Semiconductor Physics, Quantum Electronics & Optoelectronics. 2003. V. 6, N 3. P. 411-416.

PACS: 64.70.Md

Approximation of electro-optical characteristics of
ChLC at transitions from the homeotropic texture

A. Rybalochka, M. Chumachkova, V. Sorokin

Institute of Semiconductor Physics, NAS of Ukraine, 45 prospect Nauky, 03028 Kyiv, Ukraine

Abstract. In this paper a method for an approximation of electro-optical characteristics of a
cholesteric liquid crystal (ChLC) that describe behavior of a cholesteric material at transi-
tions from the field induced homeotropic texture to the stable planar and focal conic textures
have been proposed. To obtain the complete information about such behavior of a cholesteric
liquid crystal a protracted experimental research is required. Proposed method allows to
obtain all necessary approximated electro-optical characteristics of a cholesteric liquid crys-
tal on the basis of experimental measuring only of four special electro-optical characteristics.
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1. Introduction

Bistable reflective cholesteric liquid crystal displays at-
tract the researcher’s interest because of their excellent
readability, wide viewing angles, high brightness, low
manufacturing cost and low power consumption with
image memory. In these displays the two main unique
properties of a cholesteric liquid crystal are used:
bistability and Bragg reflection for light in visible spec-
tral range [1]. Bistability of a ChLC is the presence of
two stable textures of such liquid crystal materials at zero
external electric and magnetic fields: the reflecting pla-
nar texture and the scattering focal conic textures. In the
planar texture, the helical axes are parallel to the dis-
play cell surface normal direction and the display Bragg
reflects a light peaked at the wavelength given by Ay =
=nPy, where P is the pitch of the liquid crystal helix and
n is the average reflective index. In the focal conic tex-
ture, the helical axes are oriented randomly and incident
light is weakly scattered and absorbed by black back-
ground of the display cell. Thereby display pixels with a
ChLC in the planar texture look bright and in the focal
conic textures look black. At the addressing of a choles-
teric liquid crystal display (ChLCD) transitions between
these two stable textures of a ChLC are realized.
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The ways of transitions between the stable planar and
the stable focal conic textures are well known [2]. A low
voltage pulse can realize the transition from the planar
texture to the focal conic texture. The transition from the
focal conic texture to the planar texture is more compli-
cated and can be realized only through the homeotropic
texture of ChLC. In this texture a helical structure of a
ChLC is unwound and all liquid crystal molecules are
aligned parallel to external electric field. It can be
achieved (for a ChLC with Ae > 0) by applying of exter-
nal electric field that exceeds the threshold value

E-= (nz I Py NK 2 /(eg x Ag) , where Ky — is a twist
elastic constant, g —is a dielectric constant and Ae—is a
dielectric anisotropy. At the absence of the external elec-
tric field the homeotropic texture is unstable. Final sta-
ble texture of ChLC obtained from homeotropic texture
depends on how the external electric field is turned off
[3]. If the electric field is turned off slowly a ChLC trans-
forms to the stable focal conic texture. If the electric field
is turned off quickly a ChLC transforms from the homeo-
tropic texture to the stable planar texture. It was studied
that the transition of a ChLC from the homeotropic tex-
ture to the stable planar texture occurs through the tran-
sient planar texture with the pitch of the ChLC P*= 2P,
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(Py" = (K33/K»)xPp). The homeotropic—transient planar
transition (H-P," — transition) is very quick and its dura-
tion for different ChLC can be from hundreds of micro-
seconds to milliseconds. There is the range of voltage
levels where the field induced homeotropic texture is hold
and the transient planar texture is transformed to the fo-
cal conic texture by the same voltage level. These spe-
cific properties of a ChLC are used in the number of the
dynamic drive schemes for bistable cholesteric liquid crys-
tal displays [4-7].

To choose a ChLC material for real cholesteric dis-
plays a number of technical parameters of a display cell
must be taken into account. There are the display cell
gap, the deviation of the display cell gap on the whole
area of a display cell, maximal driving voltage, an infor-
mation content of a display (for passive matrix address-
ing — a number of columns of a display) and so on. The
temperature condition of using of a ChLCD, an address-
ing method and necessary addressing speed are also im-
portant parameters for a determination of requirements
to a ChLC material. Thus for the determination of all
parameters and characteristics necessary for the right
choice of a ChLC material for a ChLCD a profound ex-
perimental study of physical properties and electro-opti-
cal characteristics of a ChLC must be performed. There-
fore a search of ways for a decreasing of the duration of
such experimental study is a very actual and important
problem.

This is our first work devoted to decision of above-
mentioned problem in the supposed series of papers.
A method of an approximation of electro-optical charac-
teristics of a ChLC when a cholesteric material is ini-
tially in the field induced homeotropic texture is pro-
posed here. Furthermore this method is based on experi-
mental measurement of four special electro-optical char-
acteristics of investigated cholesteric material. All nec-
essary parameters for an approximation are obtained only
from these characteristics and knowledge of values of dif-
ferent physical parameters of a ChLC is not necessary.

We performed all our measurements on the display
cell filled with the liquid crystal mixture BL126 (Merck),
cell thickness d = 4.4 um at room temperature. Display
Measuring System SV-200 was used for measuring of all
experimental characteristics.

2. Experiment

First of all we perform experimental measurement of
electro-optical characteristics of the ChLLC. For that the
sequences of voltage pulses with the waveform that is dem-
onstrated on Fig. 1 are applied to the display cell. At the
beginning a high preparation voltage U, is applied to
the display cell during the preparation time 7, to trans-
form the ChLC into the homeotropic texture irrespective
of'it initial texture. Than the bias voltage pulse (U, T}) is
applied for studying of the response of the cholesteric
material. The final reflectance of the ChLC is measured
in one second (7)) after the bias pulse at the absence
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Fig. 1. The voltage waveform to measure the electro-optical
response of the ChLC.

of external field (U, = 0 V) when the reflectance no
changes more with time. Ten dependencies of the stabi-
lized reflectance of the cholesteric display cell vs. the
amplitude of the bias voltage U, for different values of
the bias time 73 (0.055,0.15s,0.25,0.35,0.5s,0.7s, 1's,
3s,5sand 10 s) have been measured. On Fig. 2 five once
from these dependencies are presented. Further possibili-
ties of analytical approximation of these dependencies
will be discussed.

3. Approximation method

The stable texture of a ChLC in display cell is a compli-
cated domain structure with different preferred direction
of orientation of helical axes in each domain. The stabi-
lized reflectance of a display cell depends on a distribu-
tion of such domains relative to the cell surface normal
direction. Determination of the real domain distribution
is enough difficult problem. Let’s consider a simple model
of stable cholesteric texture. In this model we have as-
sumed that the stable cholesteric texture consists of the
two type of domains: the “planar” domains where heli-
cal axes are strongly parallel and the “focal conic” do-
mains where helical axes are strongly perpendicular to
the display cell surface normal direction. It is possible to
define the parameter v as the part of the “planar” do-
mains in a stable texture of a ChLC (0<v <1). So the
reflectivity (R) of a stable texture of a ChLC is deter-
mined through the parameter v in the following equation:

R(V)= Riin + (Rmax —Rin )XV (1)

where R;, and R, are reflectivity of the focal conic
and the planar textures correspondingly. However an
approximation of electro-optical characteristics of a
ChLC by formula (1) is very simplified. Therefore on the
basis of behavior of curves in a Fig. 2, we propose the
following dependence R(T}, v) that afterwards has given
good concurrence of experimental and theoretical curves:

K1) = Raga 0 (s R s S | @
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Fig. 2. Experimental dependencies R(U,) at different values of
the bias time 7).

where R, (7Tp) is a dependence of a minimal reflectivity
of the focal conic texture vs. the time parameter 7}, of the
voltage waveform on Fig. 1. The dependence R,in(7}) is
shown on Fig. 3. The value of R,,;, since value of T}, =
= Trc (see Fig. 3) begins to increase up to R,,x at 7, — 0.
The physical sense of the parameter Trc can be formu-
lated as follows: Trc—is the minimal necessary duration
of the voltage pulse that can address a ChLC in a display
cell from the field induced homeotropic texture to the
stable focal conic texture with the minimal values of Ry;,.
From Fig. 3 we can see that the point on this curve at 7},
= Trc—1s the point of a change of distinctive behavior of
the curve Ryin(7p). At T, > T the value of Ry (Tp)
practically does not vary, and at T}, < Trc the value of
Rin(Tp) sharply increase up to Ry, at 7, = 0. Each
experimental curve on Fig. 2 and our model distribution
of the “planar” and the “focal conic” domains can be
presented as it is shown on Fig. 4 and 5 (Fig. 4 — for
curves measured at 7j, > Tgc, Fig. 5 — for curves meas-
ured at T, < Tr¢). For each of the curves on Figs 4 and 5
four threshold voltage can be determined: U;¢, Uj,...m*,
Uj.e™ and Uy, The voltage level U)° is the minimal

O T R g
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10

|t

=

I s

f
|

\
N

R
N

—_
N
w
IS
[6)]

10

~
3

Fig. 3. The dependence R,in(7}).
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Fig. 4. Schematic form of experimental curves and model distri-
bution of domains at 7}, > Tgc.
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Fig. 5. Schematic form of experimental curves and model distri-
bution of domains at 7, > Tgc.

voltage level that holds the field induced homeotropic
texture of a ChLC in the display cell during the bias time
T}. The voltage levels Uj,...™** and Uj,.;.™" —are the maxi-
mal and the minimal voltage levels that address the chol-
esteric material from the field induced homeotropic tex-
ture into the final stable focal conic texture with the mini-
mal reflectivity. And the voltage level U, is the maxi-
mal voltage level that allow to a ChLC transforms from
the homeotropic texture to the stable planar texture with
the maximal reflectivity.

There are two ranges of changing of the voltage level
U, where the electro-optical curves on Fig. 2 have dis-
tinctive behavior: the first range “I”’ —is Uy, > Up and the
second range “II” —is 0 < U, < Up (see Figs 2, 4 and 5),
where the voltage level Up can be determined as the mini-
mal amplitude of a voltage pulse that can address a ChLLC
from the homeotropic texture to the stable focal conic
texture with the minimal reflectivity. For all curves on
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Fig. 2 in both ranges there are stable textures of a ChLC
with the same reflectivity from R,jn(7p) to Rpax. These
textures in our model have the same domain distribution
and differ only in a sequence of textural transitions of a
ChLC during applying of the voltage waveform from Fig. 1
to the display cell. In the first range “I”, the planar tex-
ture in the “planar” domains is formed after the end of
the action of the bias voltage. In these domains at the end
of the bias time a ChLC in a display cell is in the homeo-
tropic texture and after removal of the bias voltage it
transforms through the transient planar texture to the sta-
ble planar texture. In the “focal conic” domains a ChLC
begins to transform into the focal conic texture during
the bias time and after removal of the bias voltage the
stable focal conic texture are formed. In the second range
“IT”, the planar texture in the “planar” domains begins
to form at once after the end of the preparation time. The
transition of a ChLC from the homeotropic texture to the
transient planar texture and then to the stable planar tex-
ture begins already during the bias time. In those do-
mains where a presence of the bias voltage pulse prevents
the transition of a ChLC from the homeotropic texture to
the transient planar texture the final focal conic texture
is formed.

As we can see from formula (2) for the approximation
of electro-optical characteristics of a ChLC it is neces-
sary to set the value of the maximal reflectivity R .y, the
dependence of the minimal reflectivity vs. the bias time
R,in(Tp) and to lay down the law of a change of the pa-
rameter v as a function from two variables (first —is the
bias voltage Uj, and the second — is the bias time 73):
v = F(Uy, Tp). The maximal reflectivity R, and the de-
pendence of the minimal reflectivity vs. the bias time R,
(Ty,) can be easy measured. In our case R, = 0.51 and
the dependence R ,;,(7}) is showing on Fig. 3. Ways of
determination of the function v = F(U,,T}) for the range
“I” (vp) and for the range “II” (vp) will be discussed be-
low.

In the range “I” the parameter v; is determined in the
following:

0,Uj, SURSR(Ty)
Up —UpZ3 (Ty)

vi(U,.Ty)= AT
1T}

Ut (Ty) <U, SU(Ty)

LU, 22U} (T}) ©)

where A, (T},) =U};(T,) — U 2% (T,) . As we can see from
formula (3) for definition of the parameter v; at any val-
ues of Uy, and T}, it is necessary to lay down laws of a
change of functions U (T,,) and U} (T},) or Uj(T},)
and A, (T},) . On Fig. 6 dependencies U (T},) ., U,X}:.(T,,)
and A;(T},) that have been obtained from experimental
curves are presented. As we can see from Fig. 6 at the
T, > Tpc the value of the voltage level U; practically
does not change and can be approximated by linear de-
pendence with the small constant of proportionality. At
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the 0 < T}, < Ty the change of the function U} (T},) have
explicitly nonlinear character. Such behavior of the func-
tion U Z (Tp) can be mathematically approximated in the
following:

c(ST)
U, -Up

2
T,
1+ ay xIn| 1+| =2
Trc

where a; — is a some coefficient and U Z(ST) = Uj ().
The coefficient a; probably can be determined by the
physical parameters of a cholesteric mixture. But in this
paper this possibility is not considered. Here we deter-
mine this coefficient directly from formula (4) using ex-
perimental data from Fig. 6 (curve U,“). We suppose that
U;(ST) = U, (10s) =22.0 V. From Fig. 2 we determine
the value of the voltage level Up = 10.25 V. Also from
Fig. 6 we determine the value of the voltage level
Uj (Tpe) = 19.75 V. Substituting these data in the for-
mula (4) we determine the value of the coefficient a; =
=6.1. On Fig. 7 the experimental and approximated by
formula (4) dependencies of the voltage level U, vs. the
max

bias time 7} are presented. The dependence U™ 7 (Ty)
can be approximated by the next way:

Ui, =U®" -

@

Up.Ty <Tre
Ui () = ®)

T,
UD +a2><ln _— Tb ZTFC
Trc

where a, —is a some coefficient. The coefficient a, as well
as the coefficient a; can be determined directly from the
formula (5). Substituting to this formula the value of the
voltage level U;:l_afxc (3s)= 1525V at T, = 3 s we deter-
mine the value of the coefficient @, = 4.5. On Fig. 8 the
experimental and approximated by formula (5) depend-
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Fig. 7. Experimental and approximated dependencies the volt-
age level Uj, vs. the bias time T),.
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Fig. 8. Experimental and approximated dependencies the volt-
age level U;l“_a;c vs. the bias time T}.

encies of the voltage level U ;lrlaj’ﬁc vs. the bias time T}, are

presented. The experimental and approximated depend-
encies of the parameter A;(T},)=Uj (1))~ U 5.(T})
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Fig. 9. Experimental and approximated dependencies the pa-
rameter A; vs. the bias time T,

Substituting values of the parameter Aj; and the voltage
levels Upand y,  to the formula (6) we obtain the final
equation for the pArameter v 1 U,.T,) . Using this equa-
tion and the formula (2) approximated electro-optical
characteristics of the ChLC in the range “II” can be ob-
tained. The final approximated dependencies R(Up) at dif-
ferent values of the bias time 7}, are presented on Fig. 10.
Comparison of electro-optical characteristics on
Figs 2 and 10 shows that proposed method for an ap-
proximation of electro-optical characteristics of a ChLC
gives good coincidence of experimental and approxi-
mated dependencies. Some difference in experimental and
approximated dependencies is explained by simplicity
of presented method. For more correct coincidence the
more complex model dependence of the reflectivity vs.
the parameter v is needed. At the same time the curves on
Figs 7, 8 and 9 demonstrate the successful selection of
approximated functions for threshold voltage dependen-
cies U}, (T},) and U ;lllafxc (T},) - And now, the finding of the

are presented on Fig. 9. Substituting approximated de- 0.55 .
pendencies A;(T},) and U;l‘laj’c‘c (T;,) inthe formula 3) we Rmax 9 50d=—S<F=r=F = - o
obtain the final equation for the parameter v, (U,,T}, ). 0.45 Y i v
Using this equation and the formula (2) approximated ' \; '[ [ / A
electro-optical characteristics of the ChLC in the range 0.40 ,\-\ T ! '
“I” can be obtained. 0.35 \ ; H——— 10s
In the range “II” the parameter vy is determined in 0.30 \ NI ! " P
the following: 0.95 s / ! | Is
. \\ | : |- - 05s
LU, <U, (T,) 0.20 N it
A © 0.5 AN il
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T L2y, (1) <U, U, minm = A= 4=k b oo dedet L |- T TGV
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Wl'lere A.H(Tb) = U;;f‘;;(Tb)—Uh_p(Tb) =Up-U,_,T).
It is possible to suppose that U h-p (T},) =const=1.5V
(see Fig. 2). It means that Ay, (T,) = const = 8.75 V.
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Fig. 10. Approximated dependencies R(U,) at different values
of the bias time 7.
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relationship between physical properties of a ChLC and
the value of coefficients a; and a, is a very important
problem.

Based on our investigation we propose the next pro-
cedure for experimental study of a ChLC for an approxi-
mation of its electro-optical characteristics:

1. The measuring of the quasi-static electro-optical
response of a cholesteric display cell. In this case the
sequence of voltage pulses with the voltage waveform from
Fig. 1 and T, > 10 sis used. As a result we obtain values
of the next parameters: RST) = R i (), Ryaxs U Z(ST) ,
Umax(ST) U and UD.mm

h_Zl.cc The mgﬁguring of the dependence R,in(7}). For
this measuring also the sequence of voltage pulses with
the voltage waveform from Fig. 1 is used. But in this case
the bias voltage level is fixed (U, = Up) and the bias time
is changed. As a result we obtain the experimental de-
pendence R,,;,(T}) and the value of the parameter T'rc.

3. The measuring of the electro-optical response of a
cholesteric display cell as in point 1 with 7}, = Tgc. This
dependence is necessary to determine the value of the
coefficient a;.

4. The measuring of the electro-optical response of a
cholesteric display cell as in point 1 with 7}, > Trc. This
dependence is necessary to determine the value of the
coefficient a,.

The duration of experimental measuring of these four
characteristics is about one hour that is on the order less
than duration of experimental study necessary for inves-
tigation of electro-optical properties of a ChLC by a
standard way. Moreover, using proposed method of ap-
proximation, it is possible to obtain approximated electro-
optical characteristics of a ChLC, similar to characteris-
tics on a Fig. 10, for any value of the parameter 7.

4. Conclusions

In this paper the method for an approximation of electro-
optical characteristics of a ChLC, which describe a
behavior of a cholesteric material at transitions from the
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field induced homeotropic texture to the stable planar
and focal conic textures has been demonstrated. This
method allows to obtain sufficient quantity of approxi-
mated characteristics of a ChLC only due to the measur-
ing of four special electro-optical characteristics. It al-
lows to essentially decrease the duration of experimental
study in comparison with then standard way of investiga-
tion.
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