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Abstract To suppress the high-order diffraction of traditional fork gratings, a single optical element, the fork modulated
groove position grating (FMGPG), is proposed, which can effectively suppress undesired high-order diffraction by
adjusting the center position of grating lines. Numerical simulations and experimental results indicate that the FMGPG has
a good single-order diffraction characteristic and can effectively suppress undesired high-order diffraction, which is almost
consistent with the theoretical prediction. The third-order diffraction light intensity can be reduced from 24% of the
required first-order diffraction light intensity to a degree less than the light intensity of the background. The suppression
effects of periods, maximum movement distance, and graph areas on high-order diffraction are analyzed. Meanwhile, it is
confirmed that the output beams have helical phase structures with multiple topological charges. The high-order diffraction
suppression characteristic of the proposed gratings has broad application prospects in aspects such as imaging, microscopy,
and particle capture.
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Fig. 1 Schematic diagrams. (a) FG; (b) FMGPG
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Fig. 2 Comparison of far-field diffraction intensities for FMGPG and FG. (a) Diffraction pattern of FMGPG; (b) diffraction pattern of

FG; (c) corresponding axis diffraction intensity distribution for Fig. (a); (d) corresponding axis diffraction intensity distribution
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Fig. 3 Far-field axis diffraction intensity distributions of FMGPG with different R values. (a) R=3 pm; (b) R=7 pm; (¢) R=11 pm

0.50

0.50

@ ®)

; 0.25

I /arb. units
e
Do
=

I /arb. units

©

I /arb. units
[=1
[\
(e

LLJJ ‘dk e

0
—-2500 0
Distance /pixel

2500

Pl 4

0
Distance /pixel

2500 -2500 2500

0
Distance /pixel

AN JE B d s FMGPG Ry 322 35 il ol 47 54 58 B2 434 o (a) =40 pm; (b) ¢=50 pm;(c) d=80 pm

Fig. 4 Far-field axis diffraction intensity distributions of FMGPG with different d values. (a) d=40 pm; (b) d=50 pm; (¢) d=80 pm
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Fig. 5 Far-field axis diffraction intensity distributions of FMGPG with different S values. (a) S=50 mm®; (b) S=80 mm’
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Fig. 6 Optical microscope images. (a) FMGPG; (b) FG
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Fig. 8 Comparison of far-field diffraction intensities for FMGPG and FG in experiment. (a) Diffraction pattern of FMGPG; (b)

diffraction pattern of FG; (¢) corresponding axis diffraction intensity distribution for Fig. (a); (d) corresponding axis diffraction

intensity distribution for Fig. (b)
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Fig. 9 Comparison of interference fringe of the vortex generated by FMGPG spread through the cylindrical lens with different TC
values. (a) TC is 6; (b) TC is 8; (c) TC is 10; (d) cross-sectional intensity distribution along the red line in Fig. (a); (e) cross-

sectional intensity distribution along the red line in Fig. (b); (f) cross-sectional intensity distribution along the red line in Fig. (c)
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