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AREA ARRAY MODULATI ONAND LEAD REDUCTI ON
I NIl NTERFEROMETRI C MODULATORS Background of the

WO pooen6228n | nterferonmetric nodul ators, such asPeTES2004/039312
i MoD(tm, nodulate light by controlling the
selfinterference of light that strikes the front
surface of the nodulator. These types of nodul ators

typically e oy a cavity havi n at Ieast one m)vabl e
or deflecﬁﬁ Aé&‘% %L
through pl anes mﬂ@m@m&memmmmné the

cavity - the wall that is first encountered by |ight

striking the front surface of the nodulator. As the

movabl e wal |, typi ca%g%ﬂgm&east partly of

et ahte@ﬂaﬂmtemé(dmﬁ&k e6él a/sethe IYEB!, hddalh@Sichhey &rn%nmg the self-
surface of the cawtgﬁuﬁsel interference of the

inffgiprenss efiteht Bgh sipkes dbaufrant sugtage 1of dhempdpiaiey- dTlgefeam%s "ot modutator
tyPieIWESh1dyNE cdvitp Rhvid st waaw&iélneovmle |or @éffe@t%lé walle ThR! Rflectable wall

of I'ight that exjts the cav front surface
mqyee ﬂff?leﬁhtpl%le% pagallel fodhe fopt @aﬂ P%/{tht? ﬁ?é’l% m‘fhf*awl thptds Erst mcountered by

héh"t@cﬁ!%m? BRFrRY suk A& IFIRWBSIURRRE AL he n%%ama e fﬁr@dm?fcsm ised at least
nodul ators are usuall di rect-vi ew devi ces

partht of mestad rgd rhighlyngeflaciteo maovey doviandss the u@«tnéoﬁuﬁfce Pof the cawfy, self-

infPRRRh&STShd Qélﬁ%)q’thﬂvcﬁé ca¥HP BREsS and! thE vaHRP S Qfsﬁaﬁcéjl?eftxk/é%h ngs front and
i ndi vi dual nechani cal elenents that correspond

mp‘fabhwaél adfetgihprcglop pf Light tnt its ﬂfﬁ Y they frpnasqﬁ%ﬁ% cﬂﬁcff@t surface
\/\f}lﬁm s v@l@fe Fhta g @¥n by RE vRWwed HPESs, Q@ﬁ%@%mﬁ{rﬁ%dulators

ite, one el ement m ght” correspond to one pi xel

arg Hsuﬂlllc@Fe@’F‘VléW%YlW three el ements may neke up each

Pi Xefyy 1&@? SRG R Rrid §RbduBiRE N NEndubtBd -fhﬁ‘qembranes formed over
i ndi vi dua [ ements are controlled separately t

supps iy e aua@rﬁékﬁn@a ipdividyal mephaniopl ¢lpments fhat éﬁ“éesm@drﬁmtbe picture

elaﬁer@@@ﬁéts) Ofhn iRagkOlHh @%nb&rmlép@ﬂ hRn b y;a&atesvmhés between
he caV|ty causi n be to el ectrostatlca

bl@ﬁkt afndcwa ens clgwent me;ahg cwmoaééo ol kel An g gelar éwl@e filyee elements

m%P}'H%al&QJp%ckpﬁlxél hfe Bé(?ﬁq{)r r§(? %ﬂeeﬁ’ ¥nd 018, VIR WRIividd] elements are controlled
ficulty exists in ducing nodul ators wth

seperelghyde éfoé\ﬂﬂ? th%ﬁ@mdmeéreﬂeﬁwﬁm cal properties, so that
SPeCinf dife &Q?iblee(q' (ﬁ)@ﬁ{lg}g aVQJlttaQ@ fSa p?fl&ijfécﬁe %Qﬁf%lg Iwfall of the cavity,

anal og di spl acenent s t he novab that acts as
®

cagsipg #Pe fo %\@chpﬁ@twblé)c%trwedtth éhej frppbyurBeowieh indua affeets the pplor of the

piREIOLEE &y BGE WidleE. aﬂddlﬁﬁ;ﬁﬁ;?teﬁl@ds ein%h&fcn&%dld"ﬁ&ﬂs% accurate and
typi cal "nodul ators use on bi nary di spl acenent of the

repesellsl reechinrieab properiies; b @atrﬁmfeﬁc*oqppb@eqnahog opltageypredupe ppecific analog
dlgﬂ?é/c%mﬂ@cs Bt fhk Aovial lvval\f\’tﬂajc aé?seas OI‘HH% r & thé Btk Jf %GthEHﬁ‘Bmetrlc cavity.
ts qui escent state where 1t produces one of the color
T@ tpzadage mutaitmnlecureamiabée 6oy P@nbmﬁhpys dufi¢ad apasiglagrp pee only binary
SofehtlofREOR n{&k agKmRRhddeals og%)ﬁ ?nlj—l(}glf& tIH@Vﬁﬁe mirror-wall
I nary operate ators are ca 'S
wﬁhbg/ found qurasy' ih @ubeprsltsmg,uequ:ly‘( etate glb,@rp i groghese K)ngmﬂ the color states
mmio‘h@d éb%vé &elts(fﬁ‘iﬁﬁdeﬁgctﬁd s‘@?@@ﬁ%‘é Rgﬁ)dﬂ&g Y IbF! IQBptlcQIrsta‘?e! ght
col ors per pilXxe such as re reen cyan,
yel | Shus thesg bintry, operiied knodulpfarsvard eapatilopef cbspéﬁymg@nlw twotghay levels per
S
PR SO s R e SRl e i
sugbldé rddo eestn, dbleorni yelloWemegenta, blacks and White ﬁ}rwﬂiraxgle in the case of a
co%r%(?%lﬁ?&t 'itqg hésﬂg)léat%%llsgﬁ% q?&lh&ﬁf %195135 Q)ff g{ag?n f?‘fnGlngﬁrome dlsplay and
nonocnrone mr el or three-c r- mrrors
aqgiitiomkl aobms ingheiense aSoeEd c}jsp&h‘yf fSingalcontiolling analog deﬂectlon of the single

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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beconmes necessary to devise a nodul ator architecture

wWith a nore conpl ex pixel structure.Brief Description
w@Rooshe228% awi ngs Enbodi nents of the inventi on PEHUR®04/039312

best understood by reading 2he disclosure with

reference to the drawi ngs, wherein: Figure 1 shows an

exanpl e of an interﬁ&rp%ﬁsﬁ(@lmm@b ks Fi gure 2
shows a prior art .inp éon of an

mdulﬁfa‘?%m%ﬁ%(%ﬁ the pwgptmgll rﬁtgy pq est, ch}e&?pg?mfea@dmg the c%is closure with

reﬁ%@@t@ttheqﬁa\hﬁ?éjﬁfherghgur e 3 shows an enbodi nent of an
interferonetric nodul at or rze ng area rray nodul ation
T

havi FgWe é dhpvsdnexatprle ofen dnfe LHOWEIYPY i ng di agr am

for Bgiyld RvexeGrivh b hpleaidBlatio ofag WratMled ECOUhSdubator pixel,
o shows anot her _enbodi nent of an interferonetric

it rrespondipe cpvasetigh feads- nodul at i on having reduced
| eadﬁgurgl DRSO af AW didnehd OF N8 RtcP@FoRiRrfcOmodlator using arca array
interferonetric_podul ator using equally wei ghted
modition baving 1gdiiced Padhows anot her embodi nent of an
| Nt efif @t ARRSWS QinTRE B Sha ffoﬂé&h&lﬁgl@ie@@nt&'fér@ﬁetﬂ@ﬁx’dh@&tb@ n.
Fi gurés 8a-8c show an enbodi nent of electricall
cascliges 5 hows pPaptbrentiodimepidel at Biersramin glodwt@w%nggarea array

'mﬁﬁ%ﬂﬁ%@mmhmms of deflectable elenents sim!l ar to

interferonetric nodul ator el enents used as swtche

Fi guigure § sheywistinaing figgmm; oy apgnteerprmgina sidelator é%l@gawuélly weighted
refbfdTENt S can be sel ectively addressed by varying

anplitude and duration of voltage pul ses, Detail ed

Des ckiEWe i lothows appther pbhodinahekarmigiicemetinpadulapr using area array
m Le of an interferonetric Ilght nndulator Thi's

particul ar exanple is an i MIX nznlc

i nt eFig@po sy F}é’“ﬁ%l emquemem clgp @llz/ecatswéefb RS Bt syt cs modulator
dgﬁmﬁ$e invention. No limtation or restriction to

Eétn)nndulators is inmplied or intended. The

m)d igwgr9 sBOWS) 9P comtiogimeBingF | dsBeptabic slemanis aydgr to interferometric
mbdMtd ARt SbQIB B Ackas. r anged in rows and col um. One

el ement shown in Figure 1 has an el ectrode |ayer 12 on

a t rEgepal®e ﬁlﬁovgsuwrwbt dlugiepting \hoc deflegtafie gelemenityy gan be selectively
ad@HEde@ 88 vadin ?fambﬂtﬁdé@ﬂldhﬁﬁ&{ ofSrofeipbRLd. Y resonant,

interferometric cavity is abrlcated on the el ectrode

| ayer and an oxi stailedRescripgion RUECBi§r f ace. The

par afibgl SURSACE Rharkfi€ of Q&i' 1hﬁérfet‘31n@ﬁ’i@rhg%@’mddﬁlator This particular

susgended above the cavity IB%P orts 18
exgpeleas iz AMORRE but pry @teé”é@fr@@@ rgaYa‘stélzg J@sftmb&é@ents of the
inkehtiBf LY BffStiontol festichidOb iMODTBmE @A LS %qﬁﬁﬁédctfi‘ hdt¥nded.

attracted toward the glass substrate. lection

of t Ree medulaier iphpicHkrgepritt an mysquwwl Plﬁ@eréaquged in rows
arfdNBIERUIHER eldifent hORh ni/‘Fl%ﬁHe 1 Hafifh Q8olY1a4Q 1@90n'§qg«iﬂ5;ﬁ¥e%gsubstrate

by interference. The resulting picture elenent (pixel)
1, tpinally gliesse Sne viréage df sithagodiflatpr peptisglypewant.gnierferometric cavity is

fabricated on the electrode layer and an oxide layer 16 covers this surface. The parallel surface of

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 resulting picture element (pixel) from a direct-view display will be composed of
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 cavity, the change in the cavity causes the resulting



10

15

.20

25

30

35

el ements such as the one shown in Figure 1. Each of

these nodul ator elenents with the mrror 20 in an
waresiorss ed state will be bright, or 'ON' WRCOT/UR®04/039312

mrror 20 noves to its full3design depth into the

cavity toward the front surface of the cavity, the

plsEé] Q@ ge- dafk’ bR OFEA¥bit 3616 PH&BS the N EBS W tHeNBRVidedl idduldfng elements
or OFF. For col or plxels the ON state of the

mashb‘? Vhit 584 g bR oicpther eleTstdspendine pigome mapdujaog configuration and

the G%ﬁl@y cOlbtRherd. MBBQ{Jp@ﬂBfQ%%gW%ﬁQWﬂPQ@cJH&%%d of a number of
npdul at or configuration and the displa color schene.

mpgydator elameats| thay crgate g feeemeegicatluglishi e il ng beg ofplements that create

inRffeRniRHERES 1i 0, 2HPd %hﬁlﬁpxﬁun%eﬁm&té 1Ht%¥fex‘6f11%ﬁ‘fc %reen light. By moving
interferonetric blue % a simlar nunb

the mgrEh Resondigtio diprla léforrm o0 18e BRgl#pIoap @@d}lqegfhlﬂ colernalae@s
Si M TRy mhYBhey d1§ﬂ'l‘%'t 2oV BAL Sk IRh&SuE1S DA MRIdllafor YTeREBAYs of a given color
light, By noving the mrrors according to display

Wrdmi 8 PrRl Wishthe trfﬁelt hewhatt cight eelers peiauitet arefpgpsible ol lesrourrent invention

proYBESSr thd Q&lvﬁ%tmﬁﬁ?é ﬁlxéi'o? BdrRYe186dnk V@& 3ven color separately from other

simul taneously all nodul ator el enents of a given color
elginengs of that sametoley; {Thisteneblesanultinle pugnaiges ¢faed Behyrpuliplp drtensities of

leceflgHi" 268 A e RRASHR! & gl BgmUb 'B@ Hﬁxe’d R 4 gi%rpf)ﬁé“l' e result is
the activation Wlthlnaplxe sone elenents o
thet r@ﬂ% thag dietse lgwijsdrtatSepgloms rmweph&e inlederemetsic glisplayais capable of

1h&gg§mgehg&spgqb§1enables multiple intensities of red
ight, multiple intensities of blue |light, and

rru | t $iprilar types e aiet-eighisd mgdatipn Hayghbeer graplécediinethierdimeh phdisplays.
F(ﬁl e%rXrﬁ@Fﬁln’é@l WhlIﬁ] @orfe@ﬁdﬁh§ to! ﬁ%u(r@ﬂn '@@f’!&@l{t N §r49§)§37n hows an area-

[imted to 8 colors pI Xe he interferonmetric

weiglgerd mgthpd dfapew tlﬁéﬁ}@]émﬁ gdntexfsity greopravigedt bypereeting a subpixel
contaHit @ s Pd?esp&él e@efrl%ﬁfs%ﬁ&&%@ %1@%9 El@@ﬁoﬁ& Iﬁﬁ%@foﬁ’ﬁ@c{] as horizontal

practlce I n other t%pes of ays For "exa
copnestipg lepds qid; thige e epurten! p@mwtglerleadg iAnfullgo unéqﬁrt formed this

thblmgﬁt B2 9%?[1(:3151@%5%1%@ f&rr@@%gﬁﬂ?eeg%ﬁgﬁee Eo[i] bwé' #hd the same
exampl e, 16 |evels of |ntenS|ty a rovi
thyep éaltlm@l teads dhpivi & Figwn 2ai Hhisngxed p@pga? 409 q@iqzee(16x16x16) but with

128 £8P 3uld PR 35 § Snlth tn‘ibréb Igéxe&lg el 1?51{3%0{1}9 2Bk with four
as horizontal connecting | ree tfornme

leads praviding digthpedesi ng | eads. A full- color pi xel forned
t hi spyayse %&H&Vﬁﬁ’é{ %ﬁ%eﬂt? bt fn%@eroh?@fé%nodh tof elflcp{o r%@l@t@ in a binary

three for green, hr ee
medes bréghh B4 quisseent state artsdadhis arfullndefiegjer dote anaﬂm @emtme Is not readily
avBil ?’é dﬁ%re‘f{%@ Qntgt%rgﬁlémg ]rﬁ»ﬁ\]’l%ljsqa)re ‘ 1@;1? é)vﬂeh it :k%n{ S‘PQ@a tlled method
result” 1n a nmuch nore conpl.ex display system
oftcmaliatlvm ultds eneppugedse of embddienty efaltlis ipreotiandiorngovadeghmethod of area-
rufeﬁl gélﬁhorpﬁﬁtailé S tlglg 1.\1%' ﬂﬂ' g{#) hqmerﬁzr&ﬁemc modlblators and which
I nt erometrlc ul ators en tO operate In a bdlnary
redseethe boripjerity ireruizedio medestimplemendationsl dark in a fully
def | ?ﬁ'k{ﬁ‘gboﬁ ?o ﬂln.iﬁéeﬁgfofﬁ ?‘H&d&lgtok §re5‘-9he %@g{ekt}ﬂre re%umng fewer

avai me,lmeremmmrmlmljmo
pin ptepyd g pbmrbmg higtfer bitrfienth ia slearin Figtrerde tDyowr dfvice 50 has one output
: r [ [
S Tov ) Sy ROS NP Ry SO BNl lbguinand
corriasponding ron Qfljbd go@@tqrectay oTheasp}glq rowtchagctian is mul‘aplexed between the
r d h
su\) %Te eet%t %r‘x:sew dé\%qg\g{ ifvﬁg glssff%ﬁlgm%@n;ﬁgu? St%rl‘n (ﬁsp(]ﬁ?l element has
beembﬂmduvedu heroto saecifyratcertdie pomef the entinpdisilat sorfacer Ghe digplaylelement is
[ ts
a g@%\%c& 7 ?tléb{h%ﬂg% cﬁwetlress Seﬁ it o?iﬂo% St fhe éhsplay presenting a
cobetemteset of euatgsenfsmiahals ’Eiwenctmﬂypml dgsp}ay pbmelmtlvsqelchymmpmd to a single
pigegqn gléecfgsg 1%% tujn%l I’Ilhrcl, ghsgﬁ‘% gfe%\élét%@ﬁ k%'? %e? Hasel;}%gttl Hgncfex Up into three
nodul at or array. The single rOM/connectlon IS
mul ti pl exed between the
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sub-el enments that conprise the sub-rows of the display
el ement. The term di splay el enent has been introduced
whegs/oen8speci fy a certain area of the entire PCHPERY4/039312
surface. The display elememt is a collection of
sub-elenents, that typically resolves into a portion
colifmnis 42, dns:;ﬂda% BHREBNbhr dachfdR @mh Hakd ngrednmeblue in the case

i nformati on. typi cal displa el ement wou
whegs ?dégea@ﬁ@tst Pixe s.ﬁ@fﬁdé N5 338 °P]Hmpﬁ’é Peea n%ﬁiglp lﬁtgg‘bS“b -clements
aﬁmﬁgdﬁhamhawSelenent 40 in Flgure 3 has been di vi ded up

intqg.threeco 42, 44, an pically one

e TG GRoRt B T Sysign mgl%l%tgﬁ aﬁm’ﬂmsu@nﬂriﬁ ot hegugetect output
of Wkig¢reded e 150 nylﬁ@ﬁytb&oaaewcwé in d eqia@hil fa@Bn BAGHE WAL BEPut 1, then

has_been divided up i sub-el enent s arragged in

PrRCELRE (oA PR 2 da? Bb-a Nehohs EHee $ipatle FAUSHIGY §jp Becgme active, the

switd 66 tI0&S and&h 88 bedoBRt oﬁéﬂecaﬁlﬁﬂ\g aelask dﬁ%rl%ﬂ Solfdke to be applied
dri ver deyice 50 t%glcall beconme activ

to ey & sugzelaments 44t 4t PR G @Hn@@pwfly,lthe el fines 43, 45, and 47,

wlﬁélpﬁﬁﬁ g Behnk Qe mﬂivez daﬁa: SR sBéwn WEBurk e all dﬂv@xg w1th the proper
gnal s cause_row cone active, the switch

volPESS dscRutR %wbte&mesfs % ééwgd B sWHEh iBistatys ﬁmom@fq t9éhe current

imdgd dbﬁfenﬂsibcié&tim%sb@y QEm&ﬁﬂb' ed to the sub-row of
sub-el ements_42a, 44a and 46a. Sinultaneously, the

dat a9 §ofRas spb-elepsnts 4%%1 4%, ang AP hevirspohsd therisadt eldrasssdgositions

swltam %6 n)p@iﬁ\éh@ @wﬁ&t 5EH6308  AmEdi Sy She3eatidf Switthi s7edlod bdl switch 59
per voltages to cause the sub-el enents 42a,

OPQEZFa anda B ot fines s o oo 41 recirigpr thp pRrsp it wlues forsub-pixels 420,

446 Uz(nﬂelm) AR 8queRR 8BS HRE HRtRde With Inddimpd Bdn %@mﬁh the four
soon as sub-el ements 42a, 42b, and 42c have

dlff%nf r@@t& seticp pdriadly tyeiye sdbseiselp asdisnlphelomogti4dh Een this sequence
rqgﬁgm§ra@g6$mhﬁ%bog8 cl oses. Immedi ately thereafter

switch ‘cl oses and switch 59 opens, and the data

li nefs &hswn asiguid theytingng/sirlyastivationtstgaala pisrsbised mith all other rows
thib@sHeasthE Qlsplad Ro MhaX lvitcndL R 148 st RBLowH gpevem&v égﬁé‘ QMEF the first

continues until the three data |ines have ‘been driven
SURGEQYH 0% 8 T9VH s r2ctier drese AR Toy Sheaeeoad dhird anghiouxtbsubiews.waewever, only

the &reP bﬁ@ﬁd{tspni far e %Eﬁv@)foﬁ h@&ﬁ@@ze&l Qith Tﬁéeaﬁtl@é‘ﬁdﬁre S level All
repeats for rows 6, and so_on. shown in (a;re
nopREEI AT e diRldt e 13- @@ﬁ?%tﬁlaé ﬁfogwgrwh@ the eetizp Erveé glpveted to a data

seldbtl voRidie ﬂﬁ’é’ﬁaﬁn'@f QERAN tn ilhﬁlb(}b\%pé)@)ﬁ»t tﬁ@a&lb@gub-row see the same,
swi tches for e first sub-row of every row toggle

nopfiglect (vRkage .mdﬁ)ené% Of §ify statuszph yher tEning sighdls prfecongpqrently ieglependent

of fﬂ%ersﬁ@nsSﬁQQé"QvncB&' ithin @}E@uﬁ R T <R bOYServEPWRY SFitching of the
only the driver output pin for the active rowis .

nopp el vgi Tsselfct fvitches wrldi eeavaidert will imegking pircaifein eages| wherg ultimate

10&%9W§Q%hg@mﬁQW§¢@ﬁ@ihe|d to a non-sel ect bias voltage
le the active rowis elevated to a data sel ect

vol tégean henseemifigmpiigwe 3, the wrfshessSG andabd aswpll eeles other switches

coﬁﬁ%‘éﬁ@tto the ARk (&af H@esr Ql‘é’ AERARRISE R mﬁ%le%@&l)rﬁ&hamcal devices
vol tagg I ndependent of the status of the

similag ey I@ﬁ&r@m@de@mtq yuqhma dipergshewpin Elgme ;boﬁecamfnéle array is
un@érg$1ﬂ§ nﬁ%él@ﬁ%&eﬂaﬁllaﬂrbrgﬁgslr?gﬁﬁ e tilel SRR RCdisplay elements,
bServed sw tchin e non-active, I‘OW—SGF Cy
mfgwa%lﬁ@& theen fetrd) eeleathdé dhenpres syrepsikding) thei aremivrosld mot create extra
coff BRERy W']ﬁe'&gsséxl 1§ #a‘f@tﬂ?e oM RAVNERicE O RS ngstsﬁgegth%tschéjﬁgitléggmg of the

can seen rom Fi gure 3, the S
Suhéovveelcpulésbft Hienet Wl @ rt biess of oFitsbese dingloding ebuti notngmited to

mistoRatorkdc R al 1?chEEaﬁU1f1@a‘§Jduﬁ1eéj nIaQnep%ot s1m11ar F]o the fabrication of the

. m cr oel 'ect ronechani cal devices siml ar
inferieremptae glegents endmerpeagnyentienat hle@ts)ntcrﬁ@nfehﬁ@ f@hmamd bging thin silicon

itk G4HoSiteli-on BRGASR BN G148 Sf¥raleS
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under goi ng m croel ectronechani cal processing to create
the interferonetric display el enents, manufacturing
W bh@smee22extra’ el enents in the area surroundi NRCT/082004/039312
array would not create extra conplexity or necessarily
rai se the cost of the device. It is possible that the
MUl DB i g1 to 't QuscRitRre s &&uh@debﬁeﬂme thal shl’ﬁe Bastvastructure of
types of sw tches, including but not ted t ) 1
annieeir@ei R OAVHIBIRSE AP TOR USRI EE PET ﬂFaCBYlFYca T ?‘i’?%“"ﬂ%ﬁ‘é? ectrica

swﬂfi'{é t \tl@efl fuﬁctfohﬁltff abbricaRl i far Me hes istisehtt eihoam titeferometric
nmen

nmore conventi onal ctroni c sw.tc
mordalbhng:fé@r@fmﬂ wsﬁoh@q\mﬁdnané.ﬂl 1Oh§ dFFl{ﬁﬁE by Ehypapte \g‘H ?i’gw't%rﬁé“"“"nahty
1t 0 E}J ﬁcgﬁifedsthﬁl @Sﬁu ulRstisR e - nlii6r b&@hdMn' Sonficl &ith (@1d RBce connect
use

re neans that the devices have the s
elestricaltyd dwe cofdustives prsas et likely daliriopigd fopmy the ﬁ%fnr fi g’? ﬁayefs used to

LS a&AMilY o MRBHR AR Lskdlth g nafhe front wall of the
fab%#ectrda?g{e%{%e h, the op talccal fungé]}tfel onal it

opfically resetaaticavear T]mh B c@ﬁfqg@; they e waythe mier Wmegic element may operate,
Wﬂl(ﬁlt d? 5v§1§ e @%Eéﬂ s‘é‘rum% QAUrkidP 1o L@HTR hen the s asrtmmbﬂl@%lement

esirab etoel|mnateth|sot|% A b
f unoh Howm dmgyam ifor qns pePHbje PREERIIOR QHTIThAS BOV ] Figure 4. At To, the
sic08k FGGh AN d R8s sé&rfrcﬁﬁm@ mdduBRRAt ACt,, ek kibnd &B‘rdohelngbes low and
onnect el ectri cal two conductive areas, q
rotviskbebomes agsiviec meﬂf’,ﬁ ineffer 1A YepeTRRs|agiEr &t E?s‘é’&’ Ypgoes low an
row%gc}) & a&tpg 3fid 'E:@rrctﬁ’lh&gn gflri%ﬂ"o? %%%%Bd kpr a

Ive layer used formt efront wal | of th ith
opt | Bay tryques@henwltScla\ﬂr?@ﬂCfﬁW@eF g W?@P%%ﬁe“’t’?‘?ﬁﬁhet fesy and the

dr1v \ay 'ltl{%%oﬁr[&t? é)%%gc% éyr th Cirifd ﬁgﬁf@ﬁvuﬁﬁysuglé%@h@ in ﬂ@lsﬁlﬁrdw& are made

SW t structure is "simlar to' _rather, tha "
1ntﬂlree§usaméma9rqat¢éthé imndilatpr aranRemeAbsR IR P VEY gy gyrather than

re%l.pl%%%tﬂg ?ﬂhxt&' Sev%%%{ g&?ﬂ@ séﬁgrafe%wtp%t piss BAQRA subteldThetlr € 4.

or row 4 are high, as seen froeg;h i
t he Mb-alempnts gown ip Rigursi 3giess beep f:lrapvg\ﬁ) ke @foa@gro?(mgt gfual areas.

A%oce Eﬁs&ﬁlc (ﬁ%svs%’o —efnfthds %ﬂthybmirp eplhy‘sﬁ@l’ fvﬂighﬁﬁgfvrﬁd‘hve to each

econes a t| ve. row 5A goes | ow an as d
otherc gveasn ¢ stengn tEHisplayshemiont € of Figweri %§lt1d6ﬁ‘th Pbeds Brevided using

odPg sgcl%t subi ﬁbﬁﬁb%l EBRblel SedlE ﬁas' dsize Jp%ﬁﬁlﬁﬁﬂel{f\ Y to ée-half the
C%nne

I ons the array and the driver. The If th
fullosmead tispls clvarsnis®ar Subrelenpnt VA bastesiFerpPTARERESLY eq“al to one-half the

sz &l S%& n&rﬁes’c Rt e%'t’hn rtlﬁé’\@asé‘ r<Gb-BRAEnt! 73, %ﬁﬁg sub-element 74 a size
surroun ar ea O t he nodul ator array, rngl ng thg

Oﬂwﬂﬁl pf ﬂw tihll-sibee dasplay ¢ clemgnth e Baphh Sbseatsat rSP‘h e as a size

apéar%x telﬂgﬁ\%a? ﬁ)_l,(?]n%-hgff oA oT e 1§rg9§t‘ iR oS Sﬁ‘tﬂélerﬁaﬁ h12 is one-

sub-el ements shown in Flgure 3 have

b1t of 7 dom onevei s thot oo Soklrmee] N emedef of Pagr gt of 70
us ef lﬂ’l@ 8?8&% i %ﬁ"?eréllt' CQI'E%E sre WhtlvRteB! h@ﬁ’ere?ied to achmve an overall

' physica ng re |ve to each other. ?

displey pixal Wik adglsqml eojor elh@ﬁsétbft Thy table prighr sows the QNt sub-elements, by
only 4 such sub-el enents.

%%gwedﬂmﬁ%@r%ﬁiéy#gﬁﬂmﬂékﬂglze approxi matel y equal to
one-half the full size of display elenent 70.
Sub- el enent 74 has a size approximately equal to
one-half the size of the next largest sub-elenent, in
this casd, subCeloementity7s, gilvi ngSuiplementingNt 74 |a
si ze one-quarter ofd the full-size dishbesy el enent|.
Each subgequent suh-el enent has a size7lapproxi matlely
equal toj|one-half the size off the next73 argest
sub-el emgnt. Sub-eBenent 72 ils onehalTl,7hat of 74, or
one- ei ghtl that of 40. Sub-elgnent 71 i % one half |of
72, or one-sixteenh of 70. The el enernt 34 havi ng
di f f er ent| phySi cal gSI zes are |actl vat ek, a8 needed |to
achi eve anoverall display pixel wth a given col or
intensity. The table bel ow shows the ON sub-el enents,
by
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reference nunber for each color intensity |evel. Color

intensity Sub-elements ON O None 1 71 2 72 3 71,72 4
wQ2005/062284, 74 6 72, 747 71,72,74 8 78 9 71, 78 ROI/U088039312

11 71,72,78 12 74,78 13 71,6/4,78 14 72,74,78 15

71,72,74,78 Al though described here as being addressed

by the pultiplexing techni que of Fi7Tguit2e78 thi s

i mpl enentation of garea wei ghti ng can e used

separately fromihe multipl exi ng technique descri bed

above. [ncreased jgnterconnec¢tion comalexity wl |

result, fout  this el atively|Tow | eve/72078 conpl efity

w | | bejacceptablg in many s$ystens. fynyan alternative

enbodi nemtT e bjst depth of 4 1S agheyed by dijvi di ng

each sul ' y el emenl74 g0 16 (

sub- el efents: Eabfs set—of~1 E et 3

sub- col rm—are——cotinected—together T a cascadi Tg

fashion and are therefore referred to as 'sub-el ement

cas @dtlesh' dedtnibed hete ws Heiag addiessaldeuiths m g exmenteshnigyy ofdiigure 3

fabricated to serve.as th ] i At .
this,f e[nga%gp] d 98 *ad eﬁh{é% Q%V\A&t{clz égé%ﬁd?: as{nt tﬁec\')se nge?)ﬁvlv{r%ntg chmique
dedcribddi ajoivee Tikreaddd iatervatievidncomplesity wilbiiesulibratithis relatively low level of

interferonetri.c.sub-el epent nmay have an el ectri cal
Co@g\&nezflé'ﬁv lﬁsﬁ?cg%tfgbé%minrlrﬂrl\g&ysa?%ﬁ'y adj acent. An exanpl e of
a diispl dieretienenitodient) dhe titlepthipf d liearbisyedClastividiag epdrsult-column

bi §. f d h, i ' ' . )
forl a: %%éa?f Ce&)eﬁrheegéltntolt % (?ﬁ gu —ellerrr]l%n'%sl. oA setof Tg' &bg&u%rgegﬁtsg%%{ﬂ%ub—column

I'rst elenent 1n a
areC &@n ek, togtthereih eeastadfigr faslsont hed fier therefore naderted o ashgub-element

red cascade, .61g in th S a [
caiifte’ Do oot roatit R ERREPERNDE Hbufid! B, kit as ot
intbr@¥rorhdielc heduletigcddaentsThel demrticabkwitthes ercbrasithesersbowyy ii Eigure 3.
rovi ded by the. wi.dth of an.a ] I L .
ARG S R R B0 86 Pt i
fatrioand mgnaiatdlwadjesisi bl e sub- el ement confi gurati ons

S hov}@n tiaxgmg{egolilraedis%la%neqement 60 having sub-clement 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;
sub-element 61r is the first element in the red cascade, 61g in the green cascade and 61b in the
blue cascade, the last elements being 615t and 6161 for the red cascade. The control of color
intensity is provided by the width of an addressing pulse applied to the column line. This may be
best understood by looking at two possible sub-element configurations shown in Figure 8 and
Figure 9.

In Figure 8a sub-element members of a sub-column, such as the sub-elements 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 suspended movable element also functions as the contactor of a switch as
did the switches shown in Figure 3. Arrayed within each sub-element, adjacent to the optical film
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

the moving mirror 84 and the fixed contact 86a. The second polarity of the address voltage is
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Figure 9. In Figure 8a sub-el enment nenbers of a
sub-col um, such as the sub-elenents 6lr, 62r, and 63r
WG badn6i2e4 Fi gure 5, are shown in cross-secti onPCTH82004/039312
interferonetric cavity is defined by the suspended,
novable mrror el enents such as 82 and the front
appﬁw faae eRpiodeawitiin lontsloac ke apichl @m 84ck Bh tTHiesresdiprt potential

.1 he suspended eIe nt al
e SR PP &) RTER SR PReo sy e sfud s and sob
as dhoghl Iirﬁ‘Figureﬁﬂb[ aweﬂ tive firdst Vblteﬁjmlmﬂo nev epplied, to azdpdicen 864 Ghrough

BB TS SO, 6L PPt cono

untﬂ\fall lof fhheasm@cteldmfroﬂ‘slﬂam sililapsked 8duritih éhesadresd wriens rdmas/ed Thus the
wtched fr 0 te.to a.seco ti
celgyiye S PO RAT S et 1 Qe o 2 cRERe B8 qiRbyn o pue

widiD) \batik edd¥éss palse.now connect's conductor 86a to conduct or

el BBFdr Oy G THRE SRS LT VB ADE YO PRCUIEN g oot bt a sub-
eledlbrt @cadR4vitinebldr valutd ofeid leﬁid&K:ﬂespﬁaﬁ/elyTMe cslex:mhn:b of 0 is ‘black’ or

R O R T N TR

addiR€ing peikd ils%ﬁ&wfpﬁi e topalinedi A @ndrGeer; authedinm duration8F theoaddress

deflect | et he cannecti on bet ond or )
e T RO e b HE PO PYU S, D
the\/fﬁlstt a’ﬂ@ﬁs@@hﬁi Ifcw ewﬂWnapﬁdmeedtotthe Clsladt etatu aﬁﬁb colohwaluglhf 12 is

AL 3Ll 0LnR M LY Yl BTk 8580 i

cortedsond &ﬁ@@@ﬁﬂieﬁis RSIhQ 6%, 66 Vd 6o dnaphieg suwtessingly ko 111151 thlack’ state.
addr ess ulse renovgga Thus t he

| ective )
i nt DHEng the ggeon d@ﬁ-‘gﬁﬁ c}rgsrsﬂgﬁltse I8 gﬁ%’%ﬁtapé PI\FIIE gﬁ%eyelements switch
to 16O Mo dtdtd) Q[nttltbeﬁrlal mare@migm elamérﬁer svﬂtthmthw‘lﬂﬁ&k) stotf ldakig a fairly

addr ess pul se. i agram f or
o U RS0 e dPR G CRRaEC Bo it h s AREFErieREsens fhe
rel R8I sy p’&ﬁrlbhl (@Qb:ﬂry & ghaeingd id 2idia tenm)dhﬁ the mirrors remain in their
[ espectiv ' bl ack’

addresged stalesy S} is gaprtgetgﬁ ti%atb%f}}ng tih%t&%,\ Rulvi Iy becomcc]s: llzrhpressed with
ﬂm%ﬁﬁv&h&ﬁﬁﬁh&mﬁ&vﬂ@@ cascade being on. The addressing

pul se i t h e t seen, as th .
ti met &freén?i gﬁa‘%‘f 370%%2 6chv§seth?tna@1r getgeegur%F are réset to their

quiddckitQfositibe IEEfoeSba&{gea(Rl@dske‘daig&d Iﬂﬁ)é/pdsgbiertb ;udtifess thblimedférometric
or OFF state. Durin uIs

cegondint iviorrbispsere b gt & Sl o pfthing operatons

tha kel ﬁla@ef dikhgl caclatine gvrUof adlis@he Nk @h@lcabendnei that the talidress pulse
bright state. Taken. in |light of Fi 5 th|

GRS FGEE DU ARG 8 ferdo PRI P ] gl s sub-cloment
caseidelt6 Rird ONS UL 6&$ Shdtﬁ‘d@dre%@ngt ﬂiﬁse fkiaaka tr@ishtesignb)) kianig shorter than
t he second addressin e .a dreﬁ;,ﬁuhfg i S hor ?
theRgowTs Fipretoh g sulss! b éi" 1ipgtese thg Trsh e 0-Hraek o wite.
| N tdige tHenlire ML S BEn adiBreabip@idligh S)thtedﬁstt snb-tchﬁlent to switch,
"bl ack' state | eavjng 2 fairly dark refl ect & 9k
the AT SN Bo PPHLON 1 SE TIPS i T 1 ey (e adross pulse
mud RHcAm Foﬁ@érﬁy‘ﬁ?rﬂf;a‘ét b @Wﬂ(ﬁhﬁ@tdf Vil fitstl c@nP@Icknd the second element to
(typically a in video te

ra
el 1ot B FeRPRRS oS OF ﬂ@.s B geriPu as A umsd @3@ aPlem%“&laP? ¢ the, gpme, the

sulg BleSiert r@:ﬁ&g&eaéhbﬁﬂ bk oRrollae 1o 6vild £WEired n@iieer € Sub@&ments to turn
npressed with the area melgrted intensity_val ue

ON ﬁvélll@ ﬁ@@ngéa@ﬁtlyql%hzghﬂm%m =Y dalllrg)ug S% yT}E%%imL%a[tllve 8§fect is to

caﬁé%@herﬁﬁp'l@re?enﬁﬁ@to &g ethe fn@pérﬁ@lof mﬁb‘ﬂklﬁﬁﬁ SidtrePOSitpixeD In this manner,
bef ore beln%?addressed agai n 0SSi

a Hepdpy cdeanephwith & pik Aensitp it Wiiscmade possﬂ‘ﬁe ‘%thout ar|1y ex%ra connection lines or

extra connections from the driver device.
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device so that this reset is not necessary. It is
i ncl uded here to enphasi ze the switching operations
w0 bas/062Be pl ace during each 'line tinme' of adPeEES1INH039312
It should be noted that the8 address pul se nust exceed
a certain mnimumtine duration in order to cause the
firsrt heeia&*ﬁ@éffdcﬂdﬁcrﬁdeﬂ) abdve iehsedCia atteatle nlitiéreléMntsAhat provide

ST LERTE TN R

alietnbtiel gioentis F1gWe| g, 1srtOtpr(ﬁ/ﬁld&e_]aédﬂétofdaélsﬁltesfdxbn%&@rﬁﬁ%lein@nt such as

oy S S AR b e e
Ttacédﬁe&snmg)fﬁ@mﬁ slhd:‘ws apaisRadclRnicall seitth) dunetkér t@hed BB Bitches, such

the arr he, address pul se nust be active
25| g O SU6h Sl EoibisBh HOLIBE T cber PP 5 QT ebmott tioway the
pacatsegs diithe sgalnderidne Biﬁmhe b&aﬁ%&@hth@?‘ietcfrh;@l SIQRNP BRFbe separately
uned to

PR i R ETERS ARLC eI R araHe o 4Bk Bt A Bigere 9 are

1dcbﬂca1 ad thosd lbrahliéﬂ Byothp @yswmi@f mgﬁesl e syhiredt Bfures 8 and 9 are both
providing a relativ

cxPelEe PARTIRG TR O B GHBPSConTHBE B el of e modulator
ovefdmct is to cause the dlspl ay elenent to formthe
pro er_.col r |nteﬂ3|t the resultant pixel. In thi
(F8Ue o0 s eph df @Hited vip rifostratg; that i Earyipe ghe @%‘raﬁ(’n of
adﬂ‘i&ﬁb&lgﬁﬁh&‘éd 3l veeIMdsttROutl ta S M veX$1TtRosE PRIBRGE hé&1B réfnde 501‘!%01 of movable

extra, connecti.ons fro%he dri ver device. The casc
migpy agdresgiag L9t Yildepihntishing oy "eanﬁlmt%\%&% PnaPPltﬁS ‘fo a display

el@:ﬁeﬁﬂﬁﬁh&@hﬁghﬁke@f@ﬁd@@d\ﬁphbwhb gieRt.| TR mitkachk G&lo%%i ByNBe names

bq{ @I aty 2@1 as_the electrical sw tching cascade

bj B} FIO- eaﬁ“?c el pupRort Siresie iof the giors @ Welk ag the mirror element

thdpiseMedleanat] GRMctk&l @M hithiRf e Hﬁféﬁ';tnf keﬁhxﬁé}m:ﬁ es’.u@ﬁ@@barymg film
switch such as

such as te el ectri cal
e R R g A EaVieghst oS & dflnt ot differen
rafterenting hlﬁﬁidiﬂlf&fenFH@pM&mgmﬂ?@m applidl Go1RB C hani Ca'

switch, but qther t ygﬂgf,eﬁ?f swi tches, such as sil

or dtHEPVREFREEHHLEP t iy deflects pfteraribert mwﬁ@nagwtage Vi.
Mi®r Bﬁ*eépondsﬁndrh lslSwl/y@aMd i adtiaitd FRdr @Ménglf apbiGutiopbi ¢ alBotth mirrors by

gi? Et ang meters of the electrical el enen
ang by IR %Df aBPHCR TR LY 2 apfh @iterchs dS SIPARJC RhTFETOBRiRg to a very
quaRpFiJatién MaVy@ WESHhbse 6f tht BSeS MHTRMAS refiddl 9n $hid 5v§y various
coqaﬁent' cal, to those provided by the systemof Figure 8

BARPS OE FUTF Cff B peeolgd ghaping: @dt?é% Pulgsg aﬁﬂree@n%‘rolta'ge space,

wiek hé Biri gcdhhbidagibeNihcth®Y BleSswaichiR} b £ 6B e%eﬁtomf'ﬂﬁgé fnﬂﬂ)rs have
he behavi or of, the npdul ator over tine.

differgit . Yol pd theduErst Bovr IR iguss & Ehﬁ%tm“é%l’ki/ é?lgh ﬂeﬁrels can be

achibW¥ BhhadrbRgOf Ml sES S Uispldy S@snde Wl b 88zt N of electrical
vol tage | evel s of those pulses a nore refi nedg contr ol

Co’é‘)‘fec?ﬁﬁ‘gabl e mirror addressing for bit-depth sw tching

can 1Rell bfiake MRnh&S alibrh e thelHdds 6V§‘<ﬁn§ fﬁteﬁmgf‘ 5HeBs far beyond a
1Wlem&*nt consi stl n of several in dual novi ng

o528 bepReo g Ter EeERsiceFTisys Huhiafhe smppmenations above

w3 disBsGed WHE r @J”acﬁjt dépup Pt h§xt1ﬁgqu UERIObS EOEr intensity, these
mrrors as well as the nirror el enent thensel ves can

embadipgpfs mag besarloxNse ifprgns bdembe ereder tan K er e nt

t echimigusBoughUhble s VREY d8eribddl 1@ &l SdiRessy embodl ents for a
residual stress within the film to aIIOW|n|V| fﬂ

o Bideanparatss 1Pl B1ca TR MIOEateR, mhch Fadadolead Sowt e aiederometri
mc¥ulathid, 198 ﬁ&tlnt@ﬂlcﬁzg |t1§1@ ﬁﬁﬁ@?&lﬂé%ﬁféﬁce@ e |cb1?s‘fhe¥e‘al ak "ﬁgf?tatlﬁ upon the

shown in Figure novabl e el enent bi lects a
Sc@ﬁ@ﬁhlsa‘bWP'ﬂ%’a‘th‘%?ﬁ inyo-fypastseiderthn the le?Wl@g Clblzﬂsr esponds

nore slowmy and wil | actlvate after a | onger

application of V. Both mrrors bi



and b3 will respond to a brief application ofV 2 and

mrror b4 is capable of responding to a very quick
wa@ppbioeasi on of V2 to which none of the other PECT/D82084/039312

can respond. In this way vaious conbinations of

mrrors can be deflected by shaping address pulses in

whe Ttk e/AM0iEge space, where the term ' conbination'

I ncludes the swtching of a single elenent. If these

mirrokrs hafylgkingdelafoptcompisding: such as the areas shown

in Figure af anbd@bmpilidel BHE aldf doUMR &3 &tér%)’&he?ﬁ&@ig}flgﬁele ents, each

achi eved by addressing a nulti-segnent display e e

wi t h sderasnhbping Gufled gl oae ergnere sdtrows phenetor By subwlegiehts;

of these j f I g .

i nt ensi tyr%??%gg‘gf ﬁiﬂt %e?_%%g%%lﬁh@ng é) P [ ft?ﬁ/éc gi%eto the display

accorfmcsewhereip oppeaangction Hes garespendsrte nne oWl displdyreéements in the

i npl ecmg%gt ations above were discussed with regard to a '

bit-depth of 4, having 16 |levels of color intensity,

t hese enbcdbaB#Ht eonRenjion dnesrglicticeldly famedietoldath dept fpnnection line;

greatgg than 1. Thus, although there has been

described to this point particular enbodi ments for a

met hod and BipisiPaeiusvichss conégures oalyensmif wheadpepating reinals from each

" eduGedy bLERLERUAL tolb LRI G LA sPARLALOLS. 1!

is not 1ntended that such specific Fefer ences be

consiZder edhadightmedulatdr ohelaiopl whetein theopeowfof edvhslement comprises a

i nid LA r ) th in the
RN B T TN

modul3at or ,The digpt madulgjor efreladmr lagachortpmdns ifurther owmspriaing three column
b eiBRSinBd, ohd oL 2 g@g@&, %tlegn Qd%e%ﬁb-glleﬁ%pgse’ache&gnq t.

el ement being divided rito one or nore sub-rows Of ‘one

or mdre sUbedighimaetuiator of elajn &dhmedtchesrvoliprisisg microelectromechanical
ek gured to transmt operating signals to the

di spl ay el ements, wherein one connection line

cor r s pondde tlightonedulasey affelaitn 4 pivhgreielogerentnsre switches comprise one or
il Aferftihendd RAMARRARRGEAEN |1 nes el ectrical Iy

connected to each array connection line; and a

pl ur & ity Tbe lighi medaiorcefrdldigul, edmpusing subsiintentsh@nfigured such that

r,atki ' : a online tg .. .

R ST Sy 1 AREE AT RSO SHusel IR ggrating sgoal
fropgthe amoyl wperetionofinecloatiamsitr frometheisledidviesubrebementvtafn adjacent sub-
Raech el ement conprises a red sub-elenment, a green

sub-el emrent and a bl ue sub-element. 3. The |ight

modul’at or Th¢ lightimeddlatoe a€ lelegh deriterdiniohh @r nowerpwitehien gomprise a

; ion lines, one each for the red,

S%@E@ﬁuggﬁd%ﬁgp%ﬂ@ﬁé& enments in each elenent. 4. The

|'i ght3- nodd} anethododf whmifaeiuting tdneingnfetoniees Gghtpmodilatgy, the method
C%@{SF*?: ectronechani cal switches. 5. The |ight

nodul ator of claim1, wherein one or nore swtches

conpri se ‘oryiditg moereay nf étdréramiia displap dlehmbits anranged in rows and

ele : [ .ator of claim1,

con'pn?%ll%ﬂsg Q%Cll}-t)ﬁl-;E g}ag ﬁ%ﬁ]e%t%g%ﬁljfl S?ﬁg%r ed such that

a predetermined number of sub-rows of sub-elements, wherein the

predetermined number of sub-rows depends upon a desired bit-depth for a
display; and

a predetermined number of sub-columns within each sub-row, wherein
the

predetermined number of sub-columns corresponds to a desired number

of colors for the display;



when a sel ected sub-elenment is deflected, the selected
sub- el enment causes the operating signal fromthe array
w@omsee28on | ine to transfer fromthe sel ect edPCT/US2004/039312
sub-el ement to an adj acent 18ubel enment. 7. The [|ight
nmodul ator of claim1, wherein one or nobre swtches
conpri se aan%ﬁ QH%“ EdrEctioh %@é #’ %ﬁchsw %G 1;hat1ﬁc3achA connection line
nmet hod of ct ring an interferonetfic |1 ght
wodyH@H@momEWEWWEDWGﬁﬂ@@nﬁTﬁsdng provi ding an array
of interf r%ﬁ% El% dtﬂ&a% %n?l}{ct h%%@énsth@ Eﬁ*ﬂn&ﬁgech&l [i2%r each row to
and colu Isplay e enent conpri'si ng
pr edemeefiha seb-Towsobthe ofrresprndingyes of theuteyel eme nt s,
wherej n t &gt 6f ghipe RE 208y SHHREAONS:
upon a degﬁ}gg g&f de ﬁ forﬂg % Biay;eaﬁﬁﬁgg?ﬁs%g%JDqumwr
qmpdsngarraAngiag almwmnecuon kingb bgweanthearly tahd a deer Hevice.
sub- r W V\ﬂ{%r I%Eﬁlloél I'b? cgé’u%dg gIrOWdﬂl del ?rcm?rfec?on b tween the array
sub-col utms corresponds to a des nunber ofor
doorecti¢re ik Spthay comprésing plgwdmgaymmhwem aoet lof rmasroélmtromechamcal
4 sfow, such that each connection |ine corresponds
to one row of the array; and providing electrica
c onneldt i oriltsemetbed of haaiar B,ayroaidmgedtdhmal |comreecfior bgwedn the array
rres
e cEau%r lg{c;]:%u.rgler ﬁxﬂ‘gprﬁilll?ﬁ e%ﬁonStg a as?trog g&%ﬁ&ﬁugtg W%ches
c onnel@t i onlteimatlsodfadclagméh ﬂneowcmqlewmmechmmt $vgtch@ further comprising
e h Aarray and
ST oy B RS b R e R e g
el ecti3i cal Tlmomn‘éod iof nchbmt teproviding electidgal commeeiddn Gmther comprising
n to {
cie ec‘%m r%OEé 8& ol g@{: am . &vag f?hﬁ %Q 9@’%@&%%% t%e su% element and
zmhdmmm8$mgmmmmd|ng el ectrical connection betmeen the
array, con e fu er conprising providing
conné@floﬁggg&%&ﬂhaorCom%ﬁyé%nductor swi tches. 12. The
nmet hod of anl amiapnof Giterfelvanetmcodispey eddnrentyecdangeid d@tows and columns, each
Swi tche N f r
conf i é%n?eéli & nﬁ:l;'%irng%% eten?-n %er 1 rr%rt()?l%gb %emgr}ts Wrﬁ]ereln r’%}éenl%uér?ber of sub-
13. Tdhemambstihdderofined baindeded pit deptidimigac é@nemlt tsabproximately the same
conne%glon further conprising deflecting a sub-el enent
of a Sub- row, thereby form ng a connection between the
sub- el enendlectivel anonzdfienseh¢tweanb-tied enenlemerttd. suth | ihghtthe electrical
o0y Bk f AR S Ml i BRERY,ET | erfer omet ] ¢
di spla s arrang edTH rows and col umms, each
el eme nt c oammrnas |cmgleat1anlmel ednmsmIﬂmg toearbeow of d1sp1ay elements, wherein

sub- el r of be e
det er me}h etaa}b bongec 10§1 11rn8 elet)mmglglt onfies léeac glﬁ)l-elemen 1n each display
appr oclémamt.el y t he sane

15. The light modulator of claim 14, further comprising a predetermined number of

sub-element cascades within each display element, wherein the predetermined number is a desired
number of colors.

16. The light modulator of claim 14, further comprising 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 ménufacturing a light modulator, comprising:

providing an array of interferometric display elements arranged in rows and
columns, each element comprising at least one sub-element cascade of a predetermined

number of sub-elements; and



si ze; electrical connections between the sub-el enents
such that the electrical connection forns a

wGaamsebreent cascade; and an array connecti on PCTES2004/039312
corresponding to each row at display elements, wherein
each array connecti on line is electrically connected ,
to a sub-g }3 ?ﬁhe?cﬁ&rh GiSidnt B QR Rib-cldiont dd¥€ade inarow to a
I i ght nodul ator”o m 14, further conprising a
pr ededrasprnding conmatsion ligt fos Bl wPenent cascades wit hin
each, di splrayehé, a1mvweﬁ1ﬁhéﬂ cBIlﬂ i 6&1@1&%’&1@% Heferometric

|sade3|red nunber of col ors. he I'i ght | at or
cloferg$ Anving 4t lepsironh é\ab-elemrtu%ﬁwﬁ@e %@?Te%@i‘ﬂ’ﬁ’éescl’rl‘)@f}%r%/s“b -clement

casQad@?ogeh&V&?ﬁ&d%gﬁfess' ng pul se to each sub-el enent

erein nunber of sub-elenments in the

cascéfle t Wbt hethwhef adaimyd7ddpdivgscoupsnng dlesigaly gfommecting the

t he dret hod of manufacturing a
C?me%%g%n%%? a‘%gt} gwctgﬁpdlrj%%ldﬁ‘gb provi ding an array of

i nt e2d.er omeltghtmoqlnl@m @&ynPéIIS’éﬁrent s arranged in rows and

col ums, ?QH Zf g{% rofnSHie releﬁ"leﬂ@ akh LRASK: RABrising a pre-determined

sub- el enen sC a predeterm ned number of

sub- ehmberf syb-demkise mrmame 91 weieras dhe sy-clements gfe of a different size

el emgn SRS 1y M Brohdh L whefein the number of

cor :ngéegh(gjd% Qgg‘r?]iﬁ%(r:et%l o@ﬁvﬁfegﬁ for st(i‘)ha:'g{t N row, 18. Hé !

met heab- démmtadmrﬁ?upmdeﬁ@db@@ﬁﬁhi sing providing an

ar r a& T?g bl gﬁﬁ#t&l &%ﬁglﬁfwttﬁe Bﬁ:\’de\f&gmﬁted Inﬁﬁ%r S@b-elements

sub- e ement - c&sca ther conprises gqow
fisrther ednaprizig foasuhdlbmins, efchsieismeat of prlbsize, f@ecovﬁéub-dement of

et hod z(t)rfd i (ﬁéumeﬂeztentf itk %%[3129 QHCP foah Qubeélﬁﬁ&ﬁ bERktbeith size.

BERHEET Mg the connectidn |1 nes or eachrow to a

d r i vee. d e\Z]hc dightz@odulator pfHeimmde firthetompEisnp R PeTmagHon dige for each of
y Q%l | nterferonmetric elenents, each el enent

e sul ements

Nprising a pre-determ ned nunber of sub-el ement S,

vvh er é3n orie dnghtrmdsla@ﬁ of plaims2fh fisthereompsisiag enggongection line for each

c@@fagﬁ[eren%%t %{ ay | n@ﬁ’e@ %fébﬁgalﬁf%oﬁneg{eﬁ ekt thbuRshY element and the

ormat 1 on,” wherei n the nunmber” of

sBMblemblesrewhcseld dpdighitmopdatords g]q;gfqur@@ sushthay élﬁ{-ﬂemgl_[s nepigd to create
lox%{eg: ting o 1%1 %[e a? iva (J}gli%ll :6Qanck REmRIs ?I’a§i ‘iﬂf@ﬂrﬂ%&? d nunber

urther conp r|S|n our sub-el ements,

a fi rQQt SLmHethedmfmarmfactmhi ahm@n aigp dsractadroBIPEHRS

of quarter- 0 gﬁngﬂghth si ze

and a four}%r &lﬁ%g{% klég{ng% H)g}e%cgﬁgﬁ kesn zeeS . The

li ght nodubaiog subkelerhealsrwigin edchdishley clemagral §i Si?@ agproximately equal
conn ctl [ f the sub-elenents. 23. The

li htet FOUU! Hlatcpssﬂa %{eﬁgﬁ{:?nnéz)o further conprising one

co n nect i onfotring sﬁ@lemmﬁSdiesmdasaCb seelprent davinga sige aproximately

Sw £ CHER ShAERE LEAl hekORBRELETARCt neen the di splay

25. The method of claim 24, further comprising forming a connection line for each

sub-element.

26. The method of claim 24, 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.

27. A method of operating a light modulator, comprising:

receiving a row selection signal for a row of display elements;
transmitting the row selection signal for a predetermined period of time to an
array of sub-elements such that a predetermined number of sub-elements are activated.

28. A light modulator, comprising:



sub-el ements, wherein the light nodul ator is

configured such that sub-elenents needed to create a
wowiogiosizey of a pixel are activated in accor daPCEUSR00$039312

di splay information. 24. Al2ethod of manufacturing a

i ght nodul ator, the nmethod conprising: providing an

array of i Eﬂ’réye 6O BREEMS h@hﬁ@ld@ﬂerﬁF oL Sf deBEHoR Yersus time and

sub-e &%hents wi t hi n each di splay elenment of a size

appr 0 AEOB VErsEdiedrect done hal f a di spl ay el ement; and

form ng St’éﬂdﬁhﬁiﬁﬂﬁﬁ to%ﬁoxﬂ&sddﬁﬁ%mgelﬁﬂ% gem%e 1evefl and time to

havi n si ze approximately equal to half the si
a ne P‘ﬁaryg‘gseﬂeng’mé TRFt thatZ‘Sf}ZmI"f'i EOTHRINH9ES off clerheniswiigh in a selectable

f ur t hagnnen Hﬁfehcﬁhg'i@oﬁ ‘ﬂfe%ﬂ&e@ev@%ﬁ@iﬁk'dﬁﬁﬁbﬁ %hi&fdre@ﬁﬁfpulses
sub- elene The. met hod of claim 2

compré®si ng Woﬁ%ﬁt e dilates i edaimo 28| 444@#11@&’ 11@%60 trragigediaprovide one

aﬁﬂ&mﬂ{gtfoﬁh@wﬁﬁﬂiélaﬁh}n&‘eq@ﬁ{emsm exi ng switches in
el ectri cal connection between the connection |ine and

the sitb- el Biveligld modnlator plocliy % thperay i afgelemerityfheving differing
HREMiAl Sfuche&NB re'fféétn:ﬁifferfn? Cv@luXé BOaR N RS &l Aa dett] ction versus
shgnal for a row of display elenents; transmttin e
YWo¥Csel ection signal for a predeternlned peri od of

tine 0 ammridY nfulsi of LGHEPE Sths Y ing differi
gr edet er m_ned g%rrbe? of 0sub- el €ment grgbéipg%%@ams hav%g differing film

gknesges fogHect (ifrgng vaives of daflsetioni vargustimeandalpfiestion bersms vokage.
having differing val ues of deflection versus tinme and
defl ection versus voltage; and addressing lines to
provi de addressing pul ses of varying voltage | evel and
time to the array of elenents such that different

conbi nations of elements switch in a selectable
manner, dependi ng upon the voltage |evel and tine
duration of the addressing pul ses. 29. The I|i ght
nodul at or of claim 28, addressing lines arranged to
provi de one addressing for a rowin the array of

el ements. 30. The |ight nodul ator of claim28, the
array of elenents having differing nechanica
structures to effect differing values of deflection
versus tinme and defl ection versus voltage. 31. The

i ght nodul ator of claim28, the array of elenments
having differing filmthicknesses to effect differing
val ues of deflection versus tinme and defl ection versus
vol t age.




