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Fig. 1 Schematic of experimental setup
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Fig. 3 Experimental measurement results of radially polarized beam, and the inserts are theoretical simulation results
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Fig. 4 Stokes parameters of radially polarized beam
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Fig. 5

Reconstructed polarization distribution of radially polarized beam. (a) Experlmental measurement result; (b) theoretical

simulation result

TE S TERE P AT DLk AR 20 VHW I 56
B RPRAS o BEFE P11, BUHE e i 5 /K 7 J7 1a] 1 2 £ 0,
J30°.60° F1 90° B, AT DA A5 2] H Al AR X Y % B G R .
200,20 90° B, OB 0 BT &g P VHW J5 2
A A R IR G o B 6(a) ~ (o) 45 H T AR 4l 5 560 I &
() 3T 4G v 07 2 A 0 R TR D 3R O 38 M R 43 A
iR
BT 2% i PR OGO Ah % I Ry kA BT A
it 4 6 PR B B FE s Wy = | gE AT 4 . AF P1 AT VHW
EF*I‘EH%EMIEI%Z—JBZH QWP2, #@EM@ 5K¥
J7 IR e ffy 0, A 457, X B OB A% Bt & ad PR

experimental
measurement
result

theoretical
simulation
result

@ ®)

QWP2 J&5 A= il A7 e B 4k 0% o i =0 (12) ml 50, £ e
[ s 4 6 BE 5 VHW J5 2 A8 Bl 22 e 3] R I 3 e D% ©
XoF 22 T 158 fi A 3% e Y 1 3 G 5 i 2 it AT I O
A H AW IR A, L s R 6 (d) s, Ho 2
R s e e PR , (B R oR A e R PR . &l 6 [ FE 45
TOXF R BRI LA AL R e Rl S e S R
PS5 B A W &R . 5 A6 BT 7R 1 4w PR
43 A PR H AE AR 4 1 2T A i R I R AR O X
2 A A 7E AR DU O AR O B D IR 0 A AR o B
Borp R BT — 18 S, KN, S BOZ A B B R IR
R 15 JC vk s o

Normalized intensity

(© @

Bl 6 T AN [a] i 4% 't o FE 3 9 D IR 53 2 (2) 0, = 3075 (b) 0, =605 (c) 0,=907;(d) 0,=0",0, =45’
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Table 1 Measured value obtained by polarimeter and experimental value of 18 elliptical polarization states

Elliptical polarization Polarimetry value of [S,, S,, S; ]

Experimental value of [ S,, S, S, ] Relative error /%

Case 1 [0.64, 0.43, 0.63]
Case 2 [0.18, 0.14, 0.97]
Case 3 [0.37, —0.36, 0.85]
Case 4 [0.89, —0.29, 0.35]
Case 5 [0.90, 0.29, —0.33]
Case 6 [0.28,0.41 —0.86]
Case 7 [0.03, —0.17, —0.98]
Case 8 [0.57, —0.52, —0.63]
Case 9 [1.00, —0.01, —0.01]
Case 10 [0.50, 0.54, 0.63]
Case 11 [—0.06,0.21, 0.98]
Case 12 [0.18, —0.48, 0.86]
Case 13 [0.87, —0.34, 0.34]
Case 14 [0.88, 0.33, —0.33]
Case 15 [0.26,0.44, —0.86]
Case 16 [0.07, —0.16, —0.98]
Case 17 [0.63, —0.45, —0.63]
Case 18 [1.00, 0.01, 0.01]

[0.62, 0.46, 0.56] 7.87

[0.10, 0.06, 0.93] 12.00
[0.39, —0.37, 0.81] 4.58
[0.83, —0.31, 0.45] 11.83
[0.81, 0.26, —0.35] 9.70
[0.29, 0.34, —0.86] 7.07
[0.05, —0.18, —1.00] 3.00
[0.57, —0.48, —0.66] 5.00
[0.95, —0.03, —0.03] 5.74

[0.51, 0.51, 0.65] 3.74
[—0.01, 0.13, 0.92] 11.18
[0.27, —0.45, 0.84] 9.70
[0.82, —0.34, 0.38] 6.40
[0.86, 0.37, —0.33] 4.47
[0.26, 0.43, —0.86] 1.00
[0.05, —0.13, —0.95] 4.69
[0.56, —0.43, —0.58] 8.83

[0.96, 0.04, 0.08] 8.60

« theoretical value
+ polarimetry value
o experimental value
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Fig. 7 Stokes parameters of elliptically polarized beams on a

Poincaré sphere
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Table 2 VQF and intra-modal phase of different polarized beams

0,=0,

Polarized beam 6,=0° 0, = 30° 0,=60° 0,=90° ' !

0, =45

VQF Experimental result 0.9972 0.9962 0.9957 0.9972 0.1266
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Fig. 8 Stokes parameter measurement errors of radially polarized beams when the phase retardation of the wave plate has a deviation of
6°. (a) AS;; (b) AS.; (¢) AS,

Experimental result

Intra-modal

phase

S
Phase /rad

Theoretical result

Normalized intensity Normalized intensity Normalized intensity

a) (®) ©
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Abstract

Objective Polarization is a key parameter of light, accurate and rapid measurement of which plays a significant role in a
variety of areas such as remote sensing technology, Mueller matrix measurement, and biological diagnosis. Stokes
parameters directly reflect the light intensity of the polarization component of light, and all parameters can be directly
determined by the measurement of light intensity. On this basis, the polarization distribution, vector quality factor, and
intra-modal phase can be measured. The measurement methods of Stokes parameters mainly include the division-of-time
and division-of-amplitude methods. The division-of-time method refers to the measurement of required intensities one by
one, which is only applicable to static polarized light. The division-of-amplitude method can overcome shortcomings
encountered by the division-of-time method, but it also faces many problems such as the complexity of the device, the
uneven distribution of light intensity, and different propagation distances. In this study, a Stokes polarimetry method
based on a polarization-insensitive Dammann grating is proposed. The Stokes parameters of the polarized beam can be
calculated by the intensity spots in a single snapshot, and the polarization distribution, vector quality factor, and intra-
modal phase of the polarized beam can be further obtained. This method has simple measuring equipment and does not

need any rotating components. The measurement can be completed with a snapshot and has reliable accuracy.

Methods The measurement principle of the proposed method is described in Fig. 1. Formulas for calculating Stokes
parameters, the polarization distribution, the vector quality factor, and the intra-modal phase of the polarized light are
derived. The experimental setup is built upon the measurement principle. In the experiment, different vector polarized
beams, circularly polarized beams, and elliptically polarized beams are generated to measure the target polarized beam.
The polarization-insensitive Dammann grating is used to divide the incident polarized beam into four identical beams in a
spatially symmetrical position. After being collimated by a convex lens, four beams are modulated by wave plates and a
polarizer and finally captured by a CCD. Via the captured intensity images, Stokes parameters of the measured polarized
beam are calculated, and the polarization distribution, vector quality factor, and the intra-modal phase of the polarized light
beam are obtained. Finally, according to the measurement principle, we analyze the influence of the phase retardation
deviation and fast axis azimuth deviation of wave plates and the transmittance axis deviation of the polarizer on Stokes

parameter measurement.

Results and Discussions First, the generated radially polarized beam 1s used for the initial calibration, which 1s divided
into four identical beams, as shown in Fig. 2. Four light spots recorded in Fig. 2 are used to calibrate the center position
of the light spot, which is beneficial to the subsequent measurement. After that, the radially polarized beam is measured.
On the basis of the four light spots recorded in a snapshot (Fig. 3), Stokes parameters of the radially polarized beam are
calculated (Fig. 4), and then the polarization distribution is reconstructed (Fig. 5). The above experimental measurement
results are all compared to the corresponding theoretical simulation results, and they have a good agreement. Then, more
polarized beams are measured, and their experimental measurement results of reconstructed polarization distribution
conform well to the theoretical simulation results (Fig. 6). The measurement results of the generated elliptically polarized
beams are compared with those of the commercial polarimeter to verify the feasibility and accuracy of the measurement

method. Table 1 shows the relative measurement errors of different elliptically polarized beams between the proposed
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measurement method and the polarimeter, and the average relative error is 6. 97% , which indicates the feasibility and

accuracy of the proposed method. Additionally, the vector quality factor and intra-modal phase of different polarized beams
are measured. At last, the analysis of the influence of some existing errors on Stokes parameter measurement shows that
the phase retardation deviation and fast axis azimuth deviation of wave plates and the transmittance axis deviation of the

polarizer could bring about a maximum measurement error of around 9% to Stokes parameter measurement.

Conclusions This study proposes a method of measuring Stokes parameters of arbitrary polarized beams based on a
polarization-insensitive Dammann grating with a snapshot. The Dammann grating is used to divide the incident polarized
beam into four identical beams in a spatially symmetrical position. After being collimated by the lens, the four beams pass
through different wave plates and a polarizer and are eventually captured by a CCD. The Stokes parameters of the
polarized beam can be calculated by a simple superposition of the intensity spots in a single snapshot, and the polarization
distribution, vector quality factor, and intra-modal phase of the polarized beam can be further obtained. The experimental
measurement results are in good agreement with the theoretical simulation results. The average relative error of elliptically
polarized beams between the proposed measurement method and the commercial polarimeter is 6. 97% , which verifies the
feasibility and accuracy of this measurement method. The Dammann grating used in this method is designed according to
the wavelength of the incident beam and the required separation angle. It can accept the spot diameter of the incident beam
in a wide range and has no requirements for the polarization of the incident beam. Hence, the measuring device has certain
universality. The proposed Stokes polarimetry method is simple and can obtain reliable results without all-digital devices,
which effectively reduces the cost. The subsequent use of wave plates with higher precision of phase retardation and

rotation mounts with higher precision of rotation can further improve the measurement accuracy.

Key words measurement; polarimetry; Stokes parameter; Dammann grating
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