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(57) ABSTRACT 

The invention relates to a process as described in claim of 
preparing a re?ective ?lm comprising a layer of a polymer 
iZed mesogenic material With helically tWisted structure, 
Wherein the helix aXis is perpendicular to the ?lm plane, and 
containing regions With varying helical pitch, to a re?ective 
?lm obtainable by such a process, to the use of such a 
re?ective ?lm as re?ective broadband or notch polariZer or 
as a multicoloured ?lm or image in liquid crystal displays, 
as colour ?lter, in effect pigments, for decorative or security 
applications, and to a liquid crystal display comprising a 
liquid crystal cell and a re?ective polariZer as described in 
the foregoing and the following, and optionally further 
comprising one or more compensaters or polariZers. 
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REFLECTIVE FILE 

FIELD OF THE INVENTION 

[0001] The invention relates to a re?ective ?lm compris 
ing a layer of a polymerized mesogenic material With a 
helically tWisted orientation, Wherein the helix axis is per 
pendicular to the ?lm, and containing regions With varying 
helical pitch. The invention further relates to a process of 
preparing such a re?ective ?lm that alloWs to control the 
pitch varation. The invention further relates to the use of 
such a re?ective ?lm in optical, electrooptical, information 
storage, decorative and security applications, and to a liquid 
crystal display comprising such a re?ective ?lm. 

BACKGROUND AND PRIOR ART 

[0002] Re?ective ?lms comprising cholesteric liquid crys 
tal materials have been proposed in prior art for a variety of 
uses, inter alia for use as broadband or notch polariZers, as 
colour ?lters in displays or projection systems, and for 
decorative purposes like eg for the preparation of coloured 
image ?lms or cholesteric pigment ?akes. 

[0003] These ?lms usually comprise one or more layers of 
a cholesteric liquid crystalline material With a helically 
tWisted orientation, Wherein the helix axis is perpendicular 
to the ?lm plane, and shoW selective re?ection of light. 

[0004] The bandWidth Akof the Waveband re?ected by a 
re?ective ?lm as described above is depending on the 
birefringence of the mesogenic material An and the pitch of 
the molecular helix p according to the equation A7»=An><p. 
Thus, the bandWidth among other factors is determined by 
the birefringence of the material. 

[0005] For an application eg as broadband re?ective 
polariZer in liquid crystal displays, it is desirable that the 
bandWidth of the re?ective ?lm should comprise a substan 
tial portion of the visible Wavelength range, Whereas for an 
application as notch polariZer or as coloured re?ective ?lm 
eg for decorative or security applications, often ?lms 
having a speci?c re?ection colour are desired. 

[0006] In particular broadband re?ective polariZers, also 
knoWn as circular polariZers, Which are transmitting circu 
larly polariZed light of a broad Wavelength band covering a 
large part of the visible spectrum, are suitable as polariZers 
for backlit liquid crystal displays. 

[0007] If unpolariZed light is incident on such a re?ective 
polariZer, 50% of the light intensity are re?ected as circu 
larly polariZed light With the same tWist sense as that of the 
molecular helix, Whereas the other 50% are transmitted. The 
re?ected light is depolariZed (or its sense of polariZation is 
reversed) in the backlight of the display, and is redirected 
onto the polariZer. In this manner theoretically 100% of a 
given Waveband of the unpolariZed light incident on the 
re?ective polariZer can be converted into circularly polar 
iZed light. 

[0008] The circularly polariZed light can be converted into 
linear polariZed light by means of a quarter Wave optical 
retarder and optionally also a compensation ?lm. 

[0009] A simple, but neither very effective nor economic 
Way to provide a broadband re?ective polariZer is to stack 
several re?ective ?lms With different re?ection Wavebands 
on top of each other. Recently re?ective polariZers have been 
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developed that comprise a liquid crystalline material With a 
helically tWisted structure and a planar orientation, and are 
further characteriZed in that the pitch of the molecular helix 
is varying in a direction perpendicular to the layer, Which 
leads to a large bandWidth of the re?ected Wavelength band. 

[0010] Methods described so far for the preparation of 
broadband re?ective polariZers from liquid crystalline pre 
cursors do have various draWbacks. The EP 0 606 940 
(Broer et al.) discloses circular re?ective polariZers With a 
bandWidth of up to 400 nm and their manufacture. This is 
realiZed by the exploitation of the diffusion of reactive 
mesogenes With different reactivity and chirality leading to 
a large variation of the cholesteric pitch, as disclosed in 
Broer et al. Nature, Vol. 378, pp. 467 (1995). HoWever, this 
process is rather sloW and in some cases even takes several 
minutes to complete. This is incompatible With most meth 
ods to fabricate polariZers on continuously moving sub 
strates such as plastic ?lms. 

[0011] Aprocess for the production of re?ective ?lms on 
plastic substrates is described in the WO 97/35219. Though 
this process is completed in the order of 15 to 30 seconds, 
and is thus faster than that used by Broer et al., it is 
nevertheless still relatively dif?cult With respect to the 
control of the resultant re?ection Wavelength and bandWidth 
of the re?ective polariZer. 

[0012] Furthermore, the methods described in the EP 0 
606 940 and WO 97/35219 can only lead to spatially 
uniform characteristics of the re?ective ?lms, i.e. shoWing 
no variation of the pitch in lateral directions across the ?lm. 
On the other hand, there are also applications Where it is 
desired to have a re?ective ?lm With re?ection characteris 
tics that are spatially varying over the ?lm, e.g. Wherein 
different areas of the ?lm shoW different re?ection colours. 
These ?lms are useful eg for information storage or as 
multicoloured images. 

[0013] The GB 2,315,760—A discloses a polymeriZable 
mesogenic composition that is thermochromic, i.e. it shoWs 
a change of the re?ection colour upon temperature variation, 
and also discloses a method to prepare a multicoloured 
re?ective ?lm thereof, by coating the composition as a thin, 
oriented layer onto a substrate, selectively heating different 
regions of the layer to different temperatures (eg by means 
of a laser), so that they exhibit different re?ection colours, 
and curing the different regions to ?x the respective colour. 

[0014] The method described in the GB 2,315,760-A, 
hoWever, is still relatively complicated and time-consuming, 
as several heating and curing steps are required. 

[0015] Consequently there Was a need for a method to 
prepare re?ective ?lms With better and more easy control 
both of the re?ection Wavelength and the bandWidth of the 
?lm, as Well as for a method to produce re?ective ?lms With 
spatially varying re?ection Wavelengths, Wherein these ?lms 
could be used as re?ective polariZers, colour ?lters, or as 
coloured ?lms for information storage or in decorative or 
security applications. 

DEFINITION OF TERMS 

[0016] In connection With re?ective ?lms and optical 
polariZation, compensation and retardation ?lms as 
described in the present application, the folloWing de?nition 
of terms are given. 
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[0017] The term ‘re?ective ?lm’ as used in this application 
includes self-supporting, i.e. free-standing, ?lms that shoW 
more or less pronounced mechanical stability and ?exibility, 
as Well as coatings or layers on a supporting substrate or 
betWeen tWo substrates. 

[0018] The term ‘helix axis perpendicular to the ?lm 
plane’ means that the helix axis is substantially perpendicu 
lar to the ?lm plane, i.e. substantially parallel to the ?lm 
normal. This de?nition also includes orientations Where the 
helix axis is tilted at an angle of up to 2° relative to the ?lm 
normal. 

[0019] The term ‘thermodynamically stable mesophase’ 
means the state that is obtained upon polymeriZation of a 
polymeriZable mesogenic material, Where the system during 
polymeriZation has suf?cient time to relax to give the 
thermodynamically stable, highly ordered equilibrium 
mesophase of the polymeriZed material. The thermodynami 
cally stable, equilibrium mesophase of the polymeriZed 
material can be achieved eg by polymeriZing the 
mesogenic material in solution, or at loW polymeriZation 
rates or to loW molecular Weights. 

[0020] The term ‘homeotropic orientation’ means that the 
optical axis of the ?lm is substantially perpendicular to the 
?lm plane, i.e. substantially parallel to the ?lm normal. This 
de?nition also includes ?lms Wherein the optical axis is 
slightly tilted at an angle of up to 2° relative to the ?lm 
normal, and Which exhibit the same optical properties as a 
?lm Wherein the optical axis is exactly parallel to the ?lm 
normal. 

[0021] The terms ‘tilted structure’ or ‘tilted orientation’ 
means that the optical axis of the ?lm is tilted at an angle 
betWeen 0 and 90 degrees relative to the ?lm plane. 

[0022] The term ‘splayed structure’ or ‘splayed orienta 
tion’ means a tilted orientation as de?ned above, Wherein the 
tilt angle additionally varies monotonuously in the range 
from 0 to 90°, preferably from a minimum to a maximum 
value, in a direction perpendicular to the ?lm plane. 

[0023] The term ‘planar orientation’ means that the optical 
axis of the ?lm is substantially parallel to the ?lm plane. This 
de?nition also includes ?lms Wherein the optical axis is 
slightly tilted relative to the ?lm plane, With an average tilt 
angle throughout the ?lm of up to 1°, and Which exhibit the 
same optical properties as a ?lm Wherein the optical axis is 
exactly parallel to the ?lm plane. 

[0024] In case the re?ective polariZers and homeotropic, 
tilted, splayed, planar and tWisted retardation and compen 
sation ?lms as de?ned above comprise uniaxially positive 
birefringent liquid crystal material With uniform orientation, 
the respective orientation of the optical axis corresponds to 
the orientation direction of the main molecular axes of the 
mesogens of the liquid crystal material. 

[0025] The minimum and maximum Wavelengths of the 
Waveband re?ected by an inventive re?ective ?lm, ie the 
edges of the band, in this application are not given as the 
values for half the values of the maximum of the bands. For 
practical reasons the minimum and maximum Wavelengths 
are de?ned as those Wavelengths on the given ?ank Where 
the curve has the steepest slope in absolute values, compare 
FIGS. 5 to 8. The bandWidth is simply given as the differ 
ence betWeen minimum and maximum Wavelength. The 
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central re?ection Wavelength also called short re?ection 
Wavelength or Wavelength of re?ection is given as the 
arithmetical average of the minimum and maximum Wave 
length. 

SUMMARY OF THE INVENTION 

[0026] One aim of the invention is to provide a method of 
manufacturing a re?ective ?lm that does not have the above 
mentioned draWbacks in an efficient and cost-effective man 
ner Which is in particular suitable for mass production. Other 
aims of the invention are immediately evident to a person 
skilled in the art from the folloWing description. 

[0027] The inventors have developed a technique that 
alloWs the preparation of a re?ective ?lm on plastic sub 
strates and is also suitable for mass production. This method 
comprises the steps of coating a polymeriZable liquid crys 
talline material With a chiral nematic or cholesteric phase on 
a substrate or betWeen tWo substrates in form of a thin layer, 
aligning the material so that the cholesteric helix axis is 
perpendicular to the plane of the layer, and polymeriZing the 
material to freeZe in the helically tWisted, planar liquid 
crystalline phase structure. 

[0028] The inventors have found that the optical properties 
of a re?ective ?lm prepared by this process are sensitive to 
the method of production of the polariZer and the type of 
material used in this process. In particular, the inventors 
found that the helical pitch and re?ection Wavelength, ie 
the center of the re?ection band, of the re?ective ?lm can be 
controlled by using a polymeriZable material that has a less 
ordered mesophase at temperatures Where the polymeriZed 
material has a more highly ordered, thermodynamically 
stable mesophase. Also, the neW production method of the 
instant invention alloWs to determine and adjust the re?ec 
tion Wavelength of the ?lm by appropriately selecting the 
composition of the polymeriZable precursor mixture and/or 
by varying the irradiation poWer. 

[0029] The above mentioned aims can be achieved and the 
draWbacks of prior art can be overcome With a re?ective ?lm 
that is obtainable by a process according to the present 
invention. 

[0030] A broadband re?ective polariZer prepared by a 
process according to the present invention is in particular 
advantageous in that, When used in a liquid crystal display, 
it exhibits a high luminance and a considerable brightness 
gain compared to a conventional linear polariZer (such as 
eg a dichroic polariZer) up to large vieWing angles. Fur 
thermore, it exhibits a high temperature stability of the 
mechanical and optical properties. 

[0031] Further it is possible by the instant method to 
prepare polymer cholesteric liquid crystal ?lms With a 
spatial (i.e. lateral) distribution of re?ection Wavelengths. 
Thus, the ?lms can be patterned to re?ect different colours 
in different areas simply by exposing these different areas to 
different irradiation poWers. One simple method is to pre 
pare a striped pattern by exposing a layer of polymeriZable 
mesogenic material moving on a belt to the light of the 
illumination source, eg a UV lamp, Which is dimmed to 
various degrees eg in a grating type of optics or by a graded 
mask. 

[0032] One object of the present invention is a process of 
preparing a re?ective ?lm comprising a polymeriZed 
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mesogenic material With helically twisted structure and 
varying helical pitch, by polymerizing a polymeriZable 
mesogenic material in its helically tWisted mesophase, char 
acteriZed in that the pitch variation is achieved 

[0033] by polymerizing at a temperature Where the 
polymeriZable material has a less ordered mesophase 
and the polymeriZed material has a more highly 
ordered thermodynamically stable mesophase. 

[0034] and/or 

[0035] by polmyeriZing a polymeriZable mesogenic 
material comprising 

[0036] a) at least one polymeriZable chiral or 
achiral mesogenic compound, 

[0037] b) at least one chiral compound, Which can 
be also be the compound of component a), d), e) 
or f), 

[0038] c) at least one polymeriZation initiator, 

[0039] d) optionally at least one crosslinking 
agent, 

[0040] e) optionally at least one chain termination 
or chain transfer agent, 

[0041] f) optionally a dye component comprising 
at least one dye, and varying amount and type of 
component c) and/or d) and/or e) and/or f. 

[0042] Another object of the invention is a re?ective ?lm 
obtainable by a process as described in the foregoing and the 
folloWing. 
[0043] Another object of the invention is the use of an 
inventive re?ective ?lm as re?ective broadband or notch 
polariZer or as a multicoloured ?lm or image in liquid crystal 
displays, as colour ?lter, in effect pigments, for decorative or 
security applications. 
[0044] Another object the invention is a liquid crystal 
display comprising a liquid crystal cell and a re?ective 
polariZer as described in the foregoing and the folloWing, 
and optionally further comprising at least one of the folloW 
ing components 

[0045] I) an optical retardation ?lm With a retardation 
Which is approximately 0.25 times the central Wave 
length of the spectrum re?ected by the re?ective polar 
iZer, 

[0046] II) a linear polariZer, 

[0047] III) a compensation ?lm comprising a layer of an 
anisotropic polymer material With a homeotropic ori 
entation, 

[0048] IV) a compensation ?lm comprising a layer of an 
anisotropic polymer material With a tilted or splayed 
orientation, 

[0049] V) a compensation ?lm comprising a layer of an 
anisotropic polymer material With a planar orientation, 

[0050] VI) a compensation ?lm comprising a layer of an 
anisotropic polymer material With a helically tWisted 
structure, Wherein the helix axis is perpendicular to the 
?lm plane. 

Apr. 18, 2002 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0051] FIG. 1 schematically depicts the change of the 
helical pitch p versus temperature T in a prior art loW molar 
mass liquid crystal With a cholesteric phase (Ch) and an 
underlying smectic phase 

[0052] FIG. 2 schematically depicts the change of the 
temperature range (T) of the smectic (S) cholesteric (Ch) 
and isotropic (I) phase during polymeriZation of a choles 
teric polymer precursor according to the inventive method. 

[0053] FIG. 3 shoWs the edges of the re?ected Wavelength 
band and the central Wavelength of the re?ection band of 
?lms prepared With different amounts of chain transfer 
agents according to example 1. 

[0054] FIG. 4 shoWs the central Wavelength of the re?ec 
tion band of re?ective ?lms according to example 3 as a 
function of the curing poWer. 

[0055] FIGS. 5 to 8 shoW the transmission spectrum of a 
broadband re?ective polariZer according to examples 4 to 7 
respectively, With (a) indicating the transmitted and (b) the 
re?ected light. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] The polymeriZable mesogenic material comprises 
at least one chiral compound b). This chiral compound can 
be present in the material in addition to above components 
a) and c). However, it is also possible that the chiral 
compound b) is a chiral polymeriZable compound of com 
ponent a), a chiral crosslinking agent d), a chiral chain 
termination or chain transfer agent d) or a chiral dye 

[0057] Preferably the re?ective ?lm exhibits a helically 
tWisted structure Wherein the helix axis is perpendicular to 
the ?lm plane as de?ned above. 

[0058] HoWever, it is also possible that the helix axis is 
tilted at an angle of more than 2° relative to the ?lm plane 
in different local regions of the ?lm or throughout the ?lm. 

[0059] The re?ective ?lm is preferably prepared by coat 
ing a polymeriZable mesogenic material in form of a layer 
onto a substrate or betWeen tWo substrates, optionally align 
ing the material so that the axis of the molecular helix is 
perpendicular to the plane of the layer, polymeriZing the 
material by exposure to actinic radiation, and optionally 
removing the substrates or, in case tWo substrates are 
present, one or tWo of the substrates from the polymeriZed 
material. 

[0060] A preferred embodiment of the present invention 
relates to a process of preparing a re?ective ?lm as described 
above, Wherein the pitch variation in the ?lm is achieved by 
varying the irradiation poWer of the actinic radiation in 
different regions of the layer. 

[0061] Preferably the polymeriZable mesogenic material is 
a mixture of tWo or more compounds, at least one of Which 
is chiral and at least one of Which is polymeriZable. 

[0062] Preferably the polymeriZed material has a more 
highly ordered thermodynamically stable mesophase at a 
temperature Where the polymeriZable mesogenic material 
has a less ordered mesophase. 
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[0063] Further preferred embodiments relate to a process 
Wherein 

[0064] the polymerized material has an untWisted ther 
modynamically stable mesophase at a temperature 
Where the polymeriZable mesogenic material has a 
helically tWisted mesophase, 

[0065] the polymeriZable mesogenic material has a 
chiral nematic (cholesteric) phase, and most preferably 
an additional smectic phase, preferably a smectic A 
phase, at temperatures beloW the cholesteric phase, 

[0066] the polymeriZable mixture comprises at least one 
crosslinking agent d), 

[0067] the crosslinking agent d) is a mesogenic com 
pound, 

[0068] the polymeriZable mixture comprises at least one 
chain termination or chain transfer agent e), 

[0069] 
dye f), 

[0070] the irradiation is varied over the area of the ?lm 
during polymeriZation of the polymeriZable mesogenic 
material, 

[0071] 
[0072] 

strate, 

[0073] the re?ection characteristics of the re?ective 
?lm, like the central Wavelength, shape and bandWidth 
of the re?ected spectrum and the vieWing angle depen 
dence of these re?ection characteristics, are controlled 
by varying the irradiation poWer during polymeriZation 
of the polymeriZable mesogenic material, 

[0074] the polymeriZable mesogenic material contains 
at least one achiral polymeriZable mesogenic com 
pound, 

[0075] the polymeriZable mesogenic material contains 
no chiral polymeriZable mesogenic compounds having 
more than one polymeriZable group, and particularly 
preferably contains no chiral polymeriZable mesogenic 
compounds at all, 

[0076] the polymeriZable mesogenic material contains 
at least one non-polymeriZable chiral compound, Which 
is preferably mesogenic, and at least tWo achiral poly 
meriZable mesogenic compounds having one polymer 
iZable group, 

[0077] the polymeriZable mesogenic material contains 
at least one non-polymeriZable chiral compound, Which 
is preferably mesogenic, and at least one achiral poly 
meriZable mesogenic compound having tWo or more, 
preferably tWo, polymeriZable groups, 

[0078] the polymeriZable mesogenic material contains 
at least one chiral polymeriZable mesogenic compound 
having one polymeriZable group and at least one achiral 
polymeriZable mesogenic compound having one poly 
meriZable group, 

[0079] the polymeriZable mesogenic material contains 
at least one chiral polymeriZable mesogenic compound 
having one polymeriZable group and at least one achiral 

the polymeriZable mixture comprises at least one 

at least one of said substrates is a plastic ?lm, 

the re?ective ?lm is prepared on a single sub 
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polymeriZable mesogenic compound having tWo or 
more, preferably tWo, polymeriZable groups, 

[0080] Further preferred embodiments relate to a re?ec 
tive ?lm, Wherein 

[0081] the helical pitch varies asymmetrically in a 
direction perpendicular to the ?lm plane, 

[0082] the polymeriZed material forms a three-dimen 
sional netWork, 

[0083] the bandWidth of the re?ected Wavelength band 
is larger than 220 nm, particularly preferably larger 
than 320 nm, very particularly preferably larger than 
420 nm. 

[0084] A preferred embodiment of the present invention 
relates to a re?ective ?lm, Wherein the helical pitch varies 
asymmetrically in a direction perpendicular to the plane of 
the layer, i.e. With the pitch substantially increasing from a 
smaller value at one surface of the ?lm to a higher value at 
the opposite surface of the ?lm. Such a ?lm is particularly 
useful as broadband re?ective polariZer in optical displays. 

[0085] Another preferred embodiment relates to a re?ec 
tive ?lm Wherein the helical pitch varies spatially over the 
?lm, i.e. in lateral directions across the ?lm plane. Such a 
?lm is particularly useful as patterned or multicolour image, 
eg for decorative uses, information storage, or for a secu 
rity marking or device. 

[0086] The inventive process alloWs an easy Way to con 
trol and determine the optical performance of the re?ective 
?lm. Thus, the re?ection characteristics, in particular the 
re?ection Wavelength and the bandWidth, of an re?ective 
?lm can be controlled by varying the irradiation poWer of the 
actinic radiation used for polymeriZation, and/or by appro 
priately selecting the polymeriZable mesogenic mixture, in 
particular by adding a certain amount of a crosslinking agent 
d) and/or a chain transfer agent e) and/or a dye componente 
f). 
[0087] The preparation of a re?ective ?lm according to the 
present invention is achieved by polymeriZing a layer of a 
polymeriZable mesogenic material With a helically tWisted 
orientation, With the helix axis being oriented perpendicular 
to the ?lm plane, by exposure to actinic radiation. During 
polymeriZation the helical pitch and the re?ective Wave 
length in the forming polymer are controlled by variation of 
the rate, i.e. the speed, and the extent, i.e. the degree of 
polymeriZation in different locations throughout the layer. 

[0088] The polymeriZation is graduated throughout the 
thickness of the layer by different absorption of the actinic 
radiation that starts the polymeriZation reaction in the layer. 
The difference of absorption leads to a different speed of 
polymeriZation in different regions throughout the thickness 
of the ?lm. 

[0089] This effect, in particular When preparing a broad 
band re?ective ?lm, can be further enhanced by adding to 
the polymeriZable material a crosslinking component d) 
and/or a chain transfer or chain terminating agent e) and/or 
a dye component f) that absorbs the actinic radiation used for 
polymeriZation. 
[0090] In some cases the different absorption of actinic 
radiation of a polymeriZable mixture comprising compo 
nents a) to e) above, in particular the absorption of the 
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polymerization initiator c), is already suf?cient to establish 
a graduated polymerization, and a dye is not needed. 

[0091] The graduated polymeriZation as described above 
leads to the creation of a pitch gradient throughout the 
thickness of the layer that is ?xed upon polymeriZation, and 
thus to a polymer ?lm that exhibits different re?ective 
Wavelengths at different locations Within the ?lm from its 
top to its bottom. 

[0092] Furthermore, the effect of graduated polymeriZa 
tion and the resulting variation of the helical pitch can be 
enhanced both in lateral and in thickness directions through 
out the ?lm by varying the irradiation poWer of the actinic 
radiation. Lateral variation of the irradiation poWer can be 
achieved eg by covering the polymeriZable layer With a 
photomask. 
[0093] The formation of the pitch gradient and methods 
hoW to control this formation Will be explained in detail 
beloW. 

[0094] Monofunctional polymeriZable mesogenic com 
pounds, also called monoreactive mesogens, an example for 
Which are monoacrylates, upon polymeriZation yield side 
chain liquid crystal polymers. In typical monoreactive 
mesogens a ?exible spacer separates the polymeriZable 
group from the mesogenic core. Most of the typical monore 
active mesogens lead to side group polymers With phase 
transition temperatures Which are signi?cantly increased 
compared to those of the reactive mesogens. 

[0095] For example the compound of formula 1-1 
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[0105] This shift of the transition temperatures to higher 
temperatures alloWs to polymeriZe a monofunctional reac 
tive mesogen, or a mesogenic or liquid crystalline polymer 
precursor mixture comprising one or more monoreactive 
mesogens, at a selected temperature at Which it is in a less 
ordered phase, eg the nematic phase, and polymeriZe it to 
give a liquid crystal side chain polymer, Which at the 
selected polymeriZation temperature exhibits a different, 
more highly ordered phase, eg a smectic phase. 

[0106] In the folloWing, the invention Will be exemplarily 
described for the case Where both the monomer or precursor 
mixture and the polymer exhibit a cholesteric phase and an 
underlying smectic phase (i.e. a smectic phase at tempera 
tures beloW the cholesteric phase), but Wherein the tempera 
ture range of the smectic phase in the polymer is increased. 
This is exemplarily depicted in the beloW scheme, shoWing 
the liquid crystal phase sequence of a monomer and its 
corresponding polymer, Wherein both the monomer and the 
polymer have a smectic and cholesteric phase. Therein S 
denotes a smectic phase, Ch denotes the cholesteric (=chiral 
nematic) phase and I denotes the isotropic phase. The arroW 
indicates the direction of increasing temperature T. 

monomer 

polymer 

I-1 

[0096] has a phase sequence of 

[0097] S 30° C. Ch 128° C. I (S=smectic, Ch=cholesteric, 
I=isotropic) 
[0098] Whereas the corresponding side chain polymer has 
a phase sequence of 

[0099] 5 145° c. Ch 190° c. I, 

[0100] and the compound of formula 1-2 

[0101] has a phase sequence of 

[0102] c 35° c. Ch -1° c. I 

[0103] Whereas the corresponding side chain polymer has 
a phase sequence of 

[0104] s 50° c. Ch 65° c. I. 

[0107] It is, hoWever, also possible that the polymer e.g. 
exhibits a cholesteric and an underlying smectic phase, 
Whereas the monomer or precursor mixture e.g. exhibits 

only a cholestenc phase or even only a monotropic choles 
teric phase, like in case of compound 1-2 above. 

[0108] In an unpolymeriZed cholesteric liquid crystal 
monomer or precusor mixture With an underlying smectic 

phase, the helical pitch of the cholesteric helix typically 
unWinds to give longer re?ection Wavelength as the tem 
perature is reduced toWards a smectic phase. 

[0109] This effect is knoWn as the thermochromic effect 
and is schematically depicted in FIG. 1, shoWing the change 
of the helical pitch p versus temperature T for a loW molar 
mass cholesteric liquid crystal as described above. 

[0110] If a sample of a liquid crystalline monomer or 
precursor mixture as described above is polymeriZed at a 
constant temperature, the smectic-cholesteric transition tem 
perature of the sample Will effectively increase during 
polymeriZation. If perfect mixing of the polymeriZed and 
unpolymeriZed material is assumed during polymeriZation, 
the phase diagram of such a sample Would look as exem 
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plarily depicted in FIG. 2, showing the change of the phase 
transition temperature T versus the ratio R of polymerized 
material. It should be noted that FIG. 2 is a simpli?ed phase 
diagram Which only schematically illustrates the above 
described effect, thus e.g. biphasic regions have been omit 
ted, and the polymer is assumed to have a monodisperse 
molecular Weight distribution. 

[0111] The polymeriZation temperature of the above 
described sample can noW be chosen such that during 
polymeriZation of the precursor the cholesteric-smectic 
phase boundary of the forming polymer Will be crossed, as 
exemplarily indicated in FIG. 2 for the polymeriZation 
temperature TP. As a consequence, the pitch of the choles 
teric helix Will diverge as illustrated in FIG. 1, but noW at 
constant temperature, and the cholesteric helix Will unWind 
in the forming polymer as the smectic phase is approached. 

[0112] HoWever, the above described behaviour is ideally 
observed only When the reactive mesogens are polymeriZed 
in the unoriented state, eg in solution, and at relatively 
small rates and/or to loW ?nal molecular Weights. Only in 
this case the polymeriZed material Will exhibit its equilib 
rium, i.e. its thermodynamically stable, mesophase. 

[0113] When, hoWever, a monofunctional reactive 
mesogen is polymeriZed in an oriented state, eg as a thin 
?lm on a substrate (eg a glass substrate) or betWeen tWo 
substrates, and is polymerized quickly and to a high molecu 
lar Weight, the system does not relax to give the thermody 
namically stable high ordered phase of the polymer, but 
instead the orientation that the reactive mesogen exhibited 
before curing becomes ?xed and remains froZen in for 
extended periods. 

[0114] For example, the compound of above formula 1-1 
polymeriZes to a side chain polymer With a smectic phase up 
to 145° C., as described above. If it is, hoWever, mixed With 
0,5% of the photoinitiator TPO (2,4,6-trimethylbenZoyl 
diphenylphosphine oxide), held betWeen tWo glass sub 
strates separated 5 pm from each other, heated to 80° C. and 
the chiral nematic liquid crystal phase aligned by slightly 
shearing the substrates, a blue selectively re?ecting choles 
teric texture is observed. After exposure to UV radiation of 
5 mW/cm2 (eg by a mercury lamp) at this temperature of 
80° C. the sample maintains its appearance even after 
polymeriZation. Even after cooling to ambient temperature 
of 20° C. the sample remains unchanged and re?ects blue 
light. 

[0115] Thus, if a sample of a polymeriZable mesogenic 
material having a cholesteric phase and an underlying smec 
tic phase is polymeriZed at a rate much faster than the time 
required for unWinding the helix, the sample remains ?xed 
in the cholesteric state due to the high viscosity of the 
polymer formed, Which prevents relaxation into the (ther 
modynamically more stable) smectic phase. 

[0116] If the molecular Weight of the forming polymer is 
reduced or kept small during polymeriZation, the viscosity 
of the polymer Will also be reduced. This alloWs some 
unWinding of the helix before polymeriZation is complete, 
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and therefore leads to an increase of the pitch and thus to a 
shift of the re?ection Wavelength to higher Wavelengths. 

[0117] The methods according to the present invention 
enable to control the molecular Weight of the forming 
polymer, and thereby to control the shift of pitch and 
re?ection Wavelength in the re?ective polymer ?lm. 

[0118] According to a ?rst preferred embodiment of the 
present invention, the molecular Weight of the forming 
polymer is controlled or reduced by adding a selected 
amount of a chain termination or chain transfer agent as 

component e) to the polymeriZable mixture. By increasing 
the amount of component e), an increase of the re?ection 
Wavelength in the re?ective ?lm is achieved. 

[0119] When adding a chain transfer agent to the poly 
meriZable mixture, the length of the free polymer chains 
and/or the length of the polymer chains betWeen tWo 
crosslinks in the inventive polymer ?lm can be controlled. 
When the amount of the chain transfer agent is increased, 
polymer ?lms With decreasing polymer chain length are 
obtained. 

[0120] In a preferred embodiment of the present invention 
the polymeriZable mixture comprises 0.01 to 15%, in par 
ticular 0.1 to 10%, very preferably 0.5 to 5% of a chain 
transfer agent. By using polymeriZable mesogenic mixtures 
comprising a chain transfer agent a re?ective polariZer With 
increased bandWidth can be obtained. Another bene?t of 
polymer ?lms according to this preferred embodiment is 
their especially good adhesion to a substrate, in particular to 
a plastic ?lm, like eg a TAC ?lm. 

[0121] Chain transfer or terminating agents for the prepa 
ration of polymers are knoWn to the expert. Many of these 
are commercially available. As a chain transfer agent any 
compound knoWn to the expert can be used. Preferably thiol 
compounds are used as chain terminator, for example mono 
functional thiol compounds like eg dodecane thiol 
CH3(CH2)11SH or multifunctional thiol compounds like eg 
trimethylpropane tri(3-mercaptopropionate). 

[0122] The molecular Weight of the polymer can be 
reduced effectively by the use of chain transfer agents such 
as mercaptane or thiol compounds, a typical example of 
Which is dodecane thiol. HoWever, as dodecane thiol itself is 
not liquid crystalline and even not mesogenic, it is only 
soluble in a liquid crystal host in small concentrations. 
Typically already at concentrations of about 0.5% phase 
separation is observed. 

[0123] Thus, preferably liquid crystalline or at least 
mesogenic thiol compounds are used due to their better 
solubility in liquid crystal hosts. Suitable chain transfer 
agents for the instant invention are amongst others espe 
cially those disclosed in WO 96/12209 and WO 96/25470, 
the entire disclosure of Which is incorporated into this 
application by Way of reference. 

[0124] Suitable liquid crystalline thiol compounds are eg 
the compounds of formula III-1 and III-2 
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III-1 

[0125] Increased concentration of chain transfer agents. 
eg of the compounds of formulae III-1 and III-2, leads to 
a decrease in the molecular Weight of the resultant cured 
liquid crystalline polymer. As mentioned above, this reduces 
the viscosity of the forming polymer, and thus leads to faster 
relaxation of the polymeric precursor during polymeriZation 
and thereby to an unWinding of the cholesteric helix. Thus 
the Wavelength of the re?ection band increases With 
increased concentration of the chain transfer agent. This 
holds at least for small concentrations of the chain transfer 
agents of totally 0 to 10%. 

[0126] Apart from the agents and additives mentioned 
above, oxygen can also act as chain terminator. Thus, the 
molecular Weight of the forming polymer could be varied 
eg by controlled oxygen permeation through the substrates 
into the polymeriZable material during polymeriZation. 
HoWever, since controlled oxygen permeation is dif?cult to 
achieve in practice, preferably oxygen is excluded from the 
polymeriZable material during polymeriZation. Oxygen 
exclusion can be achieved eg by curing under an inert gas 
atmosphere, or by applying oxygen barrier layers, eg of 
PVA, onto the substrates to prevent uncontrolled oxygen 
permeation through the substrates. 

[0127] Alternatively or in addition to chain termination or 
chain transfer agents, the molecular Weight can also be 
controlled by addition of polymeriZation retarding or inhib 
iting additives, such as inhibitors, stabiliZers etc.. The poly 
meriZable material preferably comprises a polymeriZation 
inhibitor as a stabiliZer, to prevent undesired spontaneous 
polymeriZation for example during storage of the composi 
tion. Apart from that, hoWever, the inhibitor can also serve 
to control the molecular Weight of the polymer in the 
inventive process. 

[0128] Inhibitors are commercially available in a broad 
variety. The inhibitors used in the present invention are 
preferably selected from substituted or unsubstituted deriva 
tives of hydro-, benZo- or anthraquinones, mono-, tWo- or 
threefunctional phenols, nitro- or aminobenZenes, phena 
Zines, phenoxaZines, phenothiaZines and thianthrenes. Par 
ticularly preferably the inhibitor is selected from the group 
comprising substituted or unsubstitued hydroquinones, 
anthraquinones and benZoquinones. 

[0129] Typical examples for preferred inhibitor com 
pounds are hydroquinone, methoxy methyl hydroquinone, 
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mono-tert.-butyl hydroquinone, 2,5-di-tert.-butyl hydro 
quinone, p-benZoquinone, 2,5-p-dimethyl-p-benZoquinone, 
anthraquinone, catechol, p-tert.-butyl catechol, phenothiaZ 
ine, 4-ethoxyphenol and butylated hydroxytoluene (BHT). 

[0130] In case an inhibitor is added as stabiliZer to prevent 
undesired spontaneous polymeriZation, the amount of the 
stabiliZer in the polymeriZable mixture is preferably from 1 
to 1000 ppm, especially preferably from 10 to 500 ppm. 

[0131] In case the inhibitor is used in the inventive process 
to control the molecular Weight and thereby the variation of 
the pitch length, preferably higher amounts, in particular 1 
to 5% by Weight, are added. Compared to chain termination 
or chain transfer agents, hoWever, the use of inhibitors is less 
preferred. 

[0132] According to a second preferred embodiment, a 
selected amount of a crosslinking agent d) is added to the 
polymeriZable mixture. Thereby, the molecular Weight and 
the degree of crosslinking of the polymer are increased, 
Which also leads to a faster increase of the viscosity of the 
polymer. This suppresses the unWinding of the molecular 
helix and leads to a re?ective ?lm With a smaller re?ection 

Wavelength. Thus, by increasing the amount of crosslinking 
agent d) a decrease of the re?ection Wavelength in the 
re?ective ?lm is achieved. 

[0133] HoWever, the amount of crosslinking agent d) 
should not be too high, because high amounts of crosslinker 
lock the structure of the forming polymer too quickly and 
thus reduce the bandWidth of the re?ective ?lm. 

[0134] Apart of the possibility to control the re?ection 
Wavelength, the use of a crosslinking agent d) is usually 
recommendable in order to reduce the in?uence of tempera 
ture on the performance of the cured polymer ?lms, since 
crosslinked polymers shoW higher stability against tempera 
ture variation than linear polymers. Crosslinked ?lms are 
also advantageous for many applications as they are solid, 
self supporting ?lms. 

[0135] Thus, by adding a speci?c amount of crosslinking 
agent d), it is possible to adjust not only the re?ection 
Wavelength itself of the inventive ?lm, but also other physi 
cal properties of the ?lm, such as the glass temperature, 
Which are important eg for the temperature dependence of 
the optical properties of the re?ective ?lm. 

[0136] Crosslinking agents, Which are direactive com 
pounds or compounds With even more reactive sites, are 
knoWn to the expert. 

[0137] In a preferred embodiment of the present invention, 
the polymeriZable mesogenic mixture contains at least one 
di- or multireactive polymeriZable compound as crosslink 
ing agent d). Due to their better solubility in liquid crystal 
line mixtures here especially di- or multireactive compounds 
that are mesogenic or even liquid crystalline are preferred. 

[0138] Especially preferred for use as crosslinking agents 
d) are mesogenic diacrylates, like for example compounds of 
formula II-1 and II-2 
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[0139] The concentration of the crosslinking agent com 
ponent d) in the polymeriZable mesogenic material is pref 
erably from 0 to 35%, in particular from 2 to 25%, very 
preferably from 15 to 25%. 

[0140] It is also possible, in order to increase crosslinking 
of the polymers, 20 to add up to 20% of a non mesogenic 
compound With tWo or more polymeriZable functional 
groups to the polymeriZable mixture alternatively or in 
addition to the di- or multifunctional polymeriZable 
mesogenic compounds to increase crosslinking of the poly 
mer. 

[0141] Typical examples for difunctional non mesogenic 
monomers are alkyldiacrylates, alkyldimethacrylates, alky 
ldivinylethers or alkyldivinylepoxides With alkyl groups of 
1 to 20° C. atoms. Typical examples for non mesogenic 
monomers With more than tWo polymeriZable groups are 
trimethylpropanetrimethacrylate or pentaerythritoltetraacry 
late. 

[0142] According to a third preferred embodiment, the 
polymeriZable mixture comprises a dye component f) con 
taining one or more dyes. When adding a dye that absorbs 
actinic radiation used for polymeriZation, the mixture at the 
surface of the ?lm facing aWay from the radiation source 
Will polymeriZe differently compared to the mixture at the 
surface of the ?lm facing the radiation source, thus produc 
ing a pitch gradient very quickly, ideally Within a minute or 
faster. 

[0143] Therefore, the use of a dye, in particular in thicker 
?lms, alloWs to increase the bandWidth of the light re?ected 
by the re?ective ?lm. Thus broadband re?ective polariZers 
both With a controlled gradient of the helical pitch (leading 
to a controlled bandWidth) and With a controlled central 
Wavelength of the re?ection band are accessible. Such 
broadband re?ectors are especially preferred in the instant 
invention. 

[0144] In a preferred embodiment the polymeriZable mix 
ture contains 0 to 20%, preferably 0.1 to 10%, in particular 
0.5 to 5% by Weight of a dye component f) having an 
absorption maximum adjusted to the Wavelength of the 
actinic radiation used for polymeriZation. The dye should 
preferably have its maximum absorption in the same Wave 
length range as the polymeriZation initiator. Preferably, a 
dye is used Whose absorption maximum lies outside the 
re?ection Wavelength range of the re?ective ?lm in order to 
exclude undesired absorptions during the use of the ?lm. 
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II-1 

[0145] As an example of a suitable dye, 4,4‘-aZoxy anisole 
of the formula 

(I). 
H3CO @N=N+4©i OCH3 

[0146] or the commercially available Merck Phase 5 (from 
Merck Ltd., Poole, UK) can be used. Furthermore, commer 
cially available UV dyes such as Tinuvin (from Ciba Geigy, 
SWitZerland) can be used. 

[0147] In another preferred embodiment of the invention 
the polymeriZable mixture contains no dye. 

[0148] According to a fourth preferred embodiment, the 
re?ection bandWidth and the central re?ection Wavelength 
are controlled by variation of the irradiation poWer of the 
actinic radiation used for polymeriZation. 

[0149] For example, When polymeriZing a cholesteric and 
smectic, or smectogenic, polymeriZable mesogenic mixture 
by irradiation With UV light, eg with a UV lamp, decreas 
ing lamp poWer Will lead to a loWer polymeriZation rate. 
This gives the helix more time to unWind as the smectic 
phase of the polymer is approached, and thus leads to an 
increase of the helical pitch and the re?ection Wavelength. 

[0150] The curing poWer is inversely proportional to the 
Wavelength of the re?ected light for the inventive method. 
For example, curing With high poWer leads to ?lms re?ect 
ing blue light, Whereas With decreasing poWer the colour of 
the re?ected light can be shifted through green, yelloW and 
red. 

[0151] Thus, the same layer of polymeriZable mesogenic 
material can be cured With varying lamp poWer at a single 
given temperature to give re?ection at different colours. 

[0152] Furthermore, by varying the curing poWer for dif 
ferent spatial locations in the ?lm, areas With different 
re?ection colour can be achieved in one ?lm. Just like the 
variation of the irradiation poWer at different locations 
Within the ?lm from its top to its bottom leads to a pitch 
gradient throughout the thickness of the ?lm, the variation of 
the irradiation poWer over different regions of the ?lm, i.e. 
in different areas in lateral directions across the ?lm, leads 
to a difference in pitch and thus in re?ection colour betWeen 
these different areas of the ?lm. 
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[0153] Therefore, the inventive method, amongst other 
applications, allows to prepare not only ?lms With a broad 
Waveband of re?ection, but also to image multiple colours in 
the re?ective ?lms, eg by means of a graduated photomask 
While curing at a single temperature. Cholesteric ?lms With 
spatially different re?ection colours obtainable by this 
method can be used in a variety of different applications 
such as eg colour ?lters, information storage, decorative 
images or security images. 

[0154] Preferably UV light is used to cure the ?lms. 

[0155] Particularly preferably the variation of irradiation 
poWer is used in combination With the addition of a dye to 
the polymeriZable mesogenic material, as described for the 
third preferred embodiment above. The use of a dye 
enhances especially the formation of a gradient in the 
thickness direction of the ?lm. 

[0156] According to a ?fth preferred embodiment of the 
present invention, the rate and degree of polymeriZation is 
controlled by varying the amount and type of the polymer 
iZation initiator c). 

[0157] By using a higher amount of initiator, or an initiator 
With higher ef?ciency or higher sensitivity to the actinic 
radiation, more polymeriZation reactions Will be started 
simultaneously in the polymeriZable mixture, and the aver 
age molecular Weight of the groWing chains Will be reduced, 
leading to a reduced viscosity and thus leads to faster 
relaxation of the polymeric precursor during polymeriZation 
and to an unWinding of the cholesteric helix. 

[0158] Thus, by increasing the amount or efficiency of the 
initiator c) an increase of the re?ection Wavelength in the 
re?ective ?lm is achieved. 

[0159] As a polymeriZation initiator for radical polymer 
iZation for example the commercially available Irgacure® or 
Darocure® photoinitiators (from Ciba Geigy, Basle, SWit 
Zerland) like Irgacure 651, Irgacure 184, Darocure 1173 or 
Darocure 4205, or TPO (Trademark Lucirin® TPO from 
BASF, LudWigshafen, Germany) can be used, Whereas in 
case of cationic photopolymeriZation the commercially 
available UVI 6974 (Union Carbide, USA) can be used. 

[0160] The polymeriZable mesogenic material preferably 
comprises 0.01 to 10%, very preferably 0.05 to 5%, in 
particular 0.1 to 3% of a polymeriZation initiator c). UV 
photoinitiators are preferred, in particular radicalic UV 
photoinitiators. 

[0161] Further to the methods described above, the re?ec 
tion Wavelength of the re?ective ?lm can also be controlled 
by varying the ratio of the achiral compounds and the chiral 
compounds and/or the helical tWisting poWer (HTP) in the 
polymeriZable mesogenic material. 

[0162] Thus, the re?ection Wavelength in the part of the 
?lm Where the pitch remains substantially unchanged during 
polymeriZation Will be approximately the same as the initial 
re?ection Wavelength of the polymeriZable mixture, and Will 
be mainly controlled by the ratio and tWisting poWer of the 
chiral compounds in the polymeriZable mixture. 

[0163] Thus, it is possible to control the minimum re?ec 
tion Wavelength, and thereby also the central re?ection 
Wavelength of the spectrum of an inventive re?ective ?lm by 
appropriate selection of the starting polymeriZable material, 
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in particular by varying the ratio of the achiral compounds 
and the chiral compounds and/or by varying the helical 
tWisting poWer (HTP) of the chiral compounds. 

[0164] In case of broadband re?ective polariZers, prefer 
ably the ratio of the chiral and achiral mesogenic compounds 
in the starting mixture is selected so that the re?ected 
spectrum of the resulting polymer ?lm is covering a sub 
stantial part of the spectrum of visible light. In case of a 
broadband re?ective polariZer prepared by the inventive 
process, the Waveband re?ected by the polariZer is ideally 
covering the Whole visible spectrum, and is preferably 
Within a Wavelength range from 400 to 900 nm. For most 
applications, a re?ected Waveband Within a range from 450 
to 800 nm is acceptable. In speci?c embodiments, a re?ected 
Waveband Within a range from 480 to 700 nm is still suitable. 
The bandWidth of the Wavelength band is preferably larger 
than 220 nm, particularly preferably larger than 320 nm, 
very particularly preferably larger than 420 nm. 

[0165] The ?lm thickness is also in?uencing the band 
Width of the re?ective ?lm. Depending on the band position 
and the bandWidth, the thickness is preferably from 5 to 30 
pm. For bandWidths of about 300 nm or more, a thickness of 
10 to 20 pm is particularly preferred. For re?ective ?lms 
With smaller band Widths eg in the range from 100 to 200 
nm a thickness of 1.5 to 10 pm is preferred. 

[0166] The transmission versus Wavelength curve of the 
transmission spectrum of a broadband re?ective polariZer 
according to the present invention (as depicted, for example, 
in FIGS. 3 and 4) can be of symmetric or asymmetric shape. 
It can be unimodal, bimodal or exhibit a multiple peak 
distribution, Which means that it can shoW one, tWo or more 
than tWo local maxima of re?ection. 

[0167] Apreferred embodiment of the present invention is 
characteriZed in that the spectrum has an unimodal peak 
distribution. 

[0168] The chiral compounds in the polymeriZable 
mesogenic material can be polymeriZable or not. They can 
also be mesogenic or even liquid crystalline. In case chiral 
compounds are used Which are di- or multireactive poly 
meriZable compounds, these compounds can also serve as 
crosslinking agents d). It is also possible that the chiral 
compounds are chain transfer agents e) or dyes 

[0169] In a preferred embodiment of the present invention, 
the chiral compounds are polymeriZable chiral compounds, 
preferably polymeriZable chiral mesogenic compounds, in 
particular polymeriZable liquid crystalline compounds. 

[0170] In another preferred embodiment, the polymeriZ 
able mesogenic material comprises one or more non-poly 
meriZable chiral dopants in addition or alternatively to chiral 
polymeriZable mesogenic compounds. 

[0171] Especially preferred are chiral dopants With a high 
helical tWisting poWer (HTP), in particular those disclosed 
in the WO 98/00428. Further typically used chiral dopants 
are eg the commercially available S 1011, R 811 or CB 15 
(from Merck KGaA, Darmstadt, Germany). 

[0172] Especially preferred are chiral non-polymeriZable 
dopants selected from the folloWing formulae 
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R Z0 coo P=I 

(R, 5) 

O 

R Z0 

v O 

(R, R) 

[0173] including the (R,S), (S,R), (R,R) and (5,5) enanti 
omers not shown, wherein E and F are each independently 
trans-1,4-cyclohexylene or optionally ?uorinated 1,4-phe 
nylene, v is 0 or 1, Z0 is —COO—, —OCO—, 
—CH2CH2— or a single bond, and R is alkyl, alkoxy or 
alkanoyl With 1 to 12 C atoms. 

[0174] The compounds of formula IVa and their synthesis 
are described in the international application WO 98/00428, 
the compounds of formula IVb and their synthesis are 
described in GB 2,328,207, With the entire disclosure of 
these documents being incorporated into this application by 
Way of reference. 

[0175] In a preferred embodiment of the present invention 
the polymeriZable mesogenic material comprises no poly 
meriZable chiral compounds, and comprises as component 
b) one or more chiral dopants, in particular one or more 
chiral dopants selected from formula IVa and IVb. The 
amount of chiral dopants according to this preferred embodi 
ment is preferably less than 15%, in particular from 0.01 to 
10%, very preferably from 0.01 to 5% by Weight of the total 
mixture. Chiral dopants With a high helical tWisting poWer 
(HTP) are preferred, as already loW amounts of these 
dopants are sufficient to induce a short helical pitch. The 
above chiral compounds of formula IVa and IVb exhibit a 
very high HTP, and are therefore particularly preferred. 

[0176] As explained above, the process of controlling the 
pitch in the forming polymer depends inter alia on the liquid 
crystal phase sequences of the polymeriZable mixture and 
the polymer, Which have to be selected carefully. Especially 
preferred is a process Wherein the polymer has a more highly 
ordered mesophase at temperatures Where the polymeriZable 
mesogenic material has a less ordered mesophase, in par 
ticular Wherein the polymer has an untWisted mesophase at 
temperatures Where the polymeriZable mesogenic material 
has a helically tWisted mesophase. 
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[0177] Especially preferably both the polymeriZed and the 
polymeriZable material have a less ordered helically tWisted 
mesophase, in particular a cholesteric phase, and a more 
highly ordered untWisted mesophase, in particular a smectic 
phase, very preferably a smectic A phase, at temperatures 
beloW the temperature range of the less ordered, helically 
tWisted mesophase. 

[0178] To obtain a re?ective ?lm With the desired molecu 
lar orientation the polymeriZation has to be carried out in the 
liquid crystal phase of the polymeriZable mesogenic mix 
ture. Therefore, preferably polymeriZable mesogenic com 
pounds or mixtures With loW melting points and broad liquid 
crystal phase ranges are used. The use of such materials 
alloWs to reduce the polymeriZation temperature, for 
example to room temperature, Which makes the polymer 
iZation process easier and is a considerable advantage espe 
cially for mass production. 

[0179] The selection of suitable polymeriZation tempera 
tures depends mainly on the phase transition temperatures of 
the polymeriZable mesogenic mixture and inter alia on the 
softening point of the substrate. 

[0180] Preferably the polymeriZation temperature is at 
least 30° beloW the clearing temperature of the polymeriZ 
able mesogenic mixture. 

[0181] Preferably the polymeriZable mesogenic mixture 
has a cholesteric phase and especially preferably a phase 
sequence S—Ch(or N*)—I, in particular a phase sequence 
SA—Ch—I, and the resulting polymer has an equilibrium 
phase sequence With a smectic phase that is shifted to higher 
temperatures compared to the polymeriZable mixture. The 
polymeriZation temperature is selected such that the poly 
meriZable mixture is in its cholesteric phase. 

[0182] Preferably the polymeriZation temperature is cho 
sen such that it is close above the smectic-cholesteric phase 
transition temperature of the polymeriZable mixture, in 
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particular in the range from 5 to 100° C., especially prefer 
ably from 10 to 60° C., very preferably from 20 to 35° C. 
above the smectic-cholesteric phase transition temperature 
of the polymeriZable mixture. 

[0183] On the other hand, the polymeriZation temperature 
is selected to be Within the smectic phase, i.e. beloW the 
smectic-cholesteric or smectic-isotropic phase transition 
temperature respectively, of the resulting polymer. Prefer 
ably the polymeriZation temperature is 10 to 110° C., in 
particular 25 to 75° C. beloW the smectic-cholesteric or 
smectic-isotropic phase transition temperature of the result 
ing polymer. 
[0184] It is also possible to select the polymeriZation 
temperature to be close to approximately the arithmetic 
average of the loWer temperature limit of the cholesteric 
phase of the polymeriZable mixture and the upper tempera 
ture limit of the smectic phase of the resulting polymer. 

[0185] The above preferred ranges and selecting rules of 
the polymeriZation temperature strictly only hold for linear 
(i.e. not crosslinked) or only slightly crosslinked polymers. 
HoWever, in case of highly crosslinked polymers, Where 
phase transition temperatures can no longer be observed or 
determined (eg due to decomposition of the polymer upon 
heating before its phase transition), a good approximation 
for the phase transition temperatures of these polymers can 
be obtained by decreasing the degree of crosslinking to an 
extent just sufficient to determine the transition tempera 
tures. Polymerization temperatures beloW 120° C. are gen 
erally preferred. Especially preferred are temperatures 
beloW 90° C., in particular temperatures of 60° C. or less. 

[0186] PolymeriZable mesogenic compounds that can be 
used for the polymeriZable mesogenic material are knoWn to 
the expert. 

(1%) 

[0187] The terms polymeriZable mesogen, polymeriZable 
mesogenic compound or polymeriZable liquid crystal or 
liquid crystalline compound as used in the foregoing and the 
folloWing comprise compounds With a rod-shaped, board 
shaped or disk-shaped mesogenic group (i.e. a group With 
the ability to induce mesophase behaviour in a compound 
comprising such a group). These compounds do not neces 
sarily have to exhibit mesophase behaviour by themselves. 
In a preferred embodiment of the present invention they 
shoW mesophase behaviour only upon admixture With other 
compounds or upon polymeriZation of the polymeriZable 
mesogenic compounds or the mixtures comprising them. 

[0188] Preferably the polymeriZable mesogenic com 
pounds exhibit mesophase behaviour on their oWn. 

[0189] The achiral and chiral polymeriZable mesogenic 
mono- and di- or multireactive compounds used for the 
instant invention can be prepared by methods Which are 
knoWn per se and Which are described, for example, in 
standard Works of organic chemistry such as, for example, 
Houben-Weyl, Methoden der organischen Chemie, Thieme 
Verlag, Stuttgart. Typical examples are described for 
example in WO 93122397; EP 0 261 712; DE 19504224; DE 
4408171, DE 4405316 and GB 2 280 445. The compounds 
disclosed in these documents, hoWever, are to be regarded 
merely as examples that do not limit the scope of this 
invention. 

[0190] Examples representing especially useful monore 
active chiral and achiral polymeriZable mesogenic com 
pounds are shoWn in the folloWing list of compounds, Which 
should, hoWever, be taken only as illustrative and is in no 
Way intended to restrict, but instead to explain the present 
invention: 

(1b) 

P — (CH2)XO @ COOY 

(Id) 

P— (CH2)XO‘©iCOO O 0 R0 

PWO 00w 
(1h) 

(If) 
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-continued 

(Ik) (Irn) 

(Ii) 

[0191] Examples of useful direactive chiral and achiral 
polyrneriZable rnesogenic compounds, Which can be used as 
crosslinkers, are shown in the following list of compounds, 
Which should, hoWever, be taken only as illustrative and is 
in no Way intended to restrict, but instead to explain the 
present invention 

(Ha) 
L1 L2 

(IIb) 

(110) 

PWO‘QCOZAGOZCAQiOJWMP 
(IId) 

"mum 

Fr 
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V O 

[0192] In the above formulae, P is a polymeriZable group, 
preferably an acryl, methacryl, vinyl, vinyloxy, propenyl 
ether, epoxy or stytryl group, X and y are each independently 
1 to 12 , A is 1,4-phenylene that is optionally mono- di or 
trisubstituted by L1 or 1,4-cyclohexylene, v is 0 or 1, Z0 is 
—COO—, —OCO—, —CH2CH2— or a single bond, Y is 
a polar group, R0 is an unpolar alkyl or alkoxy group, Ter is 
a terpenoid radical like eg menthyl, Chol is a cholesteryl 
group, and L1 and L2 are each independently H, F, Cl, CN or 
an optionally halogenated alkyl, alkoxy, alkylcarbonyl, 
alkoxycarbonyl or alkoxycarbonyloxy group With 1 to 7 C 
atoms. 

[0193] The term ‘polar group’ in this connection means a 
group selected from F, Cl, CN, N02, OH, OCH3, OCN, 
SCN, an optionally ?uorinated carbonyl or carboxyl group 
With up to 4 C atoms or a mono- oligo- or poly?uorinated 
alkyl or alkoxy group With I to 4 C atoms. 

[0194] The term ‘unpolar group’ means an alkyl group 
With 1 or more, preferably 1 to 12 C atoms or an alkoxy 
group With 2 or more, preferably 2 to 12 C atoms. 

[0195] The monoreactive compounds of the polymeriZ 
able mixture are preferably selected from the above formu 
lae 1a to 10. 

[0196] The monoreactive compounds should be selected 
such that the resulting polymeriZable mixture has a suitable 
smectic-cholesteric phase transition temperature, as 
described for compounds I-1 and I-2 above, and polymeriZes 
to give a polymer that is smectogenic or preferably exhibits 
a smectic phase. Thus mesogenic monoreactive compounds 
that have a nematic phase and in addition exhibit or induce 
smectic phase behaviour are preferred. 

[0197] Particularly preferred are monoreactive com 
pounds having a nematic phase and an underlying smectic 
phase, in particular a smectic Aphase, Wherein the smectic 
nematic phase transition is increased by 50 to 100° C. When 
polymeriZing the monoreactive compound. 

[0198] For speci?c applications, materials With high bire 
fringence are preferred, as these help to increase the band 
Width and improve the brightness gain of the re?ective 
polariZer. For this purpose, in particular reactive compounds 
comprising a tolane group, like compounds of formula 1f, 
are preferred. 

[0199] The polymeriZable material should be selected to 
exhibit a clearing point, ie a cholesteric-isotropic phase 

(IIe) 

transition temperature at least beloW the temperature at 
Which the substrate softens. Especially preferred is a mate 
rial With a clearing temperature of beloW 100° C. 

[0200] The polymeriZable mesogenic compositions 
according to the present invention are preferably aligned in 
a uniform planar orientation, ie with the axes of the 
molecular helices extending substantially perpendicular to 
the plane of the layer. This orientation can be achieved by 
the use of orientation layers on one or tWo substrates and/or 
by shearing of the substrates. 

[0201] According to the above described preparation of 
the isotropic and anisotropic layers of an inventive circular 
polariZer, a mixture of a polymeriZable mesogenic material 
is coated on a substrate or betWeen tWo substrates, aligned 
into a uniform planar orientation and cured by exposure to 
heat or actinic radiation in the presence of an initiator. A 
detailed description of this method can be found eg in D. 
J. Broer et al., Makromol.Chem. 190, 2255 ff. and 3202 ff. 

(1989). 
[0202] As substrates for example a glass or quarZ sheet as 
Well as plastic ?lms or sheets can be used. Isotropic or 
birefringent substrates can be used. In case the substrate is 
not removed from the polymeriZed ?lm after polymeriZa 
tion, preferably isotropic substrates are used. 

[0203] In particular for mass production it is suitable to 
use plastic ?lms as substrates, like eg polyester ?lms such 
as polyethylene-terephthalate (PET), polyvinylalcohol 
(PVA), polycarbonate (PC) , di- or triacetylcellulose (DAC/ 
TAC). As a birefringent substrate for example an uniaxially 
stretched plastic ?lm can be used. Preferably at least one 
substrate is a plastic substrate, especially preferably a PVA, 
PET or TAC ?lm. PET ?lms are commercially available eg 
from ICI Corp. under the trade name Melinex®. Especially 
preferred are PVA substrates. Further preferred are PET 
substrates covered With an oxygen barrier layer, eg of PVA. 

[0204] The substrates can be removed after polymeriZa 
tion or not. At least one substrate has to be transmissive for 
the actinic radiation used for the polymeriZation. 

[0205] The polymeriZable mesogenic material is coated on 
the substrate or betWeen the substrates in form of a thin 
layer. This can be done by conventional techniques that are 
knoWn to the skilled in the art. 

[0206] It is also possible to dissolve the polymeriZable 
mesogenic material in a suitable solvent. This solution is 
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then coated onto the substrate and the solvent is evaporated 
off before curing. For this purpose, for example standard 
organic solvents can be used, such as ketones like eg 
methyl ethyl ketone or cyclohexanone, aromatic solvents 
like eg toluene or xylene, halogenated hydrocarbons like 
eg di- or trichloromethane, or alcohols such as eg metha 
nol, ethanol or isopropyl alcohol. It is also possible to use 
binary, ternary or higher mixtures of the above solvents. 

[0207] The coated layer of the polymeriZable mesogenic 
material is aligned to give a planar orientation, i.e. Wherein 
the axis of the molecular helix is perpendicular to the layer. 
A planar orientation can be achieved for example by shear 
ing the material, eg by means of a doctor blade. Alignment 
can also be induced or improved by applying an electric or 
magnetic ?eld to the coated material. 

[0208] It is also possible that the polymeriZable mesogenic 
material is aligned spontaneously, eg due to shearing forces 
When being coated onto the substrates or When being cov 
ered by a second substrate, due to the presence of alignment 
layers on top of the substrates and/or When annealing the 
material before polymeriZation. In this case a separate 
aligning step is not necessary. 

[0209] Thus, it is also possible to apply an alignment layer, 
for example a layer of rubbed polyimide or sputtered SiOX, 
on top of at least one of the substrates and/or to give rubbing 
treatment to at least one of the substrates. 

[0210] For example rubbing can be achieved by means of 
a rubbing cloth, such as a velvet cloth, or With a ?at bar 
coated With a rubbing cloth. In a preferred embodiment of 
the present invention rubbing is achieved by means of a at 
least one rubbing roller, like eg a fast spinning roller that 
is brushing across the substrate, or by putting the substrate 
betWeen at least tWo rollers, Wherein in each case at least one 
of the rollers is optionally covered With a rubbing cloth. In 
another preferred embodiment of the present invention rub 
bing is achieved by Wrapping the substrate at least partially 
at a de?ned angle around a roller that is preferably coated 
With a rubbing cloth. 

[0211] Furthermore, planar alignment With uniform orien 
tation can be improved by adding one or more surfactants to 
the polymeriZable mesogenic material. In another preferred 
embodiment, the shearing caused by putting together tWo 
substrates is suf?cient to give good planar alignment. 

[0212] The polymeriZable composition according to the 
the present invention may also comprise one or more 
surfactans to improve planar alignment. Suitable surfactants 
are described for example in J. Cognard, Mol 
.Cryst.Liq.Cryst. 78, Supplement 1, 1-77 (1981). Particu 
larly preferred are non-ionic surfactants, such as the com 
mercially available ?uorocarbon surfactants Fluorad 171 
(from 3M Co.), or Zonyl FSN (from DuPont). Preferably the 
polymeriZable mixture comprises 0.01 to 5%, in particular 
0.1 to 3%, very preferably 0.2 to 2% by Weight of surfac 
tants. 

[0213] Polymerization of the polymeriZable mesogenic 
material takes place by exposing it to heat or actinic radia 
tion. Actinic radiation means irradiation With light, like UV 
light, IR light or visible light, irradiation With X-rays or 
gamma rays or irradiation With high energy particles, such as 
ions or electrons. Preferably polymeriZation is carried out by 
UV irradiation. 
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[0214] As a source for actinic radiation for example a 
single UV lamp or a set of UV lamps can be used. Another 
possible source for actinic radiation is a laser, like eg a UV 
laser, an IR laser or a visible laser. The irradiation poWer is 
preferably from 0.2 to 12 mW/cm2, in particular from 0.5 to 
8.5 mW/cm2, very preferably from 0.6 to 2.5 mW/cm2. 

[0215] For mass production short polymeriZation times§3 
minutes, very preferably; 1 minute, in particular§30 sec 
onds are preferred. 

[0216] The polymeriZation is carried out in the presence of 
a polymeriZation initiator c) absorbing at the Wavelength of 
the actinic radiation. For example, When polymeriZing by 
means of UV light, a photoinitiator can be used that decom 
poses under UV irradiation to produce free radicals or ions 
that start the polymeriZation reaction. 

[0217] When curing polymeriZable mesogens With acry 
late or methacrylate groups, preferably a radical photoini 
tiator is used, When curing polymeriZable mesogens vinyl 
and epoxide groups, preferably a cationic photoinitiator is 
used. 

[0218] In some cases a second substrate is used that does 
not only aid alignment of the polymeriZable composition, 
but also excludes oxygen that may inhibit the polymeriZa 
tion. Alternatively the curing can be carried out under an 
atmosphere of inert gas. HoWever, curing in air is also 
possible using suitable photoinitiators and high lamp poWer. 
When using a cationic photoinitiator oxygen exclusion most 
often is not needed, but Water should be excluded. In a 
preferred embodiment of the invention the polymeriZation of 
the polymeriZable mesogenic material is carried out under 
an atmosphere of inert gas, preferably under a nitrogen 
atmosphere. 
[0219] According to an especially preferred embodiment 
the re?ective ?m is prepared by coating a layer of the 
polymeriZable mixture onto a single substrate, ie without 
using a second substrate on top of the layer, preferably 
dissolved or disersed in an organic solvent. The solvent is 
then evaporated off and the polymeriZable mixture is 
annealed for a short time, e. g. about one minute, at a suitable 
temperature in the cholesteric phase before being exposed to 
actinic radiation. Curing is then preferably performed in a 
nitrogen atmosphere. 
[0220] In addition to the polymeriZation initiators men 
tioned above, the polymeriZable material may also comprise 
one or more other suitable components such as, for example, 
catalysts, stabiliZers, chain-transfer agents, co-reacting 
monomers or surface-active compounds. 

[0221] It is also possible to add, for example, a quantity of 
up to 20% by Weight of a non polymeriZable liquid-crys 
talline compound to adapt the optical properties of the 
inventive optical retardation ?lm. 

[0222] In another preferred embodiment the polymeriZ 
able mixture comprises up to 70%, preferably 3 to 50% of 
a non mesogenic compound With one polymeriZable func 
tional group. Typical examples for monofunctional non 
mesogenic monomers are alkylacrylates or alkylmethacry 
lates. 

[0223] The inventive re?ective ?lms are useful as broad 
band or notch polariZers, in particular as broadband re?ec 
tive polariZers in liquid crystal displays, as optical or colour 
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?lters in displays or proj ection systems, as decorative image, 
for the preparation of liquid crystal or effect pigments, and 
especially as re?ective ?lm With spatially varying re?ection 
colours, eg as multicolour image for decorative, informa 
tion storage or security uses, such as non-forgeable docu 
ments like identity or credit cards, banknotes etc.. 

[0224] Preferably an inventive broadband re?ective polar 
iZer exhibits an asymmetrical structure of the helical pitch, 
With the pitch substantially increasing from a smaller, pref 
erably a minimum, value at one edge of the ?lm to a higher, 
preferably a maximum, value at the opposite edge of the 
?lm, in a direction perpendicular to the layer. 

[0225] Especiall preferably the re?ective polariZer has a 
re?ection Wavelength in the blue visible region at one 
surface and a re?ection Wavelength in the red visible region 
at the opposite surface. 

[0226] Compared eg to a ?lm With a symmetrical varia 
tion of the pitch and re?ection Wavelength, e.g. blue-red 
blue, throughout the ?lm thickness, an inventive polariZer 
With asymmetrical pitch variation is advantageous because it 
is easier to compensate, gives better off axis brightness and 
loWer colour change. 

[0227] Furthermore a polariZer With asymmetric pitch 
variation can be made in thinner ?lms compared to a 
polariZer With the same bandWidth and symmetric pitch 
variation, because the former exhibits only one complete 
pitch gradient (e.g. blue-red) Within the ?lm thickness, 
Whereas the latter exhibits tWo gradients (e.g. blue-red 
blue). For example, in case of an asymmetric ?lm having a 
thickness of about 10 microns, a symmetric ?lm With 
approximately the same bandWidth exhibits a thickness of 
15 to 20 microns. HoWever, thinner ?lms are generally 
preferred for use in ?at panel displays, and are also cheaper 
as they need less material. 

[0228] In order to create linear polariZed light, eg when 
used in a liquid crystal display, an inventive re?ective 
polariZer is preferably used in combination With an optical 
retardation ?lm. The optical retardation ?lm is comprising a 
layer of a birefringent material selected such that its optical 
retardation is approximately 0.25 times the Wavelength of 
the centre of the bandWidth re?ected by the broadband 
re?ective polariZer. As a result, this retarder serves as a 
quarter Wave plate or foil (QWF) Which converts circular 
polariZed light into linear polariZed light. 

[0229] As a QWF for example a stretched plastic ?lm, 
such as stretched PET, PVA, PC or TAC can be used. It is 
also possible to use a layer of an oriented polymeriZed liquid 
crystalline material. 

[0230] The QWF may be connected to the re?ective 
polariZer as a separate optical element. Preferably, the 
re?ective polariZer and the QWF are integrated so that they 
form an individual optical element. This can be done for 
example by laminating the QWF and the re?ective polariZer 
together after manufacturing the polariZer. 

[0231] In another preferred embodiment the polymeriZ 
able mesogenic material is coated and cured directly on a 
QWF Which serves as a substrate, thus simplifying the 
production process. 

[0232] When a single QWF is used together With an 
inventive re?ective polariZer, its retardation typically 
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increases With decreasing Wavelength, since the birefrin 
gence Will increase toWards loWer Wavelengths. This spread 
of the birefringence, Which is knoWn as dispersion, is loW for 
some materials, like e. g. PVA, but higher for other materials, 
like eg PC and PET. This leads to a mismatch betWeen 
retardation of the QWF and the Wavelengths re?ected by the 
re?ective polariZer. As a result, the conversion from circu 
larly polariZed light into linearly polariZed light is not 
optimal over the entire bandWidth of the polariZer. This can 
be a disadvantage in particular for broadband polariZers. 

[0233] Therefore in another preferred embodiment an 
inventive liquid crystal display device comprises a combi 
nation of tWo or more optical retardation layers, the retar 
dation of these layers being selected in such a manner that 
due to the difference in retardation of the layers the nett 
retardation of the combination is approximately 0.25 times 
the Wavelength of the light re?ected by the polariZer over a 
substantial portion of the re?ected bandWidth of the polar 
iZer. This combination of layers is then used as a QWF 
together With the inventive re?ective polariZer. 

[0234] In another preferred embodiment the inventive 
re?ective polariZer and the QWF are used together With a 
compensation ?lm in order to compensate the vieWing angle 
dependence of the phase retardation of light transmitted by 
the re?ective polariZer and/or the QWF. The compensation 
?lm can be positioned adjacent to either side of the QWF. 

[0235] Preferably a compensation ?lm is used of Which 
the phase retardation is opposite in sign and substantially 
equal in magnitude to the phase retardation of the re?ective 
polariZer over a Wide range of vieWing angles. 

[0236] According to a preferred embodiment, the inven 
tive broadband re?ective polariZer is used together With a 
compensation ?lm having homeotropic orientation, like eg 
a compensation ?lm comprising a layer of anisotropic 
polymer material With a homeotropic structure. Especially 
preferred are homeotropic compensators as described in WO 
98/00475, the entire disclosure of Which is incorporated into 
this application by Way of reference. 

[0237] According to a further preferred embodiment, 
inventive broadband re?ective polariZer is used together 
With one or more retardation ?lms having a planar orienta 
tion. Particularly preferred are planar retardation ?lms as 
described in WO 98/04651, the entire disclosure of Which is 
incorporated into this application by Way of reference. 

[0238] According to another preferred embodiment of the 
present invention, the inventive broadband re?ective polar 
iZer is used in combination With one or more, preferably at 
least tWo, compensation ?lms exhibiting a tilted or splayed 
orientation. 

[0239] Suitable tilted and splayed compensation ?lms are 
described in US. Pat. No. 5,619,352, WO 97/44409, WO 
97/44702, WO 97/44703 and WO 98/12584, the entire 
disclosure of these documents being incorporated into this 
application by Way of reference. 

[0240] Especially preferably the inventive broadband 
re?ective polariZer is used With one or more bilayers or pairs 
of tWo splayed compensation ?lms that are rotated at 180° 
relative to each other, as depicted in FIG. 1b of WO 
98/12584. Such a pair of splayed ?lms has a retardation 
pro?le similar to that of a quarter Wave foil and a homeo 












