1-2　Cameras
　We are researching imaging systems and sensors for full-specification 8K Super Hi-Vision cameras. 

■8K full-pixel single-chip color imaging system

　Our goal is to make a practical camera for shooting full-specification 8K video. This year, we made progress on compact single-chip color imaging systems.
　A full-specification 8K video image contains 33 megapixels worth of color information for each of the red, blue and green channels. The previous 8K cameras had prisms to separate incoming light onto three 33-megapixels-sensors. Although a single-chip imaging system could dispense with the prism and result in a much less bulky camera, conventional sensors with 33 megapixels did not have enough pixels to reach the same level of resolution as a three-sensor system. As a remedy, we developed a single-chip color imaging sensor with 133 megapixels in FY 2012(1) (Figure 1). In FY 2014, we succeeded in driving the sensor at a 60-Hz frame frequency. Video captured by the sensor was exhibited at the NHK STRL Open House.
　Fast signal processing and a large-transmission capacity are needed for handling video with many pixels. We developed a signal processing device that can handle full-resolution 8K video in real time and a compact optical wavelength division multiplexing device capable of transmitting signals over a single optical fiber. We aim to incorporate these devices into future cameras. 
　We studied a way to suppress fixed pattern noise, whose amplitude varies depending on the signal level of the image sensors. We fabricated a prototype circuit that suppresses the level-dependent noise in real time. We also prototyped a signal processor that can dynamically suppress image shading, which fluctuates according to lens parameters such as F value and focal length. 

　


Figure 1. 133-megapixel image sensor

■Back-side-illuminated pixel structure image sensor

　We are researching a back-side-illuminated single-chip color image sensor for a full-specification 8K color camera.
　In FY 2014, we designed an evaluation image sensor with back-side-illuminated pixel structure that has in excess of 33 megapixels and operates at a frame frequency of 120 Hz or higher. The back-side-illuminated structure has higher sensitivity than a front-side-illuminated one. The sensor also has pixel units and signal processing units arranged in a three-dimensional stacked structure to enable operation at a high frame rate. For the pixel unit, we used a nanofabricated semiconductor process having a 65-nm design rule and set the pixel size at 1.1 μm. To convert analog signals into digital ones, we designed a three-stage cyclic A/D conversion circuit capable of pipeline operation. Circuit simulations showed that the new design could reduce A/D conversion time to 0.92 μs, half that of conventional designs. We enabled the sensor to operate at 120-Hz or higher frame rate by arranging the A/D conversion circuits in parallel inside the sensor. 

■Full-specification 8K reference camera

　We have been studying ways to increase the sensitivity of the full-specification 8K image sensor (120 Hz, 33 megapixels) we fabricated in FY 2012 and developing cameras that use the sensor.
　We prototyped a new image sensor with 3.2-μm pixels that uses a nanofabricated semiconductor process having a 65-nm design rule. The sensor has 2.1 times the sensitivity and 1.8 times the full well capacity of the sensor we developed in FY 2013. We also increased the bit depth (the number of bits) of the sensor’s A/D conversion circuit from the previous 12 bits to 14 bits. 
　We prototyped a full-specification 8K reference camera(2) that incorporates this sensor and a new color separation optical prism for a wide color gamut. This camera can handle the upmost 8K video format (33 megapixels, 120 Hz, wide color gamut) and has a built-in U-SDI optical interface compliant with the ARIB STD-B58 standard (Figure 2). 
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Figure 2. Full-specification 8K reference camera

■Compact 8K single-chip color camera

　We developed a compact 8K single-chip color camera (cube-shaped camera) that uses the 120-Hz full-specification 8K image sensor that was adapted to the single-chip color format. The camera has two 60-Hz signal processing devices (CCUs) that work in parallel. This enables a high mobility 8K/120-Hz video shootings and recordings(3). The camera was used to shoot soccer games at the 2014 FIFA World Cup Brazil (Figure 3). The captured video was screened at the IBC and other international exhibitions, and the footages demonstrated the effectiveness of shooting in 8K/120 Hz for sports content.
　We cooperated with Shizuoka University in developing the back-side-illuminated sensor and the 33-megapixel, 120-Hz sensor
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Figure 3. 8K/120-Hz shoot at the 2014 FIFA World Cup Brazil
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