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Abstract: The low contrast ratio of LLCoS panel is a critical factor limiting their large-scale commercial
deployment. Achieving high contrast has become a pressing challenge for .LCoS devices in industrial
applications. This study proposes a contrast enhancement method employing an electrically tunable liquid
crystal retarder. A dynamically tunable liquid crystal retarder was introduced into the optical path
preceding the 1.CoS panel. By simultaneously modulating the amplitude and frequency of the applied
voltage, dynamic compensation for the residual retardation of the liquid crystal within the LLCoS panel is

realized. Furthermore, the dependence of the contrast ratio on the control voltage parameters is
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systematically investigated and experimentally validated. An intrinsic contrast ratio measurement system
was constructed using a commercial light source optical engine and an 1.CoS panel. The testing system
was subsequently improved to enable contrast measurement with a retarder. The experimental results
demonstrate that the contrast ratio of the L.CoS panel can be significantly enhanced by modulating the
amplitude and frequency of the voltage applied to the liquid crystal retarder. The optimal contrast ratio
achieved was 340.5, representing a 9.12 fold improvement over the intrinsic contrast ratio of 37. 32.
Frequency modulation significantly refuces the driving voltage of the liquid crystal retarder, thereby
lowering the overall power consumption of the 1.CoS optical engine. This study provides a theoretical
basis and technical support for the multi-degree-of-freedom modulation of electrically tunable liquid crystal
retarders in LCoS optical engine applications.

Key words: liquid crystal optics; 1.CoS panel; electronically controlled liquid crystal retarder; dynamic

tuning; contrast ratio; drive frequency
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Fig. 1 (a) Transmission path diagram of incident light in

L.CoS panel and (b) the electrically tunable liquid

crystal retarder
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Fig. 2 Schematic diagram of the electrically tunable liq-

(b)

uid crystal retarder. (a) No voltage applied; (b)
Voltage applied.
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Fig.4 Optical system for testing the contrast ratio of an .CoS panel. (a) Front and (b) side views of the schematic dia-

gram of the testing system. (c¢) Photograph of the experimental setup.
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Fig.5 (a), (c), (e), (g), (i) and (k) show the contrast ratio of the LCoS panel as a function of applied voltage at differ-
ent frequencies. (b), (d), (f), (h), (j) and (1) are enlarged views of the regions indicated by the red circles in the

corresponding left panels.
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Fig.6 shows (a) the optimal contrast ratio, (b) the corresponding voltage, and (c¢) the corresponding retardance of the

LCoS panel, all as functions of frequency.
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Tab.1 Measuring result of maximun contrast ratio, corresponding drlvmg voltage , and retardation as the function of driving frequency

B /kHz L/ V et b FE3R 7 /nm
0.01 2.80 325. 56 28.502
0.2 2.85 340. 50 28.175

1 2.90 339. 00 27.645
10 3. 00 339. 50 27.974
50 3.90 326.11 28.561
100 5.45 324.63 30. 165
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