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Fig. 2 New types of Poincaré sphere for topological charge equal to 1°
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Fig. 3 Several schematic diagrams of optical setup for highly efficient generation of VOFs based on the split-screen method"
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Fig. 5 Schematic of principle of generating VOFs by utilizing metasurface™™
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(c) The measured annular intensity patterns of the output states corresponding to the points in a for PPB1 and PPB2
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(d) The calculated and measured polarization orientations and distributions of PPB1 and PPB2

6 FAEENEEEF AT LR
7]

Fig. 6 Generation of PPBs based on metasurface'”
— = == 0 E A I;‘;l
3 ZHZTESERE

B AR TR OG I BAT E R A 5 W R VR A O ek AR R AR O 5 O R L W) e B AE N BLAE
MRS R P R A A B, EE AR R 2007 4 WANG Xilin &%t — 48 A 47
Y52 M ) 1 AT S SR AT G iy, TR 1/ 4 0% e 25 8 T o A o B A R A2 A T R DR IR B 2R e A RUE
T AR T ) S Jeg o S Rl 4R 43 A B RE X RR R R 3, R SRR 2010 4R JE T 48 1/2 0 e A1 A R AR A B 2
P 36 0 A B T BE Y AR R IR A AL R e o ARSI 1 R R R A A 5 O R A 0 2B S B D £
540 Ay T) s 2 Ak ) i 1R 25 45 5 2011 4F CHEN Hao 28738 F 84~ SLM _E N 2% nl 2 6% #9484 7% 6 b 42

0151101-8



PR S 2B O B ) = A s SO (R )

TR B AR A AL B ST A I A5 T 8, AR T #E A OAM 1Y J) S8 2 i 4% 43 A Ok i 5 2013 4F HAN Wi
SRR AT DA W SLMs #5144~ S5 90 £ 1l BE Y 2% OB AR AL 2015 4F CHEN Zhaozhong 454k 42
TR A SLM #1472 A R GBS TR D A s —PEE 320 TR AR ARAL S PR R = 2 5 s A
IR BIRXT AR AH 5 R R 0% 45 B AR Ry B T e A S T T < ' o % A BT A SR A% A T T R AR R
LT e TR

VAR W E B TR A5 B T 4110 1) < 1t 3 2 B S T E BOR 3 Jie B) = 4E A R v kR 0 2 SRR
N FHEL R SR BEHE . — 7 T, 7E SLMs 38 DMDs {30 A S 6 o0 1) B A~ 2 0E 47— 4k 3h 245 V8 45 19 BR il 4% 7F
T, ST AT S 0 VT A3 A 5 A L 2 H bR S 09 7R S AT R R R DG R R S I 4 O 4 1 G B
TEo 53— J5 T, ARES T 4V A 42, = 4825 [A] v (1 6 A28 IR 45 X% SLM s 5 DM Ds 94 il Kz HoAH OC 52 9% W Zii
T 75 28 (R OKG B BE A B 1 T T VR R R TE S 8 R O 1 = A s SRR T K A R R g 6 T
55 SLMs 1915 25 K¢ IE B AR AT (8] BERUR .
31 ERBEHBERERE

O 1 4 B A B B R TE A 0 3 1 VR e F AT P L B A T AT Y A B T AR AR i 2 4
BEBEAANR KRB MIREEBEER T (2, y) S 2B K exp [10 (2, y) I, 75 BRI A IATHH6
T A 8 ) R P 0 AT R - SLM s FLAT IR M 5 4 57 Tk g 2 T 2K, 1T DMD's U Ay R 5 119 — T 41 e o Ji 7 it
AN FE N B3 AR TR R E P A A 158 22 A OE (R, LAAH A Y SLM s A 5], A7 7 T AR 45 2 5 R A7 1A o 152 2 R RS
RUGR 2% . WA s i T S B oo A i o O R BAR B 10, J5 S D) H T S B e 4 e R e R Ak T i 288 H AN A S T
B b AL RO IR

TE R Z 800 224 IE Ty e vh 98 N B8 BRI [R5 5 A A5 3R 0% A o7 90 i) 352 22 AR (], A1 0t AS At 6t A A7 30 i)
R 25 AT BLUCRE AT A T BB R 5 o A Y 2K B A YR R i I A H R I G Rl R (FR R
Gama M1 %) ke & CGHs b 118 I B (B 5 552 s 38 i AR A7 1) e M 0 17 5 3%, FH Y R SLMEs e 28 14 1
PEHET Gama £ RS IEDIRE. 2017 4F XIA Jianpei %X £ |5 Holoeye /A H Pluto 4l A4 % SLMs (1 9 4> it 57
DX 3 73 00 4R A7 O T 0t 5 R R 25 A OE B JTUESE T A4S SLM s b A [R 7 B A AE AR AT ] 25 S v Xl
A4 43 DX Sl B ARG TN 5 458 25 A B Ty SR B R o AR 56 A A6 3 i 5 25 BCE Y AT 4R R, A D¢ SLM s T A
TR 2RI 5 L T R AR A D R DG R R — D BRI S
32 EXRPAEEBRK

S =Y s ] vh Ok i 3 RS A5 TS A A T [ i 4R T S B SRR TS LB L DL T S A A
T SLM BEAT I 22 [ H BE 2R 4 3 0 58 9 AR L 148 — 4 4 BB

G(m, n):%+%{cos[2nf{)mA +6.(m.n)] + cos| 2nfind + 0.(m.n)] (10)

A, A KR SLM AR R ROF K, Gn, 0) RoR 5 m HNEE n 7 X507 AR R B0, AR 52 41 R 2 12 2 381
A LA Al ST 0 S35 00 A A (2, y ) exp Ligy (2, y) WAL (2, y) exp Lig, (2, y) 1530 i 2 K F- 5 % B A
SZ G AT S I — AR A 53 A 8 (my )02 (my ) b o FESE S TR WFFE N 51 5 B AN I — 007 5 9k 40 & i AT
e A e B O PR R R A A R G R AE LR O . R (5) , A A N E A B ERESIRIE AL, y).
AL I AT @ (20, y ) R 9 25 23 A CRL A8 6 D £ 20 A1 x (e, y ) FIBRE S5 23 A W (e, ) 20 530 h

Az,y)= A2, y)+ A2, y)

o(2.y)=[ex.y)+ o2 y))/2

X(x,y): arclan[AAx,y)/Al(x,y)}* /4

7 (e y)=[e(.y)— ¢ x.y)]/2
BT L A hERE IR A R E 7R, 7EA B.C.DIUANEIRIEL R 1:2:4: 4 %0 <7
X35 43 Sl S BT B — B e N SIEBR X W A5 T s AR AR 25 0 A, BARAE S X g K B E R

(11)

0151101-9



¥ % il

E,=0.707R ,+ 0.707L

E,=1.307R ,+ 0.541exp(in/2)L

Ec.=2R |

E,=2L ,
AL R4y B FER B — W BE 5 3 BROG L A 45 4 3 B A L 22 A e TR R R R K . R 2 RS KRR
N R DX 6 3 B A TR A i RE A3 A, I R A 43 A 5 A0 — B D in e 3k R A6 3R R A Bk S 43 A

— 3
c; @2 wd) S, Qu.m2) OO I
0 _\ @) / 0 \
(._:/ (/2]0) ‘
! ‘> -

v
SI
€

(12)

Experiment

Experiment “Simulation Experiment

H7 %EH25EN _FRABEHN
Fig. 7 A modulated case of completely shaping 2D VOFs "
TE =423 [ h R A7 o< B RS 45 WF 90 3 R AR AT 20 e K R R 3 E (2, y, 2 ) PR W AHAL e 41 19 =
A 45 0] L A % — 2 245 ) T 28 i A B 2R S L A A o O I I 0 45 [R) A AT 2 R, BRIV Gk PR R bR G S Y
SRS A2 AW ER RGN SR TSI AR R S R B B AR e B AR
Az, y,z)exp Lig(x, y,z) [ 5 AT gL HRIE A, (20, yo) exp Lig (2o, yo) 12 [8 BB 5 , b3 R4 5 A 4
A A 2 O A ) R S L e AR X N o o Ak SRR BRI R B SR . AR AR BRI DL SR T L B AR R
BRI 08 R o i (o i % 43 5ZE A B O B 40 i) 2 (M ERRR G R 7 A FL A A0

0151101-10



PR A RS O O ) = g S O 45 (R i)

) 2 4 d s EE R B BRI AR T T, B AHT I RAE T AR IR A S AT R R SRR AR R
ZMF R X R A 3 T R 4 AL R 3 T Richards—Wolf 28 1 A7 55 HE , 40 o0 1F 1) 9 1 45 33 fiag 3% 111 K
J5 1 3 1] T AT A kAR B AR AR R O O AR RS ey SRS AN E Y5
A, R A FRUA .

7 S R A S bR = e e R R =X (5) ST T 4R T 22 i B B 5% 5 TR SR AF
AP B8 E B R Db S SORE A 43 AR R ARG AT S BOR AR A AR b = A R G AR
SREGVOTAE T, FEAS RIS A SR 05 o 3850 A2 i 58 B 7E S SR IR AH A7 A PR =1
A Z BRI EXDE A AR EE S ST T 20t 51ie.

3.3 FZHTH MERARAFE

7 I I = 4 25 B T R LG B . AT bR R AT S S R — e iR S (AR B M BT, N R i
JC AT Sk B A WF ST AR B O A A BRI O R 3 0E A G A JELARL R S0 0l R A T S8 i 4R 4 B AT BF
TS, IS R 5 1 A% % 8 AL WL A T RE A7 A 22 5 0 2017 4F CHEN Ruipin 25 ) F X b 22 S S0 B T 0 4
PO RAE AT S 3 2 o 0 O i 285 2 46 5 1EL B 22 08 5 0 {0 1) T S 0 oAk ok e 2 e M A A A B R i R R
i o T A% i 19 06 3 185 AR Ay T IE 5 R O ) R Al AR 2, — O T AT LR A R AR S 0 SR Y R 2 K i L
JE N T G AT o AR T R AR BT B BRI I R SRR AR 1B T 2 I ) R R R O B DG TR AR T L E ) Y T
PLAE [ H 28 ] s AR 4, AR B AT T — X RE IR 04 1E 38 G R JE R G A o W 3 () 1] 4% 495 2o R 15 A KT A 437
ZERFEAAE A B AR i 41 25 76 A7 S R PR R AR E . 2018 4F OTTE E 4514 19 2 A 1] 1% 4 , itk Bt 7
AR AN [) A% 46 BE 25 HA AN B A A7 22 , B 28 6 1A T8) 7y 16 T8 O 41 285 43 A1, B2 210 0 4 1 9 1) 22 A6 19 2k 6
LR WK 8 BT 7R o MR G835 BE MUK 88 30 20 5 38 1) 2k i 41 A Sk TF A8 BR R [ A A B R 3 AE AT S
o A8 o R AR A3 A PR R AR E o 48 MY LA R A% R R 6 RO L 5 2R -8 T (Laguerre-Gaussian)
U DL ZE R (Bessel) Y™ F (Airy) Y6 ™ | & - i (Mathieu-Gauss ) Y6 ™ | K 3 (Ince-Gaussian)
JEHR A L TR R AT A IR DI IR (Bessel) M IR b A Oy B 9 R £ L X 2 B2 OB SRS H 0 BR M 5 K
A VA TR A ME B AR R T 5T HEAT 25 0B < A Sy bR AR 2% U7 AR RO RRUE M L DL ZE RO A LB ARG B s L A

LEQA
g .-..--z--. 2n
HEREC ¢ - o

O |

T |
BRoHG60BE
Iy gy

Kz

0 /4 /2 3n/4 T

B8 Ak F Gz Ty =xEH"

Fig. 8 Schematic representation of a 3D vectorial optical field with a z=dependent degree of entanglement
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Fig. 9 Polarization modulations on axis by controlling the axial phase distributions of zero-order Bessel beams'™
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(b) Experimental result of 3D vector beam based on longitudinal axial intensity modulations
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Fig. 11  Generation of 3D vectorial zero-order Bessel beams by reshaping the axial intensity distributions of quasi-Bessel beams "
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(b) Measured stokes field of the related BPB in four transverse plane
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Fig. 14  Generation of the BPB synthesized from the combination of the LCP Bessel beam with m,=0 and the RCP Bessel beam
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Fig. 17 Simulation of generating four typical 3D curves based on the scalar beam-shaping technique''""’
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Fig. 19 Experimentally generated vectorial focusing curves with continuously varying hybrid SoPs"*"
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(a) Schematic of the optical setup to generate TCVBs
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(b) The comparison with experimental results between single tilted-ring and twin rings
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(c) The comparison with experimental results between single 3D spiral and twin 3D spirals

B 21 WA= % TCVBs#y L3 45 77
Fig. 21 Experimental results of two generated 3D T CVBs'™!
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(b) Simulation results of the different generated curvilinear arranged optical vortex array with different initial phase shifts
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Fig. 23 Simulations of generating curvilinear V-type polarization singularity arrays along square and quatrefoil trajectories
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Fig. 24 Schematic illustrations of arbitrary 3D linear SoPs interacting with randomly aligned gold nanorods™"”’
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(b) A long-range polarization-controlled optical tractor beam
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Manipulation of Multimodal Vector Optical Fields in Three-dimensional

Space (Invited)

GAO Yuan, DING Jianping, WANG Huitian
(National Laboratory of Solid State Microstructures, School of Physics, Nanjing University, Nanjing 210093,
China)

Abstract: Polarization, as an intrinsic property applying to optical waves, which can specify the

geometrical orientation of the oscillation, has always been an important modulated parameter in optical
fields. Compared with traditional scalar optical fields, Vector Optical Fields (VOFs) with non—uniform
States of Polarization (SoPs) distributions denote that their geometrical orientations of the oscillation

dependent on spatial locations are varying. The early research and manipulation on VOFs were limited to a

single two—dimensional (2D) plane and mainly focused on the single modal modulation of SoPs. Later,

researchers gradually brought to mind that the characteristics of VOFs, such as spatial geometries,

polarization distributions, and the law of propagation, were also influenced by their amplitude and phase

distributions. So the independent modulations of amplitude and phase based on the achieved polarization

modulation caught people’s views and were accomplished after a short time, which means the generation of

multimodal VOFs including these three fundamentally modulated degrees of freedom. More importantly,

the deep applications related to multimodal VOFs in many realms, such as optical information

transmission, manipulation of focal fields, optical micro-manipulation, have attracted researchers’

attention to the significant improvement of modulation efficiencies and the longitudinal extension of multi—
dimensional modulation. Specifically, on the one hand, researchers selected the optical elements with high
working efficiency and built reformative VOFs’ generators to reduce the unnecessary energy loss in the
generation process. On the other hand, they studied the transmission of properties and modulation
mechanism along the longitudinal direction for multimodal VOFs. Proposed active methods could modulate
the distributions of different parameters, not only include three fundamental parameters amplitude, phase,
SoPs but also other complex parameters such as energy flow, angular momentum, and optical singularities
in three—dimensional (3D) space. In this review, we present an overview of the recent advances to spatially
modulating multimodal 3D VOFs. Firstly, a brief introduction of three representations for a single SoP
based on a polarization ellipse, Stokes parameters, and a classical Poincaré sphere respectively, are
arranged. After that other three special representations of Cylindrically symmetric SoPs distributions with
new types of Poincaré spheres are added. Secondly, we outline several different types of improved extra—
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cavity methods to generate VOFs, including highly efficient generators of arbitrary VOF's based on phase—
only SLMs, compact polarization converters with high conversion efficiency, and sub-wavelength
polarization modulators created by metasurfaces. Their advantages and limitations are comparatively
demonstrated for readers. Thirdly, we highlight the principle of generating VOFs according to the
superposition of two orthogonally polarized basic vectors and consider the applicable conditions of this
principle in 3D space. And three relatively effective modulation methods of 3D multimodal VOFs are
mentioned. The first utilizes on—axis modulations of non—-diffractive Bessel beams to finish the polarization
evolution along an optical axis. The second uses Fourier phase—shift principle to achieve independent
modulations of polarization modes on multi-planes. The third develops a vector beam—shaping technique in
focusing space. These methods are suitable to apply in different optical processes. Finally, the general
application situation of VOFs in optical micromanipulation is illustrated to tell readers a great necessity and
importance of modulating multimodal VOF's in 3D space.

Key words: Physical optics; Polarization; Vector optical field; Multimodal manipulation; Three-
dimensional space; Optical field modulation
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Foundation item: National Natural Science Foundation of China (N0.91750202), National Key Research and Development Program of China
(No.2017YFA0303700)

0151101-34



	1.1　理论表征
	2.1　传统生成方案
	2.2　新型生成方案
	3.1　复振幅编码与误差校正
	3.2　基本调控思路
	3.3　无衍射贝塞尔光束的调控
	3.4　多聚焦平面与焦斑阵列的调控
	3.5　非迭代焦线轨迹光束的调控

