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Dual-frequency liquid crystal gels with submillisecond response time
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Two types of gels using dual-frequency liquid crystal are demonstrated. The one using a
homogeneous cell shows anisotropic scattering behavior while the other prepared using a cell
without polyimide alignment layers exhibits isotropic scattering properties. Both liquid crystal gels
are highly transparent in the voltage-off state. Light scattering occurs when a high frequency voltage
is applied. The isotropic gel exhibits a high contrast ratio and submillisecond response time.
Potential applications of these gels for switchable polarizer, telecom optical switch, and reflective
displays are emphasized. Z)04 American Institute of PhysidDOI: 10.1063/1.1799249

Liquid crystal (LC) gel (also known as polymer- monomer mixture was irradiated by an UV lighta
stabilized LG which normally consists of 3—8 wt % poly- ~365 nm under the application of a bias voltag®,
mer in a nematic host exhibits an anisotropic light scattering=15V,,,J across the cell so that the LC and monomer mol-
behavior and has been used_as switchable polarizer, lighicules were oriented at nearly perpendicular to the sub-
shutter, and reflective displdy’ By reducing the domain strates. As a result, the formed chain-like polymer networks
size, light scattering could be eliminated in the near infraredare along the electric field direction. The UV curing intensity
spectral region. Such a LC polymer network exhibits a fastvas| ~20 mW/cn? and curing time~10 min.
response time except for the increased operating voftage. We measured the transmittance of both LC gels using a
Both reverse-mode and normal-mode LC gels have beeAe—Ne laser beam at normal incidence angle. The laser beam
developeds.’9 The reverse mode gel is highly transparent indiameter is ~1 mm. A photodiode detector was set at
the voltage-off state. As the voltage exceeds a threshold, the 25 cm away from the LC sample, which corresponds to
gel is switched into a multidomain structure and the incident:1° acceptance angle. A linearly polarized He—Ne laser was
light polarized in the rubbing direction is scattered. For aused for studying the anisotropic scattering behavior of the
homogeneous alignment gel using a positive dielectric aniscthkomogeneous gel and an unpolarized He—Ne laser was used
tropy (Ae>0) LC, the contrast ratio could exceed 2000:1, to characterize the isotropic DFLC gel.
depending on the curing conditiohsiowever, the device is Figure 1 shows the voltage-dependent transmittance of
polarization sensitive. For a homeotropic alignment gel emthe 8 um homogeneous LC gels at two monomer concentra-
ploying a negativeAe LC, the contrast ratio is only-10:1  tions(c), c=5 and 7 wt %. The 100% transmittance in Fig. 1
for an unpolarized Iigthhe response time of both gels is represents the laser transmission of apr8 homogeneous
~10 ms, depending on the LC material employed and poly<ell filled with the DFLC mixture alone. In the gel experi-
mer concentration. ment, the laser polarization is parallel to the LC rubbing
In this letter, we demonstrate fast response time and higHirection. In the voltage-off state, the polymer networks align
contrast ratio gels using a dual-frequency liquid crystalLC molecules perpendicular to the substrates, similar to a
(DFLC).*® For a homogeneous gel, the light scattering ishomeotropic LC cell shown in Fig. (8. When a low-
anisotropic. However, for a DFLC gel prepared using sub{requency(f=1 kHz) electric field is applied to the cell, the
strates without alignment layer, the light scattering is inde-LC molecules are aligned more ordetjyerpendicular to the
pendent of polarization and the response time-&8 ms. substrates As a result, the transmission is slightly increased,
The LC gels were fabricated by photopolymerizing the
DFLC/monomer mixture. The DFLC mixture we employed

consists of some biphenyl esters and lateral difluoro tolanes. 1.0 |
Its physical properties are summarized as follows: cross-over & 08 | TrTmremee
frequency f.~5 kHz, birefringence An~0.277 (at \ § Tl
=633 nm andT=22 °C), and dielectric anisotroppe=6.6 £ 06 +
at f=1 kHz andAe=-4.1 at 50 kHz. Two samples with 5 E 04 i
and 7 wt % monomer concentration were prepared. The pho- & L
tocurable monomer used in this study is bisphenol A = 02 7
dimethacrylaté’.The LC/monomer mixture was filled in the 0.0 I

cells with gapd=8 um. In our experiment, two types of LC 0
cells were studied: one has homogeneous alignment and the

other has no polyimide alignment layer. For the homoge-

neous cell, the inner SurfaceS.Of the _|nd|um.-t|r.1-OX|de glaS%IG. 1. Voltage-dependent normalized transmittance of the homogeneous-
substrates were overcoated with a thin polyimide layer andiigned DFLC gels at different monomer concentrations. Solid and gray

buffed in antipara||e| directions. In both cells, the LC/ lines are forf=50 and 1 kHz, respectively, and polarizatibtio the cell
rubbing direction. Dashed lines are for5 wt % andf=50 kHz, but polar-
ization L to the cell rubbing direction. Cell gag=8 xm, A=633 nm, and
3Electronic mail: swu@mail.ucf.edu T=22°C.
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FIG. 2. Schematic representation of the operating principle of The bias voltage during the curing process also affects
homogeneous-aligned DFLC gel®) Voltage-off state andb) voltage-on ~ the performance of the DFLC gels. Figure 3 plots the
state. The arrows in the substrates indicate the rubbing directions. voltage-dependent transmittance of theu® DFLC gels at

4, 8, and 15V, bias voltage. When the bias voltage is suf-
N . ficiently higher than the threshold of the pure LC, most of
as shown by the gray Ime in Fig. 1. If a h'gh, frequer(cty the bulk LC molecules are reoriented perpendicular to the
=50 kH2 voltage is applied, the DFLC exhibits a negative g hsirates. The resultant polymer networks are in a more
dielectric anisotropy. The cell is equivalent to a negative LCordered structure. If the bias voltage is too low, the cured LC
in a homeotropic cell. As the applied voltage exceeds gnolecules have a tilt angle with respect to the substrates. Its
threshold(~12 Vs for the c=5 wt % ge), the LC mol- - pright and dark states are not as good as those with high bias
ecules are switched into a multi-domain structure, as illusyojtage, as depicted in Fig. 3.

trated in Fig. 2b). Thus, light scattering takes place and  Tq fabricate a polarization-independent DFLC gel, we
transmittance beginS to decrease. The LC dil’ectOI’S in diﬁermject the LC/monomer mixture into a Ce” W|thout po|y|m|de
ent domains have different orientations. The resultant refracalignment layer. Figure 4 plots the voltage-dependent trans-
tive index mismatch scatters light at the interfaces betweemittance of such a DELC gel. The monomer concentration is
domains. Due to the antiparallel alignment layers on the subs wt % and cell gap d=gm. At V=0, the DFLC gel is in
strates, the LC molecules will be reoriented in #3& plane.  the uniform homeotropic state, similar to that shown in Fig.
For the light with polarization perpendicular to the rubbing 2(a). The incident light propagates through the cell without
direction, it encounters the ordinary refractive indexin scattering. When we apply an electric field with 50 kHz,
both voltage-off and -on states. This ordinary ray passethe LC molecules are tilted away from the field direction.
through the cell without being scattered. On the other handThe LC/polymer composite is switched to a multidomain
the light polarized along the rubbing direction is scatteredstructure. The gel becomes optically nonuniform and there-
The measured contrast ratio 18360:1 for thec=5wt%  fore scatters the incident light. Since there is no preferred tilt
sample. direction, the LC directors in the polymer network domains

To measure the response time of the DFLC gel, we couldre randomly distributed in the—y plane, as shown in Fig.
switch voltage at a high frequency or switch frequency at &. The gel is polarization-independent and can be used as a
fixed voltage. In the case of switching voltage between 0 andiroadband light shutter. For the=5 wt% gel with d
30 Vs (=50 kH2), the rise time was measured to be 2 ms,=8 um, the contrast ratio was measured to-b#60:1 for
and decay time 21 ms. The faster rise time is due to théhe unpolarized He—Ne laser beam. A better dark state can be
voltage assisted molecular reorientatfonf we fix the volt-  achieved at a higher voltage.
age at 30V,,s while switching frequency between 1 and The response time of such an isotropic DFLC gel was
50 kHz, the rise and decay time is reduced to 2 and 5.5 mdgneasured. If we switch the applied voltade50 kH2) from
respectively. At the translucent state, the gel scatters the ligtt t0 50V;,s the rise time is 0.8 ms and decay time is
polarized along the buffing direction so that the transmittedlO ms for thec=5 wt % sample. The observed response time
light remains linearly polarized. Such an anisotropic LC gel
can be used as a white light switchable polarizer or reflective
display?

The polymer concentration plays a very important role
affecting the contrast ratio and gel stability. A too small
monomer concentration results in lower density polymer net-
works and weaker polymer anchoring force, which makes
the polymer network unable to hold the LC molecules per-
pendicular to the substrates. In our experiment, we found if 0.0 — LN ,
the monomer concentration is below 5 wt %, the gel be- " 10 20 0 40 0 60
comes irreversible after having been switched for several Voltage, V
cycles. On the other hand, a high monomer concentration Toms
leads to an increased threshold voltage. From Fig. 1, theig. 4. voltage-dependent normalized transmittance of the no-alignment

threshold voltage of the 7% LC gel 520 V1o DFLC gels with monomer concentration of 5 wt % in anuéh cell.
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FIG. 5. S(I:hematic relpresentation of thhe o]E)erating prinfciple Iof go-allignment 400 500 600 700 800
DFLC gels in a voltage-on state. The frequency of applied voltage is
50 kHz.g ’ K Y PP ’ Wavelength, nm

FIG. 6. The spectral bandwidth of ang8n no-alignment DFLC gel. Upper
of the isotropic gel is about2 faster than the corresponding trace:V=50V,nsat f=1 kHz; lower traceV=50 Vs at f=50 kHz.
homogeneous DFLC gel. In the homogeneous cell, the
buffed polyimide layers tend to align LC molecules paralleldevices exhibit a high contrast ratio and fast response time.
to the rubbing direction, but the polymer networks draw theThese LC gels can be used as a switchable polarizer and light
LC directors perpendicular to the substrate. These two conshutter.
peting torques lead to a slower relaxation time. When we . .
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