FEAEEEA A—DE YU ZERAL:
ERIETALE

XKEBES






[ S e S VAR

WHEREA A — T2 AR s iiE

Study on birefringence measurement method
by high-speed polarization image sensor

B3 KRB NFEV S K% KZR: L2 5E R
VAT LA LRI

SRR 234E N F
117106C
X B HEE






Study on birefringence measurement method

by high-speed polarization image sensor

Abstract

This study provides measurement method of two-dimensional birefringence distribution by
high-speed polarization image sensor. In the past 80 years, high-speed image sensor has been
applying to various applications such as microscopy, strain measurement, and spectroscopic
temperature measurement. On the other hand, by classifying those applications according to a
three-element of the light, polarization has hardly used until now. In polarization measurement field,
since polarization modulation techniques featuring rotating polarizer, photoelastic modulator and
liquid crystal enabled the quantification, they have successfully applied to thickness measurement
system, shape measurement system and birefringence measurement system. By paying attention to
the birefringence field, requirements of birefringence distribution measurements are increasing based
on activation of materials researches such as stretching test of optical films, and precision machining
test of glass. On the other hand, because currently established systems have employed time
modulation, it is difficult to apply them to dynamic phenomena. In order to overcome this problem,
polarization image sensor has been proposed that can measure two-dimensional polarization by
single photo-detection. However, since they employ general image sensors, they have difficulty to
increase sampling rate. There, establishing of measurement methods for two-dimensional and
high-speed birefringence phenomena was set as purpose of this study. A high-speed polarization
image sensor has been designed and fabricated. It is composed of a pixelated polarizer array made by
photonic crystal and parallel read out circuits with a multi-channel analog to digital converters.

Parallel read out pixels have been connected directly with each polarizer in order to achieve higher



sampling rate of two-dimensional polarization detection. By installing it to the current high-speed
camera, sampling rate of 1.3MHz has been achieved as high-speed and two-dimensional polarization
detection system. Moreover, by applying phase shifting algorism with circularly-polarized incident
light, birefringence phase difference and principal azimuthal angle have become measured.
Measurement accuracy of the system has been verified experimentally by using Babinet-Soleil
compensator. Thus, in order to improve repeat accuracy, temporal and spatial signal averaging
methods have been successfully demonstrated. Furthermore, lighting system with high-speed
wavelength modulation has been developed in order to measure high order phase of birefringence
distributions. It can be achieved to determine each order by two phase datas measured two
wavelengths so called phase wrapping by coincidence method. Finaly, measurement range of the
phase difference has been expanded from =m/2 to 3m. Moreover, three experiments have been
conducted to establish high speed birefringence measurement methods. Firstly, high-speed
birefringence distribution caused by impact hammer in acrylic bar has been visualized. Thus, velocity
of birefringence distribution has been measured by tracking front edge of the birefringence wave in
time series images. The result is in agreement with the theoretical values within several percent.
Secondly, birefringence mapping method is proposed by using line measurement with external
synchronization. By measuring transferring optical film, actual constructed mapping data is
presented. Thirdly, an object with dynamic deformation and movement has been measured.
Preliminarily-printed lattice pattern of the sample has been used in order to correct thickness and
position coordinate of it by tracking each lattice point. By stretch test of the film, comparative
verification has been conducted between proposed method and current method. By showing each
principle and experimental result, a high-speed and two-dimensional birefringence measurement

method can be newly proposed.
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45y D1 AR ICEEIAT 0 K L2, 45 D1IEERNO E ZhoBENRH T ShE. 207
O, WMIRNAAZDOFHN 2N SRR, £ 2T, A—H 7 LRRD2EETHIIL, G660
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L OVEHA, B, 2l EZ NN OEREST 2 RS, 1R T . EEAIES.62X107, BiZ1.48x107"°, HIE
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WICKEHIELEWVEZ B E DD, R4 1Ca—2—0 Bt RINDSELRIZKRBOB
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z=4.2 KEOWREHEN Y 7T v T T—T )

B.S.CONtH 7%= fLfEZ m LA rad fZAEZ m ALABZE rad 24 & DAL W
m (A=520nm) (A=520nm) (A=520nm) (A=540nm) (A=540nm) ZDZ rad N
0 0 0 0 0 0 0
0.650x107’ 0.650x107’ 0.786 0.647x10-7 0.753 0.032 1
1.300x1077 1.300x107’ 1.571 1.295x1077 1.506 0.065 1
1.950x1077 1.950x1077 2.357 1.942x1077 2.259 0.097 2
2.600x1077 2.600x107 3.142 2.589x1077 3.013 0.130 2
3.250%x107 3.250x1077 3.928 3.236x1077 3.766 0.162 3
3.900%x107 3.900x1077 4.713 3.884x1077 4.519 0.194 3
4.550x1077 4.550x107 5.499 4.531x1077 5.272 0.227 4
5.200x1077 5.200x1077 6.284 5.178x107 6.025 0.258 4
5.850x1077 5.851x1077 7.069 5.825x107 6.778 0.291 5
6.500< 1077 6.501%x107 7.855 6.473 <107 7.531 0.324 5
7.150%x 107 7.151%x107 8.641 7.120x 1077 8.285 0.356 6
7.800% 107 7.801 %107 9.426 7.767x 107 9.038 0.388 6
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3@ [rad]

0 sec 0.5 sec 1.0 sec 1.5 sec 2.0sec 2.5sec

e )

3.0sec 3.5sec 4.0 sec 4.5 sec 5.0 sec 5.5 sec

bl )
N A 4 4 4

6.0 sec 6.5 sec 7.0 sec 7.5 sec 8.0 sec 8.5 sec
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Vmeasure = 5.3
o (5.3)

ERDEND. 2 TLIFEE A S EIEITALAEEEmE COlB2RDb3. 20w, §Hll
fiti REE N DA E A RO D Z LN TE LS. X LI, BEITMVHEEO T A T 07 7 A
VIT X o T, BB & AR ST AR 22 50 i O BB 2 i R R & Tl R O ZE RS MREND L L0 5.
D EN, REHE O, BB L2 T EGORZ], F X ONAE 2256 bl 85 o REZ) 2 v
TRIBRFFtZRET 5. BLEDZ & 025 BRIV neasue N1 HALD.
— 7, BEPEMEN A RS SR ) O M ERHREII L FToXTRDbI D T

E
Vthemy = \/: (5.4)
P

ZDI=, T IDY T RE(GPa), BLOEEp(gem?EANWTHLIZ ENTE .
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