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Fig.1 Schematic diagram of the measurement of wave plate parameter
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Table 1 Comparison with reported measurement methods of waveplate parameters
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2n(n(A)—n,(A))

S R A po S I R E ARG T SO D8 T T B R AT A AR O IR B 855 T A RS LA U R R R 4
IEAG BT G A b2, TS AR AS R Y SR R S AL R 2,
2 HARRERESH

Table 2 Wave plate retardance parameter

(D) A (12) , 3 7 FE 3R Al DUl ik o A =

Measurements of
Measurements of phase .
retardance A = Theoretical value of

Wave plate specimens retardation Deviation/nm
(@632.8 nm)/rad (. (A)—n, (1)) Ay Jom retardance/nm
2n(n (o) —n,(Ay))
632.8 nm 1/4 wave plate 1.5727 158.39 (@ A=632.8 nm) 158.2 0.19
532 nm 1/4 wave plate 1.313 8 134.17 (@ A=532 nm) 133 1.17
532 nm 1/2 wave plate 2.597 8 265.30 (@ A=532 nm) 266 —0.7

R IS S S R KR 2558 117 nm, W 2 3 B B ) B SRR BE S A/300( 2 2.1 nm@A=632.8 nm i
A AT 1.8 nm@A="532 nm ) FoR . A SR A BUEOEAE R I SE TR I 45 A B R AR S 60 HLRE 9% 1
it ) AT ] 308 4 N R A0 30t R DR 7 R E SR e 280, BE NS R B R TR RN S 56 S b B IR R O vk
FB.
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PAPIAS PEM g #2044 £ i 41 53 A7 286 8 o 6 v 09 R b 7 7 3 RRR 67 228 3R 8 > 2 6 Bl n 28 38 3506 38 U A% 5
rh o SR H R PR Rl AR [ B i JBOUU 35 9 Bk 22 A A i 1) 28 4R S RS o R A, 1 — 2D SR L R
Bt 7 AL AR RURR A7 A8 R S o A SCZ T TR A BNE A0 B, T R IRUBCRE A T LI IRk L SR T REWIIR
i B (B8 b 52 36, A AT B T PEM S 680/0N F80 4 BT 568 X6 00 5 1 52 0 58 BT 632.8 nm (19 1/4 % F
532 nm B 1/4 3% F1 1/2 9% R S il & o S 45 5 Won Dbl O 47 AR I i e R 220 0.2°, 1 BE 0 &2 A o i
PN 0, = 0.02°; I F 1 A7 FE 3B AR vE D 22 00 T 5.64 10 rad, AR SO0 R M 8 R 58 BB B Ra E
PEAVE S PE o B R BB ST S € BRI DA 25 AR A A 0 O I TR T S AR A Y AR 6 SE IR i, BR A i —
Ao h A R R U R SR AR R S I S R B K 25 N AT 1.17 nm, 8RR B A T A/300,
ARSI TR R R R B R SO A, AR S B B SRR T S R 200 ms, 38 A DR S A
Wi A7 S22 0T v LR N v RO B e 2 B S, AT Sk i R R S A AR A R T B
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Waveplate Parameter Measurement Based on Dual Photoelastic
Modulators Cascade Differential Frequency Modulation
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Abstract: A waveplate is a basic optical component manufactured based on birefringence. It is typically
made of quartz crystals, MgF, crystals, or polymers with tens of micrometers thickness. A waveplate is
used to change the polarization state. It is mainly employed in polarization generating devices and
polarization analysis devices. It plays an important role in the fields of communication, sensing, and optical
storage. The fast-axis azimuth and retardance are the key parameters of the waveplate. Accurate
measurement and calibration of the two parameters are key steps in the manufacturing process of the wave
plate. These steps directly determine the performance of the polarization optical system using the
waveplate. Now, methods such as light intensity, polarization compensation, interferometry, laser
feedback, and polarization modulation techniques, are applied to research the measurement of parameters
of waveplate. Nevertheless, measurement speed and accuracy still need to be further improved. For the
needs of rapid and high—precision parameter measurement of waveplate, a measurement scheme based on
dual photoelastic modulators cascade difference frequency modulation is proposed in this paper.

Considering the application advantages of photoelastic modulation, such as high modulation
frequency, large optical aperture, high modulation purity and stable operation et al., a novel measurement
method using photoelastic modulation is proposed. A simple polarimetry is constructed based on two
photoelastic modulators with differential modulation frequencies. The phase retardation and fast axis
azimuth angle are loaded into the differential frequency photoelastic modulation signals, and the digital
phase—locked technology is used to extract the differential frequency harmonic terms and fundamental
frequency harmonic terms of photoelastic modulation at the same time, so as to further solve the phase
retardation and fast axis azimuth angle. The principle of the new scheme is analyzed, and an experimental
system is built. The initial offset value of the system is calibrated experimentally without any sample. After
that, the measurement accuracy and repeatability are measured by using a quarter wave plate for 632.8 nm,
a quarter wave plate for 53 nm, and a half wave plate for 532 nm.

After the system is built and the initial calibration is completed. A quarter wave plate for 632.8 nm is
the first to be determined at different azimuth angles. The fast axis azimuth of the wave plate is adjusted
from 0° to 180" at intervals of 10°, the signal amplitudes are obtained by digital phase-locked technique,
and the phase retardation and fast axis azimuth angle of the waveplate is further solved. The fast-axis
azimuth angle measurements and actual values are in good agreement, as shown in Fig.4, and there is a
maximum deviation of 0.11° between the measured value and the actual value, and the standard deviation of
angle is 0.02°; throughout the entire process, the measurements of the phase retardation of the waveplate
under all fast axis azimuths fluctuated less, the mean value is 1.572 7 rad and a standard deviation is 5.57 X
10" * rad, which indicates that the measurement system in this paper has good stability and repeatability,
and the two parameters of fast axis azimuth and phase retardation can be simultaneously determined. A
quarter wave plate for 532 nm and a half wave plate for 532 nm are also measured. The time interval of data
measurement in the above experiments is only 200 ms. This method is suitable for fast measurement.
Moreover, this method adopts a helium neon laser as the detection light source, with a wavelength of 632.8 nm
and a spectral bandwidth of less than 2>X 10 ° nm, which can achieve accurate phase retardation measurements
of any wave plates for any wavelength. Taking into account the birefringence dispersion of the waveplate
material, the phase retardation at the detection laser wavelength is further calculated to the retardance at the
application wavelength. The experimental results show that the maximum deviation between the
experimental test value and the theoretical value does not exceed 1.17 nm, and the retardance accuracy is
better than 1/300.
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In present study, a novel waveplate parameters measurement method based on dual photoelastic
modulators cascade difference frequency modulation is demonstrated. The principle of the new scheme is
analyzed, and an experimental system is built. The initial offset value of the system is calibrated
experimentally. And the measurements of a quarter wave plate for 632.8 nm, a quarter wave plate for
53 nm, and a half wave plate for 532 nm specimens are carried out. The experimental results show that the
accuracy of fast axis azimuth measurement is less than 0.2°, the repeatability of fast axis azimuth is 0.02;
the repeatability of phase retardation measurement is 5.64> 10 * rad, and the accuracy of retardance is less
than 1.17 nm. In addition, the measurement time of single data does not exceed 200 ms. Our study realizes
simultaneous measurement of retardation and fast axis azimuth angle for waveplate. This method will be an
effective means of processing testing or experimental calibration for waveplate.

Key words: Photolastic modulation; Differential frequency modulation; Waveplate; Fast axis azimuth;
Retardation
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