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Abstract 

In June 1999, Texas Instruments partnered with Lucasfilm 
to premier the first fully digital release of a major motion 
picture. “Star Wars: Episode 1 - The Phantom Menace” 
was shown at two theaters with DLP CinemaTM projection 
technology. Subsequently, field trials of DLP CinemaTM 
prototype projectors have been conducted in over 40 
theaters in the U.S., Canada, Europe and Japan, with an 
audience of over 2.5 million. Results of these field trials are 
currently being incorporated into designs for volume 
production.  

Key to the performance of DLP CinemaTM projection 
systems is the linearity and stability of the DMD. The 
DMD’s method of accurate digital data display is described 
and in-theater measurement data is presented. The system 
stability and linearity are then utilized in the development of 
a color management methodology for the distribution and 
playback of content. This paper provides an overview of 
DLP CinemaTM projection technology, with emphasis on 
color management and signal processing. 

Introduction 

Texas Instruments (TI) has worked closely with the movie 
studios and industry to develop a digital cinema projection 
and distribution solution. A field demonstration program 
was developed to understand and define these requirements. 
TI has currently deployed over 40 prototype projectors into 
postproduction facilities and theaters around the world. This 
demonstration project encompassed not only the display of 
material in theaters, but also production and digital 
mastering, the delivery of the digital material to theaters, 
and the storage and playback of this material. 

The field trials have been utilized in the presentation of 
over 32 films, including Toy Story II, Jurassic Park III, The 
Perfect Storm, and Shrek. The DLP CinemaTM field trial 
systems have operated on the regular show schedule, 
(between 5 to 7 shows per day), using existing theater 
personnel. To date over 33,000 showings have been 
presented to more than 2.5 million theater patrons.  

The DMD 

The heart of the DLP CinemaTM projection system is the 
DMD chip. The DMD is an electromechanical device 
containing over one million individually addressable 
mirrors that operate in a bi-stable mode to switch light on 
and off. The structure of two mirrors is shown in Figure 1. 
 

 

Figure 1. Structure of 2 mirrors on the DMD. 

 
The bi-stable mode of each individual pixel is 

controlled using underlying conventional 5-volt CMOS 
circuitry. The superstructure of each pixel is built over the 
CMOS circuitry using conventional semiconductor 
processes. This CMOS circuitry provides one simple 
function: the fast and precise rotation of each micromirror 
through angles of +10 and -10 degrees.  

Figure 2 illustrates the optical switching action of the 
mirrors. When the mirror rotates to its on state (+10 
degrees), light from a light source is directed into the pupil 
of the projection lens and the pixel appears bright on a 
projection screen. When the mirror rotates to its off state  
(-10 degrees), light is directed out of the pupil of the 
projection lens to a light absorber and the pixel appears 
dark. Thus, the optical switching function is simply the 
rapid directing of light into or out of the pupil of the 
projection lens. 

This bi-stable switching of light into or out of the pupil 
of the projection lens by the DMD is then used to produce 
the appearance of grayshades by modulating the light using 
pulse width modulation (PWM) techniques. The use of 
PWM techniques results in the transfer function of the 
device, (from input signal to light output), to be linear.  
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Figure 2. Optical switching characteristics of the DMD pixels. 

 

Prototype Projector 

The prototype projectors were designed to utilize existing 
equipment wherever possible in order to minimize the 
impact to theater installations. The projection head was 
designed to mount on a standard theater lamp housing. The 
DLP CinemaTM projection head simply takes the place of the 
existing film projector. Figure 3 is a photograph of a typical 
prototype projector configuration. 

 

 

 

Figure 3. DLP CinemaTM prototype projector 

 
For the projection head to be mounted on a standard 

lamp housing, the light path into the projector must be 
designed to be inline with the output light path of the 
projection lens. To accomplish this, the light is directed 
inside the projection head using fold mirrors and total 
internal reflection (TIR) prisms. An optical integrator is 

included in the light path to provide a highly uniform image 
display.  

The TIR prism is also used to split the light into the 
three component colors: red, green, and blue, which are 
then individually modulated by three 1280x1024 DMD’s. 
This color splitting TIR prism assembly was modified to 
increase its thermal stability to insure its performance at 
high illuminance levels over extended periods of time. 

In order to produce the wide image aspect ratios of 
cinematic presentations using 5:4 aspect ratio DMD’s, new 
anamorphic projection lenses were developed by TI. For the 
academy standard flat 1.85:1 presentations, a 1.5:1 
anamorphic lens was developed. For CinemaScopeTM 
presentations of 2.35:1, a 1.9:1 anamorphic lens is used. 

The DMD has been used in applications requiring from 
1000 lumens to over 15,000 lumens. The DMD has not 
been the limiting factor in increased power handling 
capability. Other optical elements, such as lenses, typically 
limit usable power levels. 

The DMD at 1280x1024 has been compared to film in 
terms of resolution and sharpness of the produced pictures. 
Several side-by-side comparisons of the DLP CinemaTM 
projector and film have been conducted. Observers are 
surprised at the level of sharpness exhibited by the 
DMD-based system. An explanation for this phenomenon 
can be seen in a comparison of the modulation transfer 
functions (MTF) of the DLP CinemaTM projector and film. 
Figure 4 shows a comparison of typical MTF data from a 
release print, (MTF only, not projected), and the DLP 
CinemaTM projector. For this comparison, the lp/mm are 
normalized to film at 0.825” x 0.446” frame (flat) and both 
the vertical and horizontal DMD resolutions are shown. The 
vertical MTF is higher than the horizontal resolution due to 
the anamorphic lens used in the system. It can be seen that 
in the 10 to 30 lp/mm region, the DMD-based system 
outperforms the print film.  
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Figure 4. MTF Comparison of DLP CinemaTM and film 

 
An expanded color gamut, compared to standard DLPTM 

products, was needed to achieve the colors required by a 
theatrical motion picture. An additional yellow notch 
dichroic filter was inserted into the optical path. 
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