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Abstract 
Blue phase shows several different reflection colors from 
the randomly oriented domains and crystal direction. 
Also there are variations in the size of domains. The 
domain size is dependent on the temperature gradient. 
With smaller cooling rate of temperature, the domain 
size was increased compared with rapid cooling. With 
injection of light of specific wavelength, we find that the 
diffraction patterns were occurred around the light spot 
in the cell of blue phase. It was supposed to be from the 
matching of the phase retardation and domain size. 
However, actually the diffraction pattern is reflecting the 
lattice structure in double twist of the blue phase. The 
lattice constant from the radius of diffraction patterns 
shows very similar one from the reflection spectrum, 
which indicates the internal lattice constant in double 
twist of the blues phase. 

 
 

1. Introduction 
 

Blue phases appear between chiral nematic phase 
and isotropic phase. Those have poly-crystal 
structures of randomly oriented domains with 
variation of domain size. From this we can easily 
observe the vivid reflection colors with optical 
microscope [1]. 

As differently oriented domains respond non-
uniformly to the electric field, so they are expected to 
show some variation in the optical response. Domain 
boundary may function as the obstacle to the smooth 
and uniform electro-optical response [2]. To reduce 
the effect from the tiny domains and the variation of 
the domain size, it is necessary to control and increase 
the domain size. 

In principle, it is possible to observe the textures 
from the optical microscope. Here we would like to 
introduce an easy and simple technique, injecting the 

laser light and observing the diffraction pattern, to 
measure the size information of the domain in blue 
phase. However, actually the information we obtained 
indicates the internal structure of the blue phases. 

 
 

2. Experimental and results  
 

The cell was fabricated with ITO coated glass 
substrates. The cell gap was 13µm. Liquid crystal is a 
mixture of 5CB, JC1041XX and ISO-(C6OBA)2  [3]. 
It is known that it shows blue phases I, II and III 
depending on the temperature. The liquid crystal is 
injected in the isotropic phase. 
   
 

 

 
 

Fig. 1. Textures in the blue phase with different 
temperature change. All the textures were obtained at 
37C. The temperature was cool from the isotropic phase 
at the rate of (a) 1 /min, (b) 0.5 /min, (c) 0.3 /min, 
(d) 0.1 /min. Width of the each figure is 800µm. 
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In the experiment, the temperature of the sample is 
controlled by the temperature controller (LTS350 from 
Linkam). The experiment was done with cooling 
down the temperature from the isotropic phase with 
controlling the cooling rate. The texture and optical 
spectrum were observed with polarizing optical 
microscope. Laser light was injected with normal 
direction to the sample substrate, which is located in 
the temperature controlled stage. The diffraction 
patterns, which are appeared in the sample substrate, 
were observed around the sample. The wavelength of 
the laser light is 532nm 

Fig.1 shows the change of the texture with different 
cooling rate. Even the same temperature, the color and 
domains structure are very different with different 
cooling rate. With slow cooling rate, the domain 
structure is clearer than that of fast cooling rate. 
Average domain size is increased with deceased 
cooling rate. With counting the number of domains in 
a given texture, we compared the average domain size. 
As several textures in Fig.1 indicate, so the average 
size of the domain is increased with slow cooling rate 
as in Fig.2. 
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Fig. 2. The change of the domain size for different 
cooling rate of temperature. 
 
 

We observed the diffraction patterns around the 
sample as in Fig.3. We could observe the diffraction 
pattern only in the limited range of blue phase. The 
size and brightness of the pattern was changed with 
temperature and rate of temperature change. Among 
several patterns, we focused on the smallest one near 
the center. 

Considering the Bragg diffraction law, we could 
calculate the lattice constant of double twist blue 
phase. The lattice constant was about 370nm as in Fig. 
4 and it shrinks slightly with lowering temperature. At 

transition temperature, the diffraction pattern was 
disappeared. 
 
 

 
Fig. 3. Bragg reflection shape at 36.5  with different 
cooling rate of temperature (a) 1 /min, (b) 0.5 /min, 
(c) 0.3 /min. The images were captured with 
conventional camera. 
 
 

Fig. 4 shows the change of the lattice constant with 
different temperature and cooling rate. The 
temperature range is wider in the higher cooling rate. 
It seems that all the cases with less than 0.5 C/min 
follow almost similar behavior in the range of 
temperature and the diffraction size. The wider range 
of 1C/min may be just due to the delayed response of 
the sample temperature and small lattice constant may 
be due to the quenching effect from the fast cooling. 

 

35.5 36.0 36.5 37.0

360

365

370

375

 

 

La
tti

ce
 c

on
st

an
t (

nm
)

Temperature (C)

  Cooling rate
  1 C/min
  0.5 C/min
  0.4 C/min
  0.3 C/min

 
Fig. 4. Showing the change of the lattice constant 

obtained from the diffraction pattern for different 
temperature and cooling rate. 

 
 
As the domain size and the lattice constant are very 

different, we observed the reflection spectrum using 
optical microscope. It shows a reflection peak around 
530nm at the blue phase as in Fig. 5. From the 
previous report, we know it is the reflection from 
(200) layer in blue phase [4]. And it indicates the layer 
distance is about 340nm. It is comparable value with 
the data in Fig. 4. So it is reasonable that the 
diffraction pattern in Fig. 3 is due to the lattice 
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constant of the double twist and it indicates the 
internal structure in domains. 

However, we found that the behavior dependent on 
the temperature is reversed between the diffraction 
and reflection spectrum experiments. In the case of 
diffraction experiment, with higher temperature the 
lattice constant is larger. However, the reflection 
spectrum shows reversed behavior. And the range of 
the diffraction is just limited in the part of the blue 
phase. It seems to be appeared just blue phase I, not in 
blue phase II and III. 
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Fig. 5 Reflection spectrum from the blue phase at 36.5C, 
cooling rate 0.3C/min 

 

3. Summary 
 

  Recently devices using blue phase are very popular 
for the candidates of the future displays. We introduce 
a simple tool for characterizing the internal structure. 
This technique is expected to be easily used in the 
research and development of the display. It is helpful 
to easy and fast handling the devices. However, we 
need to understand more details of this technique. 
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