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Propagation characteristic analysis of vortex beams produced
by spiral phase plate
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Abstract: For studying and optimizing propagation characteristics of vortex beam,the fundamental theory for genera-
ting vortex beam with spiral phase plate is deduced, and the factors of affecting the radius and width of vortex beam
spot are discussed in detail. Based on the designed model of spiral phase plate,the propagation process of vortex beam
with different topological charges is simulated by the ray tracing software( TracePro) and validated through the experi-
mental platform. The results show that the radius and width of light spot are directly proportional to propagation dis-
tance of vortex beam. In addtion,the width can also increase with the increase of the topological charge. At the same
time ,a new method using the spiral phase plate superposing to get different topological charges of vortex beam is pro-
posed. The theoretic analysis is consistent with the experimental results. The conclusion provides theoretical foundation
and practical guidance for the application of optical micro manipulation technology and the obtaining of vortex beam
with different topological charges in the experiment.
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Fig. 5 Optical intensity distribution of the cross section

(b) z=600 mm

(c) z=800 mm

BEAh, 20(S) i e A L BEF A28 5 AR
I LA FLAESRIR, FAT T Sk WO f A i
JEHGE S H M L3508 20,30 140 F SPP Ji5 ™
A —E R BEOEH, RGN T HAZ % 2 9 500 mm
I AR AR R 22 A A i A P ) DB A RE
U 6 Fiz, 2 SPP {4 Mar I 20 2254 30 i, f4 4
HHIFI B AL A R A2 22 Bl 2 38 K, I P 25 300 A
TG W o MG R ZEE , FoA 1 7E 52 56 % rp af AR
AN TR ORE A9 LA R 75 2, A 18 FHAS [+ 3 4 119
SPP AT HH LG A il

@) [,=20
E 6 [F— RGBS AL (2 =500 ) K Ifi 1% 58 B 43 A A 10

Fig. 6 Optical intensity distribution of vortex beam with

(b) ,=30

(© 1,=40

different topological charges

4 SPP )& hin R 38 FOAE 4L

S = R DG B8 2R G0 R il R AT A SRR A
I, 2% AR i 9 DR /N R o AN SR AR [] (R[]
— A ] R RN AR G — ), T A0 i £
A (SR A OGRS AT BE 55, LA U0/ X 20 i 1Y
IR ) B TR B R 1 482 Ja M JoT (R kL5, 2RO
P& BCE ) SPP HAR M W AU 5 Z A
{EJ2 SPP J& TORE BG4, oy T 45 X B L At
SIS AN RE I L I A F T Y SPP ORI A2 S B
3K, BT LA AT 1) ASC g ok 72 A — 2 # M 14 8 e
JERHE A VI S, AR LR R GERDL I K
UCHCE AR L R L, 20500 20 130 ) SPP,
MOGE R I OG R 2 5 5 A B Y 5 R AR Ok
E2WSR

Jeifo! . L2z 7
E(r,z) =-1 (;) eXp[LkZ+LW?]'

2.1 2
() o Drettoesitn

AT RAAR 3l A 0 D L A L B SPP
Rl Je T T A= A B 573 b — A B B3 A M L B A2
KAK L =1+ Lo 3 FRIIZEIEHATEL, &
TSR NI, =20 1, =30 f1l, =40 )=~ SPP,
H GO G B RS L5 = 40 19 SPPf%
FEM R N 2 =500 mm, 445 21 H 8 i 14 3
G, AIEL T rR Ca) B 5 SR Lk o R v i
Mg { = 20 R L, = 30 P4~ SPP AR IR SRS



860 5 RS AN

746 %

FHAASR A AT, W 7 o (b) B i HA
(a) FIFE(b) AT LR B, — DR/ NEA R, X 5
A(6) FHERETS B BT i, ot
HSCE N A SPP LS R LIS RIE NG L N

L =1 +1, +-1 (7)

(@)/;=40

(b)I=1,+1,=50

P75 MR AR FMAT Y SPP S B TE SR EE 434 2 =500 mm

Fig. 7 Optical intensity distribution when Gauss
beam through different SPP

5 KBRS
5.1 LhhREMEHEEHR

T R BEE R 14 2R A EHEA XL A A 758
I AR, AT AL SPP & Bl 0 B A7 4 Y b Bt
Fgih AL E ME 8 iR, LRItk
HEDER B Ay HO S ST M — E 1)
SPP |, SR J5 M A6 O TR 28 0 B A 0 5 0o Dl R 2R
FEAE IR A b, IR B A Y CCD R H: v fi 8 1 3t
PG BB M

CCD1

Lens
Beam
Splitter

Lens
25%
Objective

Trap :@:
Region
Nz Lens
reflector % G

Illuminant oo CcCD2

Computer

P8 i R SE B B ]
Fig. 8 Experimental optical diagram of vortex beam

5.2 HREAtk

HITE O W LUE Y, BEFE 4 O AR AL 15 R S 2 19
S, H R CTE R SEd 2, B Lot E
AT TRIRRY™ R, A7 Bl S BN A [+ 2 422 005 38 ) i
PEATHARAIRA o 8 o S S A AL DL PR R
B, OEPEF AR BRI S-SRI 19 O — 2, i
W SCER 4 R PR B EAAAT o (EALA7 7 —LE5i
I3 T5 T 22 57 , 23 M ol IO R AE ALk i 7
o SEBRARURE IS BT B 3 AL L R O B A T

SEARIN I LAY o AN, ISRl o SPP Y )5
A A 8 o I 2 T 2 TR T A S B v — i
SRR BB IR AR AL A S B 1 2k

v

(c) z=800 mm

(a) z=400 mm (b) z=600 mm

P9 e RS- T B OGRS AT SR | =20

Fig. 9 Experimental image of Optical intensity distribution of vortex beam
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