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A bistable chiral tilted-homeotropic nematic cell which uses dual-frequency liquid crystal is
demonstrated. This cell can be switched between the tilted homeotropic state and the twisted state.
The switching mechanisms are achieved by the backflow effect together with the anisotropic
properties of the dual-frequency liquid crystal material. The experimental results of this bistable cell
are described explicitly. @004 American Institute of PhysidDOI: 10.1063/1.18306g1

Bistable liquid crystalLC) displays have received con- tional rubbing technique, which is part of a very popular
siderable attention recently because the power consumptiananufacturing procedure performed in LC display factories,
can be reduced by their tw@r more stable states. Among for the treatment of substrates. In addition, the two bistable
them, the bistable twisted nemati¢BTN) LC cell states exist without electric field. In our experiment, the ex-
(277—BTN1’2) can be switched between tii@—=) and (¢  ternal voltage we applied to switch between the two stable
+17) twisted states by controlling the flow effect. However, states was 5 ¥, which is much lower than most of the
the lifetimes of these states are not very long because a mokistable devices reported in the literature. Furthermore, the
stable intermediate) state exists. Although Wang and Bos Simulation suggests that the contrast ratios of the transmis-
have achieved a long-term bistability by using multidimen-sive or reflective cells under the crossed-polarizer condition
sional alignment structure to prevent the nucleation, the apare very high, comparable to those of chiral homeotropic
plication is still limited. To make the states truly stable, sev-liquid crystal cells™™
eral bistable modes have been demonstrated. For switching Consider a cell with a thickness-to-pitch ratid/p)
between the twisted states which differ by Bistable Nem- around one. We obtain two stable states with the pretilt
atic device(BiNem®) and comb-on-plate BTNCOP-BTN’) ~ angle, measured from the substrates, in a suitable range
are comprised of asymmetric substrates with different anwhich is determined by the LC parameters and the anchoring
choring energy to achieve anchoring energy breaking, an@nergy of the substrates. Figure 1 illustrates the textures of
bistable chiral-splay nematic LC devigSCBN-LC®) and these two states and the transition processes of the proposed
COP-BTN are constructed with three-terminal electrodebistable cell consisting of a dual-frequency liquid crystal.
structure to produce horizontal and vertical fields. MoreoverWhen the cell is in the T state, an electric field with fre-
the substrates of the Zenithal Bistable Disglaye made of ~duencyf, applied in the vertical direction will pull the LC
the microstructure relief grating with short pitch and deepmolecules vertically since the liquid crystals possess a posi-
profile, and those of the micro-patterned surface alignmerfive dielectric anisotropyAe) at the very frequency. When
devicé are patterned by using the atomic force microscopéhe molecules reach balance, the cell exhibits the biased ho-
nano-rubbing technique. Due to the sophisticated substratégeotropic (BH) state. The LC molecules in BH state are
used in these modes, the manufacturing processes do nedlanced by the elastic deformation torque and the electric
match the standard procedure in a typical LC display factorytorque. The middle-layer directors are vertical and the direc-
On the other hand, our group has proposed the bistable chirf's near the boundaries are slightly tilted in the rubbing
quasihomeotropic® device in which the conventional rub-

bing technique is employed to align the liquid crystal mol-
ecules. However, its two stable states exist only under an 5 E
electric field. This drawback hinders the desired achievement &
in saving energy. @
This letter demonstrates a scheme of a bistable LC cell, &
called the bistable chiral tilted-homeotropic nematic LC ﬂ Q
(BCTHN) device. This device can be switched easily be- Ll g o]
q

LC material. In comparison with the above-mentioned com-
plex treatments of substrates, we simply exploit the conven-

tween the tiltedly homeotropic stat€fH statg and the >
twisted statq T statg because of the use of dual-frequency 2

TH state T state

¥Electronic mail: jyshan.eo90g@nctu.edu.tw FIG. 1. Bistable textures and transition processes of the BCTHN device.
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FIG. 2. The transient transmittance and the corresponding driving wave me (<)

form of the BCTHN device switched from the T state to the TH state. The

amplitude of the driving pulse is 5 V and the frequency is 1 kHz. FIG. 3. The transient transmittance and the corresponding driving wave

form of the BCTHN device switched from the TH state to the T state. The
amplitude of the driving pulse is 5 V. The frequency is switched from 1 to

. . . 100 kHz.
direction. Once the voltage is off, the molecules relax to the

tiltedly homeotropic(TH) state. The molecules in TH state
are aligned nearly homogeneous with a very high tilt angle(voltage=5 Vs, frequency=1 kHx. The liquid crystal pos-

To switch the TH state to T state, one can apply a puls&esses a positive dielectric anisotropic within the pulse dura-
with frequencyf,, followed immediately by another pulse tion. The oscillation of the transmittance is due to the change
with a higher frequency of,. Upon the application of the in phase-retardation when the twisted molecylesT statg
first pulse, the cell is first switched to the BH state. When theare pulled to the vertical direction. As most of the LC mol-
frequency of the electric field is changed frdmto f,, the  ecules become verticdBH statg, the cell appears dark.
dielectric anisotropy of the dual-frequency liquid crystal is When the voltage is turned off, the LC molecules relax to the
changed to negative and the electric torque tends to align theH state of which the transmittance is also very low.
molecules horizontally. This torque makes the directors near Figure 3 shows the transmittance from TH state to T
the substrates rotate faster than the mid-layer directors dstate as well as the corresponding driving wave form. When
and produces a flow velocity due to the coupling via viscous voltage of 5 Vs with a frequency of 1 kHz is applied to
interaction. The spatial variation of the velocity gives rise tothe cell, the LC molecules are switched to the BH state,
the tilt angle of the middle-layer directors being larger thankeeping the transmittance almost unchanged. Then the fre-
/2. This phenomenon is usually called the backflow effectquency is changed to 100 kHz suddenly, the LC molecules of
As a result, the directors of the cell rotate nearly & the  the middle layer tilt down in the opposite direction due to the
azimuthal angle. Finally the mid-layer directors become parbackflow effect. Finally they lie in the x-direction and the
allel to the substrates and the biased twistBd) state is  cell is in the BT state. Note that the oscillation of the trans-
generated. The directors relax to the T state with a slight tilmittance following the onset of the frequency change is at-
in the midle layer when the voltage is off. tributed to the phase-retardation change as the directors

To demonstrate the BCTHN device, we used indium-tin-spread into the BT state. When the voltage is off, the LC
oxide glasses as the substrates and coated them with RMolecules relax to the T state, which is the bright state.
1338(Nissan Chemicals Cpto form the tiltedly homeotro- Figure 4 shows the microscopic photographs of TH state,
pic alignment layers. The rubbing directions of the top andBH state, T state, and BT state in the crossed-polarizer con-
the bottom alignment layers were antiparallel. The dualdition with rubbing directions parallel to the polarizer. The
frequency LC material we used was MLC-20@8erck Co)  TH state is not as dark as the BH state, because most direc-
with Ae=3.22 at 1 kHz and\e=-3.4 at 100 kHz. Pairs of tors in the BH state are vertical while the directors in the TH
the substrates were combined by using Q@ spacers state are tilted. If some misalignment of the substrates exists,
mixed in the adhesive to form empty cells, which were thenthe directors in the TH state form a helical structure with a
filled with MLC-2048 with a pitch of —10um. The TH state  small conic angle, and the transmittance of the cell increases.
and T state coexisted when the cell was first assembled. Angince the BT state is reddish while the T state is greenish, the
a dark state appeared after we applied a 1 kHz pulse undéiansmittance of the BT state is higher when using a He—Ne
the crossed-polarizer condition. It is quite easy to have eitheiaser as the light source, as shown in Fig. 2 and 3, and lower
one of the bistable states by using the switching mechanism

proposed in Fig. 1.

The optical properties were measured under the crossed-
polarizer condition with the transmission axis of the linear
polarizer and the rubbing directions parallel to thexis.

The light source was a He—Ne laser with a wavelength of
632.8 nm. If the cell is in the TH state or BH state, the light

goes through the cell w!th little phase—retardau_on so that the (@) THstate  (b)BHstate (o) T state (d) BT state

appearance of the cell is dark and the transmittance low. In o

contrast, if the cell is in the T state or BT state, the light leaks =~ +——— Rubbing direction

thro“gh the second polarlzer SO _the transmlttance IS hlgherFIG. 4. Transmission micrographs of the BCTHN device under the crossed-
Figure '2_ shows the transient transmittance of théyglarizer condition(a) The tiltedly homeotropic stateh) the biased homeo-

BCTHN ceil from T state to TH state by applying a puise tropic statejc) the twisted state(d) the biased twisted state.
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when taking black-and-white pictures under the microscope¢he flow effect of directors, together with the anisotropic
with a white light source. In BTCHN, the optimized value of properties of the LC material. By optimization of the LC
dAn/\ for maximum light efficiency is related to the pretilt parameters, it is expected to obtain the equal-free-energy
angle and LC parameters. In our simulations, the contrasitates with high barrier so that the two states can be more
ratio of 1000 is easily achieved at=550 nm. stable.

Experimentally, we find that the pretilt angle is crucial to ] ) . )
the BCTHN device. As the pretilt angle is close to 90°, the  This work was partially supported by the National Sci-
cell prefers TH state and the focal conic tuxtéfédowever, €nce Council, R.0.C., under Contract No. NSC 93-2112-M-
small pretilt angle makes the T state more stable. The 009-022. The guthors are !ndebteq to Dr. Li-Yi Chen and Dr.
ratio is another factor to affect the bistability. A larggtp ~ Chih-Yung Hsieh for help in the simulation.
makes the TH state absent while smaliép makes T state |
vanish. These results have been confirmed by simulation. Tq_'?'_ %N (;z:erznf"[‘ ‘;('i‘g V};’ _g' ';svfg‘keréﬁf‘l’j" ggﬁ LeAm' |30p3hZ(slgfgti1
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