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Modification of the twist angle in chiral nematic polymer films
by photoisomerization of the chiral dopant

Peter van de Witte,? Edda E. Neuteboom,” Martin Brehmer,® and Johan Lub
Philips Research Laboratories, Professor Holstlaan 4, 5656 AA Eindhoven, The Netherlands

(Received 8 December 1998; accepted for publication 26 February) 1999

A method for the production of polarization sensitive recordings in liquid crystalline polymers is
presented. The system is based on local modification of the twist angle of chiral nematic polymer
films. The twist angle of the polymer film is varied by modifying the chemical structure of the chiral
dopant. Here a photoisomerizable menthone derivative is used that has a fivefold difference in
helical twisting power between the and theZ isomer. The twist angle of the film can be varied
between—90° and 0° by introducing a nonphotosensitive chiral dopant with opposite twisting
sense. Complex pictures with gray scales can be recorded in the films with black and white contrasts
higher than 20. ©1999 American Institute of Physid$50021-897¢99)05011-2

I. INTRODUCTION able for hosts with low viscosities than the systems that are

based on changing the orientation of molecules. It was pre-
The control of the molecular orientation in liquid crystal viously shown that the helical twisting power of the photoi-

phases by light has been extensively investigated. Local corsomerizable chiral menthone derivativéseferred to as

trol of the orientation of liquid crystals offers new possibili- NRM) strongly depends on thg/Z ratio***? The host cho-

ties in the preparation of optical components. For examplesen for the experiments is a nematic liquid crystalline poly-

potential applications are patterned polarization rotators fomer described by Portugadt al*® The structural formulas of

stereoscopic displays, optical data storage, polarization sefhe compounds are shown in Fig. 1.

sitive gratings or polarization sensitive recordings, and holo-

grams for copy protectiof.” More recently, much attention

is given towards local control of the alignment of liquid crys- Il. EXPERIMENT

tals in multidomain liquid crystal displays for the improve- a Materials

ment of the viewing angl&-°

In general, the liquid crystglL.C) orientation can be in- R811 was supplied by MerckPoole, GB. (E)-
fluenced via modification of the bulk LC orientation or, in- (1R:4R) -2-(4 - (4 - hexyloxybenzoyloxyphenyl - methene

directly, via modification of the alignment layer. Modifica- Menthan-3-on(NRM) and polj4(6-acryloyloxyhexyloxy
tion of the transmission of liquid crystal layers betweenPenzoyloxybenzonitrilg (polyCN) were synthesized accord-
crossed polarizers via directly influencing the bulk orienta-Nd t0 previously published procedurét. The melting point
tion of liquid crystals has been shown to be possible usin@’ NRM was 96°. The molecular weight{,) of polyCN
polarized light illumination of LC layers containing dyd$ ~ Was 6100 g/mol and the polydispersity was Urélative to
The dye has to be anisotropic and photoisomerizable. Due to

the absorption of light, the dye undergoes repeated trans to

cis and cis to trans isomerization®uring this process, the

dye and the liquid crystals tend to reorient in a direction a o}

perpendicular to the polarization direction of the light. >—©—0C5H13
Here we report a method for writing information in lig- o 0

uid crystalline polymer films. The method is based on the

photochemical manipulation of the helical twisting power of

chiral dopants in nematic liquid crystalline polymers. Op- o 0

posed to the reorientation of anisotropic dyes, unpolarized >—©—4}(CHZ)S

light can be used and the dyes do not have to be liquid b NC—@——O n

crystalline. Because the system is based on the modification ‘

of the structure of molecules, the patterns will be more suit-

3To whom correspondence should be addressed; o R

electronic mail: witte@natlab.research.philips.com OCsths
BCurrent address: Department of Chemical Technology, University of 0

Twente, P.O. Box 217, 7500 AE, Enschede. c jc>70
9Current address: Department of Chemistry and Institute of Materials Sci- H13Ch

ence, University of Wuppertal, BUGH Wuppertal, Gauss Str. 20, D42097,

Germany. FIG. 1. Structural formulasia) NRM, (b) polyCN, (c) R811.
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FIG. 2. Reciprocal pitch of R811 in polyCN as a function of concentration

(each concentration two samples FIG. 3. Helical twisting power of NRM in polyCN as a function of irradia-

tion time for two concentrations of NRM.

polystyrene standarfisPolyCN showed a glass transition at
23°C and a nematic to isotropic phase transition at 113 °Cthe orientation of the director at the polyimide layer is deter-
mined by the rubbing direction, the twist angle can be deter-

B. Methods mined easily.

Polymer solutions in tetrahydrofuran were spincoated o The dispersion of the birefringence of polyCN is an im-
. . s . ortant parameter. Using a spectrophotomé@teicam 8700
glass substrates provided with rubbed polyimid allgnmenrtzI P ng a Sp P

. VIVIS spectrophotometgrthe transmission as a function
layers(AL1051, JSR, JapanTo produce well-aligned pon-. of wavelength of a uniaxially oriented polyCN films between

mer f|Ims, the samples were equmbrated_ at 90 O.C for 5 MiNcrossed polarizers was measured. The birefringence could be
The thickness of the. layers was de.:telrmlned using a Tencqly culated from the transmission using Edj.
alpha-step 200 profilemeter. Irradiation experiments were

performed using a Karl Suss, MAG6 irradiator containing a

HgXe light source (wave length: 365 nm, intensity: lll. RESULTS AND DISCUSSION

7 mWi/cnt). After irradiation, the samples were again equili-

brated for 5 min at 90 °C. thickness up to fum could be obtained by varying the con-

i TW'.St .angl;es ﬁf I\tlhel fllm.:hwereh (t:ir:atetrnjl?egllfro_rg the ditions of the spincoating process. Directly after spinning the
ransmission ota Hele laser through the twisted fiqui Crys'samples were amorphous. Good alignment was obtained af-
tal polymer film between two polarizers as a function of the

. . . . ter equilibration at temperatures above the glass transition.
azimuthal orientation of the retarder. An expression for '[heTWisted retarders could be obtained by adding a small
light transmission of a twisted liquid crystal layer as a func'amount of chiral dopant to the polymer. For the experiments
tion of the various optical parameters is given in the follow-described below the twist angles were smaller than 300°

Homogeneously aligned polymer films with uniform

ing equationt* The twist angle(¢) is related to the pitch®) and the
sing 2 thickness {) via the relation:P=360d/¢. Figure 2 shows
T=|cosBcog ¢+ 6—y)+ Sin(¢p+ 6—y) the expected linear relation between the reciprocal of the
Nita pitch of R811 in polyCN and the concentration. The helical
a? twisting power(HTP) of the chiral dopant can be calculated
+ m)sinzﬁcoﬁ(ﬁ— 0—), (1) from the pitch and the concentration (n wt %) using the
relation HTP=100/(P.c). The average HTP of R811 was
where 9.5um L.
And The HTP of NRM is dependent on the ultraviol&tV)
. . . _1
a= (W w,  B=¢1+a> dose(Fig. 3). Without UV exposure, the HTP is 27 um™".

This value is somewhat higher than found previously in low
In this formula: T=transmission = angle exit director mi- molecular weight liquid crystal mixturds:}? After UV irra-

nus angle input directdtwist angle, d=thickness of the LC diation and subsequent annealing, the properties of the films
layer,An=hirefringence,0= angle polarizer minus angle in- are different. The HTP of NRM decreases during UV expo-
put director, y=angle analyzer minus angle input director, sure. Equilibrium is obtained after a UV dose of approxi-
A =wavelength. It can be derived that the transmission of anately 3 J/crh (400 s exposufe Because the irradiation
twisted retarder is at a maximum when the bisector of thewith 365 nm is relatively far from the absorption maximum
angle between the director at the polyimid layer and the diof NRM (280 nm), it is expected that the required dose
rector at the air interface equals the bisector of the anglean be strongly reduced by reducing the wavelength for
between the transmission axes of the two polarizers. Becausgadiation.
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FIG. 4. Twist angle for a 2..um thick film as a function of irradiation time. FIG. 6. Patterned LC layer between crossed polarizers. Philips logo.

The composition is 0.292 wt % R811, 0.494 wt % NRM in polyCN.

+120000X 2. Using these values, the optimum layer thick-
No significant differences in trends between the two confess can be estimated to be 2.
centrations of NRM in polyCN can be observed. It has been  For a black state, a nontwisted retarder is required with
previously shown that under these irradiation conditions théts optic axis parallel or perpendicular to the polarizer axis.
photostationary state of the irradiated product containgrom Fig. 3 it is clear that after irradiation the twisting
mainly theZ isomer!! This implies that the HTP of th&  power of theZ isomer of the menthone derivative is not zero.
isomer is at least five times lower than the HTP of the Addition of a nonphotosensitive chiral dopant with opposite
isomer. twisting sense is required to compensate the residual twisting
From these experiments, it is clear that for this systempower. R811 was used for this purpose.

local modification of the twist angle by patternwise exposure
to UV light is possible. Between crossed polarizers these
variations in twist angle will show up as variations in light
transmission. For patterns, a maximum contrast in light
transmission between the exposed and the nonexposed area
of the film between crossed polarizers is desired. In addition,
the wavelength dependency of the transmission should be
minimal. The light transmission of twisted retarders as a
function of twist angle, wave length and retardation can be
calculated from Eq(1). It can be derived that, in order to
obtain maximum transmission of green ligls60 nm for a
twist angle of 90°, a retardation of 476 nm is required. From
the transmission spectrum of nontwisted retarders, the bire-
fringence of polyCN was calculated to bAn=0.150
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FIG. 5. Transmission as a function of wavelength of the polymer films
between crossed polarizer&) measured transmission for an unexposed
polymer sample(b) calculated transmission for a sample with 90° twfs}, FIG. 7. Patterns obtained with a striped ma&h. Patterned LC layer be-
measured transmission for a sample exposed for 90@te calculated  tween crossed polarizer&) Micrograph of the original line mask. Sizes of
transmission for a sample with 0° twist angle is zero for all wavelengths. the lines 30 and 1m.
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FIG. 8. Gray scale patterns recorded in LC films. The light intensities were

varied using a chromium-patterned mask. The percentage below each squar (a)

indicates the fraction of the mask area that is transmissive for UV light. The

UV transmission of the squares varied between 0% and 100%. The total UV : NG o !

exposure was 900 s. F . 1
[

v

In Fig. 4, the measured twist angles in a & thick
film obtained with a mixture of 0.292 wt % R811 and 0.494
wt% NRM in polyCN are shown. The twist angle before
irradiation is close to the desired 90°, while after 300 s of
irradiation, the twist angle is close to zero. In order to de-
crease the twist angle for long-term irradiation, the dopant
concentrations were slightly modified to 0.274 wt% R811

and 0.635 wt% NRM. Using this dopant composition, the ( 2
twist angle of a 2.5um thick layer was—80° before illumi- 1
P

nation and+5° after 900 s of irradiation. This composition
was used for making patterned films. The transmission as a
function of wavelength for both the unexposed sample and
the sample exposed to UV light for 900 s were measured &
using a spectrophotometer. The results are shown in Fig. 5. :
The transmission as a function of wavelength for the & > ;
unexposed sample is high and is close to the calculated value 4
for 90° twist angles. The dependence of the transmission on(b)‘
the wavelength is small. This indicates that the color of the
unexposed areas of the samples between crossed polarizers. o. Reproduction of a negative of a photografah:crossed polarizers,
will be close to white. The transmission of the black state igb) parallel polarizers. UV exposure: 450 s.
low as expected. The contrast of the samples between
crossed polarizers is higher than 20.
Structured films could be easily obtained using masksthin lines could be used to diffract laser ligtresults not
For example, in Fig. 6, the Philips logo is shown. The bound-showr). A second application is polarization encoded stereo-
aries of the recorded structures are sharp. In Fig. 7, a masicopic displays:?
with small stripes is reproduced in the layer. The lines are  Gray scale production is possible by using intermediate
well reproduced in the layers. However, some broadening oéxposure times. In Fig. 8, micrographs are shown of an LC
the lines can be observed. This broadening can be either dl&yer exposed to different light intensities. It is clear that the
to diffraction of UV light at the edges of the mask or to UV dose can be used to determine the transmission of the LC
diffusion of the dopants during equilibration of the sample.layer between crossed polarizers. The UV exposure of the
Better equipment for illumination can minimize the first ef- sample was too long to obtain intensity differences between
fect. The latter effect can be minimized by incorporation ofthe darker gray scales. The fact that UV dose can be used to
the dopants in the polymer chdliflt is expected that mi- make gray scales is a major difference between this method
crometer resolution is possible. The LC films patterned withand the method that is based on the reorientation of dyes in
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