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Partially coherent vortex beams are generated by the illumination of high-power red-color light-emitting
diodes. We investigate the influence of correlation property of partially coherent vortex beams on intensity
distribution. The correlation property of partially coherent vortex beams are modulated by adjusting the
propagation distance of the incident light. Effects of the topological charge and propagation distance of vortex
beams on the intensity are also studied. Experiment results are consistent with theoretical simulations.
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Light beams that carry orbital angular momentum
(OAM) are called vortex beams. The beams comprise [
helical phase fronts, described by a phase term exp(il8);
meanwhile, every photon of the light beams carries an
OAM of [h. Therefore, vortex beams are widely used in
information coding, space optical communication and
optical tweezers and spanners, etc.l"l. In recent years,
partially coherent beams have been studied by research-
ers because they are influenced by turbulent atmo-
sphere to a lesser extent!'"'!l, Swartzlander, Gbur and
Lu have already studied many properties of partially
coherent vortex beams!>?!, However, most of them are
restricted to theoretical research, and the vortex beams
are generated by laser beams. In this paper, we focus
on the experimental study of partially coherent vortex
beams generated by a red-color single-lamp light-emit-
ting diodes (LEDs).

As an important light source in modern optics, LED
lamps have following advantages: high efficiency to con-
vert electrical energy into light, high levels of bright-
ness and intensity, high reliability, and long source life.
Therefore, LEDs are extensively used in many fields,
such as optical fiber communication, lighting, LED dis-
play"™. Compared with lasers, LEDs have low coher-
ent degree and wide spectrum. In this study, red LED
light source is introduced to generate partially coherent
vortex beams. Influences of coherent length, topological
charge and propagation distance of partially coherent
vortex beams on the intensity distribution are investi-
gated in detail.

In this paper, we used a high-power red-color single-
lamp LED (Cree Company) as light source. Figure 1
shows spectral characters of the LED. The solid line in
Fig. 1 represents the experimental result of the spec-
trum, which shows Gaussian shape with the center
wavelength (4)) of approximately 625 nm and FWHM
(w,) of approximately 25 nm. Therefore, we simulated
the spectrum by a Gaussian function, which can be
expressed as
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where, A, is the center of the Gaussian spectrum. The
dashed line in Fig. 1 represents the theoretical simu-
lation of the spectrum according to Eq. (1). As it is
observed from Fig. 1, the theoretical simulation is con-
sistent with the experimental observation, which con-
firms that the spectrum of the LED is a Gaussian line.

Figure 2 shows a schematic representation of the
experimental setup. The incident light beam size is

S(4) = exp (1)
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Fig. 1. Experimental and simulated spectra of the red LED.
Solid line represents experimental value; whereas dashed line
represents theoretical value.
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Fig. 2. Experimental setup of generating partial coherence
vortex beams using LED.
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determined by the aperture. Then, the incident light
beams convert to partially coherent vortex beams by
passing through a spiral-phase plate (SPP). Charge-
coupled device (CCD) is introduced to record the beam
patterns. The correlation property of the partially co-
herent vortex beams can be modulated by adjusting
the position of the aperture.

We measured coherent properties by using conven-
tional double-slit interference. Figure 3 depicts the co-
herent degree of the LED light in Gaussian distribution.
Blank dots represent experimental observation, whereas
the solid line represents the numerical simulation. The
equation can be expressed as
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where, & is coherent length (waist width of Gaussian
distribution). The numerical simulation coincides with
the experimental observation.

The cross-spectral density of partially coherent vor-
tex beams can be written as

l l 2 2
W(p,.p,.6,,6,% = 0) = sw[ﬂ] (”—] exp[—@]

w w w
—lp*+p° -2 cos(@ — 6,
Cexp [ +p, = 20,p, c08(6, - 6,)] explill8 6
52 )
(3)
where, w and [ are the spot size and topological

charge, respectively. Based on the propagation law of
cross-spectral density, after a propagation distance of
z in free space, the cross-spectral density function of
partial coherent vortex beams from LED is given as!'
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Fig. 3. Correlation property of the red LED. The solid line
represents numerical simulation, whereas blank dots represent
experimental observation.

Equation (4) can be further simplified as
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Considering r, = r, = r, ¢, = @, = @, the intensity distri-
bution of partially coherent vortex beams generated by
the LED is expressed as

I(T, @,2) =W(r,r, ¢’¢7Z)' (6)

Table 1. The relationship between coherent
lengths and propagation distance

Distance (m) 1.5 2.0 2.5 3.0 3.5

Coherent 0.4292 0.4811 0.5244 0.7068 0.7808
length (mm)
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Fig. 4. The light intensity of partially coherent vortex beams
from LED for different coherent lengths with the same topo-
logical charge (I = 1). (a,)-(e,): theoretical simulation; (a,)
(e,): experimental observation. Coherent lengths are (a,) and
(a,): 6 = 0.4292 mm; (b,) and (b,): d = 0.4811 mm; (c,) and
(c,): 6=0.5244 mm; (d,) and (d,): 6= 0.7068 mmy; (e,) and (e,):
0= 0.7808 mm.
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Fig. 5. The light intensity of partially coherent vortex beams
from LED for four different topological charges with the same
coherent length (&6 = 0.7068 mm) (a,)—(d,) theoretical simula-
tion; (a,)—(d,) experimental observation. Topological charges
are (a,) and (a,) I = 2; (b,) and (b,) I = 4; (c,) and (c,) I = 6;
(d,) and (d,) I = 8.
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In this section, we have presented theoretical simulations
and their corresponding experimental observations to
show the properties of partially coherent vortex beams
from LED. Particular interest is paid to the effects of
coherent length, topological charge and propagation dis-
tance on intensity of partially coherent vortex beams.
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Fig. 6. Theoretical simulations (a,)—(i,) and their corresponding
experimental observations (a,)(i,) of the light intensity of par-
tially coherent vortex beams from LED in different propagation
distances. Topological charges are (a,)—(f) I =1; (g,)-(i,) [ = 2.
Coherent lengths are (a,)—(c,) 6= 0.4292mm; (d,)—(i,) 6=0.7068
mm. Propagation distances are (a,) z= 10 cm; (b,) z = 25 cm;
(c,), (d,) and (g,) z = 50 cm; (e,) and (h,) z = 75 cm; (f) and
(i,) z = 100 cm.

Partially coherent vortex beams with different coher-
ent lengths are obtained by adjusting the position of
the aperture, SPP and CCD. Table 1 shows the co-
herent length with corresponding distance between the
LED and the aperture.

Figure 4 shows the intensity distribution of partially
coherent vortex beams with topological charge [ = 1.
With the increment of coherent length, the intensity in
the central dark region decreases, while the diameter of
the aperture remains same. The experimental observa-
tions (a,)—(e,) coincide with the theoretical simulations
(a,)—(e,). Besides, the rings around the beams in our
experimental observations are attributed to the diffrac-
tion effects of the aperture.

Figure 5 shows the patterns of partially coherent vortex
beams with coherent length ¢ = 0.7068 mm. With the in-
crement of topological charge, the central intensity reduc-
es; meanwhile, the diameter of the beam increases. The
diffraction rings can also be observed in our experiment.

Figure 6 presents the intensity of partially coherent
vortex beams from LED during their propagation. The
beam has a well-defined dark core in a short propa-
gation distance. With an increase in the propagation
distance, the dark core of the beam fills with light. In
Fig. 7, the normalized intensity (I(z, 0, 2)/I(z, 0, 2), )
distributions of partially coherent vortex beams from

Fig. 7. Normalized intensity distribution at several selected dis-
tances of partially coherent vortex beams from LED for different
coherent lengths (J) or topological charges (I). (a) & = 0.4292
mm, [ = 1; (b) 6= 0.7068 mm, [ = 1; (¢) 6= 0.7068 mm, [ = 2.
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LED in free-space propagation are plotted. It can be
observed from these figures that with an increase in
propagation distance, the intensity profile evolves from
a central-dipped shape to a flat-topped shape and fi-
nally to a Gaussian shape. Furthermore, compared with
the figures, the distance needed for the intensity profile
to evolve as a Gaussian shape is longer for a higher
coherent length or a larger topological charge of par-
tially coherent vortex beams.

In conclusion, both theoretical analyses and experi-
ments are conducted to investigate the generation and
propagation of partially coherent vortex beams from
LED. A dark hollow beam is obtained through a short-
propagating distance. Meanwhile, the intensity of the
dark core decreases with an increase in coherent length
or topological charge. It is worthy to point out that the
generated dark hollow beam evolves into a Gaussian
beam through a certain distance, in which the propa-
gating distance is increased by either a higher-order co-
herent length or a larger topological charge. This meth-
od may pave a new way to generate partially coherent
vortex beams by using LEDs.

This research was supported by the National Natural
Science Foundations of China (No. 61178015).
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