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712 and 5 7/2 twisted bistable nematic liquid crystal display
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A /2 and 57/2 twist bistable nematic liquid crystal cell is optimized in optics by a parameter space
approach. The cell possesses good contrast ratio, a prefddablealue, a wide viewing angle, and
black—white display. Three switching wave forms can be used to switch the cell betd@amd

5712 twist states. Controlling the selection voltage amplitude can provide gray scales for the cell.
© 2000 American Institute of Physids$0021-897@0)06005-9

I. INTRODUCTION Fortunately, the fact that no optical bounce effect was
found in the(7/2, 57/2) BTN makes it possible to develop a
A bistable twisted nemati¢BTN) liquid crystal (LC)  new BTN LCD with a largedAn. In our previous study, we
cell, electrically switched between two quasistable twisteconly dealt with discovery of the bistability betweeti2 and
states, was discovered by Berreman and Helfirerl981.  5x/2 twist states as well as a partial electrooptic curve of the
Recently, Tanakat al? successfully made use of this bista- (7/2, 57/2) BTN.” In this article, we wish to report further
bility to develop a LC display(LCD). This LCD can be detailed study on its optical properties and its electrooptic
passive matrix driven to show a black—white video graphbehaviors.
array (VGA) image. Since both of its states have in—pIane“_ OPTICAL PROPERTIES FOR A TRANSMISSIVE (7
alignment, the LCD has a very good viewing-angle charac2’5ﬂ/2) BTN
teristic. Therefore, there have been many studies on improv-
ing the BTN LCD3®
A serious drawback of the BTN is its smalAn value

For a transmissive BTN, both bistable twist states are
field-off states, therefore no dynamic calculation of director

(~/2), which requires its cell gap be aboufn. This thin deformation is necessary to optimize the BTN. So a static

. T . parameter space is ideal for analyzing its optical properties.
of a gap can produce an intercell short circuit very easil )
. . . It was previously demonstrated that &,( dAn) parameter
when operating voltagégormally above 20 Yis applied to

the cell. Hence a special technique should be adopted %pace for a fixedr can be used to calculate the contrast ratio
’ SPE que . P f transmissive BTN for any value ap anddAn by calcu-
prevent the short circuit from occurring. In addition, many

waste products can occur in industrial fabrication since it islating the transmittances of and ¢+2m twist states,
P . . separately.Here, ¢ is a twist angled is a cell gapAn is an
very difficult to keep a uniform gap in the cell.

To overcome this drawback, it is necessary to develop optical birefringence, and is the angle between the input
. ' : . olarization direction and the input LC director. Similarly, a
new BTN LCD with a largedAn. In our previous article§® P b y

(a, dAn) parameter space for fixegl can be used to cal-
we reported d—ml2, 3n/2) BN, a(n/2, 5u/2) BTN, and a culate the contrast ratio of @/2, 57/2) BTN for any value
reflective BTN. ThedAn values of those BTNs were 0.76

. . ' of @ and thedAn value. A contrast ratigCR) betweenm/2
0.48, and 0.94um, while their cell gap values were 5, 4.6

. . ' and 57/2 twist states is defined as
and 7 um, respectively. Generally accepted in TN and STN

(super twist nematjcindustrial fabrication, these gap values CR=T(7/2)[T(5m/2)
seem to be suitable for the industrialization of BTN LCDs. or
But an optical bounce effect in both tiie-7/2, 37/2) BTN T(57/2)/T(wl2). (1)
and the reflective BTN was observed in our experiments he formula used depends on which ratio is lardeis th
This effect will bring about a response time above 0.2 s an € formuia used depends o ch ratio 1s fa geis the

: . : . ransmittance that can be calculated using the standard Jones
will cause a flicker when a frame time of 0.2 s is adopted

with refreshing matrix addressing. Moreover, because Ofnatrix of the LC celi In our calculation, the input-light
9 9 ' wavelength\ is 550 nm and the pretilt angleis 0°.

their having great color dispersion, both BTNs are unable to . .
erform a black—white display. Therefore, both BTNs are Figure 1 shows Fhe _dependence of the contrast ra.tma on
P ) ’ anddAn for an equilibrium(#/2, 57/2) BTN LC cell with

unacceptable as new BTNs with a black—white VGA dis- . . .

play. pgrallel-polanzer geometrythe mpu'g an_d oytput polarizer
directors are parallel Each contour line in Fig. 1 represents

an increase of 10 in contrast ratio. Clearly, good contrasts

dAuthor to whom correspondence should be addressed. Electronic maitan be obtained for any value af in a zone aroundiAn

chxie@public.east.cn.net =0.46 um. In this zone, thelAn ranges with good contrast
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FIG. 1. Isocontrast parameter space fof72, 5m/2) BTN with parallel- G 3. Relationship between the transmittance 2, 57/2) BTN and
polarizer geometry. Each contour line represents an increase of 10 in CORA for the «=0° with parallel polarizers. A solid line represents a result

trast. for the 7/2 twist state, and a dashed line that for the’Stwist state.

are slightly wider atx=0°, 90°, 180°, and 270°. For a BTN, tra_msmittance. So a goo_d da_rk state and a reasonably good
the wider itsdAn range with good contrast, the smaller its Pright state can be obtained in the/2, 5m/2) BTN.
color dispersion is, as well as the easier its manufacture will  Figure 4 shows transmittance spectram® and 5r/2
be. Therefore, the optimized points of the/2, 57/2) BTN  twist states for the case afAn=0.46 um and«=0° with
cell should be located at 0°, 0.4@m, 90°, 0.46um, 180°,  Parallel polarizers. It is found that the color dispersion of
0.46 um, and 270°, 0.46um in the (a,dAn) parameter both states was small and S|m|Iar'to that of tBe2m) BTN.
space with parallel-polarizer geometry. The brightness and contrast ratio are sllghtly. worse .than
Figure 2 shows the calculation results of the sdm, those of th€0, 27) BTN. Indeed, a bIacI_<—Wh|te display with
5m/2) BTN cell with cross-polarizer geometry instead of '€asonably good contrast can be obtained for(ti2, 5/2)
parallel-polarizer geometry. The good contrast regions Iool@TN-_ _ o
like four islands and are located around points of 45°, 0.78  Figure 5 shows the isocontrast dependence of viewing
um, 135°, 0.78um, 225°, 0.78um, and 315°, 0.78m, angles.for the(77/2, 5#/2) BTN LC cell lop_erated at its opti-
respectively. Compared with Fig. 1, these regions are mucfal point. In Fig. 5 each contrast ratio is labeled near each
smaller and more sensitive to changesiiin and«. So the contour_llne. E_vu_:iently, a contrast ratio larger t_han 65:1 can
optimal operating point should be selected at 0°, uagfor D€ obtained Wlt.hlr.1 20° in any dllrectl'on, and stlll'better than
a (w2, 5m/2) BTN LC cell with parallel-polarizer geometry. 10:1 contrast Wlth!n 40° in any d|rect|pn. Alternatively, a 45°
lts dAn value of 0.46um is twice that of Tanaka’s operating rotated configuration may be used with a contrast larger than
point. 20:1 from all reasonable horizontal or vertical viewing direc-
Besides contrast ratios, other important criteria for gtions. This viewing characteristic is very similar to that of a
good BTN display are brightness, color dispersion, and'N ceI.I compensated for by dgal domain alignme.nt.. There-
viewing angle. Figure 3 shows the relationship between théore this BTN has a wide viewing-angle characteristic.
transmittance of thén/2, 57/2) BTN and itsdAn value for
a=0° with parallel polarizers. A solid line represents a result!ll. EXPERIMENT
for the 7/2 twist state, and a dashed line that for th&/5 Of course, good optical properties and the actual elec-

twist state. WherdAn=0.46 um, the /2 state reveals near {goptic behavior of the BTN are separate issues. For inves-
zero transmittance, and them2 state shows about 0.38 tigating the latter, we made a cell with a 7° pretilt angle and

90° planar alignment. The cell is filled with a commercial
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FIG. 2. Isocontrast parameter space fo(7#2, 57/2) BTN with cross-
polarizer geometry. Each contour line represents an increase of 10 in coi=lG. 4. Transmittance spectra of2 and &7/2 twist statesdAn=0.46 um,
trast. a=0°, and parallel polarizers.
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FIG. 7. Transmission of the LCQupper paneland applied voltage pulse
(lower panel as a function of time. The wave form in Fig(a is used. The
7r/2 state has low transmission and th&/3 state has high transmission.

turning a voltage pulse off slowly, and ther2 state corre-
sponding to high transmission can be obtained by turning it
off suddenly. In both cases, no optical bounce effect has been
observed, and the response times are 30 and 10 ms, respec-
tively. The contrast ratio measured in the normal direction is
liquid crystal (MLC 7500/000 and a chiral additive CB15, about 20:1. Seemingly, the/2 twist state appears black, and
and itsd/P, value is controlled near 0.@ is the cell thick-  the 5/2 twist state appears white. Both thé2 state and the
ness andP, is the LC inherent pitch The cell gap is 4.6 57/2 state can last for several seconds after the electric field
um. The input polarizer is parallel to the input director as isis removed. After this time they tend to relax to a stabié23
the output polarizer. This is the optimized configuration, asState. Indeed, the/2 and /2 states are metastable states.
discussed above. Figure 8 shows the time dependence of a transmission
Figure 6 shows three pulse wave forms used to switctind applied voltage pulse for the BTN LC cell driven by the
the (m/2, 57/2) BTN. For the wave form in Fig. @), thew/2  wave form in Fig. b). The pulse duration is 20 ms. Appar-
state can be obtained by turning a voltage pulls off slowly,ently, them/2 state can be obtained by a weaker py&/)
and the 57/2 states can be obtained by turning it off sud-and the 5r/2 state by a stronger pul¢20 V). We can adjust
denly. For the Fig. ) wave form, the different pulse am- the amplitude of the voltage pulse to select one of two meta-
plitude accomplishes the switching betweef? and 5r/2  stable states. This wave form is the simplest and would be of
twist states. The wave form in F|g((6 consists of a reset great significance if it would work well. Unfortunately, dur-
pulse to switch LC molecules to a near-homoetropic stateNd passive matrix addressing, the weaker pulse cannot
followed by a selection pulse to select one of two metastabléwitch the cell from the initial 3/2 state to then/2 state, it
states. This is the same as the wave form used by Tanal&n only switch the cell from the782 state to ther/2 state.
et al? The selection time in the wave forms in Fig(cp  Therefore this wave form is not suitable for practical driving.

FIG. 5. Isocontrast dependence of the viewing angle far/a, 57/2) BTN.
dAn=0.46 um, «=0°, and parallel polarizers.

is much shorter than that in the wave forms in Fig&) 6 Figure 9 shows the time-dependent transmission curve

and Gh). and the voltage pulse for the BTN LC cell switched by the
wave form in Fig. éc). For this measurement, the rest time is

IV. RESULTS AND DISCUSSIONS fixed at 22.5 ms with amplitude fixed at 20 V. The selection

time is fixed at 7.5 ms and the selection voltage amplitude

Figure 7 shows the time dependence of a transmissioBjternates between 0 and 8 V. Thé2 state is clearly ob-
and applied voltage pulse for the BTN LC cell switched byigined fa 0 V and the 5r/2 twist state for 8 V. Being some-

the wave form in Fig. @). Obviously, then/2 twist state  what complex, the driving wave form in Fig(e is the most
which corresponds to low transmission can be obtained by
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(a) (b) (C) FIG. 8. Same as in Fig. 7 but with the wave form of Figb)6as the

switching pulse. The pulse duration is 20 ms. The weaker pulse amplitude is
FIG. 6. Three pulses wave forms used to switch (th&, 57/2) BTN. 8 V and the stronger pulse amplitude is 20 V.
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FIG. 9. Same as in Fig. 7 but with the wave form of Fidc)6as the \’j(l)(l-?él:v;ip;tic;rll festw::rfi(gnixlgrgyvscale levels produced by a selection
switching pulseVr=20 V, Tr=22.5 ms, and's=7.5 ms. g -

) ) o ened b 2 s since the disappearance of every gray scale needs
suitable and most practical for switching the BTN cell be- g5t 2 s(Fig. 11). Although Bock reported an analogue
cause it can be easily divided into a common scanning sign%]ray scale effect in €0, 2m) BTN very recently, it is thought
and segment data signal to facilitate passive-matrix addresgs pe the first time that a gray scale effect irf7a2, 5m/2)
ing. Actually this wave form has been successfully applied tqg TN has been found. The crosstalk immunity and multiplex-

0 and 2r twist BTN LCDs by Tanakat al. We believe that - gpjjity of the (m/2, 5m/2) BTN LCD will be investigated in
the wave form in Fig. &) is also suitable for/2 and &7/2 the future.

switching. o So far we have been successful in observing bistability
Figure 10 shows the dependence of transmission of thg; he (w2, 5m/2) BTN in samples within d/P,

BTN on the selection voltage amplitude. The reset pulse and. 5 gg_(.94. Although thigl/ P, range is narrower than that
duration of the selection pulse are the same as those in Figs e (0, 2m) BTN, whend/P,=0.92 andd=4.6 um, the
9. There exists a finite amplitude range between 1 and 11 Y7T/2: 5m/2) BTN could be made into a practical device if its

for selection of them/2 state. Beyond this range, ther/@2 ¢ thickness uniformity can be controlled to withikd
state is obtained in range of below 1 or above 18.5 V. Inter— 4 g 1 um.

estingly, a slow transition between 11 and 18.5 V has been
observed to make a better gray scale.
Figure 11 shows the optical response of six gray scalé/' CONCLUSIONS
levels produced by a selection voltage variation between 4 In summary, we have developedm2 and /2 twist
and 18.2 V. None of the gray levels can stay at a fixed levelBTN LCD that possesses a high contrast ratio, wide viewing
After the electric field is removed, each gray level will angle, and black—white display. Passive-matrix addressing
change gradually and disappear. So gray leveld7f2, can be used to drive tHer/2, 57/2) BTN cell and to perform
57/2) BTN are metastable. The refresh time can be lengtha gray scale which was found /2, 57/2) BTN LCDs.
Since it has a large cell gap, the/2, 57/2) BTN LCD could
be put into industrial fabrication more easily.
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