
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Dynamic simulation of Pi-cell liquid crystal displays
Hongfei Cheng; Hongjin Gao

Online publication date: 06 August 2010

To cite this Article Cheng, Hongfei and Gao, Hongjin(2001) 'Dynamic simulation of Pi-cell liquid crystal displays', Liquid
Crystals, 28: 9, 1337 — 1341
To link to this Article: DOI: 10.1080/02678290110058641
URL: http://dx.doi.org/10.1080/02678290110058641

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110058641
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2001, Vol. 28, No. 9, 1337± 1341

Dynamic simulation of Pi-cell liquid crystal displays
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Tsinghua University, Beijing 100084, PR China

(Received 28 November 2000; in � nal form 15 February 2001; accepted 24 March 2001 )

The dynamics of p-cell liquid crystal displays was studied by detailed computer simulation.
The time evolution of the director con� guration and the velocity of � ow reveals the mechanism
of the fast response of p-cells. The eŒect of pretilt angle on the dynamics of p-cells was
also studied.

1. Introduction � elds, s¾ is the viscous stress tensor, h is the molecular � eld
from elastic free energy, h ¾ is the viscous molecular � eld,Pi-cells were � rst introduced in the early 1980s as fast

light shutters [1]. Their response time is typically a few I is the rotational inertial density of the � uid, and c is a
Lagrangian multiplier; n is the unit vector of liquidmilliseconds, much faster than most other nematic liquid

crystal displays (LCDs). They have also attracted con- crystal director. In this work, we limited the problem to
the one-dimensional case where all the variables dependsiderable interest for improving the viewing angle of

liquid crystal displays because of their self-compensated on z and t. The boundary conditions are that at the
substrates, the velocity components vanish and thedirector con� guration [2–12]. Pi-cells are one of the

most competitive LCD technologies for future displays. directors are � xed and time-independent. The explicit
expressions for the various quantities can be found inAlthough the dynamic response of p-cells is unique

among nematic liquid crystal devices, their dynamic the continuum theory of Ericksen and Leslie [16, 17].
To simulate the dynamics behaviour of the p-cell, weproperties have not yet been studied by detailed com-

puter simulation. In the dynamic behaviour of liquid solved the equation of Ericksen–Leslie hydrodynamic
theory and then obtained the transient director distri-crystal displays, the � ow of liquid crystal can have an

important in� uence under certain circumstances. For bution. The inertial terms in the equation were neglected
in the simulation because their in� uence is very small inexample, the well known optical bounce phenomenon

of the twisted nematic (TN) LCD, which occurs after comparison with the viscous term. After obtaining the
transient director distribution, we calculated the trans-switching oŒa high applied voltage, is caused by the

back� ow eŒect [13, 14]. mittance using the Jones matrix method. Since there are
very few measurements of all the viscosity coe� cients,In this article, the dynamics of p-cells will be studied

by detailed computer simulation. The transient property here we use the six Leslie viscosity constants for MBBA
[14, 18].of p-cells is obtained by solving the Ericksen–Leslie

hydrodynamic equations. The light transmittance is
computed by the Jones matrix method [15]. 3. Results

The parameters used in the simulation are listed in
the table. The p-cell has crossed polarizers; the liquid2. Description of method

The Ericksen–Leslie hydrodynamic equations are crystal director is at 45 ß to the crossed polarizers. We
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Table. The parameters used in numerical computation.
I d2n

i
/dt2 5 h

i
1 h ¾

i
1 cn

i
Cell gap d 5 5.0 mm a1 5 0.0359 g cmÕ 1 s Õ 1

where i and j denote x, y, or z components, r is the � uid Wavelength l 5 550.0 nm a2 5 Õ 0.4283 g cmÕ 1 s Õ 1
density, u is the � uid velocity, p is the hydrostatic K11 1.24 Ö 10 Õ 7 dyn a3 5 Õ 0.0066 g cmÕ 1 s Õ 1

K22 0.6 Ö 10 Õ 7 dyn a4 5 0.4598 g cmÕ 1 s Õ 1pressure, dd is the stress tensor from elastic distortion,
K33 1.71 Ö 10 Õ 7 dyn a5 5 0.2559 g cmÕ 1 s Õ 1sf is the stress tensor induced by electric and magnetic
e
d

13.8 a6 5 a2 1 a3 1 a5
(Onsager’s relation)
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1338 H. Cheng and H. Gao

calculated the free energies of the bend and splay con-
� gurations at diŒerent pretilt angles. Figure 1 shows the
free energy as a function of applied voltage for the pretilt
angle 5 ß . The voltage at which the bend and splay
con� gurations have equal free energy is de� ned as the
critical voltage VC . VC values for pretilt angles 5ß , 20ß and
35 ß are 2.5, 1.6 and 1.0 V, respectively. VC decreases with
increasing pretilt angle. In order to obtain the desired
p-phase retardation, the transmittance as a function of
dDn was calculated at the bias voltage of VC (d is the
cell gap). The � rst transmittance peak corresponds to
the dDn value for p-phase retardation. The dDn values
of p-phase retardation for pretilt angles 5 ß , 20 ß and 35 ß
are 0.91, 0.99 and 1.36 mm respectively. The dynamic
response of p-cells was studied for two main cases; the
holding voltage VH on the p-cell was dropped to either

Figure 2. Time-varying con� guration after switching oŒzero or VC . In principal, a biased voltage is needed to
VH 5 14 V. The time interval between each pair of neigh-maintain the bend state. To achieve a high switching
bouring curves is dt 5 0.1 ms. VH changes abruptly to 0 V;

speed, the applied holding voltage VH is dropped to zero
pretilt angle is 5 ß .

instead of VC , and after the material relaxes to the proper
state, the bias voltage is applied to maintain the material
in the bend con� guration.

The con� guration evolution after switching oŒ the
holding voltage VH for pretilt angle 5 ß is shown in
� gure 2. In � gure 2, the applied holding voltage VH
on the p-cell was dropped to zero. The con� guration
approaches the equilibrium state monotonously; while
for a TN cell, the director in the middle of the layer tips
over momentarily after switching oŒa strong applied
� eld [13, 14]. The velocity of � ow in the x-direction is
shown in � gure 3. The x-direction is in the plane of the
liquid crystal director of p-cell. The � ow pattern is
unique in comparison with a TN cell: the velocity has
same direction (all positive value) along the z-direction.
For any position along the z-direction, the velocity of the

Figure 3. Space and time dependence of � ow velocity com-
ponent V

x
after switching oŒVH 5 14 V. The time interval

between each pair of neighbouring curves is dt 5 0.1 ms.
VH changes abruptly to 0 V; pretilt angle is 5 ß .

p-cell approaches zero monotonously without oscillation
while a TN cell has a very complex � ow velocity pattern
after switching oŒthe holding voltage.

To compare the eŒects of diŒerent holding voltages,
� gure 4 shows the � ow velocity for VH 5 6 V. The con-
� guration evolution was also studied for diŒerent pretilt
angles; � gure 5 shows the con� guration evolution for
pretilt angle 35 ß .

Figures 6 and 7 show the calculated transmittance as
a function of time after VH 5 14 V is switched oŒ. TheFigure 1. Free energy plotted as a function of voltage for

pretilt angle 5 ß . applied holding voltage VH on the p-cell was dropped to
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1339Dynamic simulation of Pi-cell

Figure 4. Space and time dependence of � ow velocity com- Figure 6. Time-varying transmittance after switching oŒ
ponent V

x
after switching oŒVH 5 6 V. The time interval VH 5 14 V; VH changed abruptly to VC .

between each pair of neighbouring curves is dt 5 0.1 ms.
VH changes abruptly to 0 V; pretilt angle is 5 ß .

Figure 7. Time-varying transmittance after switching oŒ
Figure 5. Time-varying con� guration after switching oŒ VH 5 14 V; VH changed abruptly to 0 V.

VH 5 14 V. The time interval between each pair of neigh-
bouring curves is dt 5 0.1 ms. VH changes abruptly to 0;
pretilt angle is 35 ß .

two conditions has the same tendency in that Tr increases
as the pretilt angle increases. But Tr for VH 5 6 V is
slightly shorter than Tr for VH 5 14 V. This is becauseVC and zero, respectively. From � gure 6, if the critical

voltage VC is biased at the oŒstate, the response time Tr the holding state at VH 5 14 V is farther away from the
equilibrium state.is faster for the smaller pretilt angle 5 ß and there is very

little diŒerence between pretilt angles 20 ß and 35 ß . In Next we discuss the case when holding voltage VH is
suddenly switched on. Figure 10 shows the con� guration� gure 7, the response time shows the same tendency,

in that Tr increases as the pretilt angle increases. The evolution for pretilt angle 5 ß after VH 5 6 V is switched
on. Figure 11 shows the � ow velocity for pretilt angleresponse time Tr is de� ned as time required to reach

90% of the maximum transmittance. 5 ß after VH 5 6 V is switched on. Figure 12 shows the
transmittance as a function of time. The response timeFigures 8 and 9 show the calculated transmittance as

a function of time after VH 5 6 V is switched oŒ. The Tf decreases as the pretilt angle increases. Tf actually
depends on the magnitude of the holding voltage VH ; itapplied holding voltage VH on the p-cell was dropped to

VC and zero, respectively. The response time Tr for these decreases signi� cantly as the VH increases. The response
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Figure 10. Time-varying con� guration after switching onFigure 8. Time-varying transmittance after switching oŒ
VH 5 6 V. The time interval between each pair ofVH 5 6 V; VH changed abruptly to VC .
neighbouring curves is dt 5 0.05 ms; pretilt angle is 5 ß .

Figure 9. Time-varying transmittance after switching oŒ
Figure 11. Space and time dependence of � ow velocity com-VH 5 6 V; VH changed abruptly to 0 V.

ponent V
x

after switching on VH 5 6 V. The time interval
between each pair of neighbouring curves is dt 5 0.05 ms;

time Tf is de� ned as the time required to reach the point pretilt angle is 5 ß .
where the transmittance is 10% higher than its minimum
transmittance.

of a TN cell tips over; also, the � ow velocity of a TN
cell across the cell thickness is positive in one region4. Conclusions

We have investigated the dynamics of p-cells by and negative in another.
The eŒect of pretilt angle on the dynamic responsesolving Eriksen–Leslie hydrodynamic equations. This is

� rst time that the dynamic response of p-cells has been was also studied. The response time Tr increases for a
larger pretilt angle after switching oŒthe holding voltagestudied in detail.

After switching oŒor on the holding voltage VH , the VH ; Tr decreases with larger pretilt angle after switching
on the holding voltage VH .tilt angle approaches the equilibrium state monotonously .

The velocity of � ow across the cell also points in the The magnitude of the holding voltage VH also has an
in� uence on the dynamic response of p-cells. When VH issame direction: all positive or negative. This is where

p-cells are distinguished from TN cells. After switching suddenly switched oŒ, the p-cell relaxes to its equilibrium
state faster for a smaller VH value.oŒthe holding voltage VH, the director near the centre
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