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Fig. 1. (a) The generation of optical vortex beams through a traditional SPP, the incident light has a Gaussian intensity distribu-

tion; (b) the generation of optical vortex beams through a flat plate made of electro-optical crystals, where the local refractive in-

dex is controlled by a micro-electrode plate array so that the phase of the incident light is partially modulated.
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Fig. 2. Schematic of one of the electric-field-applied regions.
The XYZ coordinate is the so-called principal-axis coordin-
ate of the KDP crystal with no applied electric field. The
crystal is prepared cut so that the optical axis is in the Z
direction. When an external electric field applies, the prin-
cipal axes rotate 45° about the Z-axis due to the Pockels ef-
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Fig. 3. The intensity distribution of the transmitted light propagating in free space for the case that the whole incident light passing
through the plate. The black circles in the first column denote the modulation regions of the incident light with Gaussian mode, and
the white values represent the azimuthally modulated optical phase whose corresponding applied voltages can be calculated by Eq.
(4). The corresponding optical phase of the unmodulated region ism/4: (a)2n phase shift; (b) —2rnphase shift; (c)4n phase shift;
(d) —4m phase shift; (e) nphase shift.
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Fig. 4. The phase distribution of the transmitted light propagating in free space for the case that the whole incident light passing

through the plate. The phase modulation scheme of each row is consistent with those of Fig. 3: (a)2n phase shift; (b) —2n phase

shift; (c) 4n phase shift; (d) —4n phase shift; (e)n phase shift.
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Fig. 5. The intensity distribution of the transmitted light propagating in free space for the case that only the modulated regions of

the incident light passing through the plate. The first column shows the modulation schemes for (a) absence of applied electric field;
(b) 2n phase shift; (¢) —2n phase shift; (d) 4zn phase shift; () —4nphase shift; (f) nphase shift.
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Fig. 6. The phase distribution of the transmitted light propagating in free space for the case that only the modulated regions of the
incident light passing through the plate. The phase modulation scheme of each row is consistent with that in Fig. 5: (a) Absence of
applied electric field; (b) 2r phase shift; (¢) —2rphase shift; (d) 4z phase shift; (e) —4n phase shift; (f) © phase shift.
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Fig. 7. OAM-mode spectra with different modulation schemes for the case that the whole incident light passing through the plate.

The modulation schemes of (a)—(e) are the same as in Fig. 3 (a)—(e), respectively. (f) The mode spectrum with the insert showing

the modulation scheme, in which a 2r phase shift is also achieved but the area of modulated regions is more than the one in (a).
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Fig. 8. OAM-mode spectra with different modulation schemes for the case that only the modulated regions of the incident light

passing through the plate. The modulation schemes of (a)—(f) are the same as in Fig. 7 (a)—(f), respectively.
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Abstract

With the increasing demand for potential applications of vortex beams in various fields of modern optics,
the generation of optical vortex beams has attracted great interest. Based on a flat plate made of an electro-
optical crystal, a method to generate optical vortex beams assisted by the Pockels effect is proposed. This
method allows an orbital-angular-momentum-tunable range of +2h with a finite phase-modulated region. We
simulate the propagation of optical beams transmitted from the flat plate and investigate the orbital-angular-
momentum-mode spectra of the transmitted optical beams. The mode spectra accord well with the simulation
results. The proposed method will be applied to fields where tunable optical vortex beams are required, such as

optical communication and optical manipulation.
Keywords: phase modulation, orbital angular momentum, vortex beam
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