.3　Displays
　We have made progress in our development of displays that can handle full-specification 8K Super Hi-Vision (SHV) video with 7,680×4,320 pixels, a 120-Hz frame frequency, and wide color gamut. We also continued with our research on large, sheet-type displays. 

■Projectors

　We developed a projector capable of displaying full-specification SHV video in cooperation with JVC KENWOOD Corporation. In this projector, three 33-megapixel liquid crystal devices (1.3-inch diagonal) are driven at a 120-Hz frame frequency and laser diodes are used as light sources. The liquid crystal devices are each the same size as a conventional 4K device, enabling downsizing as well as full-specification support. 

■Direct-view displays

　The major challenge for color management in wide-color-gamut SHV video production is how closely the color gamut of the display is to the standard one. As the three primary colors of the SHV wide-gamut system colorimetry lie on a spectral locus, displays should ideally use monochromatic light, such as laser light, as a source. To create a direct-view LCD that can display wide-color-gamut video, we developed a 4K wide-color-gamut LCD that uses laser diodes for the backlight source and color filters with reduced crosstalk of their spectral transmittance. 
　Meanwhile, non-laser light sources would have better cost performance. With this in mind, we conducted color gamut simulations based on the characteristics of existing color filters and of non-monochromatic light such as the recently developed quantum dot LEDs and demonstrated the feasibility and design guidelines of wide-color-gamut displays(1). 

■Sheet-type display technologies

　We are researching large, lightweight, and flexible sheet-type displays that can be rolled up and used in the home for showing 8K SHV. In FY 2014, we studied key technologies for such displays: organic display materials and devices; thin-film transistors (TFTs) for driving active matrix displays; and display panel fabrication techniques using plastic film substrates.
　We are researching new organic device structures and materials that extend the operating/storage lifetime and reduce the power consumption of flexible OLEDs. The greatest challenge in applying OLEDs to flexible displays is deterioration due to oxygen and moisture. The deterioration is particularly evident on a flexible plastic substrate, which has poor barrier performance. To address this issue, we are researching inverted OLED (iOLED), which is more resistant and long-lasting as it uses only atmospherically inert materials. In FY 2014, we evaluated its operational stability(2). We developed a new electron injection layer combining zinc oxide and organic materials, which made it possible for iOLEDs to have a long enough lifetime even when they are continuously on. This new iOLED was developed in cooperation with Nippon Shokubai Co., Ltd. 
　We also developed an inexpensive and efficient long-lifetime phosphorescent OLED device. We clarified the light-emitting mechanism and identified a emitting layer structure suited for practical applications(3). In particular, the layer uses only one-sixth of the expensive phosphorescent materials including rare metals that a conventional device uses(4). This will reduce the cost for device development and lead to early implementation of practical phosphorescent OLED devices. Part of this research was a project commissioned by the Ministry of Internal Affairs and Communications, titled “R&D on highly efficient and stable organic light-emitting device toward the realization of ultimate power-saving display.”
　We are developing oxide thin-film transistors (TFTs) with a high carrier mobility that can be used as driving elements of large sheet-type OLED displays. In FY 2014, we developed a back-channel etched (BCE) TFT that can reduce the parasitic capacitance and shorten the channel length for high-speed driving. So far, it has been difficult to fabricate a BCE TFT using the conventional oxide semiconductor material In-Ga-Zn-O (IGZO) because it contains gallium oxide (Ga2O3) which has a low tolerance to the acid etchants used in microfabrication of metal electrodes. In contrast, we succeeded in fabricating a BCE TFT that uses In-W-Zn-O (IWZO), which contains the more resistant tungsten(5). Its carrier mobility as estimated from current-voltage characteristics is 14 cm2/Vs, higher than conventional TFTs using In-Ga-Zn-O. We also studied a new device structure to improve the characteristics of the BCE TFT using IWZO. We increased the carrier mobility to 20 cm2/Vs by changing the semiconductor layer to a double layer (stacking two semiconductor materials with different composition ratios). The double layer structure was shown to increase the BCE TFT’s carrier mobility. 
　In our research on display-panel fabrication techniques, we made an eight-inch VGA (640×480 pixels) panel incorporating iOLEDs on film substrate that are stable in air below 160 °C. The fabricated oxide (IGZO) TFT array had a carrier mobility of about 7 cm2/Vs, and its driving performance was uniform across the screen. The panel was also very thin (0.3 mm thick), very light (15 g), and bendable. The results of these studies indicate that iOLEDs can be used in flexible panels. 

　


Table 1. Comparison of SHV projectors
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Figure 1. Flexible displays incorporating iOLEDs
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