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reflective @owiecescroididplayi déwdees create an image that is optically projected for display.

Current micro-display devices use transparent LCD devices, reflective LCD (LCOS) devices or

20 reflective Micro Mirror Devices. Each has limitations of cost and performance, especially with
regards to light intensity on screen and to contrast between the bright and dark state. Micro-
display devices are also used in applications other than imaging for Spatial Light modulation. A
constant demand exists for more efficient micro-display devices with lower manufacturing
costs.

25 In response to the demand, new types of micro-display devices have been developed,
based on MEMS technology. MEMS technology enables microstructures having features on the
order of a few microns to be formed on appropriate silicon or other substrates. The technology
can therefore be used to produce pixel array devices, on silicon that can manipulate light.
Arrays of these devices are useable to form micro-display devices that provide high-quality

30  images.

Most micro-display devices currently produced using MEMS technology are reflective
devices with either
A. micro-mirrors that reflect the light in slightly different angles according to

the position to which the micro-mirror is switched; or,
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perpendicular to (or at a relatively large obtuse angle to) the viewing face. The area under the

20  panel when it is substantially parallel to the substrate is transparent, such that the panel acts as a
light valve.

As used herein, the term "rounded" means a cylinder or edge which has a generally
rounded shape. The term includes a generally circular shape. It also includes a generally
elliptical shape and all or a portion of a hexagon, pentagon or octagon or shape having a greater

25  number of sides. It also includes a shape that is in the form of stepped layers having a generally
round outline.

As used herein, the term substantially perpendicular to means at an angle that is 90
degrees +/- 10 degrees and substantially parallel to means at an angle of less than 15 degrees to
the substrate surface.

30 In an embodiment of the invention, the panel is formed with an axle along an axis about
which it turns. The axle may be rounded, but may also be square. The axis is substantially
horizontal to the substrate surface. Optionally, the axle rolls aiong at least one rolling surface
that is substantially parallel to the substrate surface. In an exemplary embodiment of the
invention, the object, the axes and the rolling surface are produced by MEMS technology.
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There is thus provided, in accordance with an embodiment of the invention, apparatus

comprising:
a substrate, having a substrate surface, at least a portion of which is transparent or
apertured; and

25 an array of objects each having a maximum dimension smaller than 1 mm attached to
the substrate and having an axis about which the object can rotate,

wherein the object has two stable positions, a first stable position at which the object
covers a transparent or apertured portion of the substrate and a second stable position at which
the transparent portion is at least partially uncovered.

30 In an embodiment of the invention, the substrate is transparent over at least a portion of
the area covered by the object in the first stable position and uncovered by the object in the
second stable position. Optionally, the substrate is made of a transparent material. Optionally,
the area of the substrate that is not covered by the object in the first stable position is covered

with a substantially opaque material.



wherein the object has two stable positions, a first stable position at
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20 Optionally, the axle rolls along the axle support surface as the object rotates. Optionally,
the apparatus includes at least one socket within which the axle rotates. Optionally, the socket
overlays the axle support surface and wherein the axle is constrained between the support
surface, edge constraints and a top constraint. Optionally, the distance between the side
constraints is larger than a diameter of the axle, and the axle is not constrained by the socket

25 between the side support surfaces.

Optionally, the axle is comprised in two axially separated parts and the object is
attached to the axle between the two parts. Optionally, the object extends on both sides of the
axle. Optionally, the axle support surface is generally parallel to the substrate surface.
Optionally, the axis of the axle is substantially parallel to the substrate surface. Optionally, the

30  object has a planar surface that is parallel to the axle. Optionally the planar object extends to a
first extent on one side of the axis and extends to a lesser extent on a second side.

Optionally, the planar object is electrically conducting over at least a portion of its

extent. Optionally, the planar object is conducting over at least a portion of the lesser extent.



constraints is larger than a dianeter of the axle, and the axle is not
constrai ned by the socket 25 between the side support surfaces.
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are transparent to a band of wavel engths or are apertured;
There is further provided, in accordance with an embodiment of the invention, apparatus

comprising:

20 a substrate at least portions of which are transparent to a band of wavelengths or are
apertured;

an array of panel shaped objects rotatable from a first position in which a transparent or
apertured portion of the substrate is covered tc a second position in which said transparent
portion is uncovered;

25 an axle attached to the panel, which is rotatable, such that the panel rotates about an
axis, wherein the panels comprise a first portion on one side of the axle that covers transparent
portion of the substrate and a second, tail, portion on the other side of the axis;

a first, opening, electrode on the substrate underlying a portion of the second portion and
the axis;

30 a second, closing, electrode on the substrate outboard of the second portion when the
panel is in the first position; and

a power supply for electrifying the first and second electrodes.

Optionally, the axis of rotation is an axis of the axle.



an array of panel shaped objects rotatable froma first position in which a
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20  in the column of the panel and the holding electrodes being connected to other such electrodes
in the row of the panel, such that each pixel can be separately allowed to change from the first
to the second position by not electrifying both the column and row electrodes associated with
the panel.

In an embodiment of the invention, the maximum extent of the panel is less than 1 mm,

25 less than 200 micrometers, less than 90 micrometers, less than 50 micrometers, less than 20
micrometers or 10 micrometers.

there is further provided a projection display, comprising:
apparatus according to the invention;
a source of light that illuminates the apparatus; and

30 a controller that selectively positions said objects in said first and second positions to
form an image in the light passing through the apparatus.

Optionally, the controller is operative to control a brightness of said light passing
through a pixel corresponding to a given object by positioning said object in said second

position for a time commensurate to said brightness. Optionally, the controller is position the
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20 in the colum of the panel and the hol ding el ectrodes being connected to
ot her such electrodes in the row of the panel, such that each pixel can be
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electrifying both the colum and row el ectrodes associated with the panel.
In an estieth mehe saobnd pesitiow eindifferent times dukigapicaxe &ameahd thpogiteredll pEtheess
than 1 nm 25 less than 200 m croneters, |less than 90 microneters, |ess

t han 5@%0&%q§§s§poqlg%a_tﬁ%%1mm croneters or 10 nmicronmeters. there is
further provhgdedisanRfil §ibiiaka, inS BbAYdane® 'With SinNBmbodiRRat AfUheaReaitibtnng t o
the invention; a source of light that illumnates the apparatus; and 30 a
cont r olthelticoleatlisglay ecmpusing: positions said objects in said first and second

positions to orm an .i e in the light i t hrough % ]

ot ional 1y, % REERATF d1PER e RoiaE 4o 0o RS ep Hiiten BF LEBELRL oy

i ght pR&FERT a différemtddlct; idxel corresponding to a given object by

positioning said object 1n said second, positjon for a time comensurate to

E’%iT ?l bB |2 ?BB rgm@@,nblmtth@immbyx}ewhﬁehg%ﬁwsmgtlélfoughﬂpﬁﬁ?ﬁtﬁon the 6 WD 03/048836
L 0. . it . A iy : p 5

pi et ure.f rangoigry o Sispfty Afuf R GpeePr bisodty clidhRE Rt cbloFRT RN ¢

the sangorhithelightReiiree, sticl b & bslor whealj shettlat the apmcansidreoecessively dilursmbied byent

of the invention a rmulticolor display conprising: 5 a plurality of

di spl aylgilﬁéﬁéﬁf@rmc@]@rst- he invention, each illuninated by a separate |ight

source of a o] et i j ; i sin

hrough the oL e PR e A e i R A e

changi ngmtihenized.or of the light fromthe |ight source, such as a col or

wheel, so that the apparatus is, successively iLllum nated 10 Jight .of
different co@B‘il%n.aﬁW& %ﬁ&ﬁ}’ jocfiges ﬁ6’§‘i’JF?tmﬁﬁ%} %f pf%@“f)‘ﬁﬁ‘@@%“ﬁ’ﬁg dﬂ’ﬁgg ns
for cha,%%h&gu & £UPLcs. are synchroni zed. Optionally the display includes
a projection lens for projecting |ight passing through the apparatus onto

a swface. 16ptiptallgntiel positidue of dsé dbjeots ané perielicablyediangel to providsdi BwRVng

changed, to provide a noving image.
1mage.

BRIEF DESCRIPTION OF FIGURES
Exemplary, non-limiting embodiments of the invention are described in the following
description, read in with reference to the figures attached hereto. In the figures, identical and
20  similar structures, elements or parts thereof that appear in more than one figure are generally
labeled with the same or similar references in the figures in which they appear. Dimensions of
components and features shown in the figures are chosen primarily for convenience and clarity
of presentation and are generally not to scale. The attached figures are:
Fig. 1A is a schematic overview of a pixel in a display, in accordance with an
25  embodiment of the invention;
Fig. 1B is a schematic overview of the pixel of Fig. 1A, with a panel removed;
Fig. 1C shows details of an axle about which a panel in the display rotates, together with
a cut away version of a socket in which the axle rotates, in accordance with an embodiment of
the invention;
30 Fig. 1D shows a cross-section of the axle and socket, in accordance with an embodiment
of the invention;
Fig. 1E shows a simplified cross-section of closing and opening electrodes and a tail of a

panel, in accordance with an embodiment of the invention;



BRI EF DESCRI PTI ON OF FI GURES Exenpl ary, non-limting enbodi nents of the
invention are described in the following description, read in with

ref erencewO®30ks83¢ | gures attached hereto. In the figures, Pcagnezmaio and 20
simlar structures, elenments or parts thereof that appear in nore than one
figure are gaperAtl§ illwhelegte wictlivdohey sdwpenng sinricredanast witl e 510pAmaRE
figures in which they appear. Di nensions of conponents and features shown
in theofﬂtj’dmé‘-’éma’?‘;e chosen primarily for convenience and clarity of
presentatio %%U@Aa%ﬁd gepemakhy Metpdsticical te Fhel atitinehpectf ogeomssaiatse in Fi g.
1A is a schematic overview of a pixel in a display, in accordance with an
25 enbadéaréanice wfithtaneenibpdimented thelnyentdB; i s a schemati ¢ overvi ew of the

pi xel of Fi I A, Wit nel renpved: - i s i : | e
bodt whi oh TiephefC 1B i mshEUREY ot Suslng 3y apRnfie Nk Suplituar
ver si og,of véntacket in which the axle rotates, in accordance with an
enbodi nent of the invention; 30 Fig. 1D _shows a cross-secti.gn of the axle
and socket , FHig Sshovsddinagdiagem of splregs feflirpias, mﬁécqrﬁ%ﬁtwlgh?mlﬁdémm{[ﬁ
shows afi,lli1 |ified cross-section of closing and opening el ectrodes and a
tail of qu&ﬂ’é’lo,n’ in accordance with an enbodi nent of the invention; 7 WO
03/ 048836 PGT4| 6QRIARGEOhe Fegtts QARG igrbeess metseint the fostatomodbehye pikel, in
openi ng, in accordance w.th an enpodi pent of the invention; Figs. 3A and
3B 101 | weeqrdansetvith gr0ambodimeRffolth¥ehiln; wi t h respect to constraints, in
accordance Ww. i JE j LA i A6rdahédraithahe
t he net hodoﬁilé%';7 %@%@@g@@ﬁ%ﬁ%&%@%ﬁeﬁr@ﬁmﬁ fgd og} iﬁlrrrlgerlu of the

i nvent igbodithéht oBtiRtiaventiant i m ng di agram of voltages for flipping, in

accordance with enbodinents of the invention: Fig. 6 illustrat .
results of ifigt§ Hlusrise as altempisys methag 0? Wﬂﬁ?‘fﬂ%ﬁ S%ppﬂgen%’ )??afw,c_olﬁf\anéél]glth
accord Ce%ﬁ@d&rﬂexﬁ%fﬂ{mﬂ%rﬂ%ﬁt of the invention; Fig. 7 schematically

illustrates an al'ternative structure of a panel in accordance with an
enbadi nent  dfigs. 196, /e tshow altEingtiveBpank] sisichuaese vhigh ehiviase Fetnrowsiorof gdubf

Pﬁ,egﬂf : : -rgsu tts ?I'P R ia?gerne¥gbti¢enop%%%ga9%ne&:%or\g'altlc% witlarC RBSHIERE 0f%he VEntion;

Fig. 10 shows a layout of address and locking lines, in accordance with an embodiment

of the invention;

Fig. 11 shows a layout of levitation and ground lines, in accordance with an embodiment

20 of the invention; and

Figs. 12 and 13 sc]:;ematically illustrate two transmission type projection systems,
utilizing micro-displays of the invention.
DESCRIPTION OF EXEMPLARY EMBODIMENTS
GENERAL STRUCTURE OF THE PANELS '

25 Figs. 1A-1D show an overview of an exemplary pixel 10, in accordance with an

embodiment of the invention. While this construction is presented as an example, many of the
elements shown can have a different construction and some may be deleted altogether.

Pixel 10 comprises as its major components a flipping panel 12, closing electrode 101,

opening electrode 102, clutch electrodes 103, stopping nub 104, row locking electrode 105,

30 column locking electrode 106, levitation electrode 18 and a pair of sockets 21. The panels are

formed with preferably rounded axles 26, which fit into sockets 21. The sockets comprise a

lower, optionally wedge shaped, element 30 (sometimes referred to herein as a "knife 30")

formed with an upper edge on which the related axle rolls, a pair of side motion constraints 22



15 Figs. 9A and 9B show al ternative panel structures, which obviate the
provision of a nub and results in a |arger effective open area, in

accor dancwowsissam enbodi nent of the invention; Fig. 10 ®hoasozoobmyout of
address and | ocking lines, in accordance with an enbodi nent of the

i nvent i amd arFigper anssrhmm@4a€aCh)etﬁatrOM is |oetz®naé1mf@mm®1rwuﬂg am apitbrially desulatesd nub

accordapge.w.th. an. e I hve and, Fi and 13
chenat LI IR Hedi eRaRureerane PypLef By oBRfbi et

utilizing mg é 1N SRbWY SnOfsotdRic MeNbT @b pRESERIRE | $Iitioh, EXEME ARYws an
EMBODI MENTS NERAL STRUCTURE OF THE PANELS 25 Figs. 1A-1D show an

over vi eioktrimviexevherapingli 126k repgoveil o seavohgshueu yremeathdhibagti efhowse t he
i nveption. n Q : t he
el erbit So8 S B pov AR tEL b e P PR SR T S SRR & or R el

al t oget higkv off¥ockét 210 ikdiding 89B1yAS6 layles 39Rnovhiclo kpidn 80 sits and iviapBﬁr@dpE)nthht 12,
closing el ectrode 101, openi ng electrode 102, clutch el ectrodes 103,

st opp: ngormqgtthgpartsrr@gpth@*cmqugn@p]@c gndoRlectaenily. 30 col urm | ocki ng el ectrode
106 evrtat

formed with pr e g%%ﬁﬁ/gfgoﬁq%%u% f(a) bgfo"é ﬁé(@sé sﬁ%uér-gg g tQ gg%lfaﬁ%?yhe
socket s mﬁmﬁleﬁﬁlgi(adﬁﬂ?ﬁﬁﬁg) lapérs M]ahll ly(MB)ilgel Xb@ap2dM») eroe mtquaﬂz,(msﬂrh{i]icmes

referred to herein as_a "knife 30") forned vvrt anu r ed hthe
r el P edonglRes FugFrale SaFwarwn%rm%qda@e%ﬁ EHSpyRR %ﬁtlﬁts 5&*“6 %la%e

PCT/1LO Qle?é?ﬁi)e&nth I b nsaﬂat i |dbeséet: arr?ﬁﬁﬂetﬁi £6hd it 'ZSA‘HBfe‘sﬁﬂghhéé

formed wth an optrona nub whi ch m nimzes the area of
cont act fdretlesaxdes 11 mﬂelOZalarb ke innbe rcblgan‘ag adstressingulager, Frith theAlindsopkecesin

i trj i f t h I, 1B .sh
Ve wheee o colyer Edighnolitks” G S5k b up HodEad ks Al eRTES iy
1C showgiigon BxieSMdHy &i1iOF Iﬁﬁhd@ 18%18 1d%291?errvé‘rﬁ’ﬁ§ tihad Bt 1a98rsr @ rH?M@ﬂalEfnd

Fig. 1D shows a cross sectional view o et 21, including a poly 0 l'ayer
34 af whioyidekni f e 30 sits and vias 36 and 40 that connect the parts

t th d. el h hod . of
descr | bed belanhsienedmREEtE et e (e dBeetTin G st PTG 1 ng
(addresspp 1cbﬁ‘ys%§‘ruM3TaBd)vel T Posidcdetsahctdre! Mblich & @Epc&sltatﬂz' dht threef 145646,

silica 10 or glass substrate 8. For sone enbodi nents, transparent

pl ast i cdetignatedalady @aEOWel ansldtply P nlntdileer spbedinpgngs, &@ssémpw cap he mesl s veind
" oW aday LR5C Bndhifredbs TRAR coha bl TE 1R rﬁeaﬁgdﬁﬁ% D¢ Lfsgva&%&mheeegg& Lpdes

101 and® So in r essi I"'aced
20 indicated with a same type of dlagonal cross-hatching with layers 0 and 2 having right leamng

diagonal lines and layer 1 having left leaning diagonal lines. In general, all of the polysilicon is
made conducting.
In an embodiment of the invention, electrodes 101, 102, 103, 105 and 106, (including
nub 28, knife 30 and stopping nub 104) and the base of the side motion constraints are laid
25  down in Poly 0. Panel 12 (including axle 26) and side motion constraints 22 are laid down in
Poly 1 and levitation electrode 18 and upper constraint 24 are laid down in Poly 2.
Electrification lines for the levitation electrodes and grounding for the hinges are provided in
Poly 2 as well.
It should be understood that areas not covered by polysilicon material are transparent,
30  such that when panel 12 is substantially perpendicular to the surface of substrate 8 (the OPEN
position), the pixel (or rather that part under the panel in the closed position) is transparent and
when the panel is substantially parallel to the surface (the CLOSED position), the pixel is not
transparent. In some embodiments of the invention, one or both faces of the panel are coated

with a light absorbing coating, to reduce reflections and transmission. Additionally, or
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bet ween the col um address |ines. The row and col um addressing |ines are
covered with silicon oxide and by silicon nitride. Shielding using

i nt er veniwQ oBio#sss6 or | ayers is optionally 15 provided. ViraThbéz®Imonnect
the addressing lines (and voltages for electrodes 101 and 102) to_the

Pol ysi | dltesmetivelyu @il expaesed arfagese (gentsfor | these dmmediatale bejgy arnek 1ldeBothet ed
in thre I I

embod rehPSE] Fisiiy ake R iR gy rofRpltng wBRSal Opficelly photRbead ignt i

made cosdufbct REmbByherchidye MEAE SysterrOAbeabiag alatetial catlidzidd BausedhEolayar thear e
20 indicated with a sanme type of diagagnal cross- hatch| ng with [ayers 0 and
2 havi n’@ghtlﬂbmfbedéﬁﬁY ﬁ@seéﬁ%ﬁﬁﬁheqtmﬂég thedpicroadiePlay. having | eft | eaning

di agpnal Se f In
an” enbodi mentt B PHET R, o8 pe RIS iR Sapg TRO G A Y A giter

(1 ncl udofiey mitromefBs. Akltanlz&wBOieaugds Bt whighrile paﬂa:lsll@a&)s aa4ﬁk85 hmchumﬂero(fresuhhlgsi de
noti on constr ai ts are | down .i n_Pol Panel di ng . axl e
26) andis 'GERRBE %X@cﬂ%ﬁ#g@ﬁél%@aﬁl@ (028 SeheP *fff ﬁmfj R d#Fon
el ectr Oﬁepogﬁbﬁﬁ"%&@?%ﬁlaﬁ%slt(f Ri10tmforAéters| R sthalieiarel s RithirPthe scope of the
Electrification lines for the levitation el ectrodes and grounding for the

hi nges mlvmtmno’v“oﬂ&x& snrallePsizgs, Zhagizavef the axie why bk dedrsedinitiersrobage parelsaiteas
not covereg g{%‘gﬁ%m licon material are transparent, 30 such that when
pand] 182y ge tially perpendicular to the surface of substrate 8 (the

OPEN  popENIQOY)OF rhg: phX@iLg(or rather that part under the panel in the
closed positron) 1s fransparent and when the panel is substantially

paral l el to khensumbaidmert he tig: OBEDtipys pptiama) clutble ghickeles d0fgre energized

transparen ments of th e n gt h, f f the
panel {pgetil%tpggmg\%ﬁ? ﬁ’n% cgq‘ﬁhten%%r%oo 1%%%1 ﬁ a?tqo %@%eu ctzle &9 5e%(:: oﬁls and
transm pgifPnRo. A Dbodbakdcys e uppr WA, Q?dm&ﬁfeS§o R@FﬁdhL&Z/gﬂﬂaa&a), and is also

alternatively, all exposed surfaces (except for those i medi ately bel ow

pandl 1¢orinactedhéo meh 2HKDY pdmptm oaly @rrot shewasonhehpape] i gkt gm@nqi@lcmthgh

materi a t ec r n
The. yoPHirdSRPoY siebibad PR Fshriple (B3GR SRR & Z@fdh
absor begbrieps GUuTahe1sentby eldgaddsnig Ofoltihe t@ge@m} ctbphm@/eleardde m&elmllmr y
enbodi ments, the panel is 85x85 mcroneters and the axle _has a diangter of

2 mi cr offpeEialy clasttidiendlt Fuildibe rrgesstood thaf 1€ Ang erbqsh ﬁ@ﬂ@ afdipesing algxtntsies are
LTkl SO P 5 Ao o8BI ot g e
10 30 100REDI musktioar Eomass il Lthdarstanding b the wiptiing opd:mtmm;&pg 1# illukigates aerrss- on.
E g:]ef 2 esq%qoalll lo? trhe %ixze gtructt&]r% b%‘ltv%e%nct)lge Ituggesa)fong a 0\}{ pgl%e&%gl'ijl%re% elé:c(%rrod\e/s(‘3 {é/ 1 alm%r ge
102. In this cross-section only opening electrode 102, closing electrode 101 and panel 12 are
cut. Stopping nub 14 is shown, but not cut through.
As illustrated, panel 12 is formed with a tail end 13 that extends beyond axle 26 (shown
25 in Fig. 1E in white, to illustrate its position). A long slot or series of slots 15 are optionally
formed in panel 12, on the other side of the axle from the tail. The function of tail 13 and slots
15 will become evident in the following discussion and is described in WO 02/42826.
Figs. 2A-2C illustrate a method of opening the panel. As a first act (Fig. 2A), the
levitation electrode 18 is electrified. Since the levitation electrode is Poly 2, panel 12 is Poly 1
30  and knife 30 and nub 18 are Poly 0, the electrification of the levitation electrode will tend to lift
the panel off the nub (overcoming stiction). The panel, the knife and the nub are all at the same
potential (grounded in this case). Both row locking electrode 105 and column locking electrode
106 are also grounded for a selected pixel or group of selected pixels, so that there is no

electrical attraction between the panel and the locking electrodes. On the other hand, opening
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10 may be increased. OPENI NG OF THE PANELS In an enbodi nent of the

i nvention, optional clutch el ectrodes 103 are energi zed together, pulling
t he axl e wown/o488B6uri ng good el ectrical contact between tireTaké2002® and t he
knife 30. Axle 26 contacts the upper edge of knife 30 (which is grounded),
and i s édcsedd P0T Bradentitifiel, so thuat riPE3 (smytmtddu (dewinhinpitd dirddfiondilosHowg ceant hat

panel 12 is nded with.the i onpal v Iectr

separ attée 931?59?:685 thg nowtion %%L%P%tt‘é emgt]g fﬁ"a‘ﬁ&gi}h ?gﬁ%a@%ﬁﬁr&)‘t@g al |
of the eyl ] %n?lgétﬁﬁlterl@geﬁ fufhé éffé'cvmhé QERIheS bf pAAREND 1@ RS IR 1302
is also separat electrified. It should be understood that if one or

bot h ofpdshmnadmm |t1mgngltt®cftthémietsfoan@1 bypkysife 30/and qv@istrmmgte&pénernéw& #d ¥h nor

openln 0 0 t he pane i on.
For “eas %fs 1311 ﬂ%@?%q H’nﬁilg SXO ﬁg hb%’fﬁt 3“%8%%1&?9 9 theIf‘X Jf tégcﬁiﬁgl? (Se&s a
cross- g6l 3R tBh tb RRIuRE ét@dtw%t WHith UaeinA@ivveetord Mgl ﬂmm@«; 6r &t mgn@mmanon
perpendi cul ar to el ectrodes 101 and 102. In this cross-section

openi ng el ecinRige2R.0be voltags oy levitaien elawrorel 8kas hssm dwmad offrand th‘it?f ect of

For nod W e bPEg s 18 e il et Balb Al O bt WAETR s BRI 19

in whitigverh tblttfttﬁ& ekt Bf pansl PRSIk khawn). Moty gehofatedrdusiag itds hft’[ng&lperamoﬂlS
are optionall formed in panel 12, on the other side of \]/B‘g xle rom t he

t ai 10, m@*lerstth@tp@mt tgvardafbie upzighh gl 3€) and towgrd | stoppEgn R tiqg lth@e
follow %gtagé 3 n&g{f&ﬁln%”el?&%d‘eslog ‘t')é)f%Quéeﬂ \P%gﬁé/tfigg’(%phas@t&?ed ol thEpanel 12

i |l ustrateca openi ng he panel rrst act (Fig. 2A), the
| evi tatdoﬁﬁn@ésﬁ‘@}'i netttx il itse teil @8 touchestie stSppimgNtibe levitation electrode is

Poly 2, iEanel 12 is Polﬁ 1 30 and knife 30 and nub 18 are Poly 0, the
el ectri tation electrode will tend to lift the panel off
the nub (oveggonialg g blyGht Bidkedatd forRES! th%ﬁ&néféq'lﬁ BrcRffb diB publ B Blogint Al

t he sane po ntla grounde (S c oth row [ ocki ng el e¢trodé 105
andiscol dlegirddedRi ngeletteificd doiea Sﬁfﬁ'ﬁtlmIEEpldllﬁg) t}@rbatlridemf faoel B2 whichos gibymidsdl or

f sel | h | .
et waenlings gaoan Briciesie tRoeli pobPae 1gqad™ o Sareis: Aty A8 HELH it
10 WO O3{,048886 o E’QTAA L@24 0@&)7% tﬁé QGhkafRe W2 kBorf |tﬁt€é bfok£dr tBRedfftal theal |

13 is attracted down) in its direction. Slots 15 are cut in the anel
r educi nigevifaopelettrate k&tsteteetrtfmdeattractlngtbe pmgiﬂttuo\ﬁfm&h lcentirgies frarollj an the axle’

bst | | t f fh
he. at tAsEaAY o Bance 430 U UBETRHE BuFfbniiSupdens s Vel s B
i by OfrohBe BYRAtidnollsm@dB)sokhitliBe BRhePiifl oafisid 1ifHl fgvel ageps.JFRR4and 24. 5
This is illustrated in Fig. 3A. Fig. 3B illustrates the p05|t|on of. the

axl e in the loPEwgbsiindioated thanwrhelesl@e veltaghinindicatesrsceing pesitiven thefkipemecan
i nhi bi tWo tsln(l) %xé"‘c% tﬁ't(e)lslatlnre] %rhetjhgxaﬁl% \)oitﬁgésrgrg ngglltlggl or negatlve, espemally if

the panel is at ground potential. Furthermore, voltage levels may be different for the different

electrodes (with some additional complexity in supplying the voltages) or AC voltages may be
25  used.

Fig. 5 illustrates a possible timing diagram for opening and closing a panel. In Fig. 5, at
to, the system is at rest and the levitation electrode is electrified. The clutch electrodes 103 are
always electrified. The opening electrode is turned on. (Fig. 2A) At t the levitation electrode
18 is turned off. (Fig. 2B). At t3, the opening electrode 102 is turned off. (Fig. 2C). The panel

30  continues to rotate until it hits stopping nub 104. (Fig. 2C.) For the selected panel, the locking
electrodes are both at zero voltage so that they do not inhibit the flipping. However, after the
flipper passes the levitation electrode, they can be turned back on, since they are shielded from
the panel by the levitation electrode.
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In Fig. 2B, the voltage on levitation el ectrode 18 has been turned off and
the effect of the attraction between tail 13 and opening el ectrode 102 is
to pull dwansasBe 13 and provide I|everage to lift the reecTaloypmom 12, as
shown. Monmentum generated during this lifting operation 10 carries the

panel towar dAltéreatinely ghidd{ttorglly 2@y thredail puiod asd dppaniornatthd OghosBptdgena] | v,
the voltage at opening el ectyqode 102 may be reduced after the notjaqn, has
st ar t edthgRandl gee Padrgongycti I&rﬂﬁg‘%‘lﬁ%i SH&R $GRCCHAS e@ﬁ@ﬂ% 1oy the f’éfefo)o i gﬁes

t he st opRiNg MBeedoPRiNGtOs THE PANELS Figs. 4A-C show the procedure for
cl osing the panefs. I'n oréer to close panel 12, closing 15 electrode 101

i s el ectrifilkdhé practicsbbat excdmpdary puiblodmgent lo€ theainbert®nptheaxedd are2mahgehini s

grounded. This.is en to. detach th ai . panel 1 omthe..

2 op! g cQlnies WAk ke e Stoini Fid, 107 pEFiD Y Samprded ISRt
sane tifectRided 1641QFFid | 1R aR@ O LSl %Bﬁh%%iéc&bdestm ot Bl 1 Al degpbcalagt pade
18 is electrified, attracting the panel 12, which continues to roll on the

agl e hZEvittTiimr electradles ZS.arg ognectsd) togethethand areethup elackifiegyiogethero ik closingode
18, t t j 20..f t he, | evi i de, . h
Lo e Tl S SR A TR S g A ol Ak

that whid2®art Benneelcdaggethdr andArCis leasifiee tdeiHRe Sdstake/ &1l clulh didotiopenD3. Wer ks
in exactly the same nmanner whether the voltages are positive or negative,

espHti atheppering segaepeartascribedaboyg isenecyirst entyithese mixals fs rrkaehebotly Hharqyeand

| evel s di fferent  f t I t I ‘ <A WM i.tj.onal
conpl exﬁﬁ?éoﬁlﬁmsfﬁ Bp §iene§trf) %%s %rgﬁo%gé(f&g? og\gfv%ﬁ{ élggl?}]t’lg\éqt%% lé(gﬁﬁ%gig%wdﬁi g.
5 il | usgleatified wilpassdibireitd pasithg. di agram for opening and closing a panel. In
Fig. 5 at_ _to, the systemis at rest and the levitation electrode is

el ect riwmll o) P rodes 103 are always electrified. The opening
el ectrode is (o) L L 1 r 1.8, |
turned of f. ?%%&%ﬁecﬂo EF %c H%T@ec@%ee%8%%?%%%1{3%%&%%2&#6?%Susﬁageg%edo@ Hé

(Fi & 2&)erhahiginglaviedtiodOelenivdes Uewithtion eitcitozles narrot closhiah opst ppppl siges theirl 04.
Vol { ageelBst (e rayPea HOP (aiesion ores o1 sTorpas BieULh Cuafq Biom digiaos”
fli pperﬁgﬁ§ﬁgﬁﬁ}g2§#&gﬁgﬁ%@&iﬁl'ectrode, t hey can be turned back on, since

they are shie rom the panel by the levitation electrode. 11 WO
03/ 048836 POI/hkt 624r0f87d thatl foe preatical gluyposes, dekdstictiombhbiween pane) 12Hdtraib|28

Do o B W SRR, S e, BB P o
Thi g ofykial eRclétR NMAGEr R0 FobitidHhs pdfl oh hd NBfeh 3GJokitiBn @éadd Foreoiesims. ar y
enbodi nent o{/ the invention, the H.I xels are arranged in _
ariations in construction and flipping methodology will be apparent to persons of skill
in the art. Some methods of flipping utilize the principle described above (flipping by attracting
the tail to the electrodes and utilizing the levitation electrode to control the flipping). Other
methods however, such as those described in the publications in the related applications section,
25  can be used for flipping.

It should also be noted that while a rounded axle is preferred, square axles can also be
flipped using the above methodology, albeit possibly at a higher applied voltage, generally
lower switching speed and potentially reduced reliability.

FABRICATION OF THE PIXELS
30 Fig. 6 illustrates the first stage of an exemplary methodology for the fabrication of a
pixel as shown in Fig. 1, in accordance with an embodiment of the invention. Of course, an

entire array of such pixels as partially shown in Figs. 10 and 11, can be produced by the method

on a single substrate.
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5 rows and colums with the addressing Lines 107 and 109 of Fig. 6
connected to row |l ocking electrodes 105 of Fig. 1A and to colum | ocking
el ectrodew010648886 Fi g | A, respectively. Al levitation elPettiLa®37018 are
connected together and are thus electrified together. Al closing

el ectrodes 1Qhedvlbbwingaschedcts apiht percesmnth ganeral,frash dépesitionfof enl okulg et lgkauss
Al'l opening.electr

es 102 are, connected together and.are thus electrified
F oget helavenis BVt b7t Eaab s ROE ot 5, MRG0T Geb A o R CelaReess
descri b?&hﬁ&egg Bz S cu@NMo¥ind) Q88 (R ¥8lads FRY M@Jﬁ%&g} he! dAfhelR¥eeasnd

the colum [ ocCking el éctrodes are gfounded nay opén. pi xel with either
| ocki ngmetlesiotagielt shopkt alsé bedotad thatr forrsbmei of the ©xplesételiesnan sTbiing myridy

OPEN_PI XELS. The.l ocki ng el.ectrqdes cann cl ose. an en pixel..since their
of fott  THELH BPuan Ey el 1P5duss RANG G ao i o et poedd ahF 8 ot | on
el ect r ogigRrCaO N KlaqB/kan open pixel since their effect is weak conpared
with the stiction forces of the stopping nub 104, due to their distance

f r om t hé-parleiubstrate;he OPEN position. It has been found that, for practical
pur pose§,_ thoe.t ritctitogl b%t,ween panel 12 and nub 28 is often sufficient to
hold th B%ésf fﬁrﬁ?ﬁ 87'as a further effect, the attraction of the panel
to 20 ¢ osdthHcte wilefindadd@dsimelinegs to position the panel on the knife in a
position ready for closing. Variations in construction and flipping

net BBdoPod3ep@bit Oxisle apparent to persons of skill in the art. Sone nethods

of flippi d 1 pnci pl e descri bed above (flipping by attracting
the tai E ?‘%p?#%éeg e(%:{ﬂrgg%e I[a]ind utilizing the levitation electrode to

cont r ol Ft Metdlletdhab dgfine &ddredsingrtiicltods however, such as those described in
the publications in the rel ated_applications section, 25 can be used for
f1i ppi n§- DaposihOxide aaddeptmaldiobighit hat while a rounded axle is preferred,

square axl AR: : . f1ipped using the above net hodol ogy, al beit
possi bl @g@ggﬁ?ﬁﬁéﬁ&éﬁlgf’i ed .voltage, generally |ower sw tching speed and

pot ent i & Eigh Nttideedd ogldeabidefiteniadi ABRI CATI ON OF THE PI XELS 30 Fig. 6
illustrates first stage of an exenplary nethodol ogy for the fabrication
of a pt Xﬁ‘l’lyézg%lﬁ%fkﬁq)ﬁ)aﬁgﬁ?’ 1, in accordance with an enbodi nent of the

i nventi gn.pg G&H%Hé@ate%bs,q@ﬁilvésearﬁrgté%piﬂéN%.Hé;,h pi xels as partially shown in

Figs. 10 and 11, can be produced by the nethod on a single substrate. 12
WO 03/ 048888 IPGHihg L02/ 00970 The following are the acts in the process. In

o o S ORGPl 0o 0L 8 225 Layer [ Tol oved by an
20  N- Deposit Oxide;
O- Optional Polish;
P- Oxide etch to define Anchors;
Q- Poly1 (polysilicon) Deposit;
R- Phosphor silicon glass deposit and anneal,;
25  S-Buffered oxide etch to remove glass;
T-Low temperature oxide deposit;
U-Silicon nitride deposit;
V-Poly 1 etch to form panel, side motion constraints;
W-Buffered oxide etch 500 A;
30  X-Low temperature oxide deposit;
Y-Silicon Nitride deposit;
Z-Reactive ion etch of horizontal Nitride;

AA-Buffered Oxide Etch 32004,
BB-Wet poly etch 8004;
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technology utilized by a particular foundry and that details may vary, even
for the same process nethodology. It should also be noted that for sone of
t he oxi dewetosless3c an overlying nitride 5 |ayer is used aspPaTmaekogard for at
| east soqne_of the ol SI | i con et.ches, the nitride and/or oxide |ayers are
used as G--Btgred gxigegich 30hstrate; B-Deposit first metal layer; C Metal
etch to &8 Alg lines; 10 D- Deposit Oxide E- Deposit second

nmet al Ingrwaéos)dl\%ta ét’ch to define addressi ng lines; G Deposit Oxide
and (opEEemelfﬂsreﬂcmbm@mtch H00Bgposit Silicon nitride; 15 |- Etch Nitride and
oxi de t fi vi.as: J- PolyO (Polysilicon) Deposit; K- Poly etch to
create %g%l Pﬁ%‘ggn’and Stoppi ng Nubs; L- Poly Doping M Poly Etch to
defi pe elEBLIRARDXIdeZ N Deposit Oxi de; 0- Optional Polish; P- Oxide etch
to define Anchors; Q Polyl (polysilicon) Deposit; R- Phosphor silicon

gl ass déﬁbéz‘t’qtl‘émeatnheal 25 S-Buffered oxide etch to renove glass; T-Low
t enper a o} U-Silicon nitride deposit; V-Poly 1 etch to form
panel , i#%ae@”%ﬁ{a' 87ﬁ1 2 P?géﬁ nts; WBuffered oxide etch 500 A; 30 X-Low

t enper ajupanésti de deposit; Y- Silicon Nitride deposit; Z-Reactive ion etch

of horizontal Nitride; AA- Buf fered Oxi de Etch 3200A; BB-Wet poly etch
800A; 1XKXK-Chemical Mechanical polishing;

10  LL-Anchor 2 Etch (oxide etch) for sockets and levitation electrodes;
MM- Poly 2 (polysilicon) deposit;

NN-Phosphor silicon glass deposit and anneal,

OO- Buffered oxide etch to remove phosphor glass deposit;

PP-Poly 2 Etch to form upper axle constraint and levitation electrode;
15 QQ-Removal of sacrificial oxide.

Except as to the procedure for acts A-J, the process is very similar to that shown in WO
02/42826, and is not repeated here. The only major difference is the provision of address lines
in poly 2 as described below.

Fig. 6 shows the substrate after process A-J. The substrate is indicated as 52 (A). Metal

20 1 (M1) layer (possibly TiW or another heat resistant metal or a metal silicide), is indicated as
107. It is typically 0.25 microns thick. (B) This layer is etched to form a first set of addressing
lines. (C) The second metal layer (M2), (possibly TiW or another heat resistant metal), is
indicated as 109. It is typically 0.25 microns thick. (E) Between the two metal layers there is an
insulating oxide layer, indicated as 108 (D). It is typically 0.25 microns thick. M2 is then etched

25  to form a second set of addressing lines. (F) Typically one set of lines is a column address line
and the second is a row address line. The second metal is covered by an (optionally polished)
oxide layer, typically 1 micrometer thick. (G) An acid protection and insulating silicon nitride
layer (H) is indicated as 54. It is typically 0.6 micrometers thick. Heat resistant conductors are
used since the laying down, doping and annealing of the polysilicon are high temperature

30  processes.

Vias 111 are formed in the oxide layers (I) to bring the metal layers in contact with
selected elements that are formed above nitride layer 54. Preferably, ion or plasma etching is
used. A Poly 0 deposit (J), typically 2 micrometers, indicated by reference 56 is then laid down.
The poly 0 material fills the vias and selectively attaches the metal layers to the poly 0 layer.
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WO 03/ 048836 PCT/I1L02/00970 CC-Buffered oxide etch 500A; DD Wt poly etch
800A; EE- Buffered oxide etch 1000A; FF-Poly Oxidation; 5 GG Buffered

oxi de et cWpQ 03/0lkés¥ét Nitride etch; |11-Sacri f i ci al oxide 2Pprdegpey 970

JJ- Anneal ; KK- Chem cal Mechani cal polishing; 10 LL-Anchor 2 Etch (oxide
etch) for so@hkePslydhdeposivistthen etah efpmﬁwmbs R4 ks, 302 S@B@Pﬁéﬁ“ﬁ thand

et ont oPleERHE Bhosniy g3 ad BT T8 By e P Rifde SHpue HE SRR LC°
const r aDRtailg BEtHiLatEhiak bpetagdeat fOERL in tHdatike RefoieMedd WO 61428261 ci al oxi de.
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er process strate is In ated as
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t al t al de) d d 07 i
T erone t b OB WibperHry q%aa,giesp’g@gk%ﬁég 'nads oF riteriqls ot Jhart polybiPatolm
l'i nes. g 1?13' g&sﬁ'gf ﬁi%g?dl f'sr lﬁéi@)mye(rp%&& b@'&épérglt\é\é%daa%gm%tefm

resi st ant Is typrcally O m crons thICk
(E) Bet weeifictahizybmaandetchants mym §mdeeaﬂle)f the processesuvalvied gamshied é)elaayﬁiatlvely

di cat 108 (D [ 1 hi ck.
D008t Bt AricgnoqnlREe i mplual bl S Eper e el DO, o
is a colymdd 5&%& meadd?eggn%%taﬁq&ﬁwaﬂme phiots, RALEBESs, bic'@. beldreC i agoNnd

netal is covere an (optional pol | shed) ~oxi de | ayer, typically 1
m cr omeCer Ct Aok .SLU(MBIG Alloyaoir dther emtabia roetabsnBurtiesmbre; singe okidpscarn nat regiged

| ayer ( ated as 54. .t t t hi

resista ﬁ i[%y?sarﬂées ugRs 8f h¥ﬁhﬁ§1§01¥‘f§|§gﬁaﬂ§' by 1%%({;1"%}“ n%vﬁlé‘g ahdl | (gaﬁlﬁgHSl ng
of the eahaégé ﬂoltﬁ@auﬁrfzeorfgtlma SSRGS, BHANG, appPorRlaBCHIBSRSmatWiaS cdd be ased ihakered
in the oxi | ayers bring the net al l"ayers in contact with selected

el edgnt prochss omoelaﬂwtmdleawmenﬁahmda@ppbs?lémosmatqqabf erably, ion or plasma

etching is Fig. 7 shows an alternative configuration for axles 26 and knifes 30. As shown, the axes

are not perpendicular to the centerline of the panel. The angle of the axles with the axis of
rotation is exaggerated for clarity and would generally be between -10 and +10 degrees from the
normal shown in Fig. 1. This configuration minimizes the contact area between the axles and

20  the knives in the open position, such that even if the axles are not round and the knives are not
sharp, the contact between the two is reduced to a point.

It is noted that although in Fig. 7 the knife appears as perpendicular to the axle it may be
as much as 20 degrees or more out of perpendicular.

As an alternative to stopping nub 104, a bridge at poly 2 may be formed between the

25  tops of sockets 21. This bridge will prevent the panel from passing the vertical. If such a bridge
is provided, stopper nub 104 may be omitted.

Fig. 8 shows an alternative methodology of forming stopping nub 104. As indicated
above, stopping nub 14 is formed in Poly 0 and the flipper panel is formed in Poly 1. Thus,
misalignment between the two layers will manifest itself in the stopping edge being closer to or

30 farther from the axis. However, the position of the stopping nub is fairly critical, since if it is
too close to the axle the flipper will only open to a smaller angle and if it is too far from the
axle, the tail of the panel will not hit the stopping nub.

In the illustrated construction, the flipper (poly 1) is etched with a hole 80 to expose the

oxide below. A window 90 is formed in photo-resist material. Oxide and poly etch steps follow,
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used. A Poly O deposit (J), typically 2 mcroneters, indicated by reference
56 is then laid dowmn. The poly O material fills the vias and sel ectively
attaches whasfssaé | ayers to the poly 0 layer. 14 WO 03/ 0#888602/00970
PCT/1L02/ 00970 The Poly O deposit is then etched to formthe nubs 18,

kni ves wultmapm prgcmdbs:ulr@%ppma nub|a edgeodb whidiforme the finsd stoppBeasvaface 6f

(K The r e conductive b Det ai |
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gener al IyeQeapehaefhavkla HA1 ﬁ%%dﬁﬁhﬂﬁ@c doh BB BétRee B FRhelSRAMRe kibstrhid is 1
This configuration mnimzes the contact area between the axles and 20 t he

kni Viés nrinmhigedpldns prouces sistion goh obniates dlre neqds for mab 28, adilarmeovidingraogisateand
t he kni ves are not sharp, the contact between the two is reduced to a
poi nt. PPt &0t ed t hat although in Fig. 7 the knife appears as

per pendl cul arFig. OB MRstRatbea Viridlidyd odfehe exSbdtik@bntdF FZ0 o0 Figessifgle Iﬁppéhd@%ﬁ 9Df
perpendi cular, As an alternative to stopping nub 104, a bridge at
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nub 104 “rmay be om ternative net hodol ogy of form ng
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has the advantage of more accurate positioning of the electrode with respect to the panel. An
additional poly 2 levitation electrode may be fabricated above the poly 1 levitation electrode, to
increase the effect of the electrode.

25 Fig. 10 shows a layout of address and locking lines, in accordance with an embodiment
of the invention. For clarity, the sockets 21 are not shown and panel 12 is shown for reference.

One of the metal layers (either M1 or M2) comprises row lines (as shown) and the other

comprises column lines. The choice of which metal layer provides column or rows is optional.

As shown in Fig. 10, the pixels are optionally configured so that the panels associated with

30  adjacent columns open in opposite directions. This reduces the number of lines needed, since a

single line can be used for all closer electrodes in two colummns. The same line electrifies clutch

electrodes 103. In the embodiment shown, opening electrodes 102 in each column are fed by a

common column line 1002. (For simplicity of presentation, opening electrode is shown as a

single electrode, rather than being split as in Fig. 1.) Closing electrodes 101 and clutch
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30 farther fromthe axis. However, the position of the stopping nub is
fairly critical, since if it is too close to the axle the flipper wll
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embodiment. As shown, levitation lines 1102 and hinge lines 1104 are provided. In essence, all

of the sockets 21 in adjacent columns are grounded using a common line 1104 in poly 2 and all

of the levitation electrodes 18 in a column are connected together utilizing levitation line 1002

in poly 2. In fact, the levitation electrodes can be formed as a single long bar in poly 2, which

25  serves both to supply levitation voltages and to raise the panels. For simplicity of explanation,

the levitation electrodes and the sockets of adjacent pixels have been described above as being
separate and being energized or grounded by some means not shown.

Two main types of transmission type displays are known. In one of these a light source

illuminates three separate micro-displays, each with one of red, green and blue light. The

30 modulated light from the three micro-displays is then either combined and projected or

projected as overlaid images on a screen. A common light source can be used and split into the

three colors or separate light sources can be used for each channel. Fig. 12 shows a projection

device 1200 similar to those in the prior art (see, for example, http:/www.projector
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One of the netal layers (either M or M) conprises row |lines (as shown)
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synchronizing system are not shown, but are, of course, present. Both Figs. 12 and 13 are
capable of projecting both still and moving pictures.

25 It should be understood that the percentage of the area of the array that is transparent can
be high, reaching 60, 70, 75 or even 80% of the total area. The drawings, of course, are not to
scale, and are drawn for convenience of presentation of the principles of the invention.

Furthermore, due to the small sizes possible using MEMS technology, arrays with many
thousands, a million or even several million addressable pixels is possible, resulting in a high

30 resolution display. However, addressing speed may be a concern for large arrays, if many
brightness levels are to be displayed. In order to increase the speed, additional address lines may
be provided to divide the array into sub-arrays, which are addressed in parallel.

Structures similar to those described above can be used as filters for filtering light that

enters an imaging or other receiving system. The constructional variation is that the panels are
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in poly 2. In fact, the levitation el ectrodes can be forned as a single

|l ong bar in poly 2, which 25 serves both to supply levitation voltages and
to rai se wbhaspasas s. For sinplicity of explanation, the PETIILE@/G0OTY

el ectrodes and the sockets of adjacent pixels have been descri bed abgve as
being tmmpparattdo anphrteilavbaderigvastingthsgragisnidean bsing oneduee Hpk OIS HERAA .

Two main types of transm ssion.type, displays ar a
[ gnt <o B onrgeRaet Madn $08s PhEL AN E el Al 0 BrBRSyPbpliRS
red, gregpleant: Rhd'@atspaitht toliRe whih tHeshabRteslin thg WPHN positidie atlhigaewill pass

m cro-displays is then either conbined and projected or project eh

over | aizidiamagbls light imagerveillrbe produsadrby the igweess Salkef than ye dythg a@%m?t
intqg the ..threge col o r r | . . d
channerPosiiog: 4 7GR pRE RS o gk ROMEEERy IREINEHRER, [SimeRLhe
prior aflter(ca@®e veBF qEixidydhengddt frqan /Visib¥ertp IR)ard) rdesited, WP BBI04BSB Gperture
PCT/ 1 L02/ 00970 peopl e. com news- i nf olleg- tj W. asp) except th il shytter
array rfaspesifsidad Porkien gaw passydsiple 6 &Ke Y stﬁ‘iug%tﬁeiaﬁﬁ’é%@ S“Qﬁ; E‘&?gf?@’fer’

modul atthg' Dok Qﬁdlcéﬁ%%% holc i gi e‘i@h%ﬁeslé%g 6151&1%@ Ii ers? R b¥Ritifed. TOR ot HhELhE202

I Mpinges on a re rorc mrror , suc hat the beamis split into a
red beaireldNs saridhibledilendcgrding tbehenin@O8on Be amall Scoi@@aged twpibay e poar artbl ue
dichroic mrror 1210 such that it is split into a green beam 1212 and a

bl u¥ bé&?ﬁhfgfal.d%@&ﬁ@nfg@@fmiozﬁ%‘n% 4214 are fed (via mrrors 1215) into

three transmj 9 clEéipt?lra]m F@e&hﬁ Bhstid ¥Bscribl § rnthed 32 Qiff@6masIehags,t 0

t he present 1 nvention, i'ch the Tight is spatiall émm)dul ated to form
red, grieelndmgdimbruelii ragesled depaani) boyzontah axlegoe othea slament)ed roling diilgh 2t he

m cro-di.splays. The light fromthe.m cr.o-displays.is_conbi in l;Chy oi C
10 conmtBikdrhaviise? pavd T&%"W@?%B‘?Sétbo%glmﬁklb'radﬁ%éoétt}sgﬁg ?g?l v gtgge’oan %ﬂ%d &
screen. ﬂiﬁgﬁgﬂﬁé S%Mélearﬁfa AR IRIIRE! OB HisRidW thet WARe itibsivalciends Baleor
wheel is us t change the color of light periodically, so that different

col v stpardeseriredi mathescomtest obrd display, pr oulee del. teashcihe desst awgle dmoway topthe

useful with the mcr.o-displays of the.pr ng_in ' ' : -

pr oj gct‘mﬁ?f{%@?s@é {1368 o:ui %%%%Bﬁr%%?nr F%ﬂfoéiﬁreg%rhﬁg g E%Cgﬂ?% gh(gfg d 5 o?’[’rtle %%%gm%o?or
wheel 15,330 deiilRy 1€ BEes HSH QR RigffermbRS Wails theodlethbiits hirgHbee osaibei $n the
desirable so that the entire inmage, any one_tinme, h

mage, at.  any ﬁs t he sage col or.
The | i gientdxi sfhereribey plogt taghider in assipglp dpviae-dbishoyldobs ¢lea thajopanyH{dhessmoNees
on a m gro-displ N ' . ‘A i i .
onsei notionaits i BY patAt, AFSERE LMGodifhehBoMAE RRRAGGLD KARLO Ry JFGnt ctlisly,
ont gy a wRRARMI] o) teeotenl Foi beansdielt the flippingysetiteisshommedilheodd withraepixel in

conpatible with ot her known image 20 ner ati schenes or .optj.cal
svm:rr}t)c he‘é’hhhml@ gxlpghavemst been ’IES’EJHg?d ‘?rrléﬂ’{g E’F% P@&Q%%Qaﬁiﬁgﬁy SQW’&ng’h?fyré’)"mﬁﬁl
whi ch t A8 (%eGR0d %hrfﬁ&giﬁg Sbiids el B ed MHHe rioR bt AMd in the references listed in

the related applications section.

Furthermore, the elements described above can also be used to produce an RF (or other)

25  switch in which the panel connects between two contacts (RF terminals) on the substrate when

in the CLOSED position. This structure provides a very low RF path when the panel is in the
OPEN position, since the panel is relatively remote from the contacts in this position.

It will also be clear, the present invention has been described using non-limiting detailed

descriptions of exemplary embodiments thereof that are provided by way of example and that

30  are not intended to limit the scope of the invention. Variations of embodiments of the invention,

including combinations of features from the various embodiments will occur to persons of the

art. For example, rather than providing the pixels on a transparent substrate, they can be

provided on an opaque substrate in which apertures have been formed. The scope of the

invention is thus limited only by the scope of the claims. Furthermore, to avoid any question
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In both Figs. 12 and 13, drivers for the mcro-display, power supplies and,
for Fig. 13, a synchronizing systemare not shown, but are, of course,
present. \Botohokssgs. 12 and 13 are capable of projecting PorhLe&tdobto and
moving pictures. 25 It should be understood that the percentage of t he area
of the megading Fhet s¢opet aﬁﬁmoalam thfre e teimh,"compEse 'nge@upLisaR,” 7gcdidegyen

cr a1 GPuRb o Bkt BreRi B b ione BT RHER o itnR B A nep Bl LAY ©

Furt hergore, due to the small S|zes possi bl e usi ng MEMS t echnol ogy, arrays
with many thousands, a mllion or even several mllion addressabl e pixels
is possible, resulting in a high 30 resolution display. However,
addressi ng speed may be a concern for large arrays, if many brightness

| evel s are to be displayed. In order to increase the speed, additional
address lines may be provided to divide the array into sub-arrays, which
are addressed in parallel. Structures simlar to those descri bed above can
be used as filters for filtering light that enters an imagi ng or other
receiving system The constructional variation is that the panels are 18
WO 03/048836 PCT/I1L02/00970 transparent to a particular band of

wavel engt hs, rather than bei ng opaque. For exanple, if an array as

descri bed above is placed in front of an imagi ng systemand the panels are
opaque to visible light and transparent to IR, when the panels are in the
OPEN position, all light will pass and a visible light image wll be
produced by the imager. If all of the panels are in the CLOSED 5 position,
the array passes only IR and the inmage produced by the inmager is an IR
imge. The filter can be very quickly changed fromvisible to IR and, if
desired, a portion of the aperture can pass IR and a portion can pass
visible as well. If the entire array is to be switched together, the row
and colum | ocking el ectrodes (and address |lines) can be omtted. It is
noted that the size of a switchable filter according to the invention is
smal | conpared to that of prior art 10 mechanical devices, in addition to
being faster. It will be clear that the present application describes a
nunber of different elenments, including, inter alia a rounded (or round)
hori zontal axle (or other elenent), a rolling axle, a pixel having a panel
t hat changes position quickly and/or using a | ow voltage, a nethod of
flipping the panel and a fabrication nmethod. It is understood that while

t hese el enments have 15 been described in the context of a display, in order
to teach the best node known to the inventors for carrying out the

i nvention, each of the elenments described above is believed to have w der
utility in other devices. Furthernore, while the el enents have been
described in the context where they work together in a single device, it
shoul d be clear that many of these novel
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el ements can be utilized, in sonme enbodi nents of the invention, wthout any
of (and certainly 20 without all of) the others. For exanple, the flipping
met hod shware3midsbe work with a pixel in which the axl es ha¢a/meroobmen
rounded or have been only been partially rounded. The rounded axles can be
used with flipping nmethods descri bedCLAIM& prior art and in the references
listed in the related applications section. Furthernore, the el enents
descri bed above can al so be used to produce an RF (or other) 25 switch in
whi ch the pag@bmgggagﬁﬁﬁg%%tmeen two contacts (RF termnals) on the
substrate when in the CLOSED position. This structure provides a very |ow
RF pat h whenatshbstiémdiaving & subdirate gUPpae.pafsicaston pogioncef whichpiarfednspagent or

rel agivel ream)tcg fromthe contacts in this position. It will also be

cl ear, P%%“%ﬁe%% t invention has been described using non-limting detailed
descri pti onsa®hrrgX6nBbREY casRMAIRNE B infaxihemetinehdiah s@bBerthey il daeh dachalytoof
exanple and that 30 are not intended to |limt the scope of the invention.
Vari at i thesubfiragmasgdiavingas agis abaut Whigh thei diect paictol@e.ng conbi nati ons of
features fro rl i t i | r g . L.

For oxanpl o, TPEL MR KT LECHRG,SREMK ostchs, £ ERY ekt BEARALR hich 16 ol
they cacovess a pamsphtat ooipedtinrediaticn Shs sibdatd amdwhisecbndp@bleposisionay ehlvden
formed. The scope of , the .invention is thus limted only by the scope of

t helQ| afh$dransnarens gprHonds atlgashpatigllapgcoyeedt i on 19 WO 03/ 048836

PCT/1L02/ 00970 regarding the scope of the clainms, where the terns
"conprise," "conprising," "include," "including" or the like are used in

t he cl alns, Abpyratueaaectiding todtlagn Hutvhaein tiec adstatel ig thdnsparemt ovten“at 1243t \AD

03/ 048836 PCT/11L02/ 00970 . CLAI 1. arat us conprising: a bsirate,

havi ng BOTHABEf theraseasepviersddy ¢ Opissidin thE ot 1ER PO R ?E%HE%OVP@%@@Q? ghiEctor

5 apertﬂﬁ@éec@ﬁ@sﬂﬂleﬁb@ﬁ% of objects each having a nmaxi mum di nensi on
smaller than 1 mm attac eg to the substrate and having an axis about which

t helbbj ect can rotate, wherein the object has two stable positions, a first
stabl e position at which the objec covers ransparent or aperture
por i ondof ¢ ABPEAS AN fuc At e tiasr bt P IRR OL¢ SRHETFE FT
transparent portion is at |least partially uncovered. 2. Apparatus according

to claim1 wherein the substrate is transparent over at |east a
4, Apparatus according to claim 3 wherein the area of the substrate that is not covered by

the object in the first stable position is covered with a substantially opaque material.
20
5. Apparatus according to claim 3 wherein the substrate is made of an opaque material and

at least a portion of the region covered in the first stable position is formed with apertures.

6. Apparatus according to any of the preceding claims wherein the maximum extent of the

25  object is less than 200 micrometers.

7. Apparatus according to claim 6 wherein the maximum extent of the object is under 90

nicrometers.

30 8. Apparatus according to claim 7 wherein the maximum extent of the object is under 50

micrometers.

9. Apparatus according to claim 8 wherein the maximum extent of the object is under 20

micrometers.
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portion of the area covered by the object in the first stable position and
uncovered by the object in the second stable position. 15 3. Apparatus
accor di ngwD®3okssBén 2 wherein the substrate is made of a tPamgper@n10
material. 4. Apparatus according to claim3 wherein the area of the
substrate that is not covered by the object in the first stable position

is covered wi,th a substantially.op nmaterial .. 20 5, paratus.accordj ng
to o ot i3 whepumnS HEb e B i WiuERof Rsipli al o B BT R
| east anp@bineRRts. of the region covered in the first stable position is

formed wth apertures. 6. Apparatus according to any of the preceding
clainse wherein the maxi num extent of the 25 object is |ess than 200

' . at us di t ' ' TpXI ext.ent
of “the o6 eotPPuARALE YA A (hARe e el Bled Bpl EEED, SO IR AL

7 wher ebljedtibodpmxi mum extent of the object is under 50 microneters. 9.
Appar atus according to claim8 wherein the maxi num extent of the object is
under 20 mcrometers. 21 WD 03/048836 PCT/1L02/00970 10. Apparatus

accor di to ' i [ o OF ﬂg;ng [ 0 whi

m cr orre?%’r S. Agb%ﬁ’s%g%\éa}?gj u{sa) gg%%?%ﬁg&%e%%?% ?C?tbr?teipg:roe e i&;‘é p?flélf r‘rNEhmh
wher ei ncdvees thbfrendparcnirpeh fethedinst stbjeemdsittomdy. 12. Apparatus according to
claim 11l wherein the object body conprises a panel, which covers the
traf$parent area in the first stable position. 10 13. Apparatus according

to claiml2 wheiehd a&éb?diﬂ?"z‘&élain% 18 WSl Plahdl iP@fRtdnRhI ar&llﬂsﬁ t8 el Affece Of

I stable positionand 1s substantially

the substrate Fn the firs
per pendotihe anbdtate inche divsttstabiepositiont drel is substahtistlxlperpepdisittar tmthelsEbgirate in
Apparattfé acc rg% th' any of clains 11-13 wherein the object body is
subst ant&FFYRe S g%??éll(’&'at | east a band of wavel engths. 15. Apparat us
according to claim 14 wherein the band of wavel engths includes the visible

band.
15 14.  Apparatus according to any of claims 11-13 wherein the object body is substantially

opaque to at least a band of wavelengths.

15.  Apparatus according to claim 14 wherein the band of wavelengths includes the visible

band.
20
16.  Apparatus according to any of claims 11-15 and wherein the objects comprise:
an axle, attached to the object body;
an axle support attached to the substrate and having a support surface, wherein:
the axle has a rounded cross-section, as manufactured;
25 the axle forms a non-zero angle with a perpendicular to the surface; and

the axle is capable of rotation, such that the object rotates about the axis.

17.  Apparatus according to claim 16 wherein the axle is along said rotation axis.

30 18.  Apparatus according to claim 16 wherein the axle is at an angle to the axis.

19.  Apparatus according to any of claims 16-18 wherein the axle rolls along the axle support

surface as the object rotates.
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20 16. Apparatus according to any of clains 11-15 and wherein the objects
conprise: an axle, attached to the object body; an axle support attached
to the suwetmwaissi@nd having a support surface, wherein: Phe/1rcd/@otvas a
rounded ,gr 0Ss,-section,- nuf act uy ed; the axle forms a non-zero angle
with a ﬁér pehBPEd raCFBMOSEW g 8];&“%?131839 Had iReluding at dgambioae spcked trthion,
such t hathidhiBe el e6thtek Ot at es about the axis. 17. Apparatus according to
claim16 wherein the axle is along said rotation axis. 30 18. Apparatus
according to claim 16 wherein the axle is at an angle to the axis. 19.
Appar at acqgor.di t n f .clai 16-18 wherein the agxle rolls along the
axl e sug%ort(Z\X(f’g%lra1 ﬁ.%caéﬁ%@u{%@ %ﬁ]‘%é@s‘\d}?{% - SOS5Ch YRy D ISaREe PPOT R0 970
20. Appaidintereae € gilods onskathe@bebl@inMhe kG 3fdaden b trahts! e
socket within which the axle rotates. 21. %%%argl?%dg’ g%%ég%}igtﬁg]h%soﬁgsaaitérﬁqm
wher ei n®¢1H&296cket overlays the axle support surface 5 and wherein the
axl e i s constrai ned between the support surface, edge constraints and a top
constraint. 22. Apparatus according to claim?21 wherein the distance
bet ween22.he sipgaraterstomdingt ® ¢lsim Rargereih fig dRtBc@ Betwen Fhe ide cBXdtRintand
t he axl E:ri s not constrai ajgd by the socket between the side 10 support
sur f ace2ree dhan, %amateagf ke e the gxleriy nef canptarined hsthezokas betweern Hie sidd e
is @@npgdpg,gﬂsh{fage\gp axially separated parts and the object is attached to
the axl e between the two parts. 15 24. Apparatus according to claim23
wherein the object extends on both sides of the axle. 25. Apparatus
accordig to an%/r of clains 16-24 wherein the axle support surface is_
gener al 3 paf BPTAUS peCorfing 49 st oplams 6122 wheroly theaxipgspomnrised rer axially t o
any of gdnaid YWResRid i ' [ antially parallel
to the sggslt@apt%gsgg?facéﬁédg%%%%egrtgttﬁw%€§%%%ﬁgleﬁg8gﬁg%m 26 wherein the
obj ect has a planar surface that is parallel to the axle. 25 28. Apparatus
ends to . a first extent

di | aj m 27 in | ar ' )
on one28i coABr s SortnEit i 2R e heiobledte Sib R bogh RIS do.

25.  Apparatus according to any of claims 16-24 wherein the axle support surface is

generally parallel to the substrate surface.

20 26.  Apparatus according to any of claims 16-25 wherein the axis of the axle is substantially

paralle] to the substrate surface.

27.  Apparatus according to claim 26 wherein the object has a planar surface that is parallel
to the axle.

25
28.  Apparatus according to claim 27, wherein the planar object extends to a first extent on

one side of the axis and extends to a lesser extent on a second side.

29.  Apparatus according to claim 28 wherein the planar object is electrically conducting

30  over at least a portion of its extent.

30.  Apparatus according to claim 29 wherein the planar object is conducting over at least a

portion of the lesser extent.
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29. Apparatus according to claim28 wherein the planar object is
electrically conducting 30 over at least a portion of its extent. 30.
Appar at usweaso#ssscg to cl aim 29 wherein the planar obj ect PCI/ICedommt i ng
over at least a portion of the |esser extent. 23 WO 03/ 048836

PCT/ | L33/ 009N tparagus comsingt us conpri sing: a substrate, at |east portions of

whi ch are transparent .to.a ]M\ltqv e[[:%J 108 BandePeR i@ @ihsadt 26 I ay
of panel shé’p%%g%%f’e%tlgasgpggfc%ﬁgg?& gtlesu. E}tgb?%@eoand rotatable froma
first a?e,@@[ga;tion in which a transparent or apertured portion of the

substrate is covered to_a_second posithiﬁgn iE %h sai tra@sp%rent
portion is umcaves afipangh shaped olyecit alerhed to e subrliate g qfetpr'e, Q8 6L
such that.the r kisn oF tRORBhIAs ddveted! fond kecohlie
extgnt %é)fsmtoﬁemﬁg}pg%iaoﬁ&?%ﬁgﬁﬁgfﬁet|adl QIgndegrees. 10832. Appar at us0
accor dimgitiof ifs ik s3ild trdisparent doldoreix uscwferadpt ati on is an axis of the axle.

33. Apparatus according to claim 32 wherein the el .caonpr, i
portion on cfeaxd$ a’gachgg tp e H?ﬂeg] ‘f’ﬁ‘&? 1% 6‘3@?@1‘3{ F%ﬁ?&% @ﬁtprgg‘?)lr]t%?%%sa%}io‘# %}el
substr .and a second, tail, portion on the 15 other side of the axis.
34. Apparatus according to claim33 wherein the constraint conprises an
obj ect, pr ota emtistngint theomiththesutehhekthefotatinn toshbstanitally dKigereehgages t he
tail portion when the panel rotates to about 90 degrees. 20 35. Apparatus
acc¥rding to any of clains 31-33 wherein the constraint conprises an

obj ect, 35 aboygndhifs RRRBnSo d1fith PRRBEremdhaa€sbf fovatidnds ax beis ofthieatileengages
t he panel when the panel "rotates to about 90 degrees. 25 36. Apparatus

conprising: a substrate at |east portions of which are transparent to a

band of h " : j
rotat abt 1 rbnraans pepdhg i PBR pRb Gl e ko rBE LS hAREH clengle

transparent or ~aperture

porti on,ofcthes PtV Gahspafy poRdntoT the Seltratt aaish tsbamd] tilwpodionser the
transparent 30 portion is uncovered,
15 other side of the axis.

34,  Apparatus according to claim 33 wherein the constraint comprises an object, protruding
from the surface of the substrate, that engages the tail portion when the panel rotates to about 90
degrees.

20

35.  Apparatus according to any of claims 31-33 wherein the constraint comprises an object,
above the plane of the panel adjacent to the axle, which engages the panel when the panel

 rotates to about 90 degrees.

25 36. 'Apparatus comprising:
a substrate at least portions of which are transparent to a band of wavelengths or are
apertured;
an array of panel shaped objects rotatable from a first position in which a transparent or
apertured portion of the substrate is covered to a second position in which said transparent
30  portion is uncovered;
an axle attached to the panel, which is rotatable, such that the panel rotates about an
axis, wherein the panéls comprise a first portion on one side of the axle that covers transparent

portion of the substrate and a second, tail, portion on the other side of the axis;
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an axle attached to the panel, which is rotatable, such that the panel
rotates about an axis, wherein the panels conprise a first portion on one
si de of twe oaxnss3¢ hat covers transparent portion of the abgrezoeroand a
second, tail, portion on the other side of the axis; 24 WO 03/048836

PCT/ | L02/ 0097 firs, drieping, clogieasicny thesubstrate yadeslyingepertins of thescemdaroromagndy
portion_of the second portion and the axis; , a second, closing, electrode
on the gﬁ@?Frate out board of the second portion when the panel is in the
first positigRecoaBUclBsiag,NElvkfods bRrhy shisstrarl @tbdard Wi g ddeend porsionandies deond
el ectrodes.  37. paratus according to claim36 wherein the axis of

rot at i opaneisip thpditst pasitiave apgk| e. 38. Apparat us according to claim 36 or

claim 37 and,i i . i i 10 to electrify the
open?hg e|ec??@ﬁéﬂgﬁﬁﬁﬁ@{ﬁ%g%%ﬂ%¢3#§&%%&€ﬁ§” |%%?hggg?tion, to attract the
tail thereto, thereby to flip the tail to said second position. 39.

Appar atus according to any of clai 36-38 and i ncl.uding a.c traint to
limit tRe r OPRIABE 26Fording ' elain %y ’E%‘h&’e%lsd’éé?té‘é%? 1594 a&tﬁ.o(%%ﬁ)%ﬁ%t us
according to claim 39 wherein the constraint conprises an object that
engages the panel when it rotates about 90 degrees. 41. Apparatus accordi ng
to cl ai 38.40 Wppareius astdrdinigdo clagh R6em claim 3Gnd atcladidg talventralie|thitee pperaid@® t he

panel in said _second posifion, 42. aratus .according to a f clains
D030 e PEFS SRIORSIRRS Gleeths é’vzlk?a@‘ﬁgma%}%l 40 16p efgftr 39?%33 Attt ﬁ@e tail
el ect r ofgretyBseby'® MBI taliSo bAd s5BndPeQAG POSI tion, to attract the tail to
it, causing the electrode to nove fromthe second position to the first

position. 25 43. Apparatus according to any of clains 36-42 and including a

l evitat,pon el,ectrode, situated aboye t vel .of t.he panel .ip.the .first
posi t i on-and”\RREFEF FCeREmE it PHI P FY%IQF 2‘%{3{%8111%/ l%clhécif{lg if ?Oéléhalpﬂéo Iqlél%{ B i on
el ect r ofiftatidh G¥ithe pahehio 0RBEH0 Mpgecd! the novenents of the panel fromthe
first position to the second position and fromthe second position to the

firgs position. 30 44. Apparatus -according to any of clainms 36-42 and

i ncl udi I ] ho! di I . Si .
st ol o1 ARoaains, Seane of e 30! hesi e PaaE Aominlitel A8 “Oturd 6 o
i nhi bi t gngHR¥E£iRe Phnd w6t fdaiE abbiito0 ddpeecki rst to the second positions.

41.  Apparatus according to claim 40 wherein stiction between the object and the panel keeps

20  the panel in said second position.

42.  Apparatus according to any of claims 39-41 wherein said controller is operative to
electrify the closing electrode, when the panel is in the second position, to attract the tail to it,

causing the electrode to move from the second position to the first position.

25
43.  Apparatus according to any of claims 36-42 and including a levitation electrode, situated
above the level of the panel in the first position and wherein the controller selectively elecirifies
the levitation electrode to aid in at least one of the movements of the panel from the first
position to the second position and from the second position to the first position.

30

44,  Apparatus according to any of claims 36-42 and including at least one holding electrode
situated near the panel in the first position, wherein electrification of at least one holding

electrode inhibits movement of the panel from the first to the second positions.
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25 WO 03/048836 PCT/1L02/ 00970 45. Apparatus according to claim44 wherein
the array is a rectangular array of rows and columms of panels, each panel
havi ng twyOholdisag el ectrodes, one of the hol di ng el ectr o®€3/ILizAI00TY
connected electrically with other such electrodes in the colum of the
panel a#df. t hdpphretidiasgordingctor deies 4bavhsrpie hinacdels & teotrngtlar §ay o8 et pidies

inth f th | t.5 each pi d
to changuopisaterathr vich PHEC R L oo GRS HiEo 5 4BE of SERAUR cif B
the col yemgaREném eleeeicilof oathasther nadheelestiddes tiflehpaokinn 46 theAppmi ahdshe

according to any of clainms 36-45 wherein the maxinmum extent of the aqg# IS
| ess t hapldinggectnages being soapestadstoNtbesrsyrh gleeodasyn dhe Fvaofthespang S\Wﬁbf n

the pax ieggﬁ%&élt %{ﬁtb %%}aﬁ%ewgd?ﬁ]weh.sco clhglzg_% 4§Qﬁnth€qgstr%cfh9n?et:&{cﬁﬂ?s‘}§on b¥ ng%c

Appar at us cording any clains wherei n the maxi mum ext en

t he paneleciridying botheths coliaim Dd rowcicetred@rassoced With dreagansl. accor di ng to any
of clains 36-45 wherein the maxi num extent of the panel is Iless than 50
m crometers. 20 50. Apparatus according to any of clainms 36-45 wherein the

maxi mimygxt eﬁ;vggxfag#srhgfcg‘iaﬁl lto Iy of 88fnd 3RS GBefBChe Mok@him Sxdent OPRRRRISS

according to 36-45 wherein the maxi num extent of the panel is
10 m cr deyethend. mB5 52. A projection display, conprising: apparatus
according to any of the preceding clains; a source of light that

i 11 dfi nates the apparatus; and a controller that selectively positions said

obj ect s 47n Sﬂp?alfaws%c@kﬁﬂlgstg‘éﬁ?@f Bamhd 10205 wherei3fe nfixinafh dxangof the gahel is

| i ght passing through the apparatus. 53. A display according to claim52

wher ei n l¢sk than@@0maikiomnetérs. operative to control a brightness of said |ight
passi ng through a pixel corresponding to a given object by positioning
said object in said second position for a time commensurate to- said

brightnggs. 26pWanfi3c0ddmhdto Ry bf baRAPIRTY whdrein the insd)imymastant dF thg dageldk ai m
53 wherein, for a given frane, the controller is position the
15 less than 90 micrometers.

49.  Apparatus according to any of claims 36-45 wherein the maximum extent of the panel is

less than 50 micrometers.

20 50.  Apparatus according to any of claims 36-45 wherein the maximum extent of the panel is

less than 20 micrometers.

51.  Apparatus according to any of claims 36-45 wherein the maximum extent of the panel is
10 micrometers.
25
52. A projection display, comprising:
apparatus according to any of the preceding claims;
a source of light that illuminates the apparatus; and
a controller that selectively positions said objects in said first and second positions to

30  form an image in the light passing through the apparatus.

53. A display according to claim 52 wherein the controller is operative to control a
brightness of said light passing through a pixel corresponding to a given object by positioning

said object in said second position for a time commensurate to said brightness.

26



objects in the second position at different tinmes during a picture frane
and to position all of the objects in the first position at the sanme tine.
5 55. A mubtoBoedses di spl ay conprising: a plurality of di spicagsozzmemr di ng to
any of clainms 52-54, each illum nated by a separate |ight source of a
different color; and a conbiner that conbines the |ight passing through the

arrays. _, 10 56,. A displ accar di to. a f _clai 2-5 d i -udi
means 13 peRiiaisaioE TN g Raerger B cafv BB g cos Tt RedRigR e
source §gedibaf the @eco%ﬁgﬁe%ﬁ%_t HSrepdit GRS dUBhY a pidukre Hanad £d B)pobitighall of the
different colors. 15 57. A display according Po claim56 wherein the neans

for peroleite &l thy fiedigositiog atGepsanedgie. a col or wheel . 58. A display according
to claimb56 or claim57 wherein the positioning of the objects and the
means for changing the colors are synchronized. 20 59. A display according
to any of _C|Airﬁ§1ﬁ§81m53isﬁ]a§i comgtisidgng a projection lens for projecting
| i ght passing through the apparatus onto_a surface. 60. |Lay according

to any of claphualsy ofdispiryeaperrding tpeay of %@ﬁZ-éﬁeﬂaegji]éQ{ﬂgﬁéﬁéy Bsgparate
periodi fall ¥, ¢03PYatdouRbRY 4R @ Moving image. 27
a combiner that combines the light passing through the arrays.
10
56. A display according to any of claims 52-54 and including means for periodically
changing the color of the light from the light source so that the apparatus is successively

illuminated by light of different colors.

15 57. A display according to claim 56 wherein the means for periodically changing comprises

a color wheel.

58. A display according to claim 56 or claim 57 wherein the positioning of the objects and
the means for changing the colors are synchronized.

20
59. A display according to any of claims 52-58 and including a projection lens for

projecting light passing through the apparatus onto a surface.

60. A display according to any of claims 52-59 wherein the positions of the objects are

25  periodically changed to provide a moving image.
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