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toward the periphery. Aberration is also caused by a glass 
plate interposed along the optical path or by the object 
being observed.
A good focal state can be obtained by compensating 
for aberration by reducing the deviation from the ideal 
wavefront. In Schmidt-Cassegrain telescopes, for example, 
aberration is compensated for by placing a compensating 
plate (glass plate whose surface is processed into a 
special shape) in front of the parabolic mirror. Light 
coming from a distant star is a plane wave when it enters 
a telescope. In Schmidt-Cassegrain telescopes, the plane 
wave is deformed by the compensating plate and then 
condensed by the parabolic mirror. This greatly reduces 
the aberration in the periphery of the field of view, which 
makes the image in the periphery very clear. This does 
meanwhile cause aberration in the center of the field 
of view, but the amount of aberration is held within an 
allowable range. The Schmidt-Cassegrain telescope in 
this way compensates for aberrations by intentionally 
deforming the wavefront of light coming from a star.
Besides the three items discussed above, a variety of 
other types of optical devices and techniques can also be 
understood by means of changes in wavefront. Achieving 
such changes in wavefront with a spatial light modulator 
would allow controlling the functions of those optical 
devices and techniques in whatever way needed.

Structure3.

The LCOS-SLM is a spatial light modulator having a 
structure in which a liquid crystal layer is arranged on a 
silicon substrate. An addressing circuit is formed on the 
silicon substrate by semiconductor technology. The top 
layer contains pixels made by aluminum electrodes, each 
of which controls its electrical potential independently. 
A glass substrate is placed on the silicon substrate while 
keeping a constant gap, and the liquid crystal material is 
filled in that gap. The liquid crystal molecules are aligned 
in parallel by the alignment control technology provided 
on the silicon and glass substrates without being twisted 
between both substrates. The electric field across the 
liquid crystal layer can be controlled pixel by pixel. This 
causes the liquid crystal molecules to tilt according to the 
electric field so that the phase of light can be modulated. 
A difference in the liquid crystal refractive indexes occurs 
in different tilt angles. This changes the optical path length 
in the liquid crystal layer and so causes a phase difference. 
At this point, only the phase of the light can be modulated 
to align the polarization direction of the linearly polarized 
incident light to the alignment direction of the liquid 
crystal molecules. However, if the polarization direction 
of the linearly polarized light is not aligned parallel to the 
direction of the liquid crystal molecules or the incident 
light is not linearly polarized, the polarization state of the 
light changes and modulation of just that phase no longer 
occurs.

[Figure 3-1] LCOS chip structure
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As shown in Figure 3-2, the LCOS-SLM X10468 series 
consists of a head and its controller, which are connected 
by two cables. The controller is connected to a PC via the 
DVI-D interface, and the phase modulation according 
to the phase image sent from the PC can be achieved. 
Generally, the second PC screen is assigned to the 
controller. The controller converts the 8-bit phase images 
sent from the PC by a look-up table (LUT) from 8-bit to 
12-bit, compensating for the non-linear response of the 
refractive index changes in the liquid crystal material, and 
higher linearity as 256 gray levels can be accomplished.
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Introduction & Motivation 

The internet data traffic capacity is rapidly reaching the limits 
imposed by optical fiber nonlinear effects, having almost 
exhausted the available degrees of freedom needed to 
orthogonally multiplex data [4-5]. In this regard, the orbital 
angular momentum (OAM) of photons may be used as an 
additional degree of freedom, with potentially unlimited number of 
achievable orthogonal states which is gathering significant 
attention within the scientific community [1-3]. 

We propose the generation of two types of OAM carrying 
beams: vortex phased and Laguerre-Gaussian (LG) beams.

LCoS Spatial Light Modulators Phase Modulation

By incising a collimated Gaussian beam in the surface of the 
LCoS SLM loaded with a certain phase pattern, we can shape 
the beam with an appropriate phase front [4-5].
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A forked diffraction phase pattern 
decomposes a Gaussian beam into 
LG components according to the value 
of the topological charge [5-7].
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A vortex beam is 
obtained by 
imposing a helical 
phase directly into a 
Gaussian beam [4], 
resulting in a ring 
shaped intensity 
similar to LG modes 
since the center 
singularity relates to 
the helical phase.
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OAM MUX Signal

These beams can be used as orthogonal 
signals by using different values for the 
topological charge [4]. The radius of the 
intensity ring depends on the topological 
charge [7] which facilitates multiplexing [4].
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