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| | MULTIPLEXED MEMORY. TIMING
WITH BLOCK neser AND secounAnv MEMORY

BACKGROUND OF THE INVENTION
1. . Field h -|'_ '
_. :-Thls lnventlon relates to spatfal llght modulators, more partrcularly to memory
I .. schemes supportrng spatlal Ilght modutator arrays | |

2. Back

In one form spatlal lrght modulators consrsts of an array of indlvrdually

addressable elements such as llqwd crystal dtsplay panels or dlgltal rmcromlrror
devrces These examples of modulator arrays have many uses. such as pnnters.
. dlsplays and optlcal prooessmg Thls dfscussron will focus on display systems

: In some applrcatrons these arrays function in blnary 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 slgnal form the image the viewer _recerves. _

~ either drrectly. from a screen or through optlcs

To lndlvrdually address each plxel each modulator array must have clrcurtry
allowing srgnafs to reach-each pixel -and -actfvate rt.to respond in a certain way. One
approach requrres one memory cell per plxel where the memory cell receives. the
mformatfon for the ptxels next state Thls lnformatron results from the scheme used to'

' produce the dispiayed lmages |

One technrque for productlon of- |mages, called pulse width modufatron, has

8 ~ each prxel turn ON and OFF repeatedly within.a vrdeo frame trme This method

controls the mt_ens_rty of a given pixel by how-many times within the frame the pixel is
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-ON or transmxttmg llght to the ﬂnal tmage Digltallv. gray IEVG’S are achteved by US"‘Q

_ _' ._ wetghted bits. of data. |
| For example. to achieve 16 gray tevels each p:xet receives 4 bits of data over
the time penod of one frame The frame time is dtvuded into 15 shces. 1 -15 The
most sugmf:cant bit {MSB) wou!d then recewe 8 of_ those time stices for it to dlspiay...tts o
'_ ‘data. The next most'signi'ﬁcan_t bit-wo_uld receive_ 4, etc. Techniques exi_st_that_ allow
._th'ese. time slice t'o be a_ssigned. to the bits of data. in non-contiguous seotions. For '
example, the MSB' may be disptayed for 2 time slices at once, then be displayed for.
_ the other 6 time slices at another .tl.me.' or even be '.dlvicl,ed up again-. A d.etailed
; _descriotion of thismethod using the DMD as an 'ex'ampte Is in U.S. Patent 5,278,652,
| '."'DMD Archltecture and Timing for Use ina Pulse-Wldth Modulated Dlsplay System
The above technique requlres memory tor keepmg the data to be displayed and.
- | sendlng 1t to the p:xel at the approprlate tlme One techmque uses one memory cell
N per p:xet The cett recelves the plxel's data, the ptxel gets a control signal allowmg |t
. -'to react to the new data is latched mto its new state. Meanwhlle the cell is recenvmg
. the data for the plxel s next state. When the plxet transfer signal occurs, the pixel |
| reacts to |ts new data |
| The -above-descnb.ed“method focuses on- an enttre array recei'\ri'ng the ptxel |
transfer signal at once However, techniques exrst that allow any one pixel to receive
f::the transfer srgnal by |tself Thas allows for a much Iower data rate making the system'
- _.mu_ch more manageabte. On_e su_ch method is discussed, in U.-S.-Patent Applicatlon

. No.'08/002,827, "Pixel Control Clrcuitry for Spatial Light Modulator."
TI-8257 Page 2
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- This partrcular techmque often referred to as spllt reset, uses: less than one

memory cell per prxel wrth the numbsr of plxels per memory cell called "fanout " Thls
- archltecture wnll be referred to more accurately as a multrplexed memory archrtecture

: . The memory cell recelves 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

= : _”as:-'
28-1
FANOUT —- v
- R
" whers n = the number of blts of lntensity Therefore. if 4 bits of intensity Were'desired
_'there would be a fan out of 24 - 1 or 15, divided by 4 equalllng 3.75 prxels Slnce
o fractlonal pixels are rmposslble there would be 4 pfxels per memory cefl

One problem wrth the above approach rs that the number of levels of mtenslty -

R - 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,llmlnat_es the maln aclvantage of using.' 'r'nul_tipl_exed me_mory' architecture.
| Therefore, if the_ number of levels of intehsity is dlfferent, ..different devlces need
| _ to'. be -fabrica'ted.to keep'-system costs dofmn"‘ A need exists for a method that m'akee' '
3the multfplexed memory archltecture scheme more ﬂexrble and elimmates the need

- for specra!ly fabrrcated devrces ?_'
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SUMMARY OF THE INVENTION

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 B _.
transmrsslve and acttvatlon crrcuttry The slgnals are passed to the plxels v:a a.
'rne_mory cell, wnth__more than one plx_el recelvmg from any one memory -cell. The
| '..numbe'r. of pixels in oonneotion with'a memory cell is. decided before deyice
. fabrrcatton depending upon the number of blts of mtensrty
- One aspect of the lnventron allows a devrce fabncated with a set number of |
| _"_ptxels per memory eell to be used for severat appttcatlons whlle mlnimlzrng the |
- rncrease in the peak data rate The same device could be used for two systems
L '.where each system uses a dlfferent number of bits of lntenslty. regardless of the llxed |

L fanout of the devnce

| TH18257 Paged
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BH!EF DESCRIPTION OF THE DRAWINGS

For a more complete understandmg of the present mventlon and for further "
advantages thereot reference is now made to the following Detalled Descnptron taken

| in conjunctlon with the accompanylng Drawnngs |n whlch | .-

Fgure 1 shows a block dlagram example of a multiplexed memory archltecture
.. memory cell and its assrgned plxel elements | “ |

Flgure 2 shows a block dlagram example of 'a I' mUltiplexed rnemory architector_e
' memory cetl wnth a shadow cell and lts ass:gned plxel elements |

Fgure 3 shows the tlmmg dlagram for a multiplexed memory archltecture -

| 'memory cell with a shadow cell and |ts asstgned pixel elements
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l DETA'lII.-EgD oescmpﬂon oF THEPREFERHED 'EMBODIMENTS

- Brnary spatral llght modulators are modulators with arrays of mdlvrdually
' addressable prxels whlch have elther an ON or OFF state Examples are quurd crystal.
- drsplays (LGD) dlgrtal mlcromlrror devrces (DMD) and actuated mrrror arrays (AMA)
o 'One method of addressrng bmary spatlal llght modulators is. pulse-wrdth modulation - N
h _(PWM) An rncommg vrdeo data stream is dlgltrzed 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 rn that vrdeo frame set speclflcally for that pixel. The |
| - - size of the data set depends on the number of brts of mtensrty the system uses Af the_ |
. system used 8 bzts of mtensrfy, there would be 8 bits of data for each prxel
Grvlng each bit a blnary wetght achfeves 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 fs divided into 255 trme slices. The most
-'sigmficant brt M SB) receives 128 of these ttme sllces for its display trme Dlsplay
time means the time that a prxel is reacting to a given brt of data while recervrng
||lum|natlon The data for that bit of srgmffcance may have one pixel in the. ON .
= posrtlon and another in the OFF posrtlon The prxels assume either the ON or OFF .
' posrtlons dependlng upon the data on therr activation circurtry For the DMD and the |
| © LCD, the actlvatlcn crrcurtry normally consrsts of at least one electrode For the AMA :
B -‘._me actlvation crrcultry typrcally consists of plezo-electrlc crystals Addrtronally,
'.':.capacitors that can be charged and dlscharged can be used.

The next MSB would then receiv_e 84 time slices, and so on until the least = -
' TH18257 Page 6
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' s:gmﬂcant bit— '(L'.SB) reCeives one time sll'ic.e | There: are'varying methods and ways of
: loadmg the data and dlsplaytng it, whlch are descrtbed in the prevrously mentloned
B patent, U S. Patent 5 278 652, "DMD Architecture and 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 sllce 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 recelve their data. they are latched into position for
) the approprlate number of LSB tlmes Thrs allows the next btt of data to be loaded , ) :
: mto the -mern_ory cell attach_ed to-each pixel. If the PWM- _scheme wa_s very simple.
.:'a-nd'.each_ bit vvas_'.-load_edjin '_s'edu'_e"nce MSB to:-_LS_‘B for ane frame, the MSB o the next
. frame’-m.ust be loaded in the 'LSB.d.isplay-:t.i.m.e‘ for the prevlous- franfte, Therefore, the )
. Ioad trme must equal the LSB time. | .. 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

_#-—*
z.sa= e

i _where F. equals the frame tlrne of 30 fraxnes 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 lrght modulator, for a full—color system it would need to have i

colored_ filters or somethmg equtvalent to color the light llluminating the modulator. ,
T1-18257 Page 7
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. Thersfore, there would have to be 3 colors per frame. '_l‘his would require that the E

_PWM scheme discussed ab'ove'to be'lmplemente'd 3 tlmes pe'r- frame, once for each
color The LSB time would then be 1/30 - 1/3 > 1/255 43 5 useconds 2, 359 296
- 'plxels must be loaded Another oonhguratlcn would have 3 spatlal light modulators,
with each one dedicated toca certaln color reducmg the number of colors per frarqe

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

The data fate. lS calculated as follows

R*C

Dat:a rate W .

'- 'vvhere,ﬁ,ls the numbor--of rovvs,_and_ C l_s t_he_' numoe__r- of colurrl,n,s._ The data rate for
o _the above_ system .wou'ld, :Ithen.ba---(almsl ."-.'1152)243.5: pseconds; or 54.2 glgabits per o
_second S - . . _ o S
Ad;ustments can be made to lower the data rate, such as usmg two column '
'dnvers tor each column cuttrng the data rate in half. If the device used has 128 input
| pins, the columns could be grouped together to use a shlft register that would allow
| the data rate to again be cut by however wlde each shlft register is. One of the
| advantages of multlplexed memory archltecture 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 multlplexed memory archltecture is .

' | -.that the fanout

TH18257 Page8
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: 'where nis the number of blts of mtensrty, is set for each device before fabncatron for
' _mrnrmtzmg 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 embodlment shown is for a fanout of 4 (a 4-bit system). where fanout is
_-.the number of ptxels per memory cell. To use a devroe that has a set fanout for |
another application w,lth_ a different intensity Ieyel increases the peak data_ rate. The
| In orease is .d_et_e'rmine_d'by the fanout of the new level dtvided_ 'by _the fanout. of the
'device, time,s the data rate of the de_v_ioe when it used the approp_riate levels of
._in'tensit:y for its fanout. - | - |
o . For example, a chrp wrth a data rate ot 10. 9 Ml-lz and a fanout of 11 (the fanout
' of 64 mtens:ty levels rs 10 5 rounded up) could be used for a system requiring 256
: - rntensrty Ievels The optlmal fanout for a devrce of 266 mtensrty levels (255 plus the
- ) _' 'OFF state) is 2“ -1, or 255 deed by 8 equalllng 31 ‘The new data rate then would
be 31(new fanout) / 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
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Table 1. D'ata'rate_s for d_evices with other than optlmal fanou_t.

# of bits ) Obtimal'fanou—t' Qotirnal _fanout 'data rate . . | New d_ata rate |
] N o L Fanout = 11
8 |(@55-1)8=31 |  27.3MHz - -~ 76.9 MHz
‘9 |@reye=57 | seamHz 0 | 157.0MHz
'(10'2'4-1')/1'o=102' - '333Ml-rz' .1 308.8MHz

Fanout of devrce =11 (64 rntensrty 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, wath an lmplementatlon of extra clrcurtry between the memory-cell
B . and the plxels assigned to lt itis possrble to for a device wrth a set fanout to be used
- :.ln new applrcatlons wrthout such a dramatrc mcrease m the data rate. One exampie of' :
. '._thxs is shown in Fgure 3, which is. easier to- understand when taken with the. timing
.diagram of Fgure 2a. - | _' L |
ln Figure 3, the data rnput bus 14 transfers data for brt 1 (next to LSB) to the
primary memory cell or data latch 16. Thrs rs seen on the fll‘St line of the timing |
_ diagram in Figure 2a. After the' bit 1'is'loaded into all_ of the respective r_e.spective'
”rnemory.cells. .two oontrol signals occur. First, sh’own'on the secondl line of_Fig.ur'e-Za':
is the shadow. transter signal (22). This tranSfers the data trom the prirnary memory
cell to its secondary or shadow memory cell (1 8). For lllustratlon, thzs is assumed to .
be a data latch, but coutd compnse any type of crrcu|t that can store ‘data and be

cleared., “This also transfer_s the data onto the electrodes or other activation circuitry of

| pixels _26a-2_0k (tor a fanout of 11). The electrode state Is show_n_ on the third line of
TI-18257 Page 10 |
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a _:.'Fg""e ga The second controi srgnai is the prxel transfer signal shown on the fourth :

ime of i-“gure 2a. The prxels then adjust to display bit 1 data in response to the prxel
o _transfer srgnat shown in the fourth Ime of Figure 2a A ﬂow chart process for the |
sequencrng of the transfer srgnais and movement of the data at the area surrounded
| by - the dashed Iine is shown in thure 2. | | |
The same process repeats for brt 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 appii_ed. ‘In _this case, the tlming of the shadow clear: and pixel
transfer signal i su'ch'that the dispiay time tor bit 0 is ons-hat of the display time for
bit 1. 'i‘he iiow chart for this are of the trming diagram, surrounded by a second
- :'dashed line is shown in Figure 2c. | |
| By clearing the secondary memory durmg the LSB' display time, it gives more ”
3 tzme for the device to be ioaded than the LSB drspiay time ‘Bit0 is descnbed as a |
ciearabie bit, which. means that it's dispiay time is iess than the load time.  For
| _...exampie, if brt 0, the LSB were cleared after its usuai display trme, and the next N
shadow transfer srgn_ai did not come for another LSB time. the load time of the devrce
~has effactiveiy'be'en' doubied instead of havrng to ioad the device in 1/255th of a
frame, the device could be loaded in 11128th of a frame. . |
“This procedure t:es into muittpiexed memory architectura by identifying the brts. '
| -_ --.dlfferentiy instead of n btts of intensriy, there are now two types of brts | brts whrch |

are the l_ntegrai_brt_s who__se load time Is less th_an or equal to therr display time; and C
TH8257 Page 11
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" blts whlch are the ctearable bits. The calculatlon for tanout then becomes '

' oty — . 21'—1,+C
. Fa:zout:__ , I+C'. .

o Thrs lowers the ratro used In Table Ito calculate the new data rate for a device with
o other than optrmat fanout The followmg table shows the number of blts of Intensrty tor
system and the effectlve brts | ' | |

Table IL.: Data rates for devrces using clearable bits.

-'_-_—..=='=======

# of blt.s".-—E_tfectiv_e'bits.' | Optimal fanout | Optimal fanout New data rate
- N R B - data rate Fanout = 11
8 81 " 273MHz | 769 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 |

" Fanout of device = 11 g ' ' e
New data rate = (Optimal fanout/ffanout of devrce)x Optrmal fanout data rate
1 spatial light modulator- 2048 X 1152 . _

- 128 data pins

As can be seen from above, ustng one ctearable bit etfectlvely cuts the data
rate in haif for both 8 and 9 ettective_blts. Using a second clearable bit reduces the
L 'data rate by almost another- factor of 2. It should be'.noted that it the device had'a
| fanout of 16, 8 effective blts uslng 1 clearabte bt wculd have the same data rate &s :f

'r|-1szs7 Page 12
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the device had 'been.tabricated for 8 bits'~ot intensity ~The optimal fanout for 7"integra| -

- bits and 1 clearable bit would be 27-1+1 ‘or 128, divrded by 8, which-is 16
) .Addmonally, |i the devrce had a fanout of 14 the data rete for 9 effect:ve bits usmg 7
' mtegral bits and 2 clearabie bits wouid be the same as |f the devnce had been |
.fabncated wrth a fanout for 9 blts |
The abrlzty to use the reduced memory requirements and data rate relatronshtps
'_of multiplexed memory archttecture keeps the costs of a system down, and allows
high-speed operation Addittonaily, using multrplexed 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 hmitatron of muitlpiexed
. m_emory architecture |s_based upon its fanout being ti_ed_to a certain number of bits of
intensity. - | |
| -.As describ_ed a'b,o_ve.' Z'us,i_ng_the extra memory cell, while doubling the memory _. _'
ret;uirements,_ in conjunction-wi_th a'ioa‘ding, scheme 'a.s indicated abdve will allow
| deyices with set fanout to be'used with 'appiications requiring different levels of
: intensrty The doubirng of. the memory requrrements is not a large problem since
- .muitrpiexed memory archrtecture reduces the memory requirements of a one memory B
| cell per prxet array by a factor of four. _ There_fore, even-with the increase memory |
" | requirements, the devices remains .imeil '.unde,r what it v.m'uld'_have been in a o_ne '

memory cell per pixel system

Thus, although there has been descnbed to this pomt particular embodlments of

: an adapted muiti_plexed_me_mory architect_ure spatial light modulator, it Is not intended
“TH18257 Page 13
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that such specn‘lc references be considered as Ilmltatlons upon the scope of this

mventlon except m-s_o.-fa:_'.as set forth in the following claims.

' T-18257 Page 14 |
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WHAT IS CLAIMED IS

'a. _ o 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 pixelé ar’é in connectioh with eadh memory. celi;
c  additional ciréditry baﬁeéﬁ said memory cell and said pixels such that
- said é.d_ditiohél'cifcuit'ry-reéaives: said daté frbm_a memory call béfore | . E
: .said aétivatibn circultry an'd'allows said meinory cell to receive new daté,
. -_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 -saidac.ti.va'tlon'ctrcuitfy is._'at léast oh_e
clectrode. T -
= 6 The .modulatdr of -C]aiin-i wherein safd ac_tiQation ircuitry is at least one
_ capacltor N 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
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K ‘sending a first-data signal to an'array of Im'emory ceils; wherein each
| lsaid .memo.ry cell is assigned at Ieast' two unigue, individuaily

- addressable pnxels of said spatial lnght modulator
' recezvmg sald first data signal at sald array of memory. cells

"'sendlng a transfer control sngnal to sald array of memory cells causmg

each of sa:d memory cells to transfer said first data signal to a second

memory cell

. _ sendmg sald first data sxgnal from sald second mernory cell to activation

L "c:rcultry in each of sand plxels, |

sendmg a second control sxgnal causmg saad plxels to respond to said

g first data signal;
| .selectlvsly'sendi_ng a third control signal; causing selected.ones of said
‘oi)kei.s to stop .responding to.said first data_:signal, while receiving a

second data signal at sald first memory cell.
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