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Vertical alignment liquid crystal cell with optically compensated splay
configuration of the liquid crystal
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We have observed a phenomenon associated with a transition from vertical alignment to an optically
compensated splay structure. With rubbed homeotropic alignment in parallel directions, the device
shows vertical alignment but the liquid crystél<Cs) are twisted 180° in the absence of an electric
field. Depending on the voltage applied, two different configurations of LCs are possible. After
applying a critical voltage, the LC configuration becomes splayed such that the middirector lies
parallel to the substrate and around it, and a hybrid structure forms symmetrically. A method for
obtaining the transition and the electro-optic characteristics of the device is discuss&f040
American Institute of Physics[DOI: 10.1063/1.1652230

Liquid crystal displaygLCDs) play an important role in  was coated on indium—tin-oxid¢TO) deposited glass sub-
human to machine interfaces. At present, twisted nematistrates where the electrode area was f. dhe rubbing was
(TN) LCDs are mainly used for portable notebook comput-done on top and bottom substrates in parallel directions to
ers. However, they show limited viewing angles due togive a pretilt angle of 89°. Both substrates were assembled to
asymmetric director alignment in the gray scale, which limitsprovide a cell gagd) of 5.3 um. Then the LC had negative
their application as a replacement of the cathode-ray-tubdielectric anisotropy of-4 and birefringence of 0.077 at 589
(CRT) monitor. To be competitive in image quality with the nm was filled into the cell at room temperature.

CRT in monitor and television markets, the viewing angle  The test cell made was observed under optical polarizing
range should be increased and response time of less than r8croscopy by applying a sine wave voltage of 60 Hz. First,
ms is required. Recently several new nematic LCD modes tthe rubbing directiofRD) of the cell is coincident with one
overcome the narrow viewing angle have been introducedbf the transmission axes of the crossed polarizer. Before volt-
Among them are film-compensated TN using discotic liquidage is applied, the cell shows a good dark state, indicating
crystals® in-plane switching(IPS),>® multidomain vertical the LCs are almost vertically aligned as shown in Fi@).1
alignment (MVA),*®> optically compensated bending When voltageV is applied above threshold voltayg, of 2.7
(OCB),b~8 and fringe-field switchingFFS.>*°Among them, Vs, the transmittance starts to increase, but disclination
the OCB mode exhibits the fastest response time, less thdimes occur, indicating some collisions between the LC mol-
10 ms, due to flow acceleration effects; thus this device icules as shown in Fig(l). Here, the picture was taken 1 s
one of the strongest candidates for LC television applicationafter applyingVy, and then as the voltage was increased
In the OCB mode, the LC has splay alignment at the initialgradually to high voltage/y of 20 Vs, the disclination
state and when a voltage is applied to the cell, it transits to éines disappear, giving rise to uniform transmittance bluish
bending state, but time is required for the transition from thewhite in color as shown in Fig.(&). Then the voltage was
splay to bending state. By applying an initial voltage setting,released to zero and initial vertical alignment of the LC was
the transition time can be controllétOptical switching of a
white and a dark state in the OCB cell is obtained in the

bending state by controlling voltages and the device with the - _ Y -
help of a self-compensation structure. Optical compensation NS

films shows wide viewing angléeg.

In this letter, we propose a LCD mode with an optically
compensated splayOCS structure achieved from vertical
alignment at the initial state. We describe how a vertically

&
aligned cell can be transited depending on the voltage ap- \ v, -

plied so the OCS structure is obtained, and also discuss its
electro-optic characteristics evaluated by simulations. @ ©
For cell fabrication, a vertical alignment layer from Ja-
pan Synthetic RubbeiJALS-696 with thickness of 700 A FIG. 1. Optical microscopic image of the texture depending on the voltage
applied. When the voltage applied starts to increase from zero to larger than
Vi, and high voltage the transmittance starts to increase. However, when
dAuthor to whom correspondence should be addressed; electronic maihigh pulse voltag®/y is applied, a new domain starts to form and extends to
Ish1@moak.chonbuk.ac.kr the whole area if the voltage decreases figmto V, .
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FIG. 2. Optical microscopic image of the texture when the rubbing direction - ; , ' - <v— _T

makes angles of 0°, 45°, and 90° with transmission axes of a crossed polar- 5 | L L j’
izer for the twist(a) and splay(b) states. ! / ‘ ! !

(a) ()

Obta'_nEd' Interestlngly, When pulse voltadg as high as 50 FIG. 3. Possible configuration and deformation of LC molecules as a func-
Vims is applied to the cell instantaneously, an abnormal phetion of the voltage applied for a parallel rubbed vertically aligned dell:
nomenon occurs: Under observations of the cell with thé-C with 180° twist from top to bottom antb) LC without twist. Here,»
rubbing direction coincident with the polarizer’s axis, closedindicates a flow direction by deformation of the LCs during the transition.
loops appedr first and near the line of loops some dark
domains start to occur, as shown in Figd)1 The size of the on the well-known Freederickz transition using elastic con-
dark domains becomes larger and they can be acceleratedtifiuum theory** The first configuration can be considered to
the voltage pulse is applied continually or a higher voltagebe vertical alignment but with slightly bent deformation and
pulse is applied, or the voltage decreases to a low value of twist angle of 180° from top to bottom, as shown in Fig. 3.
V. Finally, the domain covers the whole area and the celln this structure, when voltage larger the(, is applied, the
becomes completely dark if the voltage decreases¥,,3  LC tilts downward and twists. The second configuration can
after 3 min, as shown in Fig.(&. The texture in Fig. () be considered a splay structure with no twisting of the LC,
was stable and remained that way as long as voltage largéthere the middirector lies parallel to the substrate and
than 3V, was applied. around it the LC has a hybrid structure with mirror symme-
From the observations, we think of two possible statestry. Here, the tilt anglé® along the LC layer can be given by
First, in normal operation, the LCs tilt down in three dimen-®(z)=x/d (z—d/2), so that® is zero at midlayer
sions and twist, and thus transmittance occurs. Second, in thed/2) and is almost 90° vertically aligned at both surfaces.
domain generated, the LCs tilt down in two dimensions andpith a further increase in voltage, the LCs try to align par-
thus the black state is obtained under crossed polarizers. Tilel to the substrate except for the surface since the LCs
confirm the LC configuration, the cell with the white state with negative dielectric anisotropy become oriented perpen-
achieved by applying voltage of 20, was rotated 0°, 45°, dicular to the field and, in general, the LCs are anchored
and 90° under a crossed polarizer and in all directions; transstrongly on the polymer surface. In switching the transmit-
mittance occurs but changes periodically as shown in Figtance using this deformation, the cell may show a fast re-
2(a). This indicates that the linearly polarized light that sponse time because the flow directidms in the top and
passed through the polarizer becomes elliptically polarizedpottom halves of the cell are the same, like those in the OCB
due to the fact that the LC molecules deform in three dimeneell. Next, we calculated the transmittance of the cell with
sions when voltage is applied. However, when voltage of 2Qwist and splay configuration by rotating the cell under
Vims Was applied to the cell with the dark state in Fige)l crossed polarizers. As shown in Fig. 4, the transmittance al-
the dark state remained the same and now when the cell ternates without extinction of the cell with twist but with
rotated 45%that is, the rubbing axis of the cell makes a 45° extinction of the cell with splay depending on the angle be-
angle with the transmission axes of the crossed polarizertween the rubbing direction and the crossed polarizer axis.
the cell appears to be white, and again becomes dark when it
is rotated 90°, as shown in Fig(l®. This clearly indicates

that in the domain generated the LCs are deformed in two 0.4+ — ‘“;is‘
dimensions so that linearly polarized light passes through the ] , N spay
cell without a change of polarization state when the rubbing : y o ~

axis is coincident with the polarizer axis, thus giving rise to

a dark state. Further, the transmittance for the cell that makes

an angle of 45° with the crossed polarizsee Fig. 2b)] was

observed in each diagonal direction, and it shows a change in

symmetry when the polar angle changes upward and down-

ward, indicating that the LC has a symmetric configuration ]

around the middirector. ) ) - L .
In order to understand what kind of LC configuration 0.0 R VA VA R A

shows such transmittance characteristics in two different 0 90 180 210 360

cases, we performed computer simulation. The simulation Rotating angle ( * )

conditions are the same as those in experiments. Deformaqg. 4. Transmittance as a function of the angle between the rubbing axis

tion of the LC with a bias electric field is determined basedand the crossed polarizers for the twist and splay states.
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FIG. 5. Calculated voltage-dependent transmittance curve of the film com-
pensated OCS cell.

. . . 2700
This matches the experimental results exactly, proving that 270
for the cell with splay configuration the LCs deform only in FIG. 6. Calculated isoluminance curves when the transmittance at normal
the y—z plane; thus when the transmission of the crossedfirection is 50%.
polarizer makes angles of 0° and 45°, the cell appears to be ) ) S
black and white, respectively. age. The device has good potential for application in displays
Using the cell with splay configuration, an electro-optic v_vhmh require a_W|de viewing angle, ce_II fabrication is rela-
LC device can be made. In order for the cell to modulatetiVely easy and it has a fast response time.
light effectively, the difference in phagé) of the cell should 'S H. Lee. S. H. Hona. J. M. Kim. H. Y. Ki 43V Lee. J. Su3
be modulated from 0 ter or 7 to 2 under a crossed polar-  Jig ('20%% -1 hong, . WL Rim, LT Bim, and S Y- Lee, S,
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tion with retardation value of 220 nm. a good shaped N. Koma, Y. Yaba, and K. Matsuoka, Tech. Dig. Pap. Society for Infor-
pensa . . ) _g Ped mation Display International Symposium, 1995, p. 869.
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; : ; ; formation Display Int. Symp., 1998, p. 1077.
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