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repeatable mechanical properties, so that specific applied analog voltages produce specific analog

25  displacements of the movable wall that acts as a mirror at the back of the interferometric cavity,
To produce accurate and repeatable color combinations, typical modulators use only binary
displacement of the movable mirror. In this mode of operation any given movable mirror-wall
will be found at rest in either its quiescent state where it produces one of the color states
mentioned above or its fully deflected state where it produces a black optical state.

30 Thus these binary operated modulators are capable of displaying only two gray levels per
pixel, such as black and white in the case of a monochrome modulator, or eight colors per pixel,
such as red, green, blue, cyan, yellow, magenta, black, and white for example, in the case of a
color modulator. It is desirable to display additional shades of gray in a monochrome display and
additional colors in the case of a color display. Since controlling analog deflection of the single

35  monochrome mirror per pixel or three-color mirrors per pixel can be unreasonably difficult it

becomes necessary to devise a modulator architecture with a more complex pixel structure,
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el ements. Figure 9 shows an enbodi nent of deflectable elenents simlar to
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Figure © shows an embodiment of deflectable elements similar to interferometric
modulator elements used as switches.
20 Figure 10 shows a graph illustrating how deflectable elements can be selectively
addressed by varying amplitude and duration of voltage pulses.
Detailed Dt;,scription of the Embodiments
Figurc 1 shows an cxample of an interferometric light modulator. This particular
example is an iMoD™, but any interferometric modulator may utilize the embodiments of the
25  invention. No limitation or restriction to iMoD™ modulators is implied or intended.
The modulator is typically comprised of an array of individual elements arranged in rows
and column. One element shown in Figure 1 has an electrode layer 12 on a transparent substrate
10, typically glass, One surface 14 of the modulator’s optically resonant, interferometric cavity is
fabricated on the electrode layer and an oxide layer 16 covers this surface. The paralle! surface of
30  the cavity, mirror 20, is suspended above the cavity by supports 18, In operation, when the
electrode on the glass substrate is activated, the mirror 20 is electrostatically attracted toward the
glass substrate. The deflection of the mirror 20 changes the dimensions of the cavity and causes
the light within the cavity to be modulated by interference.
The resuliing picture element (pixel) from a direct-view display will be composed of
35  elements such as the one shown in Figure 1. Each of these modulator elements with the mirror 20
in an undeflected state will be bright, or ‘ON.” When the mirror 20 moves to its full design depth
into the cavity toward the front surface of the caﬁty, the change in the cavity causes the resulting
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of operation. It is one purpose of embodiments of this invention to provide a method of area-

ruled operation that is uniquely svited for application to interferometric modulators and which
reduces the complexity required by previous implementations.

One embodiment of an interferometric modulator area-ruled architecture requiring fewer

30 pin outs and still providing higher bit depth is shown in Figure 3. Driver device 50 has one output

pin per display row, and a connection line is provided between each driver device output pin and a

corresponding row of the modulator array. The single row connection is multiplexed between the

sub-elements that comprise the sub-rows of the display clement. The term display element has

been introduced here to specify a certain area of the entire display surface. The display element is

35 a collection of sub-elements, that typically resolves into a portion of the display presenting a

coherent set of image information. The most typical display element would cotrespond to a single

pixel in the resulting image. The display element 40 in Figure 3 has been divided up into three
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of any row1s active SO on or t and fourt
However, ongelect voltage. Tn this manner, elements in all sub-rows except the active sub-row see the same,

non-select voltage independent of the status of the timing signals and consequently independent
25  of the positions of the switches within the sub-row. It should be observed that switching of the
non-active, row-select switches could be avoided with masking circuits in cases where ultimate
low power consumption is desired.
As can be seen from Figure 3, the switches 56 and 58 as well as the other switches
connected to the timing signal lines, are manufactured to be microelectromechanical devices
30  similar to the interferometric elements, such as the one shown in Figure 1. Because the array is
undergoing microelectromechanical processing to create the interferometric display elements,
manufacturing these ‘exira’ elements in the area surrounding the array would not create extra
complexity or necessarily raise the cost of the device. It is possible that the multiplexing of the
sub-rows could be done with other types of switches, including but not limited to
35  microelectromechanical switches fabricated in a manner not similar to the fabrication of the
interferometric elements and more conventional electronic switches fabricated using thin silicon
films deposited on the modulator’s glass substrate.
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25  approximately equal to one-half the size of the next largest sub-element. Sub-element 72 is one-
half that of 74, or one-eight that of 70. Sub-element 71 is one half of 72, or one-sixteenth of 70.

The elements having different physical sizes are activated as needed to achieve an overall
display pixel with a given color intensity. The table below shows the ON sub-elements, by
reference number for each color intensity level.

30

Color intensity Sub-elements ON
None

71
- 72
71,72

74
71, 74
72, 74
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in the surrounding area of the nodul ator array, bringing them'on-chip' with
the array, rather than requiring the driver device to provide separate

out put pins for each sub-elenment. The sub-el enents shown in Figure 3 have
been drawn wo 2usnef2sappr oxi mately equal areas. Anot her pgéghfey '%945598{59”3/ uses
sub-el ements with binary "physical' wetghting relative to eac t her.

can be seen in the display elenent 70 of Figure 7, a bit depth of 4 is

provi ded using only[4 such Sup-€elenent§. For gxampie€, area 78 has a size
approximately equal [TOo one-hggdf the TOIT size agR display el enent 70.
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next |argest sub-el gment, TNiphi 5 case, sub-el goemt /8, 0Of Vi ng sub-el enent
74 a size one-quarf€r of theiTulT-size display mlfent. Bach subsequent
sub-el enent has a s{ze 25 appgoxi matel'y equal gg gne-nal 1 he size of the

next |argest sub-el gment—Sufzerement 1215 74! | of 74, or

one-ei ght that of 7p"Sub-erggent 71T Tg one ne;tr74078 72, 0r] one-si xteenth of
70. The elenents h vmg di rrlgrenr pny'~| car 51, z,gsmd-ygs activated as needed to
achi eve an overal | drsptay prxer—wth=agrven-cotor—Tntensity. The table

bel ow shows the ON sub-el ements, by reference nunber for each col or
intensity | evel Allbouglusbssribadrhererasibemataddressadelyt the OMtipBXing teshniqueraf Figre ¥2 3

T4 72, 3 i g g PRSI RISt 11,
74,78 15 Wescriedahovey Ecreased mterconneouon complexlty will result, but this relatwcly low level of
5  complexity will be acceptable in many systems.

In an alternative embodiment, the bit depth of 4 is achieved by dividing each sub~column
for a display element into 16 (2*) sub-elements. Each set of 16 sub-elements in each sub-colurmn
are connected together in a cascading fashion and are therefore referred to as ‘sub-element
cascades,” The individual cascaded sub-elements may be fabricated to serve as both

10 interferometric modulating elements and electrical switches such as those shown in Figure 3.
Alternatively, each individual interferomeiric sub-element may have an electrical switch
fabricated immediately adjacent.

An example of a display element 60 having sub-element cascades for 4 bits of depth is
shown in Figure 5. The three column lines connect to the first element in a sub-element cascade;

15  sub-clement 61r is the first element in the red cascade, 61g in the green cascade and 61b in the
blue cascade, the last elements being 615r and 616r for the red cascade. The confrol of color
intensity is provided by the width of an addressing pulse applied to the columm line. This may be
best understood by looking at two possible sub-element configurations shown in Figure 8 and
Figure 9.

20 In Figure 8a sub-element members of a sub~column, such as the sub-elemenis 61r, 62r,
and 63r shown in Figure 5, are shown in cross-section. The interferometric cavity is defined by
the suspended, movable mirror elements such as 82 and the front surface optical film stacks such
as 84. In this case the suspéndcd movable element also functions as the contactor of a switch as
did the switches shown in Figure 3. Amayed within each sub-element, adjacent to the optical film

25  stack, are conductive elements 86a-86e. When the movable mirror 82 comes in contact with the
optical film stack 84 the sub-element has switched from one optical state to a second optical state.
Additionally, a circuit is completed, since the movable mirror now connects conductor 86a to
conductor 86b,

The sub-element cascade is addressed by applying one polarity of an address voltage to

30  the moving mirror 84 and the fixed contact 86a. The second polarity of the address voltage is



Al t hough descri bed here as being addressed by the nultiplexing techni que of
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optlcal statetoasecondotlca St at e. tional t; acircult 1s
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address voltage to he novi n]%qqm rror 84 and t he flxe% co act 86a. The
second pol aﬂaﬁw@ymtpﬁ@da@ml%%a eoliyee’ i vVigyo towsh b o guirrpre Temanpinghein 39312

7 appl ied G@r@kdslaRe! teHGNE N RteRhtidAGn@Whd: B viRlel S 8)e Hebdibs thptediedBdich The

resul t ant potentlal di fference causes mrror 82 to deflect, conpleting the
connect i on HStRIEBEGHINEYIPV86a and 86b as shown in Figure 8b. Wth the

first voltage patéeichy ofesh &pt tive Mg o Blibne ek a8 6Dthe tniifrerd @fe reset to their
quiescent position before being addressed again. It is possible to address the interferometric
device so that this reset is not necessary. It is included here to emphasize the switching operations
25  that take place during each ‘line time’ of addressing. It should be noted that the address pulse
must exceed a certain minimum time duration in order to cause the first element in a sub-clement
cascade to turn ON. A very short addressing pulse, such as a transient signal, that is shorter than

the response time of the sub-elements, will not cause the first sub-element to switch.
Once the address pulse has been active long enough for the first sub-element to switch,
30  the addressing signal is ‘passed on’ to the next element in the array. Again, the address pulse
must be active long enough past the switching of the first element o cause the second clement to
switch. As the response times of the sub-clements are assumed to be approximately the same, the
sub-element cascade should be conirollable to provide a desired number of sub-elements to furn
ON while providing a relatively high immunity to spurious signals. The cumulative effect is to
35  cause the display element to form the proper color intensity in the resultant pixel, In this manmer,
a display element with a bit density of 4 was made possible without any extra connection lines or

extra connections from the driver device.



mrror 82), mrror 92 wll eventually deflect as shown in Figure Sc. This
process will continue 5 until all of the cascaded mrrors have coll apsed or
until the address pulse is renoved. Thus the reflective intensity of the
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array. Aganhwsﬁmesﬁuﬁﬂégt eﬁ@émmwwepm@eueemmmeivwﬁg enough past the
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the response tines of the sub-elenents are assumed to be approxi mat e'ly t he

same, the Mimer biremends H@Eﬁs%%l‘dléﬂéiﬁﬁﬁ pelivife afies p{onger pamlication of ¥ Rateinerehesi r ed
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|mmn|tyt urious signals. he cunul ative effect is to 5 cause 't
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In this manQghinatids 9f SRIRY ! RNERNScted yhabiddl dddedansilsty inothe Am¥asinpRsRcHOssi bl e
W t hout any extra connection_|lines or extra connecti onsHIt{]om t he driver
devi ce. 25 ~where the term ‘combination’ includes the switching of a single element ese mirrors have

different areas, such as the areas shown in Figure 7, then multiple brightness levels can be
achieved by addressing a multi-segment display element with a single pair of elecirical
connections.
In all of these manners, alternative methods of providing intensity bit depths far beyond a
30  single bit can be accomplished for interferometric elements. While the implementations above
were discussed with regard to a bit-depth of 4, having 16 levels of color intensity, these
embodiments may be employed for any bit-depth greater than 1.
Thus, although there has been described to this point particular embodiments for a
method and apparatus for area array modulation and reduced lead count in interferometric
35  modulators, it is not intended that such specific references be considered as limitations upon the

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



WD 2005/ 062284 PCT/ US2004/ 039312 8 The cascade effect described above is
based upon novable mrror elenents that provide both the optical function
of the display as well as the electriBal switching cascade itself. An
alternative, shown in Figure 9, is to provide adjacent to each
interferonetric sub-elenment such as 100 a separate electrical switch such
as 102wHAT ISCODAEMED 18k t aneously with the optical elenent. 5 The

enbodi ment of Firgure 9 shows a mcromechani cal switch, but other types of
swi tches, such as silicon or other sem conductor transistor switches may be

used as welk....In I .ne paraneters of the optical elenent and the
par ame?‘ersAch)lghttIH%&ugﬁﬂélé}té?%géFﬁgl enent can be separately optimzed. The

addr essi ngmwzfc@m@ﬁsiag Gowohi colahbeof Rterfetdindfic Hnslagmn@éﬂtgfeadﬂ Asthént9 are
identical to those provided by the systemof Figure 8. The systens of

Fi gur eBeiBg divifled intosubaens eboreirmporesulbtlesisnts ni ng different |evel s of
bit-depth by controlli.ng the behavior. of. the dul ator ., over tine. In Figure
10 2 o aptiriey SRR an R bitFmaEH Phrdling sienals 1 BF Bttt a e entn  of
addr esgdhgetii I5RS oA spRldb tdnd B ofais 1éR¥R) f @E afrh@se pul ses a nore
refined control of novable mrror addressing for bit-depth sw tching can be
i mpl enent eub-apiaywernetiomppes eertticnlly consgsteslyto Eachdreayeronnedsionilsiei ng of sever al
i ndi vidual nmoving mirrors. The mrrors are denoted by the nanes b,, b2, b3,
etc. The mechani cal support structure of the mirrors as well as the mrror
el ement  tREIRE ¥ewnEAN tﬁ@oﬁ@ﬁﬁfgas?%dﬂs%rh' ShdHarhy WoRR& o lindkd IR sGProws

techni ques, such as varying film thickness and'residual stress wthin the
film tooeftelct ovageddiavhetidation.rrors to deflect at different rates versus tine
and at different displacenents versus applied voltage. 20 As shown in Figure
10 novabl e el enment b, deflects after a short application of voltage V,.

M rroryb2 TiRIpARERdIRIR oA Y, AREreM daid &l drREE sAb-bRindtd ARAGT colipRist gat i on
of V1. Both mtrors b, and b3 wll respond to a brief application of V2 and
m rr or subdelementdap aidharonf for esbgrednmgd blwea very quick application of V2 to

whi ch none of the other mrrors can respond. In this way various

conbi nations of mrrors can be defl ected by shapi ng address pulses in the
time/vel t agg lﬁ?lﬁﬁl%dul%&rm%faﬁntlt‘_@/hEﬁM@aE]d:é}?@ QRhEQDdN 16 MRS cdffri®Whiegi ng
of a single elenent. If these mrrors have” different areas, such as the

ar eas stélomm conndetignitiees7 on¢ bawh foutetd] gheen fnd Ight néscemenslis eahreldmentachi eved by
addressing a nulti-segnent display elenent with a single pair of electrical
connections. In all of these manners, alternative nmethods of providing

| ntensity HidlidheRidditaldtlor BRHANT where RS kRbKes it 3BuBfis@cconp! i shed f or
interferonetric elenents. Waile the 1 nplenentations above were discussed

wi th regapedettonzechatiedaptifches 4, having 16 | evels of color intensity, these
enbodi ments nay be enpl oyed for any bit-depth greater than 1.

5. The light modulator of claim 1, wherein the switches further comprise switches of a

similar configuration as the interferometric display elements.

6. The light modulator of claim 1, wherein the switches further comprise the sub-elements
such that when a selected sub-element is deflected, the selected sub element causes the
operating signal from the array connection line to transfer from the selected sub-element to an

adjacent sub-element.

7. The light modulator of claim 1, wherein the switches further comprise semiconductor

transistor switches.



Thus, although there has been described to this point particular enbodi nents
for a nmethod and apparatus for area array nodul ati on and reduced | ead count
ininterferometric 35 nodulators, itl0is not intended that such specific
references be considered as Iimtations upon the scope of this invention
except in-so-far as set forth in the followng clains. 9 WHAT IS CLAI MED
IS 1.g A Ly I : FlSiena: rhsi ol umms
of i nisr t i Aop¥EH gL AR BBt L BodGMBH 8 oW Ather
sub-rows efovidieg e ammy ef intdfeedmeteiodisplagretemyentoarrmaged dnromisra@d chluntnspeashi t
operatj.ng signals to the display el enents, wherein one connection |ine
corres‘Jb Selgraergﬁgn}pawngf display elenents in the array; sub-array

connect | 0g phdRRSEATUHEAL SibGONARE LML AFRMINA MANe HRABRAINA | hBg: and

sSwi t ches transm e operating signals from eac ray connection line

t 0 t heofsubrowsdepehds wichaecdesiradbi-ddpthdfonodisplayjamd. 2. The |ight nodul ator of
claim1l, wherein said one 0{ nore sub-elenents further conprise a
sub- el enedPredsteanmed ngmbepet subcolynrewithingas) spb-row, wheeein theht  nodul at or  of

claimi, ‘gﬂ-@%ﬁhﬂin%&ingm%léf sub QNG!S c%ﬂeéedoﬂ%gf Ag{lésﬁ}%& n@%ﬂ?[&ﬁ%%&?fo??he col um

connectio nes, one each for red, green an ue sub-el'enents 1 n each
el emendispld; The |ight nodul ator of claim1, wherein the switches further

conprise mcroelectromechanical switches. 5. The |ight nodul ator of claim
1, wher ei ATRMENG frRCERGestinn mes frsaph rave such thaheash gpnngctign hipg gprresponds

configyurat.i t interferometric display elenents. 6. The |ight
nodul gt%ig?é%@gfgller% Ye derei n the switches further conprise the sub-el enents

such t hat prhédingekelrieal @ansaiondlermentthd srralefonaedtiod, linklfer aeheswesosal el enent
causes the operating signal fromthe array connection line to transfer from
the sechesibsepvefths rEaspORUNGIPW Qg @EAY. sub-el enent. 7. The |ight nodul at or
of claim1, wherein the switches further conprise sem conductor transistor
switches. 10 8. A nethod of manufacturing an interferometric |ight

modul ag.or ,The et dTatkimo8)Wlictdif §aid RfraNditg APayconREdtin lifes forcath esvo fmther C

di splay elenents arranged in rows and columms, each _display el enent

conpr i ¥iNHyise ATRRENR LERHERRECtuIES bewesn therasiay apfl aglilycedaiigiat s, wherein the
pr edet er mi ned nunber

10. The method of claim 8, wherein said providing electrical connection between the array
connection line further comprise providing connection to a set of micro electromechanical

switches.

11. The method of claim 10, wherein the microelectromechanical switches further comprise

switches of a similar configuration as the interferometric display elements.

12. The method of claim 8, wherein said providing electrical connection between the array

connection line further comprise providing connection to a set of semiconductor switches.

13. The method of claim 8, wherein said providing electrical connection further comprise
deflecting a sub-element of a sub-row, thereby forming a connection between the sub-element

and an adjacent sub-element.

14. A light modulator, comprising: an array of interferometric display elements arranged in

rows and columns, each element comprising a predetermined number of sub-elements, wherein



of sub-rows depends upon a desired bit-depth for a display; and a
predet er m ned nunber of sub-colums w thin each sub-row, wherein the
predet er mi ned nunber of sub-col ums ddrresponds to a desired nunber of
colors for the display; arranging array connection lines for each row, such
t hat each connection line corresponds to one row of the array; and

provi dhe duRb&dfisie-alentafyis abicAine@ byva QRsitdderitddpaY ari iR elentéht i ne for each
row to one of the sub-rows of the corresponding row of the array. 9. The
met hodippfoxdnatihy tBe sathesiae;rand ah@rray cemngictien bme eopresponding focach ravesf displaygach

row further onprise arranging array connection lings be en the array and
. dr | VaTgisy T SR ATty R heoB g s siftcahysepasciek apubrelmen death

el ect rdigRdy Q1eMBAE WheRiPAIYREnd HB-Akhat is ERMRAR 9 ReltNRIY friNElel &Rl | se
provi di ng connection to a set of mcro el ectromechanical ~ swtches. 11. The
met hodcopfieatioaiconn@tingkaid eiray comneniion bad ot teastariather sib-slemenhes furt her
conprise switches of a simlar configuration as the interferonetric display
el enents. 12. The nmethod of claim8, wherein said providing electrical

connecty o\ RetttWesRldhe c@hp@ding:.connection [ine further conprise providing
connection to a set of sem conductor switches. 13. The nethod of claim8,

wher ei n sandrpy ofinghirfegoretisictdispba elgoemeatringad fruravsemdcohyprnss eachadfmhant t i ng a

sub-el enent . of a b-r.ow, there formng a connection b en the .

ub- o S EA RS e o Yt St SasSR S bhBbrrat B brie e i i ng:
an arr @¥erffinddyel (ﬁ&[@d‘%&rdbﬁth%l&@h@@l&h@rﬁﬁ@&@r@iihﬁf@?%dsBmersPié’,S and col ums,

each el enent conprising a predeterm ned nunber of sub-elenents, wherein 11

t he nunberleofricaldpnakeinan bstwesn dhet sbrelemehtosuch tioas she dccthical cdeqctiomnfdrreach
el enent % appr oxi rrat&ly the sane size; and an array connection |ine
cor r esP¥r rﬂﬁﬁfﬁs‘:@‘é\"cﬂn ow of display elenents, wherein each array

connect i 0f, e chielhiGFlifid CottdsHorkMREaES 0 o dishiy EleRRRRL whitefAGEn di spl ay

el enent ; erein at%east one sub-elenent 1S coﬁl?ll gurggﬁto selectively form
an el eatayiowahectionhine ¢t ¢lectricdhynmaheate] ©ai aibalemmnt coeavhaispbay dlementt o at | east
one ot her sub-elenment. 15. A light dul ator, conprising: an array o

i nt er f er orFEEFSIR CARNSIPAENt CPMPHAGSA %rp&g?rgwq Hym Wa%e%%ﬁﬁﬁ%ﬁgﬁca@%ﬁe P\“C{el enent

CONDI |l BebaBreRhARE hERBLISIRBELortip it 16 HRTRAMER; oFEAGRIiA Wit Of
sub-elenents 1's etermned by a desire It depth and each elenent is
approximately the same size; electrical connections between the sub-el enents
such that t Pe el e(i:tl rical connections forma sub-elenent cascade; and
16. A light modulator, comprising:
an array of interferometric display elements arranged in rows and columns, each element
comprising a predetermined number of sub-elements, wherein the number of sub-elements is
determined by a desired bit depth and each element is approximately the same size;
electrical connections between the sub-elements such that the electrical connections form a
sub-element cascade;
an array connection line corresponding to each row of display elements, wherein each
array connection line is electrically connected to a sub-element in each display element;
and
addressing circuitry to provide an addressing pulse to each sub-element cascade, wherein a

number of sub-elements in the cascade that become active depends upon a length of the

addressing pulse.

17. A method of manufacturing a light modulator, comprising:



an array connection line corresponding to each row of display el enents,
wherein each array connection line is electrically connected to a

sub-el enment in each display el enment; 12wherein each el enent conprises a
predet er mi ned nunber of sub-el enents cascades, and the predeterm ned nunber
of cascades corresponds to the nunber of colors in the element. 16. A |ight
modul at or proGRERY ArSArRe: ofafteRefonYetRE disPlaf EleRleABiahfeHingBla¥ns L SRAL S8 r anged
in rows and columms, “each el enent conprising a predeterm ned nunber of

sub- elebment sompmiingaticash enssutbeemerit casdade bbaprdsteisined etimbed ofestibby a desired

bit depth and enent | r oxi mat.el he sane size; e|ecirjcal

conne F‘“ﬂﬁ’i’ =B‘§?&§5ﬁﬁ%§t %ﬁpﬁ'le%l?&s ‘?Bhﬁ“%ﬂiﬁ Setl??éwﬁllyetje’f‘? iaﬁﬁlccg’(‘}ﬁ ections
for m onfitlobEHRBlnE AIE HE coe@dniheG6 ARES 088 ofheP SutFARMERPAASI Ng to each
row of display elenents, wierein each array connection line 1s electrically
connect edeledrigalyudpnataimgra fiishelemett idiesg ap-addment wascadamca madioes si ng

circuitry to,provide _an .addressi ng pul se to each sub-el enent cascade,

wher ei*AMESPOREIRE SPIRFCUSH e fARH QW) n t he cascade that become active depends
upon a length of the addressing pulse. 17. A method of manufacturing a

| i ght nodul ator, conprising: 12 providing an array of interferonetric

di spl dg. elTbaertiedaf clingdd, furthepvemprsingatarnvaly ceanéctimgdhecdnnectiprlires ng  at

| east one sub-el enqent cascade of a predeterm ned nunber of sub- el enents,
such tfﬂra?acgfo‘Vé%% THHE YN el enent is configured to selectively form an

el ectrical connection connecting said array connection |[ine to at |east one
ot her sub-elenent; and electrically connecting a first elenment in each

sub- ell®neAt methsd afimanufacturingva lightmoddatos spmpelsing: monidégs aroarrdyiofe f or t hat
row. 18. The net h%g of claim17, furt hea@ffoqupri sing electrical]y connecting
the coMREEIMSHI] disRiay clepients AERNEGHInTEWS 2Rt pRJRMNgEoris glement cCOMPHSIGRAY of

- . . o i _

ot or farpons b RIch e caltRl K cRth oS ARILE LIk c P LB ARREY nlbber | cpre
conpr icfisuigelinentseast elertacalybcoahanimgta forstsd@anant i eachaab-ebdfment dassadesid acol or
conprising a pr ede&,er m ned .nupber. of sub-el enents; and electrically
connedPVig agorespopdiag srmpction ligg fy thai oW enent cascade in a rowto a
correspondi ng connection line for that row 20. A light nodul ator,
conprising: an array of interferometric elenents, each el enent conprising a
pr e- dexter w light mudalaesr, efmpridide:el ements, each sub-el ement conprising a single

novabl e | ayer hayving a surface area, o .
an array of interferometric elements, each element comprising a pre-determined number of

sub-elements, each sub-element comprising a single movable layer having a surface area,
wherein the surface area corresponds to a different binary weight of display information, and

wherein the number of sub-elements depends upon a desired bit depth.

21. The light modulator of claim 20, wherein at least one interferometrie element comprises
four sub-elements, a first sub-element of a size approximately one half the size of said at least
one element, a second sub-element of a size approximately one fourth the size of said at least
one element and third sub element of a size approximately one eighth the size of said at least

one element and a fourth sub-element of a size approximately one sixteenth the size of said at

least one element.

22. The light modulator of claim 20, further comprising a connection line for each of the sub-

clements.



wherein the surface area corresponds to a different binary weight of display
i nformati on, and wherein the nunber of sub-elenents depends upon a desired
bit depth. 21. The Iight nodul ator ofl3cl ai m 20, wherein at |east one
interferonetrie elenment conprises four sub-elenents, a first sub-el enent of
a size approximately one half the size of said at | east one elenent, a
secon u h: i L: j: of said at

| east dzstsinleq‘h g[hgﬂngrﬁ%)dﬁg%tg?? ﬁ@?gn g@%@%@eﬁhﬁ}{&g@lg gllegoté‘ggfrsgi? %‘tzrgﬁ'y one eighth
the size of said at |east one elenent and a fourth sub-elenent of a size

approxi mat el y one ?ixteenth_the si ze of s?id at, |l east one elenment. 22. The
|i ght 4fbddt Gghsmasulater comprising: aniagray of grentsremalicelemenie cestbelemerle for each

of theco%’fﬁ?fsi Ia Nefermined nittber QPS'}?LEQQ‘E&GIFRMG%REH‘?B 191'0?& &tﬁ@sub"-‘@l%_@ﬁt? the
novabl e ["aye onprises a m nor. 4, I'g nodul at'or,” conprising:. an
array aé of atiferant sivetcvirespehdingné & difeaah bidagyaeight 6Odipslay inforntatiohewhetar m ned
nunber of sub-e|l enments, wherein one or npre of the sub-elenents are of a

di f f ertBpnumbstofsybrelesisatiangndsonan g desieedbit denthsand ope comrecien Hnefor ggch

i nfor i i r . - jred bit
dept 1 SepIE SOt Bl s o sPHERS ARGl By RERT LS ARRTRE bR Elehel i

swi t chis set-eletiehe avhdrehohe EghiatohditeR Rohfiguréd SuwhakatehBEtientyibedéd®
sub-el ements, wherein the |Iight nodulator Is configured such that

sub- el Gpap e veighting @f e pixed preaackvatedu! apserdanceoritiydisphaginfarmeatiost i vat ed i n
accordance with display information. 25. A nethod of manufacturing a |ight
nodul at or, the nethod conprising: providing an array of interferonetric

di spl 32’5.e'@ﬂﬁﬂfoﬂ;ofh%ﬁfa@ﬁuﬁlﬁtﬁ‘@h@ﬁﬁﬂﬁﬁtdﬁé e teAdnHERIgpri@ieM aly a si ze
approximately equal to one half a the display elenment; and form ng .

addi t i ofiaterfsramettiedisplay elementie §ormany subagl ements Wi thimeach slisplay cdemeent ohavizag a
novabl e | ayer, havi ng a _surf.ac rea approxi ely e . 1 al f the surface
area ofPPsE Eaiely ShfBofbri ol Be fishRy BRI P Emln Fo8iatel st elsgonal et hod
of cl ajjd¥ird® eabHsddi@dnat QIRELReRthav g MBvaICRPaSalifdY durfige bk each sub-
el ement. 27. The nethod of claim 25, further conprising formng a connection
| i ne fapprevdniatety epilabtp hadfl thersurface aeamf auiedt latgestuhovablebayerpisnpthehad- i n

el ectrical connection between the connection I|ine and the sub-el ements. 28.
The nmet!fB8%of clai m 25, wherein the novable | ayer conprises a mnor.

26. The method of claim 25, further comprising forming a connection line for each sub-

element.

27. The method of claim 25, further comprising forming a connection line for each display
element and providing multiplexing switches in electrical connection between the connection

line and the sub-elements.

28. The method of claim 25, wherein the movable layer comprises a mirror.



