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A Study on a New Video-image Projection System

based on a Diffraction Grating Technology**

Y asuo Funazou

Abstract

A new projection sysem of the sngle-LC pand is described using a novd diffraction grating
technology. Recently large hightresolution displays are in grest demand, and flat TVs usng PDP ad
direct viewing LCD are coming into the market. In order to spread widely as TV for the consumer
market, it is necessary for TV markersto redize lower cost and lower power consumption in addition to
improve image qudity.

On the other hand, LCD projection for display with large screen szeiswell known to be inexpensive
compared with the cogts of PDP and direct viewing LCD. Moreover the image qudlities such as
brightness, resolution and so on have gredtly developed to be watched with keenest interest. The
conventiond LCD projection however uses smdl three LCD pands and the Structure of the optical
system is complex and expensive because the white light from lamp is separated into three primary
colors to introduce three LCD panels and then is recombined to be projected by lens. Even this
conventiond LCD projection is thought to be insufficient in cost for wide spread of large screen TV as
consumer use.

In this paper, consdering the above dtuation, a new projection system is proposed with a nove
diffraction grating device for color separation; a smple optical system can be redized by this novel

Doctor's Thes's, Department of Information Processing, Graduate School of Information Science,
Nara Ingtitute of Science and Technology, NAIST-1S-DT0361210, Sep. 22, 2005.



diffraction grating device and then LCD projection “Color Grating Method” is constructed with single
LCD panél.

A diffraction grating device can make a spectrum of light and has been used as a spectroscope.
Especialy the reflection grating device of blaze type has alarge advantage for LCD projection from the
point of view of concentrating the diffraction light into the light with a certain diffraction order, the high
efficiency of reflection, and good reliabilities on heat- and light-resistance. However two subjects ill
exigt to apply the diffraction grating to LCD projector; one is high diffraction efficiency over visble light
region (400~700nm), and  second is the optimization of parameters of the device and angles of incident
and diffracted lights.

In the firg place, a diffraction grating device is Smulated by supercomputer to design and to optimize
the parameters with “boundary element method” which has been used to anayze a phenomenon
occurred between two media. As a result of the smulation, the high efficiency of about 80% can be
obtained over the vigble light region. A diffraction grating device is manufactured actudly for tria to
confirm the detailed size of parameters of the device obtained by the above smulation.

Second, a Smple optical system of polarization converter is developed by using a new prism-array,
which condgts of several amal prisms. The prismarray combines two orthogond polarized lights,
thereforethis opticd system can utilize efficiently luminosity of alight source

The 40-inch LCD rear-projection display based on these technologies redizes the images with the
brightness of 400cd/n, horizontal resolution of 600T\~lines, and the power consumption of 200W. The
LCD projection system using diffraction grating technology is thought to be superior to the other

displays with large screen from the point of views of lower cost and lower power consumption.

Key words: LCD, Projection, Diffraction Grating, Large Screen TV
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