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Computer-Generated Holographic Phase Shifter with Liquid Crystal Display
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Abstract Exact phase shifts are very important for phase-shifting digital holography or interferometry. Some phase-
shifting methods suitable for different applications have been proposed; but most of them often require precise
moving or rotating drivers. A new digital phase shifter with liquid crystal display (LCD) is proposed in this paper.
In this method, the phase shifts needed in digital holography are induced by changing encodes of the computer-
generated holograms (CGH) displayed on the LCD. The advantage of this method is that the phase shifts can be
controlled digitally and no any precise mechanical moving or rotating element is required. Both the theoretical
analysis and experimental results demonstrate the feasibility of this approach. The phase stability of the LCD as a
phase shifter is studied experimentally., The experiments showed that the range of the phase fluctuates is below
about 0. 036 rad.
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Fig.1 Experimental setup of in-line digital holography
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Fig. 2 Construction of a typical cell in phase-detour CGH
and its phase shift of (a) 0 rad, (b) #x/2 rad,
(¢) rrad and (d) 37/2 rad
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Fig. 3 Improved experimental setup of in-line digital

holography using CGH-PS as the phase-shifting device
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Table 1 Statistics of the measured phase-shifting values

Theoretical Mean Median Standard
value value value deviation
n/2 1. 566 1. 567 8.7595¢7°

Fie 3.116 3.116 9.4299e7?
31/2 4,709 4,710 7.4147¢73
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Fig.6 (a) One of four digital holograms recorded on
CCD camera; (b) Image reconstructed directly by
the hologram shown in Fig. 6 (a); (c) Amplitude
distribution of the object wave on CCD plane
derived from four digital holograms according to
Eq. (2); and (d) final image from the object wave

derived according to Eq. (2)
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