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Fig. 1. Experimental setup for generating arbitrary vector
beams. HWP, half-wave plate; BD, beam displacer;
RAPM, right-angle prism mirror; SLM, spatial light
modulator; QWP quarter-wave plate; L, lens; P, polarizer;
CCD, charge-coupled device; the inset shows the first-order

helix phase map.
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Fig. 2. Experiment results of cylindrical vector beams:
(@ m=1, ¢y=0;(b) m=1, o= ¢/% (c) m =2,
¢y =0; (d) m =5, ¢, = 0. The first column: intensity
distributions of light fields with polarizations marked with
short lines; the second and third columns: intensity
distributions of light fields passing through the horizontal

and vertical polarizers, respectively.
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Fig. 3. Experiment results of cylindrical vector beams with
vortex phase: (a) my =2, my =0, ¢y =0; (b) my =5, my =
—1, ¢, = 0. The first column: intensity and polarizations
distributions of light fields; the second and third columns:
intensity distributions of light field passing through the

horizontal and vertical polarizers, respectively.
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Fig. 4. Experiment results of fractional vector beams:
(a) m = 1/2, ¢y = 0; (b) m = 3/2, ¢, = 0. The first
column: intensity and polarizations distributions of light
fields; the second and third columns: intensity distributions
of light field passing through the horizontal and vertical

polarizers, respectively.
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Fig. 5. Experiment results of vector beams with double
singularities: (a) my = my = 1, ¢ = 0; (b) my = —my =
1, ¢, = 0. The first column: intensity and polarizations
distributions of light fields; the second and third columns:
intensity distributions of light field passing through the

horizontal and vertical polarizers, respectively.
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Fig. 6. Experiment results of other vector beams:
(a) Double-mode vector beam; (b) vector beam with radially
variant polarization distribution; (c) vector beam with
azimuthally and radially variant polarization distribution.
The first column: intensity distributions and polarizations
of light fields; the second and third columns: intensity
distributions of light fields passing through the horizontal

and vertical polarizers, respectively.
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Abstract

Vector beams have been used in scientific and engineering researches due to their unique focusing
properties. In recent years, many methods of generating the vector beams have been proposed, among which the
spatial light modulator (SLM) is widely used based on the superposition principle with using orthogonally
polarized beams. However, the energy waste is generally associated with these superposition methods. How to
efficiently generate vector beams is still a hot topic. Recently, we proposed an efficient method to generate
tunable vector beams by using two triangular common-path interferometers (TCPIs) as the beam splitting and
combining system. However, due to the complex structure of the TCPI, the system is difficult to adjust and
unstable. In addition, the optical system brings about a long optical path, and the vector beams consisting of
non-eigen modes will be distorted obviously with a long distance propagation.

In this paper, an improved method is proposed. We replace the TCPIs with a pair of beam displacers, which
act as a beam splitter and combiner, respectively. In this setup, we can arbitrarily manipulate the polarization
states and phase distributions of vector beams in real time by managing the phase diagrams load on the SLM.
The whole optical system does not involve any diffractive optical elements, and has a higher conversion
efficiency. The improved optical system is compact and stable, and makes the adjustment of coaxiality easier.
The light energy utilization depends mainly on the reflectivity of SLM. The efficiency of generating vector
beams is increased to 58% by using an SLM with a reflectivity value of 79%. Several typical vector beams with
phases and tunable amplitude, including cylindrical vector beams, fractional vector beams, and vector beams
with double singularities, double-mode, radially variant polarization distribution, and azimuthally and radially
variant polarization distribution, are generated and verified well experimentally. This method is also expected
to create high-power vector beams and play an important role in laser processing and light trapping.

Keywords: polarization, space light modulator, vector beam
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