55 A4 B 1 toF = Vol. 44 No. 1
20154 1 A ACTA PHOTONICA SINICA January 2015

doi:10. 3788/gzxb20154401. 0126003

AR H 2 MR AH AL VA il X AR A Bk A 1 i AR
JEA Y B AR

W EME, s, 0 F R EHK
(FEAE Tl K HERE PRV GG B AR E S, B F o b b Y 5% 8 S S50 %, 154 710072)

W ERLET—HAHEATAXLAGBERLREYBREMBOAAN T X AT XM HRSE L, K
LRI T A3 H Bl fo e s aT ARG BBORAH T A G RIRERL RO R B4R, TR T Rl
Fast MR Bt R BES AR T A RELREIROBEAFRBIESO . SRR 3 HBkiE
HANBRETAGNREFR. FERED TS ZAT RS BB E#EATREEZBRGIESAHF
T.ESFPHAT AFOHEABKEEIFABES, LEFEH LR TSR BTA T BRMIE, R
TRAERLEGECHFREHN TR FTFEELRREAFEORASA. IAATEAZHEZEY
BEABRASFAG T EAFABREHF LR ROETRETHHE

KW TR R A Rk RRE

FESZES.0436. 1 X EfARIZED . A XEHE.1004-4213(2015)01-0126003-6

Focusing Properties of Symmetric Broken Azimuthally Polarized
Beams Modulated by Non-uniform Spiral Phases
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(Shaanxi Key Laboratory of Optical Information Technology ,School of Science , Northwestern Polytechnical University ,
The Key Laboratory of Space Applied Physics and Chemistry s Ministry of Education , Xi'an 710072 ,China)

Abstract; The controlling of the distributions of intensity and transversal energy flow in the focal filed of
azimuthally polarized beams by multiple parameters was presented. The modulations of non-uniform
spiral phase and rotationally symmetric amplitude obstacle on the focusing properties of azimuthally
polarized beams were numerically studied, as well as their combined modulation on transversal energy
flow and polarization distributions in the focal plane were also analyzed,based on the vectorial diffraction
theory. The results demonstrate that the non-uniform spiral phase has significant effects on the focusing
properties,and give rise to the shift of gravity of the focused field. With the combined modulation of even-
fold rotationally symmetric amplitude obstacle,local elliptical polarization and circular polarization,as well
as transversal energy flow appear in the focused field. Additionally,adjusting the phase structure not only
can control the gravity of the focused field, but also can further enrich the focal field polarization state and
transverse energy flow. This method of controlling the intensity and energy flow of focused field provides
a new way to realize the manipulation of particles in special area.
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(b) The ellipticity 0.77
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(c) The transversal Poynting vetor and the transversal
energy flow(arrow)
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(d) The longitudinal Poynting vector
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Fig. 2  Focusing properties of an AP beam under the combined modulation of non-uniform spiral phase and even-fold

rotationally symmetric amplitude obstacles
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Fig. 3 Focusing properties of an AP beam under the combined modulation of non-uniform spiral phase and odd-fold rotationally

symmetric amplitude obstacles

MNP 3 v al LUFR Y A 24 50 8258 A AL F0 A £ e
B 0 Bk B A BB 9 IS 0 R BRI HOSR B T 1 i AR
o T R AR 1 RE A P A v 7R A 38 5 MR E AH A A
3 L R o R AR R AR I S R R R L S B T R B b
o E BB U PR 5 BV BN EE O B 1] i O OR. X ROL
i B% o A DR T A ECER R I B AR A ) RE U 3 A FE
DGR 55 Y R L T8 o S LR AR BE VALY 5 L O R TR AR
RN R DXCOHURE - R AR A TR B A L AR Y
STURTEAR AL M B A AR 5 FE e X BR B 0 2 Ak 0
J B 3R A8 37 Y BN AE R R 1) 4y R B 3 O H T R Y
Wi " A8 1) B A RO i 25 40 A

3 EHEOHEDERIERE

T AR AR R SR AR 5L FE X Bk PR R £ AR K
A PET AP 6 AR M 5 R B R 1) RE L 0 A A
pine e RN LSS PP ATTE R Rt 2 DO B LR | S R b
A5 7 500 B R 1) BE U B ) 98 47 1%

X A IR AL AR S 1A AR 3 53 SRUE A A 94
R o S TAT A A A 1 B AL 1 7 RS2 A IR e A
Z RS R L 35 B AE O B Y 1) 23 B G ) T
I 73 B AL 2Co) s AN H T BEAT D6 #4585 X T 4 4K
R R AR AR SCHERL 12 TR] 0 B N A 8 A6 1)
SR T 7 O W AN B TR AT e R AL
FE G A AR S) R BE A 07 5 3 H e B X PR IR i 4
B EE & 8 il AP e AR 5.

NPT AT 2R P AR S 38 o BsF o 2l A2 25E AR 52 91 b
5 BROAT 5 o A 3 2 WA (L 07 8 A1 B ri) R UL 2 A I M
S Az B TR A X R T IR PR T L BRI A A 1 4D A
X AP G R BB FZm. &] 4 () ~ () 3 KRR £
fii exp (—ig" DA N=3 B4Rk 5 I il J5 AP SR

Y #5370 B L 18 5 | U — A 30 B RE O ik B R 1] 2 B
(i K hg A 1) BE AL AN 18] 23

0 T -y 1
(a) The intensity distribution (b) The ellipticity

:

(d) The longitudinal
Poynting vector

0.99

(¢) The transversal

4 BB MR exp (—ig"®)fn N=3 45 1 34 1K B &
W T AP KR oy & 7 4 b

Fig. 4 Focusing properties of an AP beam under the

combined modulation of phase exp (— ig”’) and

N=3 amplitude obstacle
LA 25 1 i PR 06 RAN 32 3 FE e A X R AR M 4
B A i i AP T LA AR 6 AR 1) RE AL ER. T A 4 45
RN AR SR AR AL A B A R BUE T O WS T
AR 1) B AL ™ 2 Jm) S 30 i o BV BRI 1) B U A G . H
JE BRI BV RE VI B0 B SR BN T ¢ R IFEA
32 R AH L #1 F AT 4 5 B A O 5. DR UG, A AR L A
A= ng"" TG AR AAE AL 3 38 Hox £ 37 90 fi B2 19 52
M) LA K ) P G 9 ) 48 58 BE i B 0L 8 0 T A L
BAEA 4 =1 35 20 SR5E AR 132 R B exp [inCot2Mpm) ™ .
Horp My o BIeR R KRR A

0126003~ 4



I v e S S A SO MR AT 52 VR ) T X PR B B A i i 4R 't R AR 2R R

1 ¢€[0,P]
Lo e (P.2n]
F 2% B A A AR 4 2 AT . 3 ER JHE N R PR O B
LR R (R I TN 3 G R L P T R A /A= o
FOLF @ B4 X 8] 43 57 R =AM S 0 AR 4 Xk, B
[n/3,2n/3]U[n.4n/3]U[5n/3,2n]. B IL, 1155 3 2
TS I P=0.2x/3.4x/3. (i Hi % F A4 37 IX
BRI B S M6 HIGINT n=1 fln=—1
BT 0T o 28 B0 4R AH 57 B4 525 AH A7 F1 3 E 5 X
FRYE 8 P AR 1564 T 5, AP G IR 1 £ 37 98 B FH — 1k
I B AE R A () B 1) 3 9 (R Sk DRy 8l BE TR0

PE[0,2x] (5)

P

(b) The transversal Poynting vector and
the transversal energy flow(arrow)

W5 B M exp [1 (pF2Mpm)"™° ]JH N=3 ik &
AL AR E T AP KRR E A
Fig. 5 Focusing properties of an AP beam under the
combined modulation of phase exp [i (¢+2Mpm)"* ]
and N=3 amplitude obstacle

(b) The transversal Poynting vector and
the transversal energy flow(arrow)
W6 dEHAEmAEexp [—ilet2Mpm)™’ Jft N=3 & 18
EAE AR T AP R R E R
Fig. 6 Focusing properties of an AP beam under the
combined modulation of phase exp [ — i (¢ +
2Mpm)"° ] and N=3 amplitude obstacle
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