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Accurate and fast calibration of liquid crystal variable
retarder phase delay-voltage curve
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Abstract: The accurate calibration of the phase-delay voltage curve is the key to achieving high preci-
sion polarization measurements using a nematic Liquid Crystal Phase Variable Retarder (LCVR). An
accurate and efficient automatic measurement system was established to improve the accuracy of the
liquid crystal retarder delay measurement. Firstly, a new measurement method was proposed, which
combined the light intensity method, the Soleil compensator method, and the equal deviation measure-
ment technology, to solve the problem of low measurement accuracy or the low efficiency of the exist-
ing methods. A measurement system was developed to overcome these challenges, and automated
measurement of the system was realized by Labview technology, which further shortened the system

measurement time. Finally, the experimental errors, repeatability, and the working efficiency of the
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system were verified experimentally. The experimental results show that the system delay measure-
ment error is less than 0. 0575%2\, the repeat accuracy is less than 0. 0197 %A, and 100 delayed sam-
pling points can be automatically measured in 30 minutes. The system is suitable for the accurate cali-
bration of the phase delay-voltage curve of a liquid crystal variable retarder in the visible range.

Key words: liquid crystal phase variable retarder; phase delay-voltage curve; precise automated cali-

bration; compensator method; equivalent deviation technology
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Tab.1 Accuracy of proposed phase delay measuring system
Retardation/A
Position Average/A RMS/a
1 2 3 4 5
Up 0.500 472 2 0.500 611 1 0.500 583 3 0.500 583 3 0.500 5 0.500 527 8 0. 000 062 1

Center 0.499 833 3 0.499 8056 0.500 083 3

Down 0.500 416 7 0.500 638 9

0.500 5 0.

0.500 01 0.499 88 0.499 913 9 0.000 113 0

500 722 2 0.500 66 0.500 572 2 0.000 119 7

Left 0.499 444 4 0.499 583 3 0.499 666 7 0.499 555 6 0.499 72 0.499 505 6 0. 000 100 O
Right 0.500 555 6 0.500 75 0.500 694 4 0.500 6111 0.500 75 0.500 575 0 0.000 093 3
2 BBRERFHAMCTERVNESER
Tab. 2 Measurement result for phase delay of LCVR

Retardation/A
Voltage/V PV/a RMS/A
1 2 3 4 5
5.059 0.25 0.249 2 0.249 6 0.250 4 0.248 9 0.001 5 0.002 4
3.005 0. 50 0.498 2 0.499 1 0.501 6 0.499 2 0.003 4 0.002 6
2.291 0.75 0.751 4 0.750 2 0.748 5 0.748 680 6 0.002 9 0.001 8
1. 844 1. 00 1.002 5 1.002 077 8 0.997 1333 1.002 4111 0.005 4 0.002 3
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Tab. 3 Time to locate dark point by different phase delay

measurement methods

One sampling Curve
Methods . . )
point calibration
Classical 3 min 7~8 h
Automation 1.5 min 2.5 h
Pretreatment & Automation 20 s 0.5 h
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