2.2　Display devices
■Spatial light modulator driven by spin-transfer switching

　We are researching electronic holography to realize a spatial imaging form of three-dimensional television that shows natural 3D images. Displaying the 3D images with a wide viewing zone requires a spatial light modulator (SLM) having a very small pixel pitch, an extremely large number of pixels, and high driving speed. We are developing a spin-transfer SLM (spin-SLM) for minute pixels less than 1 μm in size(1). The spin-SLM can modulate light by using the magneto-optical Kerr effect, in which the polarization plane of reflected light rotates according to the magnetization direction of the magnetic materials in the pixel. The magnetization direction is controlled by the direction of the current in the pixel, and this is called spin-transfer switching.
　In FY 2014, we designed and fabricated a controller that manipulates the pixels of the SLM that we prototyped in FY 2013. The SLM has a metal oxide semiconductor (MOS) transistor unit for each pixel, which is composed of a source, a gate, and a drain. The drain is connected with a light modulation unit. The light modulation unit uses a tunnel magneto-resistance (TMR) light modulation element(2) to enable low-current operation. An electrode that is transparent to the input and output light is placed in the upper part of the light modulation element (Figure 1). The TMR light modulation element consists of three layers: a pinned layer made of multi-layer film of terbium-iron-cobalt (Tb-Fe-Co) and cobalt-iron (Co-Fe) alloys; an insulating layer of magnesium oxide (MgO) film; and a light modulation layer of gadolinium-iron (Gd-Fe) alloy film. We found that the controller could switch the magnetization direction of an arbitrary pixel using external electric signals and display a white/black pattern of the pixel. This was the first successful demonstration of a spin-SLM with active-matrix (AM) driving. We also designed and prototyped an AM driving circuit for the spin-SLM with smaller pixels.
　We fabricated an ultra-high-density magnetic hologram (with a 1 μm pixel pitch and 10k×10k pixels) using patterned magneto-optical materials to verify the feasibility of displaying 3D images with this technology. We confirmed that the 3D image could be reproduced with a viewing-zone angle of 37 degrees and that the reproduced image could be turned on and off by applying an external magnetic field to the hologram.
　This research was supported by the National Institute of Information and Communications Technology (NICT) as part of the project titled “R&D on Ultra-Realistic Communication Technology with Innovative 3D Video technology.” 

　


Figure 1. Schematic illustration of AM driving TMR spin-SLM structure

■Beam steering device

　For a future integral 3D display without a lens array that would have much higher performance than one with a lens array, we are developing a new beam steering device that can flexibly control the direction and shape of light beams. We previously verified that sub-micron-sized dielectric structures can deflect a light beam in a designated direction through simulations and experiments on a prototype device(3). In FY 2014, we began a study on optical waveguides using electro-optic materials that change the refractive index by applying an external voltage in order to make an optical device capable of active control of the direction and shape of light beams. Two kinds of devices were examined, a slab optical waveguide that confines light in a plane and a channel optical waveguide that confines light in a micro space. We developed a light wave propagation simulator to analyze the operation of the optical waveguides, and quantitatively analyzed the phase shift of light within the waveguide when a voltage is applied. We simulated the characteristics of the deflection angle and beam spread angle of output light beams when multiple channel optical waveguides are configured in an array. We also evaluated the characteristics of the fabricated slab optical waveguide.
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