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ABSTRACT: 
In this work we propose a novel cholesteric liquid crystal beam steering device based on 
the Kerr effect. The first version of the device consists of two ITO coated glass plates, 
with intentionally prepared electrodes, assembled together with a thickness gradient be-
tween both sides of the device. One side of the cell has two substrates at direct contact; 
the other side has separated substrates to form the wedge. The cell was filled with a cho-
lesteric liquid crystal. The liquid crystal material is an innovative mixture called 1892E 
with extremely low viscosity doped with a ZLI chiral nematogen. 
The proposed beam steering device based on cholesteric liquid crystals has great potential 
for many photonic applications. Results describing the performance of the device and the 
properties of the selected liquid crystals are presented.  

 Key words: Liquid crystals, beam steering, free-space communications, 
optoelectronic adaptive element, cholesteric liquid crystals. 

 

1.- Introduction 
Liquid crystal devices are increasingly being 
used in non-display applications to manufac-
ture low-cost, light-weight small devices that 
can be driven by low voltage electronics, and 
circumvent the use of movable parts or me-
chanical elements [1]. Non-display photonic 
devices based on liquid crystals can be loose-
ly divided into phase modulation and ampli-
tude modulation devices. Either kind acts 
over the state of polarization (SOP) of the 
impinging light [2] 

Liquid crystal photonic devices may modu-
late the light temporally or spatially. In the 
first case time-dependent light modulation is 
obtained, whereas in the second case the 
result is a spatial light modulator (SLM) [3]. 
SLMs may be used in many applications, e.g. 
spatial filters, holograms, light-path compen-
sators, tunable lenses or beam steerers. 

Commercial and experimental spatial filters 
and holograms are chiefly based on active 
matrix microdisplays. Lenses and beam 
steerers on the other hand may be manufac-
tured in a number of different approaches, 
including passive-driven and monopixel so-
lutions. Moreover, their performance heavily 
depends on the conducting surfaces, align-
ment conditions and liquid crystal material, 
thus a large number of variables are available 
for the adaption of these devices to specific 
applications [4].  

The aim of this work has been manufactur-
ing, testing and measuring an improved liq-
uid crystal device for laser beam steering, to 
be applied on different environments. 

The device is a Wedged Analog Tunable 
beam steering (WAT BS). It is a graded in-
dex liquid crystal beam steering based on 
cholesteric liquid crystals manufactured in a 
wedged shaped configuration of the cell. The 
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working principle of a liquid crystal based 
beam steering is as follows: given that the 
orientation of the liquid crystal indicatrix can 
be controlled by applying a voltage to the 
device, the change in the liquid crystal orien-
tation results in a change of the effective 
refractive index neff. In this case, the effective 
refractive index of the liquid crystal is 
changed differently due to the thickness vari-
ation, obtaining a refractive index gradient. 
When a laser beam impinges on the device, 
the beam is deviated as the device works like 
a prism [5] [6] [7] [8]. 

2.- Wedged Analog Tunable Beam 
Steering Device   

2.1.- Design 
The WAT Beam Steering device has a fairly 
simple design. It consists of a liquid crystal 
cell, assembled in a wedged shaped configu-
ration, i.e. manufactured with variable thick-
ness (Figure 1). 

 
Fig. 1: WAT Beam Steering device design. 

The cell is filled with a short pitch (0.4µm at 
room temperature) cholesteric liquid crystal 
mixture (1892E) developed at the Institute of 
Chemistry of the Military University of 
Technology, (WAT). 

When a low voltage is applied to the elec-
trodes an optical birefringence is induced: 

 
where  is the wavelength, K is the Kerr 
constant and E is the amplitude of the applied 
electric field.  

Due to the variation of thickness a gradient 
of the liquid crystal shows upon switching 
and consequently a gradient of refractive 
index is observed. The wedge cell is actually 
a prism able to deflect a laser beam. When a 
voltage is applied the beam is deviated from 
its original position. 

If the required deviation is not too large, 
short pitch cholesteric liquid crystals have 
several advantages over other liquid crystals: 
the response time is very short (in the sub-
millisecond range) and the optical response is 
polarization independent; consequently the 
final set up becomes simpler. Moreover, they 
do not need an alignment layer, so the num-
ber of manufacturing steps is reduced. 

2.2.- Manufacturing 

To test the performance of the liquid crystal 
new mixture and the final beam steering ef-
fect several batches of wedge devices were 
manufactured. The device consists of two 
ITO coated glass plates with prepared elec-
trodes. They are assembled with a thickness 
gradient between the device plates. One side 
of the cell has the two substrates at direct 
contact, while in the other side substrates are 
separated by a 50µm thick calibrated fiber to 
form the wedge (with an approximate angle 
of 0.10 arcsecond). The cholesteric liquid 
crystal mixture, 1892E, has an extremely low 
viscosity and is doped with a ZLI chiral 
nematogen. By doping with a selected ZLI 
chiral dopant it is possible to induce a broad 
temperature cholesteric phase with a short 
helical pitch at room temperature. The helical 
pitch induced by this compound is small 
enough for the structure of the compound to 
behave as optically isotropic for visible light 
with an effective refractive index being ap-
proximately .  

Upon applying an electric field the liquid 
crystal molecules align with the field, which 
means that an impinging beam parallel to the 
applied field will experience a smaller refrac-
tive index.  

Different sets of wedge cells were manufac-
tured and filled with different mixtures of 
cholesteric liquid crystals. Two different 
liquid crystals were tested as well: 1892E 
and TEC100. Three different amounts of 
added dopant were also tested: 3.5%, 5%, 
and 7.5%. The anisotropy reached by these 
liquid crystals is low (≈0.1); however the 
targeted deflection in our application was just 
10 arcseconds, low enough for the selected 
cholesteric liquid crystals. 
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3.- Characterization and results 
3.1.- Color shift patterns 
The performance for all samples was 
checked using an optical microscope: a col-
ored profile becomes visible by placing the 
sample between crossed polarizers. There is 
a color variation due to the thickness gradient 
in the device. When applying voltage to the 
cells, the graded switching profile of the 
liquid crystal develops and a color shift can 
be observed (Figure 2).The color shift corre-
sponds to a change in the overall refractive 
index across the device. Due to the variation 
of electric field intensity a gradient of refrac-
tive indices is induced. A laser beam reach-
ing the cell is deviated towards the direction 
of the thickness gradient. 

One of the main problems of the already 
manufactured wedge cells is that they pro-
duce some aberrations in the incoming wave-
front. The glass used for manufacturing cells 
was 0.7mm thick. This glass can be easily 
distorted under certain circumstances, so that 
the incoming wavefront will not find a per-
fectly flat but a curved surface, resulting in a 
distorted laser spot. 

 
Fig. 2: Wedge cell with 1892E+5%ZLI mixture 

as seen between crossed polarizers un-
der microscope: color shift observed 
when applying voltage. 

Two possible solutions were proposed to 
correct this problem:  

  Conforming the wavefront at the exit of 
the cell using a curved shaped prism to 
correct the wavefront distortion. This ap-
parently simple solution is actually quite 
involved, since cells are not built identical 
to each other. It would be too laborious 
and time consuming to find the right 
shape for each single cell. 

 Increasing glass thickness to avoid 
deformation of glass and hence wavefront 

distortion during the device driving. This 
was the chosen solution, as it is simpler 
and straightforward. A new set of thick 
wedge cells was manufactured: The 
chosen ITO coated glass thickness was 
5mm (Figure 3). 

 
Fig. 3: Manufactured WAT Beam Steerer thick 

devices filled with 1892E+5%ZLI. 

Nevertheless, working with 5mm thick glass 
substrates has some disadvantages; all devic-
es and instruments in the clean room are 
optimized for thin glass, so all measurements 
and settings must be changed. Also, sub-
strates are very heavy and could damage the 
instrumentation if no correct measures are 
taken. For example, a different adapter had to 
be used in the spin coater to ensure a tight 
vacuum. The new thick glass wedge cells 
were manufactured under the same condi-
tions as the previous ones: using the same 
electrode design, same backplane design and 
maintaining the same wedge thickness varia-
tion of 0-50µm as well. Cells were then filled 
with 1892E+5%ZLI. 

The performance of the thick glass wedge 
cells was checked under a microscope and 
between crossed polarizers. In outline, all 
cells showed an improved performance com-
pared with the previous manufactured cells. 
Features that improved with the new wedge 
cells are: 

  The behavior of the liquid crystal is more 
homogeneous: the devices exhibited few-
er irregularities upon switching  

  In thinner areas the devices showed less 
dispersion than in previous experiments. 

3.2.- Deflection measurements 

Deviation angles were measured for all de-
vices. Spot deflection follows an approxi-
mately linear trend while increasing the volt-
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age, as shown in Figure 4. Maximum 
achieved deflection angle for these devices 
was 0.018º (64 arcsec).  

 
Fig. 4: Spot deviation vs. voltage in the WAT 

Beam Steerer device with 1892E+5%ZLI 

Beam deviation measurements were always 
performed using a beam profiler. When ap-
plying voltage, a deviation in the direction of 
the thickness gradient is observed. This ef-
fect allows a control on the beam direction. 

 

 
Fig. 5: Spatial power distribution of the beam 

profile in the Y axis when ∆V=0 (left) 
and ∆V=max (right). 

The power distribution of the laser beam 
when applying voltage is shown in Figure 5: 
only the relevant axis is shown. Left plot 
corresponds to zero applied voltage (∆V=0) 

in Y axis and right plot corresponds to max-
imum applied voltage (∆V=max); so the 
deviation of the power can be observed. The-
se measurements correspond to a device 
filled with 1892E+5%ZLI and thick glass. 

Using the beam profiler software an approx-
imation of the 2D spatial power distribution 
of the wavefront was obtained. Figure 6 
shows the beam profile when no voltage is 
applied (left image) and when voltage gradi-
ent is maximum, (right image), obtaining the 
maximum deviation angle.  

 
Fig. 6: Spatial power distribution of the beam 

profile in 2D. Applied voltage is ∆V=0 
(left) and ∆V=max (right). 

The laser beam gets deviated in one direction 
although a residual part of the light remains 
in the original position, most likely due to 
saturation effects. 

3.3.- Response time 

Response times were measured for the most 
relevant mixtures. The liquid crystal mixtures 
showing the best performance were chosen 
during the measurements in the laser setup.  

Four mixtures were selected for the response 
times measurements, based on their behavior 
in the beam deflection. 1892E+3.5%ZLI and 
1892E+7.5%ZLI were discarded as the mix-
tures were very dispersive. Average rise and 
fall times are shown in Table I. 

Cholesteric liquid crystal mixtures employed 
for this application had very low response 
times. As previously mentioned, they are 
polarization independent, so no alignment 
layer is needed. The only drawback about 
this is that the liquid crystal is dispersive, and 
a fraction of the total impinging light was 
lost by scattering (≈15-25%). 

Table. I.  Response times for the mixtures in the 
WAT Beam Steerer 
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 trise (µs) tfall (µs) 
1892E+5%ZLI 110 55 

TEC100+3.5%ZLI 240 2500* 
TEC100+5%ZLI 90 60 

TEC100+7.5%ZLI 95 45 

*The samples manufactured with this liquid crystal mixture 
showed very slow relaxation times in some cases, probably 
due to degradation of the material. 

  

4.- Conclusions 
A 1D wedged analog tunable beam steering, 
based on cholesteric liquid crystals, has been 
demonstrated. The device is polarization-
independent and remarkably fast. 

The Kerr-effect-induced deviation of the 
WAT device displays a number of potential 
advantages, including polarization-
independent switching in the submillisecond 
regime.  
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