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Liquid crystal orientation layer -

The present invention relates to a material that comprises a substance that can be
oriented and crosslinked by the action of linearly polarised light and which is uscd in the
prcparatioﬁ of an orientation layer for a liquid crystal medium, and to an orientation
layer for a liquid crystal medium énd:to an optical or electro-optical device having at

least one such orientation layer.

Such orientation layers are used especially in liquid crystal displays, but also in
many other optical and electro-optical elements and components, such as colour filters,
polarisation filters, retarder layers, security elements. etc., in which the liquid crystals

may also be used in polymerised or crosslinked form.

The electro-optical effect in liquid crystal displays (1.CD) is substantially
determined by the angle of twist through which the liquid crystal molecules pass from
one side of the substrate to the other. Especially the contrast; brightness, viewing angle -

‘dependency and speed of the display, as well as the voltage required to actuate the liquid
-crystal display, can be adjusted to an optimum by means of the angle of twist. The

liquid crystal properties required to obtain the electro-optical effect, such as the optical -
or the dielectrical anisotropy, are determined by the angle of twist.

In order to establish a desired angle of twist, a preferred direction must be
imposed on both substrate sides in contact with the liquid crystal. For that purpose, it is
customary to apply to both substrate sides a thin polymer layer which is then rubbed in
one direction, for éxample with a cloth. Liquid crystals in contact with the orientation
layer become oriented according to that preferred dircéﬁon. The liquid crystal molecules
must be sufﬁciehtly strongly anchored to the orientation layer for the molecules oﬁ the -
substrate surface to remain oriented in the desired direction, although the directions of

orientation on the two substrate sides are generally different and, as a result, restoring
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forces occur. In that manner, it is possible to pi'oduee left- or right-rotating liquid crystal

layers having an angle of twist of up to about 89°.

At angles of 90° and above between the 'dirécﬁdns of orientation of the two
substrates, the problem arises that the twist can oceur either to the left or to the nght
which, especially in the commerclally w1dely avai]able 90°-tw1sted hquld crystal
displays, can result in areas being produced in which the hqmd crystal rotates in the
wrong direction (reverse twist), which leads to llght scatter and a spotty appearance of

the dlsplay

When a suitable material is used for the orientation layelf, however. the rubbing
induces what is known as an angle of tilt in that layer Asa resuli, the liquid crystals
become oriented slightly obliquely relative to the surface of the substrates The direction
of the angle of tilt on both substrate sxdes determmes the direction of rotation, thus

reducing "reverse twist" phenomena.

In order to avoid "reverse twist", cthaI doping 'agehts_Whieh induce an intrinsic
twist having a defined direction of rotation can also be added to the liquid crystal. Chiral
doping agents cannot, however, prevent the problem of "reverse t11 " in which individual
areas of the liquid crystal become tilted in the wrong direction. The only solution to that
problem is to preset the direction of tilt in the driehtation layer. |

It is not only the direction of tilt but also the size of the angle of tilt which is of
decisive importarice for the functxomng of a hqmd crystal dlsplay For example, in
supertwisted nematic (STN) LCDs, dependmg upon the angle of tw1st an angle of tilt of
several degrees is needed to prevent the occurrenc_e of what are kr_mwn as ﬁngerpnnt
structures (troublesome dislocations). In addition, the threshold \r'{)_ha'ge, the switching
speed and the 'confrast of STN LCDs are dependeit to a highly seneitive degree upon the |
size of the angle of tilt. ' | ' a
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Substantial use is _mhde of polyimides as material for orientation layers in
commercial liquid crystal _diéplays. The large number of different polyimides available
as orientation layers differ from one another esscntia]ly by the angle of tilt that can be
obtained by rubbing. The large angles of tilt of 15° or more that are required for various
uses cannot, hbwever, be obtained using rubbed po_lyimideé. Thus, commercially

obtainable polyimides cover only the range of angle of :ﬁlt of about from 0° to 10°.

Apart from beiﬁg characterised by thp_ir orientation properties, polyimides are
distinguished by the fact that they do not greatly increase the conductivity of the liquid
crystal. This is important especially in the case of LCDs of the- thin-ﬁlni transistor
twisted nematic (TFT—T_N) type in which an amount of charge is applied over the course

- of a very short period of time to the electrodes of a pixel and must not subsequently

drain away by means of the resistance of the liquid crystal. The ability to hold that .
charge and thus to hold the voltage drop over _the liquid crystal _i_'_s quantified by what is.

. known as the "voltage holding ratio" (VHR).

Although polyimides are very suitable as orientation layers by virtue of their
good orientation properties and their TFT-compatibility, there are a number of serious-
disadvantages that have less to do with the materiai itself than with the rubbing
technique used to obtain the orientation. For example, in high.-plflrity production - :
environments, dust is produced by the matter abraded during the rubbing process. The
rubbing process also produces electrostatic charges on the surféc_e of the substrate
which, on the one hand, may destroy the thin-film tr_énsistors integrated under each pixel
in TFT-_LCDs and, on the other hand, attract additional dust.

The abrasion method is also subject to limitations begaﬁ_sg _the increase in the _
miniaturisation of LCDs, especially for use in projcctors, and the growth in the number
of pixels fof high-resolution displays are resulting in ever sn_la_ll_er. electrode structures,
the dimensions of which are, in some cases, dié_tipqtly smaller than the diameter of the
brush hairs used for the rubbing. Because of thc topology of the substrate surfaces in;
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TFT-LCDs whlch is determined by the structure of the thm—ﬁlm fransistors, there are,

for example, shadow areas that cannot be rubbed at all by the coarse fibres,

" For some years, polat'iSation?sensitive' 'photopolymers' have been known in which
the orienting is effected, without any contact at all by 1rrad1atlon w1th lmearly polarised
light. On the one hand, this obviates the problems mherent in the rubbing process and,
on the other hand, in contrast to-the rubbmg process, it is possible to preset different
orientation directions in different areas for example by usmg masks In such photo-
orientable layers e.g. described in Patent Spemﬁcatton US-5 389 698, an anisotropic
polymer netwotk is synthesrsed by 1rrad1at10n w1th ltnearly polansed lxght, which
polymer network is gcnerally photostable and 1ts onentatlon thus can not be changed by
further orienting. Such onentatlon layers known as "linearly photopolymensed“ (LPP)
orientation layers, also sometlmes referred to as photo-onented polymer networks"
(PPN), can comprise highly complex orlenumon patterns They are used not only in
liquid crystal displays but also in the .manuf_aeture of other optical elements, such as
polarisation interference filters, linear and -cholesteric polarisation filters, optical retarder
layers, etc.. To simplify nomenclature such onentahon layers onented and crosslinked
by xrradxatron with lmearly polansed hght w1ll also be referréd to in the context of the
present invention as LPP orientation layers and the matenals used for prepanng the

layer will be referred to as LPP matenal

The angle of tilt required for th"e ﬁmmonihg of the LCDs can be induced in LPP
orientation layers by a method desctibed, for example, in European Patent Application
EP-A-756 193, reference being made exphcrtly herew1th to the oontent thereof. In that
method, the light used to crosslink the LP_I_-’ onentatlon layer is made to fall obliquely on
the surface. In contrast to the rubbing method, dependmg upon the LPP material used
angles of tilt of from 0° to 90° can be’establi'shed; Of course, as iés known of rubbed
orientation layers, also in LPP orientation flaye:_rs the 'an'gile of tilt imparted to the liquid
crystals is dependent not only upon the orientation _rnaterial it'self but also upon the

liquid crystal mixture used.
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A disadvantage of the LPP mater_ials_knowx__l hitherto is that they have not yet
attained the high voltage holding ratio values of the polyimides that have been specially
optimised for TFT displays.

Sufpﬁsingly, it has flow been found that the properties of an LPP orientation
layer, such as, for example, the angles of tilt produced by the layer, the surface wetting,
the voltage holding ratio, the anchoring energy, etc., can be changed and can thus be
adjusted and/or improved by mixing other polymers, oligomers or, where appropriate,

also monomers into the starting material for the preparation of the orientation layer.

This opens up wide scope for adapting LPP orientation layers to an extremely

wide range of requirem_ents and fields of use.

According to the invention, particularly int_eresting properties in the orientation
layer/liquid crystal medium system that can be influenced by the addition of a further
substance are the angle of tilt, the holding ratio and the anchoring energy.

In particular, the angle of tilt which is imparted to the liquid crystal layer by the.
LPP orientation layer can be adjusted by the use of a mixture of two (or more) LPP
materials. The angle of tilt can be varied within a wide_ra_ng_e.by_ means of the mixing
ratio of the LPP materials. It has been shown that the limit values of the angles of tilt
that can be obtained are generally predetermined by the individual LPP materials,
whereas all the intermediate values can be oBtained by mixing the LPP materials. Thus;
for any given liquid crystal mixture advantageously two LPP materials will be sufficient
to adjust a_n_d/or to optimise the angle of tilt for the use in quesﬁom In other
embodiments, it may, however, bc cqually advantagcous to nsé three or more LPP
materials. Suitable for practical adjustment of angles of tilt are especially combinations -
of LPP materials, the "hxufinéic angles of tilt" of which differ from one another
preferably by at least one degrec, more especially by at Icast three degrees. In the -
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present context, "intrinsic angle of tilt" means the angle of tilt induced (in a partxcular
liquid crystal medmm) by an orientation layer consxstmg solely of the LPP material in

question.

Moreover, since the angle of tilt nnparted to the liquid crystal layer depends also
upon the liquid crystal matenal itis also poss1ble fo induce the same angle of tilt in
different liquid crystal mixtures by adaptmg the composmon of the LPP orientation
layer to the liquid crystal mixture in questlon :

According to the invention, by mixing in other polymers, oligomers or
monomers the LPP orientation layer can a.l_so be improved to the effect that fewer ionic -
impurities are released by the Orientationllaj/'er- into the liquid crystal mixture, and/or
ionic impurities present in the liquid crystal mlxture are taken up by the orientation -
layer, which improves the holding ratio. This can be achieved, for example
advantageously by using a mixture of a LPP material with a polynmde ora plurahty of

polyimides as orientation material.

It is possible to use commercially available polyimides suited for TFT-LCD
applications, added in a few percent by weight to non-polyimide LPP materials, to
considerably increase the voltage holdmg ratio. Due to the dilution of the LPP material
by such polyimides not having crosslmkable units the probabxhty of crosslmkmg
decreases, usually quadratically with the amount of LPP matenal and thus the exposure

energy required to achieve a certain crosslmkmg rate mcreas&s

1n a more preferred embodiment of the invention therefore polyimides — or their
analogeous polyamic acids - are used which are themselves LPP materials, i.e. which
can also be oriented and crosslinked by the action of linearly poiarised light. Such LPP
polyimides (and polyamic acids) are for example described in the International Patent
Application PCT/IB98/01425 of Rolic AG.’ Blends of LPP materials comprising LPP |

polyimides having themselves crosslinkable units have the advantage that the content of
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polyimide can be increasé&_v’ﬁr_i_thout reducing the crosslinking rate. As a consequence of
the high amount of polyiniidé_ the voltage holdin_gi ratio can be increased further.
Another of mixing mainly LPP materials instead of adding standard main-chain
polyimides is the miscibility, which is generally better if the molecular structure Qf the
compounds to be mixed are more similar. In the s_im.p'le'.s_t' case, the LPP material

comprises only two LPP substances, one of them having polyimide main-chain,

Particularly advantageous materials contain at least one LPP polyacrylate and at

~ least one LPP polyimide because often the voltage holding ratio can be improved by an

LPP polyimide whereas other properties, in particular the angle of tilt, can be better.
adapted using an LPP polyacrylate.

The proportion of the additional substance depends upon the prevailing
circumstances. Generally, the desired effects manifest themselves only when the

‘proportion is at least half a percent by weight or more. In manycases, however, a larger

proportion is necessary or, for example from the point of view of production |
technology, desired. For example, the larger the proportior_l used, the easier it is to meter
in the substance and/or the more precisely the property that is influenced by that
substancc can be adjusted. Preferably, the proportion is at least one percent by weight,

more especially five percent by weight.

In order to avoid any misunderstandings, it ;ihould_spcci_ﬁcauy be pointed out
that the invention is in no way limited to liquid crystal cells in which a liquid crystal
layer lies between two orientation layers; the invention is equally suitable for uses in

which the liquid crystals are oriented on a single layer.

It will also be understood that according to the invention it is possible to use not
just one further substance but also a plurality of further substances in the I.PP material,
and any desired combination of polymers, oligomers and monomers can be taken into

consideration.



10

15

20

25

WO 99/49360 | ' PCT/IB99/00479

The invention will be illustrated further by the following Examples.

Example 1:  LPP orientation layer of & ma(erial that (in a mann_ér known pér se)

" comprises only one substance

In LPP materials having the property that the LPP orienting is effected by UV
icradiation parallel to the direction of polarisation of the UV light, angles of tilt can be

induced in a single irradiation step. LPP A, the structure of which is shown below, has

that property.

“ LPPA: - :
i
sAg

LPP A was synthesised according to the procedure described under Example 1 in
the International Patent Application having the publication number WO0-96/10049.

For its application to a substrate, LPP A was dissolved to 3% by weight in N-
methyl-pyrrolidone (NMP) and stirred for half an hour at room temperature. The
solution was then applied by spin-coating to a glass plate over the course of one minute
at 2000 rev/min. The layer was subsequently dried for 30 minutes on a hd'cplate at
130°C. '
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For the photo-oriep_tation, a 200W extra high pressure mercury vapoﬁr lamp was
used which, in the range from 300 nm to 350 nm, provided an intensity of 2 mW/cm? at
the site of the LPP layer to be irradiated. In order to induce an angle of tilt, the coated
glass plate was arranged at an angle of 40° relative to the_direction of radiation of the

5 UV lamp and was irrédiated for 25 minutes. The direction of polarisation of the light lay
in the plane defined by the plate normal and the direction of UV incidence.

A parallel cell was constructed using a second LPP-coated glass plate that had
been manufactured according to the same method as the first plate. The spacing between
10 the plates was set at 20 pm using a glass thread. The cell was then filled with the
nematic liquid crystal mixture 7415 from Rolic Research AG at a temperature of just
above the clear point of the mixture (T,=81.6°C) and cooled slowly. The angle of tilt
imparted to the liquid crystals was measured optically by means of the crystal rotation
- method. An angle of tilt of only 0.2° was produced.
15 | |
Example 2: . LPP orientation layer of a further material that (in a manner known per.

se) comprises only one substance

Like LPP A, LPP B, the structure of which is show_n below, is also to be oriented
20  parallel to the direction of polarisation of the UV light.

LPP B: o/\/\/\/o - o—

The preparation of the starting compound for LPP B is described by M. Petrzilka
25 in Mol. Cryst. Liq. Cryst., Vol. 131(1985), 109. LPP B can accordingly be synthesised
analogously to the procedure described under Example 6 in European Patent
Application EP-A-0 763 552.
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Analogously to Example 1, 2 solution of 3% LPP B mNMP was prepared Two
glass plates were coated with that solution, as descnbed in Example 1, and the two LPP-
coated plates were irradiated obliquely with lmearly polarised UV _hght at an anglc of
40° for a period of irradiation o_f .2'5_' niinutes. Usmg those two plal_es, analogously to
Example 1 a paralle! cell was constructed ahd ﬁlled with the liqixld crysml mixture
7415. A very large angle of tilt of 26°" was subsequently measured by means of the
crystal rotation method.

‘Example 3:  Influence of a sccond substance upon the angle of tilt of the orientation

layer

A mixture M1 was preparcd that consisted of 95% by weight LPP A and, as
further substa.nce, 5% by welght LPP B. Analogously to Example 1 a solunon of 3% .
M1 in NMP was prepared. As in the Examples above, two glass plates were coated
therewith and irradiated obliquely with linearly polansed uv hght Again, using those
two plates a parallel cell was constructed and ﬁlled with'the llqllld crystal mixture 7415.

An angle of tilt of 4° was measured by means of the crystal rotaj:_ton method.

A further mixture, mixture M2 that consisted of 85% by welght LPP A and 15%
by weight LPP B, was prepared. Two. glass plates were coated w1th a solution of 3% M2

* in NMP and were irradiated obliquely with linearly polansed W.llght. Again, using
. those two plates a parallel cell was constructed and filled with the liquid crystal mixture

7415. Measurement by means of the crystal rotation method resulted in an angle of tilt
of 7°. S ' |

-10-
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The angles of tilt measured in the Examples are collated in the following Table:

material for the orientation layer angle of tilt

~ M1:95% by weight A + 5% by weight B | 4°

A ; 0.2°

M2: 85% by weight A + 15% by weight B | 7°
B : 26°

Example 4:  Voltage holding ratio

The specific resistance of a liquid crystal in a liquid crystal cell is determined
substantially by the ionic impurities already present in the purc liquid crystal before-its -
introduction into the cell and by the ions addit_ionaily dissolved out of the orientation.

layer. The smaller the specific resistance of the liquid crystal, the faster the charge,

which is applied to the pixel for only a short period of time of typically 64 ps, will-drain .
away, that is to say the smaller the voltage holding ratio will be.

To measure the voltage holding ratio, a 90°-rotation cell was constructed in each
case. In the present Example, for that purposc two ITO-coated glass plates were coated
analogously to Example 1 by spin-coating with a 3% LPP A solution. In contrast to
Example 1, the layers were, however, dried for one hour at 180°C. The two plates were
then photo-oriented by means of irradiation with linearly polaﬁsed UV light. The two
plates were then assembled to form a liqﬁid crystal cell in such a manner that the two
directions of orientation were at right angles to one another. Filling of the cell with the
nematic liquid crystal mixture 8988 from Rolic Research AG produced a 90°-rotation
cell. The 90°-rotation was detected by the fact that the cell appeared light between

crossed polarisers and dark between parallel polarisers.
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Measurement of the ohmic resistance of the cell showed the specific resistance
of the liquid crystal to be 8.6 x 10'° Qm. With a frame time of 20 ms between two

successive charge pulses, the result was a voltage holding ratio of 99.7%.

- After that measurement, the cell was stored for three hours at 120°C. After the -
heating test, the specific resistancc of the liquid crystal fell to 28 x 10" Qm, thatis to
say it was smaller by a factor of approximately three, which éorte,éponds to a voltage

holding ratio of 99.2%.

Example 5:  Improvement of the voltage holding ratio by a second substance in the

material of the orientation layer

In this Example, an orientation layer was prepared from a polymer mixture M3
that consisted of 90% by weight LPP A (see Example 1) and 10% by weight polyimide

SE5291 obtainable from Nissan Chemical Industries. The polyiiriide SE5291 was

supplicd in the form of a 6% solution in'a solvent mixture L1 that consists of 14% by
weight diglycol monomethy! ether and 86% by 'wgight y-butyrolactone. To obtain a3%.
polyimide solution, the commiercial solution was therefore first diluted with 50% of the -

-solvent mixture L1. A second solution of 3% by weight LPP A. i_nﬁlLl was prepared in

parallel. The polyimide solution and the LPP A solution were ﬂié_ﬂ stirred together in a

ratio of 1:9.

Two ITO-coated glass plates were coated, analogously to Example 4, with the
3% solution of the polymer mixture M3 in L1, the plates were photo-oriented and
finally a 90°-TN cell was constructed therefrom and again was filled with the liquid -
crystal mixture 8988, o )

The specific resistance of the liquid crystal was determined as being
17.6 x 10" Qm; which corresponds to a voltage holding ratio of 99.9%. Compared with

the cell having a pure LPP A orientation layer in Example 4, the sbeciﬁc resistance of



10

WO 99/49360

PCT/IB99/00479

the liquid crystal in the cell having the orientation layer of polymer mixture M3 had

therefore doubled.

As in Example 4, the cell was then stored for three hours at 120°C. After the

heating test, the specilfic resistance of the liquid crystal fell to 7.9 x 10'° Qm, which

corresponds to a voltage holding ratio of 99.7%. The specific resistance of the liquid

crystal after the heating test was accordingly three times as high as in Example 4, where

the pure LPP A was used as orientation layer.

The specific resistance values measured in the Examples are collated in the

following Table:
matcrial for the specific resistance specific resistancc after
orientation layer | 3 hours at 120°C . .
A 8.6x10"° Om 2.8x 10" Qm
M3: 90% by weight A, : _

10% by weight SES291 | 17.6x 10" Qm 7.9x10" Qm

-13-
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CLAIMS

1.  Material for the preparation of an orientation layer for a liquid crystal medium,
the material comprising a first substance that can be oriented and crosslinked by the
action of linearly polarised light, characterised in that the material comprises at least one

further substance.

2. Material according to claim 1, characterised in that the further substance or the
further substances is/are so selected that at least onc property of the orientation layer
that is fundamental to the optical or electro-optical behaviour of the liquid crystal

‘medium has been altered relative (o an orientation layer without the further substance or -

the further substances.

3. Material according to claim 2, characterised in that the property is the angle of -
tilt. :

4, Material according to claim 2, characterised in that the property is the voltage -
holding ratio. . '

5. Material according to claim 2; characterised in that the property is the anchoring

energy.

6. Material according to any preceding claim, characterised in that the further
substance or the further substances is/are present in a proportion of at least half a percent
by weight. |

7. Material according to any of claims 1 to 5, characterised in that the further

substance or the further substances is/are present in a proportion of at least one percent

. by weight.

-14-
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8. © Material according to any of claims 1 to 5, chara_,_cterisgd in that the further
substance or the further substances is/are present in a proportion of at least five percent

by weight.

9. Material according to ény preceding claim, characterised in that the further

substance is an oligomer.

10.  Material according to any of claims 1 to 8, characterised in that the further
substance is a polymer.

11. Material according to any preceding claim, characterised in that the further
substance can be oriented and crosslinked by the action of linearly polarised light.

12.  Material according to any preceding claim, characterised in that it comprises
three or more substances that can be oriented and crosslinked by the action of linearly
polarised light.

13.  Material according to claim 11 or 12, characterised in that the substances that
can be oriented and crosslinked by the action of linearly polarised light are so selected
that the angles of tilt induced by the substances when used on their own as orientation

layer differ from one another by at least one degree.

14.  Matcrial according to claim 13, characterised in that the substances that can be
oriented and crosslinked by the action of linearly polarised light are.so selected that the
angles of tilt induced by the substances when used on their own as orientation layer

differ from one another by at lcast three degrees.

15.  Material according to any preceding claim, characterised in that at least one of

the substances is a polyimide.

-15-
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16.  Material according to any preceding claim, characterised in that at least one of

the substances is a polyamic acid.

17.  Material according to claim 15 or 16, characterised in that it comprises.two or

more polyimides or polyamic acids

18.  Material according to claim 15, 16 or 17, characterised.in that at least one of the |

substances is a polyacrylate

19.  Orientation layer for a liquid crystal medium, characterised in that it comprises a

material according to any prcceding claim.

20.  Optical or electro-optical device having at least one orientation layer according

to.claim 19.

21.  Use of a material according to any of claims 1 to 18 in the preparation of an

orientation layer for a liquid crystal medium. .

22.  Use of an additional substance in an effective amount in a material for the -
preparation of an orientation layer for a liquid crystal medium, the material comprising a
first substancc that can be oriented and crosslinked by the action of linearly polarised

light to obtain a given angle of tilt imparted by the orientation layer.

23. Use of an additional substance in an effective amount in a material for the

preparation of an orientation layer for a liquid crystal medium, the material comprising a

~ first substance that can be oriented and crosslinked by the action of lixiearly polarised

light to obtain an improved voltage holding ratio of the orientation layer and contiguous

liquid crystal medium.

-16-



