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ABSTRACT OF THE INVENTION
A digital video display system (100). The system receives digital data from
either broadcast video (102) or an alternate source (107), in either analog or digital
form. The system processes the data into display data and loads the data onto a

digital micromirror device (112). The data is either formatted for color-sequencing

or separated into color data for separate devices. The data causes the Individual cells
on the device to respond and then they are illuminated. The light coming from

deflected cells is displayed on a display surface.
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DMD DISPLAY SYSTEM

BACKGROUND OF THE INVENTION

1. Kield of the invention

This invention relates to displays, more specifically to High Definition Displays
(HDD) or High Definition Television (HDTV) displays.

2. Background of the Invention

HDTV has pointed out problems with several current technologies in the
display area as these technologies attempt to adapt to the demands of the new
standards. The main types of display systems are cathode-ray tubes (CRT), and

liquid crystal displays (LLCD). Each of these have weaknesses that HDTV
- requirements make more obvious.

- CRT

The cathode-ray tube display is probably the most common type of display,
~with worldwide acceptance as televisions, computer monitors and many different

' . _di_splay tasks. CRTs typically' function with an electron gun or guns that sweep from

., Side to side-acdesthe back side of a piece of glass that has been treated with various

: R .-phosphors The phosphors glow when the energy from a gun touches them, and

'creates the images on the screen. The current U.S. TV standard (NTSC) displays

| e ..'mages across approximately 480 horizontal lines. The image data is interleaved,

meaning that the odd-numbered lines are displayed in one time interval and the even

| inéanother. (The current European standard is similar, having approximately 576

' | - hsrizontal lines.) In the NTSC standard the time interval is 16.7 milliseconds. This

TI-17671 Page 1



A
b Y
v\

time allows the gun to "dwell" on any particular pixel spot on the screen for a finite
amount of time.

The times and line counts mentioned above are for current, standard resolution
television. However, some HDTV and EDTV (enhanced definition television)
standards are not interleaved, but progressively scanned. This means that the data
18 displayed in line order as 1, 2, 3 . .. etc. Therefore, in the time formerly available
t.o display 240 lines, EDTV and HDTV must display 480 or 960 lines respectively. In
this situation the pixel dwell time has dropped by a factor of two or four respectively,

lowering the brightness of each pixel, since it will receive less energy. Additionally,

HDTV has an aspect ratio of 16:9 instead of ' 4:3, making the lines even longer,

resulting in less time per pixel.

Therefore, the use of a CRT in HDTV might not be satisfactory. Unless some

' ‘aort of cotnpensation 1s made, the brightness will drop by at least a factor of four.
| E ~Slnce CRTs are a mature technology, there is httle chance that a massive industry
: -effort can achleve the bnghtness levels of standard CRTSs in HDTV displays. The
; .ii resultmg HDTV dlsplay wnll compare very poorly to standard televmon sets in
: f;-“;_‘_-;:. \bn‘ghtness, and consumer acceptance would be poor For reasons such as those
o dlscu ssed above, CRTs do not appear tobe a truly feasible cholce for HDTV, and one
e ':must turn to LCDa

 LcDs

SR Liquid crystal displays have a large advantage because they have individually

| '.;':; aad,essame cells. These ,individual cells become individually controllable picture
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.~ elements, or pixels, in the display environment. To adapt to HDTV, the number of
cells must increase, but there is not necessarily any loss of brightness associated with
this pixel increase. However, LCDs have other interrelated problems. First, they
have low manufacturing yields and therefore are expensive. Second, they have low
transmission efficiency. Third and fourth, they have long response times and low
contrast ratios.

Several factors contribute to high LCD costs. The biggest factor is low yield
In the fabrication steps. The pixel addressing transistors must be made on a glass

substrate. Typically, these substrates are large and difficult to handle and usually

cannot share standard silicon processing techniques or use standard silicon
- processing equipment. Therefore, the fabrication process cannot benefit from the
economy of scale of the silicon processing industry. Complete LCDs require intricate
physical assembly and again cannot share the equivalent silicon packaging process.
Additionally, LCD materials are expensive in and of themselves.
LCDs typically consist of two glass panels with the crystalline material
sandWi_ched ‘between them. One or both of the glass panels have transistors
- functioning as electrodes that activate the crystalline material. When the electrode
"ié .activated, the crystals, which are aligned along a polar axis, twist, layer by layer.
:  The effect is that the light entering through a polarizer on one side of the LCD
travels through the twisted crystals and is absorbed in a second polarizer, causing
dérk I:Jixels. The light must be polarized before entering the crystal matrix.

o Typically, a polarizing coating on the front panel of the display accomplishes this.
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Absorption in these two polarizers typically accounts for a loss of over 60% of the

incident illumination, making L.CDs inefficient.

The process of twisting crystals is in itself a problem. The response time of the
crystals to the electrode signals is slow, on the order of 30 milliseconds. As
mentioned above, HDTV will require faster, not slower, response times in the display
because of the higher amount of information required for the display. Since the LCD
relies upon the extinction of transmitted light within the display itself, heating of the
device through absorbed radiation is a concern. Also LCDs have low percentage
active areas that lead to fui'ther inefficiency.

Because of the high cost, low efficiency, slow response time and low contrast

~ ratio, LCDs are undesirable for HDTV. HDTV must be accessible to a broad

~ spectrum of consumers, and must produce a noticeable difference from the present

day television sets. Such an advantage will be difficult for LCDs and CRTs to

o achiowe

Therefore HDTV requires a display technology that has good brightness, low

i 'f cost ease of manuf actu rin g - and flex ib 1hty to adjust to dlfforent standards of

G televmon hroadcast form ats.
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In accordance with one aspect of the present invention there is provided a
display system comprising: a. a source of digitized video data, wherein said source
decodes an incoming signal to locate image information and recognize any format of
said data; b. a video memory for receiving said image information in said format from
said source; c. a signal processor for receiving said image information from said video
memory and processing said information for display, wherein said processor is operable
to perform interlace to progressive scan conversion; d. a buffer memory for receiving
sald processed Information from said processor; e. at least one digital micromirror
device for receiving said processed information from said buffer memory, each said
device including an array of individually addressable cells and addressing circuitry,
wherein said addressing circuitry receives said processed information for said
iIndividually addressable cells such that each of said individually addressable cells
responds to said processed information; f. at least one light source for illuminating said
individual cells during the interval when said individual cells are responding to said
addressing information; and g. optics such that light reflected from those said individual
cells receiving information operative to change the angle of deflection of said cell is

captured and focused on a display surface.

In accordance with another aspect of the present invention there is provided a
display system comprising: a. a source of digitized video data, wherein said source
decodes an incoming signal to locate image information and any format within said
data; b. a video memory for receiving said image information in said format from said
source; c. a signal processor for receiving said image information from said video
memory and processing said image information for display, wherein said processor is
operable to perform interlace to progressive scan conversion; d. a buffer memory for
receiving said processed information from said processor; e. a digital micromirror device
for receiving said processed information from said buffer memory, each said device
including an array of individually addressable cells and addressing circuitry, wherein
sald addressing circuitry receives said processed information for said individually

addressable cells such that each of said individually addressable cells responds to said
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processed information; f. a light source for illuminating said individual cells during the
interval when said individual cells are responding to said addressing information,
wherein said light source sequences red, green and blue light onto said individual cells;
and g. optics such that light reflected from those said individual cells receiving
information operative to change the angle of deflection of said cell is captured and

focused on a display surface.
BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and for further
advantages thereof, reference is now made to the following detailed description taken in

conjunction with the accompanying drawings in which:
FIG. 1 shows a block diagram of a DMD display system.
FIG. 2 shows a typical superstrate on which the array resides.
FIG. 3 shows a gray scale timing diagram.
FIG. 4 shows a perspective view of a DMD array.
FIG. 5 shows an electronic schematic of a DMD cell.
FIG. 6 shows a schematic example of drive electronics surrounding an array.

FIGS. 7a-7¢ show various configurations of optical systems for the DMD array.
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DETAILED DESCRIPTION

Figure 1 shows a general overview of a digital television or display system 100.
The signal is received at antenna/receiver 102, The receiver 102 passes the signal to
the tuner unit 104 which separates the audio and video signals from the carrier
signal. The audio portion is then passed along a separate track 106 to be
resynchronized with the video signal and will not be discussed. The tuner circuitry
can be designed to recognize and decode multiple video standards so that the output
video is presented in consistent formats regardless of the incoming video standard.

A phase quadratic decoder or other such decoder can be used to separate the
video signal into chrominance and luminance information, and further processing can

- derive component video signals consisting of individual frames of red, green, and blue

o sngnal mformatton Although it is possible to manufacture both analog DMD and

o '_'dlgltal DMD systems, for reasons discussed below, the digital micromirror device

-"'(DMD th is also know as the Deformable Mirror Dev:ce for dlscusswn purposes, we

..wlll refer to both as dngltal micromirror devices) is preferably Operated digitally, so

the data then passes lnto the dlgmzer 108 which converts it into dlgltal words for

each plxel The word length depends on the desired color and intensity resolution

.7 ?-'of the system For example, a system with 8-bit resolution in each color would have

a 24 bnt (3 colors X 8 blts) data path. The dlgltlzed data is stored in memory 105 and

P .then passed to sngnal processor 110.

. ? g The dlsplay systemdescnbed herein can project images from an alternate video

. source such as source 107. Source 107 may provide computer generated images as
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well as the video images described above. The video described above that is originally
received by antenna/receiver 102 will be referred to as "broadcast" video, to
distinguish it from alternate video sources as shown by 107. Alternate video
information may enter the display system in an analog format in path 111, or in a
digital format in path 113.

For a digital DMD based display system the primary requirement for the
incoming source signal is that it must be digital before reaching the DMD. Receiver
102 and tuner 104 could be a digital source by themselves if the broadcast video
standard is digital, as proposed for US HDTV. With an analog standard input, the
digital source would comprise receiver 102, tuner 104 and digitizer 108. Similarly,
- the alternate source 107 could be a digital source by itself, or, with an analog input,
~ the digital source would comprises alternate source 107 and digitizer 108.

For reasons that will be explained below the DMD displays video information

 In frame-at-a-time-fashion. Since many video standards consist of interlaced fields

which are spatially and temporally composed to create frame images the signal

. "p:roces.s‘or must accomplish field-to-field spatial and temporal interpolation as

~ required by the video standard being displayed. Many different algorithms to

‘acCOmplish such conversions have been proposed.

- In addition to Interlace-to-progressive conversion other signal processing may
be neéesséry. Various artifacts can appear when displaying digital data, such as
abrﬁpt edges inétead of smooth tranéitions. The signal processor can alleviate these

problems by applying various data-manipulation algorithms. The signal processor
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can also implement standard video functions such as gamma correction and tint,

color, brightness, sharpness, and contrast control. Additionally, if it was not done
previously, the signal processor unit can accomplish the composite to component video

conversion. When the signal processor has completed preparing the data for display,

the signal processor places the processed data in memory 109 where it remains until
sent to the DMD.

For reasons that will become obvious, the sequencing of the digital data onto
the DMD is critical to the operation of the display system and is not similar to the
pixel-by-pixel, line-by-line manner in which the data is supplied by the video
standard. Therefore, a key component of the signal processing function is the proper
sequencing of the data as it flows from the memory 109 to the DMD module 112. The
module 112 includes both the DMD array of individually addressable mirror cells and
associated memory circuits which store the image data until it is ready to be

sequenced onto the DMD array.

~ After the processed data is sequenced (loaded) onto the DMD, the array is

e ' 1llummated by an optlcal source in combmatlon with condensmg and illuminating

o - B ~"th108., The light reflected from DMD mirrors in the appropriate deflected state is

(. -'relayed to a viewing screen through projection optics. As mentioned above, it is

o possnble to build such an optlcal system using both analog and digital DMDs. In

analog DMD embodunents the deflection of the mirror cell varies mth the amount
of voltage applied. This 1S typically performed using either a membrane DMD

. Operating in the analog domain (they can also operate digitally), consisting of a thin

TI-17671 Page 8



reflective membrane over a grid of supports, or a "beam" DMD, consisting of mirrors
on hinges. The beam DMDs will be discussed relative to Figure 4. The deflection in
the case of a membrane DMD is more on the order of a localized deformation of a

monolithic membrane. An example of these systems can be found in US Patents

4,680,579 and 4,638,309, both issued to Ott.

There is a significant limitation to the use of analog DMDs of this type in
display systems, especially HDTV systems. Since DMDs are fabricated in
conventional semiconductor wafer fabrication areas, the thickness of the mirror
materials that can be used, usually some type of highly reflective metal like
aluminum, can vary up to 5% across the device. In beam type devices, the variation
of the angle of mirror deflection with applied voltage is proportional to the variation
- of the cube of the thickness with the variation in thickness. This results in a 15%
difference in the deflection characteristics across the device with a 5% variation in

matei’ial thickness. It would be difficult to obtain uniform light modulation with
‘ switching' elements undergoing non-uniform deflection.
B Digital operation eliminates this problem, since, in a beam-type DMD, the ON

~ or "1" state is fully tilted at one of two uniform angles, and the OFF or "0" state is

’ | ‘. .. R af_ thé other of the two angles. Likewise, with membrane-type DMDs, there are two

-"diStinct states, each of which represents one of the two digital conditions (ON or
OFF). These two states include a flat state and a fully deformed state.

 Ina digital mode the fast switching time of the DMD mirrors allow them to

- 'change between positions that either reflect light into a set of projection optics, thus
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increasing the intensity of the displayed image, or reflect light away from the
projection optics. The detailed operation of the device in digital mode will be
discussed later. Fundamentally, each mirror of the device, which corresponds to a
particular pixel in the projected image operates in a binary manner where each
mirror cell switches ON and OFF. The more time a mirror spends in the ON state
the brighter the corresponding pixel will be.

The ON times are directly proportional to the intensity levels of the digitized
images. The viewer's eye integrates the time varying intensity levels projected onto
the screen at each pixel location to create the impression of a complete analog image.
If a time variant color filter (such as a color wheel) is used, and the appropriate red,
green, and blue irxtensities are synchronized to red, green, and blue filtered
- illumination, one DMD can create a full color image in this fashion. Several options

 are avaxlable using a dlgltal DMD including a 3-chip system, one for each color, a

f;:..if_j ;"f " -' one.-.'chlp 'system using a filter such as a color wheel and even a 2-chip system, where

"-:ff,"_?»_one devnce smtches between two colors and the second projects one color The optical

L - con snderatlons mll be dlscu ssed further in Figures 7a-7c.

Usmg a dev:ce that rehes upon the v1ewer S eye for mtegratlon of brightness

": and color brlngs up prob lems of bandwidth. The device must be fast enough to switch

o " ."f'.and dlsplay all of the unage data in all of the colors without any percelvable flicker.

B A system bavmg 3 DMDs, one for each color, would have lower bandmdtb The 3

' DMDs could actually be physmally separate chips or 3 regions on one large device,

but sngmflcant bandwndth would still be reqmred to switch hundreds of thousands of
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mirrors on and off hundreds of times during each 16.7 ms video frame.

The three-chip approach allows a reduction of bandwidth relative to the single
chip approach, but such an approach incurs extra cost. Assuming a processed silicon
wafer cost of $1000, a chip sized such that 12 chips can fit on a wafer, and 33% chip
yield, each device costs $250. The cost of a packaged chip might be approximately
$350. The cost of a 3-chip system would then be $1050 before any other electronic
function requirements are considered. This does not seem to be an acceptable start
to a consumer-available system. Another option would be to have 3 regions on the
same device. However, the device size would now be tripled, allowing only 4 device
per wafer. The same assumed vield results in 1 device per wafer at' $1000, without
packaging.

Raising the yield would of course lower this cost, but until costs can be
substantially reduced, using a color-sequencing method with one device would seem

preferable. ‘Concern then returns to the question of bandwidth, namely can a

. r'eds'oh-able chip be built with enough I/O capability to achieve a full-color image at

'«-'théneCessary video rates? Since a single frame time is 16.7 milliseconds, each color

has onethlrd of 'a frame, or 5.5 'milliseconds for display. To achieve eight bits of color

resblutiOn ,thése 5500 microseconds must be divided into 256 individual time windows

|  " of 21 microseco_lld duration. The digital DMD has an in-motion or "ﬂig"ht" time of 10

micrdseconds, Therefore, enough time is available to allow the DMD to move from

on:e' state to andther, be' ON or OFF for that time slice, and then return.

In ordet' for the entire DMD to be addressed in this 21 microsecond period a
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high data I[/O bandwidth must be provided. One potential configuration for a 2048
x 1152 pixel device provides 512 input pins at the top of the device and 512 pins at
the bottom of the device, with each input demultiplexed at a one-to-four factor. When
four bits of data are loaded into each pin, two complete 2048 bit lines of data can be
loaded into the DMD pixel array. To address the device in 21 microseconds, each of
the 576 rows in the top and bottom of the device must be addressed in 36
nanoseconds (ns). To provide 4 bits to each pin in 36 ns requires a data rate of 107

MHz per pin. These pin counts and data rates, although challenging, can be

| o achieved, showingthat a single chip DMD-based, all digital HD resolution display

gystem is achievable.

In would be inconvenient for a DMD with 512 input pins to be mounted

3 L remotely from the memories that provide its input signal, and it may be inconvenient

o , 'for acirouit board of a size to hold the DMD, the memories, and the signal processing

) 7,f;:__mrcu1ts to be mtegrated into the optlcal system. Hence, it will probably be preferable

| :';to mtegrate the DMD and memories into a hybnd module remote from the signal

processmg board One posslble configuratlon for this module has been disclosed.

The DMD would typlcally be mounted to a ceramlc Chlp camer 200 such as the

_ff}'fﬁ_' 'f one shown m anurs 2. The devme is surrounded by a ring 202 that supports a

St protectlve wmdow 204 and an inert gas envxronment is sealed between the window

' . and the ceramnc substrate The DMD input ports are bonded to traces that pass

s o under the rmg and mterconnect the chlp with 32 frame buffer RAMs 206a and 206b.

. f:"f-: ""'The frame buffer RAMs (FRAMS) are constantly refreshmg e DMD Wikh inbunsity
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data for red, green or blue at each of 2.36 million pixels. These buffers could be any

type of random access memory (RAM), such as video random access memories
(VRAMSs), or first-in-first-out (FIFO) buffers. In this embodiment, 7-bit data is
assumed, which requires a total FRAM capacity of 49.5 million bits (3 frames X 2048
x 1152 x 7 bits). Thus, each of the 32 FRAMs would be of 1.55 Mbit capacity. Eight-
bit video data would require 32 FRAMs of 1.77 Mbit capacity. Current memory
technology is not challenged by these requirements.

Each FRAM would feed 32 of the DMD input pins, and each row of DMD pixels
would be addressed in turn by a series of varying-length clock pulses. As shown in
Figure 3, the most significant intensity bit (MSB) is loaded into a pixel for a period
approximately half the duration of the refresh period, the second MSB for a period
~ one-quarter of the refresh period, and so on. The digital intensity value is thus used
to directly address the pixel's duty cycle. The two banks of FRAMs must be updated
every 16.7 mé, requiring a data rate of 3.4 Gbit per second for an 8-bit system. An

“assumption of quadruple 32-bit data buses feeding each of the four display quadrants

i gields .9 5 MHz per wire data rate, a fully achievable rate.

Having' determined that digital color operation is possible and that an

. appropriate' DMD and support circuits can be realized, it becomes helpful to discuss

~ DMD operation in some detail. Figure 4 shows a piece of an array 400. The
substrate 402 is typically silicon, with CMOS addressing circuitry. On top of the
addressing circuitry rests a metal layer appropriately patterned for landing and

‘address electrodes, 404 and 406 respectively.
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A typical processing sequence for the mirror elements 408 suspended above the
electrodes is described below. The electrodes are coated with a layer of polymer
approximately 2 microns thick and then the polymer coating is hardened. The
polymer is patterned to form vias leading to the underlying substrate. The hinge
metal 410 is then deposited and a layer of oxide is deposited over the hinge layer and
patterned in the shape of the hinges that will be formed later in the process. A
thicker layer of metal is deposited over the oxide hinge mask. The top surface of this
layer is the mirror surface. The two layers of metal, where they have filled the
previously patterned vias, form posts that will eventually support the mirror layer
above the substrate. The mirror metal is then patterned, and the oxide layer protects
the thin hinge metal from being removed during this etch. The array can be plasma
etched to remove the polymer just underneath the mirrors, leaving the hinges to
connect the mirrors to the tops of the post/vias.

. The above architecture of the DMD is called the torsion-hinge. Other
architectures exist, including the cantilever beam, which is supported by one hinge,
o and thé flexure beam which is supported by four hinges. The cantilever beam has a
motion similar to a diving 'board, and the flextjre beam is similar to a piston. Either
' :o'ne Of these architectures could be used in the DMD display system, with
.adjustments to the optics to allow for the different motion characteristics of the
syste.ms..

. !The Operation of the architeétures is also similar, except that the cantilever

and flexure beam architectures typically have only one addressing electrode. The
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torsion beam is unique in that it has three distinct, digitally addressed states: flat,
twisted to one side, or twisted to the other. A side view of the torsion beam is shown
In Figure 5.

In Figure 5, if the left column select line 502a is activated, it places a voltage
on the left addressing electrode 506a. The voltage causes electrostatic attraction

between the mirror element 508 and the addressing electrode 506a. The mirror 508

shorting or current flow, that could result in damage to the addressing circuitry or

cause the mirror to stick to the landing electrode.

If the mirror is deflected, incoming light would then be deflected at an angle.
The mirror element can deflect to the right in the same manner as it deflects to the
left. This has many advantages, not the least of which is that the two directions can
be ON and OFF, keeping light from the mirrors in the OFF state from reaching into
the imaging system for the ON state mirrors.

The DMD layout is shown in Figure 6. The central array 600 of 2048 x 1152
' pixels is addressed by a CMOS DRAM circuit. The large cell size (20 um) will allow
the use of relaxed design rules circuits necessary to recover yield lost to the large chip
size. The upper 576 lines are addressed from a 512-line to 2048-line, 4:1
demultiplexer 602a at the top of the chip. A second demultiplexer 602b feeds the
bottoxﬁ 576 lines. The resultant 1024 Input lines are fed at 107 MHz, so that the

demultiplexer outputs run at 26.8 MHz. This 26.8 MHz line rate yields an 46.5 kHz
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frame rate.

The 46.5 kHz frame rate is adequate to allow the display to be updated 256
times during a single color-sequential video frame. Thus, a projector based on a
single DMD chip could partition the video frame into three time-slices and filter the
illuminating light sequentially red, green, and blue in those time-slices. Within each
time-slice, intensity will be pulse-width modulated (PWM) with a resolution of 256
discrete intervals. Thus, the full projector contrast ratio would be available at each
pixel in each of 256 discrete steps in each of the triad colors.

The DMD input demultiplexer must be capable of supporting a 107 MHz input
data stream to achieve a 26.8 MHz line rate. In practice, this data rate need not be
maintained continuously. As shown in Figure 3, eight bits of grey scale data
transferred to the DMD are adequate to cdntrol the 256 time slices in the 5.5 msec
- one-third frame time. One bit of data for each pixel (the Most-Significant Bit or
' MSB)is\transferred to the DMD at the beginning of a one-third frame time. The

o next-MSB. of data is transferred to every pixel one-half way through the one-third

. frame time. The third most significant bit at three-quarters of the frame time (one-

._ha"l,f-, plu's'one-'_half of one-half) and so on until all eight bits have been transferred to

- ;th‘e DMD. Each bit is allowed to determine each pixel's on/off status for an amount

 of time prOportional to each bit's relative weighting.
This type of addressing reduces the average bandwidth of data transferred to
thve DMD, but réquires data to the DMD to be in bit planes rather than pixel planes.

' Hénce, the buffer memory shown in Figure 1 in combination with the memory on-
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board the DMD substrate must include a data reformatting feature that resequences

data out of the pixel plane format received at the memories' inputs to the bit plane
format required by the memories' outputs.

Because of the efficiency provided by this addressing method, each of the 576
lines driven by a single demultiplexer must be addressed only eight times in the 5.5
ms one-third frame segment. This equates to a time-averaged data rate of 838 kHz
at each vertical column of the DMD array, which yields a 4X data rate increase to
3.35 MHz per pin at both of the 512-bit wide DMD input data ports. Thus, layers of
memory buffer just inside each DMD data pin could lower the peak input data rate
- from 107 MHz toward the average data rate of 3.35 MHz. One layer's worth of buffer
~ at each input data pin would lower the required input data rate from 107 MHz to

53.5 MHz. Two bits of buffer would lower this rate to 27.7 MHz, and SO on.

' Being able to address the DMD as needed for high-resolution color display

| . o ?leaves several options 0pen as to the optical system design. Some examples of these

e .-are shown in Flgures Ta-Tc. Flgure 7a shows a three-chlp system, where each device

: has 1ts own 1llum1natlon of tho approprlate color. For dnscussron purposes, the

| fs'pncture towards the bottom of the drawing will be dlscussod as tho "blue" system.

'-f; Lxght source 704a is a blue source, which could be an actual blue bulb or a white

| '-\"i.jllght source mth a blue filter (shown here) The light from source 704a is expanded

B by lens 706a and transmltted through a blue filter 708a. The blue light then strikes

. the surfaco of the blue device 702a. Each individual mirror on device 702a represents

| a ’ép@t, on the screen. A snapshOt In time is shown by the mirrors in this figure.
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Path 712a represents the light from those pixels that are not reflecting the
light to the screen 716. These pixels could either be pixels that have no blue light at
all in their color scheme, or pixels that have some mix or blue in their scheme and
are "off" for that particular bit. Path 710a represents those pixels that are reflecting
light to the screen 716. Similar to those pixels that are not reflecting light to the
screen, these pixels could be either all blue, or just happen to be at a bit where they
are putting blue on the screen as part of that pixel's color scheme. The light in path
710a is focused on the screen 716 by imaging lens 714a.

This individual color system is replicated in this example for green and red
light. For completeness purposes, the system of light source 704b is the green light
system, and the system of light source 704c is the red light system. These systems
can be positioned as needed and do not need to be in the positions shown here. When
properly positioned and filtered, the three colored beams of light can be derived from
a single white source. ’

There are several reasons why a 3-chip system may be desirable. Depending

'upoh the size of the system and the optical components used, it may afford a higher

L {“i"}'..ibrightnes'.s ;and better final picture. However, as described earlier, it may be too

i ,:'e_j':'penSiVe.' Using three devices, filters and optical systems may prove too costly or

{:-,o‘olatgefor a lower-end or smaller system. Another example of the many options

available is shown in Figure 7D.

The light source 704 in Figure 70 18 a white light source. The light passes

3 through the condenser assembly 706 and through e color filter 708, which must be
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able to provide blue, green and red light to the device 702. One method to achieve
this 1s to use a color wheel and time the data on the device to correspond to the color
sequencing of the wheel. This manner of sequencing the light requires that the
device 702 "process" (turn on and off each pixel the requisite number of times) the
data for each color separately. Again, the light going to the screen 716 for each color
will follow path 710 through imaging lens 714. The light for each color not being
transmitted to the screen will travel along path 712. The data handling here is a bit
more complex, because of the amount of data that must be sequenced, but the optical
system 18 much simpler than the three-chip system.

An intermediate system between the two is shown in Figure 7c as a two-chip
~ example. Device 702b sends light from one of two sources 704b or 704c. If it is
deflected in one direction, the light from the blue system 704¢, 706¢, 708¢, is reflected
to screen 716. If the mirror is deflected in the other direction, light from the red
system 704b, 706b, 708b is reflected to the screen 716. Path 712¢ represents the

unused light from the red system and 712b represents the unused light from the blue
‘gsystem. The unused light is light reflected off of the undeflected mirrors, and the

hinges and posts of the DMD structures. Light from source 704a is filtered by 708a

| tofprov'ide the green portion of the image. A system is dedicated to the green light
due to the eye's increased sensitivity to green. Asin the three chip system, the optics

may be rearranged to use one source for all optical trains.

As demonstrated above, the use of a digital spatial light modulator such as the

DMD allows the system designers to select several system designs or configurations.
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The DMD-based display has the previously discussed advantages of fast response

time, low cost and better definition, and comparable brightness and contrast.
Additionally, as demonstrated above, it can be adapted to all different types of display
needs and desires.

Thus, although there has been described to this point particular embodiments

of a digital micromirror device display it is not intended that such specific references

be considered as limitations upon the scope of this invention except in-so-far as set

forth in the following claims.
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CLAIMS
1. A display system comprising:
a. a source of digitized video data, wherein said source decodes an incoming

signal to locate image information and recognize any format of said data;

D. a video memory for receiving said image information in said format from
sald source;
C. a signal processor for receiving said image information from said video

memory and processing said information for display, wherein said processor is operable

to perform interlace to progressive scan conversion;

d. a buffer memory for receiving said processed information from said
processor;
e. at least one digital micromirror device for receiving said processed

information from said buffer memory, each said device including an array of individually
addressable cells and addressing circuitry, wherein said addressing circuitry receives
sald processed information for said individually addressable cells such that each of said

Individually addressable cells responds to said processed information;

f. at least one light source for illuminating said individual cells during the

Interval when said individual cells are responding to said addressing information; and

g. optics such that light reflected from those said individual cells receiving
information operative to change the angle of deflection of said cell is captured and

focused on a display surface.

2. The system of claim 1 wherein said source of digital video data further comprises

a receiver, a tuner and a digitizer.
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3. The system of claim 1 wherein said source of digital video data further comprises

a recelver and a tuner.

4. The system of claim 1 wherein said source of digital video data is a non-

broadcast analog video source.

5. The system of claim 1 wherein said source of digital video data is a non-

broadcast digital video source.

6. The system of claim 1 wherein said buffer memory comprises at least one first-in-

first-out buffer.

7. The system of claim 1 wherein said buffer memory is operative to perform a

pixel-plane to bit-plane reformatting.

8. The system of claim 1 wherein said buffer memory comprises at least one

random-access memory.

9. The system of claim 8 wherein said buffer memory comprises at least one video

random-access memory.

10.  The system of claim 8 wherein said buffer memory comprises at least one frame

random-access memory.

11.  The system of claim 1 wherein said at least one digital micromirror device further
comprises two digital micromirror devices, one for receiving two of either red, green or

blue, and one for receiving the remaining color.

12.  The system of claim 1 wherein said at least one digital micromirror device further
comprises three digital micromirror devices, one for receiving red light, one for receiving

blue light and one for receiving green light.
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13.  The system of claim 1 wherein said buffer memory, said addressing circuitry and

sald array of individual cells are all contained on one substrate.

14.  The system of claim 1 wherein the on-state of each mirror is set coincident with a
series of pulses, one for each bit of digital intensity level, wherein each said pulse has a

temporal length proportional to each bit's weighting of said digital intensity level.

15. A display system comprising:

a. a source of digitized video data, wherein said source decodes an incoming

signal to locate image information and any format within said data;

D. a video memory for receiving said image information in said format from
said source;
C. a signal processor for receiving said image information from said video

memory and processing said image information for display, wherein said processor is

operable to perform interlace to progressive scan conversion;

d. a buffer memory for receiving said processed information from said
pProcessor;
e. a digital micromirror device for receiving said processed information from

sald buffer memory, each said device including an array of individually addressable
cells and addressing circuitry, wherein said addressing circuitry receives said processed
information for said individually addressable cells such that each of said individually

addressable cells responds to said processed information;

f. a light source for illuminating said individual cells during the interval when
sald individual cells are responding to said addressing information, wherein said light

source sequences red, green and blue light onto said individual cells; and
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g. optics such that light reflected from those said individual cells receiving

information operative to change the angle of deflection of said cell is captured and

focused on a display surface.

16. The system of claim 15 wherein said source of digital video data further

comprises a receiver, a tuner and a digitizer.

17. The system of claim 15 wherein said source of digital video data further

comprises a receiver and a tuner.

18. The system of claim 15 wherein said source of digital video data Iis a non-

broadcast analog video source.

19. The system of claim 15 wherein said source of digital video data Is a non-

broadcast digital video source.

20.  The system of claim 15 wherein said buffer memory comprises at least one first-

in-first-out buffer.

21. The system of claim 15 wherein said buffer memory comprises at least one

random-access memory.

22. The system of claim 21 wherein said buffer memory comprises at least one video

random-access memory.

23. The system of claim 21 wherein said buffer memory comprises at least one

frame random-access memory.

24. The system of claim 15 wherein said at least one digital micromirror device
further comprises two digital micromirror devices, one for receiving two of either red,

green or blue, and one for receiving the remaining color.
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25.  The system of claim 15 wherein said at least one digital micromirror device
further comprises three digital micromirror devices, one for receiving red light, one for

receiving blue light and one for receiving green light.

26. The system of claim 15 wherein said buffer memory, said addressing circuitry

and said array of individual cells are all contained on one substrate.
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