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Improvement of the Diffraction Efficiency of Liquid Crystal
Spatial Light Modulators by the Talbot Effect
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We investigate the practical feasibility of a novel technique to improve the diffraction
efficiency of dynamic diffractive optical elements written on a phase-type liquid crystal spatial
light modulator. This scheme employs binary phase gratings on both sides of the device, which
pass virtually all of the incident light through the transparent portion of the pixels. Numerical
analysis and an alignment experiment are described.
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Fig. 1 The proposed optical setting. LCSLM :
Liquid crystal spatial light modulator. PG1, PG::
Phase-type Ronchi gratings.
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Table 1 Performance of several optical settings.

No modulation | Saw-tooth grating 1x8 Beam array generator
7o 7 7A A
Ideal 1.00 0. 950 0.933 0.00138
LCSLM only 0.250 0.247 0.237 0.0184
PG:+LCSLM 0.500 0.494 0. 473 0.0184
PG1+LCSLM+PG: 1.00 0.758 0.833 0.113

pi: Diffraction efficiency of i-th order, »a: Diffraction efficiency of the beam array,

4 : Uniformity error of the beam array.
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Fig. 2 Effect of alignment error on the
zeroth-order diffraction efficiency of an
unmodulated LCSLM with the optical sett-
ing of Fig. 1. Solid curve : paraxial result.
Dashed curves: non-paraxial results. (a)
z-direction, (b) z-direction.
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Fig. 3 Effect of phase error of PG1 and PGz
on the zeroth-order diffraction efficiency of an
unmodulated LCSLM with the optical setting
of Fig. 1. Solid curve: paraxial result. Dashed
curves : non-paraxial results.

Table 2 Diffraction efficiency® of the output wave from optical setting of Fig. 1.

From AG From PG2*
Diffraction order
—1 0 +1 -1 0 +1
Theory ON 0.203 0. 500 0.203 0 1.00 0
OFF 0 0 0 0. 405 0 0. 405
Measured ON 0.17 0.39 0.17 0.01 0.71 0.01
OFF — — — 0.35 0.02 0.31

T : Measured values are corrected taking account of reflection and absorption.

*: AG is at the optimal position.
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Fig. 4 Power spectrum of output wave from
the optical setting of Fig. 1. (a) After ON-
AG. (b) After ON-AG and ON-PGs. (¢ ) After
ON-AG and OFF-PGa.
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