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Abstract

Various types of dynamic optical devices have been presented to march in step with the
rapid progress in information technology needing very fast response time which can show
real-time reconfiguration. For instance, optical switches such as image integration
components in 3-D displays, beam-steering, and optical interconnects should be
electrically reconfigurable to tune optical properties during very short time and then,
dynamic lens in them is needed unavoidably as a optical modulator which can control
continuously light intensity through tuning of focal length. To perform the function as
optical modulator, microlens array has been combined with liquid crystal (LC) materials
which can be controlled electrically by large electro-optical anisotropy [1]. However,
those approaches have a high operating voltage and relatively a long focal length due to
the limited moving range of LC under electric field. So we have proposed a new type
dynamic lens array technology, which composed a polymer lens and two serial LC layers
of a static solid-liquid crystalline phase (for focusing) and a dynamic liquid crystal phase
(for modulation of polarization) as shown in Fig. 1 [2]. It has many merits such as low
driving voltage and relatively a short focal length. The switching time of it, however,

may be not sufficient to be applicable optical systems with real-time reconfiguration due

“to the intrinsic speed of nematic LC.

In this paper, we present the electro-optical characteristics at dynamic lens array
system with smectic LC designed for a fast switching time. The lens array system is
composed of a dynamic LC layer [DLCL] and a static liquid crystalline polymer layer
[SLCPL] with large optical anisotropy on the concave microlens structure made of the
UV curable polymer. The incident light is focused or defocused depending on the
polarization state at SLCPL. As an optical description, incident light becomes a linear
polarized light by polarizer and DLCL (smectic liquid crystal) set at half-wave
retardation rotates the polarization direction of the light. Under electric field with plus
polarity, the optic axis of DLCL is rotated by 45° and then, the incident linear
polarization is rotated by 90°. Consequently the linear polarization is parallel to the
direction of extraordinary refractive index of SLCPL and then, the light converges due to
the larger refractive index of SLCPL than that of the lens. On the other hand, under
electric field with minus polarity, the optic axis of DLCL is coincident with the incident
linear polarization direction, and then, the incident linear polarization is not rotated to any
direction. Consequently the linear polarization is parallel to the direction of ordinary
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refractive index of SLCPL and then, the light diverges due to the smaller refractive index
~ of SLCPL than that of the lens.

To obtain the fast switching time and continuous rotation of polarization, we used a
commercial FLC Felix 016-100 (Clariant) that exhibits a smectic C phase and FLC Felix-
. 020 (Clariant) with electroclinic effect as the optical LC modulator. Experimental manner

- for fabrication follows the previous paper [3].

As a result of experiment, Flg 2 shows indirectly a tunable focal intensity controlled
clectrically, as illustrated by image of focused spot at fabricated dynamic lens array
system with the smectic LCs. Their switching times were measured under 100 us
sufficient fo real-time reconfigurable optical system. More detailed description will be
- done at the scene of the presentation by author of this paper.
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Fig. 2. Images of focusing pattern depending on voltage
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