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Arbitrary Three Dimensional Polarization Direction Control at
Focal Field of a Microscope Objective
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(Department of Biomedical Engineering s Nanjing University of Aeronautics and Astronautics »
Nanjing 210016, China)

Abstract: The coherent superposition of incoming linearly polarized light and radially polarized light can
generate the three-dimensional (3D) polarization optical field at the focal spot of a high NA microscopic
objective. In addition, arbitrary 3D polarization orientation of focusing optical field can be obtained by
adjusting the intensity ratio between two incoming beams and rotating the polarization orientation of the
incoming linearly polarized light. Based on the vectorial diffraction theory, a simulation model was
developed to theoretically verify the feasibility of the proposed control method of 3D polarization, and to
evaluate the 3D polarization optical field generated from this control method. After experimental test on
the basis of theoretical analysis and building the practical optical setup, the feasibility of the method was
confirmed. It was also disclosed that this method and the corresponding optical path is simpler and easier
to implement compared with other existing 3D polarization control methods.

Key words: Polarized light; Physical optics; The theory of vector light field; Polarization control; focal
field; Fluorescence microscopy; Coherent light
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Fig.1 The schematic illustration of the system to generate arbitrary 3D polarization in the focal spot of a high NA objective by

coherent superposition of linear polarization beam and radial polarization beam

1226002- 2



F LA B B R AT = IR 7 1) A 45

tanﬂ:EZ/EZZ«/ﬁ/ﬁ (D
PRI i B 7 1) 8 3% 7 ) 2 P i 41 D iR L ] T Ay
T =cos’p (2)
TESZBR b ph T 28 i I 56 A A 1w i 9% 0 2R 485 HOG 37 BE i o A AN [R)  fl 45 4 [5) 58 B2 A S 8 28 i 91 Ol A4
1] fi PR G 7E £B AR A AR SR BE LU R R OB IO T W) B 0 2 80 D AR 4l =X (20 AT B 4 1) I 7 o 2 i I O’
FIA—AFEWN T R, i A T 48R AL = 4- (i IR J7 18] 85 A IR 26 Al 41 D6 A XF 88 oA T /R . 4% 17 i 9% D't A
A—T),Hs T i 2)n15.

2 FEHESH

21 FEHEER
BT 0 R AL R A BE Y R AR AT O BT B AR 3 Wolf 19 R AL R RIS, A
HEGUT IR b AL I E A LR R TN we vusy vue =N EWBRERER IR k51 kA
A5, HC ARG AR BR AR TE X Y Z AT B 58 s sy s 30 RS H
Wi (0v0) =uy, [cos 0+ sin (1 — cos ) ]+ u,, sin gcos ¢(cos  — 1) — u,.sin cos ¢

u;y(ﬁ,go) =uy, cos @sin ¢ (cos 0 — 1) 4w, [cos 0+ cos’@(1 — cos 0)] — u,. sin Osin @ (3)
whe (0s¢) =u,;, sin0cos ¢ + uy, sin Osin ¢ + w,. cos 0
KA. 0, 0) HUAHE S L RBR AR BR MR IE R AR EIC B AEC &N FIHHE S M EA T MY ELE
BEANLE (02 ) H I G B FE 2 A AL /9 AH T &
2% [Omax
E(S)=J J E.exp[i(k « F'S)1dQ (4)
0 0

KH,d2 =sin0d0de 0 .. =asin(NA/n) sn HRENCTHAITHH NA MY EBELR.EL(a.0.9) =A X
Eq(0,¢)XB@)u"u(0.¢) Gi=a,y.2)A=—ikof/2n WEE £ RWELEE . E (0.0 NS ET 1
NS IR . B (0) ERABFRFR 2 51 A RE R SFIE A T B (0) =+/cos 0/n X exp(— nysin 0 /NA) H y
K AGT S CH AR BB A AR v BT Ry =y /0, Horbro Sy A m ot R A 1 AR R Pl
KAH 1/ BF A BE 56 B

FRAE B AR, BT DI RAT 2 — O 2 W B B G B RO B, v W B b g K M, LA
fEFLAE NA N 1.2, 808 4.1 mm, £ S AT SR8 1,33, ASHEHIE K 488 nm,y=0.5. B 565157 G
FIE XY Z =405 #4384 800 nm. i M BRI B R 2 nm. M4 B FLAE M AL bR 0 Fl @ B A8 b 18] B R 0.2°.
A6 o0 28 Al 4% 6 R AR 18] 4% O L R IR AR D6 R
COS a

E,(0,¢)=FE,|sina (5)

Ao HHARYR T 015 X fhJe /A R 3R /A 5 22 0 e AR 56 A
cos ¢
E,(0,¢)=E;|sin¢g (6)
0

22 HEAEZHERIRES

AL R A SRR IRE AR T« =0 iR (2) 35 B A 0°F] 180°, LA 30° Ay a] B& fr xF I 1Y T . SR I
Fit 4 N S 4 D A1 D' RAR 1] i i D' G5 LG T B AE 90° B 180° 22 ) s 1 S ' G i 25 i A moAH A3 2B 3R AR i
ASCHE M B S8 THRAR B R 2R 2.09. 18] 2 J2 3 B4 i 7 22 11545 21 019 48 S04 516 3 04 i 41k Oy ) AT
DLE MBS BT maRJrmfE XY PR EE X M, S8 ALRIRE a =0"—2 M M YZ Vi
M AT LAE B AN 0% 180°LL 30° (I B A8 Ak , 15 WA 25 B A% & 1T SR 45 S R W] LR ¥l Jy vk Rt X 2R 4 rh
O = Al 4 7 1] 2R AT A 4R

1226002- 3



0.1 0.1 0.1

N Y] N

0.1 0.1 0.1 -
0.1 0.1 0.1 0.1 0.1 0.1

J/{ll[

2
m -0.1-0.1  xw® m o -0.1-0.1  xlp® 4”’2 -0.1-0.1  x/y®

(a) p=0° (b) p=30° (c) p=60°

~0.1

0
iy —0.1-0.1  xlw®
(d) B=90° (e) B=120° () B=150°

2

7 -0.1-0.1 xlp® m —0.1-0.1  xlw®

B2 EREFORBRAFBW=ZEBmERSURE=ZANALATFE LHEY

Fig.2 The 3D polarization state at the focus center and its projection on three orthogonal planes for different off-plane angles 8
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