
the polymer material described above that includes a main
chain, atomic groups having bonds that are selectively cut
when exposed to an actinic ray, and side chains that are
bonded to the main chain by way of the atomic groups. As
shown in FIG. 3, each alignment film 1la or 11b includes a low
pretilt angle region 11L that is made of the polymer material
without the side chains and a high pretilt angle region 11H
that is made of the polymer material with the side chains on.
Each low pretilt angle region 11lL is provided for associated
one of the picture elements. On the other hand, each high

pretilt angle region 11H is provided outside of its associated
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degrees to the liquid crystal nolecules 12a. On the other hand, 14@uyodooger
material in the high pretilt angle region 11H gives a pretilt angle B H of
greater than 85 degrees but 90 degrees or less to the liquid crystal-

nol ecul es 12a. [0063] The pretilt direction that is defined by the

align”e”tgﬁbltﬁkézléléﬂénEhe| Qui &, Lyt ! s BPLEGH Sthd 2oy Sordhify PalR RS that

defined by the alignnent filmlilb for t quid crysta

That is to sa ? gonngeneous alignment state is created. The pretilt

di recti on™Fg* égf h%d by a rubbing treatment, for exanple. Accordingly, by
bonding the substrates 10a and 10b together so that their rubbing
directions are parallel to each other, a honpgeneous cell can be forned.
The subst [09685 10a &he 1pblymeralmatéobalkd in oddteherloyd tirgtilfe Hingle
pretilt angle regions 11H of the alignnment filns 1la and 11b face each

ot her andrebabnt hai oyivpeetd | prenghie re&ggdeas ATl of the dalgrgementofilss 1lla
and 11b also face each other. [0064] Wile no voltage is being applied to

the i qui degEé_}éfét ao | eyer 11guilihedylsdtaind mid Msdile 1701 26 U1 esord 2@neWd e Ar e
| ocated in first reglon 12H of the liquid crystal layer 12 26 14 JULY 2006

bet ween tﬂ?nﬁ' 9'%h%r a}%ryst%éﬁ&}i)”;s. 13He %@hb' ﬁt?fgdan?;rl' N4 D

st at e, e the ecu es 12a, are loCated 1h a

second re n 2L of the liquid _cr | | ayer 12 bet ween the | ow retllt
angl e reg?{')ﬁ 1 ES a pretilt angle yé%‘ 01; reater than 85 deg reesp

90 degrees or less to the liquid crystal molecules 12a.

[0063] The pretilt direction thét is defined by the
alignment film 1la for the 1liquid crystal molecules 1l2a is
the same as that defined by the alignment film 11b for the
liguid crystal molecules 12a. That is to say, a homogeneous
alignment state is created. The pretilt direction is defined
by a rubbing treatment, for example. Accordingly, by bonding
the substrates 10a and 10b together so that their rubbing
directions are parallel to each other, a homogeneous cell can
be formed. The substrates 10a and 10b are also bonded
together so that the high pretilt angle regions 11H of the
alignment films lla and 11b face each other and that the low
pretilt angle regions 11lL of the alignment films 1lla and 11b

also face each other.

[0064) While no voltage is being applied to the liquid
crystal layer 12, the liquid crystal molecules 1l2a, which are

located in a first region 12H of the liquid crystal layer 12



exhibit a splay orientation state. On the other hand, when a voliaug yYodoogcr
or nore is applied to the second region 12L of the liquid crystal |ayer 12,
the liquid crystal nolecules 12a in the second region 12L change fromthe
splay orientation state into the bend orientation state. At this point in

tine, thegeltddind tq{é’sﬁi‘%h mMlethes drdie e%b?&bﬂg s Neekhisit 1£IBboRg12H
that surrounds the second region 12L, exhibit the 'bend orientation state.

Accor di ndls chiSch LU &Yt ghi ol 64! 854138 CALIDg ba1kRG Be00Rd, T o0l on

121 change I'n € bend orien on Sta y as being a

the |iqui st al Iecu s 12a in the |rst re 12H. result, |n
every p?c{"’ SLZI%ﬁ%nt Aatet IED BooSSERB IllfﬁﬁjcP‘g Manrm'F}é‘c’:ul%%q‘iJZ% in

the liquid crystal |ayer 12 change into the bend orientation state

uni f or M yCangtahodeney. JDosstveapmt the tlowBrethbt Lapgieo teademd nhlko this
preferred enbodi nent of the present invention can operate nuch nore stably,
and can erkhbbtitf ar spbdayeorpentatiancetatiehan OnhdhleCo tihest hidmal], iwhempanese
Pat ent Application No. 2000-107910 identified above. To realize an LCD 100

with suchoexagkl ent veer ber mereeist hpphawdpret ithe at@ond e@dibnl 2L of
preferably defines a pretilt angle O L of 2 degrees to 15 27 14 JULY 2006

degrees ( e r d S 150 d IR t ' r
angl e reg:{g% %i&ﬁ%%rae???’gﬁ%% 3g?|%%e§t2a s)t(r%gth angélmlét%l h‘?)lg%}!elglfrée%) than 85

degrees bUt 981 81§d0rre|gelso% 12L. change from the splay orientation

state into the bend orientation state. At this point in time,
the 1ligquid crystal mplecules 12a, existing in the first
region 12H that surrounds the second region 12L, exhibit the
bend orientation state. Accordingly, the 1liquid crystal
molecules 1l2a existing in the second region 12L change into
the bend orientation state smoothly as being affected by the
liguid crystal molecules 1l2a in the first region 12H. As a
result, in every picture element of the LCD 100, the liquid
crystal molecules 12a in the liquid crystal layer 12 change

into the bend orientation state uniformly and smoothly.

[0065] That is to say, the LCD 100 according to this
preferred embodiment of the present invention can operate
much more stably, and can exhibit far better performance,
than the LCD described in Japanese Patent Application No.
2000-107910 identified above. To realize an LCD 100 with
such excellent performance, the low pretilt angle region 11lL

preferably defines a pretilt angle O L of 2 degrees to 15



[ 00661 In an HAN-node LCD according to this preferred enbodi nent14QuLtyn2o06
present invention, two alignnent filnms, which are provided so as to
sandwi ch a liquid crystal |layer between them are also nade of the
alignment filmmteri al described above. One of the alignment filnms has a

hi gh preaéh}e%%gl(%or&g Al rflﬁﬁ he %G%e@' WQNIENt gE41-8LBFS W3l 1QW e et Tt

angl e reglo ' qui ayer includes a reglon which iIs Iocated

bet ween t i etllt angl reqi th nment_ fil and

i n which l i %yqtt an ¢ e £§1938 e ﬁl 9 ﬁyBgEH (fl nl%a i 8n ps’feattgt The
hybri d orlentat on region may be fornmed so as to correspond to at | east
one pi ct upB9épe t°fI%r%¢¥?5|E%@na%%I@63??6% bubneYefeITgRADOL ESentire
surface of one alignment filmdefines the high pretilt angle region while
al nrost the entire surface of the other alignnment filmdefines the | ow
pretilt ajigbe] regi oin JdhatHAN-nedesa\,Cli waccordingf tbe thignnerndfdrded
material nmay be fornmed on the inside surfaces of two substrates, one of the

two fil meeMBydbReat s @Rl r gL¥s€XPOSAdt idh ,aCkvdl Calyn@énta films,
predeterm ned wavel ength and .then the side chains may be renmoved fromthe

al i gnment fi b 'S%erﬂﬂrlvmgaerbo aa P2l UandHINNENE 1 bk 85 SRRk gefj iRy the
hybrid allgnnent reglon can be obtained. 28 14 JULY 2006 [ 067] These t wo

al i gnnent L4 08, a%s,oR0e, 0 L0goSHe abEORIRN ol LMLRE CEl 2k AFEQLANO'Y.

a decrease of f

described above. One of the alignment films has a high
pretilt angle region while the other alignment film has a low
pretilt angle region. The 1liquid crystal layer includes a
region which is located between the high and low pretilt angle
regions of the alignment films and in which 1liquid crystal
molecules exhibit a hybrid orientation state. The hybrid
orientation region may be formed so as to correspond to at
least one picture element. In a typical application, however,
almost the entire surface of one alignment film defines the
high pretilt angle region while almost the entire surface of
the other alignment film defines the low pretilt angle region.
That is to say, two films of the alignment film material may
be formed on the inside surfaces of two substrates, one of the
two films may be almost entirely exposed to an actinic ray at
a predetermined wavelength and then the side chains may be
removed from the alignment film material. Then, a pair of
alignment films that defines the hybrid alignment region can

be obtained.
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voltage is generated when the LCD is started, thus mnimzing théJUhXR06
persi stence phenonenon. Furthernore, the side chains are selectively
renmoved fromthe alignment film material and no damage is done on the main
chain. Thus, the low pretilt angle region has stabilized alignment

properti egppead an Hﬁ&s@d@w&%lvmg}rnnmek&mg peréormRace fxanthg obimé ned.
[ 0068] The alignnment filmmaterial according to the preferred enbodi nent of

t he preseratlllgameﬂrtl TR 21 qd tOAﬁEg%(gl{?Qiyl ugt Afe%we% Py Shaksgi spl ay

deV|ce of thé type |nc u I ng e hig ow pretilt ang regi ons such as
t he q% lan N Q h q$§crk9§d abﬁﬁe bqi so ot her .types of
opti cal eleneﬁgg FO@&QF ﬁo? eYéane 6athe allgn na ertat™ el be

used to make an optical elenent including a blrefrln ence nedium | ayer
(e.g., a PREselPrdte RATHSANR] | RRGWLCror) . FPFEAPFBARENt FREmsSHARIe of
the alignment filmmaterial described above are used in formng a

bi r ef ri ngehedngediaum IsgyectiMedl | removed | ifagimd drhsst A lignnentt esfiakm of
which the birefringence is controlled by regulating the orientation state
of the |iaqatdriaystall ol deamage, ishaedvridicomi ghe amdihowhaphet i |Thwngl €he
regions may be forned in a stabilized manner. In addition, since the high

and | ow p&@%'b&e%HQEedﬁﬁIéNEbéiﬁh2ﬁa$4s%Hb¥lZQ@ﬁ Q@.%ﬁhﬁﬁhﬂV@f& EoFfegl at

any specified |ocations, a birefringence nmedium |l ayer, having nutually
dlfferentand an HAN-mode LCD with excellent performance can be obtained.

[0068] The alignment film material according to the
preferred embodiment of the present invention may be used to
form not just a 1liguid crystal display device of the type
including the high and low pretilt angle regions such as the
OCB-mode LCD and HAN-mode LCD described above but also other

types of optical elements.

[0069] For example, the alignment film material may be
used to make an optical element including a birefringence
medium layer (e.g., a phase plate or a selective reflector).
If alignment £films made of the alignment film material
described above are used in forming a birefringence medium
layer which includes 1liqguid crystal molecules and of which
the birefringence is controlled by regulating the orientation
state of the liquid crystal molecules, then the high and low
pretilt angle regions may be formed in a stabilized manner.

In addition, since the high and low pretilt angle regions can
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birefringences with respect to nultiple picture elenents, can bé&4UJULNLR006
The birefringence nmedium | ayer may be nade of a mxture including a chiral
nematic material and a photocurable resin. [0070] Hereinafter, specific
preferred enbodi nents of the present invention will be described. It should

be noted that sd NEPIGSEPL EBYRBE Oht S RO y@é’ 14484 ed1beatienis0! | oy ng
illustrative preferred enbodi nents. ENMBODI MENT TOO?l A polynmer material,

whi ch i nchydes, 3l dg. s 5ke! eton as it A chalp ‘é“i&g hP@%ﬁ%P@}é’"t
al i gnment ““propérties and an al kyl”group as its side chains w verti cal
alignment properties to be bonded to the main chain IS prepared as an

al i gnment PREEATARGEPCES. WHIE J&5OLQT YRt it re SFCPERSS al $3hnent
filmmaterial is represented by the followi ng Chemcal Fornmula (1): (1) 30
14 JULY 20e6 faaurd). whthe Mineyrbegeneeofmedianf i \ayexy peay obeamgdiec ofgraups
represented by the follow ng Chem cal Fornmula (2) or a mxture (i.e.,

copol yner pnihereof , iadlluding ara al lgHirdmai nnematild s patketinad eahadi nent .
The al kyl chain Y is introduced for each repeating unit represented by
Chem cal BabF¥lcarbble tesén. has an introduction percentage of 100 %. X

[0070}) Hereinafter, specific preferred embodiments of the
present invention will be described. It should be noted that

the present invention is in no way limited to the following

illustrative preferred embodiments.

EMBODIMENT 1

(0071} A polymer material, which includes a polyimide
skeleton as its main chain with horizontal alignment
properties and  an alkyl group as its side chains with
vertical alignment properties to be bonded to the main chain,
is prepared as an alignment £ilm material. The general
molecular structure of this alignment film material is

represented by the following Chemical Formula (1):

T (1)
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[0073) (2) Three types of thernoplastic polyimde-based alignnent4fguuy 2006
materials, which inpluded a benzoyl ether group, a benzoyl peroxide group
and an am de group as spacers that bonded the polyimde main chain and the
al kyl side chains together, respectively, were prepared. The benzoyl ether

group.  {hfadepzoyl REH dp feguPandheoaTide OERYR Affned eBies by

the foll ow ng” Chem c ) and , respectively: 4) 31

14 JULY 2006 - N G H i 5 74], | i . d
by the. GO BASRCETE R bmings Scaroaad PRl B fo "

and Y of the alignnent filmpaterial;: Xl:. Y1: )"-C H3 g§) (Z} L
mixture™ (i.e., copolymerS thereof, and Y is an ‘alkyl chain in

this preferred embodiment. The alkyl chain Y is introduced
for each repeating unit represented by Chemical Formula (1)

(i.e., has an introduction percentage of 100 %).

x: JOL T ZL (2)

[0073] Three types of thermoplastic polyimide-based
alignment film materials, which included a benzoyl ether
group, a benzoyl peroxide group and an amide group as spacers
that bonded the polyimide main chain and the alkyl side chains
together, respectively, were prepared. The benzoyl ether
group, the benzoyl peroxide group and the amide group are
represented by the following Chemical Formulae (3), (4) and

(5)., respectively:

Opeo-

2Hs

<O-¢-0-0-0-O-

¢ 0 (4)
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[0075] This alignment filmmaterial may be synthesized by a knowa Jlriyagbs
In the followi ng description of this first preferred enbodi nent, the three
types of alignment film materials including the benzoyl ether group, the
benzoyl peroxide group and the am de group as their respective spacers
will be identified by Exanple 1, Exanple 2 and Conparative Exanple 1.
[0076] The three types of alignment filmmaterials representing Exanples 1
and 2 and Conparative Exanple 1 were dissolved in a solvent and then
applied onto respective glass 32 14 JULY 2006 substrates. The sol vent was
renoved at 30 C by a reduced pressure netld to obtain respective alignnent
films. [0077] Nexts- M seC of three types of alignnment filns on three
substrates was each lxpoged to a radiati on having wavel engths of 250 nm
300 nm 350 nm 450 nmapd 500 nmat radiation intensities of 6.0 J/cng,
4.0 J/cnk, 2.0 J/cn2, 0.5 J/cnR and 0.1 J/cnR, respectively, for
approximately 5 mnutes. Another set of three types of alignnment filnms on
three substrates were not exposed to the radiation. [0078] The exposed
substrateﬁnﬁgfe steamwashed with acetong to. renove dissoci ated

h

| ow nol ec conpodfds tPiSe. €as¢ he &i 48P8hal hs dhat sREESELTHI t REr eFPOm

[0079] The alignment filnms_on all_of the substrates were subjected to a
r ubbi ng t EeALRWAPg Chemical Formulae (6) and (7) were respectively used

as X and Y of the alignment film material:

X1: EZI:/ (6)

Yl: _<©‘(CH?.)”--CH3

(7)

[0075] This alignment film material may be synthesized by a
known method. In the following description of this first
preferred embodiment, the three types of alignment film
materials including the benzoyl ether group, the benzoyl
peroxide group and the amide group as their respective spacers
will be identified by Example 1, Example 2 and Comparative

Example 1.

[0076] The three types of alignment £film materials
representing Examples 1 and 2 and Comparative Example 1 were

dissolved in a solvent and then applied onto respective glass
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[ 0080] Next, a pair of glass substrates, on each of which the ah4guULyr2006
filmof one of the three types was forned, was bonded together to obtain a
honogeneous cell. Then, a'liquid crystal material ZLI-4792 (produced by
Merck & Co., Inc.) was injected into each cell. [0081] The pretilt angles

of liquid ﬂﬂ%ﬁlte@ql ecghgs s rv%ntes&éémg:‘glﬂo?Xdaactr Y$4 akc rQ}yatéOQe%Egad for

each of the sanples that ha een prepare n this manner. "The results are

3Comp. | Ex e N ORa RO PGB aPS P ert Pl aat STREMEr i noAl Kyl

gr oupAl kyl groupAl kyl group Spacer atom c Benzoyl Benzoyl Am de groupEt her
gr oupper oxi de groupG oup 250 nmi. 00.50.9 300 nnb. 96. 378. 8 350 nn6.87.283. 1
350 nnx, 30%] nnB. 5&esd4. 2a566thBR. tBreessyPeRorrxpadea88NA3 7L BEs gon

three substrates was each exposed to a radiation having
wavelengths of 250 nm, 300 nm, 350 nm, 450 nm and 500 nm at
radiation intensities of 6.0 J/cm’, 4.0 J/cm?’, 2.0 J/cm’, 0.5
J/cm® and 0.1 J/cm’, respectively, for approximately 5 minutes.
Another set of three types of alignment films on three

substrates were not exposed to the radiation.

{0078] The exposed substrates were steam-washed with
acetone to remove dissociated low-molecular compounds (i.e.,

the side chains that were cut) therefrom.

[0079] The alignment films on all of the substrates were

subjected to a rubbing treatment.

{0080] Next, a pair of glass substrates, on each of which
the alignment film of one of the three types was formed, was
bonded together to obtain a homogeneous cell. Then, a liquid
crystal material ZLI-4792 (produced by Merck & Co., Inc.) was

injected into each cell.

[0081] The pretilt angles of liquid crystal molecules were
estimated by a crystal rotation method for each of the samples
that had been prepared in this manner. The results are shown

in the following Table 1:



[ 0082] When exposed to no radiation,

all of the sanples

repr esend iJbyY 2006

Exanples 1 and 2 and Conparative Exanple 1 had pretilt angles of greater

t han 85 degrees and exhi bited good vertical alignnent properties. Wen the
alignment filnms of Exanples 1 and 2 and Conparative Exanple 1 were exposed
to a radiation having a wavel ength gfapgR0 ;nm all of these sanples had
pretilt angles of 1 degree or |ess. [0083] Wien exposed to a radiation
havi ng a vvavel ength of 300 nm{empﬁrerla, the B;mrmnlle ﬂepremrtpi n@xanpparlat ive
Exanpl e | etHt—angte—thatbar "‘“i’ eaS"\.r tO 80—degrees
and coul d not S %v?}bae Thor | zon?ﬁ y?ﬂ"ilg?me ;L)bc éﬂl M thf?lyﬂif“ﬁé? hand,
when thelsaniere capiasentingikyamgkesp 1 afﬁlk%/l \@Qbapex )osedkt0 greagi afli on
that fel llwithin the \I\l::-l\lF\| pngth range gf 300 nmto 450inm the pretli [t
angl es t her et2cRaT 8tPRigA 14 JBE¥Zz9DB6 tlhe r BFJEC¥L aboyt 6 dABi6es to about
9 degrees. And Aot he sarr@ltﬁg P5ES 8Nk ROx FX& 1 and e exposed
to a radiation tha? fell t hi nrtﬁ ﬁ% e enqat{”n r;gnklc@%of 350 nmt% 4503nm
the pretilt angk®® rrher eof vverell.o °the rijange af.sdbout 7 degree®°to about 9
degrees. [However, when exposed to a radiation having wavel ength of 500
run or mpre, evedOtiie sanp| es BePresent|ing BExampl es 1 and 2 HadBPpretil
angl es of ees—angd—eould—not-—pr-gvi-de-hor+zont-al ﬂ'+g:ﬂ*rent
properti es. [00829 ™% can be seén8from tlhese redul ts, en expdskd to a,
350 nm<, =450 nm 8.5° 8.6° 84.2°
500 nm 83.6° 82.7° 84.9°
Non-exposed 88.4° 87.6° 86.9°

[0082] all of the samples

When exposed to no radiation,
representing Examples 1 and 2 and Comparative Example 1 had
pretilt angles of greater thah 85 degrees and exhibited good
vertical alignment properties. When the alignment films of
Examples 1 and 2 and Comparative Example 1 were exposed to a
radiation'having a wavelength of 250 nm, all of these samples

had pretilt angles of 1 degree or less.

[0083] When exposed to a radiation having a wavelength of

300 nm or more, the sample representing Comparative Example 1
had a pretilt angle that barely decreased to about 80 degrees
and could not provide horizontal alignment properties. On the
other hand, when the samples representing Examples 1 and 2
were exposed to a radiation that fell within the wavelength

range of 300 nm to 450 nm, the pretilt angles thereof were in
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radi ati on having a wavel ength of 250 nm not only the side chai JbuY 20060
the main chain of each alignnment filmmaterial were deconposed to result in
an excessively snmall pretilt angle irrespective of the type of the spacers.
On the other hand, when exposed to a radiation falling within the

vavel engt fhé apgeg@f o 80SboR 1O dfredl tabdutd U REgriddsn mREMRIS that

used a benzoyl ether group and a benzoyl peroxide group as their spacers

i.e., Ex 1 i bi d horj.zpntal Lgn o] ties.
( %gig{é%se Oﬁi&%?nﬁ)fl@ E&E@RSQQ porg 2l walkbg é%'&s%& RES LI

This is e spacer s shoul d have been cut and because the

si de chai ns.shpul d % e renpved . sel ectivel y. .However, _e when the

al i gnrrentr??f%&n%? eFIﬁl?if ?ﬁﬁ U%gglgn tzﬁ% &Y \ri&?y th Faiee s%%cgsg e 3:.0,
Conpar ative Exanple 1) was_exposed to the radiation falling within the
wavel engthS5P aRBe bRe3pbehid Foanabes nkherpef spater 1Bokls FRBAEoPINEDOUROt cut
and the material 35 14 JULY 2006 exhibited vertical alignnment properties due
to the acli degrkesi tt sabdeuthd ndegdéerws sandlowandn.s wher chpmisesd twem an
ester group was used as the spacers. It should be noted that when exposed
to a radinadiativyi hgvanyave! wagebengtROGMns0eVelm t&e mopecerebeondshef the
benzoyl ether group or benzoyl peroxide group were hardly cut and the

al i gnmentg s 18s "RepratoRdihfekamp@eti qalafd | GNIRRH PFrOPEIt | 8891690821
Next, another preferred enbodi ment” of the present invention mn?l be

describeq 1 1 5o Pr g6 er hEGrEALOULHENt cofld not provide horizontal

alignment properties.

[0084] As can be seen from these results, when exposed to a
radiation having a wavelength of 250 nm, not only the side
chains but also the main chain of each alignment film material
were decomposed to result in an excessively small pretilt
angle irrespective of the type of the spacers. On the other
hand, when exposed to a radiation falling within the
wavelength range of 300 nm to 450 nm, the alignment film
materials that used a benzoyl ether group and a benzoyl
peroxide group as their spacers (i.e., Examples 1 and 2)
exhibited good horizontal alignment properties. This is
because only the spacer bonds should have been cut and because
the side chains should have been removed selectively. However,
even when the alignment film material that used an amide group
as its spacers (i.e., Comparative Example 1) was exposed to
the radiation falling within the wavelength range of 300 nm to

450 nm, the spacer bonds thereof were not cut and the material



alignment filmmaterial, including a polyvinyl alcohol skeleton14JULY 2006
(represented by Chemical Fornula (8)) as its main chain wth horizontal

al i gnnent properties, was used. 2 OH 1-n CH2 - Cn (8) Y: SIDE CHAI N [ 0086]
As in the preferred enbodi nent described above, al kyl chains were al so used
as the si exhdlpditiesl Yeartd calntaloidioezhtat pid@ésties t fue preftdra ezcehdodofient ,
three types of alignment filmmaterials, including a benzoyl ether group,
a benzoyl iper @idde chaaup.anthansafiedeegotp Rerkhebtaspadewhen! afikesgethe
mai n and si de chains together, were prepared as Exanple 3, Exanple 4 and
Conpar at | & JEARRE Wed GPOLd VEbYceRE. 14 11UsY,2006 PR e d'Sth Lt t Phen
preferred enbodi nent descri bed above, sanples for use to neasure the
pretilt angles re prepated.hb using these ali n Llmmaterials. In
Phis pr et arperotorfof FRALSCAGY DEPLRE S EaFsPebsRETEE OB CRE of TS ™ Bran
ultraviolet ray having a wavel ength of 350 nmfor approxi mately 5 m nutes.
The preti SP25KG ROYS t HosENEa IOy ek &5t PREPR OBy RERFPEY aPeFBtEE® on

met hod. The results are
group were hardly cut and the alignment films maintained their

vertical alignment properties.

[0085] Next, another preferred embodiment of the present
invention will be described. In this preferred embodiment, an
alignment film material, including a polyvinyl alcohol
skeleton (represented by Chemical Formula (8)) as its main

chain with horizontal alignment properties, was used.

CHZ—'(‘: CHZ_—(IZ
OH|, , Y| |n (8)
Y: SIDE CHAIN
[0086] As in the preferred embodiment described above,

alkyl chains were also used as the side <chains Y and
introduced at 100%. In this preferred embodiment, three types
of alignment film materials, including a benzoyl ether group,
a benzoyl peroxide group and aﬁ amide group as their spacers
linking the main and side chains together, were prepared as

Example 3, Example 4 and Comparative Example 2, respectively.
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shown in the followi ng Table 2: Table 2 Mi nSi deSpacerPre-tiltPre4UuULY 2006
chai nChai nsAt om cAngl eAngl e G oup(non-UV-( UV exposed) exposed) Exanple

3Vi nyl Al kyl Benzoyl 88. 102. 1 Al cohol GroupEt her Group Exanpl e

4Vi nyl Al kyl Benzoyl 86. 42. 5 Al cohol G oupPer oxi de G oup

Conpar at i [@087py| Al ksATt ge8bh & 82p e faururgd € e B 0de@cume[d0088pvés can
be seen fromthe results shown in Table 2, even when their main chain was

pol yvi nyl infgalel forth@seakboneBBLUrEi tAE, paehudi Agaebenpgex! ﬁ%bgfesrwp and
a benzoyl peroxide group as their respective spacers, had their spacer

bonds cut a I r -S4 [ e ctiv ure

to the ulfgggﬁglngggyéﬁ%%ﬁﬁﬁﬁg?wgééﬁbgg%gggigggo 37q%% }%ﬁ% Zgggfﬁﬁfg hus,

their main %hﬁhn S Eﬁrdl danq&gg. | t ihould be noteqé however, that

pol yvi nyl SH°OGHEFN s noPHRYFY- a eFPIPLEEhaY LR et BROSEE nlM e fPet PPt

angl e than polyimde. Thus, a UV-exposed alignnent filmincluding the

polyvinyludﬁééﬁéplﬁﬁin ray having a wavelength of 350 nm for
approximately 5 minutes. The pretilt angles of those samples

were estimated by a crystal rotation method. The results are

shown in the following Table 2:

Table 2
Main Side Spacer Pre-tilt Pre-tilt
chain Chains Atomic Angle Angle
Group (non-Uv- (UV exposed)
exposed)
Example 3 Vinyl Alkyl Benzoyl 88.1° 2.1°
Alcohol Group Ether
Group
Example 4 Vinyl Alkyl Benzoyl 86.4° 2.5°
Alcohol Group Peroxide
Group
Comparative | Vinyl Alkyl Amide 85.7° 82.4°
Example 2 Alcohol Group group
[0088] As can be seen from the results shown in Table 2,

even when their main chain was polyvinyl alcohol, the
alignment films, including a benzoyl ether group and a benzoyl
peroxide group as their respective spacers, had their spacer
bonds cut and had their side chains removed selectively upon

the exposure to the ultraviolet ray having a wavelength of 350
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chain has a pretilt angle of about 2 degrees. [0089] On the ot hed4dHbhY,2006¢e
sanple of the alignnent filmmterial including an amde group as its

spacers (i.e., Conparative Exanple 2) had a hardly decreased pretilt angle
and could not provide horizontal alignnent properties even when exposed to

the ul trauimQl etrhiay HBeiROmbhA wA¥eheB@gkhhakd13SAamgedhat 1ts dhodiay ,bd he
sane results as those of the alignnent filmmterial including a polyimde

mai n_chai fokba®- howgegraar eﬁge E&mhﬁ1)alreeﬁelo%alrr&%a1&l¥8q3lml?al[ 0090]

Her ei nafter, a second specific preferred enbodi ment of thé present

nventionel | oeadesch gy Thepaceond JRuslered SHGUTRAL rohiles Lo 2

liquid crys? evice isfa |gnnent

film naterlal accordln to an of thelPreferred enbodrnents of the present
i nvent i onVUe&¥PPReY %’o%‘@“e‘[% ighm gnchuding fihe RALYFRECR IR L @3idhown
in FIG 3 were fabricated in the follomnng manner as LCD 1, LCD 2, LCD 3 38
14 JULY 2¢béimndas CD pretthitesnaianh aboited iGegreeswpl es 1 and 2 of the
present invention and two Conparative Exanples 1 and 2, respectively.
[0092] As for the LCD 1 representing Exanple 1, the alignnment filmmateri al

r epr esent [ppg9EXanpl en2tRé bbBeti haha, p'tﬁfeershﬁﬁlémé(fd|ﬁfl§1tal¢.€g&ﬁﬂér&e¢lﬂlﬂﬂve
(i.e., a polyimde-based
material including an amide group as its spacers (i.e.,
Comparative Example 2) had a hardly decreased pretilt angle
and could not provide horizontal alignment properties even
when exposed to the ultraviolet ray having the wavelength of
350 nm. That is to say, the same results as those of the

alignment £ilm material including a polyimide main chain (i.e.,

Comparative Example 1) were obtained.

EMBODIMENT 2

[0090] Hereinafter, a second specific preferred embodiment
of the present invention will be described. The second
preferred embodiment relates to a liquid crystal display
device that 1s fabricated by wusing the alignment £ilm
material according to any of the preferred embodiments of the

present invention described above.

[0091] First, samples of the OCB-mode LCD shown in FIG. 3

were fabricated in the following manner as LCD 1, LCD 2, LCD 3
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alignment filmmterial including benzoyl peroxide spacers) was14dbtY 2006
[0093] As for the LCD 2 representing Exanple 2, the alignment filmmateri al
representing Exanple 4 of the first preferred enbodi nent described above
(i.e., a polyvinyl alcohol-based alignnent filmmaterial including benzoyl

per oxi de spaceicy) aapepbesentHP4twdsspecithe ERBmpleepresendi ng Jfonpmas ative
Exanple 1, wvertical alignment films JALS-204 (produced by JSR Corp. and

i ncl udi ngp$PaERES m&&eiwe AN Aot hebngEheedea BLehphls apgl gnf About
90 degrees were used. [0095] As for the L 4 representing Conparative

Exampl e 2. 85&59?1? alignment filnms JALS-212 (produced by JSR Corp.)
t hat deflne a prefitt angle of about 7 degrees were used. [0096] First, TFT
substrates, on each of which pixel electrodes were arranged in matrix, and
counter substrates were prepared in four pairs. These substrates were nade
by 39 14 [P0P3] 2006 REowhoket Baes. LERxtl MGRFAFEARTING nEXMHRLE orled ©¢ t he
surfaces of these substrates by using the four types of alignnent film
mat er i al salbgnnpatf didmpanatenials ubepresesting cEpavpileecldy. of 00BE) MNaat, t he
alignment filns on the substrates for the LCDs 1, 2 and 3 were exposed to
an ul travppeférréd &ybodimgnt Adesot vesdkaRdveuch.as,t hapoIyawidertdsed 4. As
shown in FIG

alignment film material including benzoyl peroxide spacers)

was used.

[0093] As for the LCD 2 representing Example 2, the
alignment film material representing Example 4 of the first
preferred embodiment described above (i.e., a polyvinyl
alcohol-based alignment film material including Dbenzoyl

peroxide spacers) was used.

[0094] As for the LCD 3 representing Comparative Example 1,
vertical alignment films JALS-204 (produced by JSR Corp. and
including spacers with amide bonds) that defined a pretilt

angle of about 90 degrees were used.

[0095] As for the LCD 4 representing Comparative Example 2,
horizontal alignment films JALS-212 (produced by JSR Corp.)

that defined a pretilt angle of about 7 degrees were used.

[0096] First, TFT substrates, on each of which pixel
electrodes were arranged in matrix, and counter substrates

were prepared in four pairs. These substrates were made by
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4, the photomask 20 included multiple openings 20a correspondi Ng JUbLYt 2006
pi xel s and opaque portions 20b that were provided to prevent the non-pixel
portions from being exposed to the ultraviolet ray. Accordingly, by
perform ng this exposure process, portions of each alignment filmthat

corr espoRgeghnt OméPRo&SSPECHENE , PixE] gniere @ipRsedvéPel Normdd r & OLRE ray.
[ 00981 The alignnment filns on the substrates for the LCDs 1 and 2 were

exposed gﬁéggg%lst r gyl %lgns% AV M 0 velllgﬂgé h 9f{e 2R, Sggp?%}f(g%hg Lo

m nut es. Even he al1gnment filnms on the substrat

3 were expgsed tqQ the ultraviolet r havi ng._a_ wavel ength of. apouf 350 nm
For 5 m Adigbmente +Eul| MafEr2plt, T4 ol tals AL ERange. SWRECFEFRaTy. the
present inventors analyzed the relationship between the radiation energy
(J/ cnR) &REPEREiyeddi-lt angle by using a deep UV ray having a wavel ength of
250 nm As a result, the present 40 14 JULY 2006 i nventors discovered that
the higher the radiation energy, the |lower the pretilt angle as shown in

FIG S. B097ef er encextt,0 thlei aliemuent Hiamd iognid fiddmrates hBosubsér at es
for the LCD 3 were exposed to a deep UV ray having a wavel ength of about

250 nm at,ca 1Nt ensnldy Plwerel/ o ato tan del ¢ 18y Fo 1 & efdy topngsenf aabout
7 degrees. [0100] The alignnment filnms on the substrates for the LCD 4
photomask 20 such as that shown in FIG. 4. As shown in FIG.
41, the photomask 20 included multiple openings 20a
corresponding to the pixels and opaque portions 20b that were
provided fo prevent the non-pixel portions from being exposed
to the ultraviolet ray. Accordingly, by performing this
exposure process, portions of each alignment film that

corresponded to the respective pixels were exposed to the

ultraviolet ray.

[0098] The alignment films on the substrates for the LCDs
1 and 2 were exposed to an ultraviolet ray having a

wavelength of about 350 nm for 5 minutes.

[0099] Even when the alignment films on the substrates for
the LCD 3 were exposed to the ultraviolet ray having a
wavelength of about 350 nm for 5 minutes, the resultant
pretilt angle did not change. Accordingly, the present
inventors analyzed the relationship between the radiation
energy (J/cm®’) and the pretiit angle by using a deep UV ray

having a wavelength of 250 nm. As a result, the present
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were not exposed to any ultraviolet ray. [0101] Next, the alignmaatyyiy sgpeon
all of the substrates were subjected to a rubbing treatnent. Plastic beads
having a dianeter of 6.5 pmwere scattered over the TFT substrates, which
were then bonded to their counter substrates to define a honbgeneous

al i gnment %tv%tn‘?:oré r@i’@éé&efé&lugﬂa@ Y&i&! ni GRS | Ble Zkhadd94 ohPr SQMESH, DY

Merck & Co Ltd.) was 1I1njected by a vacuum I nj ection technique into each

of the cel bt a t ti h

sealed w tth qLCJ\‘?;cura rréetsll(r?: T%] ﬁ% lbsféhgjc% 0§3§ Pé? }A%éﬁe

i ncl udi n the f our es of aljgnnent fj respectively, were forned in
this mag rt?e”’h%&t r IS tq]dgr?r’\m“tta "\?crmhn & r%lf%sl'%/’f% S 1festhe

t hese LCDs 1, 2, 3 and 4 were estimated. The results are shown in the

fol | owi ng Lf&bl 2 Berghexpesef| tto angliespi ¥Vt Heay havpedgt pvaralesisingtarefis
(corresponding to the pixels) were estimated by a crystal rotation nmethod
and 41 14 abduY 225X6 hine atesanht Snaeasakgo cthoén Ji/emf heof ald otbngieklnee 3:
Table 3 Pre-tilt angle in Bend Bend Pixel regions Transition

pretilt angle of about 7 degrees.

[0100} The alignment films on the substrates for the LCD 4

were not exposed to any ultraviolet ray.

[0101)] Next, the alignment films on all of the substrates
were subjected to a rubbing treatment. Plastic beads having a
diameter of 6.5 U m were scattered over the TFT substrates,
which were then bonded to theif counter substrates to define
a homogeneous alignment state. A nematic 1liquid crystal
material ZLI-4792 (produced by Merck & Co., Ltd.) was
injected by a vacuum injection technique into each of the
liquid crystal cells obtained and then the injection hole was

sealed with a UV-curable resin.

[0102] The OCB-mode LCDs 1, 2, 3 and 4, including the four

types of alignment films, respectively, were formed in this

manner. The bend transition voltages Vcr and transition
times of these LCDs 1, 2, 3 and 4 were estimated. The
results are shown in the following Table 3. The pretilt

angles in their respective display areas (corresponding to

the pixels) were estimated by a crystal rotation method and
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Transition (degrees)Voltage (V)Tinme (m nutes) LCD 16.81.33 LCD 23420L¥52006D
37.1No transition- LCD 47.51.46 [0103] No bend transition was observed in
the LCD 3 that wused the vertical alignnent filmmterial until the voltage
applied reached 15 V. Meanwhile, in the LCDs 1, 2 and 4, their liquid
crystal mehecweamiahanged al1rio shiywmband 1 ifhavwiay Stad e ad: appl i ed
voltages of 1.3V, 2.1 Vand 1.4 V, respectively, as shown in Table 3.
[0104] The LCD 3 that used the convent [ onal vertical alignnent film
material had a pretilt angle of 7.1 in the pixels regions (that
were exposed to the ultraviolet ray). ,&1 SO, no bend transition occurred in
the LCD 3 even thougkreveilt caigmd iignment regiméasd exi st ed ar oBwhd he pi kel

regions.| The regsons are believed to bg as foll ows. [0105] As schematical ly
ilTustrated in FI|G 6APIRREFSFEP erti dal THRYFHER? fi [ m mEraSidiion | |

exposed to the ddep W rdgd) only the sidea ggal(o)al Kyt i QRiSiudshher eof
are 42 14 JUY ? Qaiem)vedgbut also poritions of its maiin chain 36 are.

deconposedLCDAS 3 resul t, aﬁnﬁaj or| ty of the al |1gﬁmant fill m defides an

JJ

extremnel Y f.EBI lﬁ ettt angi ) of—about—3 ucgl €5 ?IILT TUsStT—a 5
LCD 3 7.1 No transition —
LCD 4 7.5 1.4 6
[0103] No bend transition was observed in the LCD 3 that

used the vertical alignment film material until the voltage
applied reached 15 V. Meanwhile, in the LCDs 1, 2 and 4,
their 1liquid crystal molecules <changed into the Dbend
orientation state at applied voltages of 1.3 V, 2.1 V and 1.4

V, respectively, as shown in Table 3.

[0104] The LCD 3 that used the conventional vertical
alignment film material had a pretilt angle of 7.1 degrees in
the pixels regions (that were exposed to the ultraviolet ray).
Also, no bend transition occurred in the LCD 3 even though
vertical alignment regions existed around the pixel regions.

The reasons are believed to be as follows.

[0105] As schematically illustrated in FIG. 6A, when the
vertical alignment f£ilm material 32 is exposed to the deep UV

ray, not only the side chain alkyl groups 34 thereof are
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portion of the alignment filmis a vertical alignment region. TA&ULYR006
majority of the alignnent filnms defining the extrenely small pretilt angle
coul d not have caused the bend transition. The pretilt angle of the pixel
regions of the LCD 3 neasured 7.1 degrees, which should be an average

bet ween t remoyedt bt ahgPepoftippatof dbgrweinfchadn| 3¢y pret decomposed.
regions and that of the vertical alignnment regions. [0106] On the other
hand, theaApi x&l resgilans af nahi@di@Y 4oft hdie uaddghmenitoriiziomt dlefdaniegnnamt
filmhad a pretilt angle of 7.5 degrees. Even though no vertical alignnent

regi ons Wexeref@h §ednian 1t h;?rémfl ahBeeberd 4pensi i afeitdd | ap@CUfUsd 4N the
LCD 4. [0107] The LCD 1 defined a pretilt angle of 6.8 degrees, mhlch was

smal | er { Ban i RAL 0@l (hRE A Bnfento WYY flsswqgef{@calveéii&ﬂheﬂ SO0ESR

regions existed in the as cores o bend transition, a conp
transitiop,occurred in the, LCD a Io r voI i d and in short
Ui e as  OBfarelifto PRASTE 4. O o1HRE TRILERIFSE dortHBA OprEiind o o of
as small as 2.2 degrees in its dlsplay area. However, since the pret|lt
angl es meP§tEﬁWP6YnF89é# @m@ﬂ%%HIQPq%QQQOQ%%lBﬂE haye ravgess the Rend 2006
transition should have occurred in the LCD 2. [0109] These results reveal ed
t hat to nikenshtibnqui Thecpystilt nohetel et thergixehtveghendherid the &tlat i on
state

te bend

3 measured 7.1 degrees, which should be an average between the
pretilt angle of about 1 degree of the low pretilt angle

regions and that of the vertical alignment regions.

[0106] On the other hand, the pixel regions of the LCD 4
that used the horizontal alignment £ilm had a pretilt angle of
7.5 degrees. Even though no vertical alignment regions were
formed in the LCD 4, the bend transition still occurred in the

LCD 4.

[0107] The LCD 1 defined a pretilt angle of 6.8 degrees,
which was smaller than that of the LCD 4. However, since the
vertical alignment regions existed in the LCD 1 as cores of
bend transition, a complete bend transition occurred in the
LCD 1 at a lower voltage applied and in a short time as

compared to the LCD 4.

[0108] The LCD 2 defined a pretilt angle of as small as
2.2 degrees in its display area. However, since the pretilt

angles were uniform over the entire pixel regions, the bend
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snoothly and uniformy, it is inportant to control the pretilt aagUkY 2006
accurately by preventing the main chain of the alignnent filmmterial from
bei ng deconposed. [0110] It can be seen that the LCDs 1 and 2 representing
specific exanples of preferred enbodi nents of the present invention can

nmake thei krbhgiitdosr ¥6bahanphesubesuehangeni the Lchbe2hend orientation state
at arelatively lowvoltage applied and in a relatively short tine and can
exhibit excellent performance. [0111] Next, sanples of the HAN-node LCD

shown in 8 we fabrijcat in the foll qw nner . as 5. LCD 6,
LCD 7 anﬁhﬁ&) 8 re%ﬁgggnﬁ:?@ugﬂ%t %?V?%eépgtg%rligcr{a&a%kgs ggﬁDnthflmoq t he
present invention and t nore Conparative anples 3 and 4, respectively.
P0T15] As FBFLRhe TR35e fas: GOGHAt AL anpEbes DERG SFfGRRERIOT  |Thahe of | al
of Exanple 2 of the first preferred enbodinent described above (i.e., a

pol yi m despas&blyl i ghdeneniforM vat ekt ali$ ncdnRRTRDBEN /By PR He Biacers)
was used. The alignnment filmon one of the two substrates was exposed to

an ul travpokétiltagngdei agcaradedlyengt lpdvaolimm fhe hadd Thald Y2006
m nutes. [0113] As for the LCD 6 representing Exanple 4, the alignnment film

material gf igxaeRter41af mhberisl stronebeinglaecopsise@nt descri bed above
(i.e., a polyvinyl alcohol-based

[0110] It can be seen that the LCDs 1 and 2 representing
specific examples of preferred embodiments of the present
invention can‘make their liquid crystal molecules change into
the bend orientation state at a relatively 1low voltage
applied and in a relatively short time and can exhibit

excellent performance.

[0111] Next, samples of the HAN-mode LCD shown in FIG. 8
were fabricated in the following manner as LCD 5, LCD 6, LCD 7
and LCD 8 representing another two specific Examples 3 and 4
of the present invention and two more Comparative Examples 3

and 4, respectively.

[0112] As for the LCD 5 representing Example 3, the
alignment film material of Example 2 of the first preferred
embodiment described above (i;e., a polyimide-based alignment
film material including benzoyl peroxide spacers) was used.
The alignment f£ilm on one of the two substrates was exposed

to an ultraviolet ray having a wavelength of 350 nm for 5
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alignment filmmterial including benzoyl peroxide spacers) was14¢lY 2008
alignnment filmon one of the two substrates was al so exposed to an
ultraviolet ray having a wavel ength of 350 nmfor 5 mnutes. [0114] As for
the LCD 7 representing Conparative Exanple 3, vertical alignnent filns
JALS- 204 mamedeed by JSR Corp.) were used. The alignnment filmon one of
the two substrates was exposed to an ultraviolet ray having a wavel ength of
250 nm at an intensity of 6 J/cnR. [0115] As for the LCD 8 representi ng

Conpar at i anple 4 hor on alig m JA 212 pr duc

JSR Cor p. ;ﬁlgﬁd a VE‘AI’stI caIr al :hén L@k} flk| mgﬁfés ﬁ I(lgro uce l% 8 rp )
were used. [.0116 this nner N- node 8
wer e fabr PAAGEIAR T HE COAEFTERt 081 FARS IPndt oBF e T oors nafsgeﬁfe% c
by a flicker erasure technique. The results are shown in the follow n

Tabl e 4: £g9bodipeny ApEridind abexeoflisé:- rVO@tQQéWW@PLW 1

LCD70. 35 LCD81.05 [0117] In the LCD 8 that used the two types of alignnment
alignment £f£ilm material including benzoyl peroxide spacers)

was used. The alignment film on one of the two substrates
was also exposed to an ultraviolet ray having a wavelength of

350 nm for 5 minutes.

[0114] As for the LCD 7 representing Comparative Example 3,
vertical alignment £films JALS-204 (produced by JSR Corp.)
were used. The alignment film on one of the two substrates
was exposed to an ultraviolet ray having a wavelength of 250

nm at an intensity of 6 J/cm’.

[0115] As for the LCD 8 representing Comparative Example 4,
a horizontal alignment £ilm JALS-212 (produced by JSR Corp.)
and a vertical alignment film JALS-204 (produced by JSR

Corp.) were used.

[0116] In this manner, four types of HAN-mode LCDs 5, 6, 7

and 8 were fabricated and the DC offset voltages thereof were
estimated at 25 T by a flicker erasure technique. The

results are shown in the following Table 4:
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filmmaterials, ions were easily attracted toward, and charges 14Ut Ye2006! v
stored in, one of these filnms due to the difference in conposition between
these films or the difference in surface energy. As a result, a DC offset
voltage of 1.05 V, causing the inage persistence phenonenon, was gener at ed.
[0118] In the LCD 7 on the other hamgnhitdhg alignnent films were made of the
same nmaterial. Thus, a much smaller quantity of charge was stored and the
DC of fs¢t voltage decreased to 0.35 V. [(®CYEfFaet herlioage (W) the LCDs 5

and 6 r epres cantinan fi e~ Aavamil A nF proafarrod andndil renRt-s nf Lhn
A\Wre B wy i b sy | I[u P\/\Jl LI Y2 \/l\ull'\.l wJ \w A | AV AV M BV | A2 | ariToeITTr o

pr esent |nvent|onLCPhé DC of fset {voltages further 0dééreased to 0.22 V| and
0.21 V, [TespectiVeLyp (0120 AS cdn be Seen, When g_bgnzoyl peroxide gjoup
was used as spacers, the horizontdl alignnent was reaiized by 46 14 JULY

2006 exposing the acbgfinent filmto an ultravioletordp that had a | ower
ener gy han—that—of the wtravioldetrav to be-irradiated—on-the

T oy Tt

convent { onal verti &§P §I|gnnent fillm Thus, the matn95chain shoul d not | have
been darmaged—so nmuchand the of fset—vottages shoutdhave further decreased
as conpared to the LCD 7. In addition, in the LCDs 5 and 6, little danmage
was done on the main chain and therefore the pretilt angles in the

hori zontal alignnment regions were stabilized as conpared to

[0117] In the LCD 8 that used the two types of alignment

film materials, ions were easily attracted toward, and
charges were easily stored in, one of these films due to the
difference in composition between these films or the
difference in surface energy. As a result, a DC offset
voltage of 1.05 V, causing the image persistence phenomenon,

was generated.

[0118] In the LCD 7 on the other hand, the alignment films
were made of the same material. Thus, a much smaller quantity
of charge was stored and the DC offset voltage decreased to

0.35 V.

[0119] Furthermore, in the LCDs 5 and 6 representing
specific examples of preferred embodiments of the present
invention, the DC offset voltages further decreased to 0.22 V

and 0.21 V, respectively.

[0120] As can be seen, when a benzoyl peroxide group was

used as spacers, the horizontal alignment was realized by
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the LCD 7. [0121] Thus, the present inventors discovered that tht4DILY@0DEet
vol tage can be effectively decreased in the HAN node by the nethod in which
alignnment filnms of the sane material are forned on a pair of substrates and
in which the pretilt angle 1is controlled by exposing the alignment. filns

to an ul bxp¥5ohet thay a11G8mBneS &t m rﬁ(ﬁrﬁﬁrﬁlﬁs}é@i&iéﬁoﬁé?thhﬁathad he
| oner the energy of the ultraviolet ray, the |lower the offset voltage

shoul d beloLQ#é;Le]ngyatﬁéﬂ#%ﬁaeraétakea&igfmyléé | yaierial s -Ace A g to

any of various preférred enpbodi nents of the present “invention described
above, the_side chains.of a. verti.cal. alj.gnnent film can,be renpved _.
SelectiveP) ShE FervEnsLondt, VERaLE A P ReR A4 GamBBea e, na
material is exposed to an actinic ray. Thus, it is possible to forma high
pretilt afigRenr&fiogddantr bPavepras? t damgeedr & ouFh £y thej aiEssioe
stabilized manner and with high efficiency. [0123] Al so, the present

i nvent i onvohpagessshoel@pehdve minctheraddcragsedsas theppredudio \they LG a
liquid crystal display device of the type including a high pretilt angle

region (vertirpalagalitgerentin’ adie0M)CIENAS aahd®We pr elitkleadgmageeia®) done
(horizontal alignnment region) such as an OCB-node LCD or an HAN-node LCD.

Further nogg, tHe RAH5ethatifVvedid ORnake@ork"MVHA e5ré Pe1PeTdiy B ICen M
i ncreases the productivity, of
horizontal alignment regions were stabilized as compared to

the LCD 7.

[0121] Thus, the present inventors discovered that the DC
offset voltage can be effectively decreased in the HAN mode by
the method in which alignment films of the same material are
formed on a pair of substrates and in which the pretilt angle
is controlled by exposing the alignment films to an
ultraviolet ray. The present inventors also discovered that
the lower the energy of the ultraviolet ray, the 1lower the

offset voltage should be.

[0122] In a liquid crystal alignment film material
according to any of various preferred embodiments of the
present invention described above, the side chains of a
vertical alignment film can be removed selectively and yet the
main chain thereof is hardly damaged when the material is
exposed to an actinic ray. Thus, it is possible to form a

high pretilt angle region and a low pretilt angle region in a
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an optical element (e.g., a phase plate), not just such a |iqui ¢4 dulL¥t2806
di spl ay device. [0124] Wile the present invention has been described with
respect to preferred enbodi nents thereof, it will be apparent to those
skilled in the art that the disclosed invention may be nodified in nunmerous

ways and gRYp233YEER HBANeLRRE Y Shigh Nef ridwhdyose specifically
descri bed above. Accordingly, it is intended by the appended clains to

cover all nodifications of the invention that fall within the true spirit
and scopeogé he |n ntlo 48 14 JULY 2006 WHAT IS CLAINED 1S: 1. Aliquid
crystal di¥%gfhy devidECeohBri BFAGER FrbnVSRBLER ABREOYEY | th PO SR Gy or
that is sandvm ched between the two substrates; and two alignment filns
each of tABd ANFIRERS riNNsPERARGEHVELY de@for? ohdTUiAT é’é’é’sgﬁlas%bﬂ’%ﬂiéd
one of the substrates so as to face the liquid crystal layer, the liquid
crystal diepliag defyi dbedetypénginmilludigie pi chiglke paledidift sangher efegin | east
one of the two alignnent filnms is nmade of a polynmer material, the polyner
mat eri al (wertdcal: A igwmentCheédiom) anhdmi&£ goeupprtetilty anbaed téwiorn S
selectively cut when exposed to an actinic ray; and a side chain that is

bonded to(hbeiBBhPatL h%‘lﬂﬁhh‘le%y :@fgltd?ﬁ a1 R Ca8l QWP 0@ BED ohe &Pl yner
material with the side chain is ab
HAN-mode LCD. Furthermore, the present invention also
improves the performance, and increases the productivity, of

an optical element (e.g., a phase plate), not just such a

liquid crystal display device.

[0124] While the present invention has been described with
respect to preferred embodiments thereof, it will be apparent
to those skilled in the art that the disclosed invention may
be modified in numerous ways and may assume many embodiments
other than those specifically described above. Accordingly,
it 4is intended by the appended claims to cover all
modifications of the invention that fall within the true

spirit and scope of the invention.
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to give a pretilt angle of greater than 85 degrees but 90 degr etsJikY 2008
to liquid crystal nolecules of the liquid crystal |ayer, and wherein the
pol ymer material wi thout the side chainis able to give a pretilt angle of
2 degrees to 15 degrees to the liquid crystal nolecules; and wherein the
atom c group conprises a benzoyl group. 2. The device of claim1, wherein

at | east or‘tﬁnﬁt t aldgnment filnms includes a low pretilt angle region
that is made oflt%]%er'Apo ynglrsqnateri al without the side chain. 49 14 JULY

2006 3. The device qof ﬁLain12, wherein the at |east one alignpent film

further includest-a B giifFedi | ETERERE rTHTRIRY ¢ FSVEGe nE@BPELSIRE: pofYher

material with the side chain. 4. The device of claim3, wherein each of the
two al i gnriafistmates i mclligwd ot keysitgh pager| thahgie sepivhched betweenw
pretilt angle region, and wherein the liquid crystal layer includes: a bend
regi on, whiteh tsol Guaisadtatelsweeand hewd gal pgmbéent &Eighe,r egacins odf the
alignment filnms and in which the liquid crystal nolecules exhibit a bend

orientati oSt ithif €1 VOl ARIBré6ide®! bRd onkhed @t Ricenslt aassbavat&gi on,
which is |located between the low pretilt angle regions of the alignnent

film and GRSl Cpstal Iolsaell §h. STl Bryptay pajeptation
state while no voltage 1s applied thereto, an
the liquid crystal display device defining multiple picture
elements,
wherein at least one of the two alignment films is made
of a polymer material, the polymer material including: a main
chain; an atomic group having a bond that is selectively cut
when exposed to an actinic ray:; and a side chain that is
bonded to the main chain by way of the atomic group, and
wherein the polymer material with the side chain is able
to give a pretilt angle of greéter than 85 degrees but 90
degrees or less to 1liquid crystal molecules of the liquid
crystal layer, and
wherein the polymer material without the side chain is
able to give a pretilt angle of 2 degrees to 15 degrees to
the liquid crystal molecules; and wherein the atomic group
comprises a benzoyl group.
2. The device of claim 1, wherein at least one of the

two alignment films includes a low pretilt angle region that

is made of the polymer material without the side chain.
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wherein the liquid crystal display device conducts a display op¥dUI$208%
utilizing the bend orientation state. 5. The device of claim3, wherein, one
of the two alignment filns includes the high pretilt angle region and the
ot her alignment filmincludes the low pretilt angle region, and wherein the
liquid crystal layer includes a hybrid region, which is |ocated between the

hi gh and | ow prejil angl e.regi ons qf .the two.alignne filurs i i ch
the 50 14 JULY 2 oenl'llﬁequg‘a"%?ﬁst"a sdrdltyl 26 ST agﬁ‘f/bra}td %‘?lggej%t aQ’t“:M;n
state, and wherein the |iquid crystal _display device conducts a display
operation i d-EIMERG of 1 H SPrgRed derdidesnceli®R PRetddyi aRIde Jegifm,
wherein the bond of the atomic group is cut when exposed to a radiation
that falls Whahiys tiade wivdhenpohymgngrabér 88D wivith ot Gigle chaimhe devi ce
of claim®6, wherein the atom c group includes at |east one conmpound that is
selected fromthe group consisting of benzoyl peroxide, benzoyl ether and
derivatives thereof. 8. A nethod of fabricating a liquid crystal display

device, the devige imhel UdLDYce! VOF SUDSL AL 8S: Rndiétih d eddhysbal {ryerwohat

i s sandwi ched between the two substrates; and two alignnent filnms, each of

the alignnegﬁiéddéﬂ% q%hﬂ% includes the high pretilt angle region and the
low pretilt angle region, and

wherein the liquid crystal layer includes: a bend region,

which is located between the high pretilt angle regions of the
alignment films and in which the 1liquid crystal molecules
exhibit a bend orientation state while no voltage is applied
thereto; and a splay region, which is located between the low
pretilt angle regions of the alignment films and in which the
liquid crystal molecules exhibit a splay orientation state
while no voltage is applied thereto, and

wherein the liquid crystal display device conducts a

display operation by utilizing the bend orientation state.

5. The device of c¢laim 3, wherein. one of the two
alignment films includes the high pretilt angle region and the
other alignment film includes the low pretilt angle region,
and

wherein the 1liquid crystal 1layer includes a hybrid
region, which is located between the high and 1low pretilt

angle regions of the tWo alignment films and in which the
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provi ded on one surface of associated one of the substrates so HsJ¥bY230&
the liquid crystal layer, the liquid crystal display device defining

mul tiple picture elenents, the nethod conprising the steps of: (a)
preparing the two substrates; (b) formng at | east one of the two alignnent
films of a polymer material on the surface of at | east one of the two 51 14

JULY 2006
atom ¢ grOquﬁ}a\rﬂ L%sya% d‘p%qhélc{miess seeethL ltve y ?g?n%hé’%l%%%%gg ! nta@n

actinic ray; (ﬁnd a side chain that is bonded to the main chain by may of

t he atom(:%ﬂ up, the polymer material with the side chain giving a pretilt
angle of greater than 85 de es but 90 degrees or less to liquid crystal
nol ecul es of th&hsxRiy ER 9sgd1qm£/efaryahalvw¢érsal@ytﬁ@vat:@mqprgﬂm;@
conprises a benzoyl group; (c) exposing at |east one region of the alignnent
film to thtisrhdniapamtidmheirely hodbitddigddelbiggredfndnee: &t adde . gr oup of
the polynmer material in the at | east one region and renoving the side
chain; and (d) formng the liquid crystal layer that includes |iquid
crystal nolecules to which a pretilt angle of 2 degrees to 15 degrees has

been gi ven by the dnd SR1cANGe AGGN 19 it et EAEPBonk b efle LBGmTE o0

of claimS8, mhereln the step I nc

group is cut when exposed to a radiation that falls within the

wavelength range of 300 nm to 450 nm.

7. The device of claim 6, wherein the atomic group
includes at least one compound that is selected from the group
consisting of benzoyl peroxide, benzoyl ether and derivatives

thereof.

8. A method of fabricating a 1liquid crystal display
device, the device including: two substrates; a 1liquid
crystal layer that is sandwiched between the two substrateé;
and two alignment films, each of the alignment films being
provided on one surface of associated one of the substrates
so as to face the liquid crystal layer, the liquid crystal
display device defining multiple picture elements, the method
comprising the steps of:

(a) preparing the two substrates;

(b) forming at least one of the two alignment films of a

polymer material on the surface of at least one of the two
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the step of exposing selected regions of the alignnment film whi4¢dULY&006
define the nultiple picture elenents, to the actinic ray, and wherein the
step (d) includes the step of formng the liquid crystal |ayer that

i ncl udes | $6pétrotest atheroperytheas matvemivlchireclprdind ¢+ angaen ofhgirat @R t han
85 degrees but 90 degrees or |ess has been given by the other non-sel ected

regi ons of3{hei&l if%ﬁ?nth&iziﬁ@t hat phade fit baen sxpeseilvéby 52ultd dhkel 2006
the actinic ray. I0. The nmethod of claim8, wherein the step (c) includes

the step of, 3(%?@&9 a{rheacagirljf%a%aaﬂn%rﬁﬁ%i Q1 de0 chaiaditdlbitons bbatekakbs
v

within the ength range o nmto 450 nm 11. The nethod of claim 8,

wh in the atom, i.ncl ud I t . t ' ted
from the gFep PAGhSFBRERg B BAToPT plloxi 0™ EondoyPlet nat® ahg LT et -

derivatives thereof. 12. An optical elenment conprising two alignnent filns
and a bi r et e widhi ubheayelde hahald sghdhPehed t%'?%e’gﬁt taﬁ% Fino °F

alignnent films, wherein the birefringence nediumlayer includes_|iquid
crystal noyecates dhanhig&h tlhgreeseriudti 89 demreess eegdiegsedto byifHddt wo
alignment filns, and wherein at |east one of the two alignment filnms is nmade
of a pol ymefyaeser malleciNespaynehe matquidl dryeitadi nyer maand wherein

the atomic group comprises a benzoyl group;

(c) exposing at least one region of the alignment film
to the actinic ray, thereby cutting the bond of the atomic
group of the polymer material in the at least one region and
removing the side chain:; and

(d) forming the 1liquid crystal layer that includes
ligquid crystal molecules to which a pretilt angle of 2
degrees to 15 degrees has been given by the at least one

region of the alignment film.

9. The method of claim 8, wherein the step (c) includes
the step of exposing selected regions of the alignment film,
which are to define the multiple picture elements, to the
actinic ray, and

wherein the step (d) includes the step of forming the
liquid crystal layer that includes 1liquid crystal molecules
to which a pretilt angle of greater than 85 degrees but 90
degrees or less has been given by the other non-selected

regions of the alignment film that have not been exposed to
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chain; an atomc group having a bond that is selectively cut whthJdk)2806
to an actinic ray; and a side chain that is bonded to the nmain chain, by way
of the atom c group, and wherein the polyner nmaterial with the side chain is
able to give a pretilt angle of greater than 85 degrees but 90 degrees or
|l ess to the liquid crystal nolecules, and 53 14 JULY 2006 wherein the

pol ymer mat.gr ] it he side chain is able to give a pretilt angle of
2 degrees ttg{élggcdeggr%lg;e)gat% the liquid crystal nolecul es; and wherein the

atom c group conprises a benzoyl group. 13. The el enent of claim 12,
wherein at |east one of the two alignnent filnms includes a |ow pretilt
angle region that is nmade of the polyner material w thout the side chain.
14. The el enent - dha methodynsr lpinhed atwhepdn dhe siiepgig8ntintilpdes
further includes a high pretilt angle region that is nade of the pol yner

mat eri al wtHe tdeesi df ekRposingdSthédhatellement ofe ategiorldtowhemradhataoh of
the two alignnent filnms includes the high pretilt angle region and the |ow

pretilt angiut e31aR, wakdiWheRel Ratdite iy fiefrdnd@enge 30ednmbayso hmcl udes: a
first region that is |located between the high pretilt angle regi oAs of the

alignment filns; and a second region that is |ocated between the |ow
pretilt angle regions of the alignnent filnms, the first and second regions

havi ng WUtuallquLffﬁﬁgnEnethod of claim 8, wherein the atomic group

includes at least one compound that is selected from the group
consisting of benzoyl peroxide, benzoyl ether and derivatives

thereof.

12. An optical element comprising two alignment films
and a birefringence medium layer that 1is sandwiched between
the two alignment films,

wherein the birefringence medium layer includes liquid
crystal molecules of which the orientation state is regulated
by the two alignment films, and

wherein at least one of the two alignment films is made
of a polymer material, the polymer material including: a main
chain; an atomic group having a bond that is selectively cut
when exposed to an actinic ray; and a side chain that is
bonded to the main chain .by way of the atomic group, and

wherein the polymer material with the side chain is able
to ine a pretilt angle of greater than 85 degrees but 90

degrees or less to the liquid crystal molecules, and
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retardations. 16. A method of making an optical elenent, the optitApLY 2006
el emrent including two alignnent filns and a birefringence nediumlayer that
i s sandw ched between the two alignnment 54 14 JULY 2006 filnms, the nethod
conprising the steps of: (a) formng at | east one of the two alignnent filns
of a polyner material, the polyner material including: a main chain; an

atori ¢ group hayagedbad thatmer SEAEELIYE! ¥ Chby: YRR @YBBSEd L, A

actinic ray; d"to the main chai y way of
the atomc

angl e of g%é‘gt er’ t%hlg‘ﬁe go éﬁﬁ&é B 9al§’owaf[eg% (g‘gg%l?gge galtl?? %l L c%/gt ;:t

nol ecul es of the birefri ngence nmedi um | ayer; and wherein the at om c group
conprises &MenztiHigr 6E¥SERD) ﬁ(‘fé’ilﬁ@'atar}%a‘élﬂeﬁﬁbnré@jieor@t@mt%egmlil@nnent
film to the actinic ray, thereby cutting the bond of the atom c group of

t he pol ymercompiriisiesi a dpanwoydt drsait. one regi on and renoving the side
chain; and (c) form ng the birefringence nediumlayer that includes liquid

crystal nol ecul @s.t eghehietBmanpr 8€i tladnglie, ofhére tiegseebed St 1ondlegt eese has
been given by the at |east one region of the alignment film 17. The nethod

of claim 1@wo‘é"*&‘i&%h{ﬁehbe £55RE GRk1udesUdes 1§ rHtaA tOTafyiROSE 4 Gif! B4 £d

regions of th

is made of the polymer material without the side chain.

14. The element of claim 13, wherein the at least one
alignment film further includes a high pretilt angle region

that is made of the polymer material with the side chain.

15. The element of claim 14, wherein each of the two
alignment films includes the high pretilt angle region and the
low pretilt.angle region, and

wherein the birefringence medium layer includes: a first
region that is located between the high pretilt angle regioﬁs
of the aligﬁment films; and a second region that is located
between the low pretilt angle regions of the alignment films,
the first and second regions having mutually different

retardations.

16. A method of making an optical element, the optical
element including two alignment films and a birefringence

medium layer that is sandwiched between the two alignment
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alignment filmto the actinic ray, and wherein the step (c) incl14ddLY 2806
step of formng the birefringence nediumlayer that includes liquid crystal
nol ecul es to which a pretilt angle of greater than 85 degrees but 90

degrees orfilless hhe meehog vempRysihg ehbestaps &6: 14 JULY 2006 sel ected
regions of the alignnment filmthat have not been exposed to the actinic ray.

18. The nethod (@f) ¢bmingbatWighstNohBeof! fRe (B0 ADEEMASSt LAL1RL 6P Of
exposing the at least one region to a radiation that " falls within the

wavel engt iy r ; t 450 nm _19. The met hod of .one of _claim 16,
wherei n t 812?'%%1 gl;'ag%glu‘%rr’: nciSde oaymﬁgasTager\Iéﬂglorrﬁgﬁ(riu‘:fdtlﬁgt' i % J&tHted
fromthe rQup consi sti.ng of benzoyl peroxide, benzoyl ether and

deri vat i vEQaifér 8%f 2TOFLCA SRR iBAVIRT £ 1B Fhaly st sdeGHaRY 18 t he
mat eri al being nade of a polynmer material that includes: a main chain; an
atonmi ¢ gr ¥hgnheAERFed bbad arhaactinie| @ayi:veand autsiieenchaposstiato s
actinic ray; and a side chain that is bonded to the main chain by way of

t he at om bogdedp,tavhehei madime ¢hdimebyravseyi af wheh &atembedgrobpi,n tise abl e
to give a pretilt angle of greater than 85 degrees but 90 degrees or |ess

t_odl i qﬁi dpenyméal makkesHh ewi tAndnehed fid ERLIPOLYIBRg BRI tWiddpid the
side chaln Is
of greater than 85 degrees but 90 degrees or less to liquid

crystal wmolecules of the birefringence medium layer; and

wherein the atomic group comprises a benzoyl group;

(b) exposing at least one region of the alignment film
to the actinic ray, thereby cutting the bond of the atomic
group of the polymer material in the at least one region and
removing the side chain; and

(c) forming the birefringence medium layer that includes
liquid crystal molecules to which a pretilt angle of 2
degrees to 15 degrees has been given by the at least one

region of the alignment f£ilm.

17. The method of claim 16, wherein the step (b)
includes the step of exposing selected regions of the
alignment film to the actinic ray. and

wherein the step (c) includes the step of forming the
birefringence medium layer that includes 1liguid crystal
molecules to which a pretilt angle of greater than 85 degrees

but 90 degrees or less has been given by the other non-
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able to give a pretilt angle of 2 degrees to 15 degrees to
nol ecul es; and wherein the atom c group conprises a benzoyl group.

crystal

56 14 JULY 2006 21. A material of a liquid crystal alignnent film the

mat eri al

bei ng made of a polynmer material that includes: a nain chain;

atom ¢ group having a bond that is selectively cut when exposed to an

actinic ra}é’el%%%eﬁ sﬂ*edilo(“hhsa' Oft Q:?{[ 'gllgr?rggr?g F?.(Jj,}nhet "hGha Moty M@ey,nOf

t he atom c “group

es a east one conpou

In"the atom c group I nc

that is selected fron1% roup consi sting of benzoyl peroxide, benzoyl
RoRELnLS |

et her and &&PPS&Li &8st

7ray.

18. The method of claim 16, wherein the step (b)
includes the step of exposing the at least one region to a
radiation that falls within the wavelength range of 300 nm to

450 nm.

19. The method of one of claim 16, wherein the atomic
group includes at least one compound that is selected from the
group consisting of Dbenzoyl peroxide, benzoyl ether and

derivatives thereof.

20. A material of a liquid crystal alignment film, the
material being made of a polymer material that includes: a
main chain; an atomic group having a bond that is selectively
cut when exposed to an actinic ray:; and a side chain that is
bonded to tﬁe main chain by way of the atomic group,

wherein the polymer material with the side chain is able
to give a pretilt angle of greater than 85 degrees but 90
degrees or less to liquid crystal molecules, and

wherein the polymer. material without the side chain is
able to give a pretilt angle of 2 degrees to 15 degrees to
the liquid crystal molecules; and wherein the atomic group

comprises a benzoyl group.
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21. A material of a liquid crystal alignment film, the
material being made of a polymer material that includes: a
main chain; an atomic group having a bond that is selectively
cut when exposed to an actinic ray:; and a side chain that is
bended to the main chain by way of the atomic group,

wherein the atomic group includes at least one compound
that 1is selected from the group consisting of benzoyl

peroxide, benzoyl ether and derivatives thereof.
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