by Jennifer Ouellette

Digital Displays with Micromirror Devices

digital micromirror device (DMD),
which is already being used in the
printer and display industries, may prove a
critical element in bringing together comput-
ers and television. Developed by scientists at
Texas Instruments (TI) over the last two
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In single chip, DMD-based projection TV,
when blue light from the rotating color fil-
ter illuminates the array, each micromirror
is synchronized to reflect the appropriate
blue pattern toward the screen. This is fol-
lowed by a green pattern, then red, and
then back to blue. Hence a full-color mov-

ing image can be projected on the screen.

decades, it is a promising alternative to cath-
ode ray tubes (CRT) and projection systems
based on liquid-crystal displays (LCDs).

The brainchild of Larry Hornbeck, a solid-
state physicist and TI fellow, the DMD is an
advanced microelectromechanical system, a
digital light switch mounted on a silicon chip
that contains the circuitry needed to address

individual switch elements. The switch,
which is 5/8 in. on a side, typically contains
more than 442,000 aluminum mirrors, each
16 wm wide. Each mirror is rigidly attached
to a yoke, and the mirror and its yoke lie
above a memory cell, whose state determines
the mirror’s position. Electrostatic fields
developed between the memory cell and the
yoke and the mirror cause the mirror to
rotate 10° to either side of its “parked” posi-
tion, reflecting light into or away from an
imaging lens.

The DMD’s electrodes, hinges, posts,
yokes, and mirrors are formed in a multilayer
thin-film stack, which includes a sacrificial
layer that is removed by plasma etching dur-
ing back-end assembly, freeing the mirrors.
As with any semiconductor manufacturing
process, special attention is required to avoid
particle contamination during fabrication
and device assembly. Packaging is another
important consideration, since the package
must protect the chip from the environment
and yet allow signal and power connections
to be made to the chip.

The DMD was conceived in 1977 when TI
won a government contract to build an ana-
log light modulator for area array optical pro-
cessing. The prototype modulator, intro-
duced in 1981, was a deformable mirror
device based on a metallized membrane.
“The idea was optical correlation, to be able
to look at an area array scene and process it
in parallel,” said William Nelson, technical
director of digital printing systems for TI's
Digital Imaging Division. Later the mem-
brane was replaced by an array of cantilever-
beam mirrors, mirrors connected by hinges
to supports.

By 1985, Nelson’s group was experiment-
ing with printing applications for the can-
tilever-beam device. “It didn’t seem like we
would be able to get enough light for display
applications, given the optical limitations we
had at the time,” said Nelson. The effort led
to the development of a ticket printer for
commercial airlines, who were looking to
move from carbon-copy ticketing to high-
speed, high-resolution printing. This proved
to be an ideal venue for the DMD device,
according to Nelson.
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The focus shifted in 1989, however, when
TI received a $10 million grant from the
Defense Advanced Research Projects Agency
(DARPA) to develop projection display sys-
tems. “By then we had figured out how to
build a DMD that was optically very efficient,
and as a result, the displays became quite
promising,” said Nelson. The current DMD
design was invented in 1990, and TI demon-
strated a 640-by-480 pixel projec-
tion-quality display based on the
DMD in 1992.

In a single-chip projection sys-
tem, a condenser lens collects light
from a white light source, such as a
metal-halide or xenon-arc lamp. The
light is directed to the chip at a 20°
angle to its surface and orthogonal
to the rotational axes of the mirrors
in the array. A lens located above
the chip projects an enlarged image
of the DMD onto a screen. When
rotated +10°, mirror elements
reflect the incoming light into the
pupil of the projection lens, pro-
ducing a bright pixel on the screen.

When the mirrors are rotated -10°,
the pixels appear dark.

Today, the DMD technology is
being integrated with TI’s digital
light-processing (DLP) technolo-
gy—including digital signal proces-
sors and memory, software, optical
and electrical components, and an
illumination source—to create a
digital imaging subsystem. Accord-
ing to TI, all stages of image processing
except display have already been digitized.
Images are captured, edited, broadcast, and
received digitally, only to be converted to an
analog format for display. DLP technology
finally brings to displays the advantages of
digital processing.

Currently, the DMD is being touted as a
promising alternative to LCD technology for
standard and high-definition projection tele-
vision (PTV) systems, according to Michael
Mignardi, a senior member of TI’s technical
staff who is responsible for DMD process
and architecture development and product
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engineering. However, Robert Gale, a solid-
state physicist and senior technologist at TI,
cautions that the market advantage depends
on the venue and product in question. “For
laptop computer displays, 1 don’t think we
have an advantage; the [LCD-based] units
are too good,” he said.

Tl is also targeting direct-view flat-wall dis-
plays. Although LCD-based systems are also
being developed for this application, Nelson
maintains that these will be limited to about
39 in. for the foreseeable future, giving the
DMD a slight edge in that market. According
to Gale, Silicon Light Machines (Sunnyvale,
CA) is developing a promising grading light-
valve technology characterized by switching
speeds that approach those of the DMDs, but
the devices are not yet on the market.

The most significant advantage of the
DMD is that it permits the construction of
display devices that accept images from
diverse sources, both analog and digital, and
projects them as high-quality digital images.

But the DMD also makes more efficient

use of light than the com-
peting LCD technology.
One reason is that the
DMD is a reflective device,
whereas LCDs are trans-
missive and absorb some
of the light passing
through them. The DMD
also has a higher fill factor than LCDs; the
closely spaced mirrors reflect up to 90% of
the light from the source. LCDs, on the other
hand, have fill factors lower than 70%; the
remaining light is blocked by the circuitry
associated with the cell. Finally, LCDs are
polarization dependent; this means that 50%
of the light is rejected by a polarizer before it
gets to the LCD.

Because of their high fill factor, DMD
images are also free of scan lines visible in
CRT displays and the “screen-door effect”
typical of LCD displays. U.S. television
images typically consist of 480 scan lines
today—high-definition displays are expected
to use 787 to 1200 scan lines—and LCD pro-

The tip of a straight
pin covers a dozen or
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jectors create noticeably
“pixelated” images. The
DMD microchip, on the
other hand, projects a
much more seamless
picture.

In addition, because the mirror response
is so fast—Iless than 10 usec—gray scale
images can be produced by time-based mod-
ulation of the mirror output—that is, by
dividing each video field into time intervals
or bit times. DMD displays are also flicker-
free, reducing eye fatigue, an important con-
sideration as people begin to spend more
and more time looking at displays.

TI's DMD-based systems are currently
being used in several DLP “branded” projec-
tors manufactured or under development in
13 companies worldwide, including Infocus
Systems, Inc. (Wilsonville, OR), and Proxima
Corp. (San Diego, CA). These range from sin-
gle-chip systems like that described earlier,
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which are designed for consumer and low-
end business applications, to high-end sys-
tems for electronic cinema that include three
DMD chips. According to Mignardi, the sin-
gle-chip approach is practical for most con-
sumer applications because the DMD’s high
light efficiency allows color to be achieved
with a color wheel: as the wheel spins, the
DMD is sequentially illuminated with the
three primary colors. The single-chip systems
are also less expensive and provide pixel self-
convergence.

Introduced in 1994, TI’s DMD-based
High-Definition Projection Display System
creates extremely bright, high-quality, large
images. Due to larger DMDs, the system has
more than five times the pixel density for a
given screen size than a prototype demon-
strated in 1993. Three high-resolution DMD
chips are incorporated into the high-end sys-
tem—one each for red, green, and blue, a
system similar to that employed in most LCD
projection displays. Each device has more
than 2.3 million mirrors measuring 16 wm.

Digital Projection Ltd. (Manchester, Eng-

land) and ElectroHome (Toronto, Ontario)
have developed high-end prototypes of the
three-chip DLP projector systems that are
proving to be quite competitive with LCD-
and CRT-based products, according to Gale.
The company is already shipping “tens of
thousands” of single-chip display systems
designed for typical conference-room presen-
tations, and systems for business and in-
home multimedia applications are expected
to make their debut later this year.

“Now that we're in the race, the challenge
is one of continuous improvement, making it
lighter, brighter, faster, with better color,”
Gale said.

Ultimately, the digital DMD-based display
systems, which can manipulate both digital
computer images and analog television
images, are expected to facilitate the conver-
gence of computers and televisions. Current
display systems cannot present information
from multiple sources simultaneously, but a
DMD-based system would be able to simul-
taneously display computer-generated text,
graphics, games, full-motion video, and

broadcast programs. Gale refers to the devel-
opment of the DMD as a "timely conver-
gence," in which the superior modulation
and display characteristics of the digital
device are conveniently coupled with the
move toward a digital signal-delivery infra-
structure. Not only is the device suitable for
use in applications ranging from wrist radio
displays and virtual goggles to electronic cin-
ema, but with the planned shutdown of the
old analog broadcasts by the FCC in 2005,
high-resolution DMD-based displays with as
many as 2 million pixels on a chip will be
poised to meet market demands.

In fact, Nelson believes that the demand
in the consumer marketplace for digital elec-
tronics will drive the acceptance and eventu-
al dominance of the DMD in the display
industry. "As new, multiple information net-
works emerge, the need to simultaneously
receive and show information from multiple
sources will become a user requirement," he
said. "The technologies that can respond to
this demand are the ones that will prevail
and win out in the marketplace."




