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Influence of Diffractive Optical Elements on Multiple Spherical
Spots in a 47 Focusing System

Duan Huihui, Yang Yanfang , He Ying, Yan Xiyu, Li Lulu
Department of Physics, College of Sciences, Shanghai University, Shanghai 200444, China

Abstract The effect of diffractive optical elements (DOE) modulating the incident light field on the focusing field is
studied. The 4n focusing properties of Bessel-Gaussian beams radially polarized after modulated by several different
DOEs are analyzed via the Richards-Wolf vector diffraction theory. The numerical simulation results show that
multiple spherical spots of potential applications form near the focal plane, and the number of spherical spots is
related to that of the belts on DOE, while the DOE transmission function has little influence upon it. Moreover, the
number of spherical spots increases with that of the belts on the DOE.
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Fig. 1 Diagrams. (a) Schematic of the 4x focusing system; (b) schematic diagram of six-belt DOE
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Fig. 3 Three spherical spots produced by radial polarized beam with amplitude modulation

double-belt DOE in 47 focusing system
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Fig. 4 Multi-sphere focusing spots are generated by modulating radially polarized beams in four kinds of DOE structures

when the transmission function of DOE is 1, —1, 1, — 1.

(a) (b) Three-belt DOE; (¢) (d) four-belt DOE;

(e) (f) five-belt DOE; (g)(h) six-belt DOE
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#1 DOEBHHEECH 1, —1, 1, —1,--JEBAEERNEOR DOE 458919254
Table 1 Number of spherical spots and parameters of DOE structure when transmission

function of DOE is 1, —1, 1, —1,--*

Structure Transmission Number of
) ) a;/rad a,/rad a;/rad a,/rad as/rad ag/rad
of DOE function spherical spots
Three-belt 1.—1,1 3 0. 52 0. 68 1.25
Four-belt 1,—1,1,—1 3 0. 38 0.53 0. 66 1. 25
Five-belt 1,—1,1,—1,1 5 0.18 0. 38 0.58 1.19 1. 25
SiX’belt 19_1919_1919_1 5 O. 07 O. 35 0.56 O. 72 1. 17 1.25

# 2 DOE#EHEECHN 1, 0, 1, 0, TERAEER R DOE 454 19351

Table 2 Number of spherical spots and parameters of DOE structure when transmission function of DOE is 1, 0, 1, 0,--*

Structure Transmission Number of
] ) a;/rad a,/rad a;/rad a,/rad as/rad ag/rad

of DOE function spherical spots
Three-belt 1.0,1 3 0.35 0.72 1. 25

Four-belt 1,0,1,0 3 0. 37 0.79 1. 18 1. 25

Five-belt 1,0,1,0,1 5 0.18 0. 84 1. 05 1. 20 1. 25

Six-belt 1,0,1,0,1,0 ) 0.07 0. 35 0.42 0.79 1.17 1. 25

+ . [6] Youngworth K S, Brown T G. Focusing of high
4 én 1/8

numerical aperture cylindrical-vector beams [ ] ].
z'gjcﬁﬁﬁ%ﬁéﬁﬂﬁyﬁ%ﬂiﬁg A7 %%%’#tl‘i:}% Optics Express, 2000, 7(2): 77-87.

Hj Tﬁﬁﬁﬁbkz/l\ﬂli&ﬁﬁkﬁﬁ ﬁlﬁﬁf E"ij‘/z*i, Eﬂ ij( [7] Quabis S, Dorn R, Eberler M, et al. FOCUSing lighl

ﬁ%%ﬁ NA {Eﬁ%ﬁ%ﬁ%%éh"?%[/\ DOE %*’Qiﬁﬁ]ﬁ to a tighter spot[J]. Optics Communications, 2000,

. R ot k 179¢1/2/3/4/5/6): 1-7.
A ST, H T RGBS NA A BR. B LU [8] Kitamura K, Sakai K, Noda S. Sub-wavelength focal

DOE i A5 637 8 il 45 R F2 G B W5 3E o 2 spot with long depth of focus generated by radially
W, W28 DOE 45 #6815 W Fas O sk 80T . Y polarized, narrow-width annular beam [J]. Optics
FIRSTISRAC) DOE 46 Hofe 7 7B 3 Express, 2010, 18(5): 45184525,
ZE I A TR RO ER G/ 8 £ 552 DOE 3 [9] ChenJ, Zhan Q W. Tailoring laser focal fields with
ﬁﬂg?ﬁﬂﬁl .DOE E/‘]Jﬁgd‘l%li%( E/‘J s ﬂ['ﬂiﬁ?/]\o DOE E/‘J Vectlorial ;);tsica; fields[J]. Acta Optica Sinica, 2019,
39 : 0126002.
IR, BRI THRE, 35 B LA WL Ui, 3. KIS HOL IS ).
LB EER Y FWHM 348K 0. 452, 4R, 2019, 39(1): 0126002.
[10] Hell S, Stelzer E H K. Properties of a 47 confocal
5 * 3 fluorescence microcope [J]. Journal of the Optical
[1] Curtis J] E, Koss B A, Grier D G. Dynamic Society of America A, 1992, 9(12): 2159-2166.
holographic ~ optical ~ tweezers [ J J. Optics [11] LiHY, Yang YF, He Y, et al. Conversion between
Communications, 2002, 207 (1/2/3/4/5/6): 169- special focal field structures based on 4w focusing
175. system [J]. Acta Optica Sinica, 2020, 40 (12):
[2] Eriksen R L, Mogensen P C, Gliickstad J. Multiple- 1226001.
beam optical tweezers generated by the generalized ZELTH, ATy, o, S BT dn RE RGNS
phase-contrast method[]]. Optics Letters, 2002, 27 PREE 25 R Z B B9 R ¥ [T]. Je2R 2k, 2020, 40
(4): 267-269. (12): 1226001.
[3] Zhan Q W. Cylindrical vector beams: from [12] Bokor N, Davidson N. Toward a spherical spot
mathematical concepts to applications [J]. Advances distribution with 47 focusing of radially polarized light
in Optics and Photonics, 2009, 1(1): 1-57. [J]. Optics Letters, 2004, 29(17): 1968-1970.
[4] Grier D G. A revolution in optical manipulation[]]. [13] Chen W B, Zhan Q W. Creating a spherical focal spot
Nature, 2003, 424(6950): 810-816. with spatially modulated radial polarization in 4Pi
[5] Abouraddy A F, Toussaint K C, Jr. Three microscopy[J]. Optics Letters, 2009, 34(16): 2444-
dimensional polarization control in microscopy [J]. 2446.
Physical Review Letter, 2006, 96(15): 153901. [14] Yan S H, Yao B L, Zhao W, et al. Generation of

2026001-5



[15]

[16]

[17]

[18]

[19]

ARIL L
multiple spherical spots with a radially polarized beam
in a 47 focusing system [J]. Journal of the Optical
Society of America A, 2010, 27(9): 2033-2037.
Chang Q, Yang Y F, He Y, et al. Study of the
focusing features of spatial amplitude and phase
modulated radially polarized vortex beams in a 4w
focusing system [J]. Acta Physica Sinica, 2013, 62
(10): 104202.
HOR, MDY, MU, G5 An B RG IR IE AR
L A i e 90 T e D' B SR AR AR R RS (0] 3
4R, 2013, 62(10): 104202.
Zhan Q W. Trapping metallic Rayleigh particles with
radial polarization [ J]. Optics Express, 2004, 12
(15): 3377-3382.
Hansen P M, Bhatia V K, Harrit N, et al.
Expanding the trapping of gold
nanoparticles[J]. Nano Letters, 2005, 5(10): 1937-
1942.
Yan S H, Yao B L. Radiation forces of a highly
focused radially polarized beam on spherical particles
[J]. Physical Review A, 2007, 76(5): 053836.
Nieminen T A, Heckenberg N R, Rubinsztein-Dunlop

optical range

[20]

[21]

[22]

[23]

2026001-6

5 41 % 5520 H3/2021 £E 10 A/ F2E
H. Forces in optical tweezers with radially and
azimuthally polarized trapping beams [J]. Optics
Letters, 2008, 33(2): 122-124.
Wang X Y, Rui G H, Gong L. P, et al. Manipulation
of resonant metallic nanoparticle using 4Pi focusing
system[]J]. Optics Express, 2016, 24 (21): 24143-
24152.
Luo M Y, Sun D Q, Yang Y ], Three-

dimensional isotropic STED microscopy generated by

et al.

47 focusing of a radially polarized vortex Laguerre-
Gaussian beam [J]. Optics Communications, 2020,
463: 125434.

Richards B, Wolf E. Electromagnetic diffraction in
optical systems. II. Structure of the image field in an
aplanatic system[J]. Proceedings of the Royal Society
Series A, Mathematical and Physical
Sciences, 1959, 253(1274): 358-379.

Huang K, Shi P, Kang X L, et al. Design of DOE
for generating a needle of a strong longitudinally
polarized field[J]. Optics Letters, 2010, 35(7): 965-
967.

of London.



