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Abstract: Optical vortex (OV) has been researched and applied in various front fields. Here, a novel
method, by combining vortex retarders and half waveplates, was proposed to generate OVs with arbitrary
topological charges. As the optical transmissivity of the waveplates were high, the energy efficiency of
OV with topological charge of 3 was still higher than 93% in experiments. Further, the interference
method was employed to detect topological charges of the generated OVs, by the direction and number of
forks in the fork like pattern. As last, surface plasmon polariton (SPP) field was excited by highly
focused OV with topological charge of 3, and gold particles were attracted and manipulated in the
plasmonic vortex field. The results demonstrate significance of such method, and it will express enormous
potential in various applications.

Key words: optical vortex; topological charges; vortex retarder; orbital angular momentum

K EHE.2017-05-05; f&1T HEA.2017-05-20
E£TAB . HRA AR 4(61427819,61377052,61605117) ;| 7R A A SR FH2% 3 42 (2016A030310063) 5
YR 22 EBONRHITR Zh 30 H 5 BT R0 A5 B BORBE A 2E 3 1 5 S8 56 % P i
EE R P W(1964-) , 2, SLHG I A1 | 32 2 A= A7 50 2 Ko g ORS00 n T ) 4% J7 18T (965X . Email:jingbu@szu.edu.cn
BIRESE k34 (1986-), 5, BIRFSE 61, 1+, BN F A SO IR BOG2A #4505 1 A5 . Email: yqzhang@szu.edu.cn

0634001-1



9Nk TAE

% 64 www.irla.cn % 46 %
HYEFLAE b LA AR ZER |, (H PR AR 3 R
0 51 A RS , R, BATR A S B R IR = AN R

JEARE IR (OV ) — S HA BRE R I Ay AN £
B (OAM) Y FFIROL Y |, 2 AF mDL A 1 B 5T N
AU, OAM YR CLFRIH M 1) n] PUT RRE%L,
FR e i SR — PE A A AR AR 20 B BEBA
BB 1h B M, s e s 1 3h
oA B A SR AR R NS A, AT LK i
AT ER S BURE JT , 0L R Dt~ B UK
B A Ot T TR R DR TR AL AR
5 i S A I I 1 (= KN s 7. e B ] W w1
HRMIZ R

FUAT, 2T GaA R i i S Al Rk o (R) a3 224 o
TEGA P E i S OC R A i 0™ AR S sl A 2, &
WZERIE, NTEZREIFSLREIE T 2T
SR I8 Y 7 A MR 5 D7 3 10 I R 4 e e
FHE " A= J7 2 R AR 7 45, B H T A B A R
HHlXE LSS B B AR P, Ak TR e BaR R — T
RO A T3 1 o R 23 1] D' 9 1 4% (SLM) AT LA fi
Mo BEHMRBE AL AHBE AR JLDEAon 5 2 BO6H
SER TR BT, TS BT AR O, SR
FIRTAY SLM B 28 HAT AR GF (4 R 35 VAl st , (3
X U AN 6 BE R AT R AN o KB &
7 AR B O BT R SO IR AR R BB
o1 2 X LA AR B g T A B OGO BRI Z 5 i A — 2
FAl 758k, AR 23 & B ko F R A B
L2 <6 S A AR R

SCHRA AR T — PO RS T IR BE U AT (VR) M I
FAG AR R IR, T DL S
A, DRI A AR e 14 ) o) 2 A R T e o 2
Fr 8 LB E BER IR AT 1 F R, SR e
BT IRAMAT R+ 1~£3 BfER A, HInEMT 3 19
JeF T i 7 A= R AT R I 96% o BLA , iK% 051k
S B K oG e T B A T RAS T B BROR
fJr Al A T AR AR DGR R AT TR R
PR OV LN T R I A5 B O R, IR IT
J& T 012 DL BT

1 tFERRNTEFERERLEEE
JIT T R I HA S R — R, 7R

B D 4R 11 5 o T ST DA BRUT R o 1 A 2 T 381 A 7 A D
SR E 1 BRI TR A, RS AR Ak B T8 e B R Y
TR R M ORI LAZRIR A -

coseg —sing

= sing  cose =
(53] s 91 516 1) BT R B ] e s h
=l 71
Ex= | and E;= ) (2)
V2 V2 L)

DA e B s 4 0 o 151, 0k b 3R R ) s e U R
Je 77 A Y DG SR BRCT R B AT 3R D
1
V2
RV A A AH T 385 P A7 1) 28 Ak B T S -1
e, E FRVASI A SR AR S B
ZH Y B S0 R R T R ) A
cos(g@+¢y)  sin(@+q)
sin( @+ ) —am(¢+@0] @
o Hy 2 P i K F 07 1 B92B IR, B AR I
RRN

Eov.1=M\Ex= e

1
.] (3)
J

M1f=M1H0=

2 in2
_ c'os ¢ sin2¢ } )
sin2¢p  —cos2¢
SR | A A i B3 i o't B 3 g
Eov.1=M, Ex= 1 e 1 ; } (6)
V2 ol

Ry A A AR T P 7 1) 228 A6 B 9 F AT R 1
CETEWS . TRV, B A b i AR A B 3 M 1Y
JCF e, T BRI 2 A SR M RoR
cos(lo+q@y)  —sin(lo+¢y)
sin(lo+ @) cos(lo+ @)
FH 1 RIR P A G e i AR IMET o R 3R AR S AH T
T RS 1 J7 10) A2 AL O M o 1 OGS i, s 9
il R 20 B S AR R M 3RR D
cos(—lot+g)  sin(—lp+qp)

(7

=| . FMM (8)
sin(=lo+¢@)  —cos(=lp+¢@y)

B, s R 2 B B R Z R AR AN R R

M=M,_.HM, (9)

PR, X AR B AR M 1 B OGAEié i, nl g b
TR LA A (5 0 A
1
V2

Eov_-=MEr= e

1
] (10)

0634001-2



BRECY & k4

% 04

www.irla.cn

% 46 %

1 !
EOV—I'=MI’ER= e’ (11)

V2 ol
LB 3R] DU % AL — s B M Ol
S T AT LA TR A AT 8 27 TR T8 1K 5 169 e I8
AR B A PR ™ A2 5 55 —J7 T, X T SR F M
A8 ' i i T e Ao — 4~ 3¢ 981 6T 7 TE R 4 M
DG 7 A, BTG, AT LT 2o 0 i U 9 ] i
Fi MR B2 5 AR R AR AR M e g
P AT DL, 5 — R[5 i ' 2 il A R A
B JE i I 9 8 R R B B4R AT L
AL BT DA BER . 18] L) TR 3T ik
TIER G E A R G R B, bRk
TR0 S R I B R A Dl i s e TRT, AT LA
i3 CCD b 45 U3 1 6 BE 73 A1 %k 7 AR B 06 27 e
HEAT SIS

112, VP P, RM,

RM, 1/44

B 1 (a) SLoFREm - AEDEEE AL, (b) 7Sk BT 7R it g i i
KAl 5 1
Fig.1 (a) Setup of optical vortex generation,(b) Arrows depict long

axis direction of the VR
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Fig.2 Intensity distribution of the generated optical vortices with

different topological charges
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Fig.3 Interference pattern of a linearly polarized beam with

generated optical vortices, under topological charges
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Fig.4 Generated femtosecond optical vortices with topological

charges using the method proposed in the paper
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Fig.5 Plasmonic manipulation of gold particles excited by optical

vortex with topological charge of 3
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