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High contrast polymer-dispersed liquid crystal in a 90° twisted cell
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A polymer-dispersed liquid crystal confined in a 90° twisted ¢&PDLC) is demonstrated. In
comparison to a conventional PDLC, the T-PDLC is also polarization independent while exhibiting
a higher contrast ratio. Potential applications of the T-PDLC are in polarizer-free reflective display
and light switch. A black and white segmented-alphabet reflective display using a dye-doped
T-PDLC is demonstrated. @004 American Institute of Physic§DOI: 10.1063/1.1753052

Polymer dispersed liquid crystéPDLC) which does not  cells were studied by measuring the transmittance of an un-
require a polarizer is a promising electro-optic material forpolarized He—Ne laser beam €633 nm) at normal inci-
displays!? light switches’™® and tunable-focus ler’sUsu-  dence. The photodiode detector was placed-20 cm be-
aIIy, PDLC COﬂS'iStS of micron-sized LC droplets Qispersed .irhind the sample; the Corresponding collection anglg is°.

a polymer matrix. The droplets are randomly distributed inThe voltage dependent transmittance curves were recorded
the polymer matrix and their sizes are close to the visiblgy the LabVIEW data acquisition system. The response time
wavelengths. As a result, light scattering which originatesyas measured using a digital phosphor oscilloscope.

from the refractive index mismatch between the LC droplets Figures 1a) and 1b) show the morphologies of the 8
and polymer matrix is strong. A normal mode_PDLC is trans—Mm PDLC and T-PDLC cells, respectively, observed from a
lucent in the voltage-off state. As the applied voltage in-,, 31,64 optical microscope in the voltage-off state. The
creases, the LC directors within the droplets are gradua")()olymer concentratioic) is 30% for both cells. From Figs.
reoriented by the electric field. If the LC ordinary refractive 1(a) and 1b), we find that the liquid crystal droplets in the

index matches well with the refractive index of the pOIymerT-PDLC cell are smaller and more uniformly distributed than

matrix, the film becomes transparent. Depending upon thﬁwose in the PDLC cell. In the voltage-off state, these ori-
applications, PDLC can be prepared with different polymer ' ’

concentrations, typically in the 30—65 wt% range. The I_Cen'teld droplets _nearby Fhe surface alignment layers enhance
inside the droplets has many contact surfaces with polymei'® light scattering efficiency because of the enlarged refrac-
matrix, thus, the operating voltage is relatively high Ve index mismatch between the LC droplets and polymer
(~5 V,me/ wm). Reducing cell gap or polymer concentration matrix. T_herefore, to achleye th_e same light scattering level
would lower the operating voltage, however, the contrast rathe required T-PDLC layer is thinner than that of a PDLC.

tio is reduced accordingly. There is an urgent need to develop 10 evaluate the contrast ratios of the T-PDLC and PDLC

a low voltage PDLC while maintaining high contrast ratio. Cells, we measured their voltage-dependent transmittance. To
In this letter, we demonstrate a polymer-dispersed liquiccalibrate the substrate reflection losses, the transmittance of a

crystal confined in a 90° twisted cellabbreviated as homogeneous cell filled with E48 LC mixture is defined as
T-PDLC) which exhibits a higher contrast ratio than a con-unity. Figure 2a) compares the voltage dependent transmit-
ventional PDLC. Unlike the traditional PDLC cell, our tance of an §«m PDLC (gray ling and a 6.5um T-PDLC
polyimide-buffed substrates are rubbed in orthogonal direc¢dark line cells at the same polymer concentration (
tions, similar to a 90° twisted nematic cell. Due to the larger=40%). The T-PDLC cell has a better dark statevatO
refractive index mismatch, the T-PDLC not only preservesand slightly higher transmittance in the voltage-on state than
the advantage of polarization independence but also exhibi8DLC. Thus, T-PDLC exhibits a higher contrast ratio than
a higher light scattering efficiency. the PDLC even though its cell gap is thinner than that of
In experiment, we mixed UV-curable monomer NOA65
in a nematic LC hostE48,An=0.231 at\ =589 nm). The

monomer mixture was injected into an empty 90° twisted ‘
cell in the isotropic state. The pretilt angle of the LC cell is gt
~3° and the cell gaps atk=6.5 and 8um. For comparison, § ’

a conventional PDLC cell, i.e., the indium-tin-oxidErO)
glass substrates without alignment layer, was also prepare 3&%‘
under the same conditionsl€8 um). In our experiments, [ — BT s
the UV exposure intensity is=60 mW/cnf and curing time (a) (b)
for both cells is 15 min aT=20°C.

The electro-optic properties of the PDLC and T-PDLC FIG. 1. Phase separation morphologiesi@fPDLC and(b) T-PDLC ob-
served from a polarized optical microscope. NOA65:E80:70. Both de-
vices have same cell gap-8 um. The T-PDLC has an- 1.5 smaller and
3E|ectronic mail: swu@mail.ucf.edu more uniform droplet size than PDLC.
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4 6 O A polymer concentration would be lower than that for PDLC.
o Figure Zb) shows the polymer concentration dependent
T trast rafi d aV=20 V) for T-PDLC (tri
NOAG5, wt% contrast ratio(measured avV= ime for T- (tri-

angles and PDLC(circles. From Fig. Zb), as the polymer
FIG. 2. (a) Voltage-dependent transmittance of T-PDl@ark line and  concentration increases, the contrast ratios for both T-PDLC

PDLC (gray ling. LC/polymer mixture: NOAG5:E48 40:60;A=633nm;  gnd PDLC cells increase almost linearly but at different
(b) polymer concentration effect on device contrast ratio. Triangles are for

the 6.5um T-PDLC cell and circles are for the @m PDLC cell. slopes._ For the 6.am T-PDLC, the optimal polyr_ner con-
centration occurs at~40% where the contrast ratio reaches

~35:1. Atc=50%, the droplet size becomes much smaller

PDLC. To understand this phenomenon, we need to considehan the He—Ne laser wavelength. Moreover, the influence of
the surface alignment effect. surface anchoring to these tiny droplets is no longer signifi-

The physical mechanism responsible for the observedant. As a result, the contrast ratio decreases sharply. On the
smaller droplets and more uniform size distribution inother hand, for the g&im PDLC atc=50% its droplet size is
T-PDLC, as shown in Fig.(b), is believed to originate from still ~1.5x larger than that of T-PDLC so that the light
the surface anchoring effect of the buffed polyimide surfacesscattering remains significant. Its optimal polymer concentra-
The strong surface anchoring energy prevents LC droplet§on should occur at a higher level. Increasing cell gap would
from growing and aggregating with the surrounding dropletimprove the contrast ratio for both T-PDLC and PDLC at
during phase separation process. As a result, T-PDLC exhilihe expense of increased voltage. Increasing curing
its a smaller droplet and more uniform droplet distributiontemperatur¥ is another option for improving contrast ratio.
than PDLC under the same polymer concentration and U\However, the response time becomes slower.
exposure conditions. The better droplet uniformity helps to  The response time of the transmissive T-PDLC and
enhance light scattering efficiency when the droplet size i$°DLC cells was measured at room temperature using,29 V
comparable to the wavelength. In Figb}, the droplet size square pulses. In general, the PDLC response time depends
is ~2 um. A 6—7 um cell gap would contain roughly 3 on the LC viscosity, droplet size and shape, and the ratio of
droplets in each crosssection. the applied voltage over threshold voltadéor the 6.5um-

In a T-PDLC, the LC molecules inside the droplets nearthick T-PDLC cell c=40%), the measured rise tini&0%—
the substrates present orthogonal orientation. In the bulk, th@0%) is ~5 ms and decay timé0%—-10% is ~10 ms. In
LC droplets are randomly distributed. Therefore, its lightcontrast, the 40% PDLC has 7.6 ms rise time and 21 ms
scattering behavior in the voltage-off state is also independecay time. The faster response time of T-PDLC originates
dent of polarization, similar to a PDLC. In the low voltage from its smaller droplet sizes. To further improve switching
regime, the T-PDLC cell exhibits a better dark state tharspeed, we could reduce the droplet size by increasing the
PDLC, as shown in Fig. (). The saturation voltage of both polymer concentration or use a lower viscosity LC. How-
cells occurs at~20 V,,s. Thus, we compare the contrast ever, smaller droplet sizes require a higher operating voltage.
ratio at V=20 Vs, i.e., CR=T(V=20)/T(V=0). From Holographic PDLC is such an examfle.
Fig. 2@, T-PDLC exhibits a higher contrast ratio than In Fig. 2, the contrast ratio of the thin transmissive
PDLC. T-PDLC and PDLC cells is insufficient for display or light

In addition to surface alignment, polymer concentrationswitch applications. To enhance contrast ratio, a thicker LC
also plays an important role in affecting the device contrastayer or reflective mode operation can be considered. A
ratio. We have varied the polymer concentration from 15% tahicker PDLC layer would result in a higher operating volt-
50%. In both T-PDLC and PDLC cells, the droplet size de-age. For the interest of keeping operating voltage low, reflec-
creases as the polymer concentration increases. In the saitiee mode is preferred. In a reflective device, the incident
polymer concentration, the droplet size of T-PDLC islight traverses the LC layer twice so that its contrast ratio is
roughly ~1.5x smaller than that of PDLC. Therefore, the increased by a quadratic functich.
optimal polymer concentration for maximizing light scatter- Figure 3 depicts the voltage-dependent reflectance of the
ing (i.e., droplet size is comparable to the laser wavelengthT-PDLC (solid line) and PDLC(dashed linescells with ¢

for T-PDLC and PDLC is different. For T-PDLC, the optimal =40%. The cell gap for the T-PDLC and PDLC is 6.5 and
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8.0 um, respectively. In principle, the reflector should be
imbedded in the inner side of the cell in order to avoid
parallax*® For proving concept, we simply placed a dielec-
tric mirror behind the transmissive cell. To avoid overlap-
ping, the reflected unpolarized He—Ne laser beam was devi-
ated from the incident beam by4°. The collection angle of
the photodiode detector remainssaf°. The inlet in Fig. 3
shows the magnified dark state reflectance. Apparently,
T-PDLC exhibits a better dark state than PDLC, although its
cell gap is thinner. AtV~20 V,,s, the measured contrast
ratio of the PDLC cell is~250:1. For T-PDLC, the mea-
sured contrast ratio is-900:1, which is not too far off from
the square of 35:Xthe contrast ratio of the transmissive

mode. Indeed, double pass significantly improves the device ) ) ) o
contrast ratio FIG. 4. Displayed image using a dye-doped T-PDLC reflective display.
’ . . . . Black dye concentration: 2%, LC/polymer mixture: NOAG65: E480:60,
The dark state of a light scattering-based display is transy=g.7 um, andv=20 V.. A white paper was placed behind the bottom

lucent, rather than black. To realize a black and white dissubstrate to act as a diffusive reflector.
play, we added an~2wt% black dye to thec=40%

high to be used for active matrix display. To avoid image

T-PDLC cell. The cell gap isl~6.7 um. The bottom ITO . . . - :
g “e flickering for active matrix display, the employed LC mix-
electrode was etched into a segmented number “8.” Th . o
ure should have a high resistivity.

T-PDLC cell preparation process remains the same. For dem-

onstration purpose, we placed a piece of white paper behind The authors would like to thank Dr. Sebastian Gauza for
the bottom substrate to serve as a diffusive reflector. Figure Kis technical assistance. This work is supported by DARPA
shows the displayed image &t=20V,,s. The on-state BOSS Program under Contract No. DAAD19-02-1-0208.
T-PDLC is highly transparent so that the reflected image ap-

pears white. Since the display does not require a polarizer;j-\';\) ':Dergasolf\‘lv X?/ Paéefg ’\\‘AC; 4'43£j5é“?42984?- Aol Phve. L 269
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