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ABSTRACT 
 

A series of ferroelectric liquid crystals consisting new glassy liquid crystals (GLCs) as chiral dopants were prepared and 
evaluated for their potentials in fast switching ability less than 1 ms.  The properties of pure ferroelectric glassy liquid 
crystals (FGLCs) and mixtures were reported in this paper.  In particular, the novel FGLC possessing wide chiral 
smectic C mesophase over 100 oC is able to suppress smectic A phase of host.  The mixture containing 2.0 % GLC-1 
performs greater alignment ability and higher contrast ratio than R2301 (Clariant, Japan) in a 2 µm pre-made cell (EHC, 
Japan).  These results indicate that novel FLC mixtures consisting glassy liquid crystals present a promising liquid 
crystal materials for fast switching field sequential color displays. 
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INTRODUCTION 
 

The association of properties between chirality and spontaneous polarity in liquid crystals was first reported by 
Robert B. Meyer in 1975 [1].  Few years later, Clark and Lagerwall realized the electrical manipulation of spontaneous 
polarization by using surface stabilized ferroelectric liquid crystals (SSFLCs), in which the unwound helix of chiral 
smectic LC is filled between two closely spaced substrates [2].  The characteristic cone-shaped switching between two 
stable states gives FLCs fast response time, wide viewing angle, and bistable switching.  These unique properties can 
be considered as assets in the next generation of displays.  The tasks in preparing good domain without zigzag and 
stripe defects, however, remain a great challenge to many.  These domain defects cause light leakage which can lead to 
the degrading on optical performance of the device.  In addition, the working temperature is usually limited by 
crystallization at lower temperature and other mesophases at elevated temperature for most of the FLC materials.  
Lately some efforts have been made in order to enlarge SmC* phase by ferroelectric liquid crystalline polymers [3, 4].   

 
Glassy liquid crystals (GLCs) represent a unique class of LC materials that preserve the molecular order into solid 

state without crystallization upon cooling [5-7].  In addition, the GLCs have glass transition temperature (Tg) 
emulating polymeric LCs, but have superior chemical purity and favorable rheological properties over polymeric 
counterparts [8].  Thus, low-molecular-weight glassy liquid crystals possessing wide mesophase without polymeric 
approaches can be good candidates for display applications.  In this study, a series of new glassy liquid crystals was 
synthesized, targeting application for FLC devices.  Both pure compounds and mixtures were examined for their 
electro-optical properties as well.  In all GLC mixtures, the rise times were under 700 µs, and the fall times were 
around or less than 1ms without enhancement by specific driving scheme at room temperature.  The large domain size 
and fast response time of FLC mixtures are suitable for field sequential color display application. 
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CHIRAL SMECTIC C GLASSY LIQUID CRYSTALS 
 

It has been successfully implemented a molecular design concept for low molecular weight glassy liquid crystals 
(GLCs), in which nematic and chiral pendants are bonded to a volume-excluding core chemically to prevent 
crystallization upon cooling [9, 10].  We targeted chiral-smectic C GLCs that can be prepared by 1, 3, 5-cyclohexane 
core with various pendants.  Liquid crystal molecules, therefore, can be switched between two stable states within the 
chiral smectic C (SmC*) mesophase by applying a voltage pulse with adequate width and polarity under surface 
stabilized condition.  The general structure has been depicted in Figure 1.   
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Figure 1. Molecular structures of chiral smectic GLCs 

 
 

 
Thermal properties of pure chiral smectic C glassy liquid crystals (GLCs) were listed in Table 1.  The phase 

transition temperatures were measured by differential scanning calorimetry (DSC, Diamond DSC, Perlin Elmer, Inc.) 
with heating and cooling rate at 20 oC/min.  Among these materials, the GLC-1 is a monotropic liquid crystal with 
unidentified chiral smectic phase.  With pendant modification, the GLC-2 shows a very short range of chiral smectic C 
mesophase between 109 oC and 125 oC from heating.  By mixing two different spacer lengths of the same pendant, the 
GLC-3 attains a very wide chiral smectic C mesophase ranging between 15.7 oC and 115.4 oC from heating.  
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Table 1. Phase transition for pure compounds obtained by DSC with heating and cooling rate at 20 oC/min 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The FLC mixtures were obtained by doping GLC materials into an achiral smectic C host, W206A.  The phase 
transition temperatures of W206A smectic C host are Cr 14-15 SmC 85.7-86.4 SmA 90.1-90.6 Nm 99.4-102 I from 
heating, and I 101.4-98.4 Nm 90.4-89.9 SmA 86.3-85.6 SmC -0.65 Cr from cooling.  Thermal properties of GLC-1 
mixtures with various weight percentage, 0.6 %, 2.0 %, 3.0 % and 4.0 %, were measured by DSC listed in Figure 2 (a).  
There is a broad transition peak from DSC data covered the transition temperature from chiral smectic C (SmC*) phase 
to chiral nematic (N*) phase in GLC-1 mixtures.  This broad transition peak consists of the mixture of chiral smectic A 
(SmA*) phase and chiral nematic (N*) phase transition, in which both phases can be observed under polarizing optical 
microscope (POM).  Thermal transition properties of 2.0 %, 4.3 %, 9.0 %, 12 %, and 23 % GLC-3 mixtures were 
shown in Fig. 2 (b).  The clear transition between SmC* and N* phase, conversely, exists in all GLC-3 mixtures under 
POM.  The success of suppressing SmA* phase can be attributed to the wide SmC* phase of GLC-3.  In particular, 
the widest SmC* phase can be achieved by 12 % GLC-3 mixture with temperature ranging from 16.9 oC to 97.9 oC.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Material Phase transition temperature ( oC) 

Heating：Cr 78 I GLC-1 

Cooling：I 52 SmX 29 Cr 

Heating：G 12 SmX 66 SmX 109 SmC* 125 SmA 145 I GLC-2 

Cooling：I 140 SmA 119 SmC* 103 SmX 11 G 

Heating：G 15.7 SmC* 115.4 SmA* 146.1 I GLC-3 

Cooling：I 141.3 SmA* 109.9 SmC* 14 G 
Cr : Crystalline, Sm : Smectic, I : Isotropic, G : Glassy, * : chiral 
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Figure 2. Thermal properties of (a) 0.6, 2.0, 3.0, and 4.0 % GLC-1 mixtures; and (b) 2.0, 4.3, 9.0, 12, and 23 % GLC-3 mixtures 
measured by DSC at heating rate 20 oC /min. 
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ALIGNMENT OF PURE FGLC AND MIXTURES 
 

 
Glassy liquid crystals have been demonstrated the ability to form monodomain thin films over a large area with 

shorter annealing time due to uniform relaxation times in previous studies [4-6].  The advantages of GLC molecular 
self aligning ability will be adopted to enhance the alignment of FLC mixtures.  The 2.0 ± 0.5 µm pre-made cells with 
1 cm2 of ITO pattern area (purchased from E.H.C., Japan) were used in this study.  All sample pictures of pre-made 
cells, presented in Figure 3, were captured under polarizing optical microscope (POM) with the size of 673.5 µm × 
497.5 µm.  A 1 kHz driving waveform was applied to the cells for ON state whereas the driving voltage was depended 
on the saturation voltage of each sample.  Pure GLC-2 was only able to be driven at elevated temperature, 120 oC, 
because of its chiral smectic C phase, as shown in Figure 3 (a).  The contrast of GLC-2 was relatively good but with 
pin holes defects.  This was because of trapped air bubbles in the filling process.  The 2.0 % GLC-1 mixture 
demonstrated great alignment and large domain in pre-made cell, as shown in Figure 3 (b).  4.3 % FGLC-3, however, 
appeared to perform poor alignment and zigzag defects as illustrated in Figure 3 (c).  Comparing to the commercial 
FLC material (R2301, from Clariant) as depicted in Figure 3 (d), the 2.0 % GLC-1 mixture demonstrated a better 
alignment in pre-made cells.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 3. Pictures of ON/OFF state under POM: (a) 100 % GLC-2, 120 ℃; (b) 2 % GLC-1 mixture, 25 ℃;(c) 4.3 % GLC-3 mixture, 

25 ℃; and (d) R2301, 25 ℃ (Driving Scheme :1 kHz square wave) 
 
 
 

ELECTRO-OPTICAL PROPERTIES 
 

 
The electro-optical (EO) properties of 2.0 % GLC-1 mixture using a 10 Hz triangular wave at various temperatures 

were presented in Figure 4.  The 2.0 % GLC-1 mixture showed a smooth V-shaped switching and the threshold 
voltage was about 8 V.  The EO properties of 2.0 % GLC-1 mixture under a 60 Hz square wave at different 
temperatures exhibited much stronger temperature dependence.  The optical transmittance decreased along with the 
increase of temperature.  The GLC-1 mixtures having SmA* phase is believed to be responsible for the temperature 

(a) GLC-2, 120℃          (b) 2 % GLC-1, 25℃         (c) 4.3 % GLC-3, 25℃          (d) R2301, 25℃ 

OFF STATE 

ON STATE 

100µm 
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dependent.  This is due to the tendency of the molecular long axes align vertically in SmA phase, resulting in switching 
cone angle that has been greatly reduced at higher temperature. 
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Figure 4. EO properties of the 2.0 % FGLC-1 mixture using 10 Hz triangular wave at various temperatures 
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Figure 5. EO properties of the 2.0 % FGLC-1 mixture using 60 Hz bi-polar square wave at various temperatures 
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Figure 6 presented the EO properties of 2.0 % FGLC-1 using a bi-polar square wave at various driving 

frequencies.  The driving frequencies at 60 Hz and 180 Hz made no difference in EO characteristics.  The frequency 
at 1 kHz, however, shifted the threshold voltage to nearly 30V, as shown in Figure 6.  The result implied that 1 kHz 
driving with pulse width 500 µs did not have enough time for the director to maximize its switching.  The response 
times of pure GLC-2 and selected GLC mixtures were listed in Table 2.  Pure GLC-2 compound showed an extremely 
fast response time at 120 oC with bistability.  As for 2.0 % GLC-1 mixture, the rise time is under 700 µs and the fall 
time is near 1 ms.  The rise and fall times of 4.3 % GLC-3 mixture are 580 µs and 760 µs, respectively.  Thus, both 
mixtures are suitable for field sequential color display. 
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Figure 6. EO characteristics of the 2.0 % FGLC-1 mixture using 60, 180, 1K Hz bi-polar square wave at 25℃ 

 

 
Table 2. Response time of various FLC samples in 2±0.5 µm cell, driven by 1 kHz 30V square wave 

 
Material Rise Time (

9010 ττ → ) Fall Time (
1090 ττ → ) 

GLC-2 (120℃) 400 µs 296 µs 

2.0 % GLC-1 680 µs 1.1 ms 

4.35% GLC-3 580 µs 760 µs 
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CONCLUSIONS 
 
Chiral smectic C GLCs as chiral dopants possess great ability maintaining chiral smectic C mesophase in mixtures.  

SmA* mesophase can be suppressed by GLC-3 compound, which possesses large SmC* mesophase.  Both GLC-2 and 
3 can be identified as ferroelectric glassy liquid crystals.  The GLCs mixtures have potentials in preparing a good 
domain in SSFLC.  Several groups have obtained monodomain with FLC material R2301 by utilizing hybrid 
alignment [11] or asymmetrical cell with linearly-photo-polymerized polymers (LPPs) and liquid crystal polymers 
(LCPs) [12].  Since large domain size was able to be accomplished by using 2% GLC-1 mixture, we believe that the 
criteria of achieving monodomain FGLCs or FGLC mixtures would be less strict than R2301.  These advantages may 
minimize manufacturing process and simplify cell structure in the future. 
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