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MULTI PL E®B-RENORY T M NG WTH_BLOCK RESET AND SECGDMIp: Nﬁg& Qt Lo._sé" o
BACKGROUND. OF THE | NVE . Field of the |nv¢m\| o Ak '}

relates to spatial ligh d%gtsgge{smaslﬁggne{e adediicul arl y~t.g mem)ry schenmes l’»‘ R
supporting spatial |ight modul Backgrouh‘a gl thé% ey 5"
Invention 1n one form spati al mm !ﬁﬂll nors consists of an array of -

‘i ndividually addressabl e el ene

digital mcromrror devices. These exanples of nodul ator arrays have many :

i qui d crystal display panels or |
(uses, such as printers, .y rip|EXED MEMORY TIMING
WITH BLOCK RESET AND SECONDARY MEMORY

BACKGROUND OF THE INVENTION
1. . Field h -|'_ '
| Thls mventlon relates to spatlal ltght modulators, more partrcularly to memory
I .. schemes supportrng spatlal Ilght modutator arrays |
2. Back |
| in on’e f'o.rm'...spatial light mcdu_la_tOrs___consists of 'a__n array of indlyidually '
'addressable elem'ents such as liqu'id crystal display panels or digltal micromirror
'. '."devrces These examples of modulator arrays have many uses. such as pnnters.
. dlsplays and optlcal processmg Thls discussron will focus on display systems
o In some appltcatrons these arrays function in brnary mode. where each |
rndrvrdual element recelves elther an ON or an OFF slgnal Typrcally, the elements or
ptxels of the array that receive the ON stgnal torm the image the viewer _recerves_. _
~ either drrectly. from a screen or through optlcs | | |
To lndrvrdually address each plxel each modulator array must have clrcurtry
allowing srgnals to reach each pixel and actlvate it to respond in a certain way One
apprcach requrres one memory cell per plxel where the memory cell receives. the
mformatlon for the ptxels next state Thls Informatron results from the scheme used to'
' produce the displayed tmages | |
One technrque for productlon of- |mages, called pulse width modulatron, has
'. each prxel turn ON and OFF repeatedly within.a vrdeo frame trme This method

controls the mtensrty of a glven pixel by how many times wlthln the frame the pixel is

-'n-_tezsz Page1 |
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~displays, and optical processing. This discussion ?_]\' focus—on display

systens. In some appli cmons these arrays functi I n binary m)de Wnere
each jndi vidual el ement receives either an ON or an CFFl“hlslS asB “i'

_the elenents, or. plxels of the array that receive the the
imge the viewer receives, erther directly, froma sCre

optics. ~Te i ndividual |y address each pi xel, each nndulator array must have
;crrCU|try al |-owi .ng signal.s to reach -each plxel and activate it to respond

in a certaigNVeytrafdmittig grr‘mdttrreeﬂttal TREgE.N DigRNy| grayclevelpare nchieved i assing
“the menory cell..receives e information for thée pixel's next state. This

ol ‘nf or mt'orvvdt&ﬁ%tb?tsfdf% he schene used to produce the di spI ayed | mages.

| For example. to achieve 16 gray levels each p:xel receives 4 bits of data over
the time perlod of one frame The frame time is dlwded into 15 shces. 1 -15 The
most srgmf:cant bit {MSB) woulc_l then recewe 8 of_ those time stices for it to dlsplay...rts S
.. data. The next most',signi'ﬁcant bit-wo_uld recelve_ 4, etc. Techniques exist_that_ allow
._th'ese. time slice t'o be assigned to the bits of d.ata. in non-contlguous sections For '
example. the MSB may be displayed for 2 tlme slices at once. then be d:splayed fcr
.the -other 6 time slices at another tlme. or even be dlvnded up agarn A detailed
R _descrlptron of thts.method uslng.the DMD as an example is in U. s Patent 5 278, 652 |
| '."'DMD Arcl'utecture and Timing for Use ina Pulse-Wldth Modulated Drsplay System
The above technique requlres memory for keeprng the data to be dlsplayed and.
endlng lt to the ptxel at the apprcprlate tlme One techmque uses one memory cell
N per p:xet The cell recerves lhe plxel's data, the ptxel gets a control signal allowmg |t
- -'to react to the new data is latched mto its new state-. Meanwhrle. the cell is rec__etvmg
. the data for the _pi_)tel's-neXt state. | When_th_e _pit;el transfer signal occurs, the pixel R
react_s to its new data'."l | o | '
The -_ahove-d_escl’ib.ed“methbd focuses on an entire artay receiving the ptge_r - |
.tr.a'nsfer signal at- once.? Hovve_ver; technlques -'exis't_th.'at allow any ohe pixel to receive
f::th”e 'transfer signal 'l':.y'it'self-l- This allows for.'a much Iower' data rate maklng the system'
R ..much more manageabte One such method is dlscussed ln U S. -Patent Appllcatlon

R '.No os/ooz 627 "Plxel Control CIrcurtry for Spaﬂal Light Modulator
T|-18_2_57 ‘Page 2
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One technique for production of inmages, called pul se wi-dt h nodul ation, as.

each pixel -turn ON and repeatedly. vmthlnawdoframetlme rhi's

.methad controls the intensity of a given pixel by how t| thln the '
'frarre the pixel is Descrlptlon paged ...to paged ...... o
.......to paged- Drawi ng(s) paged -. . .. to paged H"”ll ged

L.v..to paged ......

o ' - This partrcular techmque often referred to as spllt reset, uses: less than one

memory c_ell per prxel. wrth the numbsr of plxels per r_n_ernory cell catled *fanout." T_hl_s B '
- architecture wil be "refe'rred to 'more 'accurately as a multiplexed memory architecture.

: The memory cell recerves the data for: a set of pixels, rather than 1ust one To have |
o _: -the peak data rate most closely match the average data. rate the fanout is calculated

= : _”a_s:-'
z-mrour —1-;1 .
. where n = the number of bits of lnt_ensity: “Therefore, if 4 bis of Intanshty were esired,
_'there would- be a fan .-'ou.t of é‘. -1 '-‘or 15, divided by 4, -equalling 3.75 pixels. Slnce ,
3 fractlonal pixels are rmposslble there would be 4 pfxels per memory cefl
- L N | - One problem wrth the above approach ts that the number of levels of mtenslty
. | is llnked to the number of prxels per memory cell The number of plxels per memory
) cell must be- determmed before the device is fabricated Using a devrce wrth aset
| _fanout-for a different number of bits of -rntensrty increases the data rate, which
e,llmlnates the maln advantage of using.' 'r"nul_tipl_exed me_mory' architecture.
: Therefore, if the number of levels of lnte'rtsity is dffferent diffsrent devr'ces need
| _ to be fabncated to keep system costs down A need exists for a method that makes
3the multfplexed memory archltecture scheme more ﬂexrble and elimmates fhe need

- for specratly fabrrcated devrces ?_'

TH8257 Page3
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This is the repl acenent sheet 2 ON, or transmitting light to the final

image. Digitally, gray ket(els are achi'eved by using weighted bits of data _

.-For exanpi e, to achieve' 16 gray | evels,’ each’ pi xel Tlhemﬁétm:o‘Be’énhé aS,edOf data
of those

over the time period of one frane. The frane tine i
sl'ices, 1-15. The nost significant bit (MSB) would t
tinme sllces for It to display tts’ dat a. The next o bit woul d

recei ve 4, etc. Techni ques exist that allow these tine slice to be assi gned
'to the bits of data in non-con t anpl e, the I\/SB rray be -
_:dl spl ayed for 2 time sl | ces atégmxﬁtvséﬁ ‘Ldggil“!gm'ﬁh‘ for - ' o

An aspect of the mventlon is a spatlal light modulator wrth an array of

- '_ ' mdlvrdually addressable ptxels Each prxel may be set and reset in response to a
: -srgnal dellvered to the plxel A plxel consists of an actlve area, whether reflectlve or -
transmrsslve and actlvatlon crrcurtry The slgnals are passed to the plxels v:a a.
'rne_mory cell, with more than one plx_el recetvmg from any one memory -cell. The
| '..numbe'r. of pixels in oonneotion with'a memory cell is. decided before device
. fabrrcatron depending upon the number of blts of mtensrty |
| - One aspect of the lnventron allows a devrce fabncated with a set number of |
| "plxels per memory eell to be used for severat apptlcatlons whlle mlnimlzrng the
- rncrease in the peak data rate The same device could be used for two systems
-« o S '-where each system uses a dlfferent number of bits of lntenslty. regardless of the flxed |

L fanout of the devnce

| TH18257 Paged
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'the'other 6 tine slices at another ti.me, or ‘even be_divided up agaln
det ai | ed description of i's method using the DVMD as an exanple is in U S.

Patent 5,278,652, "DVD Architecture and Tinming f OF ThiS ShebtMa@BERH RSB dt h
" Modul at ed Di spl ay System " The above. techni que - reqw keep| ng
‘the data to be displayed and sending it to the pixel "Mﬂnmﬂ riate
‘time. One technique uses one menory cell per pixel. ves the
pi xel 's data, ‘the pixel ‘gets a control signal allowing it to react to the
new data is |atched .into IS receiving
the data for the pixel' h@g?%§éﬁl%9&@pﬁ#3§h@ﬂ ﬁer si gnal . occurs,
the pixel reacts to |ts new data. The above descri bed net hod f?cuses on. an
‘entire array reE@r. e.mgetqogtqgeteélnderstandmg of the present invention and for further

advantages thereot reference is now made to the following Detalled Desorrptron taken

| in conjunctron with the accompanylng Drawmgs |n which | |
Fgure 1 shows a block dlagram example of a multiplexed memory archrtecture

- .. memory cell and its ass;gned plxel elements | | | |
. Flgure 2 shows a block dlagram. example of 'a I' mUltiplexed rn'emory_arohitector_e '
' memory cetl wnth a shadow cell and :ts assrgned plxel elements | | |
Fgure 3 shows the tlmmg dlagram for a multiplexed memory archltecture -

| "memory celt with a shadow cell and |ts asstgned pixel elements

TI18257 Page 5
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transfer signal at once. However, techniques exist that allow any one pi xel
‘to receive the tra_nsfer@gnal_ by itself. This allows for a nmuch | ower data-
c

rate mstkwng'the system h nmore manageabl e. OneTly cedi scussed
in U'S Patent Application No. 08/002,627, "Pi xe | try for
‘Spati-al Light.Mdul ator. This i's the repI ace

partrcul ar techni que often referred to as: splrt reset uses Iess than one

| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
- Bmary spatrat ltght modulators are modulators with arrays of mdtvrdually
' addressable pfxels whtch have etther an ON or OFF state Examples are llqmd crystal
o drsplays (LGD) dlgrtal mlcromtrror devrces (DMD) and actuated mtrror arrays (AMA) |
o 'One method of addressmg bmary spatlal llght modulators is. pulse-wrdth modulation - N
h _(PWM) An mcommg vrdeo data stream is dtglttzed if necessary, and then passed to
"-some type of memory The memory: stores the data stream by vrdeo frames A grven
prxel on the array has a: data tn that vrdeo frame set spectltcally for that pixel. The | |
- size of the data set depends on the number of btts of mtensny the system uses Af the |
. system used 8 btts of mtertstty, there would be 8 bits of data for each prxel
Grvlng each bit a blnary wetght achleves the gray levels For example for an:
- 8-hbit system there are 256 gray levels, 255 of which are non-zero. In order for PWM
- to achieve 256 gray levels the lrame fime ls divided into 255 trme slices. The most
-'sigmficant blt M SB) receives 128 of these ttme sllces for its display ttme Dlsplay
time means the time that a plxel is reacting to a given btt of data while recervrng
||lum|natton The data for that bit of srgmftcance may have one pixel in the. ON .
= posntlon and another in the OFF posmon The ptxels assume either the ON or OFF .
' posrtions dependlng upon the data on thetr activation circurtry For the DMD and the |
| LCD, the actwatlcn crrcurtry normally consrsts of at least one electrode For the AMA :
B .li'the acttvation ctrcultry typtcally consists of plezo-electrlc crystats Addlttonatly,
'.':.capacitors that can be charged and dlscharged can be used.

The next MSB would then recetv_e 84 time slices, and so on until the least = -
' TH18257 Page 6
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menor y c-eII per pixel, with the nunber of pixels per -wenpry cell called .

"fanout." This-architecjpme will be referred to nmoy€ accurately as a

nul ti.pl exed menory archltecture. Thé. nenory cell receil hqehl@saeetn Replfed A -
"set of pi xel's, rather than just one. To- have the peak d .
closely match the average data rate, -the fanout. is calc r]

wheree- n = the nunber. of bits of intensity. ‘Therefore, if 4 bItS o
|nten5|ty wer e desired, there: woul d be a fan ‘out. of [err].- 1, or
~divided by 4, equalllng 3.75 pi xel s. ‘Sirnce fractional plxels are

i npossi bl eslgmheartt bib(LSB) recaives ook dimeeslicee ithere @re Ivargﬂhgametluddseandmlalys ohe '.

-‘_above approach is that the nunber of levels of intensity
' loadmg the data and dlsplaytng it, whlch are described in the prewously mentloned

B patent, U S. Patent 5 278 652, "DMD Architecture artd Tlmlng for Use Ina Pulse-Wrdth
~Modulated Drsplay System, whrch is mcorporated by reference herem
| In the above type of scheme, the load tlme must equal one time slrce Smce :
thefLSB recelves only. one time sllce it ls more ccmmon 1o refer to these ttme slices
: L'as the LSB time. After the plxels recerve their data. they are latched into position for
) the approprlate number of LSB tlmes Thrs allows the next btt of data to be lcaded , ) :
- mto the -mern_ory cell attach_ed to-each pixel. If the PWM- scheme was very simple.
- and each bit vvas_'.-load_edjin '_s'edu'_e"nce MSB to:-_LS_‘B for one' frame, the MSB of the next
. frame’-m.ust be loaded in the 'LSB.d.ispla'_y-:t.i.m.e‘ for the prevlous- frartte, Therefore, the )
. Ioad trme must equal the LSB time. | o _- o |
~ This ieads to extremely hlgh burst data rates If the array were 2048 X 1152
there would be 2, 359 296 plxels that would have to be loaded in one LSB time. The
| -LSB tlme can be calculated as follows
11 2

LSB lnly Jionly S
“F R 21

i _where F. equals the frame trrne of 30 frarnes per- second Ris the number of colors per
- ; frame, and lis the number of mteger blts of mtenslty (for a 256-Ievel system, .-8)
The number of colors per frame depends on the system configuratlon lf the' :
- system has one spatlal lught modulator, for a full—color system it would need to have |

. colored_ filters or somethmg equtvalent to color the light llluminating the modulator. ,
T1-18257 Page 7
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is:linked to the number of pixels per menory cell.- The nunber of pixels per
menory cell nust be det?r-gn' ned. before the-device i's fabricated. Using a
~device with a set fanout f'or a different nunber of- bflhtsghég{msmee,rk%l;cgd '
i.ncreases the data.rate, which elininates the main ad
mul tiplexed nenory architecture. Therefore, if the: nuHHﬁmu EHIH!H -
cintensity is different, different devices need to be keep :
.system costs down. A need ‘exi sts. for .a .method: t hat nakes the mul tiplexed.

nmenory- architecture scheme - nore flexible and elininates the need for
-_specu al I y faberetoreeme:le\wm have to be 3 colors per frame Thls would require that the

; ' PWM scheme dlscussed above to be implemented 3 tlmes per frame once for each
coior The LSB time would then be 1/30 - 1/3 > 1/255 43 5 useconds 2, 359 296
- 'prxels must be loaded Another oontlguratron would have 3 spatlal light modulators,
with each one dedlcated toca certaln color reducrng the number of colors per frarqe

O for each devlce to 1. This. would have a frame time of 130 5 useconds

The data fate. rs calculated as follows

_.Pa'_:_e-'.r‘_’te' 5B time

.- 'where R lS the number of rows, and C ls the number of columns The data rate for
“ _the above system would then be (2048 1152)/43 5 useoonds, or 54 2 gigabtts per o
- second. . | |
Ad;ustments can be made to lower the data rate, such as usrng two column '
'dnvers tor each column cutttng the data rate in half. If the device used has 128 input
| pins, the co_l_umns could be grouped _to_gether 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 multlplexed memory archrtecture is that lt cuts the number of memory
_ -cells to be loaded in an LSB time, thereby reducmg the peak data rates dramatlcatly
However. the blggest dlsadvantage of using multiplexed memory archltecture is .

' | -that the fanout

TH18257 Page8
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-SUI\/IVARY OF THE | NVENTI ON An aspect of the inventi on s .aspatial light
modul ator with an arrayok individually addressabl i xel s. Each pi xel may

actlvatlon circuitry, The Signal s are passed to the pi er

~cell,

‘be 'set. and reset” in response to a signal delivered to tHgis heeetl{as e
‘consi sts of ‘an active area, whether reflective or transm Wiﬂ

with nore than one pixel receiving from-any one menory c

'_'nurtber ‘of pixels in connection. with a menory cell is deci ded before devi ce
‘fabricati.on,. dependl ng upon the number of bits of intensity. One aspect. of '
' the |nvent|on al I ows a. deV| ce fabrlgﬁrggrw tbaal set nunber of -

: 'where nis the number of blts of mtensrty, ts set for each device before fabncatron for

' _mrmmtzmg the mput data rate An example of a multrplexed memory. archttecture

' memory cell 10, and its asslgned pixel elements 12a, 12b, 12c, and 12d is. shown in |
o 'Frgure 1. The emhodlment shown is for a far_tout of 4 (a 4-bit system). where fanout is

- the number of pixele,per memory cell. 'T_o use & device that has a set fanout for

another application w,ith'_ a different intensity level increases the peak data rate. The

| _Ih crease is .det_e'r_mine_d'by the fanout of the new level dtvided_ by the fanout of the
~ device, times the data rate of the device when it used the approp_riate levels of

intensity for its fanout. -

" For example, a chrp wrth a data rate of 10. 9 Ml-lz and a fanout of 11 (the fanout

' of 64 mtens:ty levels rs 10. 5 rounded up) could be used tor a system requiring 256
.' . rntensrty Ievels The optlmal fanout for a devnce of 258 mtensrty levels (255 plus the
- . 'OFF state) is 2“ -1, or 255 deed by 8 equallmg 31 ‘The new data rate then would
be 31(new tanout) / 11 (old fanout) tlmes 10. 9 MHz. whlch equals 30.7 MHz Lookmg

: ._at other caloulatrons in the table below, it is easy to. see why the use of a device with

a set fanout is not. practloal for other appllcattons

' T-18257 Page 9
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pi xel s per menory cell to be used. for several applications while m nim zing

the increase in the pea ta rate. The sane devi cef??)ﬁl_d_m_ﬁir—two :

syst ens where each systél m uses a di fferent nunber of bi of en |
regardl ess of the fixed fanout of the device. 5 BRI THE
DRAW NGS- For ‘a nore corrpl ete under st andi ng of the prese d for

further

Table . Data rates for devnces with other than optlmal fanout

# of bits ) Obtimal'fanout' thimal _fanout 'data rate . . | New d_ata rate |
] N o L Fanout = 11
|(s5-1y8=31 | 27.3MHz - -~ 76.9 MHz
G121)0=57 | 308MHz | = 157.0MHz
'(10'2'4-1')/1'o=102' - '333Ml-rz' .1 308.8MHz

Fanout of devrce =11 (64 mtensrty levels)
- New data rate = (Optimal fanout/fanout of devuce)x Opt:mal fanout data rate
1 spatial light modulator 2048 X 1152 with a 180 Hz mput rate | :
. 128 mput pins ' , R
. However, wrth an lmplementatlon of extra c:rcurtry between the memory-cell
B . and the plxels assigned to lt itis possrble to for a device wnth a set fanout to be used
- :.ln new appltcatlons wrthout such a dramatrc mcrease m the data rate. One exampie of :
- _. - '._thts is shown in Fgure 3, which is. easier to. understand when taken with the timing
.diagram of Fgure 2a. | | | _' _ . _
ln Figure 3, the data mput bus 14 transfers data for blt 1 (next to LSB) to the
primary memory cell or data latch 16. Thrs rs seen on the frrst line of the timing |
_ diagram in Figure 2a. After the' bit tis'loaded into all_ of the respective r_e.spective'
”rnemory.cells. two oontrol signals occur. First, sh’own'on the secondl line of_ng.ur'e-Za':
is the shadow. transfer signal (22). This transfers the data from the prirnary memory
cell to its secondary or shadow memory cell (1 8). For lllustratlon, thts is assumed to .
be a data latch, but coutd compnse any type of crrcu|t that can store ‘data and be

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

| plxels 20a-20k (tor a fanout of 11) The electrode state Is shown on the tnird line of
TI-18257 Page 10 |
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advant ages t her eof reference IS now nade to the following Detailed
Description taken in consnction with the accorrpanymg Drawi ngs i n which:

Figure 1 shows a bl ock |agram exanpl e of a multipl exedmmmasagm ggegure

menory . cell and its assigned pixel -elenents. Figure 2 sh gram
_exarrpl e of ‘a multi pl exed nenory: architecture menory cell ! u & cel |
and its assigned pixel elements. Figure 3 shows the ti m a
nul tipl exed mermory architecture mem)ry cell with a shadow cell. and its

ass| g”ed p%ﬁ're‘i erﬁehret Eecond control sxgnal is the prxel transfer signal, shown on the fourth

lme of l-“gure 2a. The prxels then adjust to display bit 1 data in response to the plxel
. _transfer srgnal shown in the fourth lme of thure 2a A flow chart process for the |
sequencrng of the transfer srgnals and movement of the data at the area surrounded
._ by - the dashed Ilne is shown in Frgure 2. | |
The same process repeats for blt 0 whtch is the LSB However, the shadow
- memory is. cleared separate from the secondary memory, wrth a sighal (24) as shown
~on'the srxth line of Figure 2a. This sets the pixel to the OFF state when the pixel
.tran,sfe_r signal is appll_ed. ‘In _this case, the tlming of the shadow clear: and pixel
transfer signal i su'ch'that the display time tar bit 0 is ons-hat of the display time for
bit 1. The tlow chart for thls are of the tlming dlagram, surrounded by a second
- o :'dashed line is shown in Flgure 2. |
| By clearing the secondary memory dunng the LSB's display time, it gives more ”
time for the device to be loaded than the LSB drsplay tlme ‘Bit0 ls descnbed as a |
.clearable bit, which. means that it's dispiay time is less than the load time.  For
| _...example, if brt 0, the LSB were cleared after rts usual display tlme, and the next
shadow transfer slgnal did not come for another LSB tlme. the load time of the devnce
~has effectlvely been doubled lnstead of havmg to load the device in 1/255th of a
frame, the device could be loaded in 11128th of a frame. | - |
“This procedure ttes into multlplexed rnemory archltecture by identifying the blts '
| -_ --.dlfferentiy lnstead of n blts of intensrty, there are now two types of blts | blts whlch

' are the lntagral bits whose load time ls less than or equal to thelr dlsplay time; and C
- 1113257 Page 11
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-6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Binary spatial 1ight

modul ators are nodul ato with arrays of indivi duam |addr essabl e pixels
whi ch have either an of OFF state. Exanpl es are IquTldssnééjSlﬁs’aﬂee:dR Rty S

( LCD) digital mcromrror devices (DVD), and act uat ed m MA) .
One nethod of addressing binary spatial light nodul ators
modul ation (PWWM. An incomng video data streamis digiti ze :

and then passed.to sone type of menory. The menory:stores the data stream

by video fbﬁgeﬁ/hlcﬁoérte;tﬁé;c@at‘&o e Ditg! hmeaéalallatt@ﬁfoafmmen béesmegdeo frame

set speci fi cal tpixe The
| 2 —1,+c
. ¥Fanout _-_ : I+C'. .

R ThIS lowers the ratlo used ln Table ) to calculate the new data rate for a device with

o other than optlmal fanout The followmg table shows the number of blts of lntenslty tor

':. a system and the effectlve bits.

Tahle ll Data rates for dewces using clearable bits.

" Fanout of device = 11

New data rate =

1 spatial light modulator- 2048 X 1152
- 128 data pins

_— N —
# of bits | Effective bits | Optimal fanout | Optimal fanout New data rate
: N R B - data rate _ Fanout = 11
g 81 273MHz | 76.9 MHz
7+1 8 16 265 MHz . | 38.6 MHz
iy 9 58 ' 30.3MHz | 154.3 MHz
742 e 14 ‘305 MHz | 38.8 MHz
841 9 28 © 303MHz | 771 MHz
10 10 102 333 MHz | 308.8 MHz |
842 10 25 340MHz | 773MHz ||
845 1041 20 433MHz | 78.7 MHz
943 1041 2 405 MHz | 1546 MHz |

(Optimal fanoutlfanout of dev:ce)x Opttmat fanout data rate

As can be seen from above, using one clearable bit effectlvely cuts the data

rate in haif for both 8 and 9 eftective_blts. Using a second clearable bit reduces the

. 'data rate by almost another- factor of 2. It should be' noted that it the device hada

| fanout of 16, 8 effective blts uslng 1 claarabte bit would have the same data rate as :f
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size of the data set depends on the nunmber of bits of intensity the system
uses. If the system usep"& bits of intensity; ther ul-d be 8 bits of data -
for eachpixel. G.ving each bit a binary wei ght achi evesrhisRReetHiaBedn®Y l,ogd

For exanple, for an 8-bit system"there are 256 gray l-eve

-are. non-zero. In order for PWAto achieve 256 gray |evels Mﬂ lrE

i's divided into 255 tine slices. The npst significant bit

128 of these tine slices for its display tine. Di splay time nmeans the tlma. .'
‘that -a pi xehe d@viceatid! thkn RbAcateY 96r @'bits o i S't é*oe &1 tahBGt for 7 mteg.ral
~il-'lum nation. The data for. that bit of si gm nce have one pi xe

Eﬂgagf’s'@ %&ggfgl%@%?gevk% gglwaﬁg1g§?§wg§gewo$>\sggpqﬁs/jﬁ{rgnei t her

' C'r C_-u_' ‘ r-y ddr tionaﬁy,DMhe devrcehhad a fanout of 14 the data rate for o effective bits using 7

e mtegral bits and 2 clearable bits would be the same as |f the devnce had been
.fabncated wrth a fanout for 9 blts
The abillty to use the reduced memory requirements and data rate relationships
'_of multiplexed memory architecture keeps the costs of a system down, and allows
high-speed operation Additionally, using multtplexed memory archxtecture makes the
average data rate approach or equal to the peak data rate, and therefore doesn't
| require expensxve high-speed processors However. the hmitation of multiplexed
. memory archltecture |s based upori its fanout bemg tied to a certain number of bits of
_ '_intensity | |
| As descnbed above. sing the extra memory cell, while doubllng the memory .
requlrements in con;unction wtth a loadmg scheme as mdicated above wrll allow
| devnces with set fanout to b.e used wrth 'applrcations _requlring, drffer,ent levels. of
; .in.tensity._ ‘I'-‘he.- dou__bling_'ot. the.' memory requirem'en_ts is not a large problem, since
o .mui_ti-p'lex_ed memory architectu_re. reduces-_:th.e_. memory requirements ..of a on_e memory R
cell per pixel array by a factor of four. Therefore; ‘aven with the increase memory o
" | requirements, the devices remains .rvell '.unde,r what it \r.muld'_have been in a o_ne '
memory cell per pixel system | | | . |
| Thus, although there has been descnbed to this pomt particular embodiments of

: . '-'an adapted muitlplexed memory architecture spatial light moduiator, it Is not intended
.Tiéi'azs?- Page 13
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' the activation ci rcuitry normally consists of at |east _one_el ectrode.

For the AMA, the activ nC|rCU|trytyp|caIIy coffS\sts of piezo-electric
crystals.. Additionally, capaC| tors ‘that can be charged rﬂ,;g@hgtﬁﬁ dla@dm
be used. The next MSB would then receive 64 tine slices,

the least . This is the replacenment sheet  significant b ves
one tine slice. There are varying nethods and ways of | Io a a and

di spl ayi ng it, whi ch are’ descrlbed in the previously nentloned
that such specn‘xc references be conside_rad as__hmltatlons upon the scope of this

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

' TI-18257 Page 14 .
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‘patent,sU.S. Patent -5, 278,652, "DVD Architecture and'Tinmng for Use in a

Pul se- Wdt h Mdul at ed DySnl ay ‘System " ‘which is i no.’(')hporat ed by reference
,here_l n. . In the above ty e of schema the load tine nust equal one ti.ne
.slice. Since the LSB recei ves - orifhi SOREHIsIBE® bh&g, 11 TS TMoTe TOmmom to

‘data, they are |atched into posit

: rge_fer_to these tinme slices as thel
“times. This allows the next bit o

BTN -y

oaded into t wenory cel

at t ached. tWﬁﬁ?ﬁS@lﬁMﬁdfq_t he PWM schene was. very sinple, and each bit vvas_':_ -
nce

-oaded.in seque SB for one frame, the.MSB of the next frame nust

oot e o0 sk "5 gpMhaobe e bl td R, Whorig o or €. (e

1 oad t ime- rr'ust
a.  an array of mdividualty adclressable plxels. each pxxei cons:stmg of:

L an active area for recewmg lncomlng light; and
' ll | actWaﬂon cwcuntry, where said activation clrcwtry recewes data
said data causmg said a_ctlve area to modify said incoming IIght; _
b.  memory cells in electrical connection witﬁ said pixels, wherein at least
_ tWo unigue pixela ar’é in connactioh with eaah memory. celi;
c  additional ciraditry bafweé_ri said memory cell and said pixels such that
- said additiohal.cifcuit'ry-reaaives: said data fram -2 memory cell before -
; .satd act:vatlon ci rcuntry and allows said memory cell to receive new data.
. -_whereln said additlonal c:rcunt:y is capable of rece:vmg mdependent .
'control ssgnals | | |
x 2'. The modulator of clalm 1 wherem said plxels are dlgltal mirror devnces
3. The modulator of c!alm 1 wherem satd pixels are quuld crystat cells
4 Th_e m.odulator of dai;_n 1 wherem_ said pixels are a_ctuated_mlrror arrays.
- 5 | The modulator of claim 1 vﬁhe_r_ein -said'aciivaﬂon'ctrcuitfy is._'at laast oh_e
eiectrode. o T -
e The .modulatdr of -C]aiin-i wherein safd ac_tivation ircuitry is at least one
_ capacltor | o o |
o 7. .' The modulator of clalm 1 wherem sa|d addlttonal ctrcuitry isa data latch

'8. A method for lmproved data Ioadlng of a spatial light modulator, compristngﬁ
TH18257 Page 15
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This leads to extrerrely hi gh burst data rates. |If the array were 2048 x
1152, there woul d be 2, 296 pixels that would havelto be_loaded in one =

LSB tine." The LSB tinme can be cal cifisah@iuaBeldepus: [err] woere F'“ﬂ ual s

the frame tinme of 30 franes per sec nunber of ﬂ'!ﬂ ”"I
‘ "ﬂl E ensity (f
nds on the system

frame, and | .is the nunber of integ
configuration. If the system has one spatial light nodulator, for a -

system I:8).'The nunber of col ors
full-color syst 'tsaeerhemefid{a etsen Pl o rnbﬁro?yeénssqrferern%cn

equr vaI ent to co or the [Tght atr ng e ‘nodul ator.
' o  said memory cell is assigned at Ieast two umque, mdrvrdua!ly

- addressable prxels of said spatial lrght modulator
b, ) recezvrng sald first data signal at sald array of memory. ceils
| _ c "'sendlng a transfer control srgnal to sard array of memory cells causrng
o each of saxd memory cells to transfer said first data signal to a second
memory cell | |
Cd. _ sendmg sald first data srgnal from sald second mernory cell to activation
"c:rcultry in each of sand prxels, ) |
| e. | sendmg a second control sxgnal causmg saad prxels to respond to said
.frrst data s1gnal | . |
- | | f .selectively'sendi_ng a _rnird control signal; .causlng serected.ones '.°-t said
| ‘obrei.s to s'tob .responding 't.o_-..sa.i'd frst dets,zsignel, Whire receiving a

second data signal at sald first memory cell.

© T8257 Page 16
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8 Therefore, there would have to be 3 colors per frane. This would require
that the PWM schene dis ed above.to be inpl ementEd\3 times per frame
once for ®each color. The LSB time woul d then be 1/30 * 1/3 * 1/255 = 43.5
pseconds. 2,359, 296 pi xel s nust be | oaded. Another conflgur atlon WUU| d—have
3 spatial- Iight. nodul ators, with each one dedi cated tng.
reduci ng the nunber of colors per frame for each devi ce Tdd
‘have.a frane tine of 130 5 pseconds ‘The data rate is c m , H
fol Lows: . S -ABSTRACT

A spatiat light modulator array with adaptable muitiplsxed memory archltecture
. The modutator has an array of rndrvrdualty controtlable pixels where a predetermmed
'_ number of prxels are assigned toa memory cetl (16) The memory cell receives data
_- :_ from an -_rnput bus. (1_ 4)—_, : Ona slgn.at (2_2), the memory cell transfers its d_a_ta toa
- second'ary'me'mOry (1'8), and to the activation circuitry (20) of one of its assigned ’
3 prxels On a second srgnal the prxel responds to the data on the activatron cxrcurtry
.IWhen the drsptay trme of the data i tess than the Ioad time for the memory celt the
" l:.secondary memory is set wrth a second srgnat (24) so as to make the prxet dark and
o .another control signat makes the prxels respond to the memory In this way, the ioad
.trrne rs Iengthened and the data rate remarns relatrvely low, even though the number
- .' of bits of mtensrty may not be the same as the number of bits of mtensrty used to

determme the number of pixels asstned to each memory celi.

 TH18257 Page 17
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[err] where R is the number of rows, and Cis the nunber of columms. The
data'rate for the above tenrmould then be (2048 p=4152)/43.5 pseconds,
or 54,2 glgabits per second. Adjustments can be nmade to-lower the data
rate, such as using two columm drivers for each colum, cutting the data
rate in half. If the device used has 128 257 ns, the col ums coul d be
grouped together to use a shift register: tgpé uld allow the data rate to
agai n be cut by however wi de each shift redi { is. One of the advantages
of nultiplexed menory architecture is that it cuts the nunber of nenory
cells to be loaded in an LSB tine, thereby reduci ng the“pﬂak_gélé_iélgi‘___
dramatically. S _ _ ;

' This Sheet Has Been R
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However , t he bi ggest - dlsadvantage of using nultiplexed- menor.y archltecture

i s tthat the. fanout, gh\s I s.the repl acenent sheéf\mhere nis the nunber .
i et for each device before- fabrlcatlon for S

of .bi,t's &f |hteh5|ty

m nim zing.the |nput data rate.- An- exanpl e of anau?pwplexed menory

architecture ‘menory cell 10, and ifs assigned pixg -eIene‘fE‘TZ“*12b-%2e—- K
and 12d, -i's- shown in Flgure 1. The enbodlnent shown |s fomﬁggéglu

PRI R L H"IlllIIIIIIIIIMH"I

of 4 a
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the nurber of pixels per- nenory cel®:x-d0-uge; a. device that._-has{ a)sét “f%?cﬂt

~ for another application with a different i'ntensity |level 'increases the peak

data rate. The increase is deternined by the fanout of trhi igqhv | evel - N
di vi ded by the fanout of the device, tiimes the data rate of 't N& 'OeFeBenksheet

it used the appropriate |levels of intensity for its fanout. For anple, a

chip with a data rate of 10.9 dea N t Batek arfbayt | A5 64
intensity levels is 1&”.?]» %@aﬁ okits?
256 intensity |evels. Y "p _ b B

'?ﬁ‘Qé%‘?t emrequiring
| evel s (255 plus the OFF state

intensity
é I S herrb- 1, or 255, divided by 8,
equal 1ing 31. The new dat a BACEGRRHUNRD AR THE BVENEIRN anout) / 11 (ol d
fanout) tines 10.9 MHz, which equals 30.7 MHz. Looking
1. Field of the invention :

This invention relates to spatial light modulators, more particularly to memory
schemes supporting spatial light mbdulator arrays. |
2.  Background of the Invention
In one form, spatialllight modulators consists of an array of individually
addressable elements, such as liquid crystal diépiay panels or digital micromirror
devices. These exémples of modulator arrays have many uses, such as printers,
displays, and 6ptica! processing. This discussion will focus on display systems.
In some applications, these arrays function in binary mode, where each
individuai element receives éither an ON or an OFF signal. Typically, the eleménts, or
pixels, of the array that receive the ON signal form the image the viewer receives,
either directly, from a screen or throdgh optics.
| To-ipdividual_ly address each pixel, each modulator array must have Circuitry_' o
allowing signais to reach each pixel and activate it to respond in a certa.ti-n way. One
approaé:h requires one memory cell per pixel, where the memory cell rece_iveé tﬁe
information for the pixel's next state. This information resuits from the ééheme usedto
produce the displayed .images.
| One technique for production of images, called pulse width mddulgtion, has
each pixel turn ON and OFF repeatedly withiﬁ a video fram_e time. This methoa' -'

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

. —— -

| pESLACED SHEETS  Suw i

[1 Description ¢ paged ....... to pagad .D.... t
[ Claim(s)  : paged ... to paged e f
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at other calculations in the table below, it is easy to see why the use of

a deyice.with a set fanout is not practical for ofTthirisahglreplatemast sheet10
‘Table 1. Data rates for devices with other than opti nal fang'ut tof etgtts

Opti mal fanout Optimal fanout data.rate New data rat t =11 8
(255-1)/8 = 31 27.3 Mz 2 Dafey' 5 %ﬁm%

ON, or transmitting light to the final image. Digitally, gray ievels 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. The frame time is divided into 15 slices, 1-15. The
most significant bit (MSB) would then receive 8 of those timelslices for it to display its
data. The next most significant bit would receive 4, etc. Techniques exist that allow
these time slice to be assigr:ned to the bits of data in non-contiguous sections. For
example, the MSB may be displayed for 2 tirrie slices at once, then be displayed for
thé other 6 time slices at another time, or even be divided up again. A detailed
description of this method using the DMD as an exampie is in U.S. Pater.n 5,278,652,
*DMD Architecture and Timing for Use 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 appropriate time. One technique uses one memory cell
per pixel. The cell receives the pixel's data, the pixel gets a control signal allowing it
to react to the new data is latched into its new state. Meanwhile, the cell is receiving
the data-fb.r the pixel's next state. When the pixel transfer signal occurs, the pixél
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 pixel to receive
the transfer signal by itself. This allows for a much lower data rate making the system
much more manageable. One such rﬁethod is discussed in U.S. Patent Application

No. 08/002,627, “Pixel Control Circuitry for Spatial Light Modulator.*



‘9 (512-1)/9 = 57 30.3 Mtz 157,
(1024- 1)/ 10= 102 33.3 Mz 308This Mq: mﬁnt shéet
device = 11-(64 intensity levels) New data rate = (Optimal fanout/fanout of

deV|ce)x Optinal fanout data rate 1 spatial |ight noduhggor gﬁg %5 1152
with a 180 Hz input rate 128 input pi#&s However, withan i ntation of -
extra circuitry between the menory cell and the pixels assigned to it, it

is possible thig QEHQUM'Vﬂe@ﬁnWbEhoﬁ‘eﬁ?éfeifréa%tastQplﬁ@eétﬁedsésnle@@\i\han one
applications wthout such a dramatic increase in the data rate. One exanple

of this r’nér’rf%W%ll bBr Biwr\ﬁltﬁtha‘/ﬂh%e\' 3t PARILhef Mefiblg Rl 2afledPRRLAK &M th

the timn

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 data rate most ciosely match the average data rate, the fanout is calculated

as.

FANOUT,, =21,

Where n = the number of bits of intensity. Therefore, if 4 bits of intensity were desired,
.there would be a fan out of 2* - 1, or 15, divided by 4, equalling 3.75 pixels. Since
fractional pixels are impossibie, there woulc_i be 4 pixels per memory cell.

One problem with the above approach is that the number of levels of intensity
is linked to the nurr;ber of pixels per memory ceil. The number of pixels per me.mory
cell must be determined 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
eliminates t;'ne main advantage of using multiplexed merﬁory architectu::e..

Therefore, if the nﬁmber of levels of intensity is different, different devices need

to be fabricated to keep system costs down. A need exists for a method that makes
the muitiplexed memory architecture scheme more flexible and eliminates the need

for specially fabricated devices.



*di agr am of Fi gUre'ZIa' In Figure 3, the data input bus 14 transfers data for

bit 1 (next to LSB) to the primary nenory cell or tch
seen on the first line of the timng diagramin Fi Jhi%'sz'ge rﬂPfagﬁmLE{ §tt])lt 1
is loaded into all of the respective respective nmenory cells, two control

signals occur. First, shown on the sécond line of gy e32qb §5 he shadow
transfer signal (22). This transfers the data fromthe pri y nenory cell

to its secondary or shadowggmxﬂqeé# THEINVERTION ustration, this is
assuned to be a data | atch ut could conprise any type of circuit that can

store data a g‘aﬁ%&ﬁ @a{ %dinvgmog} %Lfg%%tfawgﬁ?é%ﬁh%? rOlﬁittﬁ gné,qa); Qf el ectrodes

or other acti cult anout” of 11). The

el ectrode, state i s, shown o hir
individually agdressable plxe s Each pldxe may be set and reset in response to a

Signal delivered to the pixel. A pixel consists of an active area, whether reflective or

. transmissive, and activation circuitry. The signals are passed to the pixels via a
memory cell, with more than one pixel receiving from-any one memory ceil. The
number of pixels in connection with a memory cell is decided before device
fabrication, depending upon fhe number of bits of intensity.

One aspéct of the invention allows a device fabricated with a set number of
pixels per memory celi to be used for several applications while minimizing the
increase in the peak data rate. The same device couid be used for two systems
where each system uses a different number of bits of intensity, regardless of the fixed

fanout of the device.



Figure 2a. The second control signal is the pixel L‘tr@:[g [H&éh&nﬁbbﬂm on
the fourth line of Figure 2a. The pixels then adjus (o dISp ay bit 1 data
in response to the pixel transfer signal, shown in the fourth |ine of
Figure 2a. A flow chart process for tBe sequenci ng pitet hea “’3 er signals
and novenent of the data at the area surrounded by the das line is shown

in Figure 2b. The sane bi t which is the LSB.

However, the shadow ner%éﬁiﬁ:e@%é%’gﬁghagb&ﬂﬁﬁg PRAWINGS secondary nenory,

with a signal_(24) as shown
For a more complete understandlng 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:

Figure 1 shows a block diagram example of a mulitiplexed memory architecture
memory cell and its assigned pixel elerﬁents;

Figure 2 shows a block diagram example of a multiplexed memory architecture
memory cell with a shadow cell and its assigned pixel elements.

Figure 3 shows the timing diagram for a multiplexed memory architecture

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



on the sixth I|ne of F| gure 2a ThIS sets the pixel to the OFF state VW q
the pixel transfer signal is applied. In this case, Thiseistthgiraplagemppisnee
shadow cl ear and pixel transfer signal is such that the display tine for
bit O is one-half of the display tinme_for bit 1. Th L.ow jor this

are of the timng diagram surrounded6by a second das ed I| |s shown in
Figure 2c. By clearing the secondary menory- during the LSB' s d| splay tine,
it gives nore EHE elaytlme
Bit O0is descr'it)gmg"égbaég eara Eﬁ;t?ﬂ\%nﬁgh rre%ﬁgbt |t S |§p| ay tinme

is less than the | oad t.i cl ear ed

after its usBE@ysepial QBFFP@d“ Starqig %%%139{3%&} ?V%’f‘?s%‘slﬁdw%'ly di d not

come for another LSB tinme, the |oad tine of_ the devic
addressable pixels which have either an ON or OFF state. Examples are liquid crystal

displays (LCD), digital micromirror devices_ (DMD), and actuated mirror arrays (AMA).
One method of addressing binary spatial light modulators is pulse-width modulation
(PWM). An incoming video data stream is digitized if necessary, and then passed to
some type of memory. The memory stores the data stream by vide-o frames. A given
pixel on the array has a data in that video frame set specifically tor that pixel. The -
size of the data set depends 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.

Gliving each bit a binary weight achieves the gray levels. For example, for an
8-bit system, there are 256 gray levels-, 255 of which are non-zero. In order for PWM
to acpieve 256 gray Ievele, the frame time is divided into 255 time slices. The most
significant bit (MSB) receives 128 of these time slices for its d'isplay time. Display
time means the time that a pixel is reacting to a given bit of data while receiving
ilumination. -The data for that bit of significance may have one pixel in tﬁe 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 piezo-electric 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



has effectively been doubled. Instead of having to | deV|ce in

1/ 255t h of a f?/ame the device could be | oaded in 1/fﬁ'§t'$|h'l'ﬂ repiacemgnt shepk
_procedure ties into nultiplexed nenory architecture by identifying the bits
differently. Instead of n bits of inténsity, there aPHhte OV \'\/Piqg)es of
bits: | bits, which are the integral bits whose | oad tlrre 'S ss than or
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loading the data and displaying it, which are described in the previously mentioned
patent, U.S. Patent 5,278,652, "DMD Architecture and ﬂming for Use in a Pulse-Width
Modulated Display System," which is incorporated 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 loaded
into the memory cell attached to each pixel. If the PWM scheme was very simple,
and each bit was loaded in sequence MSB to LSB for one frame, the MSB of the next
frame must be loaded in the LSB display time for the previoué frame. Therefore, the
load time must equal the LSB time. |

This leads to extremély high burst data rates. If the array were 2048 x 1152,
there would be 2,358,296 pixels that would have to be loaded in one LSB time. The

LSB time can be calculated as follows:

where F equals the frame time of 30 frames per second, R is the number of colors per
frarﬁe, and | is the number of integgr bits of intensity (for a 256-le\}el system, 1=8).

The number of colors per frame depends on the system configuration. If the -
system has one spatial light modulator, fqr a full-color system it would n2ed to have

colored filters or something equivalent to color the light illuminating the modulator.



‘This | owers -thé- r.at'i'o used. i-n Table | to cal cul ate the new dat rate f
ma(gc nﬁ‘_h%%‘r

.device with other than optinal fanout. The fol | owi ngThigdsdhe qment

of bits of intensity for a system and the effective bits. Table Il. Data
rates for devices using clearable bits. # of bits Eba?&t'v Jy'tq;j q)tlrral
f anout Optimal fanout New data rat® data rate Fanoutl = 11

8 31 27. 3 I\/Hz 76.9 I\/Hz 7+1

16 T 38.6 MHz

30. 3 NHz herej_gr@ éhwe,u@ have to be Sgolors per frame. Tfllg wouid requxre tr:rgg the VHz

38.8 MHz .
PWM scheme discussed above to be implemented 3 times per frame, once for each

color. The LSB time would then be 1/30 * 1/3 * 1/255 = 43.5 yseconds. 2,359,296
pixels must be loaded. Another configuration would have 3 spatial light modulators,
with each one dedicated to a certain color, reducing the number of colors per frame
for each device to 1. This would have a frame time of 130.5 pseconds.

The data rate is calculated as follows:

R*C

Data rate = t=p—ore

where R is the number of rows, and C is the numbér of columns. The data rate for
the above system would then be (2048 * 1152)/43.5 yseconds, or §4.2 gigabits per
second. |

Adjustments can be made to lower the data rate, such as using two column
drivers for each column, cutting the data rate in half. If the device used has 128 input
pins, thé columns could be grouped together to use a shift register that wouid allow
the data rate to again be cut by however wide each shift register is. Or.ﬁa of the
advantages of multiplexed memory architecture is that it cuts the number of memory
cells to be loaded in an LSB time, thereby réducing the peak data rates dramatically.

However, the biggest disadvantage of using multiplexed memory architecture is

that the fanout,



Cg+1 9 2 30.3 Miz 77.1 M 10
10 _ 102 33.3 Mz 308.8 Miz 8+

25 34.0 MHz 77.3 Mz 8+5 .. 1o+1 T“'s is the fealecement sheet
43.3 M1z 78.7 MHz 9+3 10+1 9 40.5 Mz
154.6 MHz Fanout of device = 11 New data rate = (Qotl NBhtd: angy g[ quout of
device)x Optinmal fanout data rate 1 spatial |ight nodul ator X 1152 128
data pins As can be seen from above, using one clearable bit effectlvel y
cuts the data FanouT,, =221,

where n is the number of bits of inten.sity, is set for each device before fabricaﬁon for
minimizing the input data rate. An example of a muitiplexed mem'ory architecture
memory cell 10, and its assigned pixel elements 12a, 12b, 12¢, 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 fanout for
another application 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 fanout
of 64 intensity levels ié 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 state) is 2° - 1, or 255, divided by 8, equalling 31. The new data rate then would
be 31(new .fanout) / 11 (old fanout) times 10.9 MHi, which equals 30.7 I;)le. Looking
at other calculations in the table below, it is easy to see why the use of a device with

a set fanout is not practical for other applications.



rTate in half for both 8 and 9 effective bits. Using a second clearable b|t
reduces the data rate by al nost another factor of This ist thelreplagemenh shest
that if the device had a fanout of 16, 8 effective bits using 1 clearable
bit woul d have the same data rate as if 13the deV|c Fggl,
fabricated for 8 bits of intensity. THe opti mal P8t for |ntegral bits
and 1 clearable bit would be [err], or 128, diV|ded by 8, which is 16.

Addi tionally, ifaf84. ctsaﬂa%ts@%.adéﬁeegtwﬂh dtherthén GPtimapisndut! ©

effective bits using 7

# of bits | Optimal fanout Optimal fanout data rate - New data rate
) Fanout = 11
8 (255-1)/18 = 31 27.3 MHz ' 76.9 MHz
9 (612-1)/9 = 57 3'0.3 MHz 157.0 MHz
10 | (1024-1)/10= 102 33.3 MHz ' 308.8 MHz

Fanout of device = 11 (64 intensity levels)

New data rate = (Optimal fanout/fanout of device)x Optimal fanout data rate
1 spatial light modulator 2048 x 1152 W|th a 180 Hz input rate

128 input pins

Hdwever. with an implementation of extra circuitry between the_memory cell
and the pixels assigned to it, it is poésible to for a device with a set fanOl;t to be used
in new applications without such a dramatic increase in the data rate. One example of
this is shown in Figure 3, which is easier to understand when taken with the timing

~ diagram of Figure 2a.

In Figure 3, the data inpui bus 14 transfers data for bit 1 (next to LSB]) to the
primary memory cell or data latch 16. This is seen on the first line of the timing
dlagram in Fgure 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 sigﬁal (22). This transfers the data from the primary'memory
cell to its secondary or shadow merﬁory cell (18). For illustration, thfs is assumed to
be a data latch, but could comprise any type of circuit that can s.to're data and be

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

pixels 20a-20k (for a fanout of 11). The electrode state is shown on the third line of



integral bits and 2 clearable bits would be the same as. if the devienpsheat
been fahricated with a fanout for 9 bits. The abili tEh‘ﬁﬁ{‘PSe‘J_a?Le reduced
menory requirements and data rate relationships of multiplexed nmenory

architecture keeps the costs of a system down, and ab%‘@;vs gbwﬁgeed
operation. Additionally, using multiplexed nenory architectu kes the

. Kk d theref
Gocen't 1ae 3L BB aREAH Boffral SRt s kel RSP el ol it G,

of multiple nenpr rchitecture is based upon its fanout being tied to a
certain "ﬁﬁr‘?gg’jg‘ﬂfar%'%/ BPIXels LR adiustde qjgrlay il dabb Rerespensg te %@ BiXek a
menory cell, while doubling the nmeno

transter signal, shown in the fourth Iinero¥ Figure 2a. A flow chart process for the
sequencing of the transfer signals and movement of the dgta at the area surrounded
by the dashed line is shown in Figure 2b.

The same process repeats for bit 0, 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. Tl;lis sets the pixel to the OFF state when the pixel
transfer signal is applied. In this case, the timing of the shadow clear and pixsl
t.ransfer signal is such that the display time for bit O is one-half of the display time for
bit 1. The flow chart for this are of the timing diagram, surrounded by a second
dashed line is shown in Figure 2c.

By clearing the secondary memory during the LSB's display time, it gives more
time for th:_e device to be loaded than the LSB display time. Bit 0 is described as a
clearable bit, which means that it's display time is less than the l'oad time. For
example, if bit 0, the LSB were cleared after its usual dispiay time, and the next
shadow transfer signal did not come for another LéB time, the load time of the device
has effectively been doubled. Instead of having to load the device in 1/255th of a
frame, the device couid be loaded in 1/128th of a frame.

This procedure ties into multiplexed memory architecture by identifying the bits
differently. Instead of n bits of intensity, there are now {wo types of bits: | bits, which

are the integral bits whose load t_ime is less than or equal to their display time; and C



requirenents, in conjunction with a |oading schemar as.ipdi cated above wil |
al l ow devices with set fanout to be used with appl s, I sreplagamenh gheet
different levels of intensity. The doubling of the nenory requirenments is
not a large problem since nultiplexed nenory arclpdtgct u§§ éWes t he
menory requirenents. of a one menory dél |l per pixel array {/ actor of
four. Therefore, even wth the increase nenory requirenents, the devices
remai ns I | ' . per pixel
Cystem OFRuen i e RedrnbONLE PR el Roh Tof e [RIPEs ey el bl ar
enbodi nents of an adapted nultipl exed menory architecture spatial |ight
nmodul ator, it is not intended 2I-1+C

' : I+C

Fanout =

This lowers the ratio used in Table | to calculate the new data rate for a device with
other than optimal fanout. The following table shows the number of bits of intensity for

a system and the effective bits.

Table I. 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 38.6 MHz
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 43.3 MHz 78.7 MHz
9+3 10+1 42 40.5 MHz 154.6 MHz

Fanout of device = 11 _

New data rate = (Optimal fanout/fanout of device)x Optimal fanout data rate
1 spatial light modulator 2048 x 1152

128 data pins

As can be seen from above, using one clearable bit effectively cuts the data
rate in half for both 8 and 9 effective bits. Using a second clearable bit reduces the
data rate by aimost another factor of 2. It should be noted that if the device had a

fanout of 16, 8 effective bits using 1 clearable bit would have the same data rate as if



-Thi's is the "r'epl acenent sheet' 14 that such speei fic references be
‘consi dered as limtations upon the scope of this iTiighs itle replacgmerntrsheet f ar
as set forth in the follow ng clains. VWHAT IS CLAI MED | S:

13 Date: 30’1,1675
the device had been fabricated fo_r 8 bits of intensity. The optimal fanout for'7 integral
bits and 1 'ciearabie bit wouid be é’-1+1, or 128, divided by 8, which is 16.
Additionally, if the device had a fanout of 14, the data rate for 9 effective bits using 7
integral bits and 2 clearable bits would be the same as if the device had been
fabricated with a fanout for 9 bits.

The'ability_ fo use the reduced memory requirements and data rate relationships
of n‘iuitiplexed memory architecture keeps the costs o_f 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 rete. end therefore doesn't -
require expensive, high-speed processoié. However, the Iimitatien of multiplexed
memory architecture is based upon its fanout being tied to a certain number of bits of
intensity.

As described above, using th_e extra memory cell, while doubling the memory
requirements, in conjunction with a loading scheme as indicated above will allow
devices with set fanout to be used with applications requiring different levels of
intensity. i‘iie do-ubiing of the memory requirements is not a large probie'm, since
multiplexed memory architecture reduces the memory reqhirements 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



1. ‘ A spatl aI Ilght rmdul at or W|th i nproved data Ioadl-mg ,sqggpég,ggbéygemasheet
an array.of individually addr essabl e pi xels, each pi xel' "consi sting of .

an active area for receiving incoming | | ght; and ii. activation
circuitry, where said activation circ ry receives damtosalgb}@it%caua ng
said active area to nodify said incom g l'ight; b. menory cel'l

el ectrical connection with said pixels, wherein at |east two unique pixels

are in CW%h%eﬂf&ﬂe@ﬁhCé@F@rcﬁngiﬁ!eﬁ? %s iimx%ﬂ f&%Ih?Gﬁ'th SEGH Bf{hryet ween

said nenory cell "and sai'd pixe suc sal 1ronal circul

recei vesa@%hgog%&ge&rﬂrgoﬁgé;gegg%%{\ﬁéﬁmfrSWlsnag (d’laﬁﬁél vation circuitry and '

al | ows sal menor



wherein sai d am i s capabl e of recefmgngthmdmb@m sheet
‘control ,signal smm tor of claim1l wherein said pixels are
dlgltal mrror Hﬂ , F’ m)dulator of claiml. vvheregF b gl pi xels
are liquid crystal S 4s mogul ator of cl ai Pateinn Qhﬂ sai d pixels
are actuated mrror arrays. 5. The nodul ator of claim 1l wherein said
activation circuitry is at |least one el ectrode. 6. The nodul ator of claim
1 wher eimpHaTiId @ICAlINED 19N _ci rcuitry is at |east one capacitor. 7. The
nmodul ator of claim 1l wherein said additional circuitry is a data |atch.
1. A spatial light modulator with improved data loading, comprising:
a. an array of individually addressable pixels, each pixel consisting of:
i. . an active area for receiving incoming light; and
ii. activation circuitry, where said activation circuitry receives data,
said data causing said active area to modify said incoming light;
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 such 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 claim 1 wherein said plxeis are liquid crystal cells.

4, The modulator of claim 1 wherein said pxxels 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
capacitor.

7. The modulator of claim 1 wherein said additional cii'cuitry is a data latch.

8. A method for improved data loading of a spatial light modulator, comprising:



8. " A method fmed—ﬁla{—a_l_aadi ng of a spatial tthé‘%ﬂlﬁmm sheet
conpri siang: 1 first data signal .{o an array of nenory
cells, wherein eI | is assigned at |east two nlg_ue

i ndi.vidual |y addr’ESSa e pl f sal d spatial i ghDa&mduI%@)chul

receiving said first data si gnal at sabd array of menory cells;

sending a transfer control signal to said array of nenory cells causi ng

a. sending a first data signal to an array of memory cells, wherein each
said memory celf is assigned at least two unique, individuafly
addressable pixels of said spatial light modulator;

b. réceiving said first data signai at said array of memory cells;

c. sending a transfer control signal to said array of memory cells causing
each 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. selectively sending a third controi signal, causing selected ones of said

pixels to sfop responding to said first data signal, while receiving a

second data signal at said first memory cell.



eaéh-'of s'a.i d”héhﬁeky'—ea—'l—s—{—o—ﬁﬁansfer said first data signal to a second
‘mermory ¢ell; d. sendl ng sal d first data signal fThisis el repiacamentsaheel

cell to actlvaﬂh ol each of said pi xel's; e. sendi ng a second
control signal xels to respond to sa d fi rsé f signal; f.
sel ectively send ntrol signal, causing ﬁﬂ ectef @{‘u of sai d

pi xel s to stop responding to said flrst data S|gnal whil e receiving a
second data signal at said first nmenory cel

MULTIPLEXED MEMORY TIMING WITH BLOCK RESET AND SECONDARY MEMORY
ABSTRACT

A spatial light modulator array With adaptabie multiblexed mefnory architecture.
The modulator has an array of individually controllable pixels, where a predetermined
number of pixels are assigned to a memory cell (16). The membry cell receives data
from an input bus (14). On a signal (22), the memory cell transfers its data to a
secondary memory (1 8)., and to the activation circuitry (20) of one of its assigned
pixels. On a second signal, the pixel responds to the data on the activation circuitry.
When the display time of the data is less thén the load time for the memdry cell, the
secondary memory is set with a second signal (24) so as to make the pixel dark and
another control signal makes the pixels respond to the memory. In this way-, the load
time is lengthened and the data rate remains relatively low, even though the number
of bits of intensity may not be the same as the number of bits of intensity used to

determine the number of pixels assigned to each memory cell.
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MULTIPLEXED MEMORY TIMING WITH BLOCK RESET ANb SECONDARY MEMORY
ABSTRACT

A spatial light modulator array with adaptabie multiplexed memory architecture.
The modulator has an array of individuaily controilable pixels, where a predetermined
numt?er of pixels are assigned to a memory cell (16). The memory céll receives data
from an input bus (14). On a signal (22), the memory cell transfers its data to a
secondary memory (18), and to the acti;/ation circuitry (20) of qne of its éssigned
pixels. On a second signél. the pixel responds to the data on the activation circuitry. |
When the display time pf the data is Iéss than the load time for the meméry cell, the
secondary memory is set with a second signal (24) so as to make the pixel dark and
another control signal makes the pixels respond to the memory. In this way, the load
time is lengthened and the data rate remains relatively low, even though the number
of bits of int'ensit;/ may not be the same as the number of bits of intensity used to

determine the number of pixels assigned to each memory cell.

Figure 2
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