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Abstract 
The LCD based on Kerr effect is highly interesting 
because it uses an optically isotropic state with no need 
of alignment layer and it shows sub-millisecond 
response time. The problem of the device is that it 
requires very high operating voltage and the 
transmittance is relatively low compared with other 
LCDs that use nematic LC. In this work, we study on 
various electrode structures and driving method which 
can lower operating voltage. 

 
 

1. Introduction 
 

Recently, blue phases have become interested issue 
in area of liquid crystal displays (LCDs). Liquid 
crystal molecules of nematic phase have been being 
utilized in almost all range of LCDs. However, the 
nematic phase has intrinsic weak points basically, 
firstly alignment layer treatment, secondly intrinsic 
viewing angle dependence, thirdly insufficient slow 
response time for high quality moving pictures. As a 
solution, optically isotropic-anisotropic changing 
liquid crystal composites such as polymer-stabilized 
blue phase liquid crystalline (BP LC) or optically 
isotropic-nano structured liquid crystal composite 
have been an issue because of its optically isotropic 
state from its cubic lattice and fast response time from 
its high elastic constant [1-4]. 

Conventional polymer-stabilized BP LC devices 
have been driven by in-plane electric field with inter-
digital shaped electrodes in order to switch isotropic 

state (voltage-off) to anisotropic state (voltage-on) 
along the induced birefringence of BP LC via the Kerr 
effect [5-6]. However it needs high operating voltage 
according to previous reports [7-9]. 

In the BP LC devices, the interdigitated electrodes 
are only on a bottom substrate with thickness of less 
than 1㎛ so that electric fields are formed between 
electrodes only near the bottom substrate. In other 
words, the intensity of electric fields is not strong 
enough to induce the birefringence up to whole area 
of the cell, and in addition, the intensity of electric 
field is proportional to the length between electrodes. 
To reduce the operating voltage, electric fields should 
be utilized intensively and to intensify the electric 
field, length between electrodes should be reduced. 
For a narrow electrode gap, there should be many 
numbers of electrodes for a pixel size over 100 µm, 
which will decrease transmittance because no 
transmittance is generated above electrodes due to no 
in-plane field. This means the transmittance and the 
operating voltage are in trade-off relation. 

To overcome such high operating voltage and low 
transmittance problems, wall-shaped electrode was 
proposed [10]. In the ideal case of the condition, the 
electrode height should be as much as higher than cell 
gap to form more electric fields. However, it is not an 
easy process to have electrode wall over few µm. In 
the real situation, the electrode should be topped on 
organic film or resin such like column spacer. Hence 
real electrode height can be up to 3~4 µm. 
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Figure 1. (a) Optically isotropic state at voltage off state in BP LC, (b) Voltage-on state BP LC in conventional in-plane 
electric field driving electrode structure, (c) Voltage-on state BP LC in proposed elliptic-like shaped electrode 
structure.

In this paper, we studied on reduction of the 
operating voltage by utilizing well-occupied electric 
fields with proposed electrodes. Besides, for optimal 
structure of the proposed electrode, we simulated the 
variation of the distance between electrodes with 
driving by two transistors [11].  

In the voltage-off state, the BP LC is in optically 
isotropic state from its cubic lattice so that it shows 
dark under crossed polarizers as shown in Figure 1 (a). 
In the voltage-on state, the birefringence is induced 
along the electric fields (E) and its magnitude is 
determined by equation; 
 

∆ninduced = λKE2                      (1) 
 
where ∆ninduced is the induced birefringence, λ is the 
wavelength of an incident light, and K is the Kerr 
constant of the BP LC composites [5-6]. The large K 
and strong E are very important to enhance ∆ninduced, 
so that we focused on the factor E to induce more.  

The cell is composed of crossed polarizers and BP 
LC driven by in-plane electric fields, therefore the 
normalized transmittance (T) of the device associated 
with the phase retardation can be described as follows; 
 

T= sin2 2ψ×sin2(πd∆ninduced(V)/ λ)   (2) 
 
where ψ is an angle between one of the transmission 
axes of the crossed polarizers and the LC director, and 
d is LC layer thickness with induced birefringence. In 
order to maximize the transmittance, ψ should be 
equal to 45o and d∆ninduced should be λ/2. 
 

 
2. Electrode structure designed in in-plane 

electric field device  
 

In order to improve transmittance, the electrode 
structure with enough distance between pixel and 
common electrode is preferred. To simulate the device 
for optimal condition, we have employed 3-
dimensional commercial simulation software Techwiz 
(Sanayi, Korea). In the in-plane electric field devices, 
we have chosen w and l to be 4µm and 6µm, 
respectively and the Kerr constant of the mixture is 
1.0ⅹ10-9m/V2 in the device. The in-plane electric 
field is always generated between electrodes so that 

 
Figure 2. Voltage dependent transmittance curves in 
conventional electrode, and elliptic electrode with height 
of 1µm, 2µm and 3µm. 
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Figure 3. Comparison of electric fields intensity between (a) conventional in-plane electric field driving electrode 
structure, (b) proposed elliptic-like shaped electrode structure and (c) principle of single transistor driving, (d) 
principle of two transistors driving.

the region with transmittance can be 6µm out of 10µm 
(= w + l). It explains the transmitted area in the in-
plane electric field driven cell is about 60%.In 
conventional in-plane electric field devices, the 
electrodes thickness is just approximately less than 
1µm high in real situation. Therefore, in-plane field 
which induces birefringence of BP LC exists only 
between electrodes, that is, no transmittance occurs 
above electrodes. In addition, intensity of in-plane 
electric fields is dependent on vertical direction such 
that it is getting weaken as far away from electrode 
substrate. Consequently, the ∆n induced is dependent on 
the vertical position, as illustrated in Figure 1 (b). 

To induce more birefringence not only between 
electrodes but also above electrodes, the electric field 
should be formed intensively up to the vertical 
position. Unlike conventional LCDs, the optically 
isotropic-anisotropic liquid crystal composite devices 
do not require alignment layer treatment, so that the 
height or shape of the electrodes would not degrade 
the dark state quality of the BP LC devices. In an ideal 
condition of the electrode is rectangular shape with 
height as high as cell gap to form the electric fields in 
whole area of the cell. However, in real situation, the 
electrode with such as indium tin oxide (ITO) cannot 
be stacked as much as more than 1µm. So, such as 
organic film or insulator should be patterned on the 
bottom substrate firstly and then deposit ITO and 
patterned it. As a result, electrode structure can be 
elliptic-like, so that the electric fields are formed 
intensively along the height of the electrode vertically, 
as shown in Figure 1 (c). More retardation can be 

induced from optically isotropic BP LC layer from the 
proposed structure.  

Figure 2 shows the voltage dependent transmittance 
curves according to its electrode height. As above 
mentioned, the cell with electrode structure 3 µm high 
shows the lower operating voltage (76V)  than that 
of conventional electrode (132V) by up to 57.6 % 
with slightly improved transmittance. 

 
 

3. Reduction of the operating voltage 
 

Figure 3 shows comparison of equi-potential lines 
between the conventional in-plane electric field 
driving electrode structure, and the proposed elliptic-
like shaped electrode structure. As clearly can be seen, 
stronger in-plane field between electrodes is formed 
compared to that of the conventional structure. Even 
though the proposed electrode structure reduces 
operating voltage of the BP LC, the operating voltage 
is still high to drive the device due to the low Kerr 
constant. Another way of lowering operating voltage 
is to use two transistors [11], as can be seen in Fig. 
3(d).  

Figure 4 shows voltage dependent transmittance 
curves according to the w, l in w-l = 2-4, 2-6, 3-6, 4-6, 
4-8, 5-10, 2-4 µm with two transistors with fixed 
elliptic-like shaped electrode height 3 µm. Basically, 
reducing w contributes to more transmittance because 
the transmitted area can be promoted, increasing l 
contributes to more transmittance under fixed w 
because the transmitted area can be promoted also and 
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Figure 4. Voltage dependant transmittance curves in 
3µm height elliptic-like shaped electrode according to 
the electrode width (w) and the distance between 
electrodes (l) in w-l ; 2-4, 2-6, 3-6, 4-6, 4-8, 5-10, 2-4 µm 
with two transistors. 

intensity of the electric field contributes to less 
operating voltage in the condition such as less length 
of l because if the applied voltage is fixed, less l 
contributes to more electric field intensity. 
Distinguishing the curves by w=l/2 length which are 
2-4, 3-6, 4-8, 5-10, the short length of l contributes to 
lower operating voltage from intensive electric field 
and to occur more transmittance from reducing the 
length of w. Comparing the case of 2-4 and 2-6, the 
length of l is promoted under the length of fixed w so 
that the transmittance is increased and the operating 
voltage is heightened from weakened electric field. 
We can approach same rationale in to the case of 3-6 
and 4-6, 4-6 and 4-8, as well. Finally, the operating 
voltage of 2-4 is 52V and in the case of 2-4 with two 
transistors is 26V. Apparently, the operating voltage is 
reduced by half of the single transistor driving with 
two transistors driving. As a result, the operating 
voltage is lowered up to 19.7% (26V) by using 
elliptic-like shaped electrode and two transistors from 
the operating voltage of the conventional device, 132V. 

 
 

4. Conclusion 
 

We have proposed new device structure for LCDs 
based on Kerr effect. The device with elliptic-like 
shaped electrodes and two transistors lowers driving 
voltage and improves transmittance. The results 
contribute greatly to improve electro-optic 
characteristics of next generation LCDs based on Kerr 
effect. 
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