Micropatterning in bistable cholesteric device
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Abstract. In this work, the method to form bistable patterning in a cholesteric cell with
Bragg’s reflection in the visible spectral range is demonstrated. To reach that, we used a
Si/810, structure in which a potential relief on SiO, surface is induced due to enrichment
and depletion of required form areas of the silicon near-surface layer during external
electric field action. The patterning of enrichment is determined by the positive charge
embedded into SiO, film, which is formed by thermodiffusion of aluminum atoms.
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1. Introduction

Cholesteric liquid crystals (CLCs) possessing Bragg’s
reflection in the visible spectral range are utilized in a
variety of polarizerless bistable displays [1, 2]. There are
also a good perspective of application of Bragg’s
cholesterics in electrically driven diffraction gratings,
dye doped LC lasing with periodic patterning. In the
latter case, a flat phase-locked laser can be developed.

In order to realize unique properties of Bragg’s
cholesterics in applications, it is necessary to develop an
effective micropatterning of the LC layer. Such methods
of surface treatments as photoalignment [3, 4], ion
bombardment [5], AFM scanning microscopy technique
[6], tilted plasma [7], self-assembled gels and networks
[8] give good results for alignment and patterning the
nematics or cholesterics having large helix pitch but
absolutely unsuitable for patterning the Bragg
cholesteric with reflection in the visible spectral range.

In currently Bragg devices, a conventional indium-
tin oxide (ITO) clectrode patterning is used. However,
ITO patterning has some disadvantages associated with
the appearing relief. The ITO surface relief can play a
role of a source of light wave diffraction that impairs
particularly a performance of diffraction grating, LC
wave guides, lasing in LCs.

It is well known [9, 10] that Si/SiO, structures are
often used as a photosensitive part of liquid crystal
spatial light modulators (LCSLM). A photosensitive
state of Si/Si0O, structure is achieved using the external
electric field due to the so-called field effect. In this
state, there is a depletion of major carriers within the

near-surface layer of silicon, and, accordingly, the
electric resistivity of this layer increases. The Si/SiO,
structure transforms the written light distribution to the
potential relief on the SiO, surface owing to non-
equilibrium carrier generation within the depleted layer.
In accordance with this potential relief a LC director
reorients and modulates reading light in LCSLM.

SiO, dielectric film in the Si/SiO, structure
performs at least two functions. First, the SiO, film
prevents charge carriers to transfer from LC into silicon
that enables to form a depleted layer. Second, this SiO,
film plays a role of a dielectric mirror which reflects
reading light in LCSLM.

This work shows that the issue of reliefless
patterning for a cholesteric cell with Bragg’s reflection
can be solved by means of using the Si/SiO, structure
with an embedded quasi-clectrode within the SiO, film.
The ion charge formed in the SiO, film due to
thermodiffusion of aluminum atoms plays a role of a
gate that permanently enriches the silicon near-surface
layer. During control pulse action, the patterned quasi-
electrode prevents depletion of the silicon near-surface
layer, whereas in the rest part of silicon there observed
an electron depletion.

2. Experiment

In our experiment, as a Si/SiO, structure we used a
silicon substrate of the n-type with the specific resistance
4.50hm-cm containing p'-pockets. On the silicon
surface, the diclectric amorphous SiO, film was
thermally grown with the thickness of 0.4 pm.









the rewritten patterned areas with Bragg’s reflection in a
cholesteric cell.
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