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Liquid crystal aligning films and liquid crystal

display devices

The present invention relates to a liguid crystal
aligning film and a ligquid crystal display device. More
specifically, it relates to a liquid crystal aligning film
having a polybenzylimide skeleton and to a liquid display

device prepared by using this film.

A twisted nematic (which will hereafter be abbreviated
as TN) mode is one in which the aligned direction of a
nematic liquid crystal provided between a pair of upper
and lower electrode substrates has been twisted 90° on
the surfaces of the substrates. It has been used
extensively. There is another mode in which the aligned
direction of a nematic liquid crystal is twisted from 180°
to 300° and it is known as a super nematic mode (which
will hereafter be abbreviated as STN). Furthermore, in
recent years, in order to perform a matrix display or a
color display by means of liquid crystals, many developments
have been made regarding an active type twisted nematic
mode using a majority of picture element electrodes and
MIM (metal - insulating phase - metal) elements or TFT

(field effect type thin film transistor) elements for their
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; I ption . The present invention relates to.a liquid crystal

sdgning filmand a liquid crystal display device. Mre specifically it
ates to a liquid crystal aligning filmhaving a pol ybenzyli m de skel eton
to a liquid display device prepared by wusing this film A tw sted
tic (which will hereafter be abbreviated 2as TN) node is one in which
aligned direction of a nematic liquid crystal provided between a pair
; upper and Io&ﬁl F%eg rodg.substrates has been twi sted 90[err] on the
irfaces of thecSUDSErares2 -1 has been used extensively. There is anot her

bde in which the al Lgne | rection, of a. ne ic liquid crystal is tw sted
ffom 180[err] to SOO[gér]r Org{rléigiér(?és]‘ ‘P\%V\}Fuo%sggi sUPETe tTR R P Ifendtd © ‘e

ich will heregdt@ine image is displayed for a long time and then a

transfer to a new image is made, the previcus image remains
5 as an aiter image. In particular, the improvement in the

after image is very important in order to obtain a high

quality liquid crystal display device.

It is considered that the causes of the after image

may be due to a potential difference, that is to say: since
10 a DC component is added to a liquid crystal display device,

electric double layers due to the impure ionic components

contained in the liquid crystél are produced on the

interfaces of the liquid crystal aligning film. The

offsetting of electric charges is given between the upper
15 and lower substrates and such a potential difference as

to keep the condition stable is created. Since DC

components cannot be removed, particularly from the TFT

elements due to the characteristics of the elements, these

e

problems of after image are easily highlighted more than

20 those in TN and STN and look serious. Furthermore, a higher

voltage holding ratio is required for preventing the
flickering of the image in the TFT mode.
As for an aligningnfilm used in such liquid crystal
display devices, organic type films, such as polyimides
25 and polyamides, are mainly used. For example, Japanese
patent application laid-open No. Sho 51—65960 discloses

a liguid crystal display device having a liquid crystal
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eviated as STN). Furthernore, in recent years, in order to performa
display or a color display by neans of liquid crystals many

pnents have been nade regarding an active type tw sted nematic node
a mpjority of picture elenent electrodes and MM (netal - insulating
- metal) elements or TFT (field effectytype thin film transistor)
snts. for their ON OFF operation The common problens for all these
are that when the sanme image is displayed for a long tinme and then a
fer to a devgn ivegef i km NEglitng thecdleM DS td@ge denEiitsutas] aif afrfeer

kje. In particular the inprovenent in the after image is very inportant
”order to(ﬂﬁe@eﬁzﬁdn@ﬁutnnﬂpﬁq&éntpﬂcbwrystaI di spl ay devi ce. It is
sldered that the causes of the after inage may be due to a potential
ference that is to say since a nent is added to a liquid

'stal di splay devic Iectr dousk rs due to the inpure ionic
ponents con- tarnZE;;h' Nd N—are produced on the
i ngerfaces of the liquid crystar alifni Il m The offsetting at electric

—“00Q0Q T+

There was, however, a problem in that an after image

is easily caused in such a device using a pclyimide aligning

(V1]

film obtained by using such a polyether compound.
SUMMARY OF THE INVENTION
It is, accordingly, a primary object of the present

invention to solve the above problem of the prior art and

10 to obtain a liquid crystal aligning film and a ligquid
crystal display device where a good liquid crystal alignment
property can be obtained and an after image is reduced
by the rubbing treatment of the thin film consisting of
organics.

15 The present inventors have considered that the after

image may be produced since the electric charges due to

impurities as ions are offset on the surface of the aligning

film, resulting in their stabilization, and made research

and development to eliminate the after image. As a result,

20 the present inventors have found that the generation of
an after image has a correlation with the superficial
polarity of the aligning film.

Then, the present inventors developed an aligning
film having the following structure sc as to prevent the

25 after image from occurring by lessening the superficial
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ges is given between the upper and | ower substrates and such a

ential difference as to keep the condition stable is created. Since DC
cgnponents cannot be renoved particularly fromthe TFT el enments due to the
cRaracter- istics of the elenents, these problens of after inmage are
;,lly highlighted nore than those in TN and STN and | ook serious.

i thernore, a higher voltage holding ratio is required for preventing

13 flickering of the image in the TFT node. As for an aligning film
uskd in such | pqikdityysfalthdi gpllayiedevi ces. organic type filns, such as
pj ylimdes and polyan1des are mainly used For exanpl e, Japanese patent

de'lce havi ng a I|qU|d crystal allgnlng f|In1u5|ng a polyimde resin
stituted of byh&rpasderadngnit breg- inededtied Bypolar atom or groups

as represented by -0O- or -SOZ— contained in the polymer
35 into a carbon bond, and by relatively reducing the ratio
of imide groups bv way of increasing the molecular weight
of the amine.
Namely, a first invention of this application is a

liquid crystal aligning film containing a polymer, as the

10 main component, having in its principal chain a skeleton

represented by the general formula (1):

—§}CH2 Q—CHZ-Q-CHZ —Q— (1)
Y X X

Y

wherein X and Y each represent the same or different
hydrogen atoms, an alkyl group having from 1 to 3 carbon

15 atoms, fluorine atom, a chlorine atom or a trifluoromethyl

group, these substituent positions being at the ortho-
position or the meta-position.

Then, a second invention of this application is a

liquid crystal aligning film containing a polyimide, as

20

the main component, having a structural unit represented

by the general formula (2):

—{}CHZ—Q—CHZQCHz—@—N

Y

RON— (2)

Oo=<_>=0O
O=<_>=0
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Ther e was however. a problemin that an after inmage is

1 =5|Iy caused in such a device using a polyimde aligning fil mobtained by
; \gng such a pol yet her conpound.

wherein X and Y each represent the same or different
hydrogen atoms, an alkyl group having from 1 to 3 carpcn
atoms, a fluorine atom, a chlorine atom or a triflucrcmethyl
group, these substituent positions being at the ortho-

5 position or the meta-position, and R represents a
tetravalent arcmatic or aliphatic group or a composite
group having both tetravalent aromatic and aliphatic

properties.

A third invention of this application is a liquid

10 crystal aligning film containing polyimide, as the main

component, prepared by heating polyamic acid prepared by
reacting, in a solvent, tetracarboxylic acid dianhydride

represented by the general formula (3):

YY

18 wherein R represents a tetravalent aromatic or aliphatic

group, or a composite group having both tetravalent aromatic

and aliphatic properties, with a diamino compound

represented by the general formula (4):

HZN——O— —<_=_>— OCHZ—O—NHQ (4)

Y Y

20 wherein X and Y each represent the same or different
hydrogen atoms, an alkyl group having from 1 to 3 carbon
atoms, a fluorine atom, a chlorine atom or trifluoromethyl

group, these substituent positions being at the ortho-

i
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FARY OF THE | NVENTI ON It is accordingly a primary object of the

. *%sent invention to solve the above problemof the prior art and to obtain
M iquid crystal aligning filmand a liquid crystal display device where a
$8d |iquid crystal alignnent property can be obtained and an after image
'reduced by the rubbing treatment of the &hin filmconsisting of

bani cs. The present inventors have considered that the after imge

. be produced sjince the electric charges due to inpurities as ions are
§set on theP{THFERR OF PR MBEHTHIRE$39Mm resulting in their stabilzation
made research and devel opment_to elimnate the after image. As a result
present inventors havelTourftl 1HE 1 e Yirelen i oh S ar@idtife has

' iorrelationi¥A£h11§§i§u8§§é€;fldf§g é}téééqcérﬁ%fﬂé‘%ﬁé“ﬁfédi cryvstal

. aligning film described above.

3 Scme specific examples of diamine compounds used in
the invention can be listed as follows:
1,1-bis{4-(4'-aminobenzyl)phenyl Imethane;
1,1-bis[4-(4'-amino-3-methylbenzyl)phenyl imethane;
1,1-bis[4-(4'-amino-3-ethylbenzyl)phenyl Jmethane;

10 1,1-bis[4-(4'-amino-3-propylbenzyl)phenyl methane;

1,1-bis[4—(4'-amino-B-fluorobenzyl)phenyl]methane;
1,1-bis[4-(4'-amino-3-chlorobenzyl)phenyl]methane;
1,1-bis[4-(4'-amino-3-trifluoromethylchlorobenzyl)
phenyl Jmethane;

15 1,1-bis[4-{4"'-aminobenzyl)-3-methylphenyl Imethane;
1,7-bis[4-(4"'-aminobenzyl)-3-ethylphenyl Jmethane;
1,1-bis[4-(4'-aminobenzyl)-3-propylphenyllmethane;

1,1-bis{4-(4'-aminobenzyl)-3-fluorophenyl Jmethane;

Q 1,1-bis[4-(4'-aminobenzyl)-3-chlorophenyllmethane; and
20 1,1-bis[4-(4'-aminobenzyl)~-3-trifluoromethylphenyl lmethane.
As for tetracarboxylic acid dianhydride used in the

invention, either of an aromatic type, an aliphatic type
and a composite type having both aromatic and aliphatic
properties, may be used. There are no restrictions, but

25 specifically illustrated, there are listed as follows:
pyromellitic acid dianhydride; biphenyltetracarboxylic

acid dianhydride; benzophenonetetracarboxylic acid
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en, the present I nventors devel oped an aligning filmhaving the foll ow ng
$stricture so as to prevent the after image fromoccurring by | essening the
superficial polarity of the pol yner Specifically, the ratio of polar
onponents was reduced by transform ng a bond including a polar atom or
roups ‘as represented by -O or -SOerr] contained in the polynmer into a
arbon bond, and by relatively reducing the ratio of imde groups by way of
ncrea5|ng the nol ecul ar wei ght of the am ne. Nanely the invention of
hi s appl i cat ddanhydeuiddes naphithaildnetysirakazlbbgpilng biclith dianavakiang ;a
polyim de as the main conponent, having a structural unit represented by
he gener al f@pﬁﬁﬁacgzpoxypnenyl)ether dianhydride;

bis(dicarboxyphenyl)sulfone dianhydride;
bis(dicarboxyphenyl)methane dianhydride;

5 cyclobutanetetracarboxylic acid dianhydride;
cyclopentanetetracarboxylic acid dianhydride;

cyclohexanetetracarboxylic acid dianhydride;

dicyclohexanetetracarboxylic acid dianhydride;

dicyclopentanetetracarboxylic acid dianhydride;
10 bis(dicarboxycyclohexyl)ether dianhydride;

bis{dicarboxycyclohexyl)sulfone dianhydride;

bis(dicarboxycyclohexyl)methane dianhydride;
5-(2,5-dioxotetrahydro-3-furanyl)-3-methyl-3-cyclohexene-
1,2-dicarboxylic anhydride;
15 1,3,3a,4,5,9b-hexahydro-5-(tetrahydro-2,5-dioxo-3-furanyl}-
naphte{1,2-clfurane-1,3-dione, eyc.
In the liquid crystal aligning film of the inveﬁtion,

aminosilicone compounds or diaminosilicone compounds can

be introduced so as to improve the adhesion to a substrate.

20 As for a specific example of a liquid crystal aligning

film in which the above silicon compounds are introduced,
there are providea a liquid crystal aligning film containing
from 0.1 to 50 mol %, preferably from 0.1 to 20 mol % of

the total polyimide structural unit represented by the

25 formula (7):

N— (N
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in the film is replaced by a structural uni® represented

by the formula (5):

i O
(R20)y —Si—Z—N )LN-— (5)
Y Y
O 0
and/or the formula_(s):
=¥ R2 O O
] | ) A_A
5 —Z{Si-0}.Si —z-—NYHw— (6)
RZ  R? O 0

wherein, in the formulas (5) and (6), Z represents an

alkylene or phenylene group having from 1 to 3 carbon atoms;
R2 represeﬂts an alkyl group having from 1 to six carbon
atems; R represents a tetravalent arcomatic or aliphatic

10 group of a composite group having both tetravalent aromatic
and aliphatic properties; and m represents an integer from

0 to 4.

As for a specific example of introduced aminosilicone

compounds, the following compounds can be listed. In the
(o 15 first place, as for an aminosilicone compound for producing
a structural unit represented by the general formula (5),
the following compounds can be listed:
HoN —(CHj);3 —Si(OCH4)s
HaN—(CHa)y —Si(OC2Hs),
20 HaN —(CHg)s —Si(CH3){(OC2Hs),
HoN —(CHa) —Si(CoHs)(On-CaHy),
HoN —(CH,); —Si(OCH,),
HoN —(CHy), —Si(OC;Hs); " This Sheet Has Been Replaced

N —(CH, —SICHRIOCH LT




wherein X and Y each represent the sane or different hydrogen atons,
kyl group having from1l to 3 carbon atons.

v oy
oN—7 N—suonu s

Hig N '3
HaN —Q“Si(OCsz)a

HN—)—SI(CH(OCHs),
HoN -@—Si(CHa)(Ocsz>z

; HN—()—(CHaly —Si(0CH),
HN—{ ) —(CHaly —Si(OCHs)s

HoN

OS](OCH3)3

HoN
D—suocsz)a

In the case of introducing these aminosilicone
10 compounds into polybenzylimide type polymers, 50 mol %

or less, preferably 20 mol % or less of diamino compounds

represented by the general formula (4) can be replaced

with aminosilicone compounds and used.

As for a diaminosilicone compound for producing a

15 structural unit represented by the general formula (6},

the following compounds can be listed.

i-CsH;  i-C4Hy
HaN —(CHp); ~-Si —O }-Si —(CH,)3 —NH,
-CqH;  i-CqHy

HoN —(CHy)4 _(_St‘ —Q _}T_n_sl| —(CHg)y —NH, T'his Sheet Has Been Replace
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Rine atom a chlorine atomor a trifluoronethyl group, these

L uent positions being at the ortho-position or the neta-position. and
yfesents a tetravalent aromatic or aliphatic group or a composite group
both tetrav- alent aromatic and aliphatic properties. The liquid
aligning filmcontaining polyimdeioas the main ‘conponent, can be
red by heating polyamc acid prepared by reacting, in a solvent

facar boxyl i ¢ acid di anhydride represented by the general fornmula (3):

CH, CH,
| !
HoN —(CH,), —(—Sli -o-};;s,'; —(CH,)y —NH,
CHs CH,
CHy  GHy
a0k —{ )
CHj CH,
ﬁ In the formulas m represents an integer from 0 to
' 4. 1In the case of introducing these diaminosilicone
q*. 5 compound into a polybenzylimide type polymer, 50 mol %

or less, preferably 20 mol % or less, of a diamino compound
represented by the above geﬂeral formuia (4) can be replaced
with a diaminosilicone compound.
For mounting the liquid crystal aligning film of the
10 invention on a substrate, since a polyimide compound is,
in general, inscluble in solvents, a polyamic acid, which
can be obtained from the céndensation of a diamino compound

and tetracarboxylic acid dianhydride as a precursor of

this polyimide compound, is dissolved and coated on the

15 substrate. For example, the polyamic acid is dissolved
in a solvent, such as N-methyl-2-pyrclidone (NMP)}, dimethyl-
acetamide (DMAc), dimethylformamide (DMF), dimethylsulfoxide
(DMSC), butyl cellosolve or ethylcarbitol, to prepare a
0.1 to 30 wt.%, preferably 1 to 10 wt.% solution, which_

20 is coated on the substrate by brushing, immersing,
rotational coating, spraying or printing to give a coated

film. The coated film is then heat-treated at 50 to 150°C,

i5 Sheet Flas Been Replaced
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wherein R represents a tetravalent aromatic or aliphatic group, or a
_ 305|te group having both tetraval ent aromatic and aliphatic properties,
& . a di am no conpound represented by the general formula (4): [err]

11

preferably at 80 to 120°C, and subjected zo a dehydrating

V¢

.~
id

n
-

formation reaction to give a liguid crystal aligning
<

ilm consisting of a Dolvbe“zvl mide type polymer film.

~—

In the case the adhesion of the polvmer film to the

wn

substrate is not good, the surface of the substrate may
be treated in advance with a silane coupling reagent,
followed by forming a polymer film on it, thereby the above
situation can be improved. Next, the coated surface is
rubbed in a certain direction with a cloth to give a liquid
10 crystal aligning film.
Normally, electrodes, for example, transparent
electrodes such as ITO, are formed on this substrate.
For preventing the alkali elution from the substrate, an
undersheet film, such as an insulating film, polarized
15 disk, or color filter, may be coated on the electrodes.
Furthermore, an overceat film, such as an insulating £film,

color filter film or light transmission preventing film,

may be formed on the electrodes. The prior art liquid

crystal display device constitution can be applied to these

20 electrodes, undercoatings, overcoatings and the other
components within a cell.
After preparing a cell using the above substrates
and injecting liquid crystal between the substrates, the
injection inlet is sealed. Otherwise, after liquid crystal
25

is sprayed oh the substrate, the substrate is overlapped
on another and the resulting substrates mav be sealed so

as not to leak the liquid crystal. Normal nematic liguid
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1.

L. X and Y each represent the sane or different hydrogen atons, an
.group having from1l to 3 carbon atons, a fluorine atom a chlorine

8r trifluoromethyl group, these substi t uent positions being at the
‘position or the neta-position. Futhermore, this application
es a liquid crystal display device ugigng the liquid crystal aligning
Hescri bed above. Sonme specific exanpl es of diam ne conpounds

use n the invention can be listed as foll ows:

w

10

15

20

crystals, dichroic ligquid crystals and various other liquid
crystals can be used as the liquid crvstal to be injected.

The aligning film containing a polybenzylimide type
polymer as the main component in the invention, acts so
as to reduce the after image. This reason is not clear,
but since the ratio of polar components in the polymer
is small, it may be considered that it becomes hard to
absorb and retain ionic impurities.

The liguid crystal display-device of the invention
is characterized by an alignment controlling film with
reduced after image, and its voltage holding ratio is high
as well, As a matter of course, the alignment of the liquid
crystal is good, and .it is also be possible to bring about
the pretilt angle in the same degree as that of a poly-
etherimide type polyimide of the prior art. Further, the
present invention is applicable to a ferroelectric l;quid
crystal aligning films.
BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein preferred
embodiments of the present invention are clearly shown.

In the drawings:

Fig. 1 is a view showing a C-V histeresis curve; and

Fig. 2 is a circuit diagram for measuring a voltagé
holding ratio.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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% 4-(4' - am nobenzyl ) phenyl net hane; .

4-(4' - am no- 3- net hyl benzyl ) phenyl ] net hane; 1,1

4' -am no- 3- et hyl benzyl ) phenyl ] net hane; 1.

(4' - am no- 3- propyl benzyl ) phenyl ] net hane; 1,1

2 (4' -am no- 3-fl uorobenzyl ) phenyl ] net hane; 1, 1-

g 4' - ami no- 3- chl or obenzyl ) phenzyl ) phenyl ] et hane;

S(4-(4'-am no-3-trifluoronethyl chl orobenzyl)phenyl ] net hane;

4- (4" - anmi nobeRRYT }03- new hiyd pheafjét ned hansodimedts | a detailed
4- (am nobenzyl ) - 3- et hyl phenyl ] net hane; 1,1

4- ani neBeREZYPFIB0pebpyiehenyeinbthanell be given below. While

the embodiment of the present invention, as herein
described, constitutes a preferred form, it is to be

understood that other fcrm might be adopted.

ut

In each preferred embodiment, the degree of the after
image was measured by a C-V curve method. The C-V curve
method is carried out by applying the triangle were
(frequency: 0.0036 Hz) of a voltage V=x10 V to a liquid

10 crystal cell, and then overlapping an alternating current
| at 25 mV and 1 KHz on this. The varying capacities, C,
are then recorded. When the voltage is swept to the
positive side, the capacity increases. When the voltage
is swept toward the negative side, the capacity decreases
15 to give a minimum value. Further, when the voltage is
swept to the negative side less than 0, the capacity
increases again, and next, when the voltage is swept toward
the positive side, the capacity decreases again. The
resulting wave form after several cycles are shown in Fig.
20 1. At this time, when the off-setting of electric charges
is produced on the interfaces of the liguid crystal aligning
film and stabilized, the voltage draws a histeresis curve
at both positive and negative sides. The residual electric
charges are determined by drawing 2 tangents to the C-V
25 curve at both positive and negative sides, obtaining tﬁe
cross points (d1 -dA) were these lines cross the line of

capacity, CO’ at the time of V=0. The voltage differences

This Sheet Has Been Replaced
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{ 4- (4' am nobenzyl ) -3-fl uorophenyl ] net hane; 1,1-

' -am nobenzyl) -3-chl orophenyl]nethane: and = 1,

(4' -am nobenzyl )-3-trifl uoronet hyl phenyl ] met hane. As for

ar boxylic acid dienhydride used in the invention, either of an

"c type, an aliphatic type and a conpbsite type having both aromatic
phatic properties may be used There are no restrictions, but

i cal | d f | | d
i o] BEERERD! a0 BRAFES EPF cai Boarakgcr Fi, »Bhrgpereen oY

net etraca I ack h i desan t n tr rb@ I aci d
ydri de blé?gF%arggxyp en%??e%gér F? %g% §Q£§ S&S £1g! 2% 6§

qi car boxyg@eemjseh&oaee%aawgﬁ ththkééd' car poxyp &cg@é/i)éfﬁéé'@:f'?c

dlaniydrlde cycl obdt anet etrecar- boxylic acid’diranhydr

goent anet ghsagar haxykkeraghdadi aphydnide: 16y el ohgxanst g ragarboxylic
#di anhydri de:

5 and the thickness of the aligning f£ilm are egqual, this
value becomes a parameter for stabilizing the cfi-setting
of electric charges. Namely, the smaller the size of

histeresis in the aligning film, the less the after image.

; The measurement of a voltage holding ratio percentage
4 10 was carried out using a circuit as shown in Fig. 2(I).

In the circuit, a rectangular wave Vs of gate pulse width
6.9 ys, frequency 60 Hz, and wave height +4.5 V, is applied

on a source and the resulting voltage drain, VD' is

monitored. It is apparent from Fig. 2(II) that when a

15 positive voltage pulse, is applied at this point,

VS1 '
the voltage shows a positive value during the period of

time before the next negative pulse, is applied.

Vs2r
Therefore, the area (slanting line poftion) enclosed by

V=0 and monitored voltage VD (positive value) is integrated.

20 Such a measurement is repeated four times to obtain the

average value. Setting the area, in the case that the
voltage is not reduced, as 100%, a relative value of the

area to this is calculated and the calculated value is

defined as the voltage holding ratioc (%).
25 Furthermore, the measurement of the pretilt angle

was done by a crystal rotation method.

Example 1 .
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hexanet etracarboxylic acid di anhydri de; dicycl opentanetracarboxylic
anhydri de; bi s(dicarboxycy-

10

20

25

Dehydrated and refined N-methvl-2-pyrrolidone (50
ml) was put in a four neck flask of 200 ml attached with
a stirrer, a thermometer, a condenser and a nitrogen-
replacing apparatus. Then, 1,1-bis{4-(4'-aminobenzyl)-
phenyl Jmethane (7.43 g) was added and :he mixture was
stirred and dissclved. The resulting solution was cooled
to 13°C, and pyromellitic acid dianhydride (4.36 g) was
added to the solution at one time and allowed to react
with the solution while simultaneously stirring and cooling.
After 1 hour, 0.11 g of para-aminophenyltrimethoxysilane
was added to the solution and allowed to react with it
at 20°C for 1 hour while stirring. Then, the reaction
solution was diluted with N-methyl-2-pyrrolidone (NMP)
(58 ml) to give a clear solution of 10 wt.% polyamic acid.
The viscosity of this solution at 25°C was 1893 cps.

. This solution was diluted in a mixture solution of
butyl cellosolve and NMP (1:1) to give a 3 wt.$% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotational
coating method (spinner method). The rotational condition
was 5000 rpm for 15 seconds. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give polybenzylimide having an approximate film
thickness of 600 A. The coated surfaces of two substrates

on which this polybenzylimide film had been formed were
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~g%xyl)ethér di anhydri de; bis(dicarboxycycl ohexyl)sul fone di anhydri de;
8¢ di car boxycycl ohexyl ) net hane di anhy- dri de;

2, 5- di oxot et ahydro-3-1uranyl)-3-nethyl- 3-cycl ohexene- 1, 2-dicarboxylic
vdride; 1.3. 3a.4.5. 9b-hexahy -

g%S-(tetrahydra-Z,S-dioxo-3-furany|)-na9%to[ 1.2-c]furane-1, 3-dione.

treated by rubbing, respectively, to give their liquid
crystal aligning films, which were incorporated in a liquid
crystal cell having a cell thickness of 6 y so that their
rubbing directions may be in parallel with each other and

face with each other, and in which Liguid Crystal F30t1

[$2)

for TFT use (Chisso Corporation product and its commercial
name) was sealed. After sealing, an isotrovpic
transformation treatment was applied to it at 120°C for
30 min., and it was gradually cooled to a room temperature
10 to give a liquid crystal display device. Furthermore,
a liquid crystal cell having a cell thickness of 20 u
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar procedure
described, above and applied to the measurement of the
15 pretilt angle. The alignment property of this liquid
crystal was good and the pretilt angle of this liguid
crystal was 3.6°. The residual electric charge of this

cell was 0.07 at 25°C, and its voltage holding ratio was
97.5%.

20

Example 2
Dehydrated and refined N-methyl-2-pyrrolidone (50

ﬁl) was put in a four-neck flask of 200 ml attached with

a stirrer, a thermometer, a condenser and a nitrogen-
replacing apparatus. Then, 1,1-bis{4-(4'-aminobenzyl)-
phenyl Imethane (7.43 g) was added and the mixture was
stirred and dissolved. The resulting solution was cooled

to 13°c, and methylcyclobutanetetracarboxylic acid
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;?|qU|d crystal aligning filmof the invention, am nosilicone

Bds or di ami nosilicone conpounds can be |ntroduced So as to inprove
‘je5|on to a substrate. As for a specific exanple of a liquid crystal
g filmin which the above silicon conpounds are introduced, a liquid
¢ aligning filmis provided, whereih7fromO0.1 to 50 nol %

ably from0.1 to 20 mol % of the total polyimde structural unit

?nted qy;agh érrgv F3 93 g) was added to the solution at one time
and allowed to react with the solution while simultaneously
stirring and cooling. After 1 hour, para-aminophenyltri-
methoxysilane (0.11 g) was added to the solution and allowed

to react with it at 20°C for 1 hour, while stirring. Then,

w

the reaction solution was diluted with N-methyl-2-
pyrrolidone (NMP) (58 ml) to give a clear solution of 10
wt.% polyamic acid. The viscosity of this solution at
25°C was 97.5 cps.

10 This solution was diluted in a mixture solution of
butyl cellosolve and NMP (7:3) to give a 3 wt.% solution,
which was coated 6n a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotatiocnal
coating method (spinner method). The rotational condition

15  was 3000 rpm for 15 sec. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its

temperature was éradually increased up to 200°C for 1 hour

within an oven. It was further heat treated at 200°C for
90 min. to give polybenzylimide having an approximate film
20 thickneés of 600 A. The coated surfaces of two substrates
on which this polybenzylimide film had been formed were
treated by rubbing, to give their liquid crystal aligning
films, which were incorporated in a liquid crystal cell

having a cell thickness of 6 y4 so that their rubbing

i~
w

directions may be in parallel with each other and face
with each other, and in which Liquid Crystal FBO1 for TFT

use (Chisso Corporation product and its commercial name)
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the filmis replaced by a structural unit represented by the

E (5):

18

was sealed.

After sealing, an isotropic transformation treatment
was applied at 120°C for 30 min. and it was gradually cooled
to a room temperature to give a ligquid crystal display
device. Furthermbre, a liquid crystal cell having a cell
thickness of 20 py enclosing a Merk & Co., Inc. product,
Liquid Crystal 2ZLI-1132, was prepared, following the similar
procedure described above, and applied to the measurement
of the pretilt angle.

The alignment property of this liquid crystal was

- good and the pretilt angle of this liquid crystal was 1.5°,

The residual electric charge of this cell was 0.5 at 25°C,
and its voltage heolding ratio was 97.3%.

Comparative example 1

A mixture of 2,2-bis{4-(4'-aminophenoxy)phenyl lpropane
(8.06 g), pyromellitic acid dianhydride (4.36 g) and para-
aminophenyltrimethoxysilane (6.11 g), was polymerized to
give a polyamic acid solution.

This solution was diluted with a mixture solution
of butyl cellosolve and NMP (1:1) to give a 3 wt.% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotational
coating method (spinner mgthod). The rotational condition
was 3000 rpm for 15 sec. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour

within an oven. It was further heat treated at 200°C for
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20 min. to give polyetherimide having an acproximate film
thickness of 600 A. The coated surfaces of two substrates
on which this polvetherimide film had been formed were
treated by rubbing, respectively, to give their liquid
crystal aligning films, which were incorporated in a liguid
crystal cell having a cell thickness of 6 gy so that their
rubbing directions may be in parallel with each other and
face with each other, and in which Liquid Crystal FRO1

for TFT use (Chisso Corporation product and its commercial
name) was sealed. After sealing, an isotropic
transformation treatment was applied to it at 120°C for

30 min., and it was gradually cooled to a room temperature
to give a liguid crystal display device. Furthermore,

a liquid crystal cell having a cell thickness of 20 u
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the
pretilt angle.

The alignment property of this ligquid crystal was
good and the pretilt angle of this liquid crystal was 3.7°.
However, the residual electric charge of this cell was
0.20 at 25°C, and its voltage holding ratio was 90.0%.

Comparative example 2

A mixture of 2,2—bis[4—(4'—aminophenoxy)phenyl]propane
(8.06 g), methylcyclobutanetetracarboxylic acid diannydride
(3.92 g) and para-aminophenyltrimethoxysilane (0.11 g),

was polymerized to give a polyamic acid solution.
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wherein, in the fornulas (5) and (6), Z represents an al kyl ene or
ne group having from1l to 3 carbon atons; Rerr] represents an al kyl
aving from1 to six carbon atons; R represents a tetraval ent

i or aliphatic group of a conposite group having both tetraval ent

t ‘and al i phatic properties; and mrepfesents an integer from 0 to
for a specific exanple of introduced am nosilicone conpounds, the
hg conpounds_can be sted. In_the first place, as for an

i cone conpoling® fa?lﬂﬁbaﬁcfﬁﬁ ﬁlsfkﬁétdré anTi*Fape eseheetohy t he
'fornu'gf(éatylhgeiggggwtgg CS”Q?H”QS ?ntgeglbgt6d3 wt.% solution,

which was coated on a clear glass substrate mounted with

ITO electrodes on one surface thereof by a rotational

w

coating method (spinner method). The rotational condition
was 5000 rpm for 15 sec. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
10 90 min. to give polyetherimide having an approximate film
thickness of 600 A. The coated surfaces of two substrates
cn which this polyetherimide film had been formed were
treated by rubbing, respectively, to give their liquid
crystal aligning films, which were incorporated in a liquid
15 crystal cell having a cell thickness of 6 y so that their

rubbing directions may be in parallel with each other and

face with each othér, and in which Liquid Crystal F301
for TFT use (Chisso Corporation product and its commercial
name) was sealed. After sealing, an isotropic

20 transformation treatment was applied to it at 120°C for
30 min. and it was gradually cooled tc a room temperature
to give a liquid crystal display device. Furthermore,
a liquid crystal cell having a cell thickness of 20 py
enclosing a Merk & Co., Inc. product, Liguid Crystal

25 ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the
pretilt angle.

heet Has Been Replaced

T

[,



21

The alignment property of this liquid crystal was
gocd and the pretilt angle of this liquid crystal was 1.
However, the residual electric charge of this cell was

0.15 at 25°C, and its voltage holding ratio was 89.0%.

Comparative example 3

A mixture of 4,4'diaminophenylether (3.45 g),
pyromellitic acid dianhydride {(4.36 g) and para-aminophenyl-
trimethoxysilane (0.11 g), was polymerized to give a
polyamic acid solution.

This solution was diluted with a mixture solution

of butyl cellosolve and NMP (1:1) to yive a 3 wt.% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotational

coating method (spinner method). The rotational condition

15 was 3000 rpm for 15 sec. After coating, the coated

§ substrate was dried at 100;C for 10 min., and then, its

| temperature was gradually increésed up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give polyetherimide having an approximate film

20 thickness of 600 A. The coated surfaces of two substrates
on which this polyetherimide film had been formed were
treated by rubbing, respectively, to give their liguid
crystal aligning films, which were incorporated in a liquid

crystal cell having a cell thickness of 6 p so that their

o
Ut

rubbing directions may be in parallel with each other and
face with each other, and in which Liquid Crystal FBO1

for TFT use (Chisso Corporation product and its commercial
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name) was sealed. After sealing, an isotropic
transformation treatment was applied to it at 120°C for
30 min. and it was gradually coocled to a room temperature
to give a liquid crystal display device. Furthermore,

a liguid crystal cell having a cell thickness of 20 y
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the
pretilt angle. .

The alignment property of this liquid crystal was
good and the pretilt angle of this liquid crystal was 0.5°.
However, the residual electric charge of this cell was
0.90 at 25°C, and its voltage holding ratio was 78.0%.

In accordance with the first through third inventions
of the present application, since the absorption of
impurities can be decreased by reducing the polar components
contained in the polymer, liquid crystal aligning films
having reduced after image can be prepared. The liquid
crystal display devices prepared by using these films have
reduced after image and which enables them to carry out
good and stable displays. The aligning films of the
invention contribute to the improvement in their voltage

holding ratios also.
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M&C FOLIO: 79SP68233 WANGDOC:17511

CLAIMS:

-

1. A liquid crystal aligning film containing a polymer

having repeating units of the formula:

—Q-CHz—-Q—CHZ 4 CHZ—Q— (1)

Y

wherein X and Y are the same or are different and each

is a hydrogen, chlorine or fluorine atom or an alkyl |

group having from 1 to 3 carbon atoms, or a trifluoro-

methyl group, which may be substituted at the ortho- or

meta-positions.

2. A liquid crystal aligning film containing a

polyimide having repeating units of the formula:

=0
>=O

—(D—CHZ—O-CHZ 4 CHZ—Q—N 20 (N (@)

o=
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wherein X and Y have the meanings defined in claim 1,

24

and R is a tetravalent arcmatic group, a tetravalent
aliphatic group or a composite group having both

tetravalent aromatic and aliphatic properties.

3. A liquid crystal aligning £ilm containing a

polyimide prepared by heating the polyamic acid obtained

by reacting, in a solvent, a tetracarboxylic acid

!
1
t

dianhydride of the formula:

s b e b A i

R

Q
0=_»=O
o
o=~
“

(wherein R has the meaning defined in claim 2) with a

diamino compound of the formula:

'HzN—Q—CHZ—Q—CHZQCHZ—Q-NHZ (4)
Y X X

Y

(wherein X and Y have the meanings defined in claim 1).

4. A liquid crystal aligning film according to claim 2,
wherein the polyimide also contains repeating units of

formulae (2) in which the polyimide structural unit of

formula:
This Sheet Has Been Replaced
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—N_RUN— (7)

O=<_»>=0
O=<_>=0

is replaced by structural units of the formulae:

23
(R2Q); —Si—Z—N N— (5)
; Yy
0.0
and/or
. ?2 }'312 O O
~Z‘LSI'-_O}E,SE‘Z-N'&H)LN—- (6)
Rz F Y Y
Rz 0 O

wherein Z is an alkylene group having from 1 to 3 carbon
atoms a phenylene group or a phenylene-alkylene group in
which the alkylene group has 1 to 3 carbon atoms; R2

is an alkyl group having from 1 to 6 carbon atoms; R has

the meaning defined in claim 1; and m is 0 or an integer

from 1 to 4.
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5. A liquid crystal aligning film according to claim 4,
~ wherein frem 0.1 to 50 mol % of the total polyimide
structural units in the film are replaced by structural

units of the formulae (5) and/or (6).

6. A liquid crystal display device using a ligquid
crystal aligning films according to any one of the

-preceding claims.
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LIQUID CRYSTAL ALTIGNING FILMS AND LIQUID CRYSTAL

DISPLAY DEVICES

Liquid crystal aligning films for use in liquid
crystal displace device, comprise polymers having

repeating units of the formulae:

Y

R (2)

o= =0
o=< =0

:QCHZ;—Q—CHZ \"-{ CHZ.—Q—N

X Y

wherein X and Y are the same or are'different and each
is hydrogen, a chlorine or fluorine atoﬁ, an alkyl group
having from 1 to 3 carbon atoms, or a trifluoromethyl
group and are substituted at the ortho- or
meta-positions; and R is a tetravalent aromatic or
aliphatic group or a composite group having both

tetravalent aromatic and aliphatic properties.
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In rhe case of introducing these am nosillcone conpounds Into )/l

pol ybenzyl i m de type polyners. 50 nol % or |ess. preferably 20 nol % or

| esp of diami no conpounds represented by the general fornula (4) can be ﬂ
repfaced with am - nosilicone conpounds and used. As for a

di api nosi | i cone conpound for- produci gg alﬁtru tural unit represented by
general fornmula (6). the followng c mlo d an be listed.

1200}

1000

800¢

capacity C (pF ).

600¢

400 . . — , .
10 -6 2 0 2 6 10

DC voltage (V) .
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Source

Driving ___23_1 Drai
circuit Gate n |
Vo ——> Oscilloscope

Temperature
controlled
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Ligquid

cell

vessel

an

77

77

+4.5V

-4.5V

V=0
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Liquid crystal aligning £ilms and liguid crvstal

display devices

The present invention relates to a liguid crystal
aligning film and a liquid crystal display device. More
specifically, it relates to a liquid crystal aligning film
having a polybenzylimide skeleton and to a liquid display

device prepared by using this film.

A twisted nematic (which will hereafter be abbreviated
as TN} mode is one in which the aligned direction of a
nematic liquid crystal provided between a pair of upper
and lower electrode substrates has been twisted 90° on
the surfaces of the substrates. It has been used
extensively. There is another mode in which the aligned
direction of a nematic liquid crystal is twisted from 180°
to 300° and it is known as a super nematic mode (which
will hereafter be abbreviated as STN). Furthermore, in
recent years, in order to perform a matrix display or a
color display'by means of liquid crystals, many developments
have been made regarding an active type twisted nematic
mode using a majority of pictufe element electrodes and

MIM (metal - insulating phase - metal) elements or TFT

et SO e NN, W

\ Qﬁ%ﬁf’ffeCt type thin film transistor) elements for their

F s B R\ I
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ON-OFF operation. e IS

The common problems for all these modes are that when
the same image is displayed for a long time and then a
transfer to a new image is made, the previous image remains
as an after image. 1In particular, the improvement in the
after image is very important in order to obtain a high
quality liquid crystal display device.

It is considered that the causes of the after image
may be due to a potential difference, that is to say: since
a DC component is added to a liquid crystal display device,
electric double layers due to the impure ionic components
contained in the liquid crystal are produced on the
interfaces of the liquid crystal aligning film. The
offsetting of electric charges is given between the upper
and lower substrates and such a potential difference as
to keep the condition stable is created. Since DC
components cannot be removed; particularly from the TFT
elements due to the characteristics of the elements, these
problems of after image are easily highlighted more than
those in TN and STN and look seriocus. Furthermore, a higher
voltage holding ratio is reéuired for preventing the
flickering of the image in the TFT mode.

As for an aligning'film used in such liquid c;ystal
display devices, organic type fllms, such as polyimides
and polyamides, are mainly-used. For example, Japanese
patent application laid-open No. Sho 51—65960 discloses

a ligquid crystal dispiay device having a liquid crystal

his Qhee‘ Has Been Re laced
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aligning film using a polyimide resin constituted of the

repeated unit represented by:

25
~O-o< - x-
O O

fhere was, however,'a problem in that an afiter image
is easily caused in such a device using a polyimide aligning
film obtained by using such a polyether compound.
SUMMARY OF THE INVENTION

It is, accordingly, a primary object of the present
invention to solve the above problem of the prior art and
to obtain a liquid crystal aligﬁing film and a liquid
crystal display device where a good liquid crystal alignment

property can be obtained and an after image is reduced

- by the rubbing treatment of the thin film consisting of

organics.

The present inventors have considered that the after
image may be produced since the electric charges due to
impurities as ions are offset 6n the surface of the aligning
film, resulting in their stabilization,_and made research
and development to eliminate the after image. As a result,
the present inventors have found that the generation of
an after image has a correlation with the superficial
polarity of the aligning film.

Then, the present inventors developed an aligning
film having the following structure so as to prevent the

after image from occurring by lessening the superficial
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In the formulas mrepresents an integer fromO to 4:-iyrt] G aS

I'ntroduci ng these di am nosil cone conpound into a poW&béAn h}hh gjkﬁpe
polymer, 50 nol %or |less, preferably 20 nol % or lless, of a diam o
conpound represented by the above general fornula (|4) cq@:agvnﬁﬁlace. W th

a di am nosilicone conpound. For nounting the lijquid crystal alijgnging
filmof the invention on a substrate, S|née a polyim fin
general, insoluble in solvents, a polyamc acid, whjch can be obtaln d from

t he condensabugaley afdhﬁglgglgggpound and tetracar oxylic acrd
di anhydri de as a precursor of this polyimde conpound, is dissolved and

coated on the subpe8fiifatgllkQr te@xappke a disgglved.in a
sol vent, such as N nethyl -2- pyrrolldong %ENB?Qgg gbﬁ ggtcetanld EBWQ c).

di et hyl f or bRitdensBVERindi aebbybsuhtaxidgy & DMED) - Q%)ﬁ' o¢ekLeggLve or
ethylcarbitol, to prepare
as represented by -0- or —SOZ— contained in the polymer
into a carbon bond, and by relatively reducing the ratio
of iﬁide groups by way of increasing the molecular weight
of the amine.
Namely, a firét invention of this application is a
liquid crystal aligning film containing a polymer, as the
main component, having in its principal chain a skeleton

represented by the general formula (1):

Y

wherein X and Y each represent the same or different
hydrogen atéms,_an alkyl group having from 1 to 3 carbon
atoms, fluorine atom, a chlorine atom or a triflucromethyl
group, these substituent.pqsitions being at the ortho-
position or the meta-position.

Then, a second invention of this application is a
liquid crystal aligning_fi;m containing a polyimide, as
the main component, havingla structural unit represented

by the general formula (2):

Y

R N— (2)

o= >=C)
O<_>=0O
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a 0.1to 30 w% preferably 1 to 10 wt. % sol utfyj ﬁaﬁ% gt ed on the
substrate by brushing, imersing, rotational jLAVR a1 lor printing
to give a coated film The coated filmis thej heat-treated af {50 to
150[err] C, preferably at 80 to 120[err] C, and jsybj ¢QtNQK ©Bb6.a dehydrati ng
ring formation reaction to give a liquid crystjalj aliging fil mconsisting of
a polybenzylimde type polyner film Insgthe dase esion pf the
polymer film to the substrate is not good, the surface of th ubstrate
may be treated in advance with a silane couplTng reagent, followed by
form ng a polepaEEn X lamdry iddach hepesante thlkovamd taratdidifecamtbe | nproved.
Next the coated surface is rubbed in a certain direction with a cloth to
give a |iquydirergesala tanisgniang aflidyh groudormeadilng fedaect’r ddes? cddrorexanpl e
transparent electrodes such as ITO are fornmed on this substrate. For
prevent i ng attemsal lealfluoning jadienf,r gmaiHe msintes tartame orark Uidiet SHame §h i
such as an insulating film polarized disk, or color filter, may be
coated on t3FOW eSS LIS Yhaitr o st g dwHiing it ERIGF B an

insulating film color filter filmor light transm s-
position or the meta-position, and R represents a

&
as=
x>
| %S

tetravalent aromatic or aliphatic group or a composite
group having both tetravalent aromatic and aliphatic
properties.

A third invention of this application is a liguid
crystal aligning film containing polyimide, as the main
component, prepared by heating polyamic acid prepared by
reacting, in a solvent, tetracarboxylic acid dianhydride

represented by the general formula (3):

QO O
o#a#o (3)
00
wherein R represents a tetrAValent aromatic or aliphatic
group, or a composite group having both tetravalent aromatic

and aliphatic properties, with a diamino compound

represented by the general formula (4):

HZN——§:>-CH2 —Q—CHZQ—CHZ —Q—NHZ (4)
v X X

Y

wherein X and Y each represent the same or different
hydrogen atoms, an alkyl group having from 1 to 3 carbon
atoms, a fluorine atom, a chlorine atom or trifluoromethyl

group, these substituent positions being at the ortho-
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sion preventing fi.lmmay be fornmed on the el ectrodes. The prlor art quuid
crystal display device constltutlon can be applied.to.-these—= 9
under coat i ng$his %w@ih cind t he ot her conponeﬁﬂ%ﬁ%“ﬂﬁ¢hﬁﬁ‘ : '3
Af ter preparl t he above substrates!a €Ct1 ng
crystal betme es, the injection |nl%t SL%@ gx
after liquid crystal |s sprayed on the substrate, it e strat

over | apped on another and the resulting substrate :
to leak the liquid crystaL Normal nematic liquid rystals di chroici!liquid
crystal s andPPatfé88 BEhEhe| Pgtirdresystiahs can be lwsedas=tHe™ 1T qui d

crystal to be |nJQcte The aligning filmcontaining a polybenzylimde
type polyner as th&F Fﬁ“@ﬁﬁpoﬁeﬁPthhthévﬁnvennloﬁ tacssapplasatacneduce

the after inmage, This.reason not clear, but since the ratio of polar
conponents i A-t Re™ b8P§ﬂeFrV§t§ PFSDFPYnﬁ§VB§ecéﬁsneetee Lhauift cbesbaks

hard to absorh e l,oni c.l The liquid crystal display
devi ce of thé |§ggﬁ%|g%iﬁsd8ﬁgfé8? r Qaeby an alignnent controling film

with rduced after gope specific examples of diamine compounds used in
the'invention can be listed as follows:
1,1-bis(4-(4'-aminobenzyl)phenyl methane;
1,1-bis{4-(4"'-amino-3-methylbenzyl)phenyl Imethane;
1{1-bis[4-(4‘-amino-3—ethylbenzyl)phenyl]methaﬁe;
1,1-bis{4~(4'-amino-3-propylbenzyl)phenyl Jmethane;
1,1-bis[4-(4'~amino-3-fluorobenzyl)phenyl Imethane;
1,1-bis{4-(4'-amino-3-chlorobenzyl)phenyl methane;
1,1-bis{4-(4'-amino-3-trifluoromethylchlorobenzyl)
phenyl ]methane;
1,1-bis{4-(4'-aminobenzyl)-3-methylphenyl methane;
1,1-bis[4-(4'-aminobenzyl)-3-ethylphenyl Jmethane;
1,1—bis[4—(4'-aminobenzyl)-3-propylphenyi]methane;
1,1-bis[4-(4'-aminobenzyl)-3-fluorophenyl Jmethane;
1,1-bis[4-(4'-aminobenzyl)-3-chlorophenyl lmethane; and
1,1-bis[4-(4'-aminobenzyl)-3-trifluoromethylphenyl lmethane.

As for tetracarboxylic acid dianhydride used in the

invention, either of an aromatic type, an aliphatic type
and a composiﬁe type having both aromatic and aliphatic
properties, may be used. There are no restrictions, but
specifically illustrated, there are listed as follows:
pyromellitic acid dianhydride; biphenyltetracarboxylic

acid dianhydride; benzophenonetetracarboxylic acid



i mage, and its voltage holding ratio is high as well. As a matter of
course, the alignnent of the liquid crystal is good, and it is also be
possible to bring about the pretllt angle in the sane degree as that of a
pol yet herim de type polyimde of the prior art. Further, the present
invention is applicable to a ferroelectric liquid crystal aligning filns.
BRI EF DESCRI PTI ON OF THE DRAW NGS Furt her objects and advant ages of
the present invention will be apparent fromthe follow ng description,
ref erence BéangyHaddeo nhehatedepanyitia cdrddyas el el B iprfadied ;
enbodi nents of the present invention are clearly shown.
ois(dicarboxyphenyl)ether dianhydride;

3 T' 1 ¥
bis(dicarboxyphenyl)sulfone dianhydride; -Liy \F1M“m‘f

]
bis(dicarboxyphenyl)methane dianhydride; | j 12 NOV 1695

cyclobutanetetracarboxylic acid dianhydride;

cyclopentanetetracarboxylic acid dianhydride; b e
cyclohexanetetracarboxylic acid dianhydride;
dicyclohexanetetracarboxylic acid dianhydride;
dicyclopentanetetracarboxylic acid dianhydride;
bis(dicarboxycyclochexyl}ether dianhydride;
bis{dicarboxycyclohexyl)sulfone dianhydride;
bis{dicarboxycyclohexyl)methane dianhydride;
5-(2,5-dioxotetrahydro-3-furanyl)-3-methyl-3-cyclohexene-~
r2-dicarboxylic anhydride;

1,3,3a,4,5,9b~-hexahydro-5~(tetrahydro-~2,5-dioxo-3-furanyl)-
naphto(1,2-c]furane-1,3-dione, eyc.

In the liquid crystal aligning film of the inveﬁtion,
aminosilicone compounds or diaminosilicone compounds can
be intrpduced so as to improve the adhesion to a substrate.
As for a specific example of a liquid crystal aligning
film in which the above silicon compounds are introduced,
there are providea a liquid crystal aligning film containing
from 0.1 to 50 mol %, preferably from 0.1 to 20 mol % of
the total polyimide structural unit represented by the
formula (7):

—N

RUN— (7

O=_>=0
O=_>=0
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in the film is replaced by a structural unit representea

by the formula (5):

00 L
(F20)y ~Si—Z—N_ A N— (5) RhPLKCEEx’i?I\‘%HEm‘
\ﬂ/ Y ‘ i |
00 | \ 12OV H96 |
and/or the formula (6): | s A
R2  R2 00 L im
l | AR
—Z{-Sll—O)BSll-—Z——NYFin—— (6)
RZ  R2? L

wherein, in the formulas (5) and (6), Z represents an
alkylene or phenylene group having from 1 to 3 carbon atoms;
R represeﬁts an alkyl group having from 1 to six carbon
atoms; R represents a tetravalent aromatic or aliphatic
group of a composite group having both tetravalent aromatic
and aliphatic properties; and m represents an integer from
0 to 4.
| As for a specific example of introduced aminosilicone

compounds, the following compounds can be listed. 1In the
first place, as for an aminosilicone compound for producing
a structural unit represented by the general formula (5},
the following compounds can be listed:

HaN —(CHjp)3 —Si(OCH,),

HaN —(CHa)s —Si(OC,Hs);

HaN —(CHa)3 —Si(CH3)(OCoHs),

HoN —(CH,)4 —Si(CyHg}(ONn-C3H;5),
H,oN —(CH,), —Si(OCH;),
)

H iz 2 "“"SI(OCsz):;
This Sheet Has Been Repl
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in the draw ngs: Fig. 1is a viewshowng a C.V histeresis curve:
and Fig. 2 is acircuit diagramfor nmeasuring a voltage holding ratio.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring now to
preferred enbodinents, a detailed descriptign of the invention w II be

gi ven bel ow Wiile the enbodi nent of the preSent inventi-ef;—as-—hefeif—- pog
described constitutes a preferred form it is to be &hﬂ’éﬂﬁf Yl ﬂl‘fa titiher
form m ght be adopted. = I N

HZN '——;\\ y "Sl(OCHah 12 Ry ﬁ?é 'i

N —@**Si(OCsz):s

H N—©~Si(CH3)(OCH3)2
-—-@——SI(CHa )(OCaHs)

HoN —@-(CH )3 —Si(OCHs),

HoN —@—«:Hz)s — Si(OCH;);

H,N
@—ss(ocm)g,

H,N
D‘Si(ocz"‘s)a

In the case of introducing these aminosilicone

compounds into polybenzylimide type polymers, 50 mol %
or less, preferably 20 mol % or less of diamino compounds
represented by the general formula (4) can be replaced
with aminosilicone compounds and used.

As for a diaminosilicone compound for producing a
structural unit represented by the general formula (6),

the following compounds can be listed.

i- 03H7 i- C3H7
HaN —(CHy); -@sl —0 9—3. 3 —NH,
i- C3H7 i C3H7
: Cus Cus
N —(CH,), —és| —0 }—sl 3 —NH,
CsHta CsHm
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In each preferred enbodi nent, the degree of the afte VRS Rﬁag"_’ﬂ’ed by
a GV curve nethod. The GV curve nethod is carried Qﬁgggggéggfyrng
triangul ar waveform (frequency: 0.0036 Hz) of a vol tjade 1,10 Vito a
liquid crystal call. and then overlapping an alternatiin 8ur§¢ rf’f"‘*“at nv
and 1 KHz on this. The varying capacitiles, C, are thenmo.u.ded....AAhen t he
voltage is swept to the positive side, the capacity i ncreases. \WWen the
voltage is swept toward -the negative side, the capae+ty-eeereases—to give
a mnimumval ue. Further, when the voltage is swept to the negative side

| ess than 0, the capaC|ty mcr}eja\ses aga{ n, and next, when the voltage is
swept toward the positive s dapaC|ty decreases again. The resulting
wave form af t eH 8eveds)gy §$~aﬂe ﬁbwn(GHgﬁl gNiH, At this tine when the
of f-setting of eI ectric charq% I's praduced on the interfaces of the liquid
crystal aligning filmand stabiPized,“the voltage draws a histeresis curve
at both positive and negative sides. The residual electric charges are
determ ned by draw ng 2 ta nts tgn%ge C-V curve at both positive and

negati ve sides, obtai Cros s (af[err] -af[err]) were these
| i nes cross theHZN.__ 5,_Q~5| —@—NHQ

CHy | CHy

TOvOT

In the formulas m represents an integer from 0 to
4, In the case of introducing these diaminosilicone
compoued into a polybenzylimide type polymer, 50 mol %
or less, preferably 20 mol % or less, of a diamino compound
represented by the above geeeral formuia (4) can be replaced
with a diaminosilicone compound.

For mounting the liquid crystal aligning film of the
invention on a substrate, since a polyimide compound is,
in'general, insoluble in solvents, a polyamic acid, which
can be obtained from the cendensation of a diamino compound
and tetracarboxylic acid dianhydride as a precursor of
this polyimide compound, is dissolved and coated on the
substrate. For example, the polyamic acid is dissolved
in a solvent, such as N-meﬁhyl-Z—pyrolidone (NMP), dimethyl-
acetamide (DMAc), dimethylformamide (DMF), dimethylsulfoxide
(DMSO), butyl cellosoclve or ethylcarbitol, to prepare a
0.1 to 30 wt.%, preferably 1 to 10 wt.% solution, which_
is coated on the substrate by brushing, immersing,
rotational coating, spraying or printing to give a coated

film. The coated film is then heat-treated at 50 to 150°C,
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line of capacity CJerr]. at the time of V=0. Th‘% %ﬁﬁa%“‘dl ’f“br“b‘ ces
between two points for the positive side and bgtwenTWwo pointk for the
negative side are exam ned, and then by getti ng heaaVQw@ggmya ue t hereof,
the residual electric charge is determ ned. If ithe fllmthlckn«s of the
cell and the thickness of the aligning fjlmar atk~t-hi~s—val u¢ becones a
paranmeter for stabilizing the off-setting of ehpctrlc charges anely. the
smal l er the size of histeresis in the aligning ‘fm=THe Tess the after

i mge. o FEASUTLTES 0 POyt ! a&?dhﬂ%j(é?té@“& PEILRIEADE; YIRS

carried out using a circuit as shown in Fig In the circurt a

rectangul ar- way ef dsnaof L gat 2 peit 5o WSt d He % [ £1 &l Sa F & egiencya 60541, 4 and
wave height [err]4.5 V. is applied on a soure and the resulting voI%age
drain, Verfilmiconmistimedf taisobppaient ifi@n Hge 24 Ldped hatimhen a

posi t i ve voltage pulse, V[err], is applied at this point. the voltage shows
a positive Ialtiee dtAdangteadlees ioh off t tie pelaier t helmexd wegati ve pul se,
Vlerr] is applied, Therefore, the area (slanting |ine portion) enclosed by
V=0 and rrorﬁl@fmf‘erélaw%lle?ag@‘v[wﬂ (Posi siybace of the substrate may

be treated in advance with a silane coupling reagent,
followed by forming a polymer £ilm on it, thereby the above
situation can be improved. Next, the coated surface is
rubbed in a certain direction with a cloth to give a liguid
crystal aligning £film.

Normally, electrodes, for example, transparent
eleqtrodes such as ITO, are formed on this substrate.
For preventing the alkali elution from the substrate, an
undersheet film, such as an insulating film, polarized
disk, or color- filter, may be coated.bn the electrodes.
Furthermore, an overcéat film, such as an insulating film,
colbr filter film or light transmission.preventing film,
may be formed on the electrodes. The prior art liguid
crystal display device constitution can be applied to these
electrodes, undercoatings, overcoatings and the cother
components within a cell. |

After preparing a cell using the above substrates
and injecting liquid crystal between the substrates, the
injection inlet is sealed. Otherwise, after liquid crystal
is sprayed on the substrate, the substrate is overlappea
on another and the resulting substrates may be sealed so

as not to leak the liquid crystal. Normal nematic liquid
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vaIUe) Is integrated. Such a neasurenent is repeahgdﬂﬂﬂMEbﬁﬁﬁﬁf obtain

the average value. Setting the area, in the caselt phat~THe voltade I S not

reduced. as 100% a relative value of the area t) .hlﬁgk%}pﬁh%
N

—
D
o
Q
=)
o

the cal cul ated value is defined as the voltage hplding ratio
Furthernore. the nmeasurent of the pretllt angl e yas
rotation nethod. Exanple 1 Dehydra?t ed andirefined
N- et hyl - 2- pyrrol i done (50 n1) was put in a four *meck-ftask of” 266 m

attached wi th I Trs@r., er onde er and a o
tr.h s%aﬁ.ts 38 hr%lc e]Th u”%t r’fs rtdz lﬂ-ﬁéﬁ,ﬂ nmet h-

ni t rogen- repIaC|ng apparatus

ane (7.43 @) as 13dded, apd ut% rgsxt,q{e %’%ﬁif&f'c{ffs%aaln%od' esollryje redle

resul ting solutlon was cool e [err

The aligning £ilm containing a polybenzylimide type
polymer as the main component in the invention, acts so
as to reduce the after image. This reason is not clear,
but since the ratio of polar components in the polvmer
is small, it may be considered that it becomes hard :to
absorb and retain ionic impurities.

The liquid crystal display-device of the invention
is characterized by an alignment controlling £film with
reduced after image, and its voltage holding ratio is high
as well. As a matter of course, the alignmént of the liquid
crystal is good, and .it is also be possible to bring about
the pretilt angle in the same degree as that of a poly-
etherimide type polyimide of the prior art. Further, the
present inventiop is applicable to a ferroelectric ligquid
crystal aligning films.
BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention
will be apparent from the following description, reference
being had to the accompanying drawings wherein preferred
embodiments of the present invention are clearly shown.

In the drawings:

Fig. 1 is a view showing a C-V histeresis curve; and

Fig. 2 is a circuit diagram for measuring a voltagé
holding ratio.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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pyronelltlc acid dlanhydrlde (4.36 g) was adde §Q tat one tine
and allowed to_react w D0l ution while sﬂé&ﬁLab@ ]ygggffﬁlng and

‘“’ ' of par a- an1nophe*y|tr|nethoxy5|léné was added
to the solutlon react with it at %O[Qﬂiyﬂﬂfﬁgi ﬁo r while
stirring. Then, ﬂ qutlon mas di lutiedy wi th N—nethyl-:
2-pyrrolidone (NVP) (58 m) to give a cléar sol. t?Uﬂ’GT 10 W, %ipol yanic

acid. The VISCOSIty of this solution at 25[err]C was_1893 cpsk_“ﬁ Thi s
sol uti on was dl& in a mxture solutiqn of cel | osol ve_and NWP

(1:1) to give a3 ﬁp%oT%flbﬂ PWAFEh: % se%BageﬂgBﬁsa 21 eaFagtads

bstrat L | t f
otat | onal SESAT MG B RbA TEpt RRERE ﬁéi‘ﬁga ®oRe 5t F 5t PBRAF - colli-EPon vas
5000 f 1 - ted b d d at
To0[err] C P8¢ ? SEEoRER: 65 FheoBPhet En%gr@%?g?egméggﬁ%é%%ﬁ V' nor eased up

to 200[errkC f :bédhOHBnﬁkEQhEeQn oyeRde gkL gasﬁgqrt her jReal, peeated at

200[err] C for 0 mn, to give pol ybénzy aving an approximate film
thi ckness Qfgerstood that other form might be adopted.

cool i ng. ﬁﬁter‘@

In each preferred embodiment, the degree of the after
image was measured by a C-V curve method. The C-V curve
method is carried out by applying the triangle were
(frequency: 0.0036 Hz) of a voltage V=x10 V to a liquid
crystal cell, and then overlapping an alternating current
at 25 mV and 1 KHz on this. The varying capacities, C,
are then recorded. When the voltage is swept to the
positive side, the capacity increases. When the voltage
is swept toward the negative side, the capacity decreases
to give a minimum value. Further, when the voltage is
swept to the negative side lgss than 0, the capacity
increases again, and next, when the voltage is swept toward
the positive side, the capacity decreases again. The
resulting wave form after several cycles are shown in Fig.
1. At this time, when the off-setting of electric charges
is produced on the interfaces of the liguid crystal aligning
film and stabilized, the voltage draws a histeresis curve
at both positive and negative sides. The residual electric
charges are determined by drawing 2 tangents to the C-V
curve at both positive and negative sides, obtaining tﬂe
cross points (d1 —44) were these lines cfoss the line of

capacity, CO’ at the time of Vv=0. The voltage differences



e
L

zyl I m de

600 A. The coated surfaces of two substrates on u:ghy Asspodiylier
filmhad been forned were treated by rubbing. reggéggﬁégﬁghp‘iﬁgﬁ“e their
liquid crystal aligning filnms, which were incorporated i i quli di crystal
cell having a cell thickness of 6 [err] so that _héif?@ﬁ h@édurections
may be in parallel with each other and ,,face with each other . I n
which Liquid Crystal FBOL for TFT use (Chisso Cofporation product gnd its
commercial name) was sealed. After sealing, an LsnLanLa.Lnans# -mat i on
treatment wastapphiedot poihtat £320ERer bEsh 05 w3051 angngek cgpadual Iy
cooled to a roomtenperature to give a liquid crystal display eV|ce
Furthernoregoantsqiod chyshagacelbe BavengreacGghknbhi ckpgssnoh 20 [err]
enclosing a Merk & Co., Inc. product Liquid Crystal ZLI - 1132. was
prepared, f@ttbwhagthehaveraykaraprecetareode- tRer +b§ddhabowoaeg_@ppl i ed
to the neasurenment of the pretilt angle. The alignment property of this
liquid crys¢adre@sis determined. 1If the film thickness of the cell

and the thickness of the aligning film are egqual, this
value becomes a parameter for stabilizing the off-setting
of electric charges. Namely, the smaller the size of
histeresis in the aligning film, the less the after image.
The measurement of a voltage holding ratic percentage
was carried out using a circuit as shown in Fig. 2(I).
In the circuit,_a rectangular wave Vs of gate pulse width
6.9 ps, frequency 60 Hz, and wave héight +4.5 VvV, is applied
on a source and the resulting voltage drain, Vot is
monitored. It is apparent from Fig. 2(II) that when a

positive voltage pulse, is applied at this point,

vS1'
the voltage shows a positive value during the period of

time before the next negative pulse, is applied.

Vs2r
Therefore, the area (slanting line portion) enclosed by

V=0 and monitored voltage V_ (positive value) is integrated.

D
Such a measurement is repeated four times to obtain the
average value. Setting the area, in the case that the
voltage is not reduced, as 100%, a relative value of the
area to this is calculated.and,the calculated value is
defined as the voltage holding ratio (%).

Furthermore, the measurement of the pretilt angle

was done by a crystal rotation method.

Example 1

is Sheet Has Been Replaced

i Il I




15

Dehydrated and refined N-methyl-2-pyrrolidone (530
ml) was put in a four neck flask of 200 ml attached with
a stirrer, a thermometer, a condenser and a nitrogen-
replacing apparatus. Then, 1,1-bis({4-(4'-aminobenzvl)-
phenyl ]methane (7.43 g) was added and the mixture was
stirréd and dissolved. The resulting solution was cooled
to 13°C, and pyfomellitic acid dianhydride (4.36 g) was
added to the solution at one time and allowed to react
with the solution while simultaneously stirring and cooling.
After 1 hour, 0.11 g of para-aminophenyltrimethoxysilane
was added to the solution and allowed to react with it
at 20°C for 1 hour while stirring. Then, the reaction
solution was diluted with N-methyl-2-pyrrolidone (NMP)

(58 ml) to give a clear solution of 10 wt.% polyamic acid.
The viscosity of this soiution at 25°C was 1893 cps.

This solution was diluted in a mixture sclution of
butyl cellosolve and NMP (1:1) to give a 3 wt.% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotaticnal
coating method {spinner method). The rotational condition
was 5000 rpm for 15 seconds. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give polybenzylimide having an approximate film
thickness of 600 A. The coated surfaces of two substrates

on which this polybenzylimide film had been formed were
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good and the pretilt angle of this liquid crystqﬁ«rg\fae gt&%{ﬁég Ej:h’}me

residual electric change of this cell was O. 07[at*25f€TTTCf an ts vol tage
hol ding ratio was 97.5% Exanple 2 Dehydr teq ﬁvwg@
N- net hyl - 2-pyrrolidone (50 mM) was put in a four-'nec
attached with a stirrer, a thernoneter, _a condpnsgrm-&nd—-a
ni trogen-repl aci ng apparatus. Then, 1, 1 1 a__;%
-bi s[4-(4' -am nobenzyl) - phenyl ] net h- o
treated by rubbing, respectively, to give their liquid

crystal aligning films, which were incor

'gJ
O

ated in a liquid
crystal cell having a cell %hickness of 5 g so that their
rubbing directions may be in parallel with each other and
face with each other, and in which Liguid Crystal £301
for TFT use (Chisso Corpération product and its commercial
name) was sealed. After sealing, an isotropic
transformation treatmenﬁ was applied to it at 120°C for
30 min., and it was gradually ceooled to a room temperature
to give a liquid crystal display device. Furthermore,
a liquid crystal cell having a cell thickness of 20 y
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar proéedure
described, above and applied to the measurement of the
pretilt angle. The alignment property of this liquid
crystal was good and the pretilt angle of this liquid
crystal was 3.6°. The residual electric charge of this
cell was 0.07 at 25°C, and its voltage holding ratio was
97.5%.
Example 2

Dehydrated and refined N-methyl-2-pyrrolidone (50
ﬁl) was put in a four-neck flask of 200 ml attached with
a stirrer, a thermometer, a condenser and a nitrogen-
replacing apparatus. Then, 1,1-bis[4-(4'-aminobenzyl)-
phenyl Imethane (7.43 g) was added and the mixture was
stirred and dissolved. The resulting solution was cooled

to 13°C, and methylcyclobutanetetracarboxylic acid
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ane (7.43 g) was added and the m xture was sti rred—an;g ﬁéﬁ“yael 'Eh,e
resulting solution was cooled to 13[err]C and KLJ oAt oy
met hyl cycl obut anet et racar boxyl i ¢ acid di anhydri de {3} 92 g) was ad % i to the
solution at one tine and allowed to react wth-th t‘ 4

t

simul taneously stirring and cooling. After 1 hour o _
par a- am nphenyl tri net hoxysil ane (0.11 gp7 was adde t1e solution %nd
allowed to react with it at 20[err]C for 1 hour. iile stirring. .Then, the
reaction solution was diluted with N nethyl-2- pyrrm""‘d?)"ﬁ'e (NMP) (58 rr1) to
gi ve a cl egi-a8brari8a 68-28 @Y. 9Rgokgaeicc tacithe Fied Whiswogit wref timei s

sol ution at 25[err]C was 97.5 cps. This solution was diluted in a

m xture soPfti ér+ SFQSUFVIr@éFFogdhﬁb"aﬁkl?@%“RJDWD”WR}%NRR?Q%7?1&9“%11

sol ution, whi.ch was C?iat ed.an a clear gI ass substrate nounted with 1 TO

el ect r odes S&F5i@%s AP aEé’otlh@Igeof Ayyex rothé’(H-oné?a@oét"}ﬂ“d’%WodL(’s'pl nner

thod). The rotat t 3 f Af t L
The coni ed "ESHErRata R8s (At da A1 “HIOFERTC TorF SRIHE: o TheH e

g\e/gﬁer at ur % rga%r agllial | ¥Lt nGr %sq_d AR t1o hZOOLOl[ er rl_]l(i f orbllrrhour WI,It hinn' an

the reaction solution was diluted with N—ﬁethyl—Z-
pyrrolidone (NMP) (58 ml) to give a clear soluticn of 10
wt.% polyamic acid. The viscosity of this solution at
25°C was 97.5 cps.

This solution was diluted in a mixture solution of
butyl cellosolve and NMP (7:3) to give a 3 wt.% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotational
coating method (spinner method). The rotational condition
was 3000 rpm for 15 sec. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was éradually increased up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give polybenzylimide having an approximate film
thicknegs of 600 A. The coated surfaces of two substrates
on which this polybenzylimide £ilm had been formed were
treated by rubbing, to give their liquid crystal aligning
films, which were incorporated in a liquid crystal cell
having a cell thickness of 6 p so that their rubbing
directions may be in parallel with each other and face
with each other, and in which Liquid Crystal FBO1 for TFT

use (Chisso Corporation product and its commercial name)
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It was further heat treated at 200[err]C for 90 mn. to give
pol ybenzylim de having an approximate filmthi ckness- fwﬁ@(—}AIp’E f'-iiﬁat ed
surfaces of tyR saetbsdsBaendRsplagsdwhi ch t hi s pol ybenzyl i r_ﬁ}fﬁl’eﬂ[\ﬂjﬁiﬁi‘hbdg_ eeln

iy ¥
formed were tr \gg, to give their liquid grystal aligning:
films, which V\Ew“ dinaliquid crystal calj Raving Beseelil ‘
t hi ckness of 6 rf " so that their rubbiig directions imay be in pardll;el
with each other and face with each other, and in whigch-i-ga-d—E-ystal FBO1
for TFT use (Chisso Corporation product and its conmmercial nane) was_:
seal ed. wasprsegledeal i ng, an isotropic transformat FOTTTEATHEA Was
applied at 120[err]C for 30 min. and it was gradually cooled to a room
tenperature to GiVETa I5UIRE crdfstelC iapt ayt v fer nFureth e Ty taiendt | i qui d
crystal cell_ havi r}g%cq_{lutl‘;jck ess_of 20 [err] enclosing_a Merk & Co,.
I nc. product®3Li%RH Vot al? Q1S -SR03 Qe hr AR et YT | 0l Fiep ke e hr
procedure describe ove _and applied to the neasurenent of the pretilt
angl e. d':Pnea eﬁologlh%en PEOPET - DI @ | it cTH%T L viks and the

pretilt angiee\rf)ég t h'ﬁéé%r&féy% a]'.ic\q’\@lsd 1c'r51LsetEaH 'cérff having a cell

thickness of 20 y enclosing a Merk & Co., Inc. product,

n

Liquid Crystal ZLI-1132, was prepared, following the similar
procedure described above, and applied to the measurement
of the pretilt angle.

The alignment property of this liquid crystal was
good and the pretilt angle of this liquid crystal was 1.5°.
The residual electric charge of this cell was 0.5 at 25°C,
and its voltage holding ratio was 97.3%.

Comparative example 1

A mixture of 2,2-bis{4-(4'-aminophenoxy)phenyl ]propane
(8.06 g), pyromellitic acid dianhydride (4.36 g} and para-
aminophenyltrimethoxysilane (6.11 g), was peclymerized to
give a polyamic acid solution.

This solution was diluted with a mixture solution
of butyl cellosolve and NMP (1:1) to give a 3 wt.3% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotational
coating method (spinner method). The rotational condition
was 3000 rpm for 15 sec. After coating, the coated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour

within an oven. It was further heat treated at 200°C for



2,2-bis[4-(4 henyl]propane (8.06 pyronel litiqg !
dlanhydrlde ( a- anlnophenyltrlnethoxyﬁﬂlﬁ@&‘@@oll"
pol ynerized to give a polyamc acid solution. | This solutlom
diluted with a mxture solution of butyl t8ellosolv T | to give a
3 Wm % sol ution which was coated on a clear gIassLSMDSLLQLQ,nDunLQﬂ with I TO
el ectrodes gp 8?§ spLf ce t he eo% gg a rotational coating nmethod (spinner

met hod). Thé rofafiona c%nﬁ? NGALM38B0NRBIMBorN18C8E@ X LG Eer EEbAL i Ng,

h d d 100 Cf dth
Lemper at ur e HAe BERAUST 1 § P nSr callh UpS FBI2BBFERFPE Po AONBPS areheA an

t enperature was gradua I ncrf eas
oven on which this polyetherimide film had been formed wera

resi dual electric charge of this cell was 0.5 atfgﬁg ) {ﬁ vol t age
hol di ng rati dt mﬁetﬁ“EEH rati ve exanple 1 Em\ :.Sdth 3

treated by rubbing, respectively, to give their liquid
crystal aligning films, which were incorporated in a liguid
crystal cell having a ceil thickness of 6 y so that their
rubbing directions may be in parallel with each other and
face with each other, and in which Liquid Crystal F301

for TFT use (Chisso Corporation product and its commercial
name) was sealed. After sealing, an isotropic
transformation treatment was applied to it at 120°C for

30 min., and it was gradually cooled to a room temperature
to give a liquid crystal display device. Furthermore,

a liquid crystal cell having a cell thickness of 20 u
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the
pretilt angle.

The alignment property of this liquid crystal was
good and the pretilt angle of this liquid crystal was 3.7°.
However, the residual electric charge of this cell was
0.20 at 25°C, and its voltage holding ratio was 90.0%.

Comparative example 2

A mixture of 2,2—bis[4-(4'—aminophenoxy)phenyl]propane
(8.06 g, methylcyclobutanetetracarboxylic acid dianhvdride
(3.92 g) and para-aminophenyltrimethoxysilane (0.11 g},

was polymerized to give a polyamic acid solution.



It was further heat treated at 200[err]C for 90 m f—-%figm_:ﬁ:'[{g;{ theri m de
havi ng an approxi mate filmthickness of 600 A Th \M@mlé&jjj;:c fof two
substrates on which this polyetherinide filmhad eg‘rﬂ" Tormed weré tir eat ed
by rubbing respectively, to give their liquid crystal ??imj mgsfid ms, which
were incorporated in a liquid crystal cell havinglajce thickne$$]pf 6
[err] so that their rubbing directions M be in ar‘.a.l-i‘ah--“voi"tﬂ*e*éb I! ot her
and face with each other and in which Liquid Crystlal FBO1l for TET_use

(Chisso Corporatjon praduct and its comercigl narmej-wasS"séaled. After
sealing, an i sot%rhd'ﬁ c“iolr‘htrf'ﬁ’br‘??ast i%ﬁ%‘i‘%t%ﬁ IS HpHI T et 1IN at
120[err]C for 30 min, ,and it was dual |y, cooled to, a,ro tenperature to
give a liqdid bcurry"sj’t aﬁejdllosspc?lavye A éﬁé\?gﬁt%)er%r%fv% i i%qu'fé(;'r%:r i |
having a ¢ . t,hi e [er NC ' 11 C...aroduct.

Li quid Cryg'%% é@Lﬁ%l%%g%%g&praep%ﬂree% %gﬁ%\?\ns%é\?h%t%l r%&f?attfé&lpr"%)l(:"e ure

descri bed apayce1 a0 a0 g4 4, 106 pRASUERERRLe Ofy Lhe- gEgt L4l Bgl e

The al i gnment propert iquid crystal was good and the pretilt
angl e of tr%éh&iﬁ&“ﬁh@ﬁa§t@%p¥ﬁﬁe§-mgiﬁéé]; HeMeVehtational condition

was 5600 rpm for 135 sec. After coating, the ccated
substrate was dried at 100°C for 10 min., and then, its
temperature was gradually increased up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give polyetherimide having an approx%mate film
thickness of 600 A. The coated surfaces of two substrates
oﬁ which this polyetherimide film had been formed were
treated by rubbing, respectively, to give their liguid
crystal aligning films, which were incorporated in a liquid
crystal cell having a cell thickness of 6 y so that their
rubbiné direcﬁions may be in parallel with each other and
face with each other, and in which Liguid Crystal F301
for TFT use (Chisso Corporation product and its commercial
name) was sealed. After sealing, an isotropic
transformation treatment was applied to it at 120°C for

30 min. and it was gradually cooled to a room temperature
to give a ligquid crystal display device. Furthermore,

a liquid crystal cell having a cell thickness of 20 p
enclosing a Merk & Co., Inc. product, Liquid Crystal
ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the

pretilt angle.
This Sheet Has Been Replaced
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the residual electric charge of this cell was
vol tage hol drjag,ratio was 90.0% Conparative

hee

P t f
2. 2-bi's[4- (4 W;} sy ), pheny| ) propane (8.0 \ﬁm’&* 7y M xture o
|

). VO B
met hyl cycl obu xylic acid dianhy- ri?de'l RNDL PP a,*pd\;
par a- am noph ilane (0. 11 g). wag polynerized toigive a
pol yam c acid sol ution. This solutiopiwas dilTlted with a nixhure
solution of butyl cellosolve and NWP (7:3) to @QlLVE.&-3-Wt-. % sottiti on, which
was coated on a clear_glass substrate nounted with | TO el ectrodes on one
surface thereofThy &l ydieatoretoreaty ng mehhedl{gpidneryseshodds The
rotational condition was 5000 rpmfor 15 sec. After coating, the coated
substrate vWRCHUrdd @te 1007 erF} @fvke 10finthis hhduideprystalteapetalilire was
gradual ly increased up to 200[err]C for 1 hour within an oven.

However, the residual électric charge of this cell was

0.15 at 25°C, and its voltage holding ratio was 89.0%.

Comvarative example 3

A mixture of 4,4’diaminophenyiether (3.46 g},
pyromellitic acid dianhydride (4.36 g) and para-aminophenyl-
trimethoxysilane (0.11 g), was polymerized to give a
polyamic acid solution.

This solution was diluted with a mixture solution
of bu;yl cellosolve and NMP (1:1) to give a 3 wt.% solution,
which was coated on a clear glass substrate mounted with
ITO electrodes on one surface thereof by a rotatioﬁal
coating method (spinner method). The rotational condition
was 3000 rpm for 15 sec. After coating, the coated
substrate was dried at 100;C for 10 min., and then, its
temperature was gradually increésed up to 200°C for 1 hour
within an oven. It was further heat treated at 200°C for
90 min. to give ﬁolyetherimide having an approximate film
thickness of 600 A. The coated surfaces of two substrates
on which this polyetherimide film had been formed were
treated by rubbing, respectively, to give their liquid
crystal aligning films, which were incorporated in a liquid
crystal cell having a cell thickness of 6 y so that their
rubbing directions may be in parallel with each other and
face with each other, and in which Ligquid Crystal FBOI

for TFT use (Chisso Corporation product and its commercial



It was further heat treated at 200[err]C for 90 min. to give polyetherinmnde
havi ng an approximate filmthickness of 600 AC;Hf\~w FaT-iguﬂ

22 ;l

name) was sealed. After sealing, an isotrewvic
transformation treatment was applied to it at 120°C for
30 min. and it was gradually cooled to a room temperature
to gi&e a liquid crystal display device. Furthermore,

a liquid crystal cell having a cell thickneés of 20 p
enclosing a Merk & Co., ITnc. preduct, Liguid Crystal
ZLI-1132, was prepared, following the similar procedure
described above, and applied to the measurement of the
pretilt angle,

The alignment property of this liquid crystal was
good and the pretilt angle of this liquid crystal was 0.5°.
However, the residual electric charge.of this cell was
0.90 at 25°C, and its voltage holding ratio was 78.0%.

In accordance with the first through third inventions
of the present application, since the absorption of
impurities can be decreased by reducing the polar components
contained in the polymer, liquid crystal aligning films
having reduced after image can be prepared. The liguid
crystal. display devices prepared by using these films have
reduced after image and which enables them to carry out
good and stable displays. The aligning films of the
invention contribute to the improvement in their voltage

holding ratios also.
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CLAIMS:

(I

23

1. A liguid crystal aligning £ilm containing a polymer

having repeating units of the formula:

Y

wherein X and Y are the same or are different and each

is a hydrogen, chlorine or fluorine atom or an alkyl '

group having from 1 to 3 carbon atoms, or a trifluoro-

methyl group, which may be substituted at the ortho- or

meta-positions.

2. A liquid crystal aligning film containing a

polyimide having repeating units of the formula:

1
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The coated surfaces of two substrates on which this polyethenm de filn1had
been fornmed were treated by rubbing. respectively, to give their

crystal aligning films. which were incorporated in a Imﬁl mluﬂ M‘
having a cell thickness of 6 [err] so that their rubb y be
in parallel with each other and face with each other, and |n mhlch Liquid
Crystal FBO1 for TFT use (Chisso Corporation product .and its comerci al

nane) was se f ter. i td st i t ment was
applied to |?Jh§?‘°1§0t[}§rarn]agai!‘ gi}gr??oaé%xénﬁirgﬁﬁfs V\CI{aS gr%ﬁl%%%legﬁ to a

room tenperakd & 4@ @i “@raav0ud oy e g Pty deyi €& R i HgE nore. a
liquid crystal cell having a cell thickness of 20‘[err] enclosing a Mark &

Co..Inc. produdphaltiGUigtddyy Brla ddmddsi?s e Vot e £ily Bothow ng the
S|n1Iar procedur described above, and applied to the nmeasurenent of the
pretilt angl eetravalBme adaumawid gudpeYiphotid¢ hbhsobenguiescrystal was good
and the pretilt angle of this liquid crystal was 1.5 err]. However the
residual electric charge of this call was 0. 15 at 25[err]C and its

vol tage holding ratio was 89. 0%

3. A liquid crystal aligning film containing a
polyimide prepared by heating the polyamic acid obtained

by reacting, in a solvent, a tetracarboxylic acid

dianhydride of the formula:

R (3)

o< >=0
O
0= =

(wherein R has the meaning defined in claim 2) with a

diamino compound of the formula:

Y

Y

(wherein X and Y have the meanings defined in claim 1).

4. A liquid crystal aligning film according to claim 2,
wherein the polyimide also contains repeating units of

formulae (2) ln whlch the polyimide structural unit of

........

[}
. M ‘-n Ty il
formula: WL!LA SENT SHERD
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Cbnparatlve exanpl e A m xture of 4,4'-dai m nophenylether (3.46 Q).
pyromel titic acid dlanhydrlde (4.36 g) and para-am nophenyl trimeth-

Thrs solut! Snli,a?”“ i 9*** Ef* a%%‘dxi re <ol uton of guJiﬂlﬂUﬁlﬂlw Nﬂlﬂﬂlh

NWP (1:1) to g|ve n, which was coated on a cl‘eat gfass *
substrate nmounted WA odes on one surface thereof by a
rotational coating nethod (splnner nmet hod) .,cThe rotational condition was
3000 rpmfor 15 sec. After coating, the coated substrate was dried at
100[err]C for 10 min, and then, its tenperature was gradually increased up
to 200[err]C for 1 hour within an oven It was further heat treated at
200[err]C for 90 mn, to gve polyetherim de having an approxinmate film

t hi ckess of 600 A

—N"RTN— (7)

0=<_»=0
0= >0

is replaced by structural units of the formulae:

3
(R20) —Si—Z—N N-— (5)
’ Yy
0.0
and/or
F,?z 52 00
- _ XX

wherein Z is an alkylene group having from 1 to 3 carbon
atoms a phenylene group or a phenylene-alkylene group in
which the alkylene group has 1 to 3 carbon atoms; R2

is an alkyl group having ﬁrom 1 to 6 carbon atoms; R has

the meaning defined in claim 1; and m is 0 or an integer

AR WA ...-K

from 1 to 4. [Q -!ArﬂthT ﬂ?ﬁﬁ

v




The coated surfaces of two substrates on which this polyetherimde film
had been forned were treated by rubbing respectively, to give their liquid
crystal aligning filns, which were incorporated in a | mmmmmmumuﬁm;
having a cell thickness of 6 [err] so that their rubb y
be in parallel with each other and face with each other, and i which
Liquid Crystal FBO1 for TFT use (Chisso Corporation product and its
comerci al nane) was seal ed. After sealingéan isotropic transformation
treatment was applied to it at 120[err]C for 30 min. and it was gradual ly
cooled to a romA enperid Wweystal g Vigedihg 0fi InCiysb2aidgSpbay1demi £¢.
Futhernmore,. a liquid crystal cell having.a cell thickness of 20 [err]

encl osing a MirskeirCoEren e prioadusd .mal ghi df Celyst abtZl| pdld2mivas prepar ed
following the simlar procedure described above, and applied to the

measur ement GFCTUREYFRE i$Ritangt ethe filheanei gapkacegdr bpestyucofirahi s
liquid crystal was ood and the pretilt angle of this liquid crystal was
0.5[err]. HoWwserS ?%e"—rﬁ"esﬁml%@e&ﬂi%n‘éﬁ%Fgésbf this cell was 0.90 at
25[err]C. and its voltage holding ratio was 78.0%

6. A liquid crystal display device using a liquid
crystal aligning films according to any one of the

preceding claims.
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In accordance with the first through third inventions of the present
application, since the absorption of inpurities can be decreased by
reduci ng the pol ar conmponents contained in the polynmer, |liquid crystal
aligning filnms having reduced after image can be prepared. The
liquid crystal display devices prepared by using these filns have reduced.
after image and which enables themto carry out good and stable dispays.
The aligning films of the invention contriBéte to the inprovenent in their
vol tage hol ding ratios al so.

ABSTRACT

LIQUID CRVYSTAL ALIGNING FILMS AND LIQUID CRYSTAL

DISPLAY DEVICES

Liquid crystal aligning films for use in liquid
crystal displace device, comprise polymers having

repeating units of the formulae:

Y X

Y

Y X X Y

0=_»=O
0=_»=0

wherein X and Y are the same or are d1 ferent and each
is hydrogen, a chlorine or £fluorine atom, an alkyl group
having from 1 to 3 carbon atoms, or a trifluoromethyl
group and are substituted at the ortho- or
meta-positions; and R is a tetravalent aromatic or
aliphatic group or a composite group having both

tetravalent aromatic and aliphatic properties.

RELACEMENT QHL £l
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CLAIMS 1. Aliquid crystal aligning filmcontaining a polylmde having

repeating units of the fornula (2): [err]

FIG. 2
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wherein X

and Y are the sam’;{ or are different and eath is a hydrog‘é’ﬁ’“‘m:

chlorine or fluorine atom ot, an al kyl group having from1l to 3 carbon

atons. or
or nmneta-
al i phatic

a trifluoromethyl “group. which na¥% be substituted at the ortho-
positions, and Ris a tetraygl ent aromatic group, a tetravalent
group or a conposite group having bhokh tetravalent aromatic

and al i phatic propeHQ@D CRYSPAL AGIGNING FRME AND LIUIDERYisitRLaccordi ng to
Claim 1, wherein the polyimde al QMSRLAY BIEVICERpeati ng units of fornmul ae.

(2) in whi

fiim cbiained by using such a polysther compound.

cbh the polyimde structural unit of formula (7):
escription

The prasant invention relates ta a liquid crystal aligning film and a liquid crystal display devica. Mare spacifically,
it reiates ta a liquid crystai aligning fllm having a palybenzylimide skalston and ta a liquid display devics prepared oy
using this flm,

A twistad namatic (which will hersaftar Be abbraviated as TN) mode ls cne in which the aligned direction of a
nematic liquid crystal provided between a pair of upper and lower electrode substrates has Been twisted $0° on the
surtacas of the substratas. It has baen usad extansively. Thara is ancther mode in which the allgned direction of a
nematic liuid crystal is twistad from 180° ta 3C0° and it is known as a supar twistad nematic mode (which will heésaftar
De abbraviatad as STN). Furthermars, in recant years, in ordar to parfarm a matrix display or a colar display by means
of liquid crystals, many deveicpments have been made regarding an active lype twisted nematic mode using a majarity
of picturs element electrodes and MIM (maetal - insulating phasa - metal) elemaents or TFT (fleid efect type thin film
transistor) elements lor their ON-OFF cperaticn. )

The common problems for all these modas are that when the same image is displayed for a long time and then a
transfer to a new image is mace, the previcus imags ramains as an aftar image. In particulac, the improvemaent in the
after image is very important in arder ta cbtain a high quality lquid crystal display device. :

It is considered that the causas of the after image may be due I a pctantial difersnce, that is 1o say: since a DC
component is added to a liquid erystal dspiay device, electric doubie layers due o the impurs ionic camponents con-
tained in the liquid crystal ara producad on the intarfaces of the liquid crystal allgning flim. The ofisetting of electric
charges is given between the upper and lower substrates and such a potential difference as %o keep the condition
stable is created. Sincs OC companaents cannct be remaved, particutarly from the TFT slemants due to the character-'
lstics of the elements, thase problems of after image are easily highiighted mare than those in TN and STN and loak
sericus. Furthermars, a higher voitage hokiing ratio is required for preventing the flickering of the image in the TFT
mode, :

Aaforlﬂdlgnhgﬂ&nuadhsudtﬂqddcqsﬂ(dsphyd«h&ﬂgﬂnhtypomsuchupdyinid«and
Polyamides, are mainly used. For example, Japanese patent application laid-open No. Sho §1-85360 discicses a liquid
mmmmmcumwamhgm@qapqmmhmdmonp«udmitmp-

o .—O—@i&)ﬂ}-

Thmwu.homvcr.apmbhmhmaandmmguhcuﬂyauudhsududq_iuushgapolyin'duanmhg

SUMMARY OF THE INVENTION

It is, accordingly, a primary object of the present invention % scive the abave problem of the priot art and to obtain
a ﬁthid crystal aligning film and a fiquid crystal display device where a good liquid crystal alignment property can be
cbtained and an after imaga [s reducasd by the rubbing treatment of the thin flim cansisting of arganics,

The prasent inventars have considered that the after image may be producaed since the electric charges due %0
impurities as ions are offset on the surface of the aligning flim, resulting in their stabilization, and made research and
develapment to eliminate the alter image, As a resuft, the prasent inventors have lound that the generation of an after
imaga has a correlation with the superficial palarity of the aligning flim,

. Then, the present inventars developed an aligning flim having the following structure 3G as to prevent the aiter
image trom occurring by lessening the suparficial polarity of the palymaer.

Specifically, the ratia of palar components was reduced by tranefarming a bond including & polar atom or groups
a3 represented by -O- or -SQO,- contained In the polymer Into & carbion bond, and by relatively reducing the ratlo of
imide groupa by way of increasing the molecular waight of the amine,

Namaely, the Invention of this epplication provices a liquid crystal aiigning flim containing a polyimide, as the main
companent, having a structural unit represented by the general formula (2): o e
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00
~ > —QCHz{%;(CHz—O-;NgF%N— (2)

wharain X and Y each reprasant the samae or diffarant hydrogen atoms, an alkyl group having from 1 to J carsen atoms,
a flucrine atom, a ehiaring atam ar a trifluaramathyl graup, thasae substituant positions baing at the artho-gosition ar
the mata-position, and A ragrasants a tatravaient aromatic ar aliphatic group or a compasita group having both tetrav-
alent aromatic and aliphatic propaerties.

Tha liquid crystal aligning flm containing polyimide, as the main compenent, can be preparad by heating palyamic -
acid prepared by reacting, in a scivant, tatracarbaxylic acid dianhydrica reprasanted by the general formula (3):

13
- (3)
OY Y0

wharein R rapresants a tatravalent aromatic or afighatic group, or a compasite group having both tatravalant acomatic
and aliphatic properties, with a diamino compound raprasanted by the genaral fomula (4):

HzN—QCHz —QCHZQ—CHZ —Q—NHZ (4)
Y X | X

Y

wharsin X and Y sach represent the same or clifferent hydrogen atoms, an alkyf group having from 1 to 3 carbon atoms, .
a flucrine atom, adlbrhlm«mmwm mmaubsdwmpemm being at the ortho-pesition or the
mata-position.
Fum.m\ou.mhwpmpm&sﬂquidmtaldsphymmnghllquidaymalaﬂgnngﬂkndmtod
above,
Some specific examples of dlamine compounds used in thé invention can be Isted as follows:

1,1-bis{4-{4'-amincbenzyl)phenyljmethane;

. 1,1-bis{4-(4"-amino-3-methyibenzyljphenylimaethans;
1,1-bis{4-(4’-amino-3-ethybhenzyl)phenyllmethane;
1,1-bis{4-{4'-aminc-3-propytbenzyliphenyljmathane;
1.1-bis{4-{4’-amino-3-lucrcbenzyiiphenylimathanae;
1,1-bis{4-(4'-amina-3-chicrobenzyfiphenylimaethane;
1,1-bis{4-(4"-amino-3-triflucromethyichiorcbenzyl) phenylimethane;
1, 1-bis{4-(4'-amincbenzyl)-3-methyichenyljmethane;
1.1-bis{4-{4'-aminohenzyl)-3-athyiphanyllmethane;
1.1-bis{4-(4"-amincbenzyl)-3-propyiphenyljmathane;
1,1-bis(4-(4'-amincbenzyl)-3-flucrophenyljmethane;
1,1-bis{4-(4’-amincbenzy()-3-chioropheny(jmathane; and
1,1-bis(4-(4'-aminobenzy()-3-triflucromethylphenyi]methane.

As for tatracarhaxylic acid dlanhydride used in the invention, either of an aromatic type, an afiphatic type and a
comgoaits type having both aromatic and aliphatic propartias, may be used. There are no restrictions, but specifically
llustrated, thare are listed as lallows; pyromaititic acid dianhydride; biphenyilatracarboxylic acid dianhydride; benzo-
phenonatetracarbioxylic acld dianhydride; naphthalenaetatracarboxyllc acid dlanhydride; bis{dicarboxyphenyljather di-
anhydride; bis(dicarboxyphsnyijsulfone dianhydride; bis{dicarboxyphenyl)maethane dianhydride; cyclobutanetetracar-
boxylic acid dlanhydride; cyclopantanetstracarboxylic acid dlanhydride; cyciohexanatetracarboxyilc ackd dianhydride;
dicyciohexaneletracarboxylic acid dianhydride; dicyciopentanetetracarboxylic acid dlanhydride; bis{dicarboxycy-



I's replaced by structural units of the formula (5):

-3-

clohaxyl)ather dianhydride; bis{dicarboxycycichaxyl)sullona dianhydrida; bis(dicarioxycycichexyl)mathane dianhy-
dride; $-(2,5-dioxatatrahydre-3-luranyl)-3-mathyl-3-cycichexane-1,2-dlcarboxylic anhydride; 1,3,3a.4,5,9b-haxany-
dro-S-(tatrahydro-2,5-dioxe-3-furanyl}-naphto( 1,2-¢|furane-1,3-dicne, ayc.

In the liquid crystal aligning film of tha inventicn, aminasilicana campounds ar diaminaasilicone campaunds can be
introducad so as lo imprave tha adhesion to a substrate. As for a specific example of 4 liquid crystal aligning film in
which the abava silican compounds are introducad. a liquid crystal aligning film is provided, wharsin from 0.1 1o 50
mal %, prafarably from Q.1 to 20 mail %, of tha total polyimide structural unit raprasentad by the formula :

23
—N_, R _N— (D
XY
o QC
in the fllm is replaced by a structural unit rapresantad by the formula (5):
J U ——
XX
R20)y —Si—Z—-N"R N— (5)
(R20)3 <y
Cc 0
and/er the formuia (8):
2. B2 009
AR
—Z{Si -0 Si—Z—N R N— (6)
RZ RZ 00

wharain, in the formutas (5) and (5), Z represants an alkylene or phenylene group having from 1 to 3 carbon atoms:
A2 represents an alky! group having from 1 10 six carbon atoms; R represants a tetravalent gromatic or aliphatic group
of a composite group having both tetravalent aromatic and allphatic properties; and m represants an intagerfrom 0 to 4,

As for a spacific example of introduced aminosilicone compounds, the following compounds can be listad. In the
first placs, as for an aminosilicone compound for producing a structural unit rapresented by the general fermuta (S),
the following compaourkis can be fisted: .

HyN—(CHy)y —SKOCHy)y
H N—(CHa)y —SiOC,Hs),
H,N—(CH,); —SI(CH)(OC,H;),
‘HyN—=(CH,)y —Si(C,HHON-C3Hy )y
HaN—(CH,), —SKOCH,),

HyN—(CH,); —SHOC3H)y



[err]
phenyl ene

wherein Z is an akyl ene group having from1l to 3 carbon atons a
group or a phenyl ene-al kyl ene group

- 4 - H r"r*( h *r"rvrrl

"{-Li'.i.ué’xk,\i B El i1 m‘f’ui
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HaN—(CH,), —SIi(CH,)(0CHs)2

HoN -—-@——Si(OCHn);

HN —O:—SE(CH:,)(.OCH,)-‘,.

HoN —O-s'i<CHa)(ocsz1z
N—{_—(CHals —SiOCHsly
HoN —C}—(éﬂz)s —Si(OCH;)3

HoN

O"si(.OCHa)a
HoN -
D—suocsz)a

In tha case of introducing thase aminosilicona compaunds into polybenzylimide type polymers, 50 mol % or lass,

pratarably 20 mol % or less of diamino compaunds reprasanted by the genaral formula (4} can be replaced with ami- -
nasilicone compounds and used.

As for a diamincsilicons compound for producing a structural unit represented by the genaral formula (6), the

following compounds can ba listad.

CyHy  -CqHy
HaN —(CHy)y ~Si —0 }=-SI —(CH,); —NH,
FCyHy  CaHy



in which the al kyl ene group has 1 to 3 carbon atons: ﬁﬁ{fﬂh am ai,'
group having from1l to 5 carbon atons: R has t helix é gt
Claim1; and mis O or an integer from1l to 4. 3.1A liquid cryst | ;
aligning filmaccording to laim2. wherein fromO0.1

t ot al

t
pol yi m de structural units in%he filmarejr
units of the fornulae (5) and/or (6) 4. A liquid cgysrdal dlsplay de ice

“héd‘fn

b 504 G0 Wer . he

epl aced by st rudk ur al

conprising liquid crystal aligning filns according t9_any_ ope.of..
precedi ng d ai is. . CgH ;4 CGH,a

) |
HaN —(CH,)4 -es; —0 }-Su —(CHg}3 —NH,
cGH,, CGH,;,

G g
HaN —(CHa)s -(-5‘5 —0 78I —(CHgly —NH,
' CHy =~ CHj
CHy GHs
HoN —O-es. —0 3;5' —O"NHz
CH3 CH3

In the tormulas m reprasents an intager from 0 to 4. In the case of introducing these diaminosilicone compound
into a polybenzylimide type polymar, 50 mol % or less, prefarably 20 mel % or less, of a diamino compound represented
by the above genaeral formula (4) can be rapiaced with a diamincsilicone compound.

For mounting the liquid crystal aligning film of the invention on a substrata, since a polyimide compound s, In
general, insoluble in solvents, a polyamic acid, which can be obtained from the condensation of a diamino compound
and tetracarhoxyfic acid dianhydride as a precursor of this polyimide compound, is dissolved and coated on the sub- -
strate. For example, the polyamic acid is dissolved in a solvent, such as N-maethyl-2-pyrralidone (NMP), dimethyla-
catamide (DMAc), dimethytformarnide (DMF), dimethylsulfoxide (DMSQ), butyl celloscive or ethyicarbitol, to prepare
a0.1 to 30 wt.%, preferably 1 to 10 wt.% solution, which is coated on the substrate by brushing, immersing, rotational
caating, spraying or printing to give a coated flim. The coated film is then heat-treated at 50 to 15C°C, praferably at 80
to 120°C, and subjected to a dehydrating ring formation reaction to give a liquid crystal aligning flim consisting of a
polybenzyfimide type polymer fikm. in the case the achesion of the polymer fiim to the substrate is not good, the surface
of the substrate may be treated in advance with a silane coupling reagent, followed by forming a polymer fiim on R,
mcnbymoubovlﬂumﬂmanbahpm-d.No:c.mocoaodsumcabmbbodhaccmhmmacmw
give a liquik crystal afigning flim, .

Nomally, electrodes, for example, transparent electrodes such as TO, mfomdonmnsubstm Forpraventing
the alkall efution from the substrate, an undersheet fllm, such as an insulating flim, pofarized disk, or color fiter, may
be coated on the electrodes. Furthermore, an overcoat film, such as an insulating film, color fliter film or light transmis-
sion preventing fllm, may be formed on the elactrodes. The prior art liquid crystal display davice constitution can be
appliad to these slectrodaes, undercoatings, overcoatings and the other componants within a calil.

After preparing a call using the above substrates and injecting liquid crystal between the substrates, the infection
Inlet is sealed. Otherwisa, after liquid crystal is sprayed on the substrate, the substrate is overlapped on ancther and
the resulting substrates may be sealed so as not to leak the liquid crystal. Normal namatic liquid crystals, dichrolc liquid
crystals and varicus other liquid crystals can be used as the liquid crystal to be injected.

Tha aligning flim containing a polybenzylimide type polymer as the main componaent in the invention, acts so as -
to reduce the after image. This reason is not clear, but since the ratio of polar components in the polymer (s small,
may be considered that it becomes hard to absorb and retain lonic impurities.

Tha liquid crystal display davice of the invention is characterizad by an afignment controlling fllm with reduced after
image, and its voltage hoiding ratio is high as well. As a matter of coursa, the alignmant of the liquid crystal is good,
and it is also be possibia to bring about the pratitt angle in the same degrae as that of a polyetherimide type polyimide
of tha prior ant. Furthar, the prasent invention is applicable to a ferroelectric liquid crystal aligning flims.

BRIEF DESCRIPTION OF THE DHAWINGS .

Further objects and advantages of the present invention will be apparent from the following description, relerance
being had to the accompanying drawinges wherein preierred embodiments of the present invention are clearly shown,
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Fig. 1 is a view shawing a C-V histarasis curve; and i
Fig. 2 is a circuit diagram far measuring a voitage haiding ratio.

DETAILED CESCRIPTION OF THE PREFERRED EMBODIMENT

Ratacring now to pratarred smbodiments, a detailed dascription of the invention will be given beiow. Whils the
embadimant of the prasant inventicn, as herain dascribad, constitutas a prefarrad fam, itis to be undarstood that othar
form might be adoptad.

In sach pralarrad embodimant, the degraa of the after image was measurad by a C-V curve mathod. The C.V
curve mathod is carried out by applying triangular wavatorm (frequancy: 0.0036 Hz) of a valitage V=10 V {0 a liquid
crystal call, and than gvariapping an aiternating currant at 25 mV and 1 KHz on this. Tha varying capacities, C, are
then racorded. Whan tha vaitage is swapt to the positiva sida, the capacity ncraases. When the voitaga is swapt toward

-the negative sice, the capacity decreasas (o giva a minimum vaiue. Further, when the voitage is swept to the negative
sica less than 0, the capacity increasas again, and next, when the voitage is swapt lowand tha gasitive side, the capacity
decraasas again. The rasulting wavae form aftar several cycles are shown in Fig. 1. At this ima, when the oif-setting .
of slectric charges is produced on the intarfaces of the liquid crystal aligning flim and stabilized, the voitage draws a
histaresis curve at haoth positive and negative sictes. The rasidual electric charges ara determined by drawing 2 tangents
to the C-V curve at beth pesitive and negative sidas, cbtaining the cross paints (a, - &,) wara thesa fines crass the
lina of capacity, Cq. at the time of V=0. The voitage diffarancas betwaen twa points for the pasitive side and betwaen
twa points for the negative side are examined, and then by getting the average valus heract, the residual electric
charge is datarmined. If the flim thickness of the cail and the thickness of the aligning fiim ars equal, this value becomas
a paramatar for stabilizing the off-satting of alectric chargas. Namely, the smailer the sizs of histarasis in the aligning
film, the lass the after imaga.

The measuremant of a voltage holding ratic parcantage was carried out using a circuit as shown in Fig. 2(). In
the circult, a rectangular wavs Vs of gate puise width 6.9 us, frequency 80 Hz, and wave height £4.5 V, is applied cn
a scurce and the resulting voltage drain, Vg, is monitored. It is apparent from Fig. 2(1l) that when a positive valtage

- pulse, Vgy, is appiled at this paint, the voitage shaws a positive value during the period of ime bators the next negative

‘pulse, Vg is applled. Tharsfore, the arsa (slanting line portion) enciosed by V=0 and monitored voltage Vy (positive
value) is integrated. Such a measuremant is repeatad four times to cbtain the average vaius. Setting the area, in the
casa that the voitage is not reduced, as 100%, a relative vaiue of the arsato this is ahulatedandtm alculatadvalue
Is defined as the voltage holkfing ratio (%).

Furthermare, the measurement of the pratilt angle was done by a crystal rotation method.
“Example 1

Dehydrated and refined N-mathyi-2-pyrrolicdone (50 mi} was put in a four neck flask of 200 mi attached with a
stircer, a thermometar, a condenser and a nitrogen-replacing apparatus. Then, 1,1-bis{4-(4"-amincbenzyl)-phenyljmath-
ane (7.43 g) was added and the mixture was stirred and disscived. The resuiting solution was cooled ta 13°C, and
pyromailitic acid dianhydride (4.36 g) was addad to the solution at ona tima and allowed to react with the solution while
simultanecusly stirring and cociing. Aftar 1 hour, 0.11 g of para-aminophenyltrimethoxysilane was addad to the sclution
and allowed to react with & at 20°C for 1 hour while stirring. Then, the reaction solution was diluted with N-methyl-
2-pyrrolidone (NMP) (58 mi) to give a clear solution of 10 wt.% palyamic acid. Tha viscosity of this solution at 25°C
was 1893 cps.

This solution was dilutad in a mixture solution of buty! celiosolva and NMP (1:1) to give 2 3 wt.% salution, which
was coated on a clear glass substrate mounted with ITO elactrodes on onae surfacs thereof by a rotational coating °
mathod (spinnar mathod). The rotational condition was 5000 pm for 15 seconds, Aftar coating, the coatad substrate
was dried at 100°C for 10 min., and then, its temperature was gradually increasad up to 200°C for 1 hour within an
oven. It was further heat treatad at 200°C for SO min. o giva palybenzylimide having an approximate flim thicinass of
800 A. The coated surfaces of two substrates on which this polybenzylimide film had bnun formed wera treated by
rubbing, respactivaly, to give thair liquid crystal aligning films, which wars incorporatad in « liquid crystal ceil having a
cell thickness of 8 u so that their rubbing directions may ba in parallel with each gthar ar! {ace with each other, and
in which Liquid Crystal FBO1 for TFT use (Chisso Corparation product and its commarcial Name) was sealed. Alter
saaling, an Isotropic tranafonmation lreatment was appiied to It at 120°C (or 30 min., and # was gradually cocled ta a
room temparature to giva a liquid crystal dlaplay device. Furthermara, a liquid crystal call '4ving 8 call thickness of 20
K enclaaing a Mark & Ca,, Inc. product, Liquid Crystal ZLI-1132, was prepared, followiny e similar procedure de-
scribed, above and appiied to the measurement of the pretilt angle. The alignmant propar!y of this liquid cryetal was



10 -

5 A process for producing a liquid-crystal..alighing-film

whi ch process conprises heating a polyanc acid Q@}P@A@iﬁ{"l&h_m

| caser s | |
. | i
-7- 1ol |

STIAY WD Aen sint SR "-‘l

good and the pratilt angle of this liquid crystal was 3.68°. The residual slectric charge of this ceil was 0.07 at 25°C, and
its vaitage hoiding ratio was 97.5%.

Exampla 2

Oehydratad and refined N-mathyl-2-pyrrolidone (S0 mi} was put in a fqur-neck flask of 200 mi artached with a
stircar, a tharmaomatar, a condanser and a nitrogen-ragfacing apparatus. Then, 1,1-bis(4-(4"-aminobenzyt)-phanyllmath-
ane (7.43 g) was added and the mixtura was stirred and dissalved. The resuiting sciution was cocled to 13°C, and
mathylcycicbutanetatracarboxylic acid dianhydrida (3.92 g) was added to the saiution at one time and aliowad to react
with the sciuticn while simultanecusiy stirring and cocling. After 1 hour, para-aminophenyltrimethaxysilane (0.11 g)
was added !0 tha solution and allowad to rsact with it at 20°C for 1 hour, while stirring. Than, the reaction solution was
dilutad with N-methyl-2-pyrraiicone (NMP) (58 mi) o give a clear soiution of 10 wt.% palyamic acid. The viscosity of
this soluticn at 25°C was §7.5cps. -

‘This solution was diluted in a mixture sclution of butyl calloscive and NMP (7:3) to give a 3 wt.% salution, which
was coated on a clear glass substrata mountad with [TO electrodes on one surface tharaof by a rotational coating
mathed (spinner mathod). The rotational condition was 3000 rpm for 15 sec. After coating, the coatad substrate was
dried at 100°C for 10 min., and then, s temperaturs was gradually increased up 1o 200°C for 1 hour within an oven.
It was further.heat treated at 200°C for 90 min. to give palybenzylimida having an appraximate film thickness of 600
A. The coated surfaces of twa substrates on which this golybaenzylimide film had been formed wers treatsd by rubbing,
to giva their liquid erystal aligning films, which werae incorporatad in a liquid crystal call having a ceil thiciness of S
s that thair rubbing directions may ba in parallel with sach other and facs with each other, and in which Liquid Crystai
F801 (or TFT use (Chissc Corporation product and its commarcial name) was sealed. ’

After sealing, an isatropic transformation treatment was apgiied at 120°C for 30 min. and it was graduaily cocled
10 2 room temparaturs 1o give 2 liquid crystal display davica. Furtharmora, a liquid crystal call having a cell thicinaess
of 20 p enclasing a Mark & Co., Ine. product, Liquid Crystal ZL1-1132, was praparad, {cllowing the similar procadure
dascribed abovs, and appiied to the measuramant of the pratilt angle. -

The alignment propaerty of this liquid crystal was good and the pratilt angle of this liquid crystal was 1.5°. The
rasidual slectric charge of this call was 0.5 at 25°C, and its voitage hoiding ratio was 37.3%. .

Cemparative example 1

A mixture of zz-bhfq4'-uniwph¢noxy)¢honyqupanc (8.06 g), pyromellitic acid dianhydride {4.36 g)'aqd para-
aminophenyitsimethoxysilane (0.11 g), was polymerized to give a polyamic acid sciution. - .
Thiuoludonwasdih:todwﬂaanﬁmnwmbndbmyt caliosolve and NMP (1:1) to giva a 3 wt.% solution, which

'wascaatedonacbarghsssubsuuomomuduﬁmlTOcIMOnmosudac.mMWathmthg

maethod (spinner method). The retational condltion was 3C00 rpm for 1S sec. After coating, the coated substrate was
dried at 100°C for 10 min., and then, its tamperaturs wds gradually increased up to 200°C for 1 hour within an oven, '
It was further heat traated at 200°C for 90 min. to give polysthaerimide having an approximate fiim thickness of §00 A,
The coated surfaces of two substratas on which this polyetherimide fikn had baen formed were trsated by rubbing,
respactively, to give their liquid crystal aligning flims, which were incorporated in a liquid crystal cell having a cell
thickness of 6 p so that their rubbing directions may be in parallel with each other and face with each cther, and in
which Liquid Crystal FBO1 for TFT use (Chisso Carporation product and its commarcial name) was sealect. Alter sealing,
an isctropic transtormation treatment was appiled to it at 120°C for 30 min., and it was gradually cooled to a room
temparature to give a liquid crystal display device. Furthermorae, a liquid crystal cell having a ceil thickness of 20 1
anclosing a Merk & Ca., Inc. product, Liquid Crystal ZLI-1132, was prepared, following the simiilar procadure described
abave, and applied to the measurement of the pratilt angle.

The alignment property of this liquid crystal was good and the pratilt angle of this liquii crystal was 3.7°. However,
the residual electric chargs of this ceil was 0.20 at 25°C, and its voitage holding ratio was 90.0%.

Comparative axample 2

A mixturs of 2,2-bis(4-(4"-amincphanaxy)phanyl]propane (8.06 g), methylcyclicbutanetatracarbaxylic acid dianhy-
dride (3.92 g) and para-aminaphaenyltrimathoxysilane (0. 11 g), was polymarized to giva 8 polyamic acid salution

This solution was diluted with a mixture saiution of butyl celioscive and NMP (7:3)ta give a3 wt.% solution, which
was coatad on a clear glass substrate mounted with ITO electrodes on one surface Iherec! by a rotational coating
mathod (spinnar mathod). The rotational condition was 5000 rpm for 13 sec. Altar coaling, the coatad subatrate was
dried at 100°C for 10 min., and then, its temparature was gradually increased up to 200°C for 1 hour within an aven,
it was turther heat treated at 200°C for 90 min, to give palyetherimide having an approsimate flim thicknaess of 800 A.



by reacting in a solvent a tetracarboxylic acid dianhydride of the
formula (3):

o e

. l AT R FEPRVI SR 3 AT bt

Thae coated surfacaes of twa substrates an which (his palyethenmide film had been (armaed ware reated by rubbing,
respactively, ta give Maeir liquid ¢rystal aligning fiims, which were incarparatad in a liquid crystal ceil having a cail
thickness of § 1 sa that their rubbing diractians may ba in parailal with sach other and lace with each ather, and in
witich Liquid Crystal FEQ1 for TFT use (Chissa Carporatian greduct and its commarcial name) was sealed, Altar sealing,
an isquagic transtarmaticn treatment was agpliad ta it at 120°C far 30 min, ang it was graduaily coaled 1o a3 room
temparature ta give a liquid crystal display device. Furthenmara, a lquid crystal call having a call thicknass of 20 &
enclcsing a Mark & Ca., Inc. product, Liquid Crystal ZLI-1132, was praparaed, lollowing the similar pracadurs described
abave, and applied o the measuramaent of the gretilt angle.

The alignment praperty of this liquid crystal was good and the gratiit angie of this liquid crystal was 1.5°. Howavaer,
the rasidual electric charge of this cail was 0.15 at 25°C. and its veitage holding ratia was 85.0%.

.Eomgarative sxamole 3

A mixture of 4,4'dlamincphenylether (3.48 g), pyromaellitic acid dlanhydride (4.36 g) and pa:a-amnophonynnmcm-
axysilane (0.11 g}, was palymerized to give 2 polyamic acid solution.

This solution was diluted with 2 mixturs scluticn of butyl callescive and NMP (1:1) no give a 3 wt.% salution, which
was ccated on 2 clear glass substrate mounted with [TO electrodes on sne surfacs therea! by a rotational coating
methed (spinner methed). The rotaticnal conditicn was 3C00 rpm for 15 sac. Aftar coating, the coated substrate was
driec at 100°C for 10 min., and then, its tamperature was gradually incraasad up o 200°C for 1 hour within an oven,
It was further heat trsatec at 206°C for 90 min. o give polyetharimice having an approximata flim thiciniess of 600 A,
The coated surfaces of two substrates on which this polyetherimice fiim had been formed ware treated by rubbing,

. _respectively, to give their liquid crystal aligning flims, which wers incorporated in a fiquid crystal cell having a2 ceil
_ thiciness of § i so that their rubbing directions may be in parallel with each other and facs with each sthet and in
- ; which Liquit Crystal F8Q1 for TFT use (Chisso Carmperation product and s commercial name) was sealed. After sealing,
. an lsctropic transformation treatment was appiled to 8at 120°C for 30 min. and R was graduaily cooled to & room
 temperaturs (o give a liquid crystal display device. Futthermcre, & lquid crystal cell having a cell thiciness of 20

encicsing a Merk & Ca., Inc. product, Liquid Crystal Z1L1-1132, was prepared, {ollowing the similar procedure described

.abave, and applled o the measuremaent of the pratit angle.

muﬂm:mwammmmmwmpmmmwmmwmw However,
the residual electric charge of this cell was 0.90 at 25°C, and its voltage hokfing ratio was 78.0%.

in accordance with the first through third inventions of the presant appilcation, sincs the absarption of impurities
can be decreased by reducing the polar components contained in the polymes, liquid crystal aligning fiims having
recduced after image can be pregared. The liquid crystal display devices prapared by using these fiims have reducad-
marmgnmmmmmbwqumaabhd!sphys.Thoaﬂgnmgtl!nndmnhvmdnnemﬁuu
bmammmnmrwhgcmmm



wherein Ris a tetravalent aromatic group, a tetraval ent aliphatic group

or a conposite group having both tetraval ent aromati c and aliphatic
properties, wth a diam no conpound of the formula (4): f “\“\
wherein X and Y are the sane or are different and each is aﬂ gr\ &“““‘\‘
chlorine or fluorine atomor an al kyl group havi ng from'lLs tcatboh *
atons, or a trifluoronethyl group. which may be substituted at the ortho-
or neta- -9-

CLAIMS

1 1. Allquid crystal aligning film cantaining a polyimide having rapeating units of the formula (2):

.. ~ L
—Q*";Q"“‘_Q;‘"‘"QT"} ‘"\o M

wharein X and Y are the same or ars diffarent and each is a hydrogen, chiorine or flucrine atom or an alky! group

_having from 1 to 3 carbon atoms, or a triflucromethyl group, which may be substituted at the ortho- or meta-
positions, and R is a tetravalent aromatic group, a tatravalent aliphatic group or a composits group having both
tetravalent aromatic and aliphatic propartias, :

2. A liquid crystal aligning flim according to Claim 1, wherain the polyimide also containg rjpoaﬁng units of formutase -
(2) in which the polyimide structural unit of formula (7):

0/ 0
ov’ s=0

is replacec by structural untits of the fermula (S):

o
R2o—S—Z—N_ N—
; 1

Pl

ond

. and/are (8):

: o z--«"° 'o

wharsin Z is an alkylene group having trom 1 to 3 cartion atoms a phenylene group or 2 phenylene-alkylena group
in which the alkylene group has 1 & J carbon atoms; F2 is an alkyl group having from 1 10 6 cardon atoma; R has
the meaning defined in Claim 1; and m is 0 or an integer trom 1 t0 4.

i 3. A liquid crystal aligning fiim according to Claim 2. wherain from 0.1 ta SO mol % of the total polyimide structural
units in the flim are replaced by structural units of the lomulae (5) and/or (6]

4. Aliquid crystal display device compdsing fiquid crystal afigning flims according ta any one of the preceding Claims,
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§. A procass lor producing a liquid erystal aligning film, which process camprises heating a polyamic acid ciitained
by reacting, in a saivent, & tatracartaxylic acid dlanhydride of the farmuia (3):

]

c"kn'?\o
IR}

whersin Risa t-tavalint arcrmatic group, a tetravalent aliphatic group aor 2 compasite group having bath tetravalent
aromatic and aliphatic properties, with a diaming campound of the lormuta (4):

| :': ".: ’:‘ . i}m .

wharsin X and Y are the samae ar are cifferent and each is 2 hycragen, chicrine or flucrine atom or an alkyl graup
Raving fram 1 ta 3 caraon atoms, or & ¥iflucromethyl group, which may Be substituted at the ortho- or mata-

positicns.
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ARBSTRACT
D CRYSTAL ALIGNIN I R

DISPLAY DEVICES

Liquid crystal aligning films for use in liquid
crystal displace device, comprise polymers having

repeating units of the formulae:

—D-CHz ;Q—CHZ-Q;CHz —Q: (1)

Y

O
O

—Q—CHz—Q—CHz-C)—CHZ—O—Nt ¢ (2)

O

wherein X and Y are the same or are different and each
is hydrogen, a chlorine or fluorine atom, an'alkyl group
having from 1 to 3 carbon atoms, or a trifluoromethyl

group and are substituted at the ortho- or
meta-positions; and R is a tetravalent aromatic or
aliphatic group or a composite group having both

tetravalent aromatic and aliphatic properties.
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