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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 930-85SS, 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. [l] 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 

electric field. [4,5] In this experiment, we used conventional surface stabilized 

structure. Due to the structure, dual domains were formed and transmittauce versus 

voltage characteristics showed Table 1. Data of alignment layers 

hysteresis. In this time, 

we have investigated a 

hybrid aligned FLCs and 

have evaluated the switching 

~haracterist i~~ under hori- 

zontal electric field. 

[3613]/825 
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Table 2. Liquid crystal materials under study 

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

in which the alignment layer materials of opposite glass substmtes 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. Properties 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 enantiomen with the same core structure 

Cross sectional and plane view of the liquid crystal cell shown in Fig.1. 

Electrode material was tantalum covered with sputtered silicon dioxide. Electrode 

width W was 3 pm. The electrode spacing S 

was 7 pn for comparison of transmittance 

versus voltage (Tr-V) characteristics, and 

2 prn 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 

polarity was applied. Based on Tsuchiya’s 

n t d & d  datrrh 

analysis [6],  surface and fnx energy 

calculation were carried out. Figure 1. Cell configuration 
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SWITCHING CHARACTERISTICS OF HYBRID ALIGNED ... [3615]/827 

Enemy calculation for hybrid aliment 

Referring Tsuchiya’s analysis [6], a surface energy of dispersive and a polar 

interaction in hybrid alignment cell is described as 

F, =Ct..(WY + Y p ( F * d l  
(1) =&.. sin2 4” + yd sin2 &in* I9 + 6, cos 4” +y$ COS4/))-, p, 

lP* I 
where, B is the sum of energy for upper and lower substrates, n, p and g are the unit 

vectors of n director, spontaneous polarization and substrate normal, respectively. And 

4 is the azimuthal angle of c-director, 0 is the tilt angle and 5 and yp are the surface 

energy of dispersive and polar component, respectively, where, u and I means upper 

and lower, respectively. 

For uniform state of hybrid alignment, the surface energy between A 
(=4,=4)=zand 6(=4=4)=0 is different and the second term of Eq.(l) is as 

Therefore., the e x w a s  stabilized. On the other hand, Ps<O, then 

Therefore, the +O 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 

Under uniform state, 4=41=450. As surface energy is minimum at &-Oor &-z, 

the en= is described as D
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828/[36 161 MORICHIKA TAKATA el al. 

PAN-2401 

For twist state, the energy is as 
A 

Figures 2(a)-(c) shows calculated thickness 

dependence of tilt angle. Figure 2(a) shows the 

case of ordinary alignment using PAN. Figure 

2@) shows the case of ordinary alignment using 

2401. And Fig.Z(c) shows the case of hybrid 

alignment using the combination of PAN and 

2401. Elastic constants were K,,=27.3pN, 

K2~21.4pN end K~~29.4pN.  These values 

were measured with CS-1024 under nematic 

temperature range using Gruler's procedure. [7] 

Spontaneous polarization, tilt angle and helical 

pitch were listed in Table 2. The &I was 4 2  and 

q o  was negative. In Fig.2 (a), critical thickness 

was smaller than that of the case in Fig.2 (b). 

Therefore, the cell with PAN alignment layer 

show twisting tendency. This tendency was 

qualitatively in agreement with experimental 

results. The characteristics of 2401 case were 

almost similar to that of PAND401 hybrid 

alignmentcase. It is considered thatthe 

PAN-PAN 117----1 1 

!...:k\ 8' 
0 
x116 2 ~ 1 1 6  3x116 4x116 

Tilt Angle 8 (rad) 
(4 

Figure 2. Calculated thickness 

alignment condition of hybrid alignment case dependence of the tilt angle. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

08
 1

5 
A

ug
us

t 2
01

2 



SWITCHING CHARACTERISTICS OF HYBRID ALIGNED ... [3617]/829 

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. 

Exwrimental results 
cs 1m I231031 

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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830/[3618] MORICHIKA TAKATA et al. 

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

rubbing direction. The U1 and 112 mean uniform1 and uniform2 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 Cdirector model is shown in Fig.4. 

Figure 4. C-director model Figure 5 .  Tr-V curve for various LC materials 

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

curve was canied out by changing the liquid crystal material, Le., short-pitch 

fernelectric, large tilt angle femlectric, antifemelectric and smectic A liquid crystal 

materials, as shown in F ig5  Alignment layer was 2401 (electrode side)/ PAN. In the 

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

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

investigations, the short-pitch FLC was the best. 
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SWITCHING CHARACTERISTICS OF HYBRID ALIGNED ... [3619]/83 I 

In order to reduce the response time and CS-1017: Short-phh FLC 

the driving voltage, shorter electrode ‘g 

spacing The Tr-V was tested Characteristics as follows. is shown in ~~~ 8 

APPM V O h F m  

Figure 6. Tr-V characteristics 

‘I Fig.6. The transmittance was saturated 

above * 15 V and symmetric Tr-V -20 -10 0 10 20 

characteristics with varied voltage were 

obtained. Contrast ratio was lo:]. For lower 

fkquencies, the hysteresis regarded as ions 500 

effect was observed. The switching 8400 

phenomenon was non-uniform and the main 2 300 
part of switching was occurred near the g2O0 

electrodes edge. Therefore, this lower bright 8 
contrast ratio. 

3 

transmittance is the main reason for lower Oo 10 20 
Applied Voltage(V) 

Figure 7. Response characteristics The response time was measured with 

rectangular waveform, as shown in 240 I RAN 

c Fig.7. The transmittance rise and fall 
20 -~ 

times were 220 and 150 ps, respectively, 

under rectangular waveform at 20V. 

This value was almost same order as 

compared to conventional SSFLC cell. 

- > 
.4 

$ 0  - 
$ 

-20 

Mono-stable characteristics were I 
tested, as show in Fig.8. Upper trace 

was the waveform voltage and lower 

trace was the hansmittance. The voltage 

increased between 0 to 20V. The 

transmittance gradually increased with 

increase in the voltage and the mono 

stable characteristics could be obtained. 

Time (ms) 

Figure 8. Optical response of 
mono-stable operation 
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Conclusion 

We had investigated the switching characteristics of hybrid aligned ferroelectric 

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 1O:l. By solving the non-uniform switching 

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

improved. 
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