
doi: 10.4302/plp.2013.1.03 PHOTONICS LETTERS OF POLAND, VOL. 5 (1), 5-7 (2013) 

http://www.photonics.pl/PLP © 2013 Photonics Society of Poland 

5 

Abstract—In the paper we present recent results on investigation of 

ferroelectric liquid crystals molecules orientation inside photonic crystal 

fibers, which consist of a set of micro capillaries. We have infiltrated 

glass micro capillaries of different inner diameters with the experimental 
ferroelectric liquid crystal mixture W-206K. The orientation of the 

liquid crystal molecules was controlled by an external electric field 
applied to the sample. We have obtained promising results about the 

orientation of the ferroelectric liquid crystal molecules and their 

behavior under the influence of the applied external electric field. The 
presented results may lead to designing a new class of fast-switching 

fiber optic sensors.    

 

 

One of the attractive properties of photonic crystal fibers 

(PCF) [1] is that their air-hole lattice structure can be 

infiltrated with substances whose refractive index can be 

controlled by external physical fields. The infiltration of 

PCFs with different types of liquid crystal (LC) materials 

forms a new class of tunable optical fibers that has been 

investigated by many research groups all over the world. 

Experimental evidence of tuning properties of photonic 

liquid crystal fibers has been reported since 2003 [2-4], 

but so far the vast majority of work has been done by 

employing nematic liquid crystals (NLC) and only the 

initial study included cholesterics and smectics.  

Chiral smectic C (Sm C*) liquid crystals possess very fast 

electro-optical response on external electric fields, c. an 

order of magnitude faster than commonly used nematic 

liquid crystals. Other properties of Sm C* worth 

mentioning are bistability, optical memory and large 

viewing angles when they are applied in displays. Thanks 

to their properties ferroelectric liquid crystals (FLC) 

remain promising candidates for many technological 

applications, especially in modern types of liquid crystal 

displays as well as in fiber optic sensors and tuneable 

telecommunication filters. The molecules of SmC* liquid 

crystals are arranged in a helical twist mainly due to the 

presence of a chiral dopant. The electro-optical behaviour 

of FLCs depends mainly on few parameters as a tilt angle, 

spontaneous polarization, helical pitch, elastic properties, 

dielectric and optical anisotropy and anchoring energy. 

All these parameters are responsible for the alignment of 

FLC molecules inside the surrounding glass cells. Unlike 
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nematics it is very difficult to obtain a uniform FLC 

orientation without any defects. In general, FLC layers 

tend to orient perpendicularly to the glass cells forming 

book-shelf geometry. However, it is observable in many 

cases that the alignment is full of zig-zag defects that 

result from the FLC nature. There exists a novel aligning 

technique that allows avoiding this kind of defects [5]. 

The most interesting electro-optical effects in FLCs are a 

deformed helix ferroelectric (DHF) mode [6] and an 

electrically suppressed mode (ESH) [7, 8], both based on 

photo-alignment methods. The mentioned modes may 

find their application also in PCF's. The main advantages 

of DHF mode are the insensitivity to voltage polarity, and 

even two orders faster response time in comparison to 

NLC, which is, in addition, frequency dependent. This 

mode is observable for driving voltages below the critical 

voltage necessary for helix unwinding. In the ESH mode 

the FLC helix is suppressed by the influence of an 

external electric field with a voltage above the critical 

value. This mode is, in general, similar to a surface 

stabilized FLC (SSFLC) invented by Clark and Lagerwall 

[9], but in this case the helix is suppressed by glass cell 

surfaces. The advantage of the ESH mode is its very fast 

response time.      

Recently, a new research line has been started by 

infiltrating the microstructured PCFs with FLC. Since 

ferroelectric liquid crystals possess a very fast electro-

optical response when influenced by electric fields [10, 

11] they are a promising candidate for novel tuneable 

optical filters and sensors.  Unlike FLC layers between 

two glass plates, in micro capillaries we have cylindrical 

geometry and hence the alignment of the FLC molecules 

may be different from those observed in classical LC 

cells. We have investigated the orientation of the FLC 

molecules inside the micro capillaries with different inner 

diameters varying from 1m up to 30m. The glass micro 

capillaries were manufactured at the Maria Curie-

Sklodowska University (UMCS), Lublin, Poland.  

In the following studies we have used micro capillaries 

with and without a thermo aligning planar layer, which 

were obtained by using a commercially available 

polyimide substance SE-130 manufactured by Nissan 

Chemicals. 
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To prepare a thermo orienting layer inside the micro 

capillary at first we infiltrated the structure with SE-130 

polyimide, along the whole length, using high pressure 

air. Next, the micro capillary was baked in a temperature 

of 130°C to remove redundant polyimide from the micro 

capillary. As a result, we obtained a planar aligning layer 

inside the structure. 

The micro-capillaries were infiltrated with an SmC* 

mixture W-206K synthetized at the Military University of 

Technology (MUT). According to the datasheet of this 

mixture, the helical pitch was higher than 2000 m, the 

tilt angle was 30 degrees and the spontaneous polarization 

was 31 nC/cm
2
, all of them measured in a temperature of 

25°C. The phase transitions sequence of the FLC is:  

SmC* (75C) SmA (90C) N (93.5 - 97.9C) Iso. 

 

To infiltrate the micro-capillaries with FLC we used our 

experimental device for infiltrating the PCFs with LC in 

high temperatures (Fig.1). Both the micro-capillary and 

the FLC were heated up to the isotropic phase which was 

necessary to infiltrate the structure by using a capillary 

forces method. 

 
 

Fig.1. Chamber for PCF infiltrating with LC in high temperatures. 
 

Each of the infiltrated micro capillaries was put into an 

oven and heated again up to the isotropic phase, and next 

slowly cooled down with a speed of 1°C/min. in order to 

align FLC molecules.  

We observed the resulting orientation of FLC molecules 

inside the micro capillary placed on a rotating table under 

a polarizing microscope with crossed polarizers.  

For the micro capillary with an inner diameter of 3m we 

observed a bright state for one position of the table and a 

dark state for a perpendicular position. This means that 

we obtained a planar orientation of molecules inside the 

micro capillary (Fig. 2). 

 

 
 

Fig. 2. A 3-m micro capillary partially infiltrated with FLC W 206K 
(left side). 

 

An interesting effect was observed for a 6m-diameter 

micro capillary without orienting layer filled with W-

206K FLC.  We obtained a planar orientation on one part 

of the micro capillary (Fig. 3a) and a helical structure on 

the next part (Fig. 3b) 
 

 
 

Fig. 3. A 6 m micro capillary without orienting layer infiltrated with  
W 206K FLC. a) planar orientation of the molecules b) helical 

orientation of the FLC molecules. 
 

To confirm the hypothesis of helical orientation of the 

molecules we had been rotating the investigated micro 

capillary along its axis under a polarizing microscope. We 

noticed that by rotating the sample the dark regions were 

moving in one direction. This effect was spontaneous and 

one of the potential explanations is that during the cooling 

process of the FLC we obtained a planar orientation 

induced by flow. 

In our research we have also investigated influence of 

external electric field on switching of FLC molecules 

inside micro capillaries. The experimental setup is shown 

in Fig. 4. 
 

 
 

Fig. 4. Experimental setup for investigating the switching of the FLC 

molecules in micro capillaries under influence of external electric field. 
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The investigated part of the micro capillary was placed 

between two glass plates covered with a conducting ITO 

layer. Next, we placed the sample between two crossed 

polarizers. As a light source we used a laser diode 

working on the wavelength λ=1550nm. The signal was 

registered by a high-sensitive optical power meter 

NEWPORT 2936 connected to a digital oscilloscope 

LeCROY. The external electric field was generated by a 

function generator connected to an amplifier. We applied 

a square-shape signal from the function generator with an 

amplitude of 8V, which was next amplified 200 times in 

order to switch the FLC molecules inside the micro 

capillary. As a result, the voltage between the two 

electrodes was 1600 V. The frequency of the signal was 

varying from 1 Hz up to 100 Hz.  We observed fast 

relaxation of the FLC molecules for low frequencies of 

the external electric field (Fig. 5).  

 

 
 

Fig. 5. Response time and time of relaxation of the FLC molecules for 

square-shaped external electric field with frequency of 7 Hz. 

 

We measured the response time of the sample by 

analysing the view from the digital oscilloscope.  

The response time 0.1-0.9 defined as the switching time 

between 10% and 90% of light transmittance was c.a. 

1ms. The switching time of the FLC molecules inside the 

micro-capillaries could be improved by decreasing the 

distance between electrodes. Also further studies on other 

FLC substances with larger dielectric anisotropy or lower 

rotational viscosity may be necessary to analyze the 

response time as well as the contrast ratio in the micro-

capillaries. 

 

To conclude, we have investigated the orientation of 

FLC molecules inside of micro capillaries of different 

diameters, and we have obtained in one case even a 

helical orientation of the molecules. However, there is a 

need for further research to explain this phenomenon. 

Additionally, we have analysed the influence of an 

external electric field on the orientation of the FLC 

molecules and their switching times. We have noticed that 

for low frequency electric fields the FLC molecules tend 

to their original positions and moves only when the sign 

of the signal is changing. Hence, to keep the FLC 

molecules in one position we need to control them with 

higher frequencies of the applied electric field.  

Although our results consider only the behaviour of 

FLC molecules inside single capillaries, they can be also 

extended to PCFs. which may result in designing new  

fast-switching optical filters, attenuators and electric field 

sensors. One of the benefits of using FLCs in comparison 

with NLC is their very fast response time, and also new 

molecular orientations like in DHF or ESH modes. 
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