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Switching Characteristics of Hybrid Aligned
Ferroelectric Liquid Crystals under Horizontal
Electric Field

MORICHIKA TAKATA, HIROYUKI OKADA and
HIROYOSHI. ONNAGAWA

Faculty of Engineering, Toyama University, 3190 Gofuku,
Toyama 930-8555, Japan

Switching characteristics of ferroelectric liquid crystals under horizontal electric field have
been investigated. In order to stabilize a single domain state, hybrid alignment was
employed. In order to reduce a hysteresis in transmittance versus voltage characteristics,
short-pitch ferroelectric liquid crystal materials were useful. Obtained contrast ratio was
10:1. Optical response showed mono-stable behavior and transmittance rise and fall times
were 220 and 150 ps, respectively.

Keywords: Ferroelectric liquid crystals; hybrid alignment; single domain; mono-stable; hori-
zontal electric field

Introduction

Ferroelectric liquid crystal (FLC) is interesting for its short response time. Early
research works were mainly focused on the surface stabilized ferroelectric liquid
crystals for multiplexing addressing scheme. [1] Recently, active matrix addressed
ferroelectric liquid crystals have been investigated. [2,3] In the previous report, we
have reported switching characteristics of ferroelectric liquid crystals under horizontal
clectric field. [4,5] In this experiment, we used conventional surface stabilized
structure. Due to the structure, dual domains were formed and transmittance versus

voltage characteristics showed Table 1. Data of alignment layers
hysteresis. In this time, |Alignment] o, 7 v %
we have investigated a layer (deg) (mN/m) | (mN/m) | (mN/m)
PAN 32 18.3 204 38.7
hybrid aligned FLCs and
o ZSA 3.5 27.0 10.7 37.7
have evaluated the switching
. ) PPO 10.0 332 03 335
characteristics under hori-
. 2401 14.0 372 0.1 373
zontal electric field.
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Table 2. Liquid crystal materials under study

Compounds Type Transition Temperature (°C) (ncl:m,) T:'(’::)k p(':mh )p m(‘::)“‘
C8-1024 FLC Crysi(-12)Sc*(62)8A(82)N*(90)lso -46.9 25 >20 73
Cs-1033 FL.C Cryni-12)8:(61.3)SA(84. 5IN%(96.2)l50 281 193 3 2
TM-C103 FLC Sc*(62.4)S,(79 S)N*(91 3)iso 20.1 25.9 >20 63
T™M-C104 FLC Sc(63)SA(T6IN*(91.6)Is0 78 248 20 134
81017 FLC Cryst{-20)Sc*(55.6)8(64.0IN*(68. 7)is0 93 26 1 184
C5-2004 | FLC (large 0) Crysi(-9)Sc*(62)IN*(71)is0 68,7 44 15 274
€5-4001 AFLC Se:4*(66.8)8,*(67.8)8-*(70.1)S(86.0)is0 79.7 249 s 795
TM-C108 SA S *(20.9)8,(75. )ls0 7 7 vd re

In order to obtain a uniform and mono-stable alignment state, the hybrid alignment,

in which the alignment layer materials of opposite glass substrates were different, was

_used. Pretilt angles and surface energies of the alignment layers from contact angle

measurement of Wilhelmy method are listed in Table 1. Polyacrylonitrile (PAN)
showed larger polar component of surface energy, PSI-G-4001 (ZSA: Chisso),
PSI-A-2001 (PPO: Chisso) and PSI-A-2401 (2401: Chisso) were polyimides.
Especially in PPO and 2401, high-pretilt angles and smaller polar component of
surface energies were obtained. Propertics of the liquid crystal materials used are also
listed in Table 2. Where, CS-1024, TM-C103 and TM-C104 are mixture of rectus and
sinister enantiomers with the same core structure.

Cross sectional and plane view of the liquid crystal cell are shown in Fig.l.

Electrode material was tantalum covered with sputtiered silicon dioxide. Electrode

width W was 3 um. The electrode spacing S [ e submree |

was 7 um for comparison of transmittance
versus voltage (Tr-V) characteristics, and
2 um for response measurement. Optical
microscope with photomultiplier was used
for Tr-V characteristics. Applied waveform
was triangular and its frequency was 30 Hz.

For optical response measurement, half duty

cycle of rectangular waveform with bipolar

b d it doctrods

polarity was applied. Based on Tsuchiya’s
analysis [6], surface and free energy

calculation were carried out. Figure 1. Cell configuration
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Energy calculation for hybrid alignment
Referring Tsuchiya’s analysis [6), a surface energy of dispersive and a polar
interaction in hybrid alignment cell is described as
F =Y lGiogf +7,(5o8)
6))
=(y.sin* g, +7, sin’ g, )sin’ 0 + (7,,, cos @, +7, cos¢,)|—;;’—|,
where, X is the sum of energy for upper and lower substrates, n, p and g z;re the unit
vectors of n director, spontaneous polarization and substrate normal, respectively. And
¢ is the azimuthal angle of c-director, & is the tilt angle and y, and y, are the surface
energy of dispersive and polar component, respectively, where, u and / means upper
and lower, respectively.
For uniform state of hybrid alignment, the surface energy between ¢,
(=h=¢)=mand ¢ (== )=0 is different and the second term of Eq.(1) is as

(,P" ypl)— (¢,=0) F-'J'U=(_7pu+7pl)—&'

it ®.=7) o

We assumed You >ypi and Po>0
C=m-ra)>0 EL=Crntra)<o.
Therefore, the ¢~z was stabilized. On the other hand, Ps<0, then
v =—(7pu—7p,)<0, F,’ =—(—yw+yp,)>0.

Therefore, the g=0 was stabilized. As a whole, mono-domain state will be stabilized
for hybrid alignment with different polar component.

Next, we consider the free energy calculation of hybrid aligned cell refer to
Tsuchiya’s analysis [6). Assuming a c-director is constant, energy of helix state is as

E” ynu 7;,[ smz 0. (3)
Under uniform state, &,=@=dy. As surface energy is minimum at ¢=0or ¢=r,
the energy is described as
u 1 >
F'= quzd(Kz + Ky - K)sin® 0+ (=7, + 7 )s @

where, ypu >ypi1, $,=0 (Ps<0) and ¢ =n (Ps>0).
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For twist state, the energy is as

d
; ~
Fr=] [%¢y’ sin? 8(K, cos? ¢+ K sin? ¢)
d
2
-¢

yqo(K, —K,)sin’ & cos @sin ¢

)
. %qoz sin? 0(K, + K, - K )y
+(y,, +7,)sin? ¢, sin’ 6 *(}’,,., +yp,)cos é.
where, Ypu >¥el,
por—p.  (En<Z@0 -Tep<E<0)
Figures 2(a)-(c) shows calculated thickness P
dependence of tilt angle. Figure 2(a) shows the PAN-PAN
case of ordinary alignment using PAN. Figure g,_ 1 T 7
2(b) shows the case of ordinary alignment using é E o5k 4
2401. And Fig.2(c) shows the case of hybrid 3V R ___r_l_J_Br_

x/16 2r/16 3n/16 4=x/16

alignment using the combination of PAN and Tilt An %l; 0 (rad)
8,

2401. Elastic constants were K,;~27.3pN,

15 Tt

K:=21.4pN and K;729.4pN. These values 24012401

were measured with CS-1024 under nematic EA ' T T
temperature range using Gruler’s procedure. [7] ég 05 T—_*U—““__
Spontaneous polarization, tilt angle and helical S |
pitch were listed in Table 2. The gy was -2/2 and =6 2 Q:g]je"(ﬁg) 4116
go was negative. In Fig.2 (a), critical thickness S et (b? -

was smaller than that of the case in Fig.2 (b). PAN-2401
Therefore, the cell with PAN alignment layer g T T
show twisting tendency. This tendency was Eg 05 _‘\U——'_*—_
qualitatively in agreement with experimental 3 L

11 - 2 i
x/16 2=/16 3n/16 4=/16

results. The characteristics of 2401 case were
Tilt Ang§ 0 (rad)
(c

almost similar to that of PAN/2401 hybrid
alignment case. It is considered thatthe  Figure2. Calculated thickness
alignment condition of hybrid alignment case dependence of the tilt angle.
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largely affected to the stable alignment layer. Moreover, the critical thickness of the
PAN/2401 hybrid alignment case was slightly larger than that of the case in 2401 for
lower tilt angle. In the practical cells, the critical cell thickness was about 3 pm. This
result was not well explained in this calculation. This discrepancy was due to a few
percentage of the energy difference between twist and uniform states around one
micron and the assumption that actual surface energy was slightly different from
liquid crystal itself. Anyway, the twisting tendency was explained according to the
polar component of the surface energy.

Experimental results
1024

P

24012401

PAN2401

Figure 3. Examples of the alignment conditions
Figure 3 shows the examples of the alignment conditions. Upper, middle and
lower photographs were PAN/PAN (ordinary), 2401/2401 (ordinary) and PAN/2401
(hybrid), respectively. Good mono-domain alignment was obtained in the hybrid
alignment PAN/2401.
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Table 3. Obtained alignment and extinction states

Upper | Lower CS-1024 TM-C103 TM-C104 CS-1034
Substrate Ul JU2| Sme | UL U2 ) Sate | Ui | U2 1 State | UL | U2 ] State
PAN “131 -5 D 13 ] -5 D b LI ) D 14 ] -1 D
PAN ZSA_ | +i4 8 +i4 s +11 S +13 s
PPO +16 S +45 S +13 h] +14 S
2401 +15 S +15 3 +12 S +13 S
ZSA 1 +15 | -5 D 14 | -8 D +12 | -2 D +12 ¢ 4 D
ZSA PPO +16 S +15 S +12 S 14 S
240t 14 S +14 S +12 S 13 S
PO PPO | +16 | -5 D +13 | -5 D +13 | -3 D +16 1 4 D
2401t +14 S +7 S +15 S +i6 S
2401 2401 | +14 [ .8 D +13 | 4 D +15 | -L D A3 ] -3 D

Table 3 shows obtained alignment and extinction states in the cell with parallel

rubbing direction. The U1 and U2 mean uniforml and uniform?2 states, respectively.

The value was the angle between rubbing direction and extinction condition. The

symbols D and S means dual and single domains, respectively. As expected in the

calculation, the single domain state was surprisingly realized by employing the hybrid

alignment. The C-director model is shown in Fig.4.

Aignnert layer
PAN
Qagr )
Aignnent layer
ZSA
PPO
2401
(smdler )

Figure 4. C-director model

C$~1017; Shost-pich FLC

CS-2004: Large Tik Angle FLC

(. units)

Ty

T

N\ /4

CS~4001: Amsiftrrosibctric Liquid Crystak

Volage(V)

ola L e bbb i
-30 -20 -0 0 10 20 X0

(arb.umits)

oo T

TM-CI08: Smectic A Liquid Crystals

N/

100 10 26 30
Vokage(V)

E T
i

= Jo0 50

Figure 5. Tr-V curve for various LC materials

Comprehensive study about contrast ratios, hysteresis, symmetry of the Tr-V

curve was carried out by changing the liquid crystal material, ie., short-pitch

ferroelectric, large tilt angle ferroelectric, antiferroelectric and smectic 4 liquid crystal

materials, as shown in Fig.5. Alignment layer was 2401 (electrode side)/ PAN. In the

case of large tilt angle FLC and antiferroelectric LC, the Tr-V curves show hysteresis.

In the case of smectic 4 LC, transmittance change was small. As a result of the

investigations, the short-pitch FL.C was the best.
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In order to reduce the response time and
the driving voltage, shorter electrode
spacing was tested as follows.

The Tr-V Characteristics is shown in
Fig.6. The transmittance was saturated
above * 15 V and symmetric Tr-V
characteristics with varied voltage were
obtained. Contrast ratio was 10:1.  For lower
frequencies, the hysteresis regarded as ions
effect was observed. The switching
phenomenon was non-uniform and the main
part of switching was occurred near the
electrodes edge. Therefore, this lower bright
transmittance is the main reason for lower
contrast ratio.

The response time was measured with

rectangular waveform, as shown in

[3619)/831

CS-1017: Short-pitch FLC
.’Ef 7 T T
g
§
Y/
T RS T R S T )
Applied Voltage(V)
Figure 6. Tr-V characteristics
500
Lo
5 300
s 200
3 200+
§100—
% m
Applied Voltage(V)

Figure 7. Response characteristics

2401/PAN
A

A rLfLrLl_LH 1

111

UUU““'_

1

117

Fig.7. The transmittance rise and fall ok
times were 220 and 150 us, respectively, ~
under rectangular waveform at 20V. §° o
This value was almost same order as
compared to conventional SSFLC cell. 20
Mono-stable  characteristics were

tested, as show in Fig.8. Upper trace g
was the waveform voltage and lower g
trace was the transmittance. The voltage g
increased between 0 to 20V. The §
transmittance graduaily increased with E 00

increase in the voltage and the mono

stable characteristics could be obtained.

i 1
20 40

60

Time (ms)

1
80

Figure 8. Optical response of
mono-stable operation
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Conclusion

We had investigated the switching characteristics of hybrid aligned ferroclectric

liquid crystals under horizontal electric field. The hybrid alignment was essentially

effective for uniform and mono-domain alignment. In addition, mono-stable operation
was also confirmed for conventional SSFLC cell configuration. [8]

At present, contrast ratio was as low as 10:1. By solving the non-uniform switching

problem, the FLC display performance under horizontal electric field will be

improved.
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