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Bistable bend-splay liquid crystal display
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A bistable liquid crystal display based on the bend and splay configurations has been demonstrated.
This display can be switched between the bend and splay deformation in a three-electrode
configuration and has infinite bistable lifetime. It also has wide viewing angles, excellent contrast
ratios, and very fast selection. Selection electric pulse duration afs5€an be used to switch this
display, implying the possibility of a high information content applications2@4 American
Institute of Physics[DOI: 10.1063/1.1810215

Liquid crystal displays(LCD) that exhibit two stable trodes, so that no AT structures are needed and fast optical
states under zero voltage bias are desirable for many practiesponses can be achieved. The BBS presented in this letter
cal applications. Such displays can be used in e-books asas demonstrated using a Si@lignment layer.
well as other low-power or even no-power devices. Addition-  For a parallel-aligned LC cell, the configuration will
ally, bistable displays can be addressed using simple passi&ow bend and splay bistability when they have the same
matrix multiplexing schemes without any cross-talk prob-€lastic deformation energy. As is well known, the elastic en-
lems. Thus they are attractive alternatives for making lowergy per unit wall area of a no-twist LC is given by
cost high resolution displays without active matrix address- d _
ing. Several bistable display technologies have been pursued, g - lf (K1 COZ 0+ Kag Sir? 6) 62dz, (1)
including bistable cholesteric display, bistable twisted 2J,
nematic display(BTN),>™ and ferroelectric liquid crystal
displaysﬁ. For the BTN, there are several variants with ar
2 twist angle difference between the two stable states. Th )
zenithal bistable displagZBD) is interesting in that the sur- zinside the cell. . . . _—
face anchoring condition can give rise to either a homeotro-. U_n(_:Jer the condition tha#(z) 'S a T‘ea”y linear distribu-

- g €0 ; 97 : - 0t|0n (it is true for most LC materiajsif the splay and bend
pic or homogeneous alignmentAnother bistable display lis h th lasti d th it |
that relies on surface anchoring switching has also bee els have the same elastic energy and the pretilt angles on

demonstratel.Each technology has its own merits and dif- oth sides of the cell are the same, then the following equa-

ficulti : : tion can be derived:
iculties. All are being pursued actively at present.

Another interesting bistable_ quuic! crystal di;play device (Kas— Kq0)Sin 20+ (7 — 4a)(Kgs+ Kqq) = 0, 2)
based on bend and splay configurations was first developed
by Boydet al.in 1980° It was shown that the bend and splay Where« is the pretilt angle.
alignments could be bistable under some special alignment BY solving this equation, the condition for the pretilt
conditions. But in that device, both the top and bottom elec2ngle such that the splay and bend deformation energies are
trodes were interdigital. Special surface alignment patternf’e¢ same can be obtained. For example, for MBBA,
with alternative tilt(AT) structures were needed. The optical Kss/K11=1.3. Hencea is about 47°. In general it can be
difference between the bend and splay states had to B&'OWN thatx is always between 45° and 58° for all values of
achieved by the use of pleochroic dye dopants, so the displd§ss/ K11- Under the condition that Eq2) is satisfied, bista-
was colored and its optical contrast was poor. As well, thedility can be obtalngd. Actual_ly bistability can be achieved
switching voltage was extremely high~70 V) and the V€N if the deformation energies for the bend and splay cells

switching time was long81 m9. Practical devices were not ?re Sl'tghtl¥ dg]erent. -ll—lhlerel' IS actu?IIy a(??therltp_osstlbl_e tcon-
oursued due o these drawbacks. iguration for the parallel-alignment condition. It ismatwis

In this letter, we shall present a bistable bend—splay dis—ce"' It can be proved that this-twist state has a much

, . . higher total elastic energy than both bend and splay state and
play (BBS.)' Such b|staple d|splay device can ShO.W gOOdthus can be ignorejc?. However, if sufficient chiral dopants
b Iack—whlte. contrast without using any pleochroic dyes'are added, then the-twist state and the splay state will be
AIS.O the SW'tChmg voltage can be as low as .10 V and theoistable. In this case, this is just theBTN.? In this letter,
switching time can be as short as @6. This display can

. . . . the LC is not doped.
therefore be driven by conventional driver electronics. The™ ™ . large pretilt angle that is required for bend—splay

switching is achieved by a combination of horizontal andbistability can be obtained in one of several ways. It has been

vertical electric fields where the horizontal electric fields arereported that both photoalignméh?and normal polyimide

produced using only one set of interdigital electrodes. Th‘?ubbingls'“ can be used to produce pretilt angles from 0 to

alignment direction of liquid crystal molecules is also con-gge  aAnother method that can produce strong anchoring at
trolled to be perpendicular or parallel to the interdigital elec'large pretilt angles is by means of Si@/aporatioﬁ.s*lﬁThe

latter method is more controllable and is adopted in this
¥Electronic mail: eekwok@ust.hk study. For depositing the SjCalignment layer, the glass

whereK,; andKs; are the splay and bend elastic constants,
Eespectivelyﬂ is the tilt angle which is a function of distance
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FIG. 1. The basic BBS cell structure.

Bottom Glass

plate with ITO electrodes was coated by oblique S@apo- The driving method is shown in Fig. 2. The top electrode
ration at an evaporation angle of 85°. The thickness of thés biased at a common voltadé. Electrical pulses are ap-
SiO, layer was 60—150 nm. Under this condition, the pretiltplied to the interdigital electrodes. The opposing digits are
angle was around 45° as measured by the traditional crystgliven voltages oi; andV,, respectively. The combination
rotation method. The experimental data reported here are adif V;, V, andV, can produce either a vertical or horizontal
based on such Sialignment layers. electric field on the liquid crystal molecules. In the simplest

The basic cell structure of the BBS display is shown incase,V, is kept constant at ground. Two electrical pulse
Fig. 1. It was essentially a three-terminal device consisting ofrainsV; andV, are applied to the bottom electrodes. When
the top common electrode and the interdigital bottom elecV; andV, are the same, the electric field inside the liquid
trodes. The bottom interdigital electrodes were made of ITCcrystal cell is in the vertical direction. This results in a ho-
with 4-um-wide fingers at a spacing of 8m. Thus the pitch meotropic alignment of the LC molecules. When these elec-
was 10um. The cell gap was 3.2m and Merck liquid crys- tric fields are released, the LC molecules near the top and
tal ZL15700/7500-000 was used in our experiment. The LCbhottom alignment layers will re-align and introduce a surface
alignment direction can be either parallel or perpendicular tdlow in the same direction. Then the liquid crystal alignment
the bottom interdigital electrodes, as shown in Fig. 1. Thewill favor the bend state. The switching behavior of the LC
performance for these two different alignments can be quitenolecules in this case is independent of the alignment direc-
different. tions.

Optically, the BBS cell behaves as a typical electrically =~ WhenV; is opposite in sign td/,, a nonuniform hori-
controlled birefringent display. The two bistable states havezontal electric field is introduced inside the liquid crystal
different birefringence. The bend state, with a smaller birecell. This nonuniform transverse field will introduce an elas-
fringence, is chosen as the dark state. The transmission i& stress. The switching behavior of the LC molecules in this
given by case will depend on the alignment direction on the substrate

. . . surfaces. For an alignment direction perpendicular to the bot-

T=cos(a~ ) = sin 2 sin 2y sir? 5, ®) tom interdigital electrodes, the movement of the LC is al-

wherea andy are the polarizer and analyzer angléss the ~ most in the original LC alignment plane wh¥h andV, are

phase retardation of LC cell given by on. The field-induced elastic stresses are bend and splay
g stresses. Conversely, if the alignment direction is parallel to
5= EJ (n(6) = n.)dz (4) the bottom interdigital electrodes, the LC molecules will ro-
N ¢ o tate 90° first wherV; andV, are on. The field-induced elas-

tic stresses are mainly twist elastic stress. These field-
By simulation, it is shown that the optimal contrast andinduced elastic stresses are released by disclination lines.
brightness can be obtained witldan value of 0.31um and  \jth the propagation of the disclination faults, the final splay
a and y=£45° to the alignment direction of the liquid crys- state will be formed. If the LC is reasonably doped, the erase
tal. of the twist stress will give faster switching. For a passive
matrix driving, V. will also participate in the driving process

and can act as the addressing electrode.
gl 000000 0a0000000000000000000 In our first experiment, rectangular pulses of voltage
U(=|V4|=|V,|) and durationr are applied. The bend-splay
i switching results are shown in Fig. 3. Heté=27V and r
viel L I J v =1 ms. It can be seen that the transmission of the BBS cell
Bend _—Hl'l-— \ / \,“_ Splay o § Dol
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FIG. 2. The voltage driving scheme. FIG. 3. Switching behavior of the BBS display.
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FIG. 4. Transmission spectra of the splay and bend states.

FIG. 6. The driving voltage required as a function of the duration of the

can be switched back and forth between the bend and splasﬁ?IeCtion pulses.

states. Figure 4 shows the experimental transmission speci{a
of the splay and the bend states. It can be seen that tf}gz
wavelength dispersion for this display is quite small. The

dark state IS quite dark, giving an experimentally MEeASUreqyq seen that the smallest duration in our experiments that can
C.R of 45. Flgqre 5 shows one of our sample BBS dlsplay_s 8l chieve bend—splay switching is 5. However, over 85 V
different viewing angles. It can be seen that the VIEWINGis heeded for that pulse duration. For a 1 ms switching pulse,

angle is quite good. AISO it is ppsgible tq improve the CONthe voltage needed is 27 V. The voltage needed for switching
trast further and the light transmission efficiency by adding g < 3 2 um cell is less than 10 V for a 10 ms pulse. This is

half-wave plate between the polarizers. From theoretici : PR . . :
simulations, aCR of over 200 can be achieved with whitea\évlglclztfour:tiﬁg for a matrix display using conventional driver
light illumination. So optically, the BBS display has quite In summary, a bistable bend—splay display has been

golod E[yergorrganc$.r;fhe ct)Etlctal reslponses aret_qum? fast. I:(%remonstrated. Such a display has good viewing angles, ex-
spiay 1o bend swiiching, the typical reSponse time IS aroun®qiant contrast ratio, very fast selection, and low operating

1ms, mdep_end_ent pf the a"gnm?”t directions. The reason fQ;oltages than most of the other bistable displays. A selection
the fast switching is that there is no backflow effect at all. ulse of 50us is possible, implying that at a frame rate of
;ge refspotr;]se t'mtlal florl_bend t?ds_,pla%( switching is aroun 0 Hz, 400 lines can be multiplexed with no cross talk. 4000
mos or e_parate r;ugnment lrtehc lon. th ¢ ines can be multiplexed if the frame rate is relaxed to 5 Hz.
ne very important parameter that measures e USeiiey;q i excellent for a high resolution text display. If the

ness Qf a bistable (_1|splay is the SW'tCh"?g speéfhe resolution can be reduced, the driving voltage can be reduced
switching pulse duration and the response time are dlffere% a reasonable level as well

issues. We varied the duration of the driving puls¥s and

, and measured the minimum voltage needed for switching
both states. Figure 6 shows the experimental results. Gen-
rally for a shorter pulse, a higher voltage is required. It can
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