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Liquid crystals are a ubiquitous optical technology

Chemical structure of N-(4-
Methoxybenzylidene)-4-butylaniline (MBBA)

Liquid crystal displays

1.Polarizer with a vertical axis to polarize light as it enters.
2.Glass substrate with transparent electrodes . The shapes of these electrodes
will determine the shapes that will appear when the LCD is switched ON.
3.Twisted nematic liquid crystal.
4.Glass substrate with common electrode film (ITO) with horizontal ridges to
line up with the horizontal filter.
5.Polarizing filter film with a horizontal axis to block/pass light.
6.Reflective surface to send light back to viewer.
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Liquid Crystals Optics/Waveguides

• Polarizers
• Filters
• Laser stabilizers
• Shutters
• Spatial Light Modulators
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• Electrical bias needed for orientation
• Limited reconfiguration
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Direct-write LCs
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DAN:NDI

e- poor

naphthalenediimide
(NDI)

e- rich

1,5-dialkoxynaphthalene
(DAN)

Donor-acceptor columnar liquid crystals (DACLCs)
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Reczek, J. J., et. al., J. Am. Chem. Soc. 2006, 128, 7995-8002

Donor-acceptor columnar liquid crystals
(DACLCs): Self assembling 1D structures
comprised of electron-rich and electron poor
molecular precursors
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DACLCs optical/electronic properties result from charge-
transfer energy band following assembly and can be
modulated via pendant groups to tune, for example,
bandgap.
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DACLC Reconfigurable Optical Polarizers
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Laser heating is used to induce a directional thermal
gradient that results in an ability to orient DACLCs
into patterned regions of dichroic films. Fast cooling
results in isotropic regions.
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DACLC Reconfigurable Optical Polarizers; Controlled Alignment

patterns
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"Direct-write orientation of charge-transfer liquid

crystals enables polarization-based coding and

encryption" (under review)
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DACLC waveguides: Index Measurement
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DACLC waveguides: Experimental Setup

Fiber-to-free-space end-fire waveguide
coupling experimental setup
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Microfabricated cell filled with LC and capped with
a cover slip. The cells contains variety of

waveguide lengths.

• Microfabricated cells on Si

substrates with Si02 walls and

Si3N4 guiding layer

• Si substrate heat conduction

prevented laser orientation



DACLC waveguides: Test

Direct write cladding around bulk aligned DACLC film on Si3N4
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Conclusions

• Measured strong index contrast in polarized DACLC
regions compared to amorphous

• Demonstrated writing and re-writing LC cells
• Evidence of waveguiding, but losses too high to be

quantified
• Work needed on cell fabrication, direct-write process
and material uniformity to be suitable for photonics
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