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The diffraction from a linear grating having a quadratic curvature on its lines is proposed for vortex beam charac-
terization. Three types of transmission functions are considered for the gratings, including pure amplitude, pure
phase, and hybrid amplitude and phase profiles. The first-order diffraction of the vortex beam through such grat-
ings is only a set of elongated intensity spots. The number of spots determines the value of the topological charge
(TC), and the sign of the TC can be distinguished with the elongation (and rotation) direction of the spots. This
method is effective because over a given diffraction order, all of the energy of the beam transfers into the bright
bar-like spots. Another advantage of the method is its ease of use, because it is not sensitive to the relative location
of the beam axis and the grating center. Using a spatial light modulator, we provide different hybrid amplitude and
phase linear gratings with a quadratic curvature on their lines and demonstrate the effectiveness of the proposed
method experimentally. Also, the same justification was done in the diffraction of vortex beams from printed pure
amplitude gratings. We have also investigated the effect of lateral shearing between the amplitude and phase parts
of the hybrid grating on the resulted diffraction pattern. It is shown that for given values of lateral shear, one of the
first-order diffraction patterns is eliminated, and the intensity of the other one is maximized. Finally, we present
the key results of the diffraction of optical vortices from annular amplitude and phase gratings and from phase
objects having linearly increasing phase functions along the radial direction. It is shown that the diffraction of opti-
cal vortices only from the parabolic-line linear gratings is insensitive to the off-axis value of the beam and grating
centers. ©2020Optical Society of America
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1. INTRODUCTION

In the last two decades, generation and the use of optical vortex
beams have significantly attracted attention of many researchers
in various branches of sciences and technology. For instance,
these beams are widely used in the manipulation of micro/nano
particles, communication through free space, and quantum
information technology. A wide variety of methods have been
proposed to generate and characterize optical vortices. To cite
a few examples of the characterization methods, they include
the use of interference of the vortex beam and its mirror image
[1], diffraction from various apertures [2–5], and the use of a
robust mode converter [6]. The diffraction of optical vortex
beams from gratings [7–11] as well as the Talbot effect [12]
were also used for characterization of such beams. The orbital
angular momentum states can also be diagnosed through other
gratings having slightly complicated structures, for instance
using Dammann vortex gratings [13,14], composite fork
grating [15], and mode sorter [16]. Furthermore, the diffrac-
tion from a pair of gratings in conjunction with the moiré
technique that is known as moiré deflectometry was used in a

two-channel arrangement for measuring both the wavefront
and the transverse component of the Poynting vector of an
optical vortex beam [17], and, also, this technique was used for
determining the topological charge (TC) sign alteration due to
an odd number of reflections [18]. In these two latter works, the
use of the moiré technique provides another advantage to the
measurement that is spatial magnification.

In this work, we introduce the use of diffraction of vortex
beams from linear pure amplitude, pure phase, and amplitude–
phase hybrid gratings, in which the gratings’ lines possess a
quadratic curvature. The magnitude and sign of the TC are
simultaneously determined by the number and orientation of
the bright bar-like spots formed on the first-order diffraction
pattern, respectively. The number of spots determines the value
of the TC. The sign of the TC is distinguishable by the fringes
orientation. The proposed method is effective because over the
given diffraction order, all of the energy of the beam transfers
into the bright bar-like spots. Another advantage of the method
is its ease of use. In this method, it is not necessary for the beam
to pass through the grating from a specific point or location.
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In addition, in this work, following introducing the
parabolic-line amplitude–phase hybrid grating, we investi-
gate the effect of the lateral shift of the amplitude and phase parts
of such gratings on their diffraction patterns. We also consider
the effect of different visibility values of the amplitude part and
variation of the phase amplitude of the phase part on the resulted
diffraction patterns under vortex beam illumination.

It is worth mentioning that in a very recent work, a binary
curved fork grating was used for formation of several Bessel
vortex beams. This grating was also used for detection of the
presence of angular harmonics in an analyzed beam outside the
focal plane [19]. The curved fork grating was first, to the best of
our knowledge, proposed in [20] when being illuminated by a
Gaussian laser beam.

At the end of this work, a comparison study between the
proposed method and some other methods employing similar
elongated intensity spots in other different diffraction schemes
for determination of the TC is presented, and it is shown that the
proposed method with the aid of parabolic-line linear gratings
is free of dependence on the off-axis value of the beam and its
impinging direction on the gratings. In addition, in the pro-
posed method, the used elongated arrays of bright spots for the
detection of the TC, are located on a straight line, and this helps
to determine easily the TC of the incident beam, even for larger
values of the TC.

2. GOVERNING EQUATIONS

Here, we present the governing equations of the diffraction of
vortex beams from a linear grating having a sinusoidal profile,
and its lines possess a quadratic curvature. We call this grating
a parabolic-line grating, which is a kind of curved-line grat-
ing [21]. We consider a general case that the grating has an
amplitude–phase hybrid transmission profile with a period d
for both amplitude and phase parts in the x direction, in which
the grating lines for both amplitude and phase parts have a same
second degree curvature along the y direction with a curvature
coefficient γ . The transmission function of such grating can be
considered in the following form:

t(x , y )=
1

2

(
1+ Va cos

[
2π

d
(x − γ y 2)

])

× exp

(
iVp cos

[
2π

d
((x −1x )− γ y 2)

])
, (1)

where Va shows the visibility of the amplitude part, where
0< Va < 1, and Vp denotes the maximum phase variation on
the phase part in which −π < Vp <+π , and 1x indicates a
given lateral shear between the amplitude and phase parts of the
grating in which 0<1x < d . Hereafter, we call the grating pre-
sented in Eq. (1) a ‘parabolic-line hybrid grating’, and the first
and second terms in Eq. (1) correspond to the pure amplitude
and pure phase parabolic-line gratings, respectively.

In the Cartesian coordinate systems, the complex amplitude
of a vortex beam (for simplicity, we consider a Laguerre–
Gaussian beam with the radial index of p = 0) over the x − y
plane can be written in the following form:

u(x , y ; −0)= (x + i sgn(l)y )|l | exp

(
−

x 2
+ y 2

w2

)
, (2)

Fig. 1. From the left to right columns, the intensity and phase pro-
files of a vortex beam withw= 0.5 mm and l =+5, the amplitude and
phase profiles of parabolic-line hybrid gratings having sinusoidal pro-
file with d = 0.16 mm, γ = 0.25 mm−1 and different values of Va and
Vp , and the corresponding intensity and phase profiles of the transmit-
ted beam immediately after the gratings. For all cases,1x = 0.

where l and w show the TC and radius parameter of the
beam, respectively, and sgn is the sign function. We define

weff =w

√
|l |
2 as the effective radius of the vortex beam, in which

the value of the intensity is maximum [22]. After passing the
vortex beam through the parabolic-line hybrid grating, the light
beam complex amplitude immediately after the grating is

u(x , y ; +0)= t(x , y )u(x , y ; −0), (3)

where −0 and +0 signify immediately before and after the
grating, respectively. Therefore, we consider u(x ′, y ′; +0) as
the complex amplitude of the light beam at z= 0.

Figure 1 shows the intensity and phase profiles of a vortex
beam with w= 0.5 mm and l =+5, the amplitude and phase
profiles of the parabolic-line hybrid gratings having a sinusoidal
profile with the same period and curvature and different values
of Va and Vp , and the corresponding intensity and phase profiles
of the transmitted beam immediately after the gratings.

The main reason that motivates us to consider a parabolic-
line hybrid grating is that, in practice, the use of a conventional
spatial light modulator (SLM) extracted from a video projector
(LCD projector KM3 MOD. NO. X50) does not produce a
pure phase grating we encountered with a hybrid case. Figure 2
shows the intensity profile immediately before and after the
SLM in the vortex beam illumination when a parabolic-line
sinusoidal pattern is imposed on it. Fringe patterns appearing
immediately after the SLM guaranties that the imposed patterns
are hybrid.

The diffracted complex amplitude after a propagation
distance of z, u(x , y ; z), can be calculated by using Fresnel
integral as
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Fig. 2. (a) Intensity pattern of a vortex beam when w= 2 mm
and l =+5 comes directly on the detector; (b) the corresponding
intensity pattern immediately after the SLM when the beam passes
through it, and a parabolic-line grating having sinusoidal profile with
d = 0.09 mm and γ = 0.043 mm−1 is imposed on the SLM.

u(x , y ; z)=
e ikz

i zλ

∫
+∞

−∞

∫
+∞

−∞

u(x ′, y ′; +0) exp(iα[(x − x ′)2

+ (y − y ′)2])dx ′dy ′,
(4)

where α = π
zλ , in which λ is the wavelength of the light beam,

and k = 2π
λ

is the wave-number, and, using Eqs. (1)–(3), we
have

Fig. 3. Simulated intensity and phase profiles of the diffrac-
tion patterns of a vortex beam with w= 0.5 mm and l =+5
from parabolic-line linear gratings having d = 0.16 mm and
γ = 0.25 mm−1 with pure amplitude, pure phase, and hybrid
transmission profiles at different propagation distances. For each case,
the first row shows the intensity, and the second row shows the corre-
sponding phase profiles. The last row in the last case shows enlarged
insets of the corresponding phase profiles (see also Visualization 1,
Visualization 2, and Visualization 3).
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Using Eq. (4) and with the aid of the transfer function of
the free space, we simulated the intensity and phase profiles of
the diffracted pattern after different propagation distances, see
Fig. 3. In the background Visualization 1, Visualization 2, and
Visualization 3, one can see evolutions of the diffracted patterns
were calculated at different propagation distances. With a bit
calculation, the same results can be derived using the two general
theoretical approaches presented in Ref. [5].

3. MEASUREMENTS

Figure 4 shows the used experimental setup with different
arrangements. Figures 4(a) and 4(b) are used in the characteri-
zation of optical vortex beams with smaller values of TC using a
pure amplitude grating and an SLM, respectively. We used the

Fig. 4. Used experimental setups (a) for characterizing optical
vortices using a pure amplitude grating (see Figs. 5 and 6), (b) for meas-
uring optical vortex beams with smaller values of TC, l < 5, using the
SLM (Fig. 8), and (c) for measuring larger values of TC up to l = 45
(Fig. 9).
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first SLM (3M X50, resolution: 1024× 768, display :0.7 in.
polysilicon LCD) to produce a vortex beam from a plane
wave by imposing a forked-shape grating on it. We also used
the second SLM [Mitsubishi SL6U, resolution: 800× 600,
0.6 in. polysilicon thin-film-transistor (TFT) LCD] to produce
parabolic-line hybrid gratings. The used SLMs were extracted
from two different video projectors. For the optical vortices
having larger values of TC, the dimension of the beam on the
second SLM could be larger than the dimension of the SLM
area, and we were forced to use a telescopic system to rescale and
fit the beam on the SLM, see Fig. 4(c).

A. Diffraction of a Vortex Beam from a Pure
Amplitude Parabolic-Line Grating

Using the setup shown in Fig. 4(a), we demonstrate the per-
formance of the proposed method, experimentally. The plane
wave of the second harmonic of a neodymium-doped yttrium
aluminum garnet (Nd:YAG) diode-pumped laser beam having

Fig. 5. Simulated (red) and experimentally recorded (green) diffrac-
tion patterns of different optical vortices from a parabolic-line pure
amplitude grating at a given propagation distance. For simulation
patterns, the used parameters were w= 0.5 mm, d = 0.16 mm,
γ = 0.25 mm−1, and z= 100 cm, and, for the experimentally
recorded results, we hadw= 1.5 mm, d = 0.4 mm, γ = 0.060 mm−1,
and z= 300 cm.

Fig. 6. (a) Simulated and (b) experimentally recorded diffraction
patterns of different optical vortices with higher values of l diffracted
from a pure amplitude parabolic-line grating. All parameters were the
same as Fig. 5, except here for the experimental patterns, z= 400 cm.

a wavelength of λ= 532 nm passes through the first SLM, in
which the pattern of a linear forked-shape grating is imposed
on it, and then the resulted vortex beam passes through a
printed amplitude parabolic-line linear grating. The amplitude
parabolic-line gratings are simply printed on plastic papers.
At a distance z= 1 m from the grating, the diffracted pattern
was directly recorded on the sensitive area of a camera (Nikon
D7200). Figure 5 shows the experimentally recorded diffraction
patterns when a vortex beam with different TC values enters on
a pure amplitude grating normal to its plane (green patterns).
It also shows the corresponding intensity patterns simulated by
Matlab programming (red patterns). As is seen, the diffraction
pattern of a vortex beam from a pure amplitude parabolic-line
linear grating consists of an on-axis circular ring-shaped beam
on the zero diffraction order, an elliptical ring-shaped beam on
its left side (−1 diffraction order), and an elongated array of
bright spots on its right side (+1 diffraction order). It appears
that the number of elongated intensity spots formed on the first

Fig. 7. Investigation of the grating curvature effect on the
resulted diffraction patterns of a vortex beam having λ= 532 nm,
w= 0.5 mm, and l =+5 from the different gratings having the same
periods of d = 0.16 mm and different curvature values at propagation
distance z= 120 cm.
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diffraction order minus one determines the value of the TC
(say |l | = N − 1, where N denotes the number of elongated
intensity spots), and the elongation (and rotation) direction of
the spots assigns the sign of the TC. It is well known that, in the
absence of the parabolic feature of the grating lines, all patterns
transform into circular ring-shaped beams.

Figure 6 shows the simulated and experimentally recorded
diffraction patterns when optical vortices with higher values of l
diffracted from the same pure amplitude parabolic-line grating.

Now, let us show how the grating curvature affects the
resulted diffraction patterns of a given vortex beam diffracted
by the grating and that it is not sufficient to use an ordinary
(linear) grating to split the vortex beam into several spots in
elongated array. In addition, for a grating with a given period
value, we will find the optimum value of the grating curvature
to optimally determine the TC of the beam (having given values
of the wavelength and radius). Figure 7 shows that the grating
curvature affects the resulted diffraction patterns, and there is an
optimum value for the grating curvature.

Fig. 8. Simulated (red) and experimentally recorded (green) diffrac-
tion patterns of different optical vortices from the parabolic-line
hybrid grating. For simulation patterns, the used parameters were
w= 0.5 mm, d = 0.16 mm, γ = 0.25 mm−1, and z= 100 cm,
and, for the experimentally recorded result, we had w= 2 mm,
d = 0.4 mm, γ = 0.043 mm−1, and z= 250 cm.

In Section 5, we also investigate the effect of off-axis illumi-
nation of the beam on the grating and show that, although the
elongated intensity spots experience a transverse shift, the form
and size of the elongated intensity spots still remain unchanged
for different off-axis values. In addition, we investigate the effect
of non-normal incidence of the beam on the grating, and it
is shown that for small incident angles (less than 10 deg) the
diffraction patterns remain mainly unchanged.

B. Diffraction of a Vortex Beam from a Hybrid
Parabolic-Line Grating

Figure 8 shows the experimentally recorded diffraction pat-
terns at a distance of about z= 250 cm from the second SLM
when a parabolic-line hybrid grating with d = 0.4 mm and
γ = 0.043 mm−1 is imposed on it and different optical vor-
tices having l =±2,±3,±4 and w= 2 mm illuminate it.
The corresponding simulated patterns were produced by con-
sidering w= 0.5 mm, d = 0.16 mm, γ = 0.25 mm−1, and
z= 100 cm.

Fig. 9. (a) Simulated and (b) experimentally recorded diffraction
patterns of different optical vortices with higher values of l up to 45,
diffracted from a parabolic-line hybrid grating. All parameters were the
same as Fig. 8, except here, for the experimental patterns, the value of z
was changed in a way to get a suitable size of diffraction pattern on the
sensor area.
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We note that the used SLM2 extracted from a commercial
projector, as it is shown in Fig. 2, in practice, does not act as a
pure phase device.

Figure 9 shows the simulated and experimentally recorded
diffraction patterns when different optical vortices with higher
values of l of up to 45 diffracted from a parabolic-line hybrid
grating. It should be noted that we do not have any information
about the values of Va and Vp of the hybrid grating imposed on
the second SLM.

4. EFFECT OF LATERAL DISPLACEMENT OF
THE AMPLITUDE AND PHASE PARTS OF A
HYBRID GRATING ON THE DIFFRACTION
PATTERN

Here, we present an additional investigation for the diffraction
of optical vortices from hybrid parabolic-line gratings. As it was
noted above, in practice, the used commercial SLMs do not act
as pure phase devices or optical elements. To show this feature, as
presented above, we recoded the intensity pattern immediately
after the second SLM when a parabolic-line grating was imposed
on it, see Fig. 2. The existence of the intensity fringes on the
recorded pattern indicates that in addition to the phase grating,
an amplitude parabolic-line grating was also imposed on the
SLM.

Below, we investigate the effect of a presumptive lateral dis-
placement of the amplitude and phase parts of a hybrid grating
on the resulted diffraction pattern. We do this by changing the
value of 1x in Eq. (1) and investigate the resulted diffraction

patterns by simulation. Figure 10 shows the simulated results in
the diffraction of an optical vortex beam withw= 0.5 mm and
l = 5 from a parabolic-line hybrid grating having d = 0.16 mm
and γ = 0.25 mm−1 with different values of Va , Vp , and 1x
at the propagation distance z= 120 cm. It appears that for
different values of Va , Vp , and 1x the intensity share changes
between diffracted orders. In a general case, one can see a cen-
tral, circle-ring pattern, two elliptical-ring patterns on the left
side, and two elongated arrays of bright spots on the right side
(they are mutually rotated for some angle, but consist of an
equal number of bright and dark spots). These patterns are the
different diffraction orders of the grating. The curved form of
the grating’s lines causes asymmetry of the positive and nega-
tive diffraction orders. Because the curvature effect differs on
the lower and higher diffraction orders, their forms are a bit
dissimilar. In the background Visualization 4, Visualization 5,
Visualization 6, Visualization 7, and Visualization 8, evolution
of the diffracted patterns under propagation were illustrated.
It appears that for given values of the lateral shear, one of the
first-order diffraction patterns is eliminated, and the inten-
sity of the other one is maximized. Just to address directly,
we see that for the case (Va = 1, Vp = 1, 1x = 0.25d)
the positive first-order diffraction pattern was elimi-
nated. For the case (Va = 1, Vp = 0.25, 1x = 0.25d),
the intensity of the positive first-order diffraction pat-
terns was close to zero. For the cases (Va = 1, Vp = 1),
(Va = 0.5, Vp = 0.5π), and (Va = 1, Vp = 0.25π) with
1x = 0.75d , we see that the negative first-order diffraction

Fig. 10. Simulated diffraction patterns of an optical vortex beam having w= 0.5 mm, λ= 532 nm, and l =+5 from a parabolic-line phase
grating with d = 0.16 mm and γ = 0.25 mm−1 at a distance of z= 120 cm from the grating.1x shows the value of lateral shear considered between
the amplitude and phase parts of the hybrid grating. See more details in Visualization 4, Visualization 5, Visualization 6, Visualization 7, and
Visualization 8.
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Fig. 11. Ratios of the mean values of the intensities over the first-
order diffracted pattern (I+1) to the mean value of the (a) incident
beam intensity (I−0 ) and (b) transmitted beam intensity (I+0 ) for all
different cases that were considered in Fig. 10.

patterns were eliminated, but the share of the positive first-
order patterns from the total power of the incident beam was
maximized.

In Fig. 11, the ratios of the mean values of the intensities
over the first-order diffracted pattern (I+1) to the mean value of
the (a) incident beam intensity (I−0 ) and (b) transmitted beam
intensity immediately after the grating (I+0 ) are shown. We
calculated the mean value of the intensity over the positive first-
order diffraction pattern for all cases presented in Fig. 10. For
more details concerning this calculation see Ref. [23]. Figure 11
shows that the shares of the positive first-order patterns, which
are characterizing the incident vortex beams, are maximum,
and definitely their values are larger than the shares of the other
diffraction patterns.

For implementing the idea presented here, some methods
can be used to have two pure amplitude and phase gratings
over each other and to displace them laterally. A possible way
is to use a professional SLM instead of a projector-based SLM.
Another way is the use of coherent imaging of an amplitude
grating [24] on a pure phase grating that can be generated on
a professional SLM. In the second case, a given lateral shear
between the pure amplitude and phase components can even be
applied mechanically.

5. DIFFRACTION OF VORTEX BEAMS FROM
ANNULAR AMPLITUDE AND PHASE GRATINGS
AND FROM PHASE OBJECTS WITH LINEARLY
INCREASING PHASE FUNCTIONS IN THE
RADIAL DIRECTION AND ADVANTAGES OF THE
USE OF PARABOLIC-LINE LINEAR GRATINGS

Here, first we present the key results of the diffraction of a vortex
beam from annular amplitude and phase gratings and from

Fig. 12. Diffraction of a vortex beam withλ= 532 nm,w= 0.5 mm, and l =+5 from an amplitude parabolic-line linear grating (first column), a
phase parabolic-line linear grating (second column), an amplitude annular grating with a binary profile (third column), a phase annular grating (forth
column), and a phase object with a linearly increasing phase function in the radial direction (fifth column) for different off-axis values of the beam and
diffracting object centers, x0, at propagation distance z= 1.2 m. Parameters of the transmission functions are d = 0.16 mm and γ = 0.25 mm−1.
The first and second columns show advantages of the use of parabolic-line linear gratings, in which their resulted diffraction patterns are insensitive to
the off-axis values. See also Visualization 9, Visualization 10, Visualization 11, Visualization 12, Visualization 13, Visualization 14, Visualization 15,
Visualization 16, Visualization 17, and Visualization 18.
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a phase object that has a linearly increasing (or decreasing)
phase function in the radial direction, in which it can be called
a ‘cone-like phase object,’ especially for the decreasing case.
Then, we show that the resulted diffraction patterns of optical
vortices from annular gratings and from the phase object with
a linearly increasing phase function in the radial direction are
intensively sensitive to the off-axis value of the beam center and
the center of the diffracting object, in which the used elongated
spots lose their forms under a slight change of the off-axis value.
This makes it impossible to determine the TC of the beam.
Whereas, the proposed method with the aid of parabolic-line
linear gratings is completely insensitive to the off-axis value of
the beam and grating centers.

In the first glance, one can think that the proposed scheme in
this work is very similar with the scheme presented in Ref. [8];
therefore, it is worth comparing the gratings’ structures (to say
precisely, the diffracting objects’ structures) and the resulted
diffraction patterns of these works. In Ref. [8], the authors pro-
posed a scheme to use annular amplitude and phase gratings for

characterizing optical vortex beams in the diffraction from such
gratings. An amplitude annular grating with a binary transmis-
sion function was introduced as t(r )= H(cos(2πr /d)), where
H denotes the Heaviside step function, r is the radial coordi-
nate, and d shows the structure’s period in the radial direction.
Based on these clarifying statements, here, we present the key
simulation results of the diffraction of a vortex beam from
annular amplitude and phase gratings and also from a linearly
increasing phase function in the radial direction. Accordingly,
we establish a comprehensive comparison with the proposed
method.

Figure 12 shows the simulated diffraction patterns of a vortex
beam passing through amplitude and phase parabolic-line
linear gratings (first and second columns), amplitude and phase
annular gratings (third and forth columns), and a cone-like
phase object (last column) for different off-axis values of the
beam and diffracting objects’ centers, x0, at a given propaga-
tion distance. Parameters of the transmission functions are
the same for all schemes. The diffraction patterns in the first

Fig. 13. Diffraction of a vortex beam with λ= 532 nm, w= 0.5 mm, and l =+5 from an amplitude (first and third columns) and a phase
(second and forth columns) parabolic-line linear grating for different incident angles of the beam on the grating plane (including both tip and tilt
angles) at propagation distance z= 1.2 m. Parameters of the gratings are d = 0.16 mm and γ = 0.25 mm−1. Under oblique incidence of the beam
in the x direction, the effective period is de = d cos θx , the curvature coefficient changes as γex = γ cos θx , and, for the oblique incident of the beam
in the y direction, we have γey =

γ

cos2 θy
. The resulted diffraction patterns show that the methods are mainly insensitive to the change of incident

angle, except that the diffraction orders distances change slightly. To show the small changes on the size and distance of the diffraction orders, only
three central diffraction orders of the resulted diffracted patterns are illustrated. See also Visualization 19, Visualization 20, Visualization 21, and
Visualization 22.
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and second columns indicate that in the use of parabolic-line
linear gratings the used elongated spots’ patterns for measur-
ing the value of the beam TC are not sensitive to the off-axis
value (see also Visualization 9, Visualization 10, Visualization
11, Visualization 12, Visualization 13, Visualization 14,
Visualization 15, Visualization 16, Visualization 17, and
Visualization 18). This is a very important advantage for the
proposed method. In contrast, as it is seen from third to fifth
columns of Fig. 12, in the use of an annular grating and a
cone-like phase object, the vortex beam should illuminate the
annular grating and the phase object at a definite offset posi-
tion from the center of the grating and phase object, in which
the formation, quality, scale, and orientation of the elongated
arrays of bright spots intensively vary with the beam offset
value (see also Visualization 9, Visualization 10, Visualization
11, Visualization 12, Visualization 13, Visualization 14,
Visualization 15, Visualization 16, Visualization 17, and
Visualization 18). These effects can seriously limit the use of
these schemes.

On the other hand, as it is seen from Figs. 3 and 5–8, and from
first and second columns of Fig. 12, in the diffraction of a vortex
beam from the parabolic-line linear gratings, the used elongated
arrays of bright spots for the detection of the TC of the incident
vortex beams locate along a straight line (see all of the simula-
tions; please note that the experimental patterns have a lower
quality because we used projector-based SLMs). Obviously, as
the TC value is equal to the number of bright spots minus one,
the determination of the TC in our method, especially for the
larger values of l , is straightforward. However, in the diffraction
of a vortex beam from an annular grating or a cone-like phase
object, as it is seen in third to fifth columns of Fig. 12, the elon-
gated arrays of bright spots used for the detection of the TC of
the incident vortex beams are located along a curved line. This
makes it difficult to determine the TC, especially when it has a
larger value.

It should be mentioned that the method of characterizing the
optical vortices by obtaining diffraction patterns, which look
like an elongated array of bright spots, through the number of
the bright spots and the orientation of the array, was also used in
other schemes [25,26]. The first, to the best of our knowledge,
work investigated the TC dependent propagation of optical vor-
tices under quadratic phase transformation, and, in the second
one, the TC of an optical vortex was measured using a tilted con-
vex lens. The setup of the first method, in comparison with the
use of an amplitude parabolic-line linear grating, is very com-
plicated and has a high price, and the setup of the second work
is very sensitive to the incident angle of the beam on the convex
lens. To compare the proposed method with a tilted convex lens
scheme [26], we examined the effect of the impinging angle
of the beam on the parabolic-line linear gratings’ plane with
simulations. We observed that in our scheme formation and
structure of the elongated intensity spots are to a great degree
independent of the incident angle even for larger values of the
tip and tilt angles, (θx , θy ), as it is illustrated in Fig. 13. This fact
can be also explained with the aid of a simple physical reasoning,
in which, in a non-normal illumination of a grating, only its
period decreases with a factor de = d cos θx , and its curvature
coefficient changes as γex = γ cos θx and γey =

γ

cos2 θy
with θx

and θy , respectively, see also Visualization 19, Visualization 20,
Visualization 21, and Visualization 22.

6. CONCLUSION

A novel, extremely simple, low cost, and reliable method for
simultaneous measurement of magnitude and sign of TC of
optical vortices was introduced. The method is based on the
diffraction of vortex beams from a parabolic-line linear grating.
In practice, we used both pure amplitude and amplitude–phase
hybrid gratings for characterizing vortex beams, in which an
amplitude parabolic-line linear grating can be simply printed
on plastic paper. We also investigated the diffraction of vortex
beams from a hybrid grating, in which the amplitude and phase
parts of the grating were laterally displaced. It is shown that, for
given values of visibility of the amplitude part, the amplitude
of the phase variation over the phase part, and the lateral shift
between the amplitude and phase parts, one of the first-order
diffraction patterns was eliminated, and the intensity of the
other one was maximized. This feature might find wide appli-
cations in many areas of optics such as optical switches. The
proposed parabolic-line linear gratings scheme was compared
with the other diffraction-based methods, in which they also
use the same elongated intensity spots to determine the TC of
the incident beam. We showed that our method is insensitive
to the off-axis value of the beam and grating centers, and, also,
the method is free of dependence to the impinging angle on the
grating plane.
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