
 

 

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

The transition mechanism of the transient planar to planar director
configuration change in cholesteric liquid crystal displays
P. Watson; J. E. Anderson; V. Sergan; P. J. Bos

Online publication date: 06 August 2010

To cite this Article Watson, P. , Anderson, J. E. , Sergan, V. and Bos, P. J.(1999) 'The transition mechanism of the transient
planar to planar director configuration change in cholesteric liquid crystal displays', Liquid Crystals, 26: 9, 1307 — 1314
To link to this Article: DOI: 10.1080/026782999203977
URL: http://dx.doi.org/10.1080/026782999203977

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/10.1080/026782999203977
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 1999, Vol. 26, No. 9, 1307± 1314

The transition mechanism of the transient planar to planar
director con® guration change in cholesteric liquid crystal displays
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² Chemical Physics Interdisciplinary Program, Kent State University, Kent,
OH 44242, USA

(Received 8 January 1999; accepted 15 February 1999 )

In cholesteric liquid crystals with a positive dielectric anisotropy, the relaxation from the
electric ® eld-aligned director con® guration to the stable zero ® eld director con® guration
proceeds via a metastable transient planar director con® guration which has a pitch distinct
from the equilibrium state. The transition from the transient planar to the equilibrium zero-
® eld state is shown here to occur via a Helfrich-type instability which continuously leads to
an in-plane helical structure. The equilibrium planar state is then seen to grow continuously
from the in-plane state, leaving behind walls whose length then spontaneously shrinks.

1. Introduction K 2 2 is the twist elastic constant, and K 3 3 is the bend
elastic constant for the liquid crystal material. ThisCholesteric liquid crystals whose equilibrium pitch

causes the re¯ ection of visible light [1] have been derivation assumes a conical relaxation to TP. For most
available nematic host materials, (K 3 3 /K 2 2 ) is between 2suggested for use in several practical applications [2± 4].

Devices used in these applications have two states, and 3, yielding a TP pitch signi® cantly longer than the
equilibrium pitch.labeled planar (P) and focal conic (FC), that are stable

with no applied voltage. Switching from the FC to P If we assume that TP is a perfect Grandjean state, its
twist free energy density (inserting the TP pitch into therequires the application of a high voltage (usually 40 V

or more) which forces the liquid crystal system into a Frank± Oseen free energy density expression [10]) is
homeotropic (H) state, where the director is along the
cell-normal direction, parallel to the applied ® eld. On ftw is t = 2p2 AK 2 2

P 2
0 BC1 Õ AK 2 2

K 3 3BD2

. (1)
removal of this ® eld, a relaxation process ultimately
resulting in the P state occurs. However, in such appli-

This energy density is the di� erence between the freecations, the transition time from the ® eld-aligned homeo-
energy densities of the TP and P states. Since the energytropic director con® guration to the ® nal equilibrium
of the TP state is higher, a transformation from TP toplanar director con® guration is often considered to be
P is observed to occur.a problem [5].

Our earlier work investigated several aspects of theThe relaxation from H to P is somewhat complicated,
transformation process from TP to P [11, 12]. We foundand not fully understood. The transition begins with the
that during the transition, the angular distribution ofdirector relaxing in a one dimensional, conical manner
re¯ ecting cholesteric helices changes from very narrowto a transient planar (TP) state, which has the director
(nearly perfect Grandjean) to very wide (cholestericbasically within the cell plane [6± 8]. The primary
helices oriented at a signi® cant angle away from the cellstructural di� erence between TP and P is the number
normal direction), then returns to very narrow. Alsoof director twists between the two substrates. Yang et al.
during this process, the texture changes from a veryderived the elastic free energy of a cholesteric material
uniform appearance in TP to being highly domain-during the relaxation from H to TP from the Frank±
divided in a transition state, with a slow growth ofOseen equation as a function of the polar angle and
domains (on the order of seconds) leading to a perfectthe chirality [9], and have theoretically estimated
Grandjean planar equilibrium state.and experimentally observed the TP pitch to be about

The mechanism through which the transformation fromP0 K 3 3 /K 2 2 . Here, P0 is the equilibrium material pitch,
TP to P occurs is not well understood. The relationship
between the formation of domains and the appearance
of re¯ ecting helices away from the cell-normal direction*Author for correspondence; e-mail: phil@scorpio.kent.edu
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1308 P. Watson et al.

is unclear. Whether a domain nucleation and growth about 3 full twists. Similarly, for the 47mm cell, we can
expect the transient planar state to have 3 twists, andprocess (depending on the motion of defect walls) or a

bulkmodulation process occurs has not been established. the equilibrium state to have 81
2 twists. The cells were

observed between crossed polarizers.A diagram of the full H to TP to P transition, as it
is currently understood, may be seen in ® gure 1 [4].
This picture shows that the transition begins with a 3. Experimental results

Observation of photomicrographs of the 15mm cellwell-understood conical relaxation to the TP state, but
the mechanism of the transition from the TP to P has shown in ® gure 2 reveals that in the early stages of the

relaxation process, a domain-free texture is present.not been elucidated. In this study, we will explain the
transition mechanism based on observations of two While the voltage is applied, a black texture is observed.

This is consistent with the cell being in the H state,systems using optical microscopy.
where the director is along the cell-normal direction,
and thus no retardation is observed. We will de® ne2. Experimental

We have employed an experimental set-up consisting time t = 0 as the time at which the voltage is removed.
By t = 1 ms, a coloured texture has become visible. Theof a Nikon Optiphot 2 polarizing microscope with a

Leitz 35mm camera, a Xe lamp, and electronic com- colour of the cell remains uniform across the entire viewed
area. Various colours are observed until about 15 msponents to obtain photomicrographs of textures with time

resolution of about 20ms. The regular Nikon microscope into the process, at which time the cell has achieved
a uniform green texture. This texture does not changeilluminator was replaced with an Oriel series 6427 Xe

¯ ash lamp (5 J maximum output and a full width half for the next 200 ms. These observations agree with the
expected one dimensional relaxation to a Grandjeanmax of 9ms ¯ ash duration). The voltage applied to the

sample was a 40 V a.c. square wave signal at 0.5kHz transient planar state. The appearance of colours corre-
sponds to an increase in observed birefringence as theproduced by an Analogic Model 2020 Polynomial

Waveform Synthesizer. The voltage was applied for 1 s director changes from being aligned normal to the cell
(in the H state) to within the cell (TP state).to ensure that the texture was fully homeotropic. The

voltage was then set to zero. At speci® ed times after the After the 15mm cell has been in the transient planar
state for about 200 ms, a deformation distorts the uni-voltage was removed, a trigger signal from the waveform

synthesizer activated the ¯ ash lamp system. The energy formity of the texture. This deformation, which initially
appears as a series of violet stripes running perpendicularof the ¯ ash is su� cient to use ordinary 35mm Kodak

Max 800 DIN ® lm at 200Ö microscope ampli® cation. to the rub direction, increases in scope and magnitude
between times t = 225 to 275 ms. Note that the stripesDelay times of 1 ms to 5 s were employed.

The cells used in this study employed ITO-coated appear to be grouped in pairs. As time progresses,
the modulation increases in magnitude, and the coloursoda lime glass coated with Dupont 2555 polyimide.

The polyimide was rubbed in an antiparallel fashion. changes to yellow, then lavender. The lavender regions
then grow, with wall boundaries separating the region.Cell spacings of 15 and 47mm were used. Cells were

® lled with a mixture of Merck ZLI 4792 liquid crystal This lavender colour is seen to correspond to the
retardation of the equilibrium P texture.with 3% CB15 chiral additive. The intrinsic pitch of

this mixture was measured to be 5.4mm using the In the 47mm cell, a similar process is observed,
although here the distortion is more intricate, andGranjean± Cano method. Since ZLI 4792 has a value of

2.815 for the ratio of K 3 3 /K 2 2 , we expect the transient appears to have a three dimensional rather than a
two dimensional structure (see ® gure 3). Note that inplanar pitch to be approximately 15mm in an unrestricted

system. With the surfaces ® xed in our systems, the this system, the material remains in the TP state for
only about 35 ms before the transformation begins.transient planar state in the 15mm cell should consist of

1 full twist, while the equilibrium planar state will have The observed modulation is seen to be non-directional,

Figure 1. The homeotropic to
planar transition as currently
understood.
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1309T ransient planar to planar in cholesterics

(a) (b)

(c) (d)

(e) (f)

Figure 2. Photomicrograph of 15mm cell, the black bar is 80 mm long: after (a) 200 ms, (b) 225 ms, (c) 250 ms, (d ) 275 ms, (e) 300 ms,
( f ) 400 ms, (g) 500 ms, (h) 700 ms (i) 1000 ms. (Continued on next page.)

although a local periodicity may be observed at various similar manner to that observed in the 15mm cell, the
transformation process ends with the slow removal oflocations throughout the sample. In this sample, the

equilibrium state is seen to have a green colour. In a defect lines.
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1310 P. Watson et al.

(g) (h)

the director to deform away from the cell plane. Therefore,
thermal ¯ uctuations, surface irregularities, spacers, or
other factors in¯ uencing the director may be required
for the striped deformation to begin. Note that a helical
twisted structure may be observed in the horizontal
dimension of the deformation. This could conceivably
lower the total free energy, making this an energetically
favourable director con® guration. The periodicity of a
stripe deformation is given by Chigrinov as

l= [PD(3K 3 3 /2K 2 2 )1 /2 ]1 /2 (2)

where P is the equilibrium pitch and D is the thick-
ness of the sample [13]. Note that this periodicity is
independent of applied ® eld. For our sample, since we are
looking at a deformation of the transient planar rather(i)
than the planar state, we may use the transient planar

Figure 2. (Continued ). pitch as our value for P. Considering that P = D = 15mm
in the TP state, and K 3 3 /K 2 2 = 2.815, we may expect
l to be about 21mm. This agrees very well with our4. Discussion

Let us consider what the data suggest about the observed periodicity of about 25mm in ® gure 2.
Once the deformation is started, it spreads across thenature of the TP to P transition. In the 15mm cell, the

transition begins with the TP director being modulated area of the cell and increases in magnitude. Two possible
methods by which the deformation may progress to theinto a texture with a striped appearance. Striped con-

® gurations having similar appearance havepreviously been equilibrium state are proposed in the sketches in ® gure 5.
In each case, the walls separating the P domains areobserved in cholesteric liquid crystals and explained by

Helfrich [13], Hurault [14], and Chigrinov [15]. These shown to be separated by a 180ß twist deformation (a pi
wall). Such a wall deformation could then be removeddirector con® gurations involved sinusoidal modulation

of the director structure. In these early studies, stripes by shrinking of the defect line in the third dimension.
The deformation process that is observed in the 47mmoccurred only in the presence of an applied ® eld. We

propose that the stripes that we have observed are cell appears di� erent from that of the thinner cell in
that it demonstrates no directionality. That is, there iscon® gurationally similar to the ® eld-induced stripes, but

have the high energy of the TP as a driving force (rather no apparent preferred direction along which the helical
axis is oriented. This is not surprising, as a similarthan the desire for the director to align with an applied

® eld). A cross-sectional view of the proposed transitional phenomenon has been observed by Chigrinov et al. in
electric-® eld induced stripe deformations [15]. In thatdirector con® guration of the stripes is shown in ® gure 4.

Consider, however, that a perfect Grandjean TP state is study, it was found that a striped texture was observed
for low values of d/P, while a non-directional deformationa metastable con® guration in which no torque encourages

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1311T ransient planar to planar in cholesterics

(a) (b)

(c) (d)

(e) (f)

Figure 3. Photomicrograph of 47mm cell, the black bar is 80mm long: after (a) 25 ms, (b) 50 ms, (c) 75 ms, (d) 125 ms, (e) 450 ms,
( f ) 1000 ms, (g) 1200 ms, (h) 2 min. (Continued on next page.)

was seen in cases with larger d/P. The non-directional et al. of Helfrich-type distortions in cholesteric samples
in ref. [15]. In that study, the authors found that anature of the deformation that we see for larger values

of d/P agrees well with the observations by Chigrinov striped appearance consistently occurred for samples
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1312 P. Watson et al.

(g) (h)

Figure 3. (Continued ).

Figure 4. Proposed transitional director con® guration for the 15mm cell.

with less than about 2 twists, while a non-directional Note that during the proposed deformation processes,
the angular distribution of helical axes of the materialdeformation was observed for samples with greater than

about 3 twists. A two dimensional picture of a possible becomes very wide. This agrees very well with previous
research indicating that during the transition from TPstructure for the deformation of a sample with d/P of 6

is shown in ® gure 6. to P, helical axes are found at very wide angles, while
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1313T ransient planar to planar in cholesterics

Figure 5. Two possible routes for transformation from transient planar to planar. In (a), the modulation forms an equilibrium
pitch by spreading like a mushroom, whereas in (b), the action of defects (denoted by *) allows the equilibrium pitch to form.
Note that in this system, we expect a change from 1 pitch to 3 pitches. This diagram is merely intended to show the character
of a possible change in pitch.

Figure 6. Proposed transitional director con® guration for the 47mm cell.

both the TP and P states have very narrow angular proposed. We have observed that the relaxation of texture
from the transient planar (TP) to the equilibrium planardistribution of re¯ ecting helices [12].
(P) state of cholesterics occurs through a deformation
similar to the Helfrich stripe deformation observed in5. Conclusions

Based on experimental observations, a mechanism cholesteric devices in the presence of an electric ® eld.
In thicker samples with a greater total twist, a similarof transformation between the transient planar and

equilibrium planar states of cholesteric liquid crystals is deformation is observed, only without the directional
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1314 T ransient planar to planar in cholesterics

nature observed in thinner cells. This loss of directionality thanks to Deng-ke Yang and Xiang-Dong Mi for the
use of the Analogic waveform synthesizer.concurs with observations by Chigrinov of ® eld-induced

modulations [15].
The driving force behind this modulation is thought References
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