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Fig. 1. The four-step phase plates: (a) s = 1;
(b) s =4.

AN ARAE (1) AR A AR AL AR Se O Bl ) 1 e
¥ o ffy, BIYRIEE ST s 2Oy

3
Ta(p,p) = Circ(%) Z olPm/2
p=0

e e
FFIRE R TF 9 14 L 2

. 1% 2\/§ —im S 1
nm@=CmQJT[e/:Z;M+1

x e~iUntas genlic(dn +1)g], (4)

KGRI, (2) F0(4) FUH, oikon # R 0% —
MBI T e~ i@ntDas 3o T IRAT— o 1L
R J73%, k=3 kAT e T w4
M, B8Rk T A, (51545 H 6
Bz ZEER, PRI B G AN [F R TR .
PEBRATBE T 2 s B M-Z T3 008, N
WE T 0 2 I TR Py 2 i 4 S, 7R S
% 1 43 4 AN FSPP, %> FSPP A7 51 % s i
N3 e |V TH 8% Po & FF B [F — J7 ) b, F A8 E
BEXTATHOCRER N, B S7EBIAE AR 6
BRI 2 J7 A, RIEYA EO) (p), 5o TR,
TR f, PIAEALAR AR B 1 AT AR P T B,
BB AL AR R BB A 2 il 1B B
J& T H TP I ALRR N (r, 0). TEIRHEMET,

184202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 18 (2015) 184202

MR RS HATH AR
fERsh N
(7" 0, z2)

21
(0)
12)\f / / E

X exp{ 3 [(1 — ?>p — 2rpcos(f — go)} }p

x dpde, (5)
GYRH, Fhrg = 1,2, 5 8 A AL B A X R
k= 2m/X, A J9e i Egm . ik B m 1 AR
PR T elvs R K V/2/2, B 2 2% 58 31 % 2% 19
TR REAN, S /2 R Py HIZX . T 906K
fR D 4R 7 1) AR IR, 79016 % B A AR AH n, P AT 5l
EIRIEAN E(r,0, 2) = (E1 + Eo). I NUZE/RK K
e,

2n k
/ exp [— i—rpcos(p — 9)} exp(ing)de
0 f
= 2n(—i)”Jn(§rp) eln? (6)
A1 A IR
(7’ 0,z)

N, FSRAEE G A 4

' T (p, ¢)

/ EO(p) exp f@_?p]

i pr 1 s(4n+1)

k
x [1+4 e it QS+IA¢]JS(4n+1)(?TP)
x explis(4n + 1)0]pdp, (7)
Horh, Ad = ¢ — ¢, AEPIICERIDETEAF T 5] 2

MIARDL2Z, T () R — K n P DUZERBREL. &0
T BRI 2 T 1) 43 S TR~ S41E (S,),
(50 = 5[ LIBCO. 9
(8) I g, puo 43l 325 Hh A B HORIE 5 6.

B (7) AT LA e B H o = m/(4s), [
Ap = 2m + 1/4)m (m = 0,£1,42,---, FXfd
WA AG = m/4), (7) Rk n AT AN, &
PRIEAE, BT B FHdherl = s(8m + 1)]
WK, HB A = (2m + 5/4)n(F XA
A¢ = 5m/4), Wn EEIFHHTE, SIRIEAZE,
nNFE AT L = s(8m + 3)| BT K. i
s AT O, R P 2 BRSSO o R A0 A i

I(r,0,2) =

2 ZE R F SR — PRI AR BT 1) 4s KN 8s. BT (7)
Xk

éml_HJ(4n+1)(l;7"P)
T ER, A = n/4lf, n = 0 RATH =4
I = s B0 T3 5t AR ANAN R 28 KT A vy 2 IR
MIRT S, 0 HATS = 3 5 HoAh & 2k AT
I, AESETWIHS; 1 A¢ = bn/ARt, &
AT Zen = £177°4 1 = —3sFfll = 5s IR TEt
W, PRz KT H A =X (1= —11s, —19s,---
| = 13s,21s,--- ) fiT i, AT AH BT, HY s
BN, 1 = —3sfll = 5s IR C R T fig 5 T3 fﬂ
%, sTREE, 1 = 5s PPOGIRIRIR/N, Hig51=—
MIATE Y HAR S I, 19811 = —3s iRTE . JH:,
FIHE 2 B e, U85 FSPP [ 757 An A 6 5 1
FEAL 22, AT DL A2 AN [F) Fh Fhar R e R

B2 SRR AR R L (BE, 5306 Py,
Po, B FRPH G M1, My, &RIHHE L, MiBH; P,
)

Fig. 2. Light path of obtaining vortex beams by lin-
early polarized light (BE, beam expander; Pi, P,
transflective mirror; M1, Mg, total reflection mirror;

L, convex lens; P, receiving screen).
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Fig. 3. Generation of vortex beams when s = 1, A¢ = m/4: (a) Diffracted light intensity distribution of
FSPP in figure 2; (b) diffracted light intensity distribution when irradiating FSPP directly; (c¢) normalized

intensity distribution along the radial direction of FSPP and SPP; (d) normalized orbital angular momentum

density J, distribution along the radial direction of FSPP and SPP.
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Fig. 4. Generation of vortex beams when s = 4, A¢ = m/4: (a) Diffracted light intensity distribution of
FSPP in figure 2; (b) diffracted light intensity distribution when irradiating FSPP directly; (c¢) normalized
intensity distribution along the radial direction of FSPP and SPP; (d) normalized J, distribution along the

radial direction of FSPP and SPP.
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Fig. 5. Generation of vortex beams by FSPP, A¢ = 5m/4: (a) Light intensity distribution curves of the different radius
with the change of § by FSPP (s = 8)inc the focal plane; (b) normalized intensity distribution along the radial direction
of FSPP (s = 8) and SPP (I = —24); (c) normalized orbital angular momentum density distribution along the radial

direction of FSPP (s = 12) and SPP (I = —36).
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R I A
Fig. 6. Generation of vortex beams by annular FSPP and SPP (s = 8, rg = 0.705Ro, | = —24, A¢ = 5m/4):

(a) Normalized intensity distribution along the radial direction; (b) normalized orbital angular momentum density J,

distribution along the radial direction.
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Fig. 7. Generation of vortex beams by annular FSPP and SPP (s = 12, 7o = 0.81Rp, | = —36, A¢ = 5m/4):

(a) Normalized intensity distribution along the radial direction; (b) normalized orbital angular momentum density J.

distribution along the radial direction.
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Abstract

The generation and application of the vortex beams are part of the hot topics in the optical field. In this paper, the
phase structure of the four-step phase plates, analyzed by Fourier series expansion method, is composed of a series of
spiral phase plates. When the phase plate is directly irradiated by linearly polarized light, multi-order diffraction waves
with different topological charge numbers are generated. Unlike vortex waves, the intensity distribution of the multi-order
diffraction has a deviation from the axial symmetry due to the interference with each other. On this basis, a new scheme
is proposed to generate vortex beams by the four-step phase plates. With the help of Mach-Zehnder interferometer,
the diffraction waves generated by two pieces of the four-step phase plates overlap each other. By adjusting the phase
difference of the Mach-Zehnder interferometer, some orders of diffraction waves generate destructive interference while
the others generate constructive interference. Thus the linear polarized light can be converted into vortex beams. The
diffraction intensity and angular momentum distributions of the four-step phase plates with different cycle numbers are
numerically simulated and compared with the spiral phase plates, we can provethat the vortex beams can be obtained
by simple four-step phase plates which are the same as those obtained by spiral phase plates. In addition, the four-step
phase plates with a small cycle number can generate vortex beams with a large topological charge number and the

fabrication difficulty of the phase plates is reduced.

Keywords: vortex beams, the four-step phase plate, the spiral phase plate, orbital angular momentum
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