Homeotropic liguid-crystal device with two metastable states
Li-Yi Chen and Shu-Hsia Chen

Citation: Applied Physics Letters 74, 3779 (1999); doi: 10.1063/1.124177

View online: http://dx.doi.org/10.1063/1.124177

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/74/25?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Heat-driven and electric-field-driven bistable devices using dye-doped nematic liquid crystals
J. Appl. Phys. 107, 123108 (2010); 10.1063/1.3446826

Two-dimensional micromanipulation using liquid crystals
Appl. Phys. Lett. 86, 101901 (2005); 10.1063/1.1872218

Bistable chiral-splay nematic liquid crystal device using horizontal switching
Appl. Phys. Lett. 82, 4215 (2003); 10.1063/1.1581368

Importance of quadrupolar ordering in antiferroelectric liquid crystal devices
Appl. Phys. Lett. 79, 2097 (2001); 10.1063/1.1405423

Observation of self-starting phase-conjugate oscillation in a planar nematic liquid-crystal cell
Appl. Phys. Lett. 72, 1281 (1998); 10.1063/1.121050

NEW! Asylum Research MFP-3D Infinity” AFM [~ FroRD I

Unmatched Performance, Versatility and Support

The Business of Science®

Stunning high 9 Simpler than ever

performance - ¢ to GetStarted™

b

Comprehensive tools § f  Widest range of accessories
for nanomechanics for materials science and bioscience



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1018974610/x01/AIP-PT/Asylum_APLArticleDL_043014/Asylum-Research-MFP3D-Infinity-APL-JAD.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=Li-Yi+Chen&option1=author
http://scitation.aip.org/search?value1=Shu-Hsia+Chen&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.124177
http://scitation.aip.org/content/aip/journal/apl/74/25?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/107/12/10.1063/1.3446826?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/86/10/10.1063/1.1872218?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/82/24/10.1063/1.1581368?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/79/13/10.1063/1.1405423?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/72/11/10.1063/1.121050?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 74, NUMBER 25 21 JUNE 1999

Homeotropic liquid-crystal device with two metastable states
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We report a homeotropic liquid-crystal device which has two metastable states when an electric field
is applied. The behaviors of these two metastable states are similar to the bistable twist nematic
device. We control this device electrically in the rising period to switch it from the homeotropic
state toward either the twist or homogeneous state. It not only behaves as a conventional
homeotropic cell but also provides another twist structure for further applications. The back-flow
effect in the rising period plays an important role in the switching mechanism. The experimental
results are described in this letter. 99 American Institute of Physics.

[S0003-695(199)01525-9

Many electro-optical effects of liquid crystdLC) have  substrate. Owing to the field-induced “opposite tilt,” if the
been used and LC devices have become important in modeitrC material has a suitable helix pitch length and negative
electronic displays. The conventional homeotropic LCcell dielectric anisotropy, it is possible to use the back-flow effect
can offer a good dark state when it is under the crossedo make a tristate LC device, which is homeotropic align-
polarizer condition. It has been used in both transmissivement in the absence of external field and has two metastable
type direct-view and reflective-type projection displays. Instates in the field-on situation. We can suddenly apply a
the direct-view type, the oblique light leakage can be comstrong electric field to this homeotropic cell. Then, the fast
pensated by using suitable compensation films. Thus, a goadtation of the directors induces a strong back flow and this
viewing angle characteristic can be achie¥ethother deri-  back flow will drive the directors become the “opposite
vation of the homeotropic cell is the chiral-homeotropic LCHilt.” This “opposite tilt” could lead the cell to a twist state.
cell,**in which the LC directors have a twist structure in the On the other hand, when the applied voltage rises more gen-
field-on situation. It reduces the wavelength dependence afy, the gradually rising field makes the LC directors rotate
the transmittance in the field-on state, which occurs in thenore slowly. Thus, the induced back flow is relatively weak.
conventional homeotropic cell and still maintains a goodThis reduces or prevents production of the “opposite tilt” of
dark state. the directors. In this situation, the cell will go toward the

In this letter, we demonstrate a homeotropic LC devicehomogeneous state. Hence, we can switch the state at the
which operates on the homeotropic to either twist or homorising period by controlling the rising rate of the applied
geneous state transitions. It uses the LC material with negasoltage and a tristate LC device can be achieved.
tive dielectric anisotropy and can be controlled electrically to  To demonstrate this tristate LC device, we made several
switch into the twist state or the homogeneous state in thgample cells. We used indium—tin—oxide glass as the sub-
rising period. It has two metastable states when we appl¥trates and coated them with JALS 204 polyimifesm the
voltage to it. The behaviors of these two metastable states agpan Synthetic Rubber Gdo form vertical alignment lay-
analogous to the two stable states of the bistable twist nemers, The alignment layers were parallel rubbed to obtain a
atic (BTN) liquid-crystal device’;® which uses the LC mate- yniform tilt direction at the field-off homeotropic state. The
rial with positive dielectric anisotropy. The driving consider- ¢¢|| gapd is 5.25um. The liquid crystal is ZLI-2806from
ation is also similar to the BTN device which can be merck), which has negative dielectric anisotropy. Some im-

switched by different wave forms or pulses in the decayportant physica| properties of this LC material ane;
period’~® This device not only can be used as a conventional- 1.5183,An=0.0437(at =589 nm, 20°C, ¢, =8.1, and

homeotropic LC device, but also provides another twist state, .= — 4.8. We added some ZLI-81@rom Merck as the
for further potential applications. For example, we can adcthjral dopant to obtain a suitable helix pitch length. To mea-
some dyes into the LC material, then this cell may behave agyre the optical properties of both the twist state and the
a guest—host device. In the following, we describe the baSiﬁomogeneous state, we put the cell between two crossed po-
principle of this device and the properties of its transientarizers. The angle between the front polarizer and the rub-
transmittance. bing axes was 45°. We used a He—Ne laser with a wave-
Since the back-flow effect is usually obvious in the |angth of 632.8 nm as the light source and a PIN diode as the
homeotropic-to-planar-state transition, the field-induced bacbhotodetector. In the absence of the field, the homeotropic
flow in a homeotropic celf is also able to lead a certain part giate contributes no phase retardation, so that a dark state
of the directors to be “opposite tilt,” that is, the back flow 45he4ars. If the cell enters the homogeneous state, it will be-
causes the tilt angle of the directors to be over 90° from thg,ave like a phase retarder and the light will leak from the
second polarizer. On the other hand, if the cell enters the
3Electronic mail: shuhchen@cc.nctu.edu.tw twist state, smaller light leakage will be obtained. It can be
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FIG. 1. Transient transmittan¢apper tracgof the tristate device under the FIG. 3. Transient transmittancipper tracg of the tristate device. The
crossed-polarizer condition. The lower trace is the applied wave formsamplitude of the two pulses i¢,q.=4.2 V. The transmittances of these two
Vpea= 12 V. The rising rate of the first wave form @v/dt=50 V/s. The wave forms are almost the same. The rising rate of the first wave form is 50
the second wave form is a square wave. V/s. The second wave form is a square wave.

estimated that the transmittance of the twist state is smallekas low, the twist state did not appear after the rising period.
than that in the homogeneous state because the product bigure 3 shows that when the peak value of the applied volt-
the wavelength and the twist angle is comparable to th@ge was not large enough; usually being less than 2.5 times
dAn. That is, the cell operates in the region out of the Mau-0f the optical threshold voltage in our experimer¥ (
guin limit and this twist state just offers only a small phasepeak=4.2V in Fig. 3, the cell behaved like a conventional
retardation. homeotropic cell. The optical transmittances corresponding
To switch between these three states, we designed twi® these two different wave forms were almost the same. It
kinds of electric wave forms. One has a gradually rising ratenay be that the back-flow effect was not strong enough to
(dVv/dt=50V/s) and the other has a rapidly rising voltdige lead the cell to the twist state, and under this field strength,
is an electric pulse in our experimgnThe gradually rising the energy barrier between the twist state and the homoge-
wave form was used to drive the cell from the homeotropicheous state was low. Thus, in the rising period the directors
state to the homogeneous state. The other rapidly rising volgasily went toward the homogeneous state, which has a rela-
age was used to induce strong back flow. Then, this backvely lower energy.
flow makes the director become the “opposite tilt” and  Figure 4 shows the results that the peak voltage of the
guides the cell toward the twist state. applied wave forms was in the middle range, that is, from 5
Figure 1 shows the transient transmittance of the tristaté0 8 V in ourexperimen{the peak voltage in Fig. 4 is 6.5V
LC cell. We applied two different wave forms to the same The cell also behaved like a pure homeotropic cell when the
amplitude on the cell and then the three states can be distigpplied wave form was gradually rising. However, when we
guished very clearly. In the first pulse, the applied voltageapplied a rapidly rising wave form, the twist state coexisted
rose gradually and kept at a high value. Thus, this cell en-
tered the homogeneous state and a higher transmittance was— 15 : . . . . . : . .

obtained. In the second pulse, the fast rising electric field §, homog. .
drove this cell to the twist state and then the smaller phase § 10} — Istate |<_—'|°0§¥a{tsetem|<— ]
retardation caused less light leakage. Figure 2 shows trans- £ 5t k
mission micrographs of the same cell between the crossed Z ’ \ / \
polarizers. The applied wave forms in Fig. 2 are identical § OF ]
with those we used in Fig. 1. The existence of the three states & , . ) ) ) . ) . ,
was also confirmed by these pictures. = T
In our experiment, when the peak voltage of the pulses §° 10F Vpeak=6.5V]
= gl dvide= ]
| 2 0 Y
&
D s ¥y S —Y 50
Time (sec)
(a) Homeotropic state (b) Twist state (c) Homogeneous state FIG. 4. Transmittance of the tristate devigmper tracg The applied volt-

age is in the middle rangeV{e,=6.5V). In the second pulse, the combi-
FIG. 2. Transmission micrographs of the tristate device between twmation of the twist and the homogeneous states results in the variation of
crossed nolarizerga) The homeotropic statgh) the twist state. ané) the transmittance. The rising rate of the first wave form is 50 V/s, The second
homogeneous state. wave form is a square wave.
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20 e A o s R aRRa decay bounce in the TN cell and the rising bounce in the
15t ] homeotropic cell seem to be similar, it should be noted that

the rising the rising bounce of a homeotropic cell is induced by the
jop  bounce external electridor magnetig¢ field, not the elastic force.

The 180° twist state has a lower twist energy than the
other twist and homogeneous states in our tristate device, but
a stable 180° twist state never occurred. Since the boundaries

Applied voltage (V) Transmittance (a.u.)

0 ,

A cause higher splay and bend energy in the 180° twist state, it

10F ] is difficult to form the 180° twist configuration. The response
st Vpeak=8V | time of this tristate device was about 100 ms, but it can be
improved by using a thinner cell gap and choosing a LC

0 material with low viscosity. For specific applications, we can
change the rubbing angle between the top and bottom sub-
I T strates. Thus, a different tristate structure is possible to ac-

complish. Instead of sloping wave forms, the electric driving
scheme for switching between these states can be achieved
FIG. 5. An optical bounce of a conventional homeotropic cell. The upperpy using pulses which have different amplitudes and widths.

trace is the transient transmittance under the crossed-polarizer conditior- e :
The angle between the rubbing axes and the front polarizer is 45 °. The ce“—he driving voltage can be also reduced by using a LC ma

gap is 6.25um. The liquid crystal is ZLI-2806. The wavelength 3s terial which has larger negative dielectric anisotropy.

=632.8 nm and the amplitude of the applied voltage is 8 V. Note an optical ~ In summary, we demonstrated a tristate liquid-crystal de-

bounce appears in the rising period. vice which not only performs as a conventional homeotropic
cell and has the same good dark state, but provides another

with the homogeneous state. These two coexistent staté‘%’iSt state for fu.rther potential applications. Th? b"?le_ﬂOW
g fect plays an important role on the state switching. The

formed domains and then the combination of the domain . . .
resulted in a slow variation of the transmittance. This coexSXPerimental results also show that in a homeotropic cell the
ack-flow effect should be considered. Further studies on

istent voltage region may be reduced by a careful surfact%. liquid tal devi d
treatment in the manufacturing process. IS liquid-crystal device are under progress.
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