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Abstract: Complex molecular ordering in ferroelectric liquid crystals(FLC), unlike in simple, standard nematic liquid crystals, enables the
manufacturing of liquid crystal displays (LCD) with inherent memory properties and standard TV compatible electrooptic switching speeds. However
under the present state of the art FLC displays are unstable against mechanical shock and therefore still unreliable. This paper presents a novel
technological solution that enables the stabilization of the FLC molecular ordering through entire volume of the FLC cell. Volume stabilization is
achieved by the LC/polymer gel dispersion which is prepared by polymerizing a gel monomer solution in suitably aligned ferroelectric display cell.
The volume stabilized LC cell gives mechanical stability to FLC displays with internal memory and provides for high contrast, high speed shuttering.

Prikazovalnik na osnovi feroelektricnih tekoc¢ih kristalov in
polimernih gelov

Kljuéne besede: zasloni televizijski, projektorii televizijski, LCD zasloni, FLC kristali teko¢i feroeleklri¢ni, FCL molekule, lastnosti elektroopticne,
lastnosti pomnilniske, urejenost molekularna, stabilizacija urejenosti, stabilnost mehanska, tehnologije nove, raztopina Zelatine, Zelatina monomer-
na, polimerizacija, ¢asi preklopni, ¢asi kratki

Povzetek: Za razliko od standardnih nematskih tekogih kristalov omogoéa kompleksnej$a urejenost molekul feroelektriénih tekocih kristalov (FLC)
izdelava tekodekristalnih prikazovalnikov (LCD) s spominskimi lastnostmi in hitrostjo preklopnih ¢asov, ki je kompatibilna s standardnimi TV signali.
Na #alost standardni FLC prikazalniki e niso mehansko dovolj stabilni in zato niso primerni za prakti¢no uporabo. Clanek podaja novo tehnolo$ko
resitev, ki omogoda stabilizacijo urejenosti molekul FCL po vsej prostornini FCL celice. Volumsko stabilizacijo urejenosti molekul zagotavija v kristal
vgrajena urejena polimerna mreza, ki nastane pri feroelektriénem tekocem kristalu. Vakuumska stabilizacija zagotavlja mehansko stabilnost FCL
prikazalnikov hkrati pa ohranja spominske lastnosti ter hitre preklopne ¢ase.

Introduction the appearance of the net spontaneous electric polari-
zation.

Since 1980 when N.Clark and S.T.Lagerwall'? introdu-

ced the surface stabilized ferroelectric LC cell (SSFLC), During the display manufacturing process the FLC is
a number of improvementsa""5 of this technology has placed between two glass walls with transparent elec-
been made, to the point, where commercial flat-panel trodes covered with adequate orienting layers (typical
displays are being announced. The principal advantage display configuration!). The FLC is than cooled down
this device brings is a significantly faster switching rate through various phase transitions from the isotropic,
and even more important, a memory effect which makes through nematic, smectic SmA into the terroelectric
it possible to use greatly simplified electronic driving smectic SmC phase. The FLC molecules orient them-
schemes. All requirements are met by a passive matrix selves in layers perpendicular to the glass surfaces and
ratherthan by an active one, whichis requiredfor twisted to the direction of the orienting layers. if the thickness of
nematic (TN) liquid crystal cells. the display glass cellis smalt enough (1-3 um), the FLC

molecules due to their tilted orientation in the SmC’
layers can assume only two orientations: +0 or -© with
The basic operating principles of the FLC displays are respect to the smectic layer normal (see fig. 1).
demonstrated in figures 1 and 2!"). Unlike in standard
nematic liquid crystals (NLC), the FL.C molecules are not

just oriented parallel, but they tend to form monomole- The electrical polarization {(P) corresponding to these
cular layers within which the FLC molecules are parallel two allowed molecular orientations is perpendicular to
and tilted for an angle © from the layer plane normal. the display cell walls and can either point "UP" (+0) or
Since FLC molecules don't have a center of symmetry "DOWN" (-0). Both orientations are equivalent as far as
(chiral molecules), such molecular orientation allows for energy is concerned and therefore bistable ( memory!!),
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Fig. 1: Schematic presentation of the smectic FL.C

molecular layers and molecular orientation in
the "Surface stabilized FLC displays”

but can be switched from one to another by means of
the pulses of electric field.

These two allowed molecular orientations can be opti-
cally distinguished by means of the crossed polarizers,
where the polarizing axis of one polarizer is parallel to
one of the allowed molecular orientations (+ © or -0) -
see fig 2. If the FLC molecular tilt angle is 22.5° and if
the display cell thickness is chosen so that the FLC layer
acts as a half- wave plate, such a sandwich of FLC
display cell between crossed polarizers acts as electri-
cally switchable optical light shutter with internal memo-

ry.
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Fig. 2: Operating principle of the FLC display
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A major drawback of the present state of art of the above
described surface stabilized ferroelectric liquid crystal
(SSFLC) displays is, that they are unstable against
mechanical shock. The origin of this problem is the
shrinking of smectic layers at the SmA to SmC’ phase
transition due to the molecular tilt in the ferroelectric
SmC phase. In order to avoid a dilation in the confined
geometry of the cell, a well known chevron structure
appears >'%"" This structure critically depends on me-
chanical stresses causing local flow which results in an
irreversible breaking of the smectic planes.

Here we propose a solution to the problem of the insta-
bility in the SSFLC cell by the addition of gel polymers
to stabilize the cell geometry as well as to volume
stabilize the FLC order.

The concept of "volume stabilization" of the molecular
ordering in FLC is based on the polymerization of a small
amount of gel monomer added to the FLC. The amount
of the added monomer is small encugh so, that it does
not significantly affect molecular ordering or alignment
of the FLC material. The polymerization of the monomer
is "initiated” when the molecules of the FLC acquire the
desired orientation determined by the boundary condi-
tions and/or interactions with orienting magnetic/electric
field. Under these conditions they polymerize in a highly
anisotropic texture. Such a polymer forms a network
through the entire LC and volume stabilizes the LC cell
geometry as well as the microscopic ferroelectric orde-
ring of the LC molecules. It is also important, that the
polymer network formed in the LC, hinder the mechani-
cal flow of the LC under mechanical stress. Volume
stabilization of the cell can be achieved with a relatively
small concentration of the monomer additives = 0.5-3%.

Experimental

The sample "volume stabilized" FLC (VSFLC) display
cells were made in almost the same way as the conven-
tional surface stabilized ferroelectric liquid crystal
(SSFLC) displays (- ITO covered flat glass plates with
rubbed nylon orienting layer separated by = 3 um spa-
cers, sealed with UV curable epoxy sealant and vacuum
filled with E.Merck ZLI 4237-100 FLC mixture and 0.5-
3% addition of acrylate Desolite DO44 of DSM Resins
International). The cells were filled at an elevated tem-
perature = >95°C (- isotropic phase) then slowly cooled
through nematic and SmA phase into the SmC phase.
As the FLC ZLI 4237-100 experiences a pitch of 10 um
in the SMC’ phase, the cell thickness was sufﬂcuentlay
small in order to unwind the helical SmC" structure’

Together with the homogeneous boundary condmons
caused by rubbed nylon, this resulted inahomogeneous
chevron SSFLC molecular ordering. Using strong (80
V), slowly alternating (3Hz) electric field pulses a well
known stripe texture was obtained (fig 3). The competing
effects of the molecular tilt on the nylon orienting layer,
chevron structure and the electric field induced stripe
texture resulted in a very small angle (few degrees)
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between the molecular layer orientation in the consecu-
tive stripes (see fig 3) allowing for high contrast = 20 in
the transmisive mode. Due to a "bookshelf structure” in
the stripe texture a very good bistability as well as very
high angle between both optical states (> 40°) was
obtained.

Schematic presentation of the electric field
induced stripe texture in thin layer of FLC

As the FLC/monomer dispersion was filled in the FLC
display cell at an elevated temperature {-in the isotropic
phase of FLC component), it had to be cooled down into
the ferroelectric SmC phase.

The cooling of the FLC/monomer dispersion and espe-
cially the structural changes due to phase transitions
reduced the solubility of the monomerinthe FLC so, that
it partially phase separated in the form of microdroplets.
Most of these microdropiets formed predominantly on
the celi walls were very small (< 1 um), however some
ofthese droplets grew as large as= 10 um. These “giant”
microdroplets linked both boundary glass plates of the
L.CD cell and after polymerization acted atthe same time
as sealant and spacers. This polymer droplet formation
efficiently stabilized the "geometry"” of the LC cell.

When the FLC/monomer dispersion was cooled down
inthe ordered liquid crystalline phase, the photopolyme-
rization of the the monomer was induced using the 150
W UV light source (360 nm) for few minutes. The applied
UV light caused the polymerization of the monomer
microdroplets as well as the phase separation of the rest
of the monomer molecules, that were until that time still
"dissolved” in the FL.C material. These monomer mole-
cules polymerizing in the ordered FLC medium, formed
a well ordered polymer network that refiected the mole-
cular ordering (see fig.4). The chevron defect walls
between the consecutive stripes (see fig. 3) acting as
polymerization centers induced the polymer phase se-
paration during the UV polymerization process. So the
oriented polymer network was formed predominantly
along the chevron defect walls (see fig 4) efficiently
stabilizing the stripe texture orientation of the FLC. This
structure remained preserved even when the FLC was
heated above the isotropic phase transition and then
cooled back into the ferroelectric SmC phase.
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The best results were obtained when the polymerization
was induced in the ferroelectric SmC phase, however
the ordered polymer texture was formed in the SmA and
in the nematic phase as well. The results were not
significantly different, except that the amount of polymer
microdroplets was much smaller /negligible inthe nema-
tic phase due to significantly higher solubility of the
monomer in the nematic phase.

The ordered phase separated polymer network struc-
ture in the ordered FLC layer was reasonably well
confirmed by the electron microscopy. Figures 4 and 5
show TEM micrographs of the polymer network in an
FLC/polymer gel containing 98% of ZL1 4237-100 and
2% of Desolite D 044 acrylate.

Fig. 4: TEM micrograph of the ordered polymer texture
formed during UV aciivated polymerization
process in the 2% FLC/polymer gel

(magnification 2400)

TEM micrograph of the detail of the polymer
texture on Fig.4 (magnification 40000}

Fig. 5;

The TEM micrograph clearly shows the ordered polymer
texture and the small polymer microdroplets that
"condensed” on the cell walls during the cooling down
process. The "giant microdroplets” can be seen (Figure
6) under polarizing microscope. TEM micrograph as well
as polarizing microscope analysis give only a qualitative
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Fig. 6: Polarizing microscope picture of the stripe
texture in FLC showing "giant microdroplets” .
(dark dots) as well as the regular microdroplets

picture of the polymer network since the ordered poly-
“mer texture is very fragile and could be easily partly
flushed away during the sample preparation.

As fong as the polymer concentration was kept low
(£4%), the ordered polymer network in the FLC/polymer
gel oriented layer did not appreciably affect the FL.C
molecular order. Therefore the electrooptical properties
of these composite ferroelectric materials remained al-
most identical to the properties of the pure FLC mate-
rials. These properties were measured using crossed
polarizers in the same configuration as with standard
FL.C displays (see fig. 2). A 3 um thick oriented FLC/po-
lymer gel layer was oriented so that one of the polarizing
axis was oriented along the "symmetry” axis between
the orientations of the molecules in two parallel stripes
(see Fig.3).
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Fig. 7: Time dependence of the transmission T of the
volume stabilized FLC display showing fast
switching (upper oscilloscope trace)as well as
excellent bistability of both optical states (lower
oscilloscope trace).

The results show high contrast, excellent bistability (=
100%), as well as high switching rates (<300 us) and
high optical contrasts (see Fig.7).

Conclusion

The FLC/polymer gel displays maintain the electrooptic
properties of the standard SSFLC cell but with substan-
tially improved stability against mechanical stress. Due
to extremely fast switching times (-compatible to the
standard TV signals!) and inherent memory effects the
electronic driving circuitry can be significantly reduced
and simplified compared to the standard active matrix
nematic liquid crystal displays, that presently offer the
only acceptable solution for the flat, low power, high
detinition TV screen. Since these displays do not require
the sophisticated active matrix driving, the density of
information can be substantially improved (thin film ac-
tive elements on each pixel take a lot of space!), which
is especially important for large screen high information
content projection devices.
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