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Liquid crystals are a ubiquitous optical technology
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Chemical structure of N-(4-
Methoxybenzylidene)-4-butylaniline (MBBA) alignment in the smectic phases

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.

Curved 47" QOLCD 4.7 QLCD with 10mm bend radius Curved 121" QLCE

FlexEnable’s glass-free organic LCD (OLCD)

Source: wikipedia.org



Printable, flexible, large-area electronics

Flexible electronics: Flexible, light and thin, robust, cost, innovation and prototyping
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Organic photovoltaics, OLEDs (lighting, displays), (bio)sensors, distributed intelligent systems



Organic Electronic Materials

Organic ni-Stacked Semiconductors
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Reczek Lab (Denison): Aromatic-Aromatic Donor-Acceptor Interactions
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Tuning the Charge-Transfer Absorbance of DACLCs
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Leight, K. R.; Esarey, B. E.; Murray, A. E.; Reczek, J. J. Chem. of Mater. 2012, 24, 3318-3328.
Donor-acceptor columnar liquid crystals DACLCs optical/electronic properties result from charge-
(DACLCs): Self assembling 1D structures transfer energy band following assembly and can be
comprised of electron-rich and electron poor modulated via pendant groups to tune, for example,

molecular precursors bandgap.



Kaehr Lab (Sandia): Laser direct write (LDW) of metals, metal oxides, semiconductors, graded materials...
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® » & @ = » % Laser light interactions with DACLC films

Region of horizontally aligned DACLC film .
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Dichroic/Piezoelectric Properties of DACLC films

DACLC
self-assembly
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The piezoelectric response is linear with
applied voltage, indicative of a
piezoelectric material. The white box was
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Process for rewritable dichroic materials

Laser Heating Supramolecular structure
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DACLC Reconfigurable Optical Polarizers
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DACLC Reconfigurable Optical Polarizers
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DACLC Reconfigurable Optical Polarizers

write pattern 1 erase re-aligned film write pattern 2

oriented film isotropic regions Re-oriented region original state isotropic regions



Controlling Pixel Alignment
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0° hatching angle, varying polarization angle
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Grayscale images

No polarizer l135

Original image




Image encryption

Mask and key stacked
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Conclusions

Demonstration of an optical write/rewrite (OWR) material system comprised of modular, donor acceptor
columnar (piezoelectric) liquid crystals.

Laser-directed assembly combined with the self-healing characteristics of DACLCs provide for limitless
rewriting.

High dichroic ratio provides analogue-like readout. Using polarization-dependent transmittance coupled with the
ability to define the input polarization orientation increases the possible permutations for a patterned area—
advantageous for data storage, authentication and cryptography applications.
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