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Photoelectric characterization of liquid crystal variable retarder
using single polarizer
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Abstract; Liquid crystal phase retarder (LCVR) is a new polarization state control device. Correct cali-
bration of its photoelectric characteristics significantly effects the precise optical polarization measure-
ments based on this device. A new testing method including only one polarizer was proposed by model-
ing light intensity, phase retardation and eigen-axis azimuth. Without rotating any component, multi-
wavelength retardations can be rapidly acquired using this simply structured method. In addition, this
new setup can be integrated into other polarization measuring instruments for on-line calibration of
LCVR. Experimental results show that the repeatability of measured retardations is better than 5%o,

DOI:10. 11972/j. issn. 1001 —9014.2016.01. 013

while the resolution of eigen-axis azimuth is better than 0. 1°.
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Fig.1 The testing system for liquid crystal variable retarder
photoelectric characteristics
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Fig.3 Azimuth 45° of LCVR in the testing system. (a) Inten-
sity vs. voltage of 650nm at azimuth ~45° of LCVR; (b) In-
tensity vs. azimuth of LCVR (rotation stage) of 650nm at 2.
64V; (c) Angle of rotation stage corresponding to 5 wave-
lengths and 4 temperatures, respectively
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Fig.4 Retardations vs. voltage & wavelength
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Fig.5 Results comparison of different methods from this
paper and Ref. [7]
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Fig. 6 Mean Retardations (a), standard deviations
(b), and relative standard deviations (c) of 5 wave-
lengths; curve legends are shown in (a)

W X JEH A LOVR o A5 4 78 HUEAE TR
RIKE 2 A= M , FLAAE F DI IN, 23 F A e IR A
AFE. MHEAE 2 V.3V AT, R84 53k
S A /INMA, AF HL R 25 3 14 43 BE 1 AS 2 (0. 02
V') 5 BN [R5 A AL e % 7 Fi 8 4k, DT
A0 AL A R AT 108 AR A7 S8 SR 0 S B BRI PR 1V
2 V.3V B JLAS H R SR B s 2 A6, He ik g
RIARHEZE /N T 0. 01 rad, A X b5 1 22 AL F

5%o R T LRI IE A R AT A A M
TG TE R IS A o7 f B, BT ik
(F%7 1)



11 X A LTI AR IR HDC L AR S A 77

[23]LI Yang, LU Ping, BASET F, et al. Narrow linewidth low
frequency noise Er-doped fiber ring laser based on femto-
second laser induced random feedback [ J]. Applied Phys-
ics Letters, 2014, 105(10) : 101105.

[24] YAMADA M, SAKUDA K. Analysis of almost-periodic
distributed feedback slab waveguides via a fundamental ma-
trix approach [J]. Applied Optics, 1987, 26(16) : 3474 —
3478.

ooooooooooooooooooooooo

aaaaa

[25]CAPMANY J, MURIEL M A, SALES S, et al. Microwave
VI transmission matrix formalism for the analysis of photon-
ic circuits: application to fiber Bragg gratings [ J]. Journal
of Lightwave Technology, 2003, 21(12) ; 3125 —3134.

[26 ] GATTASS R R, MAZUR E. Femtosecond laser microma-
chining in transparent materials [ J]. Nature Photonics,

2008, 2(4): 219 —225.

oooooooooooooooo

(EHETI W)

a. [EERBEEAZ, 78 LCVR I RAELIE. b, R
PR AR B & LCVR J7 52 £, 51 40 Al /INME XF
45°5% 135° WV A J7 4or f L 1. H 2 2 0% 5 AN Bl
LCVR #8728 ALRst, XF B 8 (B K O 2w+ X i
TCEHIA T 7 F , T AR AR R AT U A e X
SRR AR, LCVR J5 5 f i 47 e /D e 40 &, W] LA
PRAFIZAE T (9 8 5. iXHE % H & N LCVR J5f
FAAT S VRl AT AEI A5 1Y) & {8 [ RE 75 2L E 1T A 5
B ia B X I A B ARG RS
PE AR IF TR FE e ) A B e e #1155 A T
R SR, AN TS TP £ H .

3 Hig

A SCHE T — b T B IR PR A 1R A ] AR AR A
FER R (LCVR) JEHL RR PRI Bt 7 vk IR g S 1 A
KA. %78 LCVR & T 2 M 9% 25 A1 1 e
SR 18], 2 VA AT 7% RV R R i 2 S s #48 , ~F-
TS SR B R S A L, 1 i 9 28 Al 4 5 18
LCVR AE 3 7 6 FA FAE A7 3R (B 115307 . IRk,
LA 0358 A T BRL R A7 22 R 0 e AR T T E A a
P AT PRE RS T B B B IR B AT SEI A
T BT B I R 48 ] EAR DU & LCVR 1
ASTIESH 7557 A R A, ZE SR A, JHAH 7 22 3R 300 o 45 S
AR XS BRI 22 L T 5%o, AR AE Sl 7 57 £ 03X 43
T 0. 1°. 40, iZ MR 4544 7] 42 1, T 5 F LCVR
Bk RS, S0 LCVR AP  fE LR bR 2.

References

[1] TOMPKINS H, IRENE E A. Handbook of ellipsometry
[M]. William Andrew, 2005.

[2]GOLDSTEIN D. Polarized Light[J]. 2003.

[3]DE Martino A, KIM Y K, GARCIA-CAUREL E, et al. Op-
timized Mueller polarimeter with liquid crystals [ J]. Optics

letters, 2003, 28(8) : 616 —618.

[4]LAUDE-BOULESTEIX B, DE Martino A, DREVILLON B,
et al. Mueller polarimetric imaging system with liquid crys-
tals [ J]. Applied optics, 2004, 43(14) ; 2824 —2832.

[5]BUENO J M. Polarimetry using liquid-crystal variable re-
tarders: theory and calibration [ J]. Journal of Optics A
Pure and Applied Optics, 2000, 2(3) ; 216.

[6]JABDULHALIM I, MOSES R, SHARON R. Biomedical op-
tical applications of liquid crystal devices [ J]. ACTA
PHYSICA POLONICA SERIES A, 2007, 112(5) .715.

[7]HU C, XIE P, HUO S, et al. A liquid crystal variable re-
tarder-based reflectance difference spectrometer for fast,
high precision spectroscopic measurements [ J]. Thin Solid
Films, 2013.

[8]HUO S, HU C, LI'Y, et al. Optimization for liquid crystal
variable retarder-based spectroscopic polarization measure-
ments [ J]. Applied optics, 2014, 53(30) ;7081 —7086.

[9]BABA J S, BOUDREAUX P R. Wavelength, temperature,
and voltage dependent calibration of a nematic liquid crystal
multispectral polarization generating device [ J].
optics, 2007, 46(22) .5539 —5544.

[10]TERRIER P, CHARBOIS J M, DEVLAMINCK V. Fast-

axis orientation dependence on driving voltage for a Stokes

Applied

polarimeter based on concrete liquid-crystal variable retard-
ers [J]. Appl. Opt. 49, 4278 —4283 (2010) 12.

[11]LOPEZ-TELLEZ ] M, BRUCE N C. Experimental method
to characterize a liquid-crystal variable retarder and its ap-
plication in a Stokes polarimeter [ C]. 8th Ibero American
Optics Meeting/11th Latin American Meeting on Optics, La-
sers, and Applications. International Society for Optics and
Photonics, 2013 ; 87852]-87852]-9.

[12]ZHANG Ying, ZHAO Hui-Jie, ZHOU Peng-Cheng, et al.
Photoelectric characteristics of liquid crystal variable re-
tarder [ J]. Foreign Electronic Measurement Technology
CokBt, BN, TS AL, 2. W RE A Al A8 SE IR 2R 1Y
SR RRERTSY. ESMEFIERA), 2009, (3): 17 -
20.

[13]VARGAS A, DONOSO R, RAM? REZ M, et al. Liquid
crystal retarder spectral retardance characterization based
on a Cauchy dispersion relation and a voltage transfer func-
tion[ J]. Optical Review, 2013, 20(5) : 378 —384.

[14] FEI Ye-Tai. Error theory and data processing[ M ]. 5th
ed. Beijing: China Machine Press. (Z%\/ %%, iR ZIEip
S#iEaE (M. 85 M. dba: AL Tl B At
2004.



