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Abstract

Communication systems have seen a great evolution in the second half of last century, allowing faster
and better communications all over the world. In particular, optical communications have become the
back bone of high capacity wired communucations. The internet data traffic capacity is rapidly reaching
the limits imposed by optical fiber non-linear effects. Orbital Angular Momentum (OAM) of light is a
potential solution that permits the generation of many orthogonal modes which adds another degree
of freedom to carry information. In this work simulations are developed as a model to the propagation
and diffraction of OAM-carrying beams and a proof-of-concept information transmission using OAM
is also implemented, showing that this property of light can be used to increase the spectral efficiency
of today’s networks.

1 Introduction

The existence of our society as we know it nowadays
would not have been possible without the devel-
opment in communication systems. In the second
half of the last century, the progress on telecom-
munication systems made it possible to communi-
cate almost instantly with any part of the world [1].
This development is due to the transition from ana-
log to digital systems which brought the ability to
transmit data with fundamentally no loss of quality
[2]. Moreover, the breakthroughs in semiconduc-
tor technologies enabled the processing of all kinds
of information, through cheap and power efficient
micro-chips [3].

At the same time, the need for data trans-
mission brought new technological challenges, be-
cause transportation of data was (and still is) de-
manded at all scales, from short on-chip buses [4]
to long-haul networks all across the world[5]. These
challenges were overcome using electronic, radio-
frequency or optical communication systems.

Whenever high aggregate bit rates or long trans-
missions are needed, optical communication sys-

tems are preferable for two main reasons: first,
the high optical carrier frequencies allow for high-
capacity systems at small relative bandwidths; sec-
ond, transmission losses at optical frequencies are
usually very small compared to baseband elec-
tronic or radio-frequency technologies (today’s op-
tical telecommunication fibers exhibit losses of 0.2
dB/km, one or two orders of magnitude lower com-
pared to other technologies) [6].

Since the flux of information has been increasing,
one of the goals of optical communications commu-
nity is to achieve higher data transmission capacity.
This has led to investigation of different physical
properties of light such as amplitude, phase, wave-
length, polarization to encode information. Spa-
tially orthogonal modes and spatial position have
also been investigated, since multiplexing of differ-
ent data channels is a common way of increasing
data transmission capacity. OAM is a property of
light that has been under intensive research. It is
a discrete property and can be interpreted to char-
acterize the ”twist” of a helical phasefront. OAM
has shown to be worth studying since beams with
different ”twist” are orthogonal when propagating
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coaxially, making it useful in the improvement of
optical communications performance [7]. To bet-
ter understand this light property, we may start
by saying that it is known from Maxwell’s theory
that electromagnetic radiation carries energy and
momentum[8]. Further investigations[9] prooved
that light also carries angular momentum, which
is divided in two parts: a spin part and an orbital
part [8]. The spin part is associated with polar-
ization and we know that for a single photon it
may take the values ±~ for right-handed and left-
handed circular polarization [10]; the orbital part
is associated to spatial distribution and its values
are known to be l~ per photon, where l is an inte-
ger. The following calculations should clarify the
statements above.

To study the OAM of an electromagnetic wave,
we should find a solution for the Helmoltz equation
that allows the existence of angular momentum on
the z direction [11]. The Laguerre Gaussian (LG)
beams are a solution of Helmoltz equation in cylin-
drical coordinates r, φ, z and are described, in the
paraxial approximation [8], by equation 1,
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where zR is the Rayleigh range, w is the waist of
the beam, k is the wave number, p+ 1 is the num-
ber of intensity annular regions, l is the azimuthal
mode index, also called topological charge, and C
is a normalization constant. As shown in figure 1,
these beams have l helical wave fronts and have an
azimuthal angular dependence of exp(−ilφ). This
angular dependent phase allows the beam to carry
angular momentum in the direction of propaga-
tion [8]. Note that, for l = 0 we have a plane wave.
At the atomic scale, we may say that [8]

J = L + S, (2)

whit J the total angular momentum, L and S the

Figure 1: Helical phase fronts for l = 0 in a), l = 1
in b), l = 2 in c) and l = 3 in d) [10].

orbital and spin contributions for the angular mo-
mentum, respectively.

The momentum density per unit power of a (LG)
mode (equation 1) is given by [8]
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With some calculations, we can conclude that that
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l

ω
. (4)

Notice that we just consider the case with S = 0.
Nevertheless the previous result can be generalized
for non-zero spin photons.

OAM beams can be generated through refractive
or diffractive elements such as spiral phase plates,
Dove prisms, meta-materials or Spatial Light Mod-
uators (SLM) and Computer Generated Holograms
(CGH). In the context of this work, we will focus on
SLMs and CGHs. All these techniques offer great
control and precision to imprint phase variations
on the incident light to produce the OAM-carrying
beams.

Although in a recent stage with some challenges
to be overcome, many demonstrations have shown
OAM potential to increase the spectral efficiency
of today’s communications due to the orthogonal
relation between OAM states with (a lot) of differ-
ent number of l modes. Used along with different
multiplexing techniques, OAM may bring the new
paradigm of optical communications. Moreover,
OAM has applications in other fields, namely quan-
tum information and quantum cryptography. Ex-
perimental and theoretical work showed that OAM
may be a solution to the challenges found in these
fields.
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2 Computational Resources
and Simulations

To generate OAM-carrying beams, two kinds of
CGH can be used: spiral CGH and forked CGH.
The former is displayed in figure 2. It is a lin-
earised approximation to a more precise phase pat-
tern and consists in the interference of a certain
LG mode with a Gaussian mode. This approxi-
mation is not only simpler to implement but also
sufficient for most applications [12, 13]. The forked
CGH is the sum of a helical phase mask, which
defines the beam topological charge, with a linear
phase ramp. The role of the linear phase ramp
is to spatially separate the phase-modulated beam
from the zeroth-order non-phase-modulated beam.
This means that if this kind of pattern is used, we
will have to deal with the first diffraction order of
the beam and discard the zeroth order, since the
latter continues to be a Gaussian beam and the
former is the one which carries the desired topo-
logical charge. Loading these phase patterns, or
masks, onto the SLM through a computer, and
aligning the beam with the CGH center, it is possi-
ble to imprint the desired topological charge on the
incident beam. The topological charge imprinted
onto the beam is the same as the one used for the
mask [14]. If the mask’s gray scale is inverted an
OAM-carrying beam with a symmetric topological
charge is produced.

A simple simulation of the beam’s propaga-
tion and diffraction through some components was
made as a control method to the experiment. To do
it, the Angular Spectrum propagation method was
implemented together with the Fresnel approxima-
tion, due to the complexity of the former method.

Figure 2: Spiral phase masks with topological
charge l = 4 (on the left) and l = −4 on the right.

The Fresnel approximation can be expressed as [15]

U(x0, y0) =

∫∫ ∞
−∞

U(x1, y1) · h(x0 − x1, y0 − y1)dx1dy1

= U(x1, y1) ∗ h(x1, y1)
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exp(ikz)

iλz
exp

[
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2z
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] (5)

where U(x1, y1) is an initial optical, U(x0, y0) is the
optical field at the observation plane, λ represents
the wavelength, k the wave number and z is the
distance in the perpendicular direction of the ob-
servation plane. Expression 5 can be interpreted
as a convolution, and thus we can make the sim-
plification shown in equation 6 which makes use
of the Fourier convolution theorem. The transfer
function H(fX , fY ) is obtained through the Fourier
transform of the Fresnel Diffraction approximation
impulse response h(x1, y1) (fX and fY denominate
the spatial frequencies).

U(x0, y0) = F−1{F{U(x1, y1)} ·H(fX , fY )}
H(fX , fY ) = exp(ikz) · exp[−iπλz(f2X + f2Y )]

(6)

The diffraction of OAM-carrying beams is calcu-
lated regarding the transmittances of the used ob-
jects, namely a lens and a pinhole. Knowing that
if an object has a transmittance t(x, y) an optical
field, after diffraction, is given by [15]

Ut(x, y, 0) = Ui(x, y, 0)t(x, y) (7)

If we Fourier transform the above equation, the
convolution theorem of Fourier analysis allow us
to write

Ũt(fX , fY ) = Ũ (fX , fY ) ∗ T (fX , fY ) (8)

where T (fX , fY ) is the Fourier transform of t(x, y).
Thus, the ”new” angular spectrum is a character-
istic of the diffractive component. For the used
transmittances for the simulations were

t(x, y)LENS = exp

[
i2π

λ

(x2 + y2)

2f

]
(9)

for the plano-convex lens with focal distance f =
400mm and

t(x, y)PH =

{
1 if (x2 + y2) < 150

0 otherwise.
(10)

for the Ø150 mm pinhole [16].
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2.1 Simulation results

When running the simulations, the parameters
were chosen to match the experimental ones: wave-
length w = 545 nm, initial propagation distance z

= 200 mm and a width for the starting field z0 = 9
mm (the SLM’s active area width). We chose l = 4
for the spiral CGH and l = 2 to the forked CGH.
We used a 400 mm focal length,thin plano-convex
lens and a pinhole Ø150 µm.

All the experimental measurements are shown
here to verify the validity of the simulations and
consist in a direct measure of intensity, since the
TN-LCoS technology used by our SLM allows us
to do so [17].

Figures 3 and 4 show the simulations’ results for
initial fields and the respective propagation. Fig-
ure 5 show the experimental results. The simula-
tions regarding spiral phase CGH show clear and
accurate results which agree with the experimental
measurements. Simulations performed with forked
CGH don’t present clearly the modulated

Figure 3: From left to right: Spiral CGH with topo-
logical charge l = 4 (initial field); simulation of
propagated field.

Figure 4: From left to right: Forked CGH with
topological charge l = 2 (initialfield); simulation of
propagated field.

zeroth and first diffraction orders. Moreover,
the simulation predicted the first diffraction order
much closer to the zeroth order but experiments
showed that this is not the case. This may hap-
pen because it was assumed that all the diffraction
angles were small which may not be true when the
beam is reflected by the SLM. The evidence for this
fact lies on the distance between the zeroth and first
diffraction orders (right side of figure 5).

The results for diffraction simulations of OAM-
carrying beams are presented in figures 6 and 7

The simulations results are in good agreement
with the experimental measurements in both cases.
In lens diffraction, a central cross can be seen in-
side the pupil which captures the beam. A cross at
the center can be clearly seen in either experimental
and simulation results. Note that the pattern at the
center of this cross is the same as the one presented
in figure 5 (left side), this time with a smaller ra-
dius. Notice that we should focus our attention at
the center of figure 6 since it contains the singular-
ity that plays the central role on beam modulation

Figure 5: Experimental measurement: Spiral CGH
with topological chrge l = 4 (left) and forked CGH
with topological charge l = 2 (right).

Figure 6: Simulation of a l = 4 OAM carrying beam
focused at the lens’ focal plane. The green mark
depicts the relevant simulation result.
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Figure 7: Simulation of a l = 4 OAM carrying beam
diffracting through a 150 µm pinhole.

(the region is depicted with a green spot).

3 Experimental Setup

3.1 OAM (de)modulation

Although two different setups were required for
each stage of the experiment, the setup described
here is not totally independent from the one used
for information transmission. Apart from perform-
ing a correct modulation and demodulation, this
setup should also be enabled for performing infor-
mation transmission without requiring a realign-
ment. Due to this reason, the multiplexing of
the beams is implemented from the beginning, al-
though it is not related directly with the main goal
of this stage.

Figure 8: Schematic of the experimental setup:
QWP- Quarter wave plate; HWP - Half wave plate;
L1 and L2 - plano-convex lenses with f = 35mm
and f = 35mm, respectively; PBS - Polarizing
beamsplitter; L3 to L5 - plano-convex lenses with
f = 250mm; BS- Beamsplitter; M-Mirror.

Figure 8 shows a schematic of the implemented
setup. A 545 nm HeNe laser with a beam width of

∼ 1mm and an average divergence of 0.647 mrad
was used. Although the manufacturer announces a
linearly polarised laser, during its characterization
it was found that a circular component was present
and thus, since the SLM’s efficiency is higher when
linear polarization is used, a Quarter Wave Plate
(QWP) was used to minimize the circular compo-
nents. Also, an Half Wave Plate (HWP) was used
after the QWP to control the polarization direction
of the beam. A beam expander with 35 mm and
75 mm lenses was set so that the beam width is
increased to ∼ 2 mm. This set of lenses was not
chosen by chance: it is convenient that the beam
is large enough to ensure the quality of the mod-
ulation but, at the same time, the beam can’t be
very wide, since we will be modulating two beams
in the same SLM and after modulation the beam
diameter increases (equation 11 [18]).

dLG(Imax) =

√
|l|
2
w(z) (11)

The original beam is then split by a PBS into two
beams to be modulated in different ways. Two mir-
rors were placed to reflect each beam to the SLM,
minimizing the angle of incidence in this compo-
nent (small angles of incidence improve the modu-
lation [19, 20]). Another HWP was placed in the
reflected beam’s path to rotate its polarization 90o.
This was done because this beam’s polarization
was mainly vertical and, during the experiment,
it was concluded that horizontally polarized light
optimized the wavefront phase modulation, while a
lot of noise was founded if vertical polarization was
maintained. Also, in this step of the alignment,
we needed to be careful with both beams’ positions
inside the SLM’s active area. Not only these had
to be well separated from each other, in order to
avoid interference, but neither is it convenient to be
close to SLM’ active area’s edges, because it could
compromise the modulation quality. After this, the
beams are multiplexed with a BS and reflected by a
mirror to the second SLM so that one of them is de-
modulated. To choose the beam to demodulate, we
load into the SLM the inverse mask used in its mod-
ulation. In order to check that these two processes
were done correctly the beams are captured indi-
vidually with a CCD-WFS (Phasics model SID4).
Note that, for alignment purposes, each beam is
modulated individually and not simultaneously. To
verify and optimize the modulation process for one
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beam, the other is blocked in order not to interfere
while being captured. Only when a transmission of
information occurs, is the SLM 1 used to modulate
both beams at the same time.

We shall now justify the use of a 4f lens system in
our set up. It is known that the width of a LG beam
is given by 11 [18] and that its divergence increases
with |l|. This divergence, even in small distances,
makes the alignment of the demodulation process
very difficult [21]. To minimize the effects of that
divergence, we used 2 lenses of 250 mm focal length
for each beam so that we could have an image of
the modulated beam near the second SLM.

3.2 (De)Multiplexing and transmis-
sion of information

As already mentioned, this experimental setup is
based on the previous one. Figures 9 show a
schematic of the implemented setup to perform
transmission of information. The beam multiplex-
ing is performed with the BS. The beam demul-
tiplexing is performed by means of spatial filter-
ing [13]. To be demultiplexed, both beams are fo-
cused by a 400 mm lens and pass through a 150 µm
pinhole, where the back-converted Gaussian beam
is separated from the OAM-carrying beam. The
pinhole size was chosen by making some calcula-
tions based on equation 12 [22, 23] where f rep-

Figure 9: Schematic of the experimental setup:
QWP- Quarter wave plate; HWP - Half wave plate;
L1 and L2 - plano-convex lenses with f = 35mm
and f = 35mm, respectively; L3 to L5 - plano-
convex lenses with f = 250mm; L6 - plano-convex
lenses with f = 400mm; PBS - Polarizing beam-
splitter; BS- Beamsplitter; M-Mirror; PH - Pinhole
(Ø150mm).

resents the lens focal distance, λ the beam wave-
length, w0 its focused waist size and D the beam
diameter at the lens plane. The used pinhole is
slightly larger than 2w0, as recommended, to avoid
diffraction rings and loss of power [23].

Beam Spot Size = 2w0 =
4fλ

πD
(12)

After this, the light intensity is measured with
a photodetector (Thorlabs model DET10A) con-
nected through a coaxial cable to a digital os-
ciloscope (Picoscope 3200). Finally, the informa-
tion encoding is performed with an On/Off Keying
(OOK) system implemented by a circular chopper
fixed in a Servo motor controlled by an Arduino
board. The chopper has two concentric rings of
holes, each one assigned to a beam: the inner ring
encodes 45 information bits into the beam trans-
mitted in the first PBS, and the outter ring en-
codes 60 bits into the beam reflected in the same
PBS. Since we use two different channels of infor-
mation, it is simpler to denominate the transmitted
and reflected beams described above by channel A
and channel B, respectively.

4 Results

4.1 Modulation and back conversion

Three different topological charges were used to
modulate the beams in each channel. Channel
A was modulated with topological charges of l =
−4, 2, 4, and channel B with l = 4, 6 (each mod-
ulation is performed in distinct information trans-
missions). To do this, the masks with inverse topo-
logical charge are loaded in SLM 1 while SLM 2
is turned off. It should be said that forked CGH
were tested but the obtained results were poor.
Moreover, the fact that the first order diffracion
is needed made the alignment and measurement
harder. Given these reasons, forked CGH were
abandoned and all the results were obtained with
spiral CGH.

4.1.1 Spiral phase CGH for modulation

Three transmissions of information were per-
formed. In each transmission a different combi-
nation of topological charges was used. The OAM
beams with positive topological charges used in the
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first transmission are shown in figures 10 and 11.
In the second transmission, symmetric topologi-

Figure 10: From left to right: normalized phase
profile for l = 2 OAM beam; normalized intensity
profile for the same beam (l = −2 spiral phase mask
loaded on SLM 1 with SLM 2 turned off). These
results refer to channel A.

Figure 11: From left to right: normalized phase
profile for l = 4 OAM beam; normalized intensity
profile for the same beam (l = −4 spiral phase mask
loaded on SLM 1 with SLM 2 turned off). These
results refer to channel B.

cal charges were used with |l| = 4. The phase and
intensity modulations achieved for channel A are
shown in figure 12. The phase and intensity pro-
files for channel B are already presented above on
figure 11 Note that channel A, once carrying a topo-
logical charge of opposite sign but same absolute
value of that of channel B, results in the same num-
ber of peaks in intensity with a vortex spinning in
the opposite direction. This confirms the physical
interpretation of the sign of l and ensures that the
modulation has been performed as expected. For
the third transmission, channel A was imprinted
with the symmetrical OAM (l = 4) while channel
B was imprinted with a l = 6 topological charge.
The phase and intensity profiles for both channels
are presented in figures 13 and 14. In general, the
phase modulation is satisfactory for all topological
charges in both channels since the number of peaks

Figure 12: From left to right: normalized phase
profile for l = −4 OAM beam; normalized intensity
profile for the same beam (l = 4 spiral phase mask
loaded on SLM 1 with SLM 2 turned off). These
results refer to channel A.

Figure 13: From left to right: normalized phase
profile for l = 4 OAM beam; normalized intensity
profile for the same beam (l = −4 spiral phase mask
loaded onto SLM 1 with SLM 2 turned off). These
results refer to channel A.

and respective variations to the minima correspond
with the expected results, just as predicted by the
simulations described in section 2. Regarding the
intensity, a more detailed analysis is needed. The
results are also good since the amplitude-phase cou-
pling makes the intensity follow the same pattern as
the phase. Moreover, the vortex spinning directions
can be clearly observed and match the expected ro-
tation direction. It is known that theoretically, an
intensity singularity is expected at the wavefront
sensor. Accounting the modulations on channel A,
even though the intensity is not zero at the cen-
ter, it distinctly has a lower value. For channel
B the case is not so clear. Although the intensity
peaks are well defined, there is an excess at the cen-
ter. This fact can be explained taking into account
that the light polarization for this mode has to be
adjusted with a HWP (see chapter 3). Although ef-
forts were made to reduce the polarization circular
components which come from the laser and to op-
timize the direction of channel B, the modulation
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Figure 14: From left to right: normalized phase
profile for l = 6 OAM beam; normalized intensity
profile for the same beam (l = −6 spiral phase mask
loaded onto SLM 1 with SLM 2 turned off). These
results refer to channel B.

quality is not as great as that of channel A.

4.2 Back-conversion of OAM modes

To perform the demodulation process, SLM 2 must
be loaded with the inverse mask used in SLM 1
to modulate the respective channel. It is expected,
ideally, that the back converted mode has no OAM,
thus presenting a Gaussian intensity shape together
with the phase of a plane wave. To demodulate the
beam of channel A with the topological charge used
in the first transmission, an l = 2 mask was loaded
in SLM 2, resulting in the demodulation presented
in figure 15. For channel B, the same was done
with an l = 4 mask, obtaining the results shown in
figure 16. Figure 17 presents the back conversion
of the modulated beam used in channel A in the
second transmission (the demodulation for channel
B is the same presented in figure 16). Figures 18

Figure 15: From left to right: normalized phase
profile for the back conversion of an l = 2 OAM
beam; normalized intensity profile for the same
back converted beam (l = −2 spiral phase mask
loaded on SLM 1 and l = 2 loaded on SLM 2 ).
These results refer to channel A.

Figure 16: From left to right: normalized phase
profile for the back conversion of an l = 4 OAM
beam; normalized intensity profile for the same
back converted beam (l = −4 spiral phase mask
loaded on SLM 1 and l = 4 loaded on SLM 2 ).
These results refer to channel B.

and 19 do the same with the profiles obtained for
the back conversion of channels A and B in the
third transmission.

Figure 17: From left to right: normalized phase
profile for the back conversion of an l = −4 OAM
beam; normalized intensity profile for the same
back converted beam (l = 4 spiral phase mask
loaded on SLM 1 and l = −4 loaded on SLM 2
). These results refer to channel A.

Once more the results regarding phase are, in
general, satisfactory. The back converted phase
profiles resemble the phase of a plane wave with
smooth variations. These variations are experimen-
tally expected since they may arise from misaligned
optical components or some parts of the wavefront
that were not properly demodulated. Observing
intensity, the results are unclear. In some cases
(figures 15 and 17) the intensity peaks are still ob-
servable although their intensity is attenuated and
more distributed over the wavefront. Other results
don’t show well shaped peaks but the intensity pro-
file is not Gaussian either. Due to the limitations
of the used SLM, the random modulation gener-
ated by the SLM pixel matrix may be responsible
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Figure 18: From left to right: normalized phase
profile for the back conversion of an l = 4 OAM
beam; normalized intensity profile for the same
back converted beam (l = −4 spiral phase mask
loaded on SLM 1 and l = 4 loaded onto SLM 2 ).
These results refer to channel A.

Figure 19: From left to right: normalized phase
profile for the back conversion of an l = 6 OAM
beam; normalized intensity profile for the same
back converted beam (l = −6 spiral phase mask
loaded on SLM 1 and l = 6 loaded on SLM 2 ).
These results refer to channel B.

for these effects. Furthermore, the amplitude-phase
coupling effect also prevent the intensity from ac-
quiring a Gaussian shape. These facts makes the
goal of achieving an intensity profile close to the
expected very difficult, if not impossible. Despite
the (de)modulation imperfections, the information
transmissions were executed and provided satisfac-
tory results.

4.3 Transmission analysis

As stated before, the first transmission was exe-
cuted using a beam with topological charge l = 2
for channel A and topological charge l = 4 for chan-
nel B (figures 10 and 11 show the modulated phase
and intensity profiles for each channel). The bit
error rates (BERs) calculated for each channel are
present in table 1. At first sight, the obtained BER
may seem to be high when compared to those from

other state-of-the-art works [12, 13, 24, 25, 26].
Nevertheless, we should notice that, due to the bit-
streams small length, the lowest BER that may
be find for channels A and B are, respectively
1
45 ' 0.022 and 1

60 ' 0.017 and so the obtained val-
ues (appart from the 21% BER obtained for chan-
nel B in the first transmission) are actually good,
indicating that the experimental apparatus is work-
ing properly. Despite the above argument, the very
high BER presented by channel B are not satisfac-
tory even for a proof of concept experiment. This
raised the suspicion that maybe the demultiplexing
process for channel A was not being done correctly,
due to the small size of the beam. To check this
possibility, we changed the topological charge of
channel A, replacing the used mask with another
of topological charge l = −4. This way, both chan-
nels use beams with the same topological charge (in
absolute value), leaving no space for issues related
with beam size. The second transmission was per-
formed in these conditions. The BER can be seen
in table 1.

Topological charge BER
Ch. A Ch. B Ch. A Ch. B

2 4 0.067 0.217
-4 4 0.067 0.067
-4 6 0.022 0.050

Table 1: BER for channels A and B modulated with
different topological charges.

The results confirm the suspicion, since the BER
for channel B has decreased one order of magnitude.
To test the hypothesis that the demultiplexing pro-
cess efficiency can be improved by increasing the
topological charge in absolute value, a third trans-
mission was performed leaving the absolute value
of channel’s A topological charge untouched and
changing the one of channel B to l = 6. As the
values of table 1 show,the above hypothesis is con-
firmed. Note that when the topological charge of a
channel is increased (in absolute value), the BER of
the neighbour channel decreases. This happens be-
cause the beam size increases with |l|, which means
that when the beam passes through the pinhole,
more intensity is left behind and less power is de-
tected from that channel. This means that there
is less power to be leaked in the channel that is
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Channel A

Top. charge No CT Atten. CT w/ CT

-4 0 0 0.067
2 0 0.044 0.067
4 0 0 0.022

Table 2: BER values for different levels of crosstalk
(CT) obtained for channel B.

Channel B

Topological charge No CT Atten. CT w/ CT

4
(Ch. A l = 2) 0 0.050 0.217
(Ch. A l = −4) 0 0.017 0.067

6 0 0 0.05

Table 3: BER values for different levels of crosstalk
(CT) obtained for channel B.

being detected and thus lower BER are achieved.
The most probable cause for the remaining wrongly
detected bits, as the previous result suggest, is con-
cerned with power dissipated from one channel to
another, in other words, there is crosstalk causing
a wrong bit detection. To evaluate this, the sec-
ond and third transmissions were repeated twice
in different conditions: in the first time the chan-
nel which was not being measured was completely
blocked; in the second time the same was done
but the non-captured channel was only partially
blocked (the intensity was roughly reduced to half).
As expected, the results presented in tables 2 and
3 show that there are no errors when there is no
crosstalk and BER increase when the intensity of
the neighbour channel also increases.

Such crosstalk levels mean that the demulti-
plexing process should be more efficient. This is
probably related with the back-conversion of OAM
modes. Since the used photo-detector detects the
intensity, imperfections in the demodulation de-
picted in the previous section may be a source of
error.

5 Conclusions

We started by simulating the propagation and
diffraction of OAM modes generated with two dif-
ferent types of masks: spiral and forked phase pat-

terns.
After that, we have implemented an experimen-

tal setup that is able to perform beam modulation
and demodulation so that OAM-carrying beams
may be generated. The setup is also prepared
to perform transmissions of information using two
channels encoded with distinct bitstreams. Full
polarization control was needed to achieve bet-
ter modulations and demodulations of the beams’
wavefronts. After the completion of this work, the
following conclusions can be stated:

forked CGH don’t provide a good phase modula-
tion. Moreover, the fact that the first order diffrac-
tion of the reflected beam must be used makes the
alignment and measurement harder; this setup was
sensitive to polarization since TN-LCoS technology
was used; the effects of polarization can be reduced
if the beam is polarized in the direction which max-
imizes the SLM performance; the OAM modes’ de-
tected power decreases if |l| is increased; the demul-
tiplexing process although effective could be more
efficient. This is probably due to the imperfections
from the OAM modes back conversion; OAM is a
property of light that can be used to multiplex in-
formation and thus be used in optical communica-
tions to increase the communications’ capacity and
spectral efficiency.

This proves that our setup although simple and
modest is robust and could achieve the main goals
for this work.

5.1 Future Work

The first change to improve the experiment would
be the implementation of a polarization insensitive
mechanism as shown in the work done by Hu et
al. [27]. This would allow to perform a better mod-
ulation and avoid the intensity peaks observed at
the center of the wavefront as well as to spot other
noise sources. The use of longer bit streams would
provide more solid conclusions on BER as well as
the use of a lock-in amplifier would enhance the
transmission performance.

Additional objectives can be stated to future
experiments in order to implement features that
are present in any actual communication network.
Since information transmission was achieved, the
next step may be the implementation of more
channels and perform the multiplexing process us-
ing OAM together with other already established
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methods. Finally, the implementation of data ex-
change would be another important achievement,
since it is a key process in nowadays communica-
tion networks[28, 29].
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