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In order to generate high quality regular optical vortex array (OVA), we present an experimental method for generat-

ing OVA using phase only liquid crystal spatial light modulator (LC-SLM) assisted two gratings. In the scheme, holo-

grams of two grating are displayed on the screen of two LC-SLMs respectively; the diffraction optical fields are cap-

tured by a CCD camera. The simulated and experimental results show that the regular OVA can be generated by using

double diffraction gratings. The generated OV As have a constant topological charge of £1. The method can provide a

useful pathway to produce regular OVA for some applications in optical communication, particle trapping and optical

metrology.
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The vortex beam is a hollow beam which has spiral
phase wavefront and phase singularity. The intensity of
the light wave is zero at the phase singularity, and the
phase is spirally distributed around the singular point
perpendicular to the propagation direction!). Due to
these peculiar characteristics, optical vortex beams have
led to many applications, such as optical trapping®, op-
tical tweezersl®¥, quantum information communication
optical communications'®” and optical measurement™™!.
A network of optical vortices, also called optical vortex
lattice or optical vortices array (OVA), has caught wide-
spread attention owing to some distinct properties com-
pared to isolated ones'”'”. OVAs have been widely used in
the area of optical metrology!'"), the manipulation of mi-
cro-optomechanical pumps''? and microlithography!".
Generation of OVAs by multiple-beam interference!',
multiple-pinhole interferometer!'” lateral shearing in-
terferometers''®, peculiar patterned metasurfaces!'”,
plasmonic!'™ colloidal monolayers of dielectric mi-
cro-particles'”,  spatial light ~modulator®*",  di-
ode-pumped microchip laser®” and smectic liquid crys-
tals!*®! has been proposed. But most of the aforemen-
tioned interferometric techniques used for generating
OVAs are based on the modified Mach-Zehnder inter-
ferometer and multiple Michelson interferometers. These
experimental systems often require the use of vibration
isolation table, attenuation plates, multiple beam-splitters
and mirrors. This requires precise alignment of the opti-
cal components in the optical path and hence is not ro-

(3]

bust!. The spiral phase filtering method has higher re-
quirements on the surface quality of the spiral phase
plate, and it is difficult to process. The computational
holographic method is to make high-quality holograms
by optical etching, and it takes a long time to make them.

This paper proposes a method for generating regular
OVAs using two gratings. In the scheme, the hologram of
two grating are generated and respectively displayed on
the screen of two liquid crystal spatial light modulators
(LC-SLM) respectively. A laser beam is expanded, col-
limated and directed onto the LC-SLM screen. Simula-
tion and experimental results are presented. The method
of generating regular OVAs by double gratings’ diffrac-
tion has the advantages of simple optical path structure
and convenient adjustment.

Fig.1 is the schematic for generation OVAs using
double gratings. The holograms of the grating A and B
are respectively loaded onto the screen of SLMI1 and
SLM2. The laser beam is vertically incident on the
screen of the LC-SLMs, and the diffraction images are
captured by a CCD camera. By adjusting the distance
between the two LC-SLMs and their distance from the
CCD camera, a clear image can be obtained.
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Fig.1 Schematic of generating OVAs using double
gratings
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There are gratings A and B, and their complex ampli-
tudes are

galx.y)=[1+cos(mx+ny))/2, Q)
ga(x.y)=[1+cos(mx)]/2, (@)

where d is the grating stripe pitch, m=n=2mn/d.
When the parallel planar light is incident perpendicu-
larly to the grating A, the spatial spectrum is

G.(ff) =%5(fx,fy) +§[5<ﬁ —é,fy —§)+

1 1
5(/, +g,fy +3)], 3

where f; and f, are the spatial frequencies of the x-axis
and y-axis on the plane after the grating, respectively.
The diffracted light field is observed on the observation
plane located behind the grating A, and its transfer func-
tion can be expressed as

H(f,, fyy=expl—im2z(f+£,)]-exp(ikz), “

where 1 is the wavelength of the incident light, z is the
distance between the grating A and the observation sur-
face, k=2n//. is the wave number. The spectrum of the
light field distribution at z is

G(f.1) =G ([.[)-H([.[,) =

1 2Tz
{35(ﬁ,.ﬁ,)+e><p(—1 o )

1 1 1 1 1 ,
U~/ =+ o+ ), +3)]}e><p(1k2) -(5)

When the grating is illuminated by a planar wave, the
diffracted field will replicate an exact image of the grat-
ing in a series of equally spaced planes. These image
planes, usually called Talbot planes, are located at regu-
lar distances away from the grating. This distance is de-
termined by
_ 2nd’

DI (n=1, 2, 3..), 6)

z

where d is the spatial period of the grating, 4 is the
wavelength of the light source, and # is a positive integer
referred to as the self-image number. The first one is
usually known as the Talbot distance zy, z,r and zyp
represent the Talbot distance of grating A and grating B,
respectively.

For gratings A and B, the position of their Talbot
planes are z, and z,.

2z
dz

At these Talbot planes, exp(—j )=1, Eq.(5) be-

comes

G 1) =
1

1 1 1
oot .-

S+, +§>]}exp(jkza). ™

The inverse Fourier transform is performed on the
Eq.(7), and the complex amplitude distribution of the
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diffraction field of the grating A at z, is obtained as
1 2n 2n
g, =—|1+cos(—x+—y) |-exp(jkz,). 8
g, 2{ o dy)} p(jkz,) (8)

When the grating B is placed at a certain Talbot image
plane of the grating A, the diffraction light field of the
grating A is projected onto the grating B, and the diffrac-
tion field of the grating B can be expressed as

- - 1 21 21
8 =848 :1[2005(736)'008(7)/)+

2 E 2 2_71: A .
cos (d X)+cos (d y)]-exp(jkz, ), 9)

The spectrum at z behind the grating B is
Gy ([, /) =F(&,)-H(/.. [) (10)
When the diffraction distance of the gratings A and B
is equal to z,r and mzyr, respectively, the distribution of
the complex amplitude of the light field is
L1 2n 2n .
gy = Z[COS(;X) + 008(7)/)]2 -expljk(z,; +mz,.)] =

2

"“j (Lem)l, (1)

where m is a constant. Obviously, in Eq.(11), there is a
vortex phase term, exp[j2d’(1+m)/i]=exp(jlp), in the
formula (/ is the topological charge of the optical vortex).
Therefore, we can conclude that there are optical vortices
in the diffraction light field.

In order to further investigate the diffraction field gen-
erated by the double grating, we simulated the peak in-
tensity of the diffraction field at different Talbot dis-
tances of the grating A at 1 time and 0.5 time of Talbot
distance corresponding to the grating B, the results are
shown in Fig.2. From Fig.2, we can see that the peak
intensity curves corresponding to 1 time and 0.5 time of
the Talbot distances of the grating B are coincide, and the
grating A has the highest peak intensity at 0.58 time of
Talbot distance, and the peak intensity at 1+0.06 time of
Talbot distance is also higher.
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Fig.2 The curve of peak intensity of the optical vortex
array at different diffraction distances of the grating A
when the diffraction distance of the grating B is 1 time
and 0.5 time of Talbot distance

In the numerical simulation, the distance between
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gratings A and B is zr, and the diffraction distance of the
grating B is 0.5zr. When the duty cycles of the designed
gratings A and B are 63% and 52% respectively, the duty
cycle of the generated OVAs is 60%. When the duty cy-
cles of the gratings A and B are 55% and 52% respec-
tively, the duty cycle of the OVAs is reduced to 10%.

We built the optical system schematically shown in
Fig.3 to test our method. He-Ne laser is with the wave-
length of 632.8 nm. The laser beam passes through an
attenuating sheet (A), a beam expanding mirror (E), a
spatial filter (S), and a collimating lens (L) in sequence.
Thereafter, the SLM1 and SLM2 are irradiated vertically,
and a CCD camera was placed at a certain distance after
the SLM2 to capture the intensity profile of resultant
wave-field. The LC-SLM used in our experiment was
phase-only modulator with 1 920x1 080 pixels, and each
pixel had dimensions of 8.5 umx8.5 um (HDSLMS8S5T).
The diffraction efficiency of the LC-SLM is 60%. The
CCD camera was an image sensor with 768x576 pixels
at 8-bit resolution. The distance between the SLM1 and
the SLM2 is z;, and the distance between the SLM2 and
the CCD is z,.
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Fig.3 System of generating OVA using double grat-
ings to test our method

We designed the hologram of the gratings using Mat-
lab. The sizes of the gratings A and B are 512x512 pixels,
m=n=2mn/d, d=100 um, as shown in Fig.4. The duty cy-
cles of the gratings A and B are 63% and 52% respec-
tively. The numerically computed gratings A and B were
electronically displayed on the screen of SLMI and
SLM2, respectively. In the experiments, the wavelength
of the incident beam is 632.8 nm, and the Talbot distance
zr is 15.8 mm. The experimental results are shown in
Fig.5. In the experiments, z;=1.1, z;=17.388 mm,
z,=15.8 mm, 7.9 mm, 3.95 mm, respectively. Fig.5(al),
(a2), (a3) are the simulation results and Fig.5(bl), (b2),
(b3) are the experimental results. The size of these im-
ages is 512x512 pixels. In the experiments, the distance
between the grating A and the grating B is 1.1zr. Con-
sidering the experimental error, this distance value is
basically consistent with the theoretical calculation value.
The duty cycles of the generated OVAs are 53%, 62%
and 60% respectively, which is in good agreement with
the theoretical value.

In order to confirm the existence of the optical vortices,
we displayed the output optical field’s pattern of OVA
on the screen of LC-SLM, and superimposed the output
beam with a titled planar wave. The interference pattern
is shown in Fig.6. Fig.6(a) is the simulation result; (b) is

Optoelectron. Lett. Vol.17 No.5 * 0319

the experimental result, and (c) is an enlargement of the
blue rectangular area in (b). The interference patterns
(circled in yellow) in the figure appear bifurcated, which
confirm the existence of the optical vortices in the OV As.
The divergence directions of the patterns are opposite for
the +1 and —1 defects, that is, the topological charge of
the optical vortices in the OVAs is +1. These experi-
mental results confirm the simulation results. The simu-
lation results accord well with the experimental results.

(a) Grating A (b) Grating B

Fig.4 Gratings used in the experiment
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Fig.5 Experimental results: (a1), (a2), (a3) Simulation
results; (b1), (b2), (b3) Experimental results
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Fig.6 Confirmation of OVA: (a) Simulated result; (b)
and (c) Experimental results
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Fig.7 shows the phase map of the OVA. Fig.7(a) is the
simulation result when the diffraction distance is
750 mm, (b) and (c) are the experimental results when
the diffraction distance is 750 mm and 900 mm respec-
tively. The experimental results demonstrated that the
phase of the OVA also changes when the diffraction dis-
tance changes.

Fig.7 Phase maps of the OVA: (a) Simulation result; (b)
and (c) Experimental results

In conclusion, we have demonstrated a simple ex-
perimental method for generating regular OVA with a
topological charge of £1 by making use of phase only
LC-SLM assisted two gratings. The holograms of two
gratings are displayed on the screen of two LC-SLMs.
Simulation and experimental results are presented. The
results show that OVA has good regularity when the
diffraction distance of the grating B is one-half and
one-times of the Talbot distance of the grating B. The
method for generating regular OVA by double gratings
diffraction has the advantages of simple optical path
structure and convenient adjustment. The present system
has potential applications in optical communication, par-
ticle trapping and optical metrology.
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