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A new design has been proposed for the liquid crystal displaying element to enhance
the view angle and the contrast level. The laser radiation scattering process in nematic-
cholesteric mixtures has been simulated mathematically. The dependences of scattering
intensity on the scatter angle have been studied in experiment taking into account the
laser radiation incidence angle on the scattering structure. The contrast value as a
function of the optically active dopant concentration in the nematic matrix has been
determined.

IIpennoxeHo HOBOE KOHCTPYKTHBHOE DPEIIEeHUEe JI€MEHTa KUIKOKPHUCTAIINIECKOTO [VC-
e C I[EeJbI0 YBEJIWYEHHUS yIJa 3PEeHHs] WM KOHTPACTHOCTHU. BBIOJHEHO MaTeMaTHYecKOoe
MO/IeJINPOBAHME IIPOI[eCCa PACCEMBAHUS JIA3EPHOr'0 MBJIYUEHHsI B HEMATHKO-X0JIECTePUUYECKIX
cMecsax. IKCIePUMEHTANBHO MCCIEJ0BAHA 3aBUCUMOCTh MHTEHCUBHOCTH PACCEMBAHUS OT YIJIa
paccesHHs C yYeTOM yIJia IMaJeHWs JIa3ePHOr0 JIyya HA PacCemBaloOIlyi CTPyKTypy. Ompene-
JieHa BeJIMYMHA KOHTPACTHOCTH KaK (MYHKIMSA KOHIEHTPAIIUM ONTHYECKH AKTHUBHOM NOOABKU
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B HEMAaTHUYECKOII MaTpuIle.

The cholesteric-nematic transition (CNT)
effect is of a technical interest defined by
the presence of both texture and field hys-
teresis as well as by possible simple design
of optoelectronic devices based thereon.
This liquid erystal (LC) effect expands the
sphere of optoelectronic device applications
because of changing the main laser radia-
tion parameters. The most important way to
imaging devices based on liquid crystal ma-
terials with helical supramolecular struc-
ture is to make use of selective reflection
effect. The planar waveguide structures
with liquid erystal optically active core is of
good promise, too [1]. The scattering elec-
trooptical effects in liquid crystals are use-
ful in such devices, provided that the main
problem thereof, the low contrast level, is
eliminated.

The cholesteric-nematic transition es-
sence consists in degradation of supra-
molecular spiral structure due to an exter-
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nal electric field. This effect changes the
transparency of the liquid crystal layer. A
typical dependence of the liquid crystal
layer transparency on the applied voltage is
shown in Fig. 1. In the electrical field, the
reorientation of axis spiral occurs within
the range extending from zero to focal-conic
straining voltage (Up,). The further electri-
cal field increase up to the U,, value causes
degradation of the supramolecular spiral
structure formation of the homeotropically
oriented nematic phase. The U,, value is
the threshold of cholesteric-nematic transi-
tion. The nematic phase remains at the de-
crease of electrical field value down to the
inverse CNT voltage (U,.) saves. This re-
sults in a hysteresis of the CNT electroopti-
cal properties.

In this work, the Kawachi-Kogure theo-
retical model has been used to determine
the critical voltages of CNT effect [1, 2]:
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Fig. 1. A typical dependence of liquid crystal
layer transparency on the applied voltage due
to CNT.
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where K59, K33 are Frank elastic constants;
F,., F,., Fg,, the surface free energy densi-
ties in planar, confocal, and nematic state,
respectively; d, thickness of LC layer; P,
free induced helix pitch.

The study of scattering effect in induced
cholesterics is associated with numerous as-
pects of laser radiation scattering. When
the laser radiation incides the induced
cholesteric layer, the resulting scattering
diagram will be defined by scattering on
confocal domains, selective scattering on
the cholesteric spiral and anithotropic mo-
lecular scattering. The general model of
laser radiation scattering in induced
cholesterics is based on several approxima-
tions. Some of those have considered only
the selective scattering component, while
other took into account the scattering in
confocal domains but not the anisotropic
scattering. Our model of laser radiation
scattering in a planar waveguide is based on
the Rayleigh-Gans scattering in single ap-
proximation, the full internal reflection
conditions being taken into account (Fig. 2).
The angular distribution of the scattered
light intensity based on Rayleigh-Gans ap-
proximation is described as
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Fig. 2. Mathematical simulation scheme of
laser beam scattering at the two ways of the
beam incidence: I, glass surface; 2, induced
cholesteric layer; 3, He—Ne-laser directing the
beam to induced cholesteric (planar
waveguide mode); 4, the distribution direc-
tions of scattered radiation.
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The light scattering when the radiation is
introduced directly into a liquid crystal
layer under single approximation for the
beam incidence from two sides at various
particle radius and various incidence angles
was simulated according to the scheme
shown in Fig. 2. The mathematical simula-
tion results of laser beam scattering process
are shown in Fig. 3.

The increasing the radiation incidence
angle on liquid crystal layer results in in-
creasing effective cross-section of the active
medium scattering layer and, correspond-
ingly, in increasing scattering on the confo-
cal domains. However, the maximum radia-
tion incidence angle is defined by the inter-
nal reflection angle. The decreasing size of
scattering particles causes increasing uni-
formity of the radiation intensity. The use
of planar wave guide mode makes it possible
to increase considerably not only the con-
trast value [3] but also the view angle, since
this is caused by changes in the light flow
spreading direction with respect to the view
point.

We have studied in experiment also the
scattering intensity dependences on the
view angle at the laser beam normal inci-
dence to establish the correlation between
the laser beam scattering, physical proper-
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Fig. 3. Light scattering on confocal domains at cholesteric-nematic transition at the incidence angle
of laser beam 0° (a), 20° (b), 40° (c) and particle size 0.2 (1), 0.4 (2), and 0.63 um (3).
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Fig. 4. Experimental dependences of the LC
cell scattering intensity on the view angle for
CHKK-1+3.5 % BIXH-3 mixture at at vari-
ous applied voltage values: 32.5 V (I); 43 V
(2); 4.6 V (3); 1 V (4).

ties of liquid ecrystal layer and parameters
of control signal.

The induced cholesteric mesophases con-
sisted of a nematic matrix with low concen-
trations (from 38-17 %) of optical active
dopants (OAD). Mixtures of strong polar cy-
anobiphenyls are characterized by high
value of dielectrical anisotropy Ae = +18.5
(at 293 K), An = 0.22, the temperature
range of mesophase existence is 263 to
328 K. To induce the spiral structure, the
non-mesomorphic optically active dopant
(BIXH-3) was used. The electrooptical inves-
tigations were carried out in sandwich cells
with planar boundary conditions at room
temperature, the LC layer was 25 um thick.
The scattering character of CNT effect was
taken into account. A He—Ne laser (the ra-
diation wavelength 0.63 pum) was used as
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Fig. 5. Experimental dependences of the LC
cell scattering intensity on the view angle for
CHKEK-1+17 % BIXH-3 mixture at at various
applied voltage values: 50 V (I); 25 V (2);
13V (3); 6 V(4); 1V (5).

the radiation source. The optical transpar-
ency characteristics of LC cell as functions
of the applied voltage at the normal inci-
dence of laser beam and planar waveguide
structure are shown in Figs. 4 and 5.

The increasing applies voltage is seen to
narrow the directional diagrams on confocal
nematic textures and increase the central
peak intensity. This is caused by increasing
size of scattering confocal domains [3]. The
increasing OAD concentration results in in-
creasing intensity of radiation passing
through the liquid crystal cell due to de-
creasing size of confocal domains. The ex-
perimental results agree well with theoreti-
cal relationships.

Thus, the use of the proposed structures
makes it possible to vary the directional
diagrams within a wide range by varying
the applied voltage and concentration of op-
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ticallyactive dopant at retaining high con-
trast level. The increasing light incidence
angle on the liquid crystal layer results in
increasing effective cross-section of the
scattering layer active medium and, corre-
spondingly, in increasing scattering on the
confocal domains, that is, in enlarging di-
rectional diagram width. However, the
maximum light incidence angle is limited to
the internal reflection angle. The increasing
applied voltage causes a narrowing scatter-
ing directional diagrams on confocal ne-
matic textures and increasing intensity of

the central peak. This is caused by increas-
ing size of scattering confocal domains.
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XapaKkTepUCTHKH PO3CiIOBAHHA AKTHBHOI0 PEYOBUHOIO
PIAKOKPHCTAJNIYHUX THCILIEIB

3.M.Murxumiwoxk, A.B.Peuwan, 0.€.Cywuncoxuii,
M.O.lIumuwuwurn, IO.Bauwmuk

3ampoOIIOHOBAHO HOBEe KOHCTPYKTUBHE PillleHHA eJIeMeHTa PiAKOKPUCTANIiUHOTO AUCILIEIO 3
MeTO0 301iJbIIIeHHS KyTa OIMJIALY 1 BeJIMUWHU KOHTpacTty. [IpoBefmeHO MaTeMaTHuHe MOJENIO-
BaHHSA IIPOIleCy POBCiIOBAHHA JIa3€PHOTO BUIIPOMIHIOBAHHA y HEMATUK-XOJECTUPUUYHUX CYyMi-
mrax. ExcnepruMeHTaNbHO JOCTiKEHO 3aJIeKHICTh IHTEHCUBHOCTI pO3CilOBaHHSA Bif KyTa po3-
ciAHHA i3 BpaxyBaHHAM KyTa NaJiHHSA JIa3epPHOrO IIPOMEHs Ha CTPYKTYPY, IO PO3CiloThed.
BusnaueHo BeJIMUMHY KOHTPAcTy AK (DYHKI[i}I0 KOHIlEHTpPAIlil ONTUYHO-aKTUBHOI JOMIIIKU Yy

HEeMaTUYHI MaTpPUILi.
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