
W099/49360 PCT/1899/00479 

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 used in the 

s preparation of an orientation layer for a liquid crystal me.dium, and to an orientation 

layer for a liquid crystal medium and 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 

Io 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 {LCD) is substantially 

·Is 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 · 

20 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 

25 one direction, for example with a cloth. Liquid crystals in contact with the orientation 

layer become oriented accordin~ to that preferred direction. The liquid crystal molecules 

must be sufficiently strongly anchored to the orientation layer for the molecules on 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 produee 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 directions of ol'i:entation of the two 

s substrates, the problem arises that the twist can occur either to· the left or to the right, 

which, especially in the commercially widely available 90°-twisted liquid crystal 

displays, can result in areas being produced in which the liquid crystal rotates in the 

wrong direction (reverse twist}, which leads to light scatter and a spotty appearance of 

the display. 

10 

When a suitable material is used for the orientation layer, however. the rubbing 

induces what is known as an angle of tilt in: th.at l.a~er~ As aiesult, the liquid crystals 

become oriented slightly obliquely relative to the surface of the substrates. The direction 
. . . 

of the angle of tilt on both substrate sides determines the direction of rotation, thus 

1 s reducing "reverse twist" phenomena: 

In order to avoid "reverse twist", chiral doping agents which induce an intrinsic 

twist having a defined direction of rotation can also be added to the liquid crystal. Chiral 

doping agents cannot, however, pre~ent the problem of "reverse tilt" in which individual 

20 areas of the liquid crystal become tilted in the wro~ direction. The only solution to that 

problem is to preset the direction of tilt in the orientation layer. 

It is not only the direction of tilt but also the siZe of the angle of tilt which is of 

decisive importance for the functioning of a liquid crystal display. For example, in 

25 supertwisted nematic (STN) LCDs, depending upon the angle of twist an angle of tilt of 

several degrees is needed tO prevent the occurrence of what are kllown as fingerprint 

structures (troublesome dislocations). In addition., the threshold voltage, the switching 

speed and the contrast of STN LCDs ·are dependent to a highly sensitive degree upon the 

si7.e of the angle of tilt. 

30 
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Substantial use is made of polyimides as material for orientation layers in 

commercial liquid crystal displays. The large number of different polyimides available 

as orientation layers differ from one another essentially by the angle of tilt that can be 

obtained by robbing. The large angles of tilt of 15° or more that are required for various 

5 uses cannot, however, be obtained using robbed polyimides. Thus, com.merci~ly 

obtainable polyimides cover only the ra.."lge of angle of tilt of about from 0° to 10°. 

Apart from being characterised by their orientation properties, polyimides are 

distinguished by the fact that they do not greatly increase the conductivity of the liquid 

IO crystal. This is important especially in the case of LCDs of the. thin-film transistor 

twisted nematic (TFT-TN) 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 al:>ility to hold that 

charge and thus to hold the voltage drop over the liquid crystal is quantified by what is . 

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

Although polyimides are very suitable as orientation layers by virtue of their 

good orientation properties and their 1:fT-compatibility, there~ a number of serious 

disadvantages that have less to do with the material itself than with the rubbing 

20 technique used to obtain the orientation. For example, in high,..purity production 

environments, dust is produced by the matter abraded during the rubbing process. The 

rubbing process also produces electrostatic charges on the surface of the substrate 

which, on the one hand, may destroy the thin-film transistors in~grated under each pixel 

in TFT-LCDs and, on the other hand, attract additional dust... . 

25 

The abrasion method is also subject to limitations becaus~ the increase in the 

miniaturisation of LCDs, especially for use in projectors, and the growth in the. number 

of pixels for high-resolution displays are resulting .in ever smaller electrode structures, 

the dimensions of which are, in some cases, distinctly smaller than the diameter of the 

30 brush hairs used for the rubbing. Because of the topology of the sµbstrate surfaces in 
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TFT-LCDs, which is determined by the structu:re of the ihin-film transistors, there are, 

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

For some years, ~olarisation-sensitive photopolyn:iers hf:lve been known in which 

5 the orienting is effected, without any.contact at.all, by irradiation with linearly polarised 

light. On the one hand, this obviates the problelllS inherent in the rubbing. process and, 

on the other hand, in contrast to the rub~ing process, it is possi~le to preset different 

orientation directions in different areas, for'exmnple by using masks: In such photo­

orientable layers e.g. described in Patent SpeeiflcatlonUS-5 389 698,·an anisotropic 

1 o polymer netWotk is synthesiSecl by irradiation vvi.th lfuearly polansed light, which 

polymer network is generally photostable and its orie~tation thus can not be changed by 

further orienting. Such orientation layers, btoWn as "linearly photopolymerised" (LPP) 

orientation layers, also sometimes referled to as ;'photo-oriented polymer networks" 
. . . 

(PPN}, can c0mprise highly complex orientation patterns. They are used not only in 

15 liquid crystal displays but also in the manufacture of other optiCal elements, such as 

polarisation interference filters, linear and cholesteric polarisation filters, optical retarder 

layers, etc .. To simplify nomenclature, such orielltatioil layers oriented and crosslinked· 

by irradiation with linearly polarised ~igh.t ~l also be referred ~in the context of the · 

present invention as LPP orientation layers, and the materials used for prepanng the 
20 layer will be referred to as LPP material. 

The angle of tilt requifed for the functioning of the LCOs can be induced in LPP 

orientation layers by a method described, for example, in European Patent Application 

EP-A-756 193, reference being made explicitly herevvith to the content thereof. lti that 

25 method, the light used to crosslink the LPP orientation layer ismade to fall obliquely on 

the surface. In contrast to the rubbing method, depending upon the LPP material used 

angles of tilt of from ·0° to 90° can be 'established. Of course, as is known of rubbed 

orientation layers, also in LPP orienuttionfayers the angle of tilt imparted to.the liquid 

cry~'tals is dependent not only upon the orientation material itself but also upon the 

30 liquid crystal mixture used. 
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A disadvantage of the LPP materials known hitherto is that they haye not yet 

. . . 

attained the high voltage holding ratio values of the polyimides that have been specially 

optimised for TFT displays. 

Surprisingly, it has now 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, 

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

This opens up wide scope for adapting LPP orientati~n layers to an extremely 

wide-range ofrequirements and fields of use. 

15 According to the invention, particularly interesting pr()perties 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. 

20 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 range 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 inclividual LPP materials~ 

whereas all the intermediate values can be obtained by mixing the LPP materials. Thus, 

25 for any.given liquid crystal mixture advantageously two !,.PP inaterials will be sufficient 

to adjust and/or to optimise the angle of tilt for the use in question. In other 

embodiments, it may, however, be_ equally advantageous to use three or more LPP 

materials. Suitable for practical adjustment of angles of tilt are especially combinations 

ofLPP materials, the "intrinsic angles of tilt" of which differ from one another 

30 preferably by at least one degree, more especially by at lcast.th~e degrees. In the 
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present context, "intrinsic angle of tilt" means the angle of tilt induced (in a particular 

liquid crystal medium) by an orientation layer consisting solely of the LPP materiai in 

question. 

5 Moreover, since the angle of tilt imparted to the liquid crystal layer depends also 

upon the liquid crystal material, it is aiso possible tofu.duce the same angle of tilt in 

different Jiquid crystal mixtures by adapting· the composition of tlie LPP orientation 

layer to the liquid crystal.mixture in question. · 

1 o According to the invention, by mixing in other polymers, oligoiners or 

monomers the LPP orientation layer can also be improved to the effect that fewer ionic 

impurities· are released by the orientation layer into the liquid crystal mixture, and/or 

ionic impurities present in the liquid cry-1. mixture are t8ken up by the orientation. 

layer, which improves the holding ratio. This can be achieved, for example, 

J s advantageously by using a mi:Kture ofa LPP material with a polyimide or a plurality of 

polyimides as orientation material; · 
; ;··. 

It is possible to use commercially available polyimides suited for TFT-LCD 

applieations, added in a few percent by weight to non~polyimide LPP materials; to 

20 considerably mcrease the voltage holcimg ratio. Due to the dilution of the LPP material 

by such polyimides not having crosslillkable unitS the probability ofcrosslinking 

decreases, usually quadratically with the amount of LPP material, and thus the exposure 

energy required tO achieve a certain ciosslinl<lng rate increaseS. · 

2s ID. a more preferred embodiment of the invention thelefore polyimides - or their 

analogeous polyamic acids - are used which are themselves LPP In.aterials, i.e. which 

can also be oriented and crosslinked by the action of linearly polarised light~ Such LPP 

polyimides (and polyamic acids) are for example described in the International Patent 

Application PCT/IB98/01425 of Rolic AG; Blends ofLPP materials comprising LPP 

30 polyimides having themselves crosslinkable units have the advantage that the content of 
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polyimicle can be increased Without reducing the crosslinking rate. As a consequence of 

the high amount of polyimide the voltage holding 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 molecqlar structure of the 

5 compounds to be mixed are more similar. ln the simplest case, the LPP material 

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

Particularly advantageous materials contain at least ~ne J,,PP polyacrylate and at 

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

1 o 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 

15 ·proportion is at least half a percent by weight or more. In many. cases, however, a larger 

proportion is necessary or, for example from the point of view of production 

technology, desired. For example, the larger the proportion used, the easier it is to meter 

in the substance and/or the more precisely the property tha'.t is influenced by that 

substance can be adjusted. Preferably, the proportion is at least one percent by weight; 

20 more especially five percent by weight. 

In order to avoid any misunderstandings, it should specifically 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· 

25 which the liquid crystals are oriented on a single layer. 

It will also be understood that according to the invention.Jt is possible to use not 
.· ·. : ' - :. 

just one further substance but also a plurality of further substances in the LPP material, 

and any desired combination of polymers. oligomers and monomers can be taken into 

30 consideration. 
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The invention will be illustrated further by the fo11owmg Examples. 

Example 1: LPP orientation layer of a material that (in a manner known per se) 

5 · · comprises only one stibstance· 

In LPP materials having the property that the LPP orienting is effected by UV 

irradiation parallel to the direction of polarisatiorfof the UV light, angles of tilt can be 

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

IO that property. 

15 

LPPA: 

LPP A was synthesised according to the procedure described under Example 1 in 

the International Patent Application having the publication number W0-96/10049. 

20 For its application to a substrate, LPP A was dissolved to 3% by weight in N-

25 

methy 1-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 hotplate at 

130°C. 
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For the photo-orientation, a 200W extra high pressure mercury vapour lamp was 

used which, in the range from 300 nm to 350 nm, provided an intensity of2 mW/cm2 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 irradiated for 25 minutes. The direction of polarisation of the light lay 

in the plane defmed 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 

Io the plates was set at 20 µm 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 (Tc=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 shown below, is also to be oriented 

20 parallel to the direction of polarisation of the UV light. 

0 

LPPB: 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, a solution of 3% LPP B in NMP was prepai-ed~ Two 

glass plates were coated with that solution; a...:; described in Example 1, and the two LPP­

coated plates were irradiated obliquely with Iillear~y polarised UV light at an angle of 

40° for a period ofirradiation of 25 minutes. Using 1hose two pl~tes, analogously to 

s Example 1 a·parailel cell was conStructed and filled ~th the liquici crystal mixmre 

7415. A very large angle of tilt of26° was subs~quently measured by means of the 

crystal rotation method. 

·Example 3: Influence of a second substance upon the angle of tilt of the orientation 

10 layer 

A mixture Ml was prepared that consisted of 95%: by weight LPP A and, as 

further substance, 5% by weight LPP B. AnalogoUsly tO Exampl~ 1, a solution of3% 
' ' 

Ml in NMP was prepared. As in the Examples above, two'glassplates were coated 

15 therewith and irradiated obliquely with linearly polarised UV light Again, using those 

two plates a parallel cell was constructed and filled with' the liqufd erystal mixture 7415. 

An angle of tilt of 4 ° was measured by means of the crystal rotation method. 

A further mixture, mixture M2, that consisted of 85% by weight LPP A and 15% 

20 by weight LPP B, was prepared. Two glass plates ~~re coated with a solution of3% M2 

· in NMP and were irradiated obliquely with lin~arly polarised UV light. Again, using 

those two plates a parallel ceU was constructed and filled with tpe liquid crystal mixture 
' . 

7415. Measurement by means of the crystalrotatiOD: method resulted in an angle of tilt 

of7°. 
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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 

A · ~2° 

Ml: 95% by weight A+ 5% by weigbt B 4° 

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 pure liquid crystal before· its· 

10 introduction into the cell and by the ions additionally 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 µs, will drain 

away, that is to say the smaller the voltage holding ratio will .be. 

IS To measure the voltage holding ratio, a 90°-rotation cell was constructed in each 

case. In the· present Example, for that purpose 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 polarised UV light. The two 

20 plates were then assembled to form a liquid 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. 

25 
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Measurement of the ohmic resistance of the cell showed the specific resistance 

of the liquid crysta1 to be 8.6 x 1010 Om. With a frame time of 20 ms between two 

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

s After that measurement, the cell was stored for three hours at l 20°C. After the 

heating test, the specific resistance of the liquid crystal fell to 2.8 ?' I 010 Om. that is to 

say it was smaller by a factor of approximately three. which corresponds to a voltage 

holding ratio of 99.2%. 

10 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 l) and 1 Oo/o· by weight polyimide 

15 ·· SE5291 obtainable from Nissan Chemieal Industries. The polyinlide SE5291 was 

supplied in the form of a 6% solution in· a solvent inroure LI tha.tcoilsiSts of 14% by 

weight diglycol monomethyl ether and 86% by weight y-butyrolacfone. To obtain a 3% . 

polyimide solution, the commercial solution was therefore first diluted with 50% of the · 

solvent mixture L 1. A second soJution of 3% by weight LPP A in L 1 was prepared in 

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

ratio of 1:9~ 

Two ITO-coated glass plates were coated, analogously to E;xample 4, with the 

3% solution of the poJymer mixture M3 in Ll, the plates were photo-oriented and 

25 finally a 90°-lN cell was constructed therefrom and again was filled with the liquid .· 

crystal mixture 8988. 

The specific resistance of the liquid crystal was determined as being 

17.6 x 1010 Om, which corresponds to a voltage holding ratio of99.9%. Compared with 

30 the cell having a pure LPP A orientation layer in Example 4, the specific resistance of 
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the liquid crystal in the cell having the orientation, l~yer of polymer mixture M3 had 

therefore doubled. 

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

5 heating test, the specific resistance of the liquid crystal fell to 7.9 x 1010 nm, 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. 

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

following Table: 

material for the 

orientation layer 

specific resistance 

A 8.6x1010 Qm 

M3: 90% by weight A, 

10% by weight SE5291 17.6 x 1010 Om 
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CLAIMS 
11111111111111 11111 1111111 1111 

* C L M S * 

1. Material for the preparation of an orientation layer for a liquid crystal medium, 

the material comprising a first substance thl:lt can be oriented and crosslinked by the 

5 action of linearly polarised light, chafacterised 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 one property of the orientation layer 

10 that is fundamental to the optical or electro..:optical behaviour of the liquid crystal 

medium has been altered relative lo 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 . 

15 tilt. 

4. Material according to claim 2, characterised in that the property is the voltage 

holding ratio. 

20 5. Material according to claim 2; characterised in thl:lt the property is the anchoring 

energy. 

6. Material according to any preceding claim, characterise4 in that the further 

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

25 by weight. 

30 

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

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

by weight 
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8. 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 five percent 

by weight. 

s 9. Material according to any preceding claim, characterised: in that the further 

10 

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 

Is three or more substances that can be oriented and crosslinked by the action of linearly 

polarised light. 

13. Material according to claim 11or12, characterised in that the substances that 

can be oriented and crosslinked by the action of linearly polarised light are so selected 

20 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. Material according to claim 13, characterised in that the substances that can be 

oriented and crosslink.ed by the action oflinearly polarised light are. so selected that the 

25 angles of tilt induced by the substances when used on their own as orientation layer 

differ from one another by at least three degrees. 

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

the substances is a polyimide. 

30 
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16. Material according to any preceding claim, character15ed in that at least one of 

the subStances is a polyamic acid. 

17. Material according to claim 15or16, characterised in that it comprises two or 

5 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 

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

material according to any preceding claim. 

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

to claim 19 . 

.15 

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 

20 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 oflinearly 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 rnateri81 for the 

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

liquid crystal medium. 

- 16 -


