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A Study on New Large Slim Display
Based on the Aspherical Mirror Projection System *

Hideyuki Kanayama

Abstract

This paper describes a new rear-projection display system with a novel aspherical mirror
projection system, in order to reduce the depth of the body. Recently, the large
high-resolution displays are in great demand and flat LCD and PDP-TVs are spreading to
the market. Regarding these flat TVs, in addition to improvement of image quality, a lower
price and lower power comsumption will progress in the near future.

On the other hand, rear-projection display with large screen is known as inexpensive
display as compared with direct view LCD and PDP-TV. Moreover the image qualities
such as brightness, resolution and so on have greatly developed to be watched with
keenest interest. Until now, rear-projection displays with large screen have formed a large
market in the US and this market became to about 6 milloins in 2006 all over the world.
Several years ago, most of the rear-projection display was the so-called 3-CRT’s method,
consisted of high luminosity R,GB’s CRT of 7-inch size, and was projected with the
projection lens from 40 to 70-inch.

Recently, the new rear-projection displays with micro-displays such as LCD and DMD
which consists of small size of less than 1-inch comes into the market and they have come
to show a high quality images. These new rear-projection displays have already larger
markets than conventional projection displays in 2006.

The rear-projection displays with micro-displays have several adavantages compared to
the conventional 3-CRT projections from the point of view of the earth magnetism
insensitive, lower power consumption, and higher-resolution. Therefore, it is expected that
a micro-display rear-projections will grow more greatly with the spread of a Hi-Vision
images.

*Doctor’s Thesis, Department of Information Processing, Graduate School of
Information Science, Nara Institute of Science and Technology, NAIST-IS-DT-0561203,
March 23, 2007.
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The micro-display projections have, however, a marked disadavantage of large depth of
the display set; as for the LCD and PDP-TVs, there is only 10~15cm depth, therefore this
is a big advantage as compared with the conventional direct-view CRT’s TV. On the other
hand, it is necessary for projection display to have a large projection distance to project
images on the micro-display into the screen; the depth is due to this large distance and a
large flat rear-mirror set obliquely, by which light path to screen is bended.

In this paper, considering the above situation, a new projection system using a novel
aspherical mirror projection optical system is proposed in order to realize a thiner depth.
The new system realizes the LC rear-projection display with thiner depth compared with a
conventional projection lens system. At first, aspherical mirror projection optical system is
simulated and analyzed and the following result is found out; it is possible to set the large
flat rear-mirror in the display system vertically by introducing a new aspherical projection
mirror system. As mentioned above, this large flat mirror has been set obliquely in
conventional LC rear-projection display and a large depth has been mostly due to this
oblique mirror. The aspherical mirror is a key-part of this rear-projection display and can
be manufactured for trial to the required accuracy level by the method of resin mold whose
shape and accuracy are simulated and analyzed.

In the newly developed projection system, the whole incident light to the screen
rearches from the skew direction and as a result the brightness of the screen is reduced to a
certain degree. Therefore a new”off-axis screen” is researched and developed to improve
such problem. The screen assembly consists of an off-axis Fresnel lens sheet, vertically
arranged lencicular sheet and horizontally arranged lenticular sheet. By the effect of the
off-axis arrangement, the whole projected light can reach to observers. Moreover the ghost
of images are greatly reduced and the viewing angle is extended compared with
conventional screen.

By using these technologies we carried out development of a thinner LC rear-projection
display with high quality images; the depth is 30cm in 50-inch screen size, which is
thinner than the depth of conventional display of 50cm. Also the other specifications are
satisfactory; the brightness is 450cd/m?, contrast is 500:1 and power consumption is 150
W. The technology of aspherical mirror is significant to push up the rear-projection display
as the third large screen TV.

Key words: LCD, Projection, Rear-projection, Large Screen TV, Aspherical
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