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Tablel Measurement results of quarter wave plate
Experiment No. ®,.. /() Do /() @ /(") Goin /() /(%) 0/
1 501. 762 12.373 131.523 —32.627 92. 56 24.746
2 411.171 22.521 41.012 —22.478 92.54 45.042
3 380.028 48.824 9.947 3.825 92.52 97.648
4 413.531 77.025 43.329 32.025 92.55 154. 050
5 585. 177 —31.713 214.738 —76.713 92.61 —63.426
6 541.173 —70. 080 170. 814 —115.080 92.59 —140. 160
U IS A4S 1/4 3 e A A AP HEAT T A7 SE IR B I AR R 22 20 2 .
SR 2B R o ATLUE B I R I A
FR2 VAP 5 A 7 HE IR ) e 2
Table 2 Phase retardation measurement results of quarter wave plates and half wave plates
. . . . . . Standard
Wave plate Experlr?em Experlrilenl Exl?em?em Experlr?em Experlr?enl Experlrilem Averoage/ deviation /
1/ 2/() 3/(9) 4/0) 5/(%) 6/(%) ) o
Quarter wave plate 1 92.56 92.54 92.52 92.55 92.61 92.59 92.562 1.99
Quarter wave plate 2 100. 26 100. 31 100. 30 100. 25 100. 27 100. 31 100. 283 1.59
Quarter wave plate 3 93. 34 93.35 93. 36 93.29 93.35 93.29 93. 330 1.90
Quarter wave plate 4 89. 25 89. 20 89.19 89. 16 89.21 89.18 89.198 1. 84
Half wave plate 1 188.18 188.12 188.15 188. 21 188.18 188. 19 188.172 1.91
Half wave plate 2 177.21 177.18 177. 23 177.25 177.19 177.22 177.213 1.55
Half wave plate 3 182. 47 182.47 182.53 182.52 182.49 182.55 182.505 2.00
Half wave plate 4 185. 58 185.62 185.61 185. 56 185. 56 185. 55 185. 580 1.74
W B 5 0 vk (ExpD) 75 2 A9 00 £ 45 2R 5 SCik[ 22 ] WG A% o BN, A — A5 G B SROROE S 1R G
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Table3 Comparison of results obtained by proposed method and other two methods

Error between Error between Error between

Wave plate Expl /(*) ExpIl /(°) ExplIl /(°) Expl and Expl and ExplI and
Expll /(") ExplIl /(") ExplIl /(")

Quarter wave plate 1 92.562 92.54 92.61 1.3 2.9 4.2

Quarter wave plate 2 100. 283 100. 27 100. 25 0.8 2.0 1.2

Quarter wave plate 3 93.330 93.29 93. 36 2.4 4.2 6.6

Quarter wave plate 4 89.198 89.16 89.10 2.3 5.9 3.6

Half wave plate 1 188.172 188. 14 188. 26 1.9 5.3 7.2
Half wave plate 2 177.213 177. 21 177.25 0.2 2.2 2.4
Half wave plate 3 182. 505 182.53 182.48 1.5 1.5 3.0
Half wave plate 4 185. 580 185. 60 185.71 1.2 7.8 6.6
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High-Accuracy Wave Plate Measurement Based on Dual-Frequency Laser
Interferometry and Phase Detection
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'School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China;
*School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China

Abstract

Objective The accuracy of wave plates has a significant influence on the performance of polarized optical systems, and
thus the high-accuracy measurement of their phase retardation and fast axis azimuths is required. Many wave plate
measurement methods at present are based on the principle of light intensity measurement. The measurement accuracy is
easily affected by light intensity fluctuations, and the requirements for light source and stability of light path are high.
Quite a few methods among them cannot measure the fast axis azimuth of the wave plate at the same time. Therefore,
many researchers have also studied other measurement methods, such as laser feedback method, to improve the
performance of wave plate measurement. In this study, a high-accuracy wave plate measurement method based on dual-

frequency laser interferometry and phase detection is proposed. It has good advantages of wave plate measurement.

Methods A dual-frequency laser heterodyne interference optical path is constructed by using a rotatable half-wave plate
and a corner prism in this study (Fig. 1). The relationship between the phase retardation of the wave plate to be measured
and the phase difference between the measured signal and the reference signal is obtained by Jones matrix method. During
the measurement, the phase retardation and the fast axis azimuth of the measured wave plate can be obtained by rotating
the half wave plate, monitoring the change of phase difference between the measured signal and the reference signal
through a phase meter, and recording the maximum value and minimum value as well as the corresponding fast axis

azimuth of the half wave plate.

Results and Discussions Error analysis shows that the measurement uncertainty of the phase retardation is about 3.9,
and that of the fast axis azimuth is about 5" under the experimental conditions. The experimental comparison results
indicate that the result of the proposed method is in good agreement with that of other methods. The repeated experiments
show that the measurement standard deviation is about 2'. The measurement is not affected by the azimuth accuracy of
birefringent devices such as wave plates and polarizers in principle. The common optical path structure is one of the
advantages of the proposed measurement system, so the measurement is highly stable. The signal processing adopts the
phase detection means which has higher accuracy than intensity detection means. In addition, the proposed method has the

advantages of few components, a simple structure and a quick measurement process.

Conclusions Wave plates are important optical components, whose accuracy has a significant influence on the
performance of polarized optical systems. Therefore, the high-precision measurement of the phase retardation and fast axis
azimuth of the wave plate is required. A high-accuracy wave plate measurement method based on dual-frequency laser
interferometry and phase detection is proposed in this paper. A dual-frequency laser heterodyne interference optical path is
constructed by using a rotatable half-wave plate and a corner prism. It can accurately measure the phase retardation and the
fast axis azimuth of an arbitrary wave plate. The measurement is not affected by the azimuth accuracy of birefringent
devices such as wave plates and polarizers in principle. The common optical path structure is one of the advantages of the
measurement system, so the measurement stability is good. The signal processing adopts the phase detection means which

has higher accuracy than intensity detection means. The measurement formulae are deduced and the measurement system
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is built. Error analysis reveals that the measurement uncertainty of the phase retardation is about 3. 9', and that of the fast
axis azimuth is about 5” under the experimental conditions. The experimental comparison results indicate that the result of
the proposed method is in good agreement with that of other methods. The repeated experiments demonstrate that the
measurement standard deviation is about 2'. In addition, the presented method has the advantages of few components, a

simple structure and a quick measurement process.

Key words measurement; wave plate measurement; phase retardation; fast axis azimuth; dual-frequency laser

interference; phase detection

0112002-7



	1　引        言
	2　测量原理
	3　误差分析与实验
	4　结        论

