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_ - MULTIPLEXED MEMORY TIMING 
·WITH BLOC.K RESET AN_D SECONDARY MEMORY 

-BACKGROUND OF THE INVENTION 

1. Fjeld of lhe- Invention 

· This invention relates to spatlaUlght modulators, more particularly to memory · 

schemes supporting spatial light modulator arrays. · -

2. Background of the lnveDtton -
.-

In one form, spatial light modulators consists of an array of Individually 

addressable elements,_ s1,.1ch as liquid crystal display panels or digital micromirror 

devices. -These· examples .of -modulator arrays have many- uses, such as printers, 

displays, and optical processing. This discussion will focus on display-systems. 

In some applications, these arrays function in binary mode, where each 

individ~al element ·receives either an ON or an OFF signal. Typically, the elements, or 

pixels, -of the array that receive the ON signal form the Image the viewer receives, 

either directly, from a screen or through optics. 

To individually address each pixel, each modulator array must have circuitry 

allowing signals to reach-each pixel and activate it.to respond in a certain way. One 

approach requires one- m$mory cell per pixel. where the memory cell receives the 

information. for- th_e ptxers- next_ state. This Information results from the scheme used to -

· produce the displayed images. 

One technique for production otimages, called pulse width modulation, has 

each pixel turn ON and OFF _repeatedly within.a video frame time. This method 

controls the intensity of a given pixel by how:many times within the frame the pixel is 

-Tl-18257 Page 1 

Received Time 22. Jun. 8: 22 Print Time 2 2. Jun. 8: 3 6 --



.. 

06-21-95 07:33PM FROM T I LEGAL DEPARTMENT T~ 8011653370031///0167 POOB 

·i "' 
------------

, 101mum11nr 
. . 

ON, or transmitting light to the final lmllge. Digitally, gray levels are achieved by using 
. . . . . 

weighted. bits of data. 

· . For example, to achieve· 16 gray. _levels, each·. pixel receives 4 bits of data over 

the· time period of one frame. Tne frame time is divided into 15 slices, 1-15. The 

most significant bit _(MSB) would then receive B of those time slices for it.to display.its 

data.. The next mos• significant bit would receive 4, etc. Techniques exist that atlow 

these time slice tt> be assigned to the bits of data in non~contfguous sections. For · 

example, the MSB may be displayed tor 2 time slices· at once, then be displayed for 

... the other 6 time slices at another time, or even be divided up again-. A detailed 
. . . 

description of this method using the DMD as an exampte Is in U.S. Patent 5,278,652, 

· ·oMO ·Architecture and Timlng for U_se in a Pulse-Width Modulated Display System.• . 

The above technique requires memory for keeping the data to .. be displayed and-

sending it to the pixel at the approprla~e time. One technique uses one memory cell 
. . . 

per pixel. . The cetl. receives the pixel's data. the pixel g~ts a -control signal allowing it 

· . :. to re~ct to the new data is latched into .its new state. Meanwhile,· the cell is receiving 

the data for the pixel's next state. When the pixel transfer signal occurs, the pixel 

reacts to its new data. 

The above described method focuses .on an entire array receiving the pixel. 

transfer signal at once~ However, techniques exist that allow any one plXEll to receive 

the transfer signal by itself. Th_is allows for a much lower data rate making the system 

much more manageable. One such method Is. discussed In. U .s. ·Patent Application 

. No.··oe1002,e27. ·"Pixel Control Circuitry for Spatial Light Modulator." 
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This particular technique, often referred to as split reset, uses less than one 

. . . 

. _ memory cell per pixel, with the number of. pixels per memory cell called •fanout.• This 

_· architecture will be referred to more accurately as a multiplexed memory. architecture. 

The memory cell receives the data for a set.. of pixels, rather than .just one. To have 
. . .• 

.the peak (fata rate most closely ~atch the average data rat~, the fanout is calculated 

as: 

211-1 FANOOT. -=-, . . .· lllllX .. n 

where n =the number of bits of lntensiiy. Therefore, if 4 bits of Intensity were desired, 

there would be a fan out of 24
. - 1, or 15, dfvlded by 4, equalling 3.75 pixels. Since 

· ' fractional pixels ·are impossible, there· would be 4 pixels .per memory cefl. 

One problem with the above.approach isthat the number of levels of intensity 

is ilnked to the number of pixels per memory cell. The number of· pixels per memory 
. . .. . . . 

cell must be·de.termjned.before the device is fabricated. Using a device._with a set •· 

fanout- for a different number of bits of intensity increases the data rate, which 

e.llmlnates th~ main advantage of usi~g multiplexed memory architecture. 

Therefore, If the number of levels of intensity is different, .different devices need 

_ to be fabricated to keep syste_m costs down~ A need exists for a method that makes · · 

the multiplexed memory architecture scheme more -flexible and eliminates the need 

for speeiaUy fabricated devices.·• 
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S_UMMARV OF THE INVENTION 

.· An aspect ot the. inv~ntion is a spati~I light modulator with an array of 

· individually addressable pixels .. ·Each pixet may be set and ~:set in response to a 
. . . . . . . 

. signal delivered to the. pixel.:. A pixel con~lsts of an aCtive area, whether reflective or 
' . . . 

transmissive, and activation circuitry. Tlie .signals. are passed to· the pixels via a. 

memoiy cell, with. more than one pixel receiving from any one memory cell. The 

.. number of pixels in. conneCtion with. a memory cell is. decided before device 

fabrication, depending upon the number of bits. of intensity. 

One aspect of .the invention allows a device fabricated with a set number: of 

pixels per memory cell to be used for several appti~tions while minimizing the 

increase in the peak data rate. The same device could be used for two systems 

where each system uses a dffferentnumber of bits of Intensity, regardless of the fixed 

fanout of the device. 
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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 foilowlng Detail~d Description taken 

in conjundion with the a(:Coinpanying ·Drawings in which: · 

Figure 1 shows a block diag_ram exam_ple of a muJtlplexed memory architecture 

memory cell and Its assign~d pixel elements •. · 

Figure 2 shows a _block diagram example of a . m~ltiplexed memory architecture 

memory ceH with a shadow cell. and its assigned pixel elements • 

. . Figure 3 shows· the timfng. diagram for a multiplexed memory architecture 

memory cell· with a shadow cell and its· assigned .pixel elements • 
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DETAILED DESCRIPTION OF THE ·PRl;FERRED EMBODIMENTS 

Binary spatial light modulators are modulators with arrays of individually 

addressaple_pixels which have either an ON or OFF state. Examples are_ liquid crystal_ 

· displays (LCD), digital mlcromirror devices (DMD), .and actuated mirror arrays (AMA)~ 

·One method of_ addressing binary spatial light modulators is pulse-width modulation . 

(PWM). An incoming vfdeo data.stream is digitized If .necessary, and then passed to 

some tYPe of_. memory. The _memory· stores the data stream by video frames •. A given_ 

· pixel on the array. has ·a· data h'l that video frame set specifically for that pixel. The 
. . . . . . . . . . . 

. size of the. dat$ set depenqs on the number of bits of intensity the system uses. If the 

. system used 8 bits of intensity, there .would be 8 bits of data for each pixel. 

Giving _each bit a bl.nary weight achieves the gray levels. For example, for an . 

s .. bit system, there are 256 gray levels, 255 of which are non-zero. In order for PWM 

to achieve 256 gray levels, the frame time Is divided Into 255 time snces. Th.a most 

significant bit (M SB) receives 128 of these time slices for Its display time. Display 

time means. the time that a pixel is reacting to a given bit of data while receiving 

illumination. The data for that blt of significance may have one pixel in the. ON 
. . . " . 

· position and· another in the OFF position. The pixels assume .either the ON or OFF · 

positions depending upon the data on their activation circuitry, For the DMD and the 

LCD, the activation circuitry normally consists of at least one electrode. For the AMA, 

· . the activation. circuitry typically consists of _plezo-elec.trlc crystals: Additionally, 

capacitors that can be charged and discharged can be used. 

The. next MSB would then receive 64 time slices, and so on until the least . 
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· significant bit (L$B) receives one timf) slice .. There are varying methods and ways of 

loading the data and displaying it, which are descrJbed in the previously mentioned 
. . 

· patent, u.s. Patent 5,278,652, ·cMo Archltectur~ and Timing tor use ln a Pulse-Width 

Modulated Display $ystem, • which is incorpo.rated by reference herein. 

In the above type of scheme, the load time must equal one time slice. Since 

the LSB receives only one time slice, it Is more· common to refer to these time. slices 

as the LSB time. After the pixels receive .their data, they are latched into position for 

the appropriate number of LSB times. This allows the next bit of data to be· 1oaded 

into the memory cell attached to each pixel. If the PWM scheme was very simple, . . . . . . 

and each bit was loaded in sequenc$ MSB· to .LSB tor one· frame, the MSB of the next 

frame·must be loaded in t~e LSB dlsplaylim.e for the previous frame. Therefore, the 

load time must equal the LSB time . 

This leads to extremely high bur$t data rates. If the array were 2048 x 1152, .• 

there would be 2,359,296 pixels.ttlat wouJd have.to be loaded In one LSB time. The 

LSB time can be calculated as follows: 

LSB= .! *.! *-1:_ 
. . p R. 2.r-1 

wh~re F equals the frame time of 30 frames per second, R is the numt>er of colors per 

frame, and I is the number of integer .. bits of intensitY (for· a 256-level system, 1=8). 

The ·number of colors per frame depends on the system. configuration. If the 

syst$m has one spatial light modulator, for a full-color system it would need to have 

colored filters or somethin·g equivalent to color the Hght Illuminating the modulator. . 

Tl-18257 Page 7 

Received Time 2 2. J u n. 8 : 2 2 Print Time 2 2. J u n. 8 : 3 5. 



-------------------------~--~·····~·····~---··--·----~---~---------

·-

06-21-95 07:33PM FROM T I LEGAL· DEPARTMENT Tf> 8011653370031///0167 P014 

Therefore, t~er.e would. have to be 3 cQl()rs per frame. This woufd require that the 

· PWM scheme discussed above to be lmpl~mented 3 times per frame, once for each 

cofo_r. The LSB time would then be 1130 • 1/3 tr 1/255 = 43.5 µseconds. 2,359,296 . 

pixels must be loaded~ Another configuration would have 3 spatial light modulato_rs, 

with each one dedicated to a certain color, reducing the number of colors per franie 

for each device to 1. This.would_ have a frame time of 130~5 µseconds. 

The data rate-is calculated as follows: 

Data rate = R•C 
· LSB time 

· where .A is the number of rows, _and C Is the number of columns. The data rate for 

the above system would th~n be (2048 tr_ 1152)/43.5 µseconds, or 54.2 gtgabits per . ·.. . ·. . . . . . . . . . . 

second .. 

A~justments can .be- made to lower the data rate, such a5 using two column 

drivers for each column, cutting the data rate in half. If the device used has 128 input 
. . .. . . 

pins, the columns could be grouped together to use a shift register that would allow 

the ·data rate to again be cut by however wlde·each shift register is. One of the -· · 

advantages of multiplexed memory architecture is thilt it cuts the_ number of memory 
. . 

cells to be loaded in an LSB time. thereby reducing the peak data rates dramatically • 

. However. the biggest disadvantage of using m_ultlplexed memory architecture is 

that the fanout, 
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where n is the number of bits of intensity, is set for each device before fabrication for 

minimizing the input data rate. An example of a multiplexed memory architecture 

memory cell 1 o, and Its assigned pixel elements 12a, .12b, 12c, and 12d, is. shown in 

· Figure 1~ The embodiment shown is for a fanout of 4 (a 4-bit system). where fanout is 

· the number of pixels per memory cell. To use a device that has a set fan.out for 

another appllc~tion with a different intensity level increases the peak data rate. The 

Increase is·determined by the fanout of the new.level divided by .the fanout.of the 

device, times the data. rate of the device when it used the appropriate levels of 

intensity for its fanout. · 

For example, a chip with a data rate of 10~9 MHz and a fanout of 11 (the fanoQt 

of 64. intensity levels is 10.5, rounded· up) could be used for a system requiring 256 

intensity levels. The optimal fanout for a device of 256 intensity levels (255 plus the 

OFF sta,te) is 28 
- 1, or 255, divided by 8, equalling 31. The new data rate then would 

be 31(new fanout) I t1_ (old fanout) times 10.9 MHz, which equals 30.7 MHz. Looking 

. at other calculations in the table below, it is ~asy to see why the use of a device with 

a set fano"'t is not practical for other applications.· 
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Table I. Data -rates for devices with other than optimal fanout. 

#of bits Optimal fanout Optimal fanout data rate . New data rate 
Fanout= 11 

8 . (255-1)/8 = 31 27.3-MHz 76.9 MHz 

9 (512-1 )/9 = 57 . 30.3 MHz 157.0 MHz 

10 (1024-1)/10= .102 33.3 MHz 308.BMHz 

Fanout of device = 11 (64 intensity -levels) 
New data rate = (Optimal fanout/fanout of device)x Optimal fanout data rate 
1 spatial light modulator 2048x1152 with a 180 Hz input rate 
128 input pins -

However, with an implementation of' extra circuitry between the memory cell 
. . . . . ~· . . . . '• . 

and the pixels assigned to }t. it is _PO$Sible to for a device with a set fanout to be used 

in .new application$ without such a.c;tramatic increase in the data rate: One exampte of 

- . this Is_ shown in Figure 3, which is easier to-understand when taken with the. timing 

diagram of Figure 2a. 

_ ln Figure 3, the data input bus 14 transfers data for bit 1 (next to LSB) to the 

primary memory cell or data latch 16. Thi$ is seen on the first line of the timing 

_ diagram in Figure 2a. After the bit 1 is loaded into all of the respective respective 

memory cells, two control signals occur. First, shown on the second line of Figure 2a 

is the shadow transfer signal (22). This transfers the data from the primary memory 

cell to its secondary or shadow memory ceH (18). For Illustration, this is assumed to 

be a data latch, but could comprise any type-of circuit that can store·data and be 

cleared .. This also transfers the .data onto the electrodes or other activation circuitry of 

plxels 20a-20k (for a fanout of 11 ). The electrode _state Is shown on the third line of 
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'Figure 2a. The second control signal is the· pixel transfer ·signal, shown on the fourth 

iine of Figure 2a.: The pixels then adjust to display bit .1 data in response to the pixel 

transfer signal: •. shown in the fourth line ·of Figure. 2a. · A flow chart process for the . 

sequencing of the.transfer signals and movement of the data at the area surrounded 

by . the dashed line is shown in Figure 2b. 
. . ' 

The same process repeats for bit o, which is the LSB. However, the. shadow 

. memory is. cleared separate from the secondary memory. with a signal (24) as shown 

. on the sixth line of Figure 2a. . This sets· the pixeJ to the OFF state when the pixel 

tra~sfer signal is applied. ·.In this case, the timing of the shadow clear and pixel. 

transfer signal is such that the display time for bit 0 is one-hatf of the display time for 

bit 1. Thf:! fl.ow chart f!lr this are of the timing diagram, surrounded by a second 

dashed line is shown in Agure 2c • 

By clearing the secondary memory during the LSB'~ display tfme, lt gives more 

time for the device. to be Joaded than the LSB display time. · Bit o is described as a 

cfearable bit, which means that it's display time is less than the load time. For 

. example, if bit 0, the LSB.were cleared after its usual display time, and the next 
. . 

shadow transfer signal did not come for another LSB time, the load time of the device 

has effectively been doubled. ~nste21d of having to load the device. in 1/255th of a 

frame, the device could be loaded in 1/128th of a frame. 

·· This procedure ties Into rnultlplexed memory architecture by identifying the bit$ 

-differently .. Instead of n .bfts of intensity, there are now two types of bits: I bits, which 

are the integral bits whose load time. ls less than or equal to their dis play time; and C 
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bits, which are the ctearabfe bits. The calculation· for fanout then becomes: 

. 2I-l+C 
Fanout = · . I+C • 

• 
This lowers the .ratio used In Table ·I to calculate the new data rate for a device with 

other than optirnal fanout. The foHowingtabl~ shows the number of bits Of Intensity t9r 

: . a· system and the effective bits. 

· · Table II. ·Data rates for devices using clearable bits. 

#of bits . Effective bits. Optimal fanout Optimal ·fanout New data rate 
data rate Fanout= 11 

8 8 . 31 .. . 27.3.MHz 76.9 MHz 

7+1 .8 16 . 26.5 MHz 38.6MHz 
.. ' 

.9 9 56. 30.3 MHz 154.3 MHz 

7+2 9 . 14 . 30.5 MHz 38.8 MHz 

8+1: 9 .· -28 30~3 MHz 77.1 MHz 

10 10 102 33.3 MHz 308.8 MHz 

8+2 10 25 34.0 MHz 77.3 MHz 

8+5 ·10+1 20 43.3MHz 78.7 MHz 

9+3 10+1 42 40.S MHz 154.6 MHz 

Fanout of device = 1 t 
New data rate= (Optimal fanout/fanout of device)x Optimai fanout data rate 
1 spatial lightmodulator 2048 x 1152 

· 128 data pins · 

As can be seen from above, using· one clearable bit effectively cuts the aata 

rate in half for both 8 and 9 effective bits .. Using a second clearable bit reduces the 

data rate by almost another· factor of 2. It should be noted that if the device had a 

fanout· of 16, 8 effective bits using 1 c_learabSe . bit would nave the same data rate as if 

· Tl-18257 Page 12 

Re.c-e ived Time 2 2. · J u n. 8 : 2 2 Print Time 22. Jun. 8: 34 



... 

06-21-95 07:33PM FROM T I LEGAL DEPARTMENT TC> 8011653370031///0167 P019 
------------

. the device had been .fabricated for; 8 bits··of. intensity. The optimal fanout for 7 integral · 
. . 

. bits and 1 clearable bit woul.d be ·27.;1+1,. or 128, divided by. 8, which is .16. 
. . 

Additionally, it the: device ·had a ff;lnout of 14, th.e data rate fo·r 9 effective bits using 7 

integraLbits and 2 clearable bits wot1ld be the same as if the device had been 

fabricated . with a fanout for 9 bits. . . . 

The ability to use the reduced memory requirements and· data rate relationships 

of multiplexed memory architecture keeps ttie costs of a system down, and allows 

high;.speed operation. Additionally, using multiplexed memory architecture makes the 

average data rate approach or equal. to the. peak. data rate,. and therefore doesn't 

require expensive,· high-speed processors. However, .the limitation of multiplexed 

memory architecture is base<!i upon its fanout being tied to a certain number of bits of 

·intensity • 

. As described above, U$1ng the extra memory cell, while doubling the memory 

requirements, in conjunction· with a loading scheme as indicated above will allow 

devices with set .fanout to b.e ·used with appH_cations requiring different levels of 

intensity. The doubling of. the memory requirements Is not a large problem, since 

multiplexed memory architecture reduces- the. memoJY requirements of .a one memory 

cell per pixel array by a factor of four~ Therefore, even with the increase memory 

requirements, the devices remains well under what it would have been In a one 

memory cell· per pixel system. 

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

.·an adapted multiplexed memory architecture spatial light modulator, ·it Is not intended 
. . . . 

. Tl-18257 Page 13 

Received Time 2 2. J u n. 8 : 2 2 Print Time 2 2. J u n. 8 : 3 3 



06-21-95 07:33PM FROM TI LEGAL DEPARTMENT TL1 8011653370031///0167 P020 
~ ----------

· .. iii11ii1ii1ilif 
that such specific references be considered as limit~tions upon the scope of this 

invention except in-so-far as set forth in the following claims • 

.. 
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WHAT IS CLAIMED IS: 

1. A spatial light modulator with _lmprov~d data loading, comprising: 

a. an array of individually addressable pixels, each pixel consisting ot: 

i. an active area·for receiving .Incoming light; and . 

II. actfVaUon circuitry, where said activation circuitry receives data, 

said data causing said a.ctive area to modify said incoming Ught; . 

b. memory cells in electrical connection with said pixels, wherein at least 

two unique pixels are in connection with each memory. cell; 

c. additional circuitry between said memory cell and said pixels s.uch that 

said additional circuitry· receives said data from. a memory cell before . 

. said activation circuitry and allows said memory cell to. receive new data, 

· wherein .said additional circuitry is capable of receiving independent 

· control signals. 

· 2. The modulator of claim 1 wherein said pixels are digital mirror devices. · 

3. The modulator of .ctalm 1 wherein safd pixels are liquid crystal cells. 

4. The moduiator of claim. 1 wherein sai~ pixels are actuated mirror arrays. 

5. The modulator of claim 1 wherein said activation circuitry Is at least one .. 

electrode. 

6. The modulator of claim -1 wherein said activation circuitry is at least one 

c~pacitor. 
. . . 

. . . . . . . . 

· 7. . The. modulator 9f claim 1.wherein. said additional circuitry. I~ a data latch~ 

8. A method for improved data loading of a spatial light modulator. comprising: 
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a. -_ sending a first data signal to an array of memory cells, wherein each 

- said memory cell is assigned at lea$t two unique, individually 

addressable pix~ls of said _spatial light modulator; 

b. rec_eiving sai_d first data signal at said array of memory cells; 
- --

c. --sending a ·transfer control signal_ to said array of memory cells causing 

1.9ach _of said memory cells to transfer said first data signal to a second 

memory cell; 

- d. sending said first.data signal from said second memory cell to activation 

circuitry .in each of said pixels; 

e. sending.a second control signal causing said pixels to respond to said 

first data signal; -· · 

f. - _selectlVelysending .a t~ird ~ontrol signal;. causing selected.ones of said 

pixels to stop .responding to: said first data<signat, while receiving a 

second .data signal at said first memory cell~ 
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