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Phase retardation measurement of wave plate based on laser frequency
splitting technol ogy

Zong Xiaobin, Zhu Jun, Li Yan, Zhang Yi, Zhang Shulian
(State Key Laboratory of Precision M easurement Technology and Instrument,

Dapartment of Precision Instrument, Tsinghua University, Beijing, 100084)

Abstract: Laser frequency splitting technology can be used to measure phase retardation of a wave plate. With the
w ave plate inserted into a laser cavity to split longitudinal laser, its phase retardation can be calculated by detecting the
frequency differences between the same order or the adjacent order split longitudinal modes. No mechanical parameters but
only the frequencies of optical beats need to be measured, and the measurement can be traced to the wavelength of the
laser. Experiments prove that a resolution of 0. 003’ and a repeatability of 0. 05 can be ensured. For a quartz quarter
wave plate of 1. 5mm thick, the incertitude of the system is about (.
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1 3 .
1. Smm s
, :(a) 93°; (b) 89°; (c) 30°, 0.5~ 1°
\ 3 0.016°(0.96 ),
, 0.023(1.4) 0.020(1.2),
, 93. 132 (20°C) , 89. 968 (20°C)
. (2 , 30.330°(20°C)
— 8 Table 1 Measurement result of 3 samples
AV A A i ( ) a—measured at 21. 13°C
AV/ MHz AV /MHz @ (°)
7 1 418. 536 399. 452 92. 100
2 2 418. 468 399. 322 92. 107
3 418. 625 399. 368 92.118
2 4 418. 807 399. 319 92. 144
APD P, BS M, T FS M, PZT D1 5 418. 652 399. 496 92. 107

6 418. 430 399. 315 92. 104
HE} average 418. 586 399.379 92.113

FC}| == p, WV 2 .
wp b—measured at 20. 86°C
|_S_'—| AV/ M Hz AV /MHz (%)
W — 1 405. 175 412. 657 89. 177
2 405. 342 412. 683 89. 192
P2 Experimental setup 3 405. 568 412.492 89.238
632. 8nm 4 405. 439 412.837 89. 186
HeNe ’ M: M 5 405. 265 412.768 89. 175
M ’ T, 6 405. 381 412.783 89. 186
M2 PZT average 405. 362 412.703 89. 192
FS s
, ¢ —m easured at 20. 89°C
M, BS , AV/ MHz AV /MHz @ (%)
P2 F-P SI 1 139. 751 711.322 29.557
, 45 2 139. 664 711. 480 29.536
Py, , 3 139. 626 711.515 29.528
APD , 4 139. 639 711. 536 29.530
FC 5 139. 492 711. 554 29.503
W M» 6 139. 553 711.763 29.507
s D1 D2 D1 D2 average 139. 6208 711.5283 29. 527
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Fig. 2 The SBS pulse shapes produced in different liquids for L = 4em
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