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Influencing factors analysis of supercontinuum laser monochromator

in calibration of polarization remote sensors

Xie Chenyu', Zhai Wenchao?, Hao Xiaopeng', Xie Linlin', Liu Yan', Li Jianjun’, Zheng Xiaobing®"

(1. National Institute of Metrology, Beijing 100029, China;
2. Key Laboratory of Optical Calibration and Characterization, Anhui Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Hefei 230031, China)

Abstract: Relative spectral responsivity and the in-band spectral response non-consistency of polarization
remote sensors are the basic parameters for laboratory calibration. In this paper, a spectrally-resolved calibration
facility was assembled for the calibration of relative spectral responsivity by using novel supercontinuum laser
and monochromator. Taking three polarization channels of 490 nm, 670 nm and 910 nm as examples, the relative
spectral responsivity of the channel polarization remote sensors was obtained under the two states of the
monochromator output light directly and the monochromatic light steered into an integrating sphere respectively,
and the polarization state of the calibrated light source was measured under the two states. The experimental
results show that there are obvious changes in degree of linear polarization (DOLP) and polarization orientation
angle in the mode of direct output light of monochromator, and the non-consistency of in-band spectral response
of the three polarization channels were 0.91%, 4.25% and 1.06%, respectively. When the monochromatic light

steered into the integrating sphere, the DOLP of the light source decreases significantly, and the non-consistency
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of in-band spectral response were 0.15%, 0.47% and 0.57%, respectively, which indicates that depolarized light

source can be effectively applied to the spectral responsivity calibration of polarization remote sensors. And the

system-level calibration facility based on supercontinuum laser and monochromator has wide application

prospects in the calibration of polarization remote sensors.

Key words: polarization remote sensor;

laser;  monochromator
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Tab.1 Measurement results of monochromator output

polarization
Wavelength/nm I 0; U; P; A

450 125.09 —-6.41 15.59 0.135  —33.82
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550 141.17  -8.01 17.63 0.137  -32.78
600 86.3 33.43 6.43 0.394 5.44
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900 46.98 2136 —2.15  0.457 —2.87
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Fig.6 System-level calibration facility for relative spectral responsivity
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Tab.2 Measurement results of integrating sphere

source polarization

Wavelength/nm I 0, U, P; B
450 4.39 —0.11 —-0.03 0.026 7.63
500 7.50 -0.15 -0.04 0.021 7.47
550 8.15 -0.20 —-0.05 0.025 7.02
600 8.37 -0.19 —-0.05 0.023 7.37
650 16.34 -0.4 -0.12 0.026 8.35
700 19.29 -0.48 -0.13 0.026 7.58
750 24.24 -0.54 -0.14 0.023 7.27
800 17.95 -0.36 -0.09 0.021 7.02
850 15.17 -0.35 -0.09 0.024 7.21
900 12.83 -0.31 —-0.08 0.025 7.24
950 15.22 -0.23 —-0.06 0.016 7.31

1000 11.5 -0.22 —-0.06 0.020 7.63
1050 7.76 -0.07 -0.02 0.009 7.97
1100 2.86 0.04 0.01 0.014 7.02
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Fig.9 Polarization state curves of integrating sphere source

3 EREWRSTH

T SCIS IR T A W AR AL 2 i 1 32 J% i AR G O 1%
M) IO J38 2 s 11 5 5, 23 235 SR e B - 4 Al B A48 70 A
Xof i e o B Al A e, AR L A B IR PR R
PEARTT 2200, 224 2 Bs G U5 0 R 41 2 R 4l (37 6 777
BERABAIE , 235 o g 41 388 18 1) 21 P A — Bk 45
N T ARG UE D 41 25 55 0 P 28 B A X 1 A 2
] )52 SR AR, T B N FRIE b HE S I 4R SR 2 A e
M) 17 7 A TR

XoF T i e 8 e 1T 5, JHL O 1 308 T 0 4 7 o 1
T $%4 Stokes KISk =[IX,, O, U 1", il M diiz
JE AR A AR 1 A B i 3R A Stokes B & S, =1, O
U,1" DA KA i e Aot F (9 Mueller £ [ 22711,
AN (@) FiR:

Lo 1
"o | =Al@+kn/3)N‘A(—a—kn/3)I,| P,cos2B,
Uﬁ’o P,sin2p,

4)

20200313-7



ISk A2

%54 www.irla.cn % 50 A
b, W3

1 0 0
Ala+kn/3) :[ 0 cos2(a+kmn/3) sin2(a+kn/3) ]
0 -—sin2(a+kn/3) cos2(a+kmn/3)

PR BV
N=2| e 0
0 0 2/

s athn/3(k=0,1,2) by A6 I i (4 RH X0 375 2ok 44l 7 1] 5
S MR 2 x I A5 A(atkn3) SR TERE R I s NY
i 41 12 JER A A% i A1 8 3 A O A x B T R B Y
Mueller i F; £, Sy i 4 380 T8RS O 25 (932 20 35 e, Ay O
38 TG 25 T G L

25 3o HEL WA B, 0035 g I 308 T A 25 i L O
PR Stokes KA S B —ATRRGIREE 1 ), A
23 (5):

k rk

1’/;0:%[1+P1(1—2/e§)c0s2(a' +kn/3-B)]  (5)

HR A 23 2 (5) AT 37 i 41 12 R A4 45 3 3 1S 1%
DN A 55 i 4 328 J 4 44 X S 35 i 48 B2 0 1 B R(2) B

PROGCIRERSERE Ly o* Z R R, A=K (6) PR:

DN* = Ly R(D| 1+ Py (1-2/e})cos2 (e +kn/3 - B))]
(6)
A (6) T, MK AR TG L f(>10%) AR H
i, Al LA

DN* =L} (R(D)[1+P;cos2(a+kn/3-B)] (7)

WA (7) B, 76 O 4 228 R 2% 04 K X ' 33 i 7

JE e bR R, 6 R — AR E R A = AN [

PR, HOE bR OCIR A HRSE BE L, o PTIN 2 — 20,
PRI e 28] 4 S i i 107 38 ] 3R R -

R(ﬁ)*:DNk/LiU =R()[1+P,cos2(a+kn/3-8)] (8)

PN (8) 1Y, RO A i 1R 18 B A 5 A o A v 52
PRAT 2 (030 30 N CE RS EE . A ST LU
PR AT 0°, 60°, 120° = F i i R AT 15 1 o 17 32
SE B 45 5 R BRI ) D 9% 25 B O U AR 2 £ 2 DT AH
K, RO AR R G (P,=0), BEIE F 096 i
IV JEE R(A) ISP E AR A A — B 1024 b G I i iR
o, ELG IR D 9 AR A2 F -t 5 AR AR AT, 23 38 B[R] —
A PR A AT AR = 0 AN [l 3R AR 2 S 3l P D'

PR Q) F, LR L AR P, 78 0~1 X
6] 9 AE Ak, D 3% i B, #E —90°~+90° 2 [H] ZE 1k, athkn/3
(k=0,1,2) hy 6 s 25 1) FE X6 325 b il 7 1) 5 2 2% A s 3R
x Al e fh, i T AR AL R PR AR AL, R
SCH A I LA A=0,1,2 A 5], A5 400 Ji 41 328 g 1) i1
DN {E Bt i 4% 2 LA B AR i 7 67 Ff A8 A G &Rt £k,
10 s o

R (IR (%)

. 69,
0 30 _ e . aio®
Polarization orie 60 -90 v Qo\?l“‘(yA

ntatioH angle/(g)
P10 ATl s T Lt e e i B2 2% fi i A 022 Ak
Fig.10 Variation of remote sensor output with degree of linear

polarization and phase angle under different polarization states

B 10 Ha] DL Y, TR 2R PR B A A8 A X =
AN AR 7 1] S5 M 07 J3E ) 5% ) 2 22 R IR R (B 1)
2255, N Aw A AR 00728 P00 2% 5 SO 09 3% e 1oy 5
BT SRR . DARTSC 1.3 95 45 A =AM PR
TECREOGT % e 7 2 7R 25 R R 4611, 490 nm 35 B T Y
TR AR 28 D 82 25 /0N, TR 1P = 4 308 3 05— A i 4 A
Xof S e I B 3 S A7 s AR 722 A 1 5 T, R KT g
250 19.9%:; 670 nm % B [ A, D't IR 14 B #7224k
BR, B AR 7 1) B AH X1 it £k 52 90 0 vk
B I B R A, AE X i 25 34 3] 38.6%; 910 nm % Bz il
P DG T P e Al A R A, T A 48 71 79 728 AR AN ] 4
B H 0 T 1 A e N A I 25
W&, T 2 T AR ZDECA AR L, BBt U3 —1k 5 i
LRV, FEX R 25 e KN 5.3%. S ARIFERG,
FH T % T8 119 28 A % 5 5 3k 51K (P;<0.026), JF LB I
i A B9 28 A0 DX TR/, BRI, DAAE bR SR T LU
7] — 38 P9 = o 0 i bR 28 S AR X s ity 2 — PR A
If, Xt 5 FE AT AT

20200313-8



s Gk A2

% 54

www.irla.cn

% 50 A

4 BRER

R Y 1 38 T PR )R 0T D 35 e o7 B2 S AR 2
=

585 3w 35 @ A AR 7w A XS G th 2k B P
DK Ao FIFETE AL, AT (9). (10) FR:
t[ﬁRFRQUdl
do= ©)
| Rex (0
Ad= jiem ()da (10)

DN, Ryg(R) VA — (LR I B B, (] AR
A A 328 s A R — B S, T i
(93 A B0 p, A (11) Fisk:

p =26 - A5 /A2 (11)
A1 Ao g LB RS A2 o5 FE31H, i
FEA B PR PR = AN 1 63 5 bR
3 iR,

R 3 B/LBRSBREHEERLIG NN EERER

Tab.3 Calibration results of channel spectral responsivity with or without integrating sphere

0° 60° 120°
Channel/nm Center Bandwidth /nm Center Bandwidth /nm Center Bandwidth /nm . Nonj
wavelength /nm wavelength /nm wavelength /nm uniformity p

. 490 490.64 19.21 490.72 17.95 490.55 18.85 0.91%
Without

integrating 670 670.48 18.48 670.03 14.94 670.77 18.87 4.25%

sphere 910 910.39 18.69 910.27 18.83 910.47 19.02 1.06%

With 490 489.71 19.62 489.69 19.60 489.68 19.55 0.15%

integrating 670 669.48 19.31 669.41 19.22 669.39 19.19 0.47%

sphere 910 908.53 19.44 908.64 19.43 908.57 19.43 0.57%
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Fig.11 Relative spectral responsivity of silicon trap detector
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