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Summary 

In the fourth trimester of the Project, we tried to complete the numerical study of Bragg 

reflectors with coplanar electrode geometries, in collaboration with the University of Rome 

“Sapienza”, Department of Electronic Engineering (Italy); we also undertook an investigation 

on the use of chiral/twisted nematic liquid crystal planar samples for discrete light 

propagation, in collaboration with the Technical University of Warsaw. 

1 Introduction 

The Project aim consists in demonstrating the feasibility of periodic and/or discrete dielectric 

structures for light propagation using liquid crystalline structures for optical and all-optical 

signal processing, using various technological routes. In this Project we explored electro-

optical planar waveguide lattices, polymer/liquid-crystal/polymer structures (POLICRYPS), 

planar Bragg reflectors with electrodes across the liquid crystal thickness, distributed 

waveguide reflectors with coplanar electrodes, chiral/twisted nematic liquid crystal systems. 

In the first periodic Report on the Project we summarized the state of the art and the main 

advantages of the undertaken approaches. In the second report we illustrated the first results 

on preparation and characterization on POLICRYPS and the design/analysis of Bragg 

reflector waveguide channels defined by electro-optically modulating a liquid crystalline thin 

layer and operating with Transverse Magnetic eigenmodes. In the third report we summarized 

the results experimentally obtained in POLICRYPS, as well as the results of a numerical 

investigation of an alternative (easier to realize) distributed Bragg reflector in a channel 



waveguide. In this fourth and final report we summarize the results obtained with 

chiral/twisted nematic liquid crystals and in the analysis of guided-wave Bragg reflectors. 

 

2 Methods, Assumptions, and Procedures 

2.1 Discrete structures in chiral nematic liquid crystals 

In the analyzed configurations as shown in Fig.1, a light beam propagates along z with 

wave vector parallel to the confining glass plates. The cell is filled with 6CHBT (4-trans-4’-n-

hexyl-cyclohexyl-isothiocyanatobenzene) with a chiral dopant (Fig. 1(b)). The light is 

polarized along y, so that the beam propagates in the layer close to the plane where the 

ChNLCs major molecular axes are parallel to y.   

Light beam propagation in films of ChNLC was investigated experimentally using the setup 

schematically drawn in Fig. 1b, employing a femtosecond Ti:Sapphire ( = 793 nm) laser. 

ChNLC scatters light due to fluctuations in director orientation; hence, the beam traveling in 

the cell could be observed using a 16x microscope objective and a CCD camera mounted in a 

(x,y,z) stage. 

 

(a) 

 

 (b) 

 

Fig.1. Configuration of nematic liquid crystal cells and experimental setup.  (a) Chiral 

nematic liquid crystal system and sample; (b) sketch of the setup. 

 

For the numerical simulations we used 1550 ChNLC –(see Fig. 2 for the refractive indices) at 

two temperatures: room temperature at which the birefringence is high and at T~78
o
C at 

which the birefringence is the lowest. By changing the chirality pitch p, the range of discrete 

diffraction was also modified. Another important parameter was the beam waist w0. In the 

simulations we solved a (1+1) dimensional scalar problem in the isotropic dielectric 

corresponding to the refractive index for a linearly extraordinarily polarized beam.  



 

Fig. 2. Refractive indices for uniaxial 1550 ChNLC. 

 

Fig. 3. Simulations of light propagation at 78°C versus medium birefringence, chirality pitch 

and beam waist. 



 

Fig. 4. Simulations of light propagation at room temperature. 

 

 

2.2 Distributed Feedback Reflector in Nematic Liquid Crystal Waveguides 

Having illustrated the basic concept and design of a novel electro-optic distributed feedback 

waveguide (DFBW) in nematic liquid crystals, in collaboration with University of Rome 

“Sapienza”, we numerically analyzed the operation of the planar waveguide with coplanar 

electrodes, reproduced in Fig. 5. 

The design parameters, aiming at a single mode waveguide, low applied voltage and full 

reflectivity near 1550nm were: standard nematic liquid crystal E7 (supplied by Merck) and 

K11 = 12 pN, K22 = 7.3 pN, K33 = 17 pN, ε = 7, ε// = 20, n = 1.50, n|| = 1.689; planar anchoring 

by rubbing of a thin Nylon6 spin-coated film on the two interfaces, pre-twist of ≈ 4° 

substantially to eliminate the Fréedericks threshold; cladding and substrate in borosilicate 

BK7 glass, with refractive index ≈ 1.5 at λ = 1550 nm; transparent electrodes in 100 nm thick 

Indium Tin Oxide, with real refractive index equal to 1.3 and imaginary refractive index close 

to 0.1; thickness h = 1 μm; electrodes of size a = b = 500 μm, c = 250 nm, t = 250 μm and T = 

500 μm.  

 

 
Fig. 5.  3D sketch and parameters of the novel DFBW geometry with coplanar electrodes at 

the bottom interface of the planar cell. The inset shows the coordinate system and parameters 

related to the director orientation. 



 

 

3. Results and Discussion 
3.1 Discrete structures in chiral nematic liquid crystals 

Some of the obtained results are displayed in Figure 6. For high enough input excitations, at 

powers P~8.64mW a spatial soliton is generated. The solitary beam has an invariant 

transverse intensity distribution over a propagation distance of about 2mm (i.e. in excess of 80 

times the linear Rayleigh length). The initial beam waist at 793nm was estimated in about 

2m. We also considered the impact of the initial waist on soliton generation (see Figure 

6(d)). Due to the finite thickness of each layer in the chiral structure, only at certain input 

waists self focusing can exactly balance diffraction and result in a self-trapped wavepacket. 

Changing the launch location of the beam across the nematic layer, direction and number od 

the excited solitons could be controlled.  

In the used setup we were able to control the vertical position of the liquid crystal cell with 

respect to the excitation beam, observing soliton creation in various layers across x.  A 

synopsis of the experimental results is shown in Figures 6 through 9. 

 

 

Fig. 6. Experimental results on the creation of spatial optical solitons in ChNLC. (a) Beam 

propagation for various TM excitations (marked on the photos) after launching it in the 

midplane of the cell.  (b)-(c) Intensity profiles at low and high power, respectively, and 

various propagation distances; (d) input beam width vs. power density [mW/m
2
]. 

 



 

Fig. 7.  Acquired results for various laser beam inputs versus x. Panels (c)-(f)-(i)-(l) show 

solitons propagating in four different layers. 

 

 

Fig. 8. Cross-sections of the beam intensity taken from the photographs in figure 3 at the 

approximate distance of 1mm. 

 



 

Fig. 9. (Top) Results on light propagation depending on input polarization and (bottom) cross-

sections after 1000m. 

 

3.2 One-dimensional photonic crystal in Nematic Liquid Crystals 

Using the finite element method to calculate the director distortion and the corresponding 

index modulation, we computed the maimum index contrast versus applied voltage, as 

summarized below in Fig. 10 for a period 0.5m and duty cycle of 50%. 

 

 

 
 

Fig. 10.  Calculated extraordinary index or various applied voltages, from 2.8   to 4.5V with 

 0.1 V increments. 

 

A summary of the results is provided in Table I, demonstrating the broad tenability of this 

device for moderate applied voltages.       

 



Applied Bias 

(V) 

DFBW length 

(mm) 
Reflectivity peak 

(m) 

Resonance FWHM 

(nm) 

2.8 6.0 1.50739 0.21 

3.2 3.0 1.5152 0.39 

3.8 1.5 1.52979 1.08 

4.2 1.2 1.53958 1.32 

4.5 1.0 1.54786 1.54 

 

 

Table 1.  Calculated voltage-tuning of the Bragg resonance and its FWHM. 

 
 

4. Conclusions 

In our investigation of various approaches to periodic/discrete structures for light propagation 

and control in nematic liquid crystals we have assessed some interesting features and 

requisites of electro-optic undoped nematic liquid crystals and Polymer Liquid Crystal 

Polymer Slices, conducting some preliminary morphologic and optical tests on the samples. 

We numerically investigated and designed guided-wave distributed feedback reflectors 

exhibiting broad wavelength tunability versus applied voltage. In the framework of a 

collaboration with Sapienza University we analyzed two geometries with distinct electrode 

arrangements in order to define guided-wave channels and modulated index gratings with the 

correct (Bragg) periodicity for use at and around the communication wavelength of 1550nm. 

A novel route to discrete light propagation in arrays of waveguides was undertaken in 

twisted/chiral nematic liquid crystal layers, defining parallel one-dimensional guiding films 

for TE or TM light. We presented some preliminary experimental results in chiral systems 

through collaboration with Warsaw Technical University. Some new and interesting physics 

was demonstrated in these structures. 
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ITO: Indium Tin Oxide 

TM: Transverse Magnetic 

TE: Transverse Electric 

DFBW: Distributed FeedBack Waveguide 

CCD: Charge Coupled Device 

POLICRYPS: Polymer Liquid Crystal Polymer Slices 

FWHM: Full width at half maximum 
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