Switchable diffractive cholesteric gratings
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Electrically switchable diffractive gratings based on cholesteric liquid crystals are suggested. An
electric field switches the cholesteric cell between three states: two with a uniform in-plane director
and one with a periodic in-plane director modulation. The modulated state produces a Raman—Nath
diffractive effect. Characteristic time of switching is of the order of 10 ms. Diffractive properties
depend on the polarization of the incident beam and the direction of surface orientatidd®97©
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Cholesteric liquid crystals with periodic helical twist of made by Chigrinowet al!* for wedge-shaped samples. The
molecular orientation have been used for a long time as madn-plane orientation of stripes strongly depends on the angle
terials capable of pronounced Bragg diffraction effects. Iny between the rubbing directions of the two plates and the
recent years interest in these materials has emerged foatiod/p, whered is cell thickness ang is the equilibrium
optical and electro-optical applications, such as low-voltagesholesteric pitch. For the cell witk=90°, the stripes make
light modulators:™ backlight-free display$, and smart an angle 45° or 135° with one of the rubbing directions,
reflectors® depending on thd/p. Fory=0°, the stripes can be oriented

In this letter we suggest electrically switchable choles-parallel or perpendicular to the rubbing direction. In the thick
teric diffraction gratings of the Raman—NatRN) type. RN part of the wedged/p=2) the stripes are not uniform and
diffraction in cholesteric liquid crystals can occur when thecontain numerous defects. Thus to obtain a good grating pat-
helix axis is perpendicular to the incident beam direction andern we used flat cells witd/p~1.
when the light wavelength, the grating periodicity., and Substrates were coated with polyimide SE-GMssan
the grating thickness, satisfy the conditionc=\d/L2<1 Chem. Ind) to provide a slightly tilted director orientation
(for Bragg diffractionx>1).° Although in principal the pos- (5°—10° with respect to the substrat&he polyimide layers
sibility of RN diffraction in chiral low concentration struc- Weré rubbed unidirectionaly to define an in-plane “easy
tures has been known for yedré®the experimental realiza- axis” of the moleqular orientation. Dependlng on the surface
tion in cholesterics has been hindered by difficulties intréatment and chiral dopant concentration, two types of the
proper alignment. Ideally, the cholesteric layers should b&€!lS were obtaineda) with y=90° and 270° director twist

uniform and oriented normally to the bounding planes. To2¢r0ss the ceII(E)) with y=0 (antiparallel rubbingand di-

overcome the alignment difficulty we suggest use of the phel€ctor Wist 360°. In the experiment we used nematic liquid
nomenon of periodic modulation of a cholesteric structure incr_ystaI_LC ZL1 5200-00QE. Merck W'th a p_osmve dielec-
an applied electric field. The modulations have been obfC @nisotropyAe~5.9, and refractive indices,~1.494,

served in wedge-shaped sampteshere they are not uni- Ne~1.614 at 20 °C for ordinary and extraordinary waves,
. . . 13 respectively. The nematic material was doped with the chiral
form and in flat supertwist nematic cets!®where they are

undesirable. Efforts have been made to eliminate tHeth, 296Nt CB 15(EM Industries to control the ratiod/p. The

. . lls were v m fill nd their thickn w
For the diffraction effect, on the contrary, the modulated(ﬁidess_6;]1e acuu ed, and thelr thickness wals

state is needed; therefore the design of the effective sU- o initial structure of the cholesteric cell dt=0V is

pertwisthcetljlfs and.diff:jact?ve cellsdshong bt? ldifferehnt.. itial planar, theP state, with the helix axis oriented perpendicular
) In the |ffre_1ct|0n evice we describe below, the initial 1, 1he cell substrates. When the applied field exceeds a
field-free state is a pland? state with the helix axis perpen- 4 .ochoid voltage, (amplitudeU.=3.9 V for a cell with

dicular to the cell plates. The dielectric coupling of the cho-570¢ twist and d~5 um, applied voltage frequency
lesteric structure with the external electric field creates an. 1 kH2), a periodic stripe pattern appears in the plane of the
in-plane modulated state. The uniformity and orientation sample, theM state(Fig. 1). Although some dislocations can
of the modulated pattern is set by surface anchoring thae noticed, the structure is quite uniform. Stripes are oriented
provides unidirectional orientation at both plates. Periodicat 45° from the rubbing direction for a 270° cell. For the

in-plane modulation of the refractive index results in RN 360° twist cell we obtained the stripes oriented along the
diffraction. TheM state can be switched back into tRe  rypbing direction.

state at low voltages or into a homeotropicstate at high For the diffraction studies a He—Ne laser beam (
voltages. I_n theH _state_ the director is normal to the plates =33 nm) was directed through a linear polarizer whose ori-
and there is no diffraction. entation was controlled by Newport rotary stage 495. The

_For the optimal design of the cefhigh uniformity of the  polarized beam was incident normally to the cell. The dif-
stripe pattern in the applied figlave used the observations fracted light intensity was measured by a photodetector for
each of the different locations of diffraction maxima.
3Also at Chemical Physics Program, Kent State University, Kent, oH  Figure 2 shows a diffraction pattern @t=4.2 V for the
44242, light polarized along the rubbing direction of the front plate
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FIG. 1. Microscopic picture of the stripe domains in the 270° cell, applied 1 -
voltage U=4.2 V. The distance between two consecutive stripet/%
=6.6 um.
0 T

[e2]
-
(=)

2 4 8

of a 270° cell. There is no analyzer in the system. The dif- Uno, V (f=1kHz)

fraction pattern is rather unusual. First, the strongest maximc.
are the second-orde_r ones_. The me_asured diffraction ajng,ﬁG. 3. Voltage dependence of diffraction intensity for zeroth and combined
for the second maximum is approximately 5.5°. Two firstiwo second order maxima for 270° twist cell.

order maxima are visible, but they are much weal€—20

times. Higher order(3,4,..) maxima are hard to detect when greq the intensity of the second maximum as a function of
the voltage is close tb;. However they appear as the field the applied electric field. Voltage steps of amplitutle
increases. Odd order diffraction maxima are significantly—3 6\ and offset voltage) ,x=0.6 V were applied. The
weaker than even ones, and their intensity depends strongftowth and decay timeAt (measured when the intensity

on the angle of incidence. o - changed to 90% from the initial valuds approximately
Voltage dependencies of the diffraction intensities forog_30 ms.
the zeroth and second two maxir@mbined are shown in The diffraction efficiency depends on the direction of

Fig. 3. The voltage scan rate wasl mV/s. Incident lightis  incident light polarization. Results for the second maximum

polarized alpng the rubbing dlregtlon of the front plate. Twofor 270° and 360° cells are presented in Fig. 4. No analyzer
voltage regions should be considered separately. In the rgs present. Polarizer orientation is measured with respect to
gion fromU;=3.9V to U=4.5V the diffraction pattern is ne stripe orientation in the cell.

stable. Switching by voltages higher thah>4.5V gives The appearance and polarization properties of a diffrac-

unstable patterns with moving dislocations. The diffractiontjye pattern in cholesteric cells show that the director distri-
pattern slowly evolves and shows significant scattering.

The second mode of diffraction switching is the transi-
tion from theH state at high applied voltagetl & 10 V) to 0.8

the M state (4 \KU<4.4YV).
To define the diffraction grating response time we mea- 0.7 - B
&
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FIG. 2. Diffraction pattern a=4.2 V for a 270° cell; diffraction angle is  FIG. 4. Diffraction intensity vs direction of the incident light polarization
5.5° for the intense second order maxima. for 270° and 360° cellsY=4.2 V).
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bution in the cell is rather complicated. We will compare our ~ The unique polarization properties of the diffraction can
results with theoretical predictions of the diffraction of a be understood as a consequence of the diffraction in the an-
cholesteric layer with no surface influentc¥. isotropic phase grating with index ellipsoid variation in-

Let us consider an ideal cholesteric layer and lightplane and normal to the plane of the gratiighe diffrac-
propagating normally to the helix. For the polarization per-tion pattern and properties can be used to obtain the
pendicular to the helix axis, the refractive index is a periodicparameters of the spatial molecular orientation in the cell by
function of coordinatex along the helix axis. For the polar- assuming some director distribution model, as was done in
ization alongx axis the refractive index imi=ng=const. Ref. 15. Because the phenomenon of the in-plane modulated
Such a layer represents a polarization-sensitive phase gratholesteric structure is practically impossible to describe
ing: only the component of electric field vector that is per-analytically, numerical calculations are in progress to model
pendicular to the helix axis is diffracted. The diffraction con- the real director field and diffraction properties.
dition is given in general by The measured response times 20 ms) are in good

mh=L sin @ (1) a_lgreement Wit_h the well-known estimate of the r_elaxation

’ time of the helical structure~ y,D?/47%K, whereD is the
wherem is the diffraction orderg is the corresponding dif- characteristic length of the systdim our caseD~d~p), y;
fraction angle, and. is the grating periodicity. is the viscosity coefficient,K is an effective elastic

We note two main differences between what was ob-constant** With typical y;~200 mPas,K~10"*' N and
served in the diffraction pattern in our experiment and thaD~5 um one getsr~20 ms. A faster response time could
theoretically predicted for an ideal cholesteti® be achieved by reducing the cell thickness and pitch.

To conclude, we demonstrated that a modulated choles-
teric structure in an applied field could be used as a switch-
able diffraction grating. The optical response times are of the
indicates that in théVl state there is still some director 3¢ order as the switching times in twisted nematic dis-

rotation between the plates that changes the state of Iigtﬁ}layS (- 20t—_ 30 TS) .I Po:]anzatiﬁntdtﬁpend(fance Olf the d|ﬁ;ra_c-
polarization. This rotation is controlled not only by the '?c.n p“t’lpef 'ﬁs cearyti OWE Iat e sutr acte a.lgrtlrl;ner; ;'g'
molecular twist and field but also by the surface anchor™ |cantt))/ in ue_gcesd ec .g esl E”IC' sFru?hure,t d? aff}:
ing that should be taken into account for an adequaté:anno € considered as an 1deal helix. Further studies of the
: role of system parametefbirefringence, elastic constants,
theoretical model. dielectri ot I thick tch. atehould b
(2) For an ideal cholesteric, theory predicts only even dif- ielectric anisotropy, cell thickness, pitch, gtshou €

fraction orders corresponding to the optical periodicit performed to optimize the diffraction characteristics.
0/2. The direction50=p+5 5,,9 of m:+2p maxFi)ma fit y The authors would like to thank Dr. J. Li and Dr. S.

well (Eq. (1)) with A =633 nm andL=13.2um. Even Shiyanovskii. This work was supported by BMDO/AFOSR,

diffraction orders correspond to the spatial harmonicCrant No. F49620-96-1-0449.
with the periodicitylL /2~6.6 um. This periodicity is the
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(1) The maximum efficiency of diffraction is not necessarily
for the light that is polarized parallel to the stripesse
the data for 270° twist cell, Fig.)4 This fact clearly
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