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Introduction

In this information age, we are surrounded by comprocess to digital television transmission. As the U.S.
puters, faxes, modems, pagers, and cellulambarks on a multi-year transition to digital high-
telephones. These products all rely on digital techdefinition television (HDTV), DLP brand products
nology. More recent advances have produced digitalill be uniquely positioned as the only all-digital
cameras, digital camcorders, digital satellite systemdDTV projection display systems available to bring
(DSS), and the widely anticipated digital video diskviewers the best possible image quality. With DLP,
(DVD) players, which play digital source materialconsumers can enjoy the same life-like video real-
of unprecedented image quality. And of course, whism that the compact disc brought to the audio
could forget the Internet, the seemingly endless fandustry more than 15 years ago.

rum of digitized information. Before long, digital
VCRs will make their way into the homes of mil-

lions of consumers, offering yet another digitalln 1991, Texas Instruments formed its Digital Im-
solution. aging Venture Project (DIVP) to bring the radically

new DLP technology to the marketplace. During the
Although many of us realize the benefits of this diginex; 5 years, Texas Instruments took DLP from re-
tal technology, the majority of video displays arésearch project to commercial production. In 1996,
still based on the old analog cathode ray tube (CRTjhading manufacturers brought DLP to the market
which recently celebrated its 100th anniversary. Whys the world’s only digital projection systems. To-
would someone want to go to all the trouble of pregay there are world class projectors available for a
serving digital video and graphic data only t0 havgide variety of applications that range from confer-
it converted to analog before it is viewed? Digitalence rooms, classrooms, and home theaters to sports

Light Processing (DLP) offers a solution to this arenas, auditoriums, and commercial theaters.
problem of unrealized image quality potential. DLP,

invented by Texas Instruments, is the new digitaPigital Light Processing (DLP)

display technology. It is the final link in the chain\when we compare DLP to today’s display technolo-
that makes possible a completely digital video ingjes, it's easy to see why DLP has a promising future.
formation structure. This is especially important agecause the technology is digital, DLP is able to
TVs and PCs converge to provide central informareproduce life-like color images with precision ac-

tion and communication media windows. curacy. Seamless picture reproduction, high

On April 3, 1997 the Federal Communications Comprlghtness, inherent reliability, the ability to show

mission (FCC), along with the major networks,PC graph|c§ and TV video, and other DLP advan-
. ) . . _tages are discussed below.
officially kicked off a plan to begin the conversion

Background

™DLP is a registered trademark of Texas Instruments Incorporated
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How DLP Works light into the stands. All the fans in one area of the
Texas Instruments DLP display technology digitallystadium are asked by the announcer to hold up the
manipulates (or processes) light to produce film-likereflective seat cushions that were in their seats be-
all-digital images. DLP integrates a projection lamgore the game. Each reflective cushion has a
and an electronic video signal from a source sudtifferent number on the back. The announcer asks
as a VCR or computer, and the processed light prgou to tilt your seat cushion so that the light from
duces an all-digital picture. the spotlight reflects directly up to the blimp each

_ . _ time your number appears on the scoreboard screen.
The key to this complete digital process is the Texag yq,r number is not displayed, you are to tilt the
Instruments Digital Micromirror Device (DMD), & ¢;ghjon away from the blimp and direct light down

thumbnail-size semiconductor light switch. They, yha field. Each fan in the stands now controls a

DMD consists of an array of thousands of miCroyyq| of jight. You can imagine that if some fans

scopic-size mirrors, each mounted on a hinggsfiect the light toward the blimp, an image of some
structure so that it can be individually tilted backgy il appear on its side [Figure 1(a)].
and forth. When a lamp and a projection lens are

positioned in the right places in the system, DLMNow imagine a viewer looking toward the stadium
processes the input video signal and tilts the miand the blimp from a remote distance [Figure 1(b)].
rors to generate a digital image. When looking at the blimp, he or she will see an

image on the side of the blimp that is generated by

Imagine that youare in a_footbgll stadium_ at nightye sports fans tilting their reflective seat cushions
and it's half-time. All the lights in the stadium are4 4 reflecting light onto the side of the blimp.
turned off; there is a blimp floating a few hundred

feet above the field. As part of the half-time show, #LP technology accomplishes this same task, but it
powerful spotlight placed at the 50 yard line blastsloes so by processing light that is focused onto the

(b)

Figure 1. Fans in a stadium reflecting light toward a blimp.(a) Light is projected from a spotlight toward fans in %\je

stadium. When cued by a numbered signal, these fans hold up their reflective seat cushions and tilt them towarnd or away
from a blimp. By doing so, the fans in the stadium are reflecting pixels of light toward the blimp. The result is that the light
pattern created by the seat cushions projects an image onto the surface of the blimp. (b) A distant viewer sees the image on
the blimp.




DMD (Figure 2). At speeds greater than 1,000 timeseproduces these images in a virtually seamless fash-

per second, the mirrors are electronically tilted. Lighion. The picture appears seamless because the
from a lamp is digitally reflected from the DMD, pixels used in a DLP system have very tiny sp

through a projection lens, and onto a screen. Coltetween them—21 micrometer gaps, to be exact.

mirror
aces
This

is added through a color wheel filter system. gives DLP afill factor, or active area, of approximately
90%. In other words, DLP comes closer than any other

Seamless Picture
Besides being able to generate images digitally, DLiRput video or graphic signal (Figure 3).

(a) (b)
Figure 2. DLP system operation(a) In much the same way the image was formed on the side of the blimp, DLP
images for video. Shining light on the DMD and tilting the mirrors creates a digital image. Color is added by placir

amount of time required for each color. At any given instant, only one of the primary light colors is hitting the DN
when the filter system spins fast enough, the colors blend to create a full-color digital image. (b) A viewer sees an
the screen from a DLP projector.

LCD DLP

(a) (b)
Figure 3. Actual photographs of (a) liquid crystal display (LCD) pixels and (b) DLP pixelsProjected images are mag
up of thousands of small pixels; DLP pixels (b) are more uniform and more closely spaced than the polycrystallin
(poly-Si) pixels seen in view (a). Based on a superior pixel structure, DLP offers a higher fill factor and bette
quality.
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Figure 4. Photograph used to demonstrate DLP’s seam}
less picture.This digitized photograph of a polar bear was

Using a super video graphics adapter (SVGA) DLP
projector (800x 600 pixels) and a leading SVGA
liquid crystal display (LCD) projector, the photo-
graph of a polar bear (Figure 4) was used to illustrate
DLP’s superior image quality. Figure 5(a) shows the
pixelated screen-door effect common to LCD pro-
jectors. The screen-door effect is gone when the
image is projected with a DLP projector [Figure
5(b)]. Rather than looking at an image as if it were
behind a screen door, the viewer sees a seamless,
digitally generated and projected image. Although
the resolution, or number of pixels, is the same in
each photograph, DLP has a higher perceived reso-
lution because of its seamless advantage.

High Brightness

Because DLP is a reflective technology, it is far more
efficient than the competing systems. This means

projected with both a DLP and an LCD projector to illustrpte that more light gets from the lamp to the screen—

the seamless, film-like picture quality of DLP (Figure 5).

an extremely important factor in high-brightness
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Figure 5. Actual close-up photographs of both (a), an LCD-projected image, and (b), a DLP-projected imagen
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SVGA poly-Si projector (a) was compared to an SVGA DLP projector (b). The photographic image of the polar|bear in
Figure 4 was displayed on both projectors. The LCD and DLP photos shown here were taken under the same donditions,
with each projector being optimized for focus, brightness, and color. Note the high level of pixelation in the LCIp photo
compared to that of the seamless DLP photo. DLP offers superior, seamless picture quality because of the high fill factor

and close spacing of DMD mirror pixels.




applications. In fact, thermal models predict that foAmorphous Silicon LCD
a three-DMD super-extended graphics adaptékm_sj | cDs are built by depositing transistors on

(SXGA) projection system (1,2801,024 pixels),
10,000 on-screen lumens can be achieved.

Reliability

a large glass substrate. A transistor is located in the
corner of each pixel while a thin conductive grid
connects to each pixel on the panel. Pixels are made
up of three individually controlled sub-pixel strips

DLP systems have pass_ed a series of environmenﬁaéd green, and blue) to create a pixel capable of
and regulatory.tests to S|mullate thermal Sr_‘OCk’_te"broducing many color combinations. Am-Si panels
perature cycling, mechanical shock, vibrationgre ysed to create single-panel projectors, but these

Most reliability concerns are focused on the hingegjge-py-side sub-pixel color scheme.

that tilt the mirrors from one position to another. Ti
test reliability, DMDs were subjected to accelerate
life cycle tests simulating approximately 20 years
of use. Inspection of the devices after the testin
showed no broken hinges on any of the device
Texas Instruments has completed thousands of hoy
of life cycle and environmental testing to concludg

that the DMD and DLP systems are inherently relit

able.

Other Display Technologies

In addition to DLP, there are three other primary
display technologies: amorphous silicon (am-Si
LCD, polycrystalline silicon (poly-Si) LCD, and

cathode ray tube (CRT).

LCDs

An LCD acts as a light shutter. It can be best unde
stood as a mechanism capable of modulating (
controlling the amount of polarized light that can be
transmitted through the panel. Improvements in LCD|
have led to increases in transmissivity (light through
put), but LCD technology is still limited to an analog
architecture. Am-Si and poly-Si are thin film transis-
tor (TFT) LCDs that require a transistor to control eac
pixel on the LCD panel. An electric signal applied
through the transistor to the LCD pixel changes th
pixel's polarization. By varying the polarization, the
amount of light passing though each pixel can be co
trolled to produce an image (Figure 6).

)
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Figure 6. Three closely spaced red, green, and blue LC
sub-pixels.Light can be represented in vertical and h

r_oriented polarizer, the polarizer acts as a filter and allpws

)E)nly the vertical light to pass. On the other side of the pys-

be complete blockage of light, producing a dark pixel.
When a liquid crystal is “sandwiched” between the
polarizers, it acts as a modulator or “twister” of polarized
light. By applying a voltage to the crystal, the light polar-
pization can be altered, allowing various levels of ligh{ to
pass through the systeRrojection systems based on LGD
technology use either a single LCD panel or three panels,
one for each primary color—red, green, and blue. In|the
single-panel configuration shown here, small, clogely

L

spaced red, green, and blue sub-pixels make up one pixel.




Polycrystalline Silicon LCD analog technology, CRTs also lack the brightness

Polycrystalline silicon LCD, more commonly re- Necessary for many larger screen applications. Fur-
ferred to as poly-Si, is a very popular Lcpther brightness limitations arise when CRT
technology for projection display. These LCDs ardProjection systems attempt to drive higher resolu-
fabricated at high temperatures on quartz substratdn video signals. The CRT's brightness decreases
Poly-Si LCD panels are much smaller than am-S®S resolution increases, limiting the CRT'’s poten-
panels. They have smaller transistors and greater ffifl @s an optimal solution for HDTV. Because a CRT
factors as well, but to date, poly-Si panels are mondlisplay system usually relies on three electron guns
chromatic (meaning they don't have the colodFigure 7), one for each primary color (red, green,
stripping found in am-Si panels). Color is createdlue), it also requires constant alignment and tweak-
in poly-Si projectors by using three separate Lcpng for optimum picture quality. This leads to
panels, beam-splitting mirrors, and a prism Systen{ncreased setup time and maintenance costs during
White light is split into red, green, and blue compo2 Product's lifetime (Figure 7).

nents. Each component of light is directed to its o
LCD panel, where the light modulation occurs. The
modulated light is then recombined by a prism s
that the pixels from each panel are overlaid on ea¢
other to produce a color image. The challenge fq
these three-panel poly-Si projectors is the precisia
alignment that is necessary to make the separate rg
green, and blue image planes converge to producs
uniform, aligned picture.
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Cathode Ray Tube Technology

Cathode ray tube technology is used in nearly all g
today’s computer monitors and televisions. ElectropFigure 7. The CRT monitor. Input video or graphic sig

beams are scanned back and forth and directed gt"g's are sent to three electron guns at the back of the
monitor’'s cathode ray tub&ach electron gun shoots|a

phosphor-emitting surface. When electrons hit thiSsiream of electrons, one for each of the primary colprs.
surface, light is emitted. By scanning the beams @fThe intensity of each stream is controlled by the input pig-

rates faster than the eye can detect, a full image cgiff!- The beams pass through a shadow mask to keepjthem
be created precisely aligned. When the electrons strike the phosphors

coating the inside of the screen, the phosphors emit l{ght.

. . . .. | A magnetic deflection yoke bends the paths of the glec-
The problem with CRTs is that they are not digita] (ron streams so that they sweep from left to right and| top

but analog displays. CRT technology probably wil| to bottom in a process called raster scanning. The sqreen

be replaced in the future by emerging LCD and DL jpis usually redrawn, or refreshed, 60 or more times a jsec-
- . ond.

technology. In addition to being based on an old,

—t




Summary

More and more of today’s information is createdBecause it is a reflective technology, DLP images
edited, and transmitted in the digital domain. Thevill become brighter and brighter as resolutions in-
majority of existing display technologies are anacrease. Texas Instruments has also gone to great
log and limit the full potential of digital video. At lengths to ensure that the DLP technology is inher-
present, DLP is the only digital projection solutionently reliable by subjecting it to numerous
available to produce an entirely digital video infra-environmental and regulatory tests.

structure. As PCs and TVs converge and the digital ]
HDTV infrastructure begins to take form, DLP of- USing DLP technology, leading manufacturers are

fers consumers the maximum benefit of digitaPTiNgiNg world class projectors to the market to serve
source material by producing life-like, digitally pro- & Wide variety of digital display applications. DLP

jected images of unprecedented picture quality. THS the new digital video technology. Welcome to the
colors are truer and brighter, the pictures seamledyture of digital high-definition projection display!

ht_t_p://wwW.ti.éBTn/dle
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