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<Fabrication of Reactive Mesogen PGs>
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• Achromatic diffraction is desired for many applications
(i.e., beamsplitters, light modulators, spectrometers, so on.)

• Recent works on polarization gratings proves potential benefits of
high efficiencies, polarization-independent light modulation, and highly
polarization-sensitive diffraction [1-6].

• We model and experimentally demonstrate achromatic liquid crystal
polarization gratings as passive polymer films and electrically
switchable LC cells.

• We also shows numerical modeling
with an in-house simulation tool
(WOLFSIM) at NC State University [7].

<Achromatic PG with low twist>
• Achromatic diffraction is achieved by a unique twist structure
which leads to self-retardation compensation [8]

• Self-compensation by twist is well known in STN displays [9,10]

• Analytical expressions for diffraction efficiencies are obtained
from the Jones matrix analysis under the paraxial approximations

• Maximum bandwidth for high efficiency (>99%) is found

when the twist angle is Φ~70°.

<Diffraction spectra of achromatic PGs> <Polarization sensitivity of the first orders>
• Maximum bandwidth for high efficiency

λλ//λλ00 ~ 56% when ΦΦ~70°

(vs. λ/λ0 ~ 12% for Circular PG)

X4 Bandwidth Improvement

• Operation range (η>99%) can span visible
wavelength range.

• Polarization-independent zero-order diffraction

• First-order diffraction efficiencies are highly
sensitive to the incident polarization.
(especially, circular polarization components)

• Simulation results show a good agreement
with both theoretical and experimental studies.

<Diffraction from Achromatic RM PG Sample>

• Fabrication of high quality PGs has been an issue.

• We utilize commercial grade photoalignment mate-
rials, known as LPP (ROP103-2CP from Rolic), and
UV holography.

• High quality PGs were fabricated in reactive
mesogen (polymerizable liquid crystals) films [8].

• Twist of LC is controlled by amount of chiral dopants
(left- and right-handness) in the nematic RM mixture.

• >99% of diffraction efficiency is achieved over the
visible wavelength range (i.e., from 450nm to 650nm)

• <0.1% of scattering & >1000 polarization contrast

• Active version of achromatic polarization gratings
can be implemented by using the chiral nature of twist
upon reflection.

• LPP is coated on the ITO electrode and exposed
with the UV polarization hologram.

• The surface of a reflective substrate is treated for
the in-plane, degenerate anchoring condition for LCs.

Nematic LC (MLC12100-000) + Chiral Dopants (CB15)

• Polarization-independent light modulation is
achieved with broadband light source (i.e., white LED).

• Diffraction spectra show more rapid voltage
response and less spectral shifts while the grayscale
operation.

• We experimentally demonstrated achromatic polarization gratings with
high diffraction efficiencies (>99%) over the visible wavelength range.

• Results from experiments show a good agreement with theoretical
(Jones matrix analysis) and numerical (FDTD simulations) predictions.

• We also show two different types of achromatic liquid crystal PGs; trans-
missive polymer films and reflective, electrically switchable, LC devices.
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Summary

Λ = 6µm, d = 2µm

Λ = 9µm, d = 3µm




