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Microdeflection liquid crystal display modes that use eight-division electrodes are investigated. According to the multidomain
formation of the eight-division structure, a wider viewing angle and gentler decay of transmittance versus voltage characteristics
are expected. Under He–Ne laser irradiation, the threshold voltage of the transmittance versus voltage characteristics depends
on the polarization direction of the incident light in a manner similar to that of previously reported microdeflection liquid
crystal display modes. This threshold voltage change is explained by molecular motion and domain formation. The contrast
ratio obtained is 354: 1. Under white light illumination and crossed polarizer configuration, the contrast ratio is 43: 1.
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1. Introduction

The liquid crystal display (LCD) is lightweight, compact
and has low power dissipation. Twisted nematic (TN), super
twisted nematic (STN) and various other LCD modes have
been reported for the nematic LCD.1–15) Recently, the mul-
tidomain method, the optical compensation method and novel
display modes have been used to improve viewing angle char-
acteristics. In the present paper, we report a microdeflection
LCD mode that uses eight-division electrodes (8D MDLCD)
in which electrodes are extended in eight directions.

2. Electrode Structure

Figure 1 shows the plane and cross-sectional geometries of
the 8D MDLCD. Circular holes and eight radial electrodes
are arranged on the upper and lower substrates. This elec-
trode structure forms eight-division domains and will realize
wider viewing angle characteristics. The electrode distance
between the upper and lower glass substrates is gradually in-
creased from the center to the outer edge. This gradual in-
crease in electrode distance changes the threshold voltage at
the positions from the center to the outer edge. In the off state,
the liquid crystal molecules align in the rubbing direction. In
the on state, the direction of the liquid crystal molecules are
deformed with twisting and bending. The operation princi-
ples are deflection due to the inclined liquid crystal molecules
and diffraction due to the repeated structure of birefringence
(�n) by changing the polarization state. Optical configura-
tions consist of polarizer-free, one polarizer or two polarizers
(parallel and crossed polarizers). A large birefringence is de-
sirable. Regardless of the sign of the dielectric anisotropy, the
resulting optical phenomena are identical.

3. Experiment

Widths of the upper and lower electrodes were 3 and
2µm, respectively. Radius of the circle was 50µm. Cell
thickness was 25 and 10µm for transmittance versus volt-
age (Tr–V ) characteristics and response time measurement,
respectively. The electrode material was tantalum. The
liquid crystal used was BL006 (Merck,�ε = 17.3,
�n = 0.286) for Tr–V measurement and LiXON4012XX
(Chisso,�ε = 6.4, �n = 0.144) for response time measure-
ment. The alignment layer used was PSI-G-4001 (Chisso,
pretilt angle = 4◦), and a homogeneous cell was fabri-

Fig. 1. Plane and cross-sectional views of 8D MD LCD modes.

cated. The light source was an He–Ne laser (wavelength
of 633 nm) and white light. A rectangular voltage of 1 kHz
was applied using a function/arbitrary waveform generator
(HP, 33120A). Output light intensity was measured using a
computer-controlled system in conjunction with a photodi-
ode (Hamamatsu, S2840), a linear amplifier (Burr-Brown,
OPA620KP) and a digital multimeter (Advantest, R6451A).
The arrangement of the electrode configuration and the inci-
dent light direction is shown in Fig. 2. The distance between
the liquid crystal cell and the sensor or the screen was 15 cm.

4. Experimental Results

4.1 Transmittance versus voltage characteristics
Figure 3 shows theTr–V characteristics of the parallel

Nicols configuration cell under He–Ne laser irradiation. In
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Fig. 2. Arrangement between the electrode configuration and incidence
light direction.

Fig. 3. Tr–V characteristics for the homogeneous alignment state/parallel
Nicols configuration cells: (a) parallel incidence and (b) perpendicular in-
cidence.

Figs. 3(a) and 3(b), the polarization direction of the incidence
light was parallel (denoted as parallel incidence) and perpen-
dicular (perpendicular incidence) to the rubbing direction, re-
spectively. The contrast ratios were 354: 1 and 74: 1 for
parallel and perpendicular incidence, respectively. This in-
cidence dependence of the contrast ratio was due to the dif-
ference in switching phenomenon.16) Notably, the incidence
dependence of the threshold voltage was marked. For paral-
lel and perpendicular incidences, the threshold voltages were
approximately 1 and 3 V, respectively. This threshold volt-
age difference was confirmed for the previously reported MD
LCD mode.16) Regardless of the multidomain formation, the
steepness of theTr–V characteristics was extremely similar to

Fig. 4. Tr–V characteristics for the homogeneous alignment state/
one-polarizer configuration cells: (a) parallel incidence and (b) perpen-
dicular incidence.

Fig. 5. Tr–V characteristics for the random polarization configuration.

that of previously reported MD LCD modes.16) Similar to par-
allel Nicols, the threshold voltage also differed between paral-
lel and perpendicular incidences for the one-polarizer config-
uration, of which the contrast ratios were 245: 1 and 37: 1,
respectively, as shown in Figs. 4(a) and 4(b).

Figure 5 shows theTr–V characteristics of the random po-
larization configuration. The transmittance decreased to half
at approximately 1 V and minimized at voltages higher than
3 V, because the incident light has both parallel and perpen-
dicular optical components. The contrast ratio was 55: 1.
Under crossed Nicols configuration, a transmittance change
was not observed.

Output light pattern changes with the applied voltage are
shown in Figs. 6 and 7 for parallel and perpendicular inci-
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Fig. 6. Output light patterns produced by varying the applied voltage with
parallel incidence.

Fig. 7. Output light patterns produced by varying the applied voltage with
perpendicular incidence.

dences, respectively. For the case of parallel incidence, the
laser patterns were stretched and several spots were observed
at voltages higher than 3 V. This change in the laser pattern
was related to the tilt angle change. In the case of perpen-
dicular incidence, the intensity of the direct spot decreased
at voltages higher than 3 V, and the diffraction patterns were
observed. This diffraction pattern was related to the multido-
main formation in the refractive index modulation.

In order to investigate orientational deformation of liquid
crystal molecules, optical microscopic observation was per-
formed under parallel and crossed Nicols, as shown in Figs. 8
and 9, respectively. Under parallel Nicols, the electrode width
appeared thicker as the voltage increased due to deflection.

Fig. 8. Optical micrographs produced by varying the applied voltage under
parallel Nicols.

Fig. 9. Optical micrographs produced by varying the applied voltage under
cross Nicols.

Under crossed Nicols, the transmittance changed from the
center to the outer edge as voltage increased.

Experimental threshold voltage difference has been re-
ported previously;16) however, the voltage difference was not
explained at that time. In this study, Frank’s continuum the-
ory was applied to our display mode. For convenience, a uni-
formly oblique electric field was assumed, where the initial
alignment condition was assumed to be homogeneous. Max-
imum twist and tilt angles were both 45◦.

As shown in Fig. 10, the boundary conditions of the liquid
crystal molecule atz = 0 andz = 2L were assumed as

θ(0) = θ(2L) = θpt, φ(0) = φ(2L) = −φ0. (1)

Hereφ is the angle between thex-axis and then director and
φ0 is a positive constant. The liquid crystal was assumed to
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Fig. 10. The established boundary conditions of the LC cell.

be tightly anchored to the substrate plate. The tilt angle with
respect to the glass plate isθ andθpt is the pretilt angle. The
following conditions were satisfied:

θ(z) = θ(2L − z), (0 ≤ z ≤ L)

θ(L) = θm,
d

dz
θ(L) = 0,

(2)

whereθm is the maximum tilt angle.
The applied oblique electric field and then director were
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By solving this equation, the threshold voltage is described
as
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whereφ0 is the initial tilt angle.
Equation (6) is described in the cases ofφ0 = 0 andπ /4,

respectively, as
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where,Vth,t is the threshold voltage of a conventional twisted
nematic cell. Taking the parameters of the splay elastic con-

stantK11 = 17.9×10−12 N, the threshold voltage of a twisted
nematic cellVth,t of 2.5 V and eqs. (7) and (8) into account,
the threshold voltagesVth,0 and Vth,π/4 were calculated to
be 1.5 and 3.5 V, respectively. Between parallel Nicols, ex-
perimentally obtained threshold voltages under parallel and
perpendicular incidences were approximately 1 and 3 V, re-
spectively. Therefore, the threshold voltages for parallel and
perpendicular incidences correspond to the starting voltage
of liquid crystal motion and the voltage at which the liquid
crystal is fully deformed and the domain structure is clearly
formed, respectively.

Figures 11(a), 11(b) and 12 show theTr–V curve under
white light illumination for parallel Nicols/parallel incidence,
parallel Nicols/perpendicular incidence and cross Nicols con-
figuration, respectively. Under parallel Nicols configuration,
the threshold voltage depends on the polarization direction of
incidence. Under white light illumination, the deflection ef-
fect was smaller than that of He–Ne irradiation. Eventually,
the contrast ratio decreased. The contrast ratios were 31: 1
and 6 : 1 for parallel and perpendicular incidences, respec-
tively. This low contrast ratio compared to the He–Ne laser
irradiation occurred because the white light showed a broad
spectrum. Under crossed Nicols configuration, regardless of
parallel or perpendicular incidences, theTr–V curve having a
threshold voltage of 4 V was obtained. The phenomenon un-
der crossed Nicols was due to the birefringence change under
voltage application.

Fig. 11. Tr–V characteristics of the homogeneous alignment state/parallel
Nicols configuration cells: (a) parallel incidence and (b) perpendicular in-
cidence.
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Fig. 12. Tr–V characteristics for the homogeneous alignment state/cross
Nicols configuration cells.

Fig. 13. Cell gap dependence on the contrast ratio of the homogeneous
alignment: (a) He–Ne laser and (b) white light.

Figures 13(a) and 13(b) show the cell thickness dependence
of the contrast ratio for He–Ne laser and white light illumi-
nation, respectively. Based on these characteristics, the con-
trast ratio largely depends on the cell thickness. Therefore,
the condition for realizing the maximum contrast ratio is the
maximum deflection condition, i.e., the tilt angle of the liquid
crystal molecules against the substrate plate is approximately
45◦.

Table I lists the contrast ratios for various measurement
configurations.

Fig. 14. Transmittance response of a homogeneous alignment state/parallel
Nicols configuration/parallel incidence cell.

Fig. 15. Response time versus voltage characteristics for the homogeneous
alignment state/parallel Nicols configuration cells.

Table I. Contrast ratios for various measurement confifurations.

States Incidence
confsigurations

none P only P ‖ A P ⊥ A

Hemogeneous Parallel
55

245 345 —

(He–Ne laser) Perpendicular 37 74 —

Hemogeneous Parallel
5

8 31 53

(White light) Perpendicular 2 6 36

4.2 Response characteristics
Figure 14 shows the applied waveform for response

time measurement. An one-second period of 32-Hz burst
waveform was applied and the transmittance rise and fall
times were measured. For optical setting, the parallel
Nicols/parallel incidence configuration was used. The rise
and fall timesτon and τoff are defined as the transmittance
change from 100% to 10% after voltage application and
that from 90% to 0% after voltage removal, respectively.
Figure 15 shows the response characteristics of the homoge-
neous alignment state/parallel Nicols configuration.τon and
τoff were 37 and 102 ms respectively. The response time de-
pends on the nature of the alignment layer. The response
time was shorter than that of a previous report16) due to the
lower viscosity of the liquid crystal material.τoff increased
with increasing applied voltage presumably due to a back
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Fig. 16. Pretilt angle dependence of response time of the homogeneous
alignment state/parallel Nicols configuration cells.

Fig. 17. Viewing angle dependence of a homogeneous alignment
state/parallel Nicols configuration/parallel incidence cell.

flow. Figure 16 shows the alignment layer dependence of
the response time. Obtained pretilt angles were 0.2◦, 3.5◦
and 12◦ for the alignment layers of (polyvinyl alcohol) PVA,
PSI-G-4001 (Chisso) and PSI-A-2401 (Chisso), respectively.
Typical response times forτon andτoff were 23 and 63 ms, re-
spectively, for the PVA alignment layer.τoff seems to have
more dependence on the pretilt angle, because some of the
liquid crystal molecules have to be recovered in the oppo-
site direction of the field-induced tilt in the cells with larger
pretilt angles. For smaller pretilt angles,τoff was shorter.
For τon, short response times were obtained in the order of
PSI-A-2401, PVA and PSI-G-4001, for low voltage applica-
tion.

4.3 Viewing angle dependence
Figure 17 shows the viewing angle dependence of a ho-

mogeneous alignment state/parallel Nicols/parallel incidence
configuration. In Figs. 17(a) and 17(b), the cell rotates in the

rubbing direction (horizontal) and on the axis perpendicular to
the rubbing direction (vertical), respectively. The parameters
V100− V0 are the voltage application conditions for which the
transmittance shows 100–0% in comparison with the direct
viewing condition. The viewing angle characteristics were
symmetric for all viewing directions of horizontal rotation. In
contrast, the viewing angle characteristics were asymmetric
for the vertical direction; this was due to the pretilt angle of
the initial molecular alignment. A contrast ratio of 100: 1
was obtained for the entire azimuthal direction at a viewing
angle smaller than 40◦. Compared to the previously reported
MDLCD, with respect to the vertical rotation, wider viewing
angle characteristics were obtained.

5. Conclusion

Microdeflection liquid crystal display modes using
eight-division electrodes were investigated. The threshold
voltage difference between parallel and perpendicular inci-
dence was explained by molecular motion and periodical do-
main formation. The contrast ratio was 354: 1 for paral-
lel Nicols configuration under He–Ne laser irradiation. Un-
der white light illumination and crossed polarizer configu-
ration, the contrast ratio was 43: 1. The response time
was dependent on the alignment layer and the obtained re-
sponse timesτon and τoff were 23 and 63 ms, respectively,
for the PVA alignment layer. Compared to the previously re-
ported MDLCD, especially with respect to the vertical rota-
tion, wider viewing angle characteristics were obtained.

For the circular electrode pattern, although not clearly con-
firmed in the present study, the threshold voltages of the cen-
ter and outer edge of the electrode differed. If this phe-
nomenon were confirmed, variable aperture of microlens de-
vice17,18) would be expected.

Acknowledgments

The authors would like to thank Chisso Petrochemical
Corp. for supplying the liquid crystal materials and the
alignment layers of the polyimides.

1) G. H. Heilmeier, L. A. Zanoni and L. A. Barton: Proc. IEEE56 (1968)
1162.

2) M. Schadt and W. Helfrich: Appl. Phys. Lett.18 (1971) 127.
3) T. J. Scheffer and J. Nehring: Appl. Phys. Lett.45 (1984) 1021.
4) G. H. Heilmeier and L. A. Zanoni: Appl. Phys. Lett.13 (1968) 91.
5) M. F. Schiekel and K. Fahrenschon: Appl. Phys. Lett.19 (1971) 391.
6) M. Hareng, G. Assouline and E. Leiba: Electron. Lett.7 (1971) 699.
7) R. B. Meyer: Appl. Phys. Lett.12 (1968) 281.
8) P G. deGennes: Solid State Commun.6 (1968) 163.
9) J. W. Doane, N. A. Vaz, B.-G. Wu and S.Žumer: Appl. Phys. Lett.48
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