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Abstract 

Liquid crystals (LCs) have been the subject of numerous developments during the past 50 years. 

In some areas have competed with other materials, but in other cases, their anisotropic properties 

easily modifiable through the application of external fields (mechanical, electric or magnetic) are 

unique. Therefore, now and in the future LCs will be the protagonists of a multitude of applications, 

mostly non-related with displays (LCDs). Today, there are wide variety of research lines open. For 

example, optical communications, microwave and terahertz, nanotechnology, medicine, biology 

and biochemistry, security, sensors and optical phase modulators.  

An optical phase modulator is an optical element used to control the phase of light. They have 

multiple applications, for example ophthalmological applications, tunable zooms, beam steering, 

correction of aberrations, astronomy, 3D vision applications, etc. The displays and photonics 

application group (GDAF) of Carlos III university of Madrid (UC3M) in collaboration with CEMDATIC 

of Polytechnic University of Madrid (UPM) have extended the knowledge in this field by the proposal 

of several advanced micro-optical phase modulators. These, obtain with simply topologies either 

common optical elements, e.g. microlenses for autostereoscopic devices [1], aberration controllers 

for rectangular micro-optical elements [2] and microlenses with reduced aberrations and tunable 

rotation [3], or singular optical elements, e.g. micro-axicon arrays [4], tunable prisms [5] and tunable 

optical vortices [6]. 

Fig. 1. Focusing capabilities of the proposed devices, (a) rotary lens, (b) Bessel beams of the microaxicon array and (c) 

tunable optical vortex. 

The proposed devices have several advantages over classic optical elements. For example, they 

are tunable, easy to fabricate and low cost. Moreover, owing to the continuous optical phase shift 

of these devices, the light efficiency is improved with respect to other technologies based on spatial 

light modulators (SLM). These devices can be very useful in novel applications (e.g. OAM fiber optics 

communications, atom manipulation, generation of Bessel beam arrays, etc.). 
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