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silicon substrates. The technology can therefore be used to produce “pixel” sized devices, on

25  silicon, that can manipulate light. Arrays of these devices are useable to form flat-panel

displays that are potentially inexpensive, that operate with low energy consumption and
provide high-quality images.

Most flat-panel displays produced using silicon technology belong to one of two

general types. A flat-panel display of a first type has pixels each of which comprises a liquid

30  crystal cell formed on a silicon substrate. Light, which may be ambient light or light from an

appropriate light source, illuminates the pixels. Transmittance of the liquid crystal in each pixel

for the light dctermines how bright the pixel appears. The transmittance of the liquid crystal is

controlled by voltage on electrodes in the pixel. A pattern of pixels having varying levels of

brightness is formed on the display to produce an image by controlling the voltage on the
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An aspect of sone preferred enbodi nents of the present invention is rel ated
to providing a'flat-panel display that operates using electrical power
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25 SUMMARY OF THE INVENTION

An aspect of some preferred embodiments of the present invention is related to

providing a micro-mechanical flat-panel display that uses ambient light and provides high-
contrast images at substantially all viewing angles with respect to the plane of the display
An aspect of some preferred embodiments of the present invention is related to
30 providing a flat-panel display that operates with low power consumption.
An aspect of some preferred embodiments of the present invention is related to
providing a flat-panel display that operates using electrical power supplied at low voltages,

such as 5 volts or less. In some embodiments of the invention, a high voltage is used, such as
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An aspect of some preferred embodiments of the present invention relates to providing

30 addressable electrodes for each pixel in the substrate to which voltages are applied in different
configurations so as to control rotation of the pixel’s flipper. For some voltage configurations
applied to the electrodes, electrostatic forces generated between the flipper and the electrodes

prevent the flipper from rotating between on and off positions. In these voltage configurations,
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e A o gL HRS oFIRL PE3LRIR Rin B TR RIS S fC 0
preferr edmeﬂrbdhbmfebcttwemf ort dmel ofﬁpcsntdns)sn rapidiy gt the bvam idomsnon discage gk thei es.
Pr ef er abl but. ecessar h e t hat
t hey redtﬁ:{’eel ésterl%l |Ol§)krltc oertvtljrhlettaalenints %adth %ram 3%59839"%@| rttlsxae pl?élﬁse%t% il‘?ﬁ{ec%?f%g wth
them In parcpwed ardeetnmed byl threatio lmtw«telnehe tiveesthatale ﬂipper i inpthe bn positionudndi s

f or med tﬁ %}z at reduced contact area with 6 WO 00/ 52674 PCT/iL99100488
t he novi Be Bpr for exanple the tip being pitted (having one or nore
pi ts)25 poi nt edn sdnmmdeﬂetaaﬂ%dtlﬁmér@whwadsenmntvamatgmyebxxel ihagasidietatidaaldl y, a

face of the novin ement_and/or, its contact nt .on the substrate may be
pitted arfd/ epun%%ﬁelfe@ a flgt P@Hh@@l’t%rtt"élc%s“%"rr@éxellsAnAaé"ﬁéﬁP”‘G#J°%‘BIPFEGS a

pref er r ep@RRY AF PREE StoPéxalnpR: thidY Bikbis WAk @tﬁtleﬁlstc@nﬂ]@raat WitE af 1Bt msqﬁhéi at
| ocati ons where the faorces ap I|edto nove t he novi el ement w | have a

greater [PXFA e S&H%{/E¥eln6rsép%rtﬁl’feab’f gmalh gpaueh o 6%d§%e3t°n‘e°e§t“%fiis@?$mspn one
exanpl e, vithePHBiagRphel mrtﬁmpaqﬁta@s Elﬁgkaér'vﬂﬁ‘te amkteadothe E)hﬂnﬂigt\étc@ hetiRRRNt , SO
that forces acting at the mddl'e or end of the noving object wll provrde

i ncr e¥s edeqeixgd farge thepixaly inathe \mey pixehandpasecivas angverags pfithegresgived stimuli
nonsymret I d
force wl nghxlg? tk%'rtol? i%@ofﬁ)& Iey%nﬁlﬁeapﬁ% S’B‘ging? gﬁlﬂtg"'re‘g??knag‘g ‘%ﬂrﬁl%?%gﬁca? lgvg%her ed
regi on (USwagrayleyeln gbyxrnmemc@l gt censtitientauxdlomay be thersamk (vikual)sizecor imsy beor ces.
An aspect of some preferred enbodi ments of the inventiop relgég to using a
sti cti on ¥ &R sizct Suenangramplsy thy pRielsp erarRar ofggssce s as Xdéscri BElPabove.
In a preferred enbodi mrent of the invention, the suction reducing coating is
applied to the nubs, to reduce stiction of the 15 flipper to them
Alternatively or additionally, the coating is applied to the flipper and/or
to parts of the substrate, other than the nubs. Optionally, the
stiction-reducing coating also functions as a light nodifying material. In
one enbodi nent of the invention, the coating selectively reflects or
absorbs light. Alternatively or additionally, the coating selectively
reflects a certain wavelength of light. Alternatively or additionally, the
coating selectively polarizes light. These 20 selective attributes of the
coatlng nmay be achleved V|a chenlcal or phy5|cal means. For exanple |n a
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15 used, which propagates fromthe edge of the device to the flipper area.
A preferred nmethod of generating vibrations is by electrifyi ng el ect'r odes
on a piezoelectric material, such as PZT. Alternatively, the device my

have a vi bR 9% 374! enent laid under it. In another exanpl BECTHAUNYE8, 4t i on

vol  age. Me ket of Gt ol B, | RO E08) 57 Gehep SPOFES. AU RIS o

non- sy MBihiry GelSt@ks bebiebh ikLS SizdsQidused By AAmBR, mseﬂes HaRting riicR '@ péveds of
enbodi ment of the invention, the frequencies used match natural resonance

frequenchéeﬁ of the flipper and/ or the nub. Optionally, the nub is designed

to concentratmg die p?ﬁ&fﬁyenﬂfodlﬂi@lts\/bﬂll@%kd@éht lmnﬁ&aiheafnstl dfdreApBQIsanR i t ude
is provided. For ex t he nub e horn shaped, so that the anplitude

a
of vibr atuPenpizel if fed (gfrﬂrree (§ enblas @)rralﬁ thy sepengd Crf?épges blpele Ptelioinyihe §Ber not
necessar pik¥ard t'ﬂ@reﬁi?epk' G 3 BUWheR thelti tlipt | !sQﬁ‘ ah §n ﬁdéﬁﬁ)lﬁraﬁﬁl bBSE wheh kit hlp#)
application of a |i pping voltage to flip the flipper. An aspect sone
pref erreld ie ﬁdb@ﬁ‘memns Sypertixels eppemisingn‘coler aiedds we ubsebleginaaccerdange with a

m cr o- rra@g device. In a
preferre %%‘gd& {r)réedg[@ggfo Paﬁggﬁs%zrﬁjeﬁ%orrrlqgébq’?de%sqgg)?g%?&giglr*%? is displaced
fromt he subsAn aspectlyy semppugfemieil embodimentp pbihe pedsarmmtesuorﬂre&teertrabtoyidinghese
supper t vV t ouch- sens. 0.fu one
oot ¢, € BB MESrBRA SsREeEd B F ERRERbR el D REhREE U wBEEs
sensors Wi axhs genewhick flippeds aotgle beigeneomsrel «f pqsittoagereaumgrment ohrzmgkel arfdei r

resi st an h r rical rt [LESSULe ed.to the
Support re s SRier g Jfebice BipBRavk AR AR e EERSH iR A tnRRRL SR oL
device ian @rch)rzst}ﬂed thiithvhs elmeohanbgpagas i apadck irarﬁldppeabadkmnatfmﬁnmddfe dnhe

di splay ar ens sin luralit electrical circuits, which circuits
are 8 MB@‘F‘S‘Z@’MH |1§a_]§81/g(9@9}ggn%ﬁlggei bly not coupled to support

el enents. Al t&i fRalel adeleysed By B6ifie prefepded teﬂuahmbxrtput the §iR¢htisn it dehekogi @S 1S
used, for exan&l}e a Surface Acqustic Wave (SAW based input (using

det ect i ofPUBieFC &?%ﬁtlatf°“th"r8"e&|arﬂﬁﬂ?§’r§ﬂ dske SUhdrafevi ce). In sone enmbodi ments,

at | east someA,pfas BE o YHRO Eefﬁjre@n&ﬁﬁoﬂnﬁér@s BRER fnbéntioh! BlaleB . t6- ovek}z{mﬁigl tabl e
sel ecti on, of rraterr al geand or are spaced 5 fromthe touch surface so that

vari ous HHFPeRINGT plarpseiseirodsrdepisy eer&a\}ﬁvrtrrlanréecgari@r 3 8 prred embadimeptf

pr opagat i@ fhvehtiohl theasiich NYB8e is rﬂalséaqughemh@y niWhl1e eRmef eIER¢ ficroSRACI NY
of the support elenents are fewer than 10, 1:20 or 1:50 el enents per

pi xe?V i1 Berwoksar Howeieal in spmme grbedigshts, ékesle@rod@ meaydiespe aame hgighh opevan of
SOMe prefighily ‘Fc?ive? ”Qfadéuﬂgg}h&aﬂf ﬁé@%u@r\{ﬁg”'?dr&“ox{ fleAh &ble 1 AR A Brédk 140
eIectrrfyrngt I ndi vi i xel elenents. In a preferred enbodi ment of
the i nve‘mctl@mand:ievléﬁ!ﬁ thpyleatent preer ther supfhesr of the deviagi bpt asefasesdicmbodimeatr ¢for at i ng

ascou ot iy Gl LR eBler Red BEnBIEnB kB BB Y o

can be wsuch beznﬂippert In;elam%ﬂeﬂpmgah lexititioglviactrodetie panided kl&;sqammly pespandiailart ar n

its ectr or, a durati ired, for ing. . . .

A © eFhar bt Blens Seatrbdd Bl i mp U Pt b ey Viliend apel G ot fevjaion
transm sdeddde itledseattiteastapi of@hotidh of thie trioyinggart anprdesf ty fileB & of eRatistiel. Haha t o
power the pixel. ]n.a artr ul ar, type of .applification, tors are
ooa as Slplinn embeiafinie fishar s Boner bl hy descied Biftin o, eytir 1 o
enbodi negléctefle tHEprisey 6 br0Moret ditHaR vaficts witérdhiasa mwa&xegerpéaﬂldaee% frler

conpl e n%lgara#transr stors. Preferably, the switch transistors are

mai nt ai an on state by a capacitor charged during a pixel addressing

opergg i on. ThALS agRVesr &t prefiRd aeqmoefnfenfsgoroﬁm Anvdtibh ¥&hted %o GRAMRUsGhed, the
capacrtor can maintain the switch in an energy channeling state. One

possi bl eSABFHISE-ARFeBHrbLY: dytinet, nesesserlyathe ynupfeepigiriey @fet setpsted suels gt thsy

{11 PPi Noredict oliftin BeBlinithd ARG Ah60in SERMBASHIBhiGe: i ithi1h b BfecsBdl at i on
of gray-levels by rapid I pping a I om ng hi gher spatial resolution
wi t h r el embogdinent of ﬂrplue/enlilcm thettipyof thmmﬂmle f@mgém havsta reduced eoritapy etge with,
flip-chip bonding nmethods, or their equivalents, 25 are used to bond one or
nore integrated circuits to the periphery of the display device, to control
i ndi vidual or groups of pixels. Alterﬁﬁtrvely or additionally, alum num on
gl ass technology is used to formthe pixels. Aternatively, a silicon wafer
having a plurality of control circuits forned thereon is bonded to the

peri phery of the display device. Alternatively or additionally, thin film
transistors or other types of transistors may be deposited under the 30
flippers. In one exanple, the flippers are nade using al um num on gl ass
technol ogy and the transistors are deposited on the glass before the
alunrnun1 There |s thus provrded |n accordance mnth a preferred enbodrnent
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5 about an axis parallel to said surface, which axis defines a hinge;
wherein said panel in said first position is positioned over said first
regi on wit hyltesssgsond side facing said first region and Wﬁbﬂu‘& sai d
second p03|t|on sald panel is positioned over said second region mnth its

first -si dee tRoinggeleném, fofeantpleeabt Gp. beErgeﬁlﬁé@lmhawmgsmedmpameé pROf poiggedan
angl e between, sa dfirStgﬁfé’ﬁltlon anda‘fald ’i)gc osition and ere said
angl e i s "8Yded gaor rpgghep R vely o1 iastags, of thy grpving qlapspbendied v or

additio nais|cMmtaé‘t3>bﬂlt B fhle Quil sErat@ YRy &%ﬁted%a/emaguen&i Yo REucdhiabioial | y, said
angle is over In_a preferred enmpodi ment of the invention, said angle

i s under 270. AianSaCCbP%‘foé‘Pcrlgachﬁ%B‘H‘i’?%lﬁfntﬁ)?f tha anvieniianrielatss to dospiapahnambsi s i n

cont agt ik {ddatfsdl Yikle 1B for& 'aﬂﬂlew% hfdvé theSARd g a&ﬁ&m RaR bR grelbLlebiraft! V.
sai d contact causes stiction between said panel 15 and said region.

Al t er nat iapdoymere witahle peglafq gpposthibe giidionalp ansreprmplesthanubsears formae neaits
bet ween Sr@ﬂa&'or%ﬁseh f’fi@%o%ﬂi delé é?h't CL-B thdT TG & ﬁﬁh at 8 nHadly e | Er?d 5Pk

E“?xﬂ) said
panel . Aternatlv Y, sal & forrre on s |d region. I'n a preterred
enbodi merebjeof \mllheprmridﬁamcr@sgd McrdgeatAlltmmvclwn@\muwm srcnésmbuteé anc hbmge

t han an d ne I ' Lon sai d panel
cont act s%gﬁ]ﬁﬁtrgca@ Eﬁ%{i’g gh J%de%r tggf‘%%g th{?ﬁ t} %pé%he f’{?e or eégﬂ {ER%) | Y,
sai d 19ub sheesing ahd/pr ttamgl@r@s o©habs adheretiiregions (mhiltyr a hitgniradesirkd directions to

Cross-secti nub. Alternatively or additionally, said nub has a
r ounded tct’li)agnl}-ﬁiu@ﬁ?f’a{if%sﬂl y or additionally, said nub has a pitted tip.

Al ternativel y Aoraspettliof senableferred aibodittenias tie notigioa neldtes it usidg b afictivhi vel y
or additiopal.ly, said nup is coated with a.sti 0 red tlng

Pr ef er ablgAueks sl i MBI ESeeh o5 HRseRgPovenfh & PTRTTeg Erposaianept
coating aRpiveRRSG, &l shelidcRaudihd toaligg id BpRicBnelRy ied, aRatiaRRtioPbf fHae

i nvention, the dIS play conprises.a vibration source underlylng said nub or

sai d 1i ndkppeproetrl@%laﬂtgmat@almr pdditionaliy Ahescoatingis applisdite te flipnsr i tepartsi ¢

mat eri al .of ki sabgtfaf Sﬂxéﬁﬂarﬁiﬁ@%ﬂl&ﬁé%o&ily 8 sl BYRAdutig cbdlfigMsd HhdYiofOfIP! | ses
a layer of |nsulat|ng 30 material between said plane and Said first region.

Therc i s adishbmpdisxingimgteripl. lcunseappdimens efithaingension, the goating seleavively refectshe
i nventi ony, eﬁ:scyﬂo§ qggh t. ARGh&AN5OBP faaﬁh&ﬁu? alcuwa!ngg Yseflbtily GhffecR2G meﬁ%mvvh' ch

conprlses sur face conprising first and secon regl ons haV|ng surtace
fini shes Wayelengtkr\ef bgit mmtweh’/or pébifi@pipshacaating sqi¢chinely pplarieds lighy iThesef i r st

and spconglesi AeAliAEL 1% UEARE by bS R Fiev NG CllnSAl B RRISLel i esk T AAD! Y
dé ﬂ% ﬁ%o ro b ?lrs{ agﬁ

coupled to sal surrace soOo as tate between a a secon
posi ti on exiyople im@ lawi siregasiidonglitride cealing, therthigkmess whihehcoatng delerfriimes sf &
hi nge; ar}gﬂects or absorbs light. Alternatively, different coating materials or additives may be used for

different effects. Optionally, the insulating layer is deposited only under the nubs.
An aspect of some preferred embodiments of the invention relates to providing a forcc
25  that acts to reduce the effect of stiction that couples a flipper and a surface the flipper is in
contact with, In one preferred embodiment, the force is provided using a spring which is
compressed or tensed when the flipper is in contact with the substrate. The force applied by the
spring may be designed to be in one or more of many directions, including, for example, in the
direction of the movement of the flipper or perpendicular to the flipper movement. In a
30  preferred embodiment of the invention, the spring is integrated with the flipper at one or more
ends thereof, so that when the flipper is activated (e.g., by varying an electric field vector), the
spring is tensioned. Preferably, the flipper is activated by first attracting it to the substratc,
storing energy in the spring. When a flipping signal is applied, the field resulting from the
signal flips the flipper in conjunction with the release of the energy pent up in the spring.
7



a layer of insulating material between said plane and said first region. 5
wherein said panel in said first position is positioned over said first
region with its second side facing said first region and wherein in said
second posi WMCM5¥td panel is positioned over said second ¥IHEMHEh its
first si RGP o8l B iph ChoR BlaX protdlifle! AP, APLeR;AS 8
col or ant dﬁg{e%?fﬂg%@hgéal g&%orﬁgro lg £ eag{egre §eter mn {3 %u ckness

of said liayetesstiel éﬂtatmlayveé,sapldadﬁﬁtoealiyarhecﬁonm issfonmeg; of a@onsuwmg m@or low

Al ternati \{Eli%n Qxﬁteﬁggw&%@ﬂlﬁy 008 gt i 'A%te{n xfﬁ’cfdgtigng H:S'i afa‘l um num
on G ass 16¢hno ogy: In a’pre erre I men elnven 1 on, o?plxel
conpr i sesspang,| thaﬁtppemx@efﬂ mqypﬁungmalae(atspnne which i [beghynthe stdtin p;éfnets aﬂw@wvee n

said t itions r.ovided i.n_accordance ferred
ebodi rerterpeerbon el HRRHR WL e el SRRt 5 PafpBySor
pi xel s eagldehttinpa@tib.conprises: 15 a surface conprising flrst and second
regi ons having, surface finishe a thi anar panel having, fiirst and
Cedond si des. ARt SL b sRbiReRe b St BaRES 1 Sheomlin
coupl ed t@uhRiabt Sidfibraeffectan aﬂlﬁﬂr-bﬁkﬁle@mbefwmﬂaﬁorfslrﬁ@tbeagﬁﬂcﬁteﬂ%Gﬂﬂﬁor
position abou% an aX|s rallel to s surface, f%fhwgh .axis defin

hi nge; whBPHE{Oh M8y H’ab%t uding fg‘é‘?"ﬂmﬂe prBB‘Q}“lglaB'h" g plsments ‘?r b§a| d

first10 egicAbatiistatpattios t}%(aeﬁe@mdeﬁdaﬂ.eg fhatier) 8o &@wwstahaﬁ Ih 666 SAmpRda whar ei n
in said second position said panel is 05|t|one over ;said second re |on

with its wl&r@semcslmaow @egehty tb%mlaelsaeéfemsm@bsrew oL B¥els nis ¥grddo provide

conpri sespatint#RAISRAS VitrhiBPmag b@ Ecﬁﬁa’ieﬁ%&/oif Rkattd hd}i)deﬂtgto%aﬂu@ AaBEL gt ween
said two positions. Preferably, splay conprises at |east one

| evi t at i oMlteshatively s eddibenahig w@ra@an@rpad@l to vibiyate éhpyentireddisndaysdaviges Suchpi ng
el ePtrodelww%gngbE i dn@,r%rp@ at S qu% bf Bt ddRed? égsfbw%@g%ﬁ%g%wﬁ' y or

addi tion S/ conprises at | east one eV| t'at trode for
ai di ntf sausdd,fwmﬁppmga%tee@pnuue edge of shiecevice popihadlippar exsa.nA preferted magthod of

addi ti Onaéeh%(x?té r% ra%%v%/ %giﬁ elgcgg{y Vél %?&Sal % etzgfigc?né %leg'allt %ucﬁlaésdPZT

flipping rIve east one Tevitation
el ect rodeAklmmttwalde&leaibmvemalhdvda wd;tatmggleannt laidt wndemait.i neingther exahgllet ihenal | vy,

a sane leyjt tlone de a| Sf|| a n
N torrat Gt BRafsf by AR B8 giohebdi I8 SaRBRNA AGtb e osaroge s
shar ed betibration. aﬂtehﬁﬁ&ﬂy,tovhar plilsestbnnis pick @k Snoxﬁ&ymnaat savetopt}mulacfoim nagal |y,

sai d |.east oelevt ectr eco ri ses ast at.i on
o eot B st Mo ereteedt pAPoBmit 4GS aF i B SRhusmeRR ot BateR el

t oget her. reéﬂnhl&fenﬁéqu\éﬁh% ef t}ﬁdﬂipbéroﬁlﬁlVdrythetﬂilB dipsiphally, ceapiib seslesigrreduuot ry
for electrif ald at | east .one levitation el ectrode W th
Lo 1 o fonphisRS e ek 1o yistaton, B dheh Sofipreesed HopIte s POCE o ool

is 11 V&aﬂgfeS&@Mb mkal/ pelih &ﬁ s6ltieft tid drhy@fuder dforibratored it tip fsydrérgersai d
flipping electrode. Alternative said levitation electrode is electrified

si mul t aneBsPhits,pase. Raeterably, oyt AR) rseaqswrlfbrutbfpmwc@}%cq frobration 1§ Ererets ed

enb0d25ferkTvulpifhetaﬂﬁxchtEBh%ﬁa'fﬁﬁblngS‘?degmf]ﬁ;Lth@fﬂ f.ses at |east one spring
attached thereto, which spri ng coupl es said panel and said first region

when sai d pandin P%’e‘étOfsW myeferred emppdiments (pf thfhérrventicgl Biales \ripireratiee 2n

accor dancgjcyy- ﬁchkﬁ’ndar AfppEr 86kl na?ﬁﬂdynﬁé\tlceo find 1€ tduBlY GRBUt OfbvicR. i SH ?}eféﬂea pl ay
conprising a plurality of pixels each of which conprises: a surface

conpri si rgntfodimsaent of the drvsnidors agirensparprtviurfgess isr figelacetli fiom Hhe :subsiyatcabyt i n
pl anar pahglyfhays Q8pdit ehincARIPRECHY HidSAplid LRBe¥ HiAE& b itticiERitvwher ein

said
30 functionality. In one example, coupled to some or all of these support elements are pressure

sensors which generate a charge, generate a voltage and/or change their resistance or other
electrical properties when pressure is applied to the support element. Alternatively or
additionally, a capacitance based touch device is provided in which changes in capacitance at
locations of the display are sensed using a plurality of electrical circuits, which circuits are
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10 panel is rotatably coupled to said surface so as to rotate between a
first and a second position about an axis parallel to said surface, which

axi s defin ge; wherein said panel in said first po
posi ti onede‘gvg“rgégl d first region with its second side fa%ch'gg% Ih[@sfl rst

regi on apessiyiemi Rolipled Ab GupREORENRAS] WIRMatvdly PaRgliodad BREHLIpANGI iRV er
sai d second regl on with its first side facing said second region; and 15

wher ei n $&MePlpgiFels Btip v eemple |ae%sr€a°6n%°°§f}rq N\ﬁavatﬁsééﬂ)e&aﬁeﬁeaneeto<uswm ch
SPring CaeptiRs chbi raanel peﬁBﬁ%r?%f @xefdwlsé) ISR enfdRin A, 9t R&ABbmE 3f @ Sai d
first position. Preferably) said | east one spring is an extension of a
sheat h pé¥RpeBrFlementsagre mpdh élpmbbdpas iby sutahile) seigctige of material) rangd/op psfsprged d
enbodine ration
our co. - 35miihe i WEELS Bk yiflelvitk SF L Alact OFCeRRuPhe hEREL MBI BEE, 01
of the i mmeagatmn ofaultrasouia| walics o ahye diopipy isgifavg: Ea¢m1tleas&pacine of ithe auppon
source, gure leufe%J El'}/aan I)ﬁ%l or It ﬁﬁgeﬁgntx\'h xeqolrﬁp e zon?al Sa}’i'& %‘Ecal
conpri si ng et 18 ik ’régi ons” havin

pl anar pamlofha\dxsp@yfl rst and second Si des haV| ng surface f| ni shes wher e| n

said panel is,rotat y cou d to said surface .so as tg rotate b t en a
first and a s8BHA° 0° i rﬁ%’c'fﬁ‘{ eglﬁo‘i{?\egtspoﬁtgiallg‘feng%n %Ptﬁs $mpeReds Qfni ch
axi s 1def kgeﬁlfﬁn@thﬁggil¥1mbﬁbrblaﬁéxiﬂs pﬁmpﬂcfeirﬂad sﬁabdgﬁaieﬁtcsftfﬂ}mayémxem d1rgu1]’£ry

posi tioned over .sai i.r Qn wit second si de i ng sai i rst
Fagi on_ aRHTERETR oh7 spiey S Tsnarecrinedf B5Pa spunbic 1ol RUHEER IS0 over

sai d SeC?B@ls[ ﬁﬁil@arc\aatiyihssdcsata‘dlwm ingiviiRaf Figdl B uSed 1J asm@le bﬁ@l QRus, data
Pr ef erab said at | east one yibration source conprises a Epurallt of

vi brati oﬁ s BuWEESn togihe prxglstat 4 highst rateand g Bige) %Pé%P‘W‘PHtséé‘?f’ o8} seadition

Pr ef er ablgyt,a dRhtfbn\tedtidl FQTHiSRHE. CAteHAH LY bE8dB@RIndII) 168§ potiet EMNRLIs¥EEY OF
addi t lonally, said vibration source underlies a cont act poi nt between said
panellanda® dapsmipsian, whilgthspixehpiraitiaeanaEInifiothe seaived daaild Boweathendtebtin one

vi brati Oasﬁﬂiéﬁﬁ?t PBPAthFIfiRafory bkhdrO B %ﬁw&esv&t%h Ch ARERRREF to fli

PCT/ 1L99/ 00488 atysa peri1 ph gr;}] of salrd C?I spl a Prcesferab yls%sal d0 aPpmé

one vi br glerndesdue prefamdenibodiment ¢ofi e ipuensionst euseiof switthgm Negstes ghe need for

Al't er nat 'ch\ﬁ#l}émgﬁ%&q%&Lt%aiaﬂe}’erab@f itk itch %@:?sﬂst&? gre‘éhzﬁﬁt%%&)ﬂm 6{{ stéte Bg gprises

circuitry to vibra y ‘varyin ol t ages
to el ect nqﬂe@orl chatgeé dprimgh pn&l lad\dressmgedperaltleni ’meod{enmﬁter ﬁfe addmssmg/efm on,
t he spl aiéél lle% 3 éaoéj cftgr Sz?nnsgu% {ayrin| n?/"‘{ch mTaneg %rl Schaalméc n ?/ d in
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higher spatial resolution with relatively simple circuitry.
In one embodiment of the invention, flip-chip bonding methods, or their equivalents,
25  are used to bond one or more integrated circuits to the periphery of the display device, to
control individual or groups of pixels. Alternatively or additionally, aluminum on glass
technology is used to form the pixels. Alternatively, a silicon wafer having a plurality of
control circuits formed thereon is bonded to the periphery of the display device. Alternatively
or additionally, thin film transistors or other types of transistors may be deposited under the
30 flippers. In one example, the flippers are made using aluminum on glass technology and the
transistors are deposited on the glass before the aluminum.
There is thus provided in accordance with a preferred embodiment of the invention, a

visual display comprising a plurality of pixels each of which comprises:



a thin planar panel having first and second sides having surface finishes,
wherein said panel is rotatably coupled to said surface so as to rotate
between a first and a second position about an axis parallel to said
surface, whWYOWY&674 defines a hinge; 15 wherein said panelPGTALYNHS: | r st
positi.on i s positione e i LSt 1.QR: 1M I e} ci ng
said first reg?o%t]&fg%dgav‘\ﬁér%q %@% gesgs ghlra'g 1sge or?giﬁlpl)l\c‘)ﬁgléttg‘i %ﬂ%ﬁgoﬁ%@d Sl%gén%

posi t i onedgionehaverisdrisedmmties;egd on with its first side facing said second
region. Preferally, ,said taguch sitive input [ .S | urality. . of
{ouch det ect  nd e oHER Senp Ol he TG 30b bokind PR peGRER R o, Whitebiaby

di spl ay apuleldis sdtatatiy tceuplal/@rsaiicsuttacti so Rk ay rotde béterabé first ead b sewbnd position

el ements 20 conprise cantact swi.tch.and a f.orce transduci ng el ement for
Cr ansrer rigur g rrsh S shfs M ChRAIRED ol oo the Switoh

Al t er nat | whdrdin @iid parchl il @Bfilstyposiios s gkitisAddovet ei® fitss re@PVitiSiEsSsedond side

pi ezo-resjstive elenent and a force.fransducing elenent, for transferring
force froftfas §d pradyegep ffﬁewlpqr@wfaéifegm%qsﬁtog SRR 1F pasanefl S¥errsed. I'n a
pr ef er r edsesHaOEEOR MithOiks fil3€siH& YRMgi @1, sebetdCkepiaf Sbrefesablyl, isfip @nd)lehRRmnsai d
positions 25 by the .apfpl ication of electric voltages to_ el ectrodes

associ at eansle hetveen said) firgt| pogitian erbsaifl sqsprd pesiiipprand ddhern sajdegngle ig9Eert 3ahsi st or
assocjat e i t i xel pQsd r i i . rQhbing
o d P ettty s it S SFE RGN 8P aaBBbiiul 6 bl 1 800y
enbodi menAltéhatively or B¥dEAGHalN, said auils idvedi®pl ay conprising a plurality of

pi xel s each of which conprises: 30 a surface conpri si % first and second
regi ons havi ngnéarafered embadiswatof theigveatiomisaid gnelp sungen?d™havi ng first and
second sides havi Rar5Us tAGEdillR GBS inWGSE sHidSHhel RAALontas 1 Akl
coupled to said surface so as to rotate between a first and a second

posi ti on mpiouwhin imsdid fipsh pasitian. Preferatdy.chaish gontagecanggsi stipticaxeswesarspidapsne]

hi nge;: 13 I : I albn i i j i rst
oot 1o TS R HIbT Rl of B D ACELOP SRR INE s kAR b g
sai d fir swidmgtlond ssid reginar Bieferably, szl duls isdommed po shid ipare! siliadngviaell saidsub
posi ti oneigf %ﬁoz?é’ﬂigrc g)%pnd region with its first side facing said second
region an erein sa panel is flipped between said positions by the
appl i cati on oflnelpeeferrédcerbodohéna g€ thetinveetiar tsaid cié astsme mub tiekavar tshid thivegepi xel |
and conprjisin t l.east .qn r ansi [ asSqcCi M hxel _and. fornmed
under sai tlcrl’ gnpzlugoéll@erfa 8$e ¢S 'ﬁlg P %ﬁlﬁtl'i ‘ﬁgcmsagi{”gy 8p%ﬂ%§503?1|5 >§ gél%%‘g]l éorq‘g%ﬁ}) ?éﬁlssglladdl ub

t r ans2Gt candissideegion. Allleadtivély br aldftionslty, sdidwuty bdstaatipehaving acaodsysedtnamakerond,

hi gh voltage. Alternatively ar additiopall id transistor is controlled
o asi Bftsinofet Gorspton st i At et g ofglt PRERILT arSuwdpfts.
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uration. Preferably, sai .0 uration is at_least four tinmes said short
dur at | on "9 dPEEhaRIdtip. Aliemaiivgty oefilianaly. g b (L Seed¥ ighe StsHoBgeRsie shor t
dur ati on. coafingd PRIFEHIAYT QM @abOEIMPMHsesOin ihfi@atbr) WeBina@vely, Said oitmANDnptieds
functions_as a_swtch. There is also provided in accordance with a

pr ef ety edﬁg‘?ﬂ?&‘&f"?@nt of the invention, a nmethod of flipping a panel in a
pi xel using eligatpréreirat efibddRh&R Df tHeARRNtiSH,NHe dibplag QUMbEdes GLVikigidHt dogkckON
bet ween sai d panel and a surface using field generated by applying a

vol t age twndgrlying paidpptyer widhingo desterably, Faid ypiaHen saires soamases ispingpelecttice| d
gener at ed hyi.4ppl ying a voltage to a second, flipping, electrode. There is
al so provided in accordance with a preferred enbodi nent of the invention, a
20 met hod of flhpppiferepdembadieient of the mivartionythe digplay sempasss atdyer dlonsdating
COMPTAG! NiaeAYALRLAGH fitheihl 6k Ak Relogeen said panel and a surface by
vibrating said panel relative to sald surface; and flipping said panel

usi ng a fil ed Therds alsegrayyded pmhgcordgnes with & arpderted eanbolinppi algthe iventiande .

Pr ef er abl : | . £ YEOQ .Sal |.i.ppi ng el ectrode to

i nduce sa?{galawlg%]ggﬁogn%gsﬁg%L{rérﬁigﬁlgeg% %/ac%%'ghg%aﬁ?érg#asle%'y, t he nmet hod

conpri ses el ectarsifface ngmprisecimthndIsepond eegiong haveh o facdimishes;i nduce sai d
vibration. Alternatively or additionally, said vibration is effected by
suitable electrifying of a piezoel ect riléz material coupled to said panel.



There is al so provided in accordance with a preferred enbodi nrent of the
invention, a di'splay device conprising a plurality of pixels, each pi xel

changi ng st the application of 30 electric voltage O t he el
wherei n eac §?’%T has associated therewith a circuit con‘B’ F??SB‘Q? Ieast
one transist oratﬁmbﬁﬂaraptanéﬁaﬁhg ﬁﬁeaﬁas%eéidssa&rs hﬁ%%&ﬂ?a%e %ﬁisﬂesaaﬂéraﬁ%smon of
said vol tage over peri od gnlflcant y |l onger than a period used

addr essi mane a @t%ahhcemmledp@ &41@ suriiicy so gyfogrotate Wﬁm’c@ﬁﬁ? a@e%sercewepoatWan ten

Stors. 1470 R BRI WG, R et ORISR | 0T ' T ecor dance

with a pr ef er réayerofhumiiatio g matskial Heevden vaid plaoe andssard Gnsregieghani cal  devi ce,
COMDY St fher RV B 5eH301 061 B AT, O IRDBEPRN WBSR L1RY o

0.01 mllinmeters;, S rn-contact w 5 a
force pr dauntg sagl ﬁiser@rdn dnd whereiti ingsaladecon@mpoisitign padtpan@ Imposumnécbosealsaid

stationar [ tictiaqn.counferi el ectrod | iies an

o oot r oo ekioRs pront s Bt §lar el bon o e PEBLARH] I bofRafl | |
br eaki ng cBlotait.| Prafeddblys adatt eolot pedpefes St diehiinedar ¥ @khesand s@d day@RVvi ng
part. e said.force vi di el epent copprises. an el ectyode for
appl yi ng Iﬁérggééf“rdd‘&%‘ﬁ‘i‘%1€°‘?’8? églhcﬂl‘ ﬁ?’ﬂa«[%vwsfp S‘G‘Pﬁaﬁ‘éﬂ F"S}g Pl i

st i ctiigon muﬁt;ﬁfddn@mgm@rhfngﬂlemlcﬂhﬁrtéogﬁﬁsgw th said force providing el enent.
BRI EF DESCRI PTI ON FI GJRES The_ invention wil| be nore clearly understood

by reference b2 PreeTed|amhpfimsnyelsEe iyt 3id Bt eamRItbeeayEt AR HOPIEer eof

read in %lairwquﬂmpmgwdbmlBét@wnesald%bgsaﬁ&sheret0 In the 15 figures)
identical structures, elenments or parts which appear in nore than one

figure ar e | aBBtreds ebq Aroyided %@ﬁéowgrw@rvarh 3 preferpd tembodiment elsthe invigntianh 2t hey
appear. fdlg)ga’ @pﬁ ng tﬁh&%aufnﬁ fﬁ’;’)e 1SS O RER G sEs: Per spective views of

a nicro- mach in three different positions, in
accorldance wi thSlafqgib edrapriseg fosiaod sevend regions hﬂé’ll}g%ﬁeﬁrﬂtﬁmmsmﬂ on; 20 Figs.

2A-2D show sche gﬁﬁk@? B acil\flla\% i add o 8%?&5%5&9{}[’%\%% 'rﬂxcg Hi3hes! ?ﬁ&&n%{\ﬂt he

illustrate how rces con nove posi ron o
flipper, pane! acmtatabiyn ceipludith said puriifce so esl toonotatadbatrwern aoﬁrst frel pseegr@iposition

i nventi Orlboxﬁ'agﬁiﬁs %aﬁlﬁqf\ ?%1 ﬁf@fg};"é %;mgnat 'deﬁx?es i views of a variation of the

pi xel shown i n I'n-accordance w n§e’pr eferred enbodi nent of
the present i mhenaim i parel whiaid firdt podibors i pnsitwned obert fagl firsk edgidnawithérn
sinpljfied in

U SR R AT R EX SRR T R SR e
st ruct ur @versaiicend agien With fis Arstdi@s REihL shid second region; and
wherein said pixel comprises at least one flipping electrode for flipping said panel
between said two positions. Preferably, the display comprises at least one levitation electrode
for moving said panel, thereby aiding said flipping electrode in said flipping out of said first
25  position. Altemnatively or additionally, the display comprises at least one levitation electrode
for aiding said flipping electrode in said flipping. Alternatively or additionally, said at least one
levitation electrode inhibits said flipping. Alternatively or additionally, said at least one
levitation electrode protrudes above said first region. Alternatively or additionally, a same
levitation electrode aids flipping both back and forth. Alternatively or additionally, said at least
30 one levitation electrodc is shared between at least two of said pixels. Alternatively or
additionally, said at least one levitation electrode comprises at least two levitation electrodes
each one associated with a different pixel and electrified together. Alternatively or additionally,
the display comprises circuitry for electrifying said at least one levitation electrode in
synchrony with the flipping of a particular pixel. Preferably, said levitation electrode is
11



enbodi nent of the present invention. Fig. 5 shows schematically a portion
of a flat-panel display conprising a two 30 di nensional array of piXels, in
accordance with a preferred enbodi nent of the present invention; Figs

GA- 6D show ?’&?@ﬁﬂ‘?‘?cal l'y construction and operation of a rRAHIY00#88 e,

1% v oOFEHIRRER BT B R T GUR, Fi et WP ARR sbdig O

_const r yctelci:tmﬁcdamdtadmb' wwﬂteﬂec&rlfpmgfsadrfhdmgﬂi@@md@nt of the present
I nvent i on; gtg e%‘SI%FSA erBES&dm g 5%{{%,%”8}“%35& %e{nch{l&sre@ghf&asiege spring

fabrlcatlonp xel By 9 |gs

accor dancatavhedhheetp,vefielr speidg eodptadisaE phned find dagl Hspaegisewhen swidepeneldnat seidgs. 9A
and 9B show schematically a perspective view and a cross-section view

respe v]grlsbp"é'ft %Bnot her pixel, constructed in accordance with a preferred

enbodi ment of Thaee @raeseedvldeﬂ\/ieratdoﬁnmd:wgﬁa pia&rﬁrﬂnﬂdaanahemqmmeal ly
perspective )/ of anot her Ellxel rld a fl ﬁgg 10, respectlvel Y,
const r uct Ui AispiRyeAmpLisig aplyr ‘%%P‘é?é?%&fg GPHRARES'0f t he present

invention; Fi g.asldackhRompriSeheRbdndeadony repivdk hwlngaswfehe fihithesG#m@r dance with a
preferred enbodi nent of the present I nvention; Figs. 12A- 12L illustrate

schematical |y & thinplaangas) having frsigpd sespngsid ?ﬁr}’@@égéurf*{ﬂa figishep WHETGINGAE pi xel

shownyg n Ghgisis %atgﬁy coupléd @-sailiMirfhct B 23 ¢ RBL b&weedd b'ﬁ}sﬁ ahd PRt pRERANI N
to Fig. 'A and showing a levitation electrode for a flipper pixel in

accor danciow antexis paralitlde said sufse dimehmxissielingse h"l‘rﬁPent ion; Fig. 13Bis a
sectional vi e\%}i%l‘é?@g?l@ I;_ghﬁé?%n ’g‘alé ﬁr& ds 0}1 l]j ?bsnli—'dngé ovgr4ﬁa1(i-4'|1;st I &rP ith its |

correspond to sone I gures 8C- 8 ate a net nufacturing a
pi xel haviepapdasidedadingsaidoftrsiegion mbel;lermn imgnirbsedentdarosision lsaid pprrebisanopitioned

enbodi nen&ve??a:djgcceﬁhq‘e nﬁgh iitg'ﬁi‘st El'dg?agm%§f‘a }gbgﬂd J'c%HJ Al 1'@1t e a method of

manuf acturing a pit , Inacco ce wt re erred enbodi nent of
the iHvention Wlﬁr@ssaldﬁ.ﬁﬂﬁell@miﬂ%mﬂqaatoee apring| atte¢h¢éttln6m0 rhtithospriog céuplesi ng a

rounded nsLApd’ pangﬁ 2468 (ri?'%n Fe%non when said panel is at said first position. Preferably, said at least
one spring is an extension of a sheath portion of said panel, opposite said hinge area.
In a preferred embodiment of the invention, said display comprises at least one
vibration source.
20 There is also provided 1n accordance with a preferred embodiment of the invention, a
visual display comprising:
at least one vibration source; and
a plurality of pixels each of which comprises:
a surface comprising first and second regions having surface finishes; and
25 a thin planar panel having first and second sides having surface finishes,
wherein said panel is rotatably coupled to said surface so as to rotate between a first and a
second position about an axis parallel to said surface, which axis defines a hinge;
wherein said panel in said first position is positioned over said first region with its
second side facing said first region and wherein in said second position said panel is positioned
30  over said second region with its first side facing said second region. Preferably, said at least
one vibration source comprises a plurality of vibration sources, at least one of them associated
with each pixel. Preferably, said vibration source underlies said hinge. Alternatively or
additionally, said vibration source underlies a contact point between said panel and said first
region. Alternatively or additionally, at least one vibration source comprises a vibration source
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with a preferred enbodi nent of the invention; 25 Fig. 16 illustrates a
di spl ay device including a vibration generator, in accordance with a

preferred %ﬁ@&ﬁ%ﬁ%nt of the invention; Figs. 17A and 17B pLLiShkhéks @
th 1n

flipper w egral springs in respective top view and side Vi ews

t her eof , afl B pRfi J;NGEIdWispayd Heéefably| edd arhadt BB vitpitionhsutdeVeMpriess a Fi gs.
17C and 17D illustrate steps in manufactuyri nq an .integral flipper spring in
30 accor BEFRetCtict HOTANQ orEer StCTBHYSHI S ionalbh &aid 4 oAt cBR vVIDEign SPWAS i s a
schemat i gorfdrfsediclrodlirRONABA Qhives SAYPixdNRYtvisIaN 9. virfindCIQRAANE g ) 2
preferred enbodi nent” of the invention; Fig. 18B is a side cross-sectional

vi ew of glegifodeninteaemiadli cal touch input device in accordance with a
prefeered e dj f ] 1,00 o d: : ) 8 Fig.
0T &% & schong: R A oGl S e divertPh, ey At RSP AReE (s
pr ef er r ethpetrbodi nent of the invention; and Fig. 20 is a schematic

illustration . f il p-chi onf. i.qur at j. i j ewth a
preferred errbf(;ﬁcf"ir ﬁE@ne{léooqu{lh% ﬁng\‘}tédﬁg#lgﬁwng%%ﬁ?%%%%%t&ﬁw@g % ERRED
EMBODI MEME®I Hisgly cbmdprisihgshow schemati ¢ perspective views of a pixel 20 for
use in a mcro chani.cal dti,s | ay, in accordance with a preferred

enbodi nent of ? 1} 'f)ern%l PR Nt i on. Conmponents and el enents of pixel 20
shownoi n Fi gsa plirafitylofGixitatoftwhichodohgiisést gur es are not necessarily to

scale and rel ative dinensions in the figures have been chosen for

conveni ence 10 an&seﬁ%wwpaf%a@é%ﬂﬁ%f%ﬁ?gw T”néﬁurir‘]a:?e%mﬁﬁeé’i% y fornmed
on a silicon substy @i plahatiphitl HiViRE OfirdRER ReddEd tsidel Mt Ssurfabe dRmGAEIaNCe
with a preferred enbodi nent of tggégre_sent i nvention, pixel 20_conprises a

f1ipper ¥herem said panghissratalplly <qug &t spifers sogsdpdotnls hebkgsac ikt and a
central gleghd padRn3Beut Bh afi€ pablid to @id dikfacd, RN afid defindsAigal i ng materi al
separates el ectrodes 26, 28 and 1 S 30 from substrate 22. Preferably, a
thinlpl anar regi orvhsrein gid pansl i saisl firpaposition doppsitignedieveristif first seaion Vidy | ayer
23 is a goQe r@NfHiCHOihg shid Eﬂsgrefgilonpmfdl WhiEh i%%agésecamﬁg?gﬁbm@ﬁa s j@nd in

Fig. 1 Cflipper 24 isin an off position. In Fi | i pper 24 is shown

. 1B,
in a posbesitinned ayvessaid deapnd regina with itgrfirsioide fpeing sai‘gmond:legipp refprpblys said
preferab ! ; . inr @]{réfgy : . i ng
two rel a%(%ﬁ\c/e%)g]ﬁg?g uﬁsu%pzlg%ga,eplglfa%@résfﬁ &Rgcdg&gu a%@éni%kgﬁgl\;/\]ﬁ B?’F}ﬁ%‘:}r ‘_'E_':Yl A and
a secondsdidpixel20n said display 48d distilmteil oveFi sgisl dispBaya Reefaraldly, qach ppenid elamergs

prefgprably formed wt nt i ng Hol . 4. . a 38 |1 oop
t hr oggh ﬁ%rflj% Slcshfj ﬁ"?\él\}aét}s]sg%%aﬁnél gtforf: %Z‘%@%ﬁf‘vgfe}%ﬁ’ﬁ?‘g{égﬂ%r"gﬁ %r goc? ce? g]fnl i§pper
24 t o cedisplay tethegivitcl]@o 3se thetstvitth. fAlieppével 2 4r pdditiataly,adatle obhsadk elamment§ or t h
bet ween the on and of f. posi.ti ons qu fl itaple({ 24. Fort@”)rl as(t:egﬁgngrvf\s/rgte

and/ or gF%T}WFSS%P“"?‘?'&f‘f‘-sﬁva"neé‘r‘m?i‘i & Afpreg RmEvE O gimes Arsgerring force from

a display to the piezo-resistive, to modify its resistance.

In a preferred embodiment of the invention, said panel is flipped between said positions
25 by the application of electric voltages to electrodes associated with the pixel and the display
comprises at least one transistor associated with the pixel and deposited under said pixel for
controlling said application.
There is also provided in accordance with a preferred embodiment of the invention, a
visual display comprising a plurality of pixels each of which comprises:
30 a surface comprising first and second regions having surface finishes; and
a thin planar panel having first and second sides having surface finishes, wherein said
panel is rotatably coupled to said surface so as to rotate between a first and a second position

about an axis parallel to said surface, which axis defines a hinge;
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25 preferred enbodi nent of the present invention, first face surface 40
(Fig. 1A is preferably treated so that it is white. Second face surface 42
(Figs. 1B and 1C) is preferably treated so that it is black. First

el ectrode 2¥00¥5%i4ferably treated so that its surface is ASTAER4$8 second

el ectr.ode 28 | e . : i rface: i [ ke .o

Pref erably, ak’%gltr%h %aﬁé ggle{lglf éﬁ@%ﬁ?%p%%}p@%ép&ss&fop g((k:lg(]%f S%é:deﬁlt—s‘r!vg‘lfg&g’l elé rlt(%de 30
that is wewntbide fiverg shidifpgeegi@aridsvliersin esapisepmdiposidon said Bet is@agigohedo t hat
it is white. Preferabl. jon 31 of .central electrode 30 that is

vi si bl e mgrnsmfdl Sleﬁ)oﬁlgrregé%i vlwgh ﬁér)\ﬁ{shsédeo%?m%%aslﬁ??elc%rh@rf g I(j.gn&lC) is treated so that
it is black. Bhaek cdd pued is dligpad detvaer ssidopuwsitoha e dhangphdaiiére of eleciried
surfacges are sho wi.t hout. shadj.ng. \Wyen,fl i pper .S in the on position
hown 5 n vBleef R ¥ifePtgscpiasinted St i) aPa ke f asat BrdeiorABoBBRUCt rode
26 and pa¥ith the pdkl ahd rmeLunddr seidesitel doecaniolling tsaidr appli¢atiok.. Praférably)\€hid

001 52674 PCT/1L99/ 004?8 Su stal}ti ag{ﬁ/ all surJ aces i n ixeé ﬁ.o that are

vi si bl e &PBSIHRT {% capfeplisd Xt Ao I Loy Solipge: and fpRtpls |3 serepd-ohigh pvaliage: of 1
posi ti on Ahewivélp oFadditidnally, Jald RAGHKto2ds SonbslicaNitiblsignelosPd ot durfRMEaSs S

el ectrode 28 and portion 29 (Fig. | A) of central electrode 30 that are

whi te. Adllgwsgid gpplicationafisaidveiasgey fox ¢ sisgificpnilydeng dprptiopept loast i saidysBoryi si bl e
ar e hloackuagen. (PefeRiblekail MpedRiRnaAPRERAS furtliRG) said §ho&m#dtfén.bﬁreﬁ%§g that
regions and el ements of pixel 20 that are described as being treated to be
bl ack or seiileng dumtiopés at feagieight imegsatdyhast demtign.s ot her than bl ack or white.
n parti cul ar p { s @BRbSimE RS B nRRRLE LETERIM R Furli¥Blas 20ubiRl are whi te
can be treated to have a color that is one of the primary RGE col ors. Pixel
20 in the on Pbaetd dep miovided Herasprdance dyitps pxpfengd gmbodimepthef tRGRversionr &
accordin n t ~ 1] QF . xel il ke black. Pixels 20
treated %&%@&gﬂﬁpﬁ%%ﬁgl 18%2%&101%91[%%&&%%@0@%?%\Q%r%lénu eabl e, in accordance
wi t h 1& pref er rahtezarbiogli stretiin  bétweéne spd gmeelt andng emtfacenysing fiskdogergmtal byl or

fl at-pan i Spl [ f £lipper 24 between on and off positions is
controll %b?lg{lngaggg%ﬁegg%?:cg'ﬂ%\t})otnheieghg&r)eé%drzr ed enbodi ment of the present

i nvention, by flgipagt sanlsiaatliusinger fisdd géretaresichy dpplyees vélthgatnda d<somid, fiippimnd
second el ect ré)des 26 and 28. In order to generate and control these

el ectrost&f¥ %t orces, preferably flipper 24 and U brackets 36 and 38 are _
made from a c@hetdadd alsgpiovided irfaccordatite adthpobigirled embodiment effthe inventldned er abl y
flippar 24 i ? [ 1rxllépconduct ilv.e el ef:tri czl cont gfpt with central electrode 30
and/ ¢° UsEhedies {iprng apageldga pixel using elgfrpstans fpregs, SOMPHIYNE: nher 24 is al ways
subst anti al | ycaghtdctib@ stictioh detveddsaidpdne Eghdt Osuefedd tyavibetisg k4id fsheBRlative
Preferabl y, .conductive electrical contact between flipper 24 and el ectrode
30 is acﬁ% Prizessand esul t of physical contact between regions of flipper

24 and regi onHigdingBhRGhhQWding Q iU chbrie@6¥ Bfptyinda abikhgd % a Rippa@ddidcirede,
flipper 24 is preferably substantially isalated fromconductiyve electrical

cont act Wraferablyy he methed comprses slestitlyipg sad Seppingcelestrodepfogndycsspid viialintuct i ve

el ecty C@hteﬁﬁfl{'élfbr 0t tRALINE TRE thbthBPESmprfbefelktfifyingla LG [9fRIngOelbSrode |
prevented when flipper 24 71s in the on position respectively by providing
first el éeindyeresad vlintion; Aliermativebhonedsationally, |spiduyibratiemisneffested pyomitphle st

el ect r 0dgjeefir@hgof %eie&ﬁg'n&?eriaﬂc‘%ugl@&'t fd pahtief €r abl y, conducti ve

el ectrical contact between flipper 24 ané second el ectrode 28 is prevented
when flipper 2heregs dlsp prioeided in groerdenconvithya prefenied embodimeptpadithe veitioh, a

i nsul at i : a . S LN F r ; 0
naul at i aapyREviG bR bGP pl - ik irahing b by R EpRBlEn of
conduiét orelectric volizas tp the fpinet, exchersimbeadh piplt bss efsotifted fherrswthta dimvieednmprisingan

i nsul ating cC ' | S ver .insul.ation. 44 hem

non- condiet 12 nafilrr wHRE R Ik SREhAP b SR Resttn bR,

cont act Ipeticde egnificarplyelongdd thanda geBoad nsdefor 26drassthg28id esqetc Prafehlly, sdiky al so
reduce stiction forces between fl.i ppe 4 _and .el ect.rodes. 26.and_ 28.. 18 WO
001 52674 ST TR EOTE" PAL FEArPEROR. prer e DA st S5y BFETES e SL Lo YS! cal
contact hahsees. flipper 24 and first and second el ectrodes 26 and 28. Wen
flipper 24 is in the on position (Fig, |IA), flipper 24 rests on insulation
nubs 44 of el ectrode 26 and does not ndke direct contact with first

el ectrode 26. Because insulation nubs 44 are poor conductors, flipper 24 is
substantially electrically 5 isolated fromfirst electrode 26. Little or no
current flows between flipper 24 and el ectrode 26 even if a potenti al
difference exists between electrode 26 and el ectrode 28. Simlarly, when
flipper 24 is in the off position (Fig. 1 C, flipper 24 rests on

i nsul ati on nubs 45 on face surface 40 of flipper 24 and flipper 24 is
substantially electrically isolated fromsecond el ectrode 28. Figs. 2A-2D

o, o o o, o T L o oy




10 voltages to el ectrodes 26, 28 and 30 control novenent of flipper 24, in
accordance with a preferred enbodi nent of the present invention. In Figs.

2A- 2D viemswﬁhmg%%pl 20 are shown in profile facing thezzn%%%Pﬁ%%%§0f

flipper 24. e preferred embodi ment shown in Figs. onducti ng
layer -of substyiRfesis 4Bo tphAtidedSn @EdddEOWRN Wi JrEFedr 5 sthB3dieht | AYRY indhtiby, a
grounded. This is indicated in Figs. 2A-2Dand in other figures that

fol | ow, bplcshmgrhsgical dskice.#pmpusingis 15 grounded. The conducting | ayer acts

as a ground plangifPharPhigle %Qla)gﬁiu%édl@léms%}miﬁes@m&ﬁlab&g o‘!&%ﬁinf dfer 24 in

the on position corresponding t position of flipper shown in Fig.

| A, in which piskationap pprg ingentagt withhsaidyaowng poti tion flipper 24 rests on
centr el ectr ' ' . : i Gh wn, of
First el ctr odaogs bl LRSS BB RS sttt B8Pl MY Ak TAANT:
positive andl tage "+VL" and el ectrodes 26 20 and 28 are grounded. (The
choice of sign f.or the vaolt i,s_arhitrary and a positive voltage i
assuned for. oonyEnTLsRRteing A8ctous which spifbeky 3l Tores of s moving g,
el ect r odewhith fdrtd gedst disisSn bleabingistictidh.at fdd aontas WF kaid klatipgey padaliasid net

iti h istribution indicated schematically in Fig. 2A by pl
B Ve e B O e SRR P B A Bl
schenml i caédigsthyc fordedSARErgARElyst ddditivhalBl e4ill sidRn2BuntElige tleafddatinterferes

attraction_ 25, tmeen,éhe posi tive and negative charges prevents flipper 24
from movi WP ngmﬁW‘WWE?“%Wectrode 26 and flipper 24 is locked in the on

position. Since insulati ongRUE DACIETIONDEFIGBRIES non- conduct i ng,
substantially no current flows between central electrode 30 and first

el ectrode 26 tHedrigatian Viskhermorg clepdy undegstqod by referepces tpithspfoHowing deerpdPn n t he

on posi t i gprefeled hbddihints Mere8NRAGY bohjlichs Rith Ak Figurdl atfbhedChered® 1h kheshoul d
be noted that whereas in Fi first electrode 26 i s shown grounded,

. 2A
firstlel cigwedidentabisosturms 3%@&@#& yhichpepeapingaorg than e figprg areabeled
attracti V@iuﬂh@%ﬁfﬁm&mn Eﬁ&ﬁ%gms fiefiich 9@9%35 ;r]bé BPts ¢ and first

el ectrode 26. As long as there’is a potentia erénce between flipper 24
and el ectrode Fig. tldet@ shew shematicapsrspediveoriews bévmisro-tiaeimed pixelcwih dance

19 WO S W f i t

prosent | ATEACHanes GHEERRERT ip sfichdhoft BUELGRLEE-LORRIAER pr Y i e
to | ock finvgtien; 24 in the on position if they provide required voltage

di fferences bet.we e.el ectrodes .and.t he i pper.. .Flipper. 24 15 ocked in
t he o#(f pOSi tiel%%s,' eigb#ls L8 EPAG? {COSIE? g™ ﬁf}hﬁpﬁmlcﬂmﬁf‘%ﬂ ﬁlff) }éﬁg Bldack,
in siml alusEnicsw electtddativvidtcdsvahtrdl imdgyementZhd ipssitiae kit ifipeh dn astopiagdet | on.
Preferabl%ﬁﬁecogg glegtiode Eﬁ i S grounded_and central electrode 30 to

vol t age +VAE 2 RrE{Fgiet SHROGRIENE L Fio REEER N EBH  al el ectrode 30 to | ock flipper
24I in an on orfFigf Bﬁpmaimi Shﬁvr:isshdmieisfdafvﬁﬁs r?gefxeﬁam df?hagixel showa ki Aigs.

vol t age". accor ce with a preferred enbodi ment of. the present

! vent; ol AT b arcosGEs it b HiHRBEk BbORIEM b GEgaot FORbaRd P fed o
the off pasikcfubOdt thy pRBIHaY bBch PR M VrdeReSillubtr&EREW lecRbdststicriodes straind
first electrode 26 and groundi ng el ectrode 28. Charges on el ectrodes 26 and
30 and onmPYsusPbindpesitigofthe BORFE of being in contact with el ectrode 30)

resul ting fromifhe ARR (GRMYALAIFURSheN HEE sRATESS 2REbr@rRE Witde ppdetdyat are
opposite in sign to the charges on el ectrodes 26, 30 and flipper 24. The

char ges otmbadanent efiths present gention. 30 and fli pper 24
Fig. 5 shows schematically a portion of a flat-panel display comprising a two

30 dimensional array of pixels, in accordance with a preferred embodiment of the present
invention;
Figs. 6A-6D show schematically construction and operation of a multi-flipper pixel in

accordance with a preferred embodiment of the present invention;
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15 generate electrostatic forces that operate to lift flipper 24 away from
first electrode 26 and flip it to second el ectrode 28. The voltage applied
to central electrode 30 and first electrode 26 is chosen | arge enough so
that the el &Q¥524tic forces are strong enough to over conECEEI¥ME and
the farce of g:av4 cl] o] ' ; [Jrent s
of the invent iq{%%,’ gﬁoggsn%r{[og%{ %\}(l)tfp g’gé@ﬁgelh%%{s#g%&e{nn&é?ﬁé% ezwn%ﬁgaﬁgn%%?ésd, t he
vol t age nembodanentpf thel peveant invhgionpur se of 20 novenent of the flipper. For
exanpl e, a hi r a .Qvi. ded the i nning,.of the vement
to overcone s%ia g‘t ig)(f‘)‘(F)lél\tI Fﬁ@?t%g% sglg%ngarrirlg%“lycél Fgérgh%%ﬁg a? 59}’51 “are ﬁrcbctﬁsimoeos on
central eprodicingcbe pBebstdwhiin $Figsell Ao tCriadecd2dance) withiagirefentd embodimedt oéltlect r ode
30 and. first el e%}t.ro_de 26 are raised to a sane positive potential +VF
(choseh PBEFHIVETBE conveni ence) in order to flip flipper 24 fromthe on
25 p?si ti onI tqrigén?Aoaxﬁd pezéhb};voaheﬁh&amoshﬁ&spect@hasriges‘anahna 6@5&-§eﬁﬂioxﬂbﬁ@é rode
30, first electro 26 an i pper 24 induce negative charge on secon

of ect r oddeREStivRly gf %r@fhﬂzagtxa{’ ioptiigied; i prspraaane WAL & prelfF R OgimeTE o8 Bend
negat i vedﬁb@ﬁggsenggﬂer ates a force that acts on flipper 24 in a direction

i ndi cated by arrow 25. Force 25 |ifts flipper 24 away fromfirst el ectrode
24 and rot at ed18% iQpand 0B shoxKscherpaticaliy RrsPastetvieytseof 2rothes\pared andsBigner

el ect f(pderegflécti\l%g/, ]E:cfﬁﬁruét!:d PRELordthod WitPR plefriel €mBbdim3tt ORI gréseft- invehtiftper 24

may be simlarly flipped fromthe off position back to the on position, in
accor dance wi tHig d1hewesohematicaliy anathen pixgh 1 arsondpreseyith 3 prgtered embodimpent

appl yi ng yQhd G8&niiNentiBn,ceNtral el ectrode 30 and second el ectrode 28. This
is schematically illustrated in Fig. 2Cin 20 WD 00l 52674 PCT/|L99/ 00488
whi ch posi ti v&igshdidel 2i sllustrigatschematigally pr wibae-adclining | fapycation preasss §econd
el ectrod [.Catd: )hrtVF to central el ectrode 30 and second
el ect rod?@%&%ﬁ% 6@?@%@&&%{%@5%1 stributions induce a negative charge
di strlduti on dig.fl3Asis astlentatio dbisggionAarredpending st Bigi tA hindbldwitpgad levitationt s
fromthe gharge.distributi,on ner at.es arce .on. fli .24 in a

directi on“ﬁ“f%a?%%? %glpé’ewx%{rn} %Cv?/ ?ccgltg‘.apgﬁ{ﬂsr dg?/\nébogg?lcé{rtrg{)ﬁg% nlvf%ltmgh alternate -
way of fli ppi iRig.fIBBppesecidhabeiewatong aninaAdA df FigpiBsy;t i ons, in accordance with

a preferred enbodi t..of the prese i nventi.on. i 0..2D flipper 24 is

Shown i n the G BERTET oRhiEh CRIFEERTY 9 *Biet Pigtre: 36-Mo eeima bt Hode 2

gr ounded. mirufturidk @ piNeDR&ing levitatibnelgarbde,dn acpfifahdd with Ppriefived ambdfmerd

resulé(ﬁnt%{ﬁg&ﬁiti\/_e charge 10 distribution on first electrode 26 induces a
e

negat GEYPStri bution on flipper 24 and on second el ectrode 28. The

positive and rrgatsAQsE idisgate dintdtliddufimMaHicYENRE kL pitRdRubSh ati@RcOWwith ki pper
24 that ?é)gfrates i r&,a diétgcti on indicated by arrow 29 to |lift flipper 24
away f r oriTeiERehankadupent ghbe bWentiolh r ot ate f1ipper 24 towards first el ectrode

26. The presemigs MEMEE[IRsRAY th Steittidd 86th6l 8ClohRBkAtrbtndbd Bl $n SeHALREEd by
vol tages applied 15 to el ectrodes 26, 28 and 30 of pixel 20 in the

conf i gur a¥itbherelrsdampedimpey of theveadrroD on a computer using the ANSYS

finitg el enenth;g.QBQllldéﬁ‘th%s PHBALABRV RV R EY SviblaRBh SR¥ator, hEcordddedwiRe TX
USA). Forces 27 and 29 shown respectively I1n Figs 2C and 2D were determ ned

from t he Defeanederabpdisnent pf s inyentionf i el ds. The inventors found that force 27
I's equal to fqfee 70 ahd 178 RIERAE L bieler Ofth Wedrsi SR &pédivd b @S‘ﬁ For
the sanme vol t_ag% VF, at(Le rretuﬁagﬁ O?M%Irl ppkll ngegli_o SH?Il?ggper 54_ gﬁovﬁvl n |ﬁg. 2C
and the rideicrstheredt] ingoéardante wish e prefetred lsnppdiingntRif ghe igPngemer at e a sane
"f1ipping forge. 1AcvQ4t ; ed. to flj j.hpe t - of f
positions is het e zgf a?llélr ﬁrig 1}3@}%% %%’tsans1 Jgh&ff%cgtdﬁg%nggn \?}1§T$ %gg\ﬁs& éf;?mg f]g
30  accordance with a preferred embodiment of the invention;
Fig. 18A is a schematic circuit diagram of a touch input device, in accordance with a
preferred embodiment of the invention;
Fig. 18B is a side cross-sectional view of a micro-mechanical touch input device in

accordance with a preferred embodiment of the mvention;
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The equi val ence of the Fig. 2C and 2D nmethods of flipping flipper 24 may be
understood from consideration of a pixel 50 shown in Figs. 3A and 3B, which
is an "idealized" 25 version of pixel 20. Figs. 3A and 3B ShOWJ)I xel 50 in
a side view§UP¥H ent to the side view of pixel 20 shown FGMEIYL488A 2D,
In both Figs. p3Agnd doBtiit Afhglam fob'a FiMPefike PRt dr@ihe

conpri ses subs?g;\n'?l a?%ﬁex%ue sarrle C rrpor?e?]t ksb%ggg]p? )Bel 6(59 ealtﬁ%@[ré%éed
however, qm’os)dirmmt@ﬁthmmbsntm, add 45 are omitted. Central eI ectrode 30 has
been " shr unk” J i pper
24 10 a pover Ba0 e b RhaRBL S B Sl cotigBARE OE AGRRIR BRI

only one Wltha/\pmfchedsmbcbtbmtloﬁtltehmvepmlspect| ve of Figs 3A and 3B, that

enabl e flipper 2 S|tions
First %and Fs)gcond[bl%ﬂ%{ %[Pg%%u goggﬁ E&Eﬁ}fﬁﬁg@? %%ﬁgﬂ antl ally the
sanme size. Fl iRgsenA24C |sBova$slwmdctparsbactwaamm ol & pieed ZOnﬁmllaénmga mixad- Ng
(not shown tha Est anti al 2674 PC T/ 1L 9/ 00488. i sol ates
flipper 2‘9, f‘f?p 3> 3Lk Fﬁj Wétlhe%ﬂe ?fée Radipent i the present invenfign. o,

and of f FIDcﬁh;idn@ﬁts afislpmeits vepixel BUdhstvhdh e?xg%21mogmuﬂdﬂ@loma fillads 4réQot
conducting layer of substrate 22 that s c?ntl u% with insulating |ayer
23 funct it5RSSHLY & &a&ﬂ’i'ﬂ rE)IF“éY?e IBIFH%?%?(-:‘P gyt gqrf,ﬁ egnchosen) f?ﬁé?“‘?&‘eﬁ“r?d
secong el fathftleordRestitfidot h raised to a positive vol tage +VF 5 (positive
for conveni ence of presentation only) and first electrode 26 is grounded.
The vol t age c&ifel Ao & peferdfyvirmed Pnop siison subsirates FApusing mHerovedchining

conf i gur %dhﬁ{zlu&f Iﬁla%EJrHengg%uxchQ predr@eniAAH offlthaosﬁerser%n@nupﬁ XSikel 2@ shown
in Fig. 2C 1In i pper 24 and second el ectrode 28 are drounded and
first el cOMPHERS @glppg 3r4aif s%@n@ gecomd siftp gleglaodea ge a@@ﬁﬁurgqpﬁ@ttwelynanémwntraln Fi g.
3B is theaa0k. F p&é}&ay@' | BgLIA ganis' QUL &4RP npafterfal F&Ha@;%ﬁactrgt@s 268200 30

and flipper 24 of pixel"10 20 shown in Fi us and m nus charge
di st riSut30ofem snbsirhieX2r Bridasatity a th§ plagr 1’¢81¢Ipp%$ub2tmtaa2| that i ¢ratipenys dathy

bet ween Ilﬂﬁil:lj?ltl?igllz’[}gﬁ 39NG ﬁagﬁco%ﬂﬂ'ctér“ﬂu%g aiﬁ?géﬁer% if nxa%' ngp s@gﬁaﬂ‘iﬂ‘f-‘”

schemati ca m nus Si gns rin as a esul t of
rai sing dhpp:ana%d mcahmffdms:ﬁan dndhg Iprﬁn@perm it shownlm agpesxt{ﬁ mtmnedlmetlmhar ge is

d t d S
oot oo e BnTRatRRy Bl 305 5ra%eBh futta L8 Ribe pLa it BE ARG 8 St
t oget her Haymg b Eel:thleB'gat@é) aneaaé@d fiksd fave Sarfaee M0 lslh@gem Hig.rst anal eetdmddace28 and

flipper 24 cons der cti n as n onduct or.
result”, Y éc o 0ot @éll dagfs FP PRFé @‘g aﬂé’ fl% %dcvﬁﬁ IHOHgtH}EJQiﬁS%Zed
]gleo met r yzazﬁ 3R] Wdkacké} 36tnd 3’831059 un&agm&aﬁmgagwmm@Hembﬁ@@emaao@eg

i pper resjd In g

surf aces %?Ck%rﬁrép%%ﬂ‘g ceptral ‘H%Ct’og? 3% ?&%ﬂ’@ﬁ%’tzérm rojfahle, B?Fﬂs-fg“%ﬂg- ot

el ect r odgh@én aachsf sm@,ggonmppe'{?bq: positive charge in second el ectrode 28 is
concentrated at a boundary region 54 between second el ectrode 28 and

i nsul ating | ay&F a2blackrged p\@gptqndf@rcaﬁ@/r Yael Hattnanglpdipplain insacsefdencht Vish @d on
face gur f;ﬁ@t@rré]dzer(lﬁ’wnﬁerﬂrbf QRO BreSint Wleftor, Sirst TRyt fAcd ¢ (B r?&ﬁﬁtﬂré’t%raglfy Fig.

3A) of flipper . The positive charge in second electro i nduces a
negati ve thqaﬂgemahltﬂmhlteoﬁme@ fasg swhce 43 diigof B sub i) lameefgzblyvhéedw@gth@tu ve

charge i Nt %s“i?ﬁh{ Hifat %l%cﬁoﬁie%nﬁeﬁgfeﬁaﬁaﬁﬂtr@éedascpﬁﬁpqg‘ Mrfgc%gi's%ack and second
electrode 28 is preferably treated so that its surface is white. Preferably, a portion 29 (Fig. 1A)

of the surface of central electrode 30 that is visible when flipper 24 is in the on position is
30 treated so that it is white, Preferably, a portion 31 of central electrode 30 that is visible when
flipper 24 is in the off position (Fig. 1C) is treated so that it is black. Black colored surfaces are
shown shaded and white colored surfaces are shown without shading.
When flipper 24 is in the on position shown in Fig 1A, flipper 24 covers substantially
completely first electrode 26 and portion 31 (Fig. 1C) of electrode 30 that are black.
17



56 between substrate 22 and insulating |ayer 23. Except for edge effects,
the electrostatic field generated by the charges at the boundary regi ons 54
and 56 of insulating layer 23 is confined to a volune of insulating |ayer
23 bet ween WYR&Y¥(Hrges and has little effect outside thi SP%’I"tﬂ%‘."'sgecond

el ectr.od : t.] : . j

Tnaul a1 Sy L ARANE h Rlkel AR o iU AR d RS20 Ueff INRE Bl
condenseflipp¥ha4 amtheneff ppsipos shawreinchar §€, Bippere2d subsehealyr cuwl@dy carverbe
estimte i fant e I IS
ot er i g Et AL L RAGh GBNER, Ta) ol Pl Mlchy P38 i ROOUANE he w Y %
t he di el edistantaltyoaibsuafatesafi pixeb20rthatarc afisitdé arertdadkeenidnige piagicther2fére fPears WO

00/ 52674 EB /1L991 00488 The positive charges on face surface 42 of flipper
24, anhd Q ‘tantially only these charges (except for edge effects), induce
negati ve char pefowld bkinosd teitaegiomdmd2dersénace! pike 2hthagas described adbeiyg

regions 54 anpd 56 _do not generate a field outside qof insulating |ayer 23.
ne ST s BEHd T BShHGHET TFe dRa e st o P Bt ofer R g b o &
charges @ptibhiad) R lexafiplanegibis aal elmehte of piRele203Rat AGPeNit kDS troditd BIHaye #nl Yy on

the shapes of first electrode_26 and flipper 24, and.the potenti al
di f f er ené@lonAbatisofe ahthe RERRAYREP P 9F% PH&‘?PEQ Bife 88 paifien ‘I‘VIIEW grefage fisRlag pace

abovaof | ibRPEH the RGMhIdrs hétbrdp BEATdAH heldit pSsitRdnlthIFikéIND Wwiulbstbieki Bikdly20nl y of
t he shapes and rel ative positions of first electrode 26 and flipper 24 and

on VF. | trested foohgyedifissent jones plothe RGEy cojers drepssablpyintageordange Mgy Breferred i el d

that opergh&fmeft inttfetpréskﬁtﬁﬂs?‘chti@rf}t@ﬂiféﬁdéE%besﬁé%-%x%l gispa}.r ode 28 and 10
towards first electrode 26 is substantially only a function of the shapes

and rel ative Mospe pbAipper24 betweeneineand rasrosHna ifcconirpiide in segordaerewrth A
simlar 63 ehbBhi cﬁfoﬁﬂ@@%g%lg?ﬁ;eﬁﬁotﬁy{ﬂ' a@&ro%&gw’f‘oﬂcé} lfe'r@een%ﬁgdﬁ?éﬂ' 3nd © 2

sane conclusion as that rea or the tharge distributions own In Fig.
3A. Af elfigst amdbsstertdi edecfrodds@6iand 2he space above flipper 24 and first

and relative BoaPhts gy o RES LR SLRLAR, kilc B ode Judfa LoPeS
vol t age dirackats 8h@ed IF abe made fromhae nondBeting] matknal sfich eep@9siliconFirgaluBiButmhat
operates_ta lift..flipper.24 a frrom.second el.ectr 2 nd .t owar first
oFect r oqBrdahis nitnst B £ Lo BHEN STAPERG SURCHReCrEdeBO so MIRF P LS
posi ti ondraoketd 36 aid 8. &Gt 4 waldt, X6ltapa dn filipyepe4 iLdwaystsubStantibly equah peeolapd

rel ative si,tions of firs | ect.rode 26.and flipper 24 are the ne,in 20
o 2n Ao s SRFelecpds o, B Gauit desirel Pias s R ipin o e

di f f er eneRctosievd®e’ dchicpdicss 24esan bffphysital ebatastr tatieceAtregiohs bh Qippan®4 afs a
result, the electrostatgic fields nerated in the space above flipper 24
and fi rslregé‘?"éB?FISﬁ@d2§6F’f’fj'{iib&éﬂ.‘et% %[‘r‘?c?%SB are identical except for

pol arity. Theneidditeon! Qippes22Ts prRebradd bubsfah@8ly BdlaniddroaBcbltabtivacslediieal i ft
flipper 24 away from second el ectrode 28 are identical . Appl }/i. t he

resul ts 6pntaghaVithnfinst andssereyid glepbrodgsihpnd 2. Fasferably; gondpotive e g rfgfggcw&% in

Fi 9s.252Cheider? Bippsl ad P fifsh elebifye 124sik %ﬂev&ﬂﬁ;&l whet BfhperrZs &N RO oA Dsitibler ef ore
t he net hods for Tpl i pping flipper 24 shown in FllggaéZC and 2D respectively

are subst@AtiEely py prRvidipg/rst qepirode powith énfulatien nibadé caswatiangwbs dhor fisspper
24, Tirstleaksetds0fe simAn Fine §8NRHd eLePlefpfhly, 28ndudtild Qe CtRacy ‘Bbﬁmg&?

configurations that are used to rotate f| |£per 24 between on 3U and of f
st at es afléppgertrand [sgcond retestieden?®eds preveseedt whenhBipas 24 & iny be aff pesitim By | pper

Che axt s e ABPERR Phsdilon Ry’ ) BREce St B0 ThOh APt T B e
r ot at3@s fiishigher ngk #4 agkrbrant damiey ffoor eavatetitthaicis aopearedoadictas] In some
preferred embodiments of the present invention, an insulating coating is used to cover
insulation nubs 44 to make them non-conductive. Insulation nubs 44 and 45 not only prevent
electrical contact between flipper 24 and electrodes 26 and 28 respectively, they also reduce
stiction forces between flipper 24 and electrodes 26 and 28.
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short lever arnms. In addition, the strength of the forces are substantially
proportional to inverse 23 WD 00/52674 PCT/1L99/00488 squares of

di st ances points on flipper 24 and points on elec e r 28 to
which fli pg‘%&%&“s to be rotated. A geonetry in which fi F’éf/ﬂﬁ?/ﬁ&ggcond

el ectrodes 2GnanfiodGubs &4 HPIS ﬁi@@ét@-ld{rb!ct(bﬂwl@d’QBnta@l‘%cﬁJ'éQHV@hﬂp@r PA %&d £rs£0 and
SO, maxim zes the concentration of ch arge near to the axis of rotation 5 of

f1ipper 24 sepqndzgieetredes26fand 28. fhes dlinpics £4icin heopdesitien (ig. bY). flinpst 24nd

second elleﬁiﬁ bh %Gﬁt&@n@o@ d4 %gelkaﬁ)tde 36 me&&§ ﬁottt{?aktera‘?rc&)&blﬁta&fwﬁ}pﬁx@tt él&:‘i’ro@é

flipper 24, a coplanar geonetry for electrodes 26 and maxi m zes

di st ance26. Heceuse nngydstion b 44 raee Pogs aondustarp didipper R4 is Srués;@nttally fedactrigaldy ven

flippin i es 26
and 26, PR A iGieteR o MBI G0 iR Hius BRE, BIRGZ2 Bl GREN S

copl anar eve Gf irlpeteaﬁajrcﬁfferbncem'rm I}nt\eéearai@domandmlnttmd@f%t Simifarlys when

i nventio
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accordance w p rred e Odl of .the ent i nventi.on, whi ch
an angle 8 b lgﬁe(}‘?‘ %]ﬁe‘ﬁbﬁtréf?eic Fﬁ%&‘o‘ﬁnﬁecﬁgﬁt ?e‘éc%%fa@é by6anp dngZS is
| ess16 havolf@éioto diéctbedsady, 28 MdizD dvairvembvehdno oambp&ﬁzd,&ﬁ@ccd\/@me wigf £r abl y

A is between 1500 and 1800. The .area of pixel or ot her pixel in.
accor danPféF egrd FmBomEntol thepreseBid Y SRERR- IB% 1S et ﬁPe‘%"ﬁW Hﬁ*ﬁéﬁgiaf?rfm'f"% n

pr ef er abpyfiR fachaihe short bd Og@wgippef 24. @8 fhe pREfERES M Mirhdnt PRAN R FigsS2Aess t han
| 000 m crons |ong and 500 mi crons w de. These dinensjons provide a_square

pi xel | -We ewiustl@ﬂ Heer ¢fubsstR2 Bt iscantisious withjpayating layer g3 dg aoameg | ess
than 100THE ¢ RBRak® HIFRED LD G@B&e@ﬁ’gﬁ%ﬁﬁm fNﬂb& hoPaRwitesbaradpRLEe pi xel
approximately 100 mcrons on a sid A pixel of this sizels suitable for
pr ovidi ngroandst abiie candicing taéer(apmspsmenc) plan%fi@rayelr?é)\n ng a resolution of 250
DPlI. In a pr r e
f.or med fron1§§ ;%?91%Hﬁﬂg%g@@gg?%ﬂﬁggg?gﬁggﬁboéﬂﬁ1&ﬁ%gﬁn&hkgﬁgk §ég% ting
in a 8| xef flibpey 24 ghawmivrisg. d ds inaprlopixele20as whizg Imttie&nmpsnmnﬁlppﬁl%acmm?s Zgl
28 and 3 I 0 r,ef erably
0.5 i cr SALe upte P ShFiAtiton 1RBERE AT RS IGAE AT AR LR,
m crons hEb. ZAFcnntralmdmerodh 3feis shovrscharpdd g msntadeszpltagmé‘+vmyeand elesirddes/26
determ ned that flipper 24 can be flip g;d bet ween on and off positions in a
tinme2dn Mue28are grougdeds SThejghpice af sigp foriag vrjtage 19 IrHPRRENG G Rosie YolRgE ant i al | y
equal toa&hH& fépl:c;nsveméxc]e@@ébﬁge H@bér@ﬁis &fcoﬁgwltl?celi_&uﬂl@lécﬁoh@?d( Sligpkt Bper 24
into an on or off position. 30 Pixels 20 that are 28 x 83 m crons can be
used, i nlsa@&%raaawcne A§ ehregliy rfbprey r7édh%§rrbdtﬁ r?@ﬁfw‘bfc“%fﬁ@ dp%st@ﬁv indigatedt i on,
to prOV|d a bI te or at - pane
i shl oy SORBFREA: Bk by, G et e fosiig shoP B Biraft 28 oo Bl P
B :) ; Zt <;h4 aaPCTr@F ?shgglngbgﬂ@ﬁ% tmxlklnajl ﬁ?xhyus9§@zlnsDBh first fledsxeﬁ@a]g. E]ﬁm&!tié)l’httr@ﬁonb VO .
ternative pi_xel s of this siz e use
to p%gw Briween; e Py vepndcRAsal v q@{ﬁﬁayre P Strest a‘ﬁ?re@ TRPY'RE 2VBY By Pt
enbodi megtkctfde tA6C aldl @SRt 2uN¥EBtie@Nin hOr ord pbdiddir. PRI ing@bedn AissPhalard he
areas of pixel 20 that are treated to be mﬁlte in Figs | A-1C are _treated to
have oneStriantinlly RepcertUsing. seketArtiphien curent figvs Petrephaffairldrdriutdpthy is a
"super pii%eklectrotid Dt ﬂxfﬁugﬁldlpbeﬁ qwaAﬁaEreﬁI&d vﬁtﬁmlﬁffér MRt Btred8R the 6h PBSLAN A
side, conprising three pixels 20, each has a different RGB col or.
| t shoulﬂﬁE@mﬁ@ampféﬁglHﬁk“ﬁ?ﬁﬁdh@hdﬁpxels 20 have been described as being
whi t gg bl ack REndfieudhotkl!thaleresd AT HOHAK Sieoifllel BGEShRin Plokfled, £l Can be
treated to have other ¢ol ors of finis In accordance wth preferred
enmbodi meplegrogt 26 Hoepneisentssirily daie torbe grwndﬂ@ formnsiisagtive eleetnestatic dp1icy par t  of
a bl ack o S I
oot anguPdt UsRdei tibfb ARG offl SRebocl o, LR 3 Merd P o Bl e |
present betwent flipper 2dnanfll edetctrpden2d theliesip lam attHi2titehforqedsiwdeo nigennfinfak¢oqpipaces 24 in

pi xel s 20 are controlled by row and colum control lines 64 and 66
respectively. Each row control |ine 6ﬁ9i s connected to first el ectrode 26
of each pixel 20 in a row of pixels in”flat-panel display 62. Each col um

control 15 line 54 is connected to central electrode 30 in each pixel 20 in
a colum of pixels in flat-panel display 62. Second el ectrodes 28 in all

pi xel s 20 are permanently grounded. (In a color flatpanel display

conpri sing super pixels, each super pixel 64 would conprise three pixels 20
in a colum of pixels shown in Fig. 5 so as to forma substantially square
super pixel. Each one of the pixels 20 in a super pixel would display
|nstead of mhlte |n the on p05|t|on a dlfferent one 20 of the RGB colors )
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5 control lines 66 set to zero remain in the on position if they are in the
on position or flip to on if they are in the off position. Flippers 24 of
pixels 20 in the row that have their colum control lines 66 set to the
flipping voYQ&e6™t ay in the off position if the are al r eBE/IPH0MBe of f

posi ti.on gr fI| 4Q h off e n Sit After
o el 2 bl Sploaf bl o RO invbyeor You Bl cferihl FeRRS L rdligea 1o
Bef ore caat mnubmgsanlntot tbc}semlpnmrm & 2@ om pasitiextif tlew provitlé eegined vmata‘gmer all
col um coptrol n di splay 62 are set to the |ocking
vol t age FOFeECes QPFmHg?F%g“H?S?Fﬁﬁ EWR i's assures that all pixels 20 in

ot her rows Wripperfldiippeked Békheasf posivien, bﬁgwpoﬁcﬁngi'tos]hgdge i wmashtpbei 20 is
respectlve on and of f positions rln me that the row i xel s was
bei ng setlackadn sinylag mapner do “&‘x‘éﬁ’?bﬂ@ PPy Qfe iy gk ePPé’t"S‘ﬂa‘hgf fgfaﬁlm ay 62,
are saf ejeYorldedisiragsl 28 Qs tghﬁhaedlﬁxdp&mrtu 8Bsirodé raottblv@uu@yw%xm volidfe ¥y
flat-panel display 62 are never |eft unlocked | ong enough for a pler 20 to
change i4pplist mtoentmh ieletteottei 30rtalldcy fligrieu24 mopnt dueortoffwsitioatis kaeihafteovefersedbei ng
set soneogg L@ ]gontrol | ines 66 are grounded | eavi ng many pixels 20
unlocked Af %Tﬁ *he pi xel s 20 in display 62 are properly set, all

col um cont r dh aeccarémicd Gvithr £ preferssgdertimdirhent lod ake p@smlmweom oflibpee la4t ize

pi xe of f s at es have 20 set. The tine it
Pakeld o tplsffseoini n anshiph e ARe it GRS SER TR oettal "to

t he nunbghirfifeldc@dde 30nardd fadst geadielie d6 apd givufiding tleRfode 28, Charfestdnn@ectrbddshe

pi xels in the flat-panel displa In sone fl at nel displays, in

accor danfeli30 g Pilepeed @nis 'h%fﬁ’F’élgo‘fc‘t“F?étﬁftgalﬁ dfﬁag’ﬁf'ﬁ?fﬁg i!r‘?;t‘i‘lﬂfernage is
f or med Ia@, Red Vo gt MbudeSchatped) off RREG&Te 1SRt irg%pf)ésﬁfe ih lsighak @fe tiirdedlom an 25
image in Flat- panel dIS | ay 62. The inmage |s formed in a _time su stantlally

equal t oeltcﬁédffsl % 30i and pr‘m%f‘elTé‘e 2@3*“@?? ?‘hé legfradss £6- ?%Fﬂ‘erg’otal’?érﬂ‘i’ﬂ?ra? tinme
substant %eﬁéxlaﬁé e?é&h‘@étatfc‘%féeﬂh@tdd&ht% lfft'"'ﬁipf)éruﬁ aWaﬁ?roﬁﬁﬁirsi QEctRUEDE hndOflipr OWS i N

the dis his is achieved in a flat-panel dis P , in accordance with a

preferr e‘éItQ-:-f‘PBQiH‘i Hestiede 28.tTHe vofteeeeqﬁpllfdnwﬁttraéﬁlec pfﬁdtnricﬁrﬁgeleaefp Hikel 20
with ad dtfh%?e?nqpr:gg e@tf oh gttgét thI@ec@&@atlefi&eétla?e Hons th ugneé o@err@onfé%%{&f angbl € to
connect centra ctro first electro t he p1 Xe to ground
or to a thefaregyel gsamifycting orathd |nyap$ efyflipparad- l@oemembn@fewefwéﬁtellyveoﬂomach

ot her. I | ¥

setting OP&§h§P§§¥ %%ﬁ@SQoﬁg%P%ngaPkﬁghe |s§%§§&?§%3ﬁ%%§%{gﬁegﬂg%?f he
set t 2thg méveptehtef the Leipsr. iFor eXxaenpdh, slighgr valtage waly thaguovdadmai tthobegitnmgpdwer

supply i set to ground or to appropriate |ocking and
fI|pp|ngﬁﬁgﬁggﬁéﬁgﬁrggﬁggggéﬁwlL99/00488 vol tages. \Wen the vol tage out put
is set to thé&ig. 02B<|scfg~,n1anca“llly| ghpive gharge tdfmyﬁ:;uttbﬂmemmmal Sbagtrode 3@nand first

subst anti.al | i mul e electr.odes .2 1 pixels 20
T the. e 26 oY BB edyaD Beftfodd 0BT i 2 3 RsoR B LG 2 1y

| ess t hagositive pbential &V Hctdker Rgitive mIcSnveImnéeofmraér tb [Tyg Bippér 24hfeont thatonpanel
display, in accordance with a preferred enbodiment 5 of the present

i nvet i crpsitioh g thgoffngsitiont Thetrosjtive Hergss ar eergighglegirofe 3@;rﬁ5§tr¢éréaodem anfhe

addr essafh g, o ltﬁltt%-%egawt h;ﬁasgb %Hls@yonare‘?ecﬁfg&y 96 540 e &3t HieRPRLOREIIAL ©
scanni ng procedure and controlled to connect first electrode 26 and central
el ect r od&om theqfositivg end negstivachyrase genemtest ofordsdhas gals ondbippes @4 iradirpitival s 20

t hat ar t d and
frst el BPugfPGion 85 FrecdB i oy 2ELAS ony A YRR DN,

pi xel s 2234 aveytfrcam @rst eledifbdo @4 s@vardseodrfd, eld:urbdlﬂ 2 n0 that ﬂfpkaac%r fhigeto3be affd first
eIec ode %ﬁ are connected to the voltage output. The voltage output is
then ralse o the flipping voltage, which causes all pixels 20 in the
display to f |Bl]|ppetr(24t ey be dﬁﬁial‘lﬁdllp;uad dionDfhe off pdsitiondaskt @dnthieadn! position, in

si mul t aneou ectro en copnected to
o ound. oG it Top B BBy gf Perpieeay Ty, f ol Gak 05 d Whapt age
out put  aRfeef|NFechBlld @@%@g&%ﬁ clbSrode 28! Phik heséh%tﬁaagy \@lst-A88 in ﬂg scligcks 15
all pixels 20 in the on or off states to which they were set. Scanning and
setting the swtches occur in a tine that is very short conpared to the
flip time of pixels 20. As a result, the total tine required to set and

| ock pixels 20 in their appropriate on or off states so as to formthe
image is substantially equal to the flip tinme of pixels 20. 20 Vari ous
configurations of power sources and switches in pixels 20 can be used to
forma flat-panel display, in accordance with preferred enbodi nents of the
present invention, in which pixels 20 are individually and/or

si mul t aneously controllable to be switched on and off. These configurations
Wil | readlly occur to persons of the art. Preferably, an array of pixels 20
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Fi gs. 6A-6D show schematically a perspective view of a nulti-flipper pixel
160, in accordance with a preferred enbodi nent of the present invention.

Pi _er 160 g%r@é&égs two 27 WO 00/ 52674 PCT/ | I_99I 00488 %ﬁ«gﬁg‘ﬁ?ﬁ ha first

flipper 16 a second flipper 164. Mifti-flipper pi xel F ree

states, §hiEs b@snﬁ%cc«a&%e Anedufbischrs B@B@&d ohhﬁﬁpe@@@ afd Qé@and ae&ifdas 28 BHRC
respectlvel shows an e | an vi ew of pixel 160 in the

second s%pab@ahom%cwn‘ do §h‘6¥/9i11 eﬂ‘?ﬁ“ﬂr@gm ol SRRPPE‘ld?CF‘Péf‘pé EI‘?(@PSlB‘@ é}@ﬂaﬂf’rl ses a

substr at havi, an_in ting.. r 23..First 5, se

ol ect r ocierBuER inile’ 8 peihs Bhareaeediion ot 575! RGeS A A SERPPIAEIRIEL ¢ oces
171, 172hatkdsditafiomlifdciarge distitmidnOgenenates b ddrce1gn Nippen 2448 .a direttidn, indietand,
thi\rN% and four% central electrodes 171, 172, 173 and 174 are nost clearly
sho A and Fig. 6D. First flipper 162 is coupled to pixel 160 by

a pair Of br axigeuﬁshl,%@)sc}ﬁﬁaﬂaq& aiMlidiinatd GBPST Lippial Gippar 94 béteeandn MWt i ng
hole 178 in first flipper ,162. One of brackets 176 is anchored tQg 10 second

Contral RSSHIORS. JAcaorsananayiifris pistoreed Rpodiipant of db PEPOn MEYERRRD 7 2D

Bracket sg; %&@ R ﬂb@ﬁ%%ﬁé Bl Qs Wikt BRrral CRREbSHe! 300 kP E&bh @ electiddeSis
flipper 1 is in electrical contact with second and third central

el ect r oageunteg: Eirsticleqmdagd inehargded e a prgtivepaensiah Ny A Té#"étélﬂtmoéléll"e éléﬁﬁgeact is

achi ved hysi cal o egions_.of firs regi ons
o s 1L orit i hin o RAF 26 Pk ROt B ctardsobuRh Sy ABR Y ks 5
lSeCOndhstebcﬁﬂeé’lech@ée 8. ’ﬁl@irlpdsﬁﬁlsetz&d Riegive :bg&]cgibﬁlsﬂlmﬁbﬂis Qéneﬁ[eaﬁiltﬁe% ﬁsrc]:ﬁcﬁh t h?—.tso
oop thrQu unting hol e in secon e of brackets

| D nehonBEer 2t pheler Bea Crsue oY HEb e BIPP AR B ot S0 374,
Bracket seldcd@d@rLaridrBfa Bppey 24 iwiRd firit@BcRodeduct i ng material . Second

flipper 164 is in electrical contact with first and fourth central

el ect rodes 170heRresent7nvenions yve simptlaied dectrosialis Spldp sneraledehyt Yolieges appkirdact i s
achi pyeckoR¥ecRBY1282bs %Qi $OBt A%l 20fin HRIERREMAfiorR UROWS irf FIfE’pﬁ anP9D Whtah
regions of first and fourth central electrodes 171 and I74 and brackets
180. TheCORPYHE jUSEE dhe BN e fisite PBmgntd angiysis pregian rayadlaple drany Anses ey
electro )E”ﬂﬁ‘a I I S 182
and thedﬁnéaur?ﬂcglrerl n cﬁ Srzgcaég?gﬁgll% Fegn%cﬁ%f gpﬁﬁgg%gﬁ ﬁ%elagt respective
mount i ngfréro nl@§1mﬁl8teanucq®2am isjdecthicveteptorsfonnd thacfoesr27yis edakiedwee 2 ifFi g.
6B. Refe I a

tht g{agmmigwphﬁtﬁe sdrhd Fﬁoofh ch iR ¥or 18 %atng vBIERE S/ IIIeXnJ ARG dégli’}ﬁh 6o

cl earance are large enough so that “no“part o fli

makezo el fiphdri2adhowpPit AL 120Mndhd hEteéd fon digpaigl flifpek 28 hewn Bl Re Dogsratt 4l and
174 or any part of brackets 180. Simlarly, second flipper 164 is

pr ef er abfaper dlinpieg {orech. 41volrgn¥e ustdotosllipdbrren ¢ bsfveeen é’F’g"é‘déI%E@H‘O%‘St hat no
part of %gr}gr C(Pe edtgger“ 64}nn9 s.electrical contact with second and
third cenet o ouest TP Y %‘fg or any part of brackets 176. External
surf aces of bl?hacé’cmt\&leﬁ&'eﬁ ofinkk FRO 24 endr2Bf meaimldy afdﬂappmg flippen 2 by ere of

insulatin r.ial ta.,assi st nt|o bl.e. eletrlc
cont act 'I‘IH%F%%P?F?{“ eRYdLER apr’ICB% Wfé’i &@%%F fée' ‘%E@H a8 vealepd’s s and
secoms f Vergigaedpiddd 20. aﬁgk 184n@BB sipwepieélabliy a side eiew eqaivhignt 16 tleatddidw o each

ot her and fr firs ter e r odes, .26 W0D.00/ 52674
BT | LOOmBt 2D Bhom L FiSa2 by s o 1SR Th g Dires s BB ERPIRT nout at o
nubs (not shaqigkel 50I’corﬁ?nde@b’tﬂ)@@.nﬁﬂllyltlﬁb%dh@cbﬂﬁﬁoﬂ&is% pﬁblﬂﬁhﬂ?k&leﬂﬂ hetvetdnei r
surfaces. Munting holes 178 and cl earance sl ots é | pper 162 and

mount i ngifFAtos npkS 44 apd 43 g omitted: Cenital elegtrpds30thas Besay shgaK o A0 HFSHICE] ear | y
shown ~nggaed g«dﬁtdsd%@@ £ &%&%ﬁﬁlpﬁepmw DbowérBurk90U ibPack@BRE Gh@ds e second
and third cen el ectrodes for applying voltage to second and
t hi r 30 ceffplagad b hinges §deeniy vue efifvhialyis shown ithibie eBsPecH Ve P Eigs B AiapphéB, thet.
Connect i I third central

el ect rod%ﬁf?@ﬁgﬁ%&f ggrég aghgd\}nﬁl %ﬁ%eﬁgga%&ﬁﬁ%lﬁhg 6D. A control line 192
i s connect ed Hirst fd secorheledtodes 26 awh?§ and Bippert 24ere sulistantiaily the7sgme size.
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first and fourth electrodes | 71 and 174 are shown in Fig. 6C and Fig. 6D.
First lateral electrode 26 is connect&l to a control line 194 and second

| ateral electrode 28 is preferably permanently grounded. First and second
| ateral electrodes 26 and 28 and each of the face surfaces of flippers 15
162 and 164 of pixel 160 are preferably treated to display one of the RGB
colors. By appropriate choice of which el ectrodes 26 and 28 and face
surfaces are treated to display which one of the R& col ors, pixel 160

di splays a different one of the RGB colors in each one of its three
different states. Exposed surfaces of flrst and second | ateral electrodes
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20 Figs. 8A-8l illustrate schematically a fabrication procedure, in
accordance with a preferred enbodi ment of the present i nvention, for

form ng pixel 20 shown in Figs 1 A- 1 C Fig. 8A shows a first step in the
fabricati on YWPWER¥4 in which a substrate 22, preferably foPFEHPPYR a
silicon wafgfes fl e &> Dsdd r : r a
mat eri al sueesa§ﬁ§?q¥c%§9ﬁ@%¢?h ; g%pﬁk g%hh%%&gﬂ%?&g%g1g§§§%?%mgﬁﬁﬁ1
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26, 285 antPosiye s qouxepisaE P PIEsFation oY) enh rst slegirots 2§ v gropuded BiecYaldeani t h a
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silicon dioxide. |Insulation nub well and rnsul ati on nub hol es 83 are

t hen et chawl 30wnd fiprer 24 ppingl 20 shesyn @flg |2ﬁ‘sln Bigi Bh fhpnst ¢ pndssegandglestrpds nd
hol es in i t: t cond
electrode§%%%g%ﬁgg JFPgﬁﬁngﬁgﬂ%qggsg%mggtvgﬁ?%dgﬁ%%gﬁﬁﬁg%ﬂﬁr %Wﬁﬂwﬁg
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o epEd S8 Siamas g 2B PRt Siths Bates St utons ROt paen 2 26 0o iPRE B mubs
44 on firgd e ercetmﬁlea@am&ehamranﬁg layeR @BMnt Nsubdt@ite BEof Pixer 30 S kR

mat eri al such as_polysilicon or, alum numis then deposited on sacrificial

| ayer 82. schemetirally pyplug gud migss $igns; hen 5 et ched, preferably to the depth of
sacrificial |aygtni@gtd ﬂgfﬂ( %B%sﬁﬁ%ha&ﬁ@’!&&hd%@éﬂ&dc’ﬂ éﬁelfﬁﬁpeﬁﬁ ea%régﬂe as
shown in Fig. 8F. Ih Fig. 8F insulation nub holes 83 are filled with t

mat er i aI ¥F nosijize charze Hadenasited phseqoad edastradia8 4nd on flippert 24| Sieger @g@dze A
secon r|f|C| s _t hen depos

o ol © ikdston® a8 ana BBer P nee Do and Secaiy cBpre o sGERRR Y FeirdRinene .
sacri fi ci ednnéagteto aBame Srolftagemdt diecatiel B sidl flipyen 2dhﬁylbdeonsideﬁhﬂ|tyﬁldct1@0n i s

used as a materia or fI| r 24 polyner. if alum

mat eri al ?B‘PglFICPT)%'@ 2%,5 a é’ﬁﬁ?)%fitgf d%"&é’rt‘?d\f/ Ogifixp cﬁ‘aé%’res‘gﬁsna”b%cdiﬁfj nt our s
of surfacgsniyop&bl 50) ai the doR@SHRMvecASecdnd Elsettddy 28 aRd ﬂgip&' 2. ThéMfkge86 has
a step 85 IH t he vrcrnrt of an ed? 87 of fl depressrons 89

|pper 24
over rmun’feﬁ1 & AdFhowndp %&A?,R“ the; Qriside susfaern ot Servoturng ‘étgtlh ¢ ysingle pNECteBct  on

of 1524 hefRyEhp S&Bnd)b%&odzféstahatmﬁeew hﬂ'}éﬁboblﬂvgblg&r S sewﬂdvérec%@é% gection
is taken along a line A- Ain Fig. 8G | ane o% the cross-section

passes t hfaaghrated st & botndary gegion %m%eersmnégﬁctrwe@ﬁ@n@rrxﬁglgtl@e'érqraa Fhei pper
24 appearﬁosme RRMEe fnWRp Lt 54 RRBRGhEEPAH faSe suea&ﬁzqenlp%%d&%fmhqs Sfeh! part
93. part 93, hereinafter referred to as "axle part 93", Is a part of
fli pper 2'41 theaarspedsivig o Figr dbof flipnsk abket 38 of pixel 20 (Figs. 1 A -1 O).
Large part 91,pif2 oﬁh{?@é e ih 848hd Bifctiode 28 iRREY » B%tch%é e {50 Brdau@fngt N
body of flipper 24. |l e part 91 is not separate %ronrbo y part 93 5
appeats sleydsed aubstrate ﬁé mmatme chivge br wbsratee2d is enqsaatedattahonndany regient i ng

g6, f our T ax b Beale R RinihipE Bt BRERESHA ARl 0B BHILLEL By Y

t he way t genefated by teanhargeds at¢1wrhoruadar3efegrohs Hland3H afsnsn@tmgtahcrc% i2&onlfinain | n

the art h a as her etchin S
are s hownas ?c?rlufe g "é?l ayer%% SIYST S rﬁeg‘nﬁjr ]i’ﬁs hggﬂo?fherc E)ﬁ‘g\é\ﬁ% g’ésr chr“g? al
| ayers 86Semul ﬂé’ctmﬁe PHiahd amdtdting ayef oiE’@BhracefzmhﬂdrtEe&gmﬂsﬁ &}Qulaﬁncg Rye 200t

h th t f henmat I t hol
0 anth | dyirechapRystiosa’ b4 Ferllein e dondtioc T SRGHET PHEA TRSRR Fi g

8|h : 3|0 Hodeermfd%ecat;ﬂode gem%le@mgat% ﬁ@frﬁthusoeiﬁhcﬁ&cmﬂfdﬁe faﬂﬁlleﬂ@ﬂagt Iﬁéhdﬁﬁereis of
t he egs”. .of .U brac 6 and 38 (Fi A1l Qop. t hrough. nounti ng
hol es 32 XMWE 3% deierming p??'e&‘mfﬂswnfh‘éf ﬁgﬁﬁ’gt‘?lﬁfﬁgd% §16) é‘?“gbngeatyérr?ﬁ Ax Here on

central edieledtrioecnsiatt dfftie haasal of inkhiingaket 33.36 and 38 are anchored. Hol es
90 are not flush with regions of |ayer 86 that cover axle part 93 but are

di spl aced fromthese regions. Technical,limtations in the accuracy of

pl acenment of holes 31 WO 00/ 52674 P I L99/ 00488 90 require that holes 90
be distanced fromregions of |ayer 86 that cover axle part 93 to prevent

t hese regi ons being damaged in the process of formng holes 90. Sacrificial
| ayer 86 serves to physically isolate axle part 93 (and body part 91) from
a next conducting layer 92, shown in Figs. 8K and 8L, that is deposited on
| ayer 86 and ot her exposed areas of pixel 20. Layer 92 is 5 used to form
U-brackets 36 and 38. Danmge to regions of |ayer 86 contiguous with axle

i portron 93 could result for exanple |n axle part 93 berng frozen to
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WO 00/ 52674 PCT/1L99100488 are used to couple flipper 24 to central
el ectrode 30. It can be advantageous to use a relatively thick sacrificial

| ayer 82 i 0 increase the space between flipper 2
el ectrode %8 n%’r s4tecond el ectrode 28 when flipper 24 is |§Jctqﬂg”6d|q£8§nd of f

position resperd pYfhve EHArgdk AR fabd siHRGE AASE Sibpdrt140And AubRSBihin %nl'y these
manuf acturl ng procedure for_producing brackets 36 and 38 with | ow

shoul der &€h3rgesgiexespt dergedee qfﬁétsbﬁﬂd‘tﬁ NegRtive daies ioB it} cleptgpde 1215L5mQ3 Rer

pi xel s aR@arPésas B&IrﬁarnyE%Lém%ta!nﬂ 86 b hbiRh&rafe@ RidAltside bﬂnﬁﬁ&ag%epg Wst h
preferred enbodi nents resent invention are shown in .

Pi xel s afdeshabganamg Mstnhutmn@ thegyesitive andgpegathieshaieesion Sipner Mﬂlﬁcﬁt | on
pr ocedur ty Iyt 8A—8I.
0 F g, CBaEaR Bl oy e RERRCHLTAY bectRe 28140 dichel b5

accor dandk wt@hlahdqﬁﬁeeﬁ@r VBdbeE\rﬂgmdlerre ﬁthel@fortt e electestnit fichiviarthe epace Rm‘ver nng
to Fig. 9A pixel 100) which is shown perspective view, is_ver

simlar (BPRST %éwnéé”lrstﬂ@tra#r 90 df f*fférl‘cé‘ﬁﬁ é“‘i’séa“i"hn)t RBIY fribe shapes apd eﬁlatmae

br acket s ph&iéns@P iRt 8lebtrd d2RBrand fligper 24 Aldnodle 1810w 8 tHRh Hek fbk 371 fRRBled24 1S
coupl ed to el ectrode 30 by U brackets 36 and 38 each of which has two | egs
that att &ghthe blecttdsific ebictet ofemtel todift a@esm away @om*ecmﬂﬁelhttrqdpaﬂ ad is

SPRP BT | b SfiotOad e bRy ARG AR oG ol el PSR A ey 6

102 and Iﬁﬂeleatso@%and)ﬂq)pbxeglahﬁafft hat does not extend all the way to

el ectrode 30. There is a aE 110 between the end of |eg 106 of each of
brackets 102 é&ngimilen a@ﬁitﬁlfep ¢her erpegeadistricatonp1shows igeBig. 3Belsadsntoga pemti | e

vi ew of Bhiflsiohdd il Bdeb O Bbutidls S 10 is
made smal erls%)ug‘ﬁtsol&fql 'In@C erré248t§olé§_ I§1§t 1 ﬂétﬁ'goﬁgﬁ%m ogcslé from
br acket s in 2 spased aidy4. ﬂll&eaékmdsﬁrmﬂecand}e 200 Fag. éBssmlflhetlon $vibstafniadly loelyf36 and
38 b au n ne
ocatPon i aPRet B e JASb0 o o ANERALER By S T BAg S i BlR0T (o
l.ocat i onshffeTctme &’@d]eemamem SamiddriybfoaceidStis Fig) 2Balmad op&rdtesviot Iift flippgredtantap
brackets 36 and 38 is 25 advant ageous. Wen surfaces of a pixel, in

accor dand@myecondzelentiofe 28 anfl WoiBrsiling Flecisede Ads sybstastielly ople mfvres«ﬁon af e

treated fsﬁ’ap@éM&Hﬁvﬂ&ﬁbn@oﬁﬂr&%ﬁeeé@&% ALHAMppePiPind ¥ 9. black and white,
the flipper of the pixel is turned to an on position,” for exanple, and all

exposed surf ates slabed frel gelatied pasittons rof dire dlecody 26eartdhRippérit 4re tigt samelinr . The
pi xel fI| roi hen t d to.the ff Si 1 exposed surfaces
bt e 0’ pIERERA 13380 EReept R EFne Ghompate puliiedht SOt disiyCh RYReTHBPEE cong
Sg c?: or 24Sud ﬁf&ﬁélfSctfolaaEG axl’theﬁéﬁBQSQﬁa stlelttlEb élmro@cancaﬂadst gepeniel nDthSisﬁeicl@n of

t he |pp eref ore have the second. co] or. U Wi t i pper
isin thé‘ ter BRS¢ qaﬁed?ﬁ“?g‘f zé ‘%g?géy%‘\ I?Bﬁié ofr® f‘f?@t‘%ai(%?ﬁﬂt E‘BIPB Bhan t he
pi xel di gpkRftse &redstdd dnidrBtinGagHRAGRNE Rt Eétltemr ﬂip§eﬂ ;m ivbk@ 6 RehE i ON.

Thi s asynmet r% i s undesirable and surfaces of the pixe hat are always

exposed <kotirds A8errs Kl Arplyansntha reriita ofdhmanalystsi fa‘l the “%S’F?l” ek A ePiet

br ackat s 2usRelvA th EigYRICCard I 1aBE10 the cahcRisioR!thad Forces ¥ A 226G herefore the
PCT/ 1 L99/ 00488 are exposed in both the on and off positions of the flipper

and it i dnatheds deroflipping fipnendeshavn B FigsdleandeD gespectiyplynirg ewlstagtiallyathe ar e
used to ggiple a flipper to a pixel. Figs. 1 OA-10B schematically show
perspective views of another pixel 120 conprising a flipper 122, in
accordance w iThe depesettdanédnduebd dhargest oofilipprs Ik frstnelettrndenit ond seeonér i ng

to electrode 28 in the various voltage configurations that are used to rotate flipper 24 between on

30  and off states are generally concentrated close to the axis of rotation of flipper 24. Therefore,
forces that act on flipper 24 are also concentrated near to the axis of rotation of flipper 24. As a
result, most of the torque that rotates flipper 24 is generated by forces that act on relatively

short lever arms. In addition, the strength of the forces are substantially proportional to inverse
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5 Fig. 10B, flipper 122 has nounting holes 124 and an edge 126 having slots
128 that nerge with nmounting holes 124. Referring to Fig. 10A°'flippér 122
is coupled to central electrode 30 by preferably identical_ brackets 129 and
130. BrackeVOP¥*74 cut away in Fig 10A to show its const FSEEEPY8ach of
bracket s SE¥i ' rd 4. of
brackets SIE_I&Z)%e and 1%%8:5:%?%{@%:15@?%? gﬁ?g%% g?grf%ﬁ? g@g‘rsa"fzézlwé’%ge %? ggg%t% é‘rr’tii%lément

of fli ppdhpper24 isrfo he fgatefl.-r ecti on parallel to edge 126. Rinms 134 of brackets

hs i n the cavd: BETsrh b SRR 5 al AARREeRENER S WP AR Sl Bl o 2
of br ackes shob@tinpnctlsP2B0ind §0,anodrorzestht concenttatianh ofdhegt meatdo 86 asis obriitatioone

| ocaticon. Rref | .one.end.of .each rine, 134.is anchored,t entra

of oot Pon ot Tibefaf dh baafiie et Ak Rh SERGHe BlEh Tuekor i SARRAAGRGR LS |
each of tahé28thacareelde of thaaxis of rbttiod ofbiippse 28y atopidnecgsoodey 3@ .eldctrisds 261 35
in Fi 10A ows .a. schepmt i rofile view of bracket 134 and. centra

ol eot Poddnd g R RizRt AR hebioR phlrt et var TR aR  Fb P08 B¥hched
to cent r dlipghe eblEageland Qivelridgtande bawbantldse @liges” shelsbiraieP 26 SpE QB Nigppew of
anot her pixel |40 conpri si nlg fl i%p%re;ar é42, in accordance with a preferred
enbodi merdPregare minipiasd aihen sicrodes S nd 2P AI5FRPlaRA2 has 20 prot uberances 144
at opposi te endsete, @@l iéieRdd iR dinhdnBRFithe RERhURGEMBE AR ofdbftoAhgedte! d 1N

socket brackets 148. Socket brackets 148 conprise a back panel 150 and a
rim 152. flpping fougse for pogiven finring eolags, Sisw and sepond @leatiofesi 4G ang 28 srecangledyoin a

directio rallel. to edge 146. .Rins .15 ve flipper 2. from

separ at | R Fir b 13T el IS o BTy 05in bR
anchor ed vith £glfefrad ebadiendeE tidbrekentdfitentiog ah wvhithy afgle Baetweeh 415 plaitky one
of which 25 is shown in Fig. 11. A small space 151 separates nost of the
body of &ffrsiekésecondBeleetrndec2hendal8 iglless thaod803(Preferablyn0as beswrent 1408 adési gn

of saqcket kets 1 ocket br ets 148 conprise only rinms 152. Rins 152
pr evelﬁt fllsgéﬁi?refﬁ"ﬁer? b ‘%W‘Y?PHS&%’E‘&?&?'I y in a direction parallel to edge
14G as a resulrhe @fea €0 Pix8ICI0, 8F ofhbiFixel 20 ad¥otdande@itis B PFdferRAGRHoRIMenl boRET 142. .
30 It should be noted that whereas pixels and flippers shown in Figs. |A-11
are rect FFRFEAtARVEnHORds prefesrbiing sqynspmdllimetsepr lepadreferably fpnca24 is lesad@dr dance
Wi th pref i - P . LQFE i b can
be advantlgg(yeglgcsf&gg%?g %Egr?g Fgéroﬁﬁfgﬁsﬁ%ﬁlgg&yﬁgﬁﬁ% élg?:rg g‘glng(}arﬁn V\n&?ﬁ

pr ef er r edidenbs@pme applications fléppsr 24ie mreferahli tass than iLA0 widrens lengangi SoahisTons e

di amepd . Qr 0, ' [ r j i - ld 34
0 0052013 S aG B8R pRel ioRBShaLS1 o8 niLBRRAL, FERE i drihis MU C

pi xel . Aif suitplhle forfporviding mblciyandathits ayod e epi display\having a cesokitiomed 350D

o ocess for 10t i Rl ol flogiherfn, e brisel IhgntdlS ipE AT HCHRSE Bonf G

show cr opslysidictn amlahas\dimevsionall enléak @igniarons,mesulting iA sspiveirhaving Mirgensbon9®A of a

process f f.orm ng,ang, et chi ng, | [S.Iregui t 0_produc ixel Q.
b oduct i arbotBialy' s 306 B Bicsuh e 74 3 A5 SRl i Bien o ¢
st ep25i n polysilipsroghdaié rafeblyd. Xmicr@B tisbioWsulatiopauts @e ahd ¥2are ipeafarablp atbaugs,

8A- 8F tively. 1n Fig. 12A i | ating. | .23 is d jted
cust r at 8- pieritn Mg P GRS Frg 4815 U5F KBRS KG SRR S ¢ nen

deposi t edligper 2H&dnl batflipigdibaw@en EbandlodRsitidhs inS thhEhtde balef 6 1D rhillisséands econd
and 10 central_.el.ectrodes 26, 28 anqt;g resPectiver ich_are shown in

Fig. 12CUSIPR 2ffigping yehage subsiaptiplly equal 19 &ve Nefissd lapkingypiee af avaut 2caeltyy

i nsul at i ngkb 8ipper A3n@ra8 oBQY 6 PEsitdL h sacrificial layer 82. Sacrificial

| ayer. 82 is covered wwth a | ayer 84 of conducting material, which is shown
in Fil§. 12E Phpls 20that aread o83 myoigpsh 4ot be fUsrg paracoardaig\iwith ¢ pefgmed 2F. | n
the crosgmBediheft ¥ GYW ppReMInddhtibh, do phdfidcPRNB1aki0 afid Ghite b2 Grab v Bk phrfdl | OW,
flipper 24 appears to have 15 two di sconnected parts, an axle ar?_93 and a
body par tdisplay. Adlaknanel dipplay somnsising prysls0taf this size has awssalnfisinees 369 DPI in 2

C1 0SS~ SO Gird AbnsfoH na ARHLBALEY DO DPERCNelthaim{ddlagper 24, porti ons of
sacrificial layer 82 are etched away as shown in Fig. 12Gto lay bare
regions 228 and 229 of central electrqode 30. Arelatively thin sacrificial

| ayer 226 is then deposited on all exggsed surfaces of pixel 100.
Sacrificial layer 226 20 is then etched to uncover a small region 230,
shown in Fig. 121, of central electrode 30.. Sacrificial |ayer 226 serves
to physically isolate axle part 93 (and body part 91) from a next
conducting | ayer 232, shown in Fig 12J, that is deposited on pixel 100.
Regi on 230 that is uncovered when sacrificial |ayer 226 is etched, serves
as an area of central electrode 30 to which conducting |ayer 232 bonds
strongly. 25 Conducting layer 232 is etched to form bracket 104 and al
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WO 00/ 52674 PCT/1L99/00488 As noted above, one possible function of nubs 44
and 45 is to reduce stiction. Sonme enbodi nents may not include nubs (which

reduce the contact) or the nubs may not reduce stict] a
sufficient @ﬁffu The foll ow ng description contenplates %ﬁg%@%t hods
of counteract 'men@dmé? plﬁ'érpm b @isSiZeGhh eauseu Ro ﬁfb@m&:(ﬁaﬁh@ Bt Erljlmv@lE}il&}“%
preferred 5 enbodi nen the i nvention. However, iS noted that

enmbodi mengcsorgance ethi amrefﬁrrr:cbﬂnwdrmerm of the peeserh inveRtnsn Ferrreﬂfthp% ﬁelorﬁlsrzlwe
fol | ow ”%?Fi&-ﬁ{ big,gséel%ttm%e trddted 8 HEXNECHEH egym 16 QP Qelra%rrer QRSofhe

met hods w Interact in a synergistic mann drastical Iy reducing
sticti on.RGB calops. &aeh pixel na‘rtb@ﬂatﬂencl ofor display ny e hsupgnplxclﬁ,eswstiarppéy sgiaxe| s

are CNSaoE IibdiRSak ol SIMLLONTE Mo IR 2020 N6ldR, Hgsl coant

mat eri‘al s, ry gasses, suc nitrogen erna | Ve
flipper mhﬂkmmNEGBmobrvacuunl In a preferred enbodrnent of the |nvent|on

L anapar ont et SRR B RARRE Ha? Sheeh bl a0 05 fhen RrpRets PRl biock

pl ur alhi tyorai;nef:ﬂnﬁgmm ehemﬁ&mrsatfhudnﬂg:ﬁieﬂ%angé hlatidl folfaed Sthexgiolc?'her o
eri phery.a e di i vi dua i ppers. Prefera ,
P ube o7 et 1§ afsornee vilometiired SRbgHmPts o e Meetbingtntisl o el | © 35

Al termati vel Yy M. Sddivk saiddbiidally pae oP4 bIAEK fndl vhitel fiit-part] @is ysmd@ﬁ iy a
provi ded adjacent the flippers to assjst in overcomnglmd&ﬂ strctron forces

by appl yi mgraaw bestanguby eeclfe%rwaecﬁad@n%ep‘ﬁrﬂr aPrefyrednanbndiment of dhe; prewat

Fig. 13A jnbdrsh rlﬁtﬂﬁﬁpz@mmré’ﬁz{y 630fe porsiondt bmr rs 8 il FkdIO20 &t e&;troﬂd&bﬁ%
accordance with a preferred enbodi nent of F e invention. Except

el ect r odeand(pplun gpntraldines ¢ prd GoFearecHRl: Eaeh 1o antrg] bing 6419 camsaind FOnﬁTFﬁ g. 1
A. The pagitiuoHt 85 £ ORRTHHLESD BN Riw 6f HRLIE ROBarHARel %ﬁgmp d2NEbdhalonin @RuOPEN

f ence. However, ot her onstructi ons, such as 'a solid construction or one in
whi chl% helinerurig consectedto dentre)elegtredenift insashaixed 20t a cplampi of @ixelsiin flakranaind/ or

the out erdlﬁﬂ%%%fscﬂ;&dgpéggﬁ%o@% 2 LAIP xéi§ gareFﬂegmarrleﬁgY gﬁouﬁde?e?l% i ew

along a |1 0, sho evrtatron and
showi ng | panelsdisplaynomplisiog super blxelsobaglemamled 6dywaultcbcdnaprise gttreeomxcﬂst 2inraode

and an op C spond t he
flipper. %%8n€°§%Qm£§PR%I&%gg %evr |oﬁgg Plg§%%%n§pm§g c%@??aﬁlon
forces peuhpprxrdlscamlara styer bixepweuld Mphydhmad iof szhemh thevoe pesitibrey dif&r/eet ane

gr eat r flipping the flipper and overcom ng stiction. Once the
fIipp@i @yﬁ%égﬁéPgﬁs these extra forces are not needed and can be shut

off. Inat yprrﬁaﬂat-pmf digplay 62,00 flipp&reBicofl £pikéladol i0 lipied fine 68 towiflusihg ik t o
obetUct MR LARRIIO G00, S0 s aler Ay SIUC ol B Laal, Ly do o
smal | er, Qeands Gt dbarg@is 8 ik ads mrleyecbﬁvel“ppeﬁ ffdfteofflteeh ru@@lg 02 i's
shorter, r(filllt:ethgcg1 geslcr?lyc%l in (t)lr}ce (itlsrz:gss];olnl or%%?gr 20Dr mev\v/l?lgh cszgnltrgmhl:u%rogg !’:C()) 18 grounded and a
25 flipping voltage is applied to first electrode 26. Flipper 24 is locked in an on position or an off
position using the method shown in Fig. 2A in which central electrode 30 is charged to a
locking voltage and first and second electrodes 26 and 28 are grounded. Hereinafter, setting
flipper 24 of a pixel 20 to an on or off position is also referred to as setting or turning pixel 20
to on or off respectively.
30 To form an image on flat-panel display 62, pixels 20 are set to on or off, as required to
form the image, row by row. Setting pixels 20 in a row to on or off begins with all row control
lines 64 of flat panel display 62 grounded and all column control lines 66 of flat panel display
62 raised to a locking voltage. Column control lines 66 of pixels 20 in the row that are to be set

to on are then grounded and column control lines 66 of pixels 20 in the row that are to be set to
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WO 00/ 52674 PCT/1L99/00488 Fig. 13B shows an enbodi ment in which the

l evitation forces directly raise the flipper. However, in other preferred
enbodi ments of the invention, other forces vectors can be used to overcone
the sticti HOWH6Une exanple, the levitation forces may b&CHASA4EE npye
flipper 24.j e . [ .he r L gt f 'S
adhosi on b e & B M s, R BRpl HFEPEY R fbnlslho o, RibGhne

parti cul awolthge Wishitios hedpess, rld gexels205h therrowHoseimaktanconsly sét ¢ theiralesred od
enbodi ment s ;of the invention.other electrode . constructions can us.ed.
Thus, as oﬁ6)tf§%atﬁsoﬁ5‘vaeflm?’H’greér'aggzt rrege §§ t‘3:""astna b@lpstlcr)% d&%trﬁtrt;?kg%gél .lp%lernagg)d;ﬁ i on,

t he hei ghietvaden tah eonedrdcdff pokdtiona Flipwers/ 24 bHpixelk 20ph ahe tdve tHae haveathéiomoleinact r ode
can be at the height of the flipper. In.an _exenpl.ary enbodi ment. .the.

o1 ect rodeonEoigmgs & th rerecmendh B on pafu s By R Rie uRRPRART bRt 0811 | o
addi t i onahéyyare ihthe loBCaisition. Mipptls @4 & pixk)s @den errowahat havdithsir calutm@\dohtadli on

el ectrode, may be situated along the outside edge of the flipper.(as. shown),
al ong itsl“’§1°’ é@seéﬁ‘aiha ‘_%R“_‘%V‘EB‘E &Py B‘ftg?ﬂ pPF‘_f‘ﬁ‘b (he e ea(dPi_én %@fé‘@“’@ﬂge_ or
near the QHge) the ofAbitih ANBky Mre @i thaloh§lokieibh. Veker pix@ls ZWPARhBWIRY s@godel i ned
in the fllpéer.and the levitation electrode placed in the opening. In one
exanpl e, REollmE S eF the £0% IsgeW@Edet r om the 15 outside edge towards its middle
and ayg evi t at ilRre L&A onPHh k! H4&S 2b bk QURR: FREirSthe tsam&nta8hdakhil ¥&ihn OF
additionally, the levitalion electrode may be susgended above the flipper,
for exanpioaireltinaefein flagpane! disrlay 6 sei dethsflockingvaHagsdpenshormpepd of timg onre
enbodi me bfj 3} &9 b& Mibp&s 24 AASTNSE vaRH WYidfod
concert, nltsh?)S fa%g&?s If)}%gglfl ?‘e’éegﬁ(ﬁ%@%{ g?é%‘ﬁe% %?t at 8%%el ectro egclg%%dg't@he

f1i pper - provetheirirespeasive vp god pH @osippnsaluring thedine that theithivt ¢lamxels yas being 20
levitationp e d : -To [ Y. o] ' . area,
for exampre 150, IR 10 LBEROR I Bk ol aREEP o0 ine WORNE el R

| evi t it | qrsidibes: I thisevdypixdhothin flarpaehdispiaedeare eevee lefioularkert long énoukle for

i nvention, . | ectrode n el for e l.e ing. cql.u r.

A o nat 12k 2870 SEREE ORGPy R HEHLP BB 0T BT Els SRS
or three itikasw cabirdines @ arg groamdet] ésaving niang pixels 20 mokdekedl)i ch may be

controlled is  ts ngt.h ong. the |l ength of the pixel edge,s. 0 site the
i ngey . At hodiir 2h T ies Aan fis Y o aRetrop i Prebter FiE) nd @Bk 1"
shorter ﬁrhi@&l %Qﬁ%ﬁckﬁﬁy&l&g@ fc?ll\ﬂ:ldﬁhé pixeBlin epﬁamahe pffatags ttd m@@l&a tm@tnueel;usbeBO% and
80% of,. the di nmension of the i.pper. Anot her parajeter i.Ch ma e

cont r%ﬂ | S84 iqlé‘e fime & fAkRbior ”Bfanﬁ’F‘g%ﬁe?fh ft R3pe tdﬁg’?a\i’o 1558?“?75’8@&3( 8‘3%‘! Bt o0 the
flipper shaper of hvs inl PRSAndIdiparyasatintd e fipnihabl @R sikes in atesat-phifel Sone
cases it | s desirable that the force lines be generated in a certain

di recti orfistAYch is oblique to the flipper notion. Alternatively or

addi tional ly, hme&nﬂlm?ahéli &GPlayB O dcéRnBE with YpréferrdiS@bddmméAlsiCe phgerf f ect s
of levitation electrodes of one pixel on another pixel, Aternatively or

addi t i ondRYSpUR apimagsois fermsd b aitint thal yhinueh shogter tham thedimett akes iy fosp ape of
si nglg e'iﬁﬁ%é RO0@s-pIRY dishlay AOTROLRAE i¢ fd?ﬁIé] Iiﬂ-%?fn@s‘lﬁ%aﬁia?? a1 IS HI@p T i C-

Al so the actTivation (vol t'agle, timng) of the electrodes (Tor exanple as
descri bedimepiaiyelyf/ingke displaerather thawmn aiime sybsiaptidlycanaidela proguet/adithepiiRel s.

In Fig. Jtﬁl%m{dweﬁwe;gfdjoggﬁo iggltslalg)(;!es are shown, one on each side of the

pi xel . In sonme preferred ment’s of the invention, |evitation
el ectrodes ar dhshareuevod ime dat-prngledisplayl in Bcendyrdiwithre srefotred embediment ofi ngl e

levitati Qfe ﬁ#e?&ﬁ §rRngtiJn;5 b?ﬁﬁ)@ldﬁ?gr ea@lil ﬁﬁlel’ 2@wRR%8&£Js901@E&E&ﬂE n[iﬁ}xrétaddressable

30 switches are controllable to connect central electrode 30 and first electrode 26 of the pixel to

ground or to a voltage output of a display power source independently of each other. In this
way each pixel 20 is individually controllable and the setting of a pixel 20 to on or off in the
display 1s uncoupled from the setting of other pixels in the display. The voltage output of the
power supply is such that it can be set to ground or to appropriate locking and flipping
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is to alternate levitation el ectrodes every other pixel. If coner
| evitation el ectrodes are used a saving of a factor of two or four in the

nunmber of | evi tati on el ectrodes can be achieved. It is noted that i ne or
ot her groufhY2847#| evitation el ectrodes may be wired togePhEPL9P8%ME

activat egolt%k@é“ quy%% thhﬂs%&”i% the ﬁ)fcl?ihg ed bdﬂ%@é Sché)fao&é}%omce

i nventi on, di er ent Vlt tion electrode’is electrified (or a different

el ectrif p@eﬁubsswtpﬂmfsnnnétan@uds cbigrge elegieodeld Hyarsind G ¢feallt gipes 89 irf the dizelay to
moverment , r

electrifi cg(tclgglﬁ or?lé};p nx,gdtﬁ%g QQ{ SP?@?’Z%]Y fé%gﬁ&pﬁ%h e%éreeﬂptg%?glr' exanple if
t he el ectrodeTe @mlaomgsgml t’nh ﬂatamadel Chﬂplayhm abtqrv(beplec with ermpefenkdcantmdiniant t he

hi nge} , herthnlt ny el ec cat Jo |
ennae 150F R pre i dpaiof B8, vetRe BhGRLBE b Bhlver iiond € FAfALd AR ML |
preferr edidessbdmh smtthes infthd dieplaynate addressed mx@medppeipeattersodmmga:mcedmemad ed in

135, a1 BB roBnt ity 7o frd Ehirdl Yseiehle FLE PisboAT mant of Puhe”

I nvent i opowet BBREE. FOB pidelp ROKIRL hre Yo B seb tdore katial elelemde MEsodanm;edbe gﬁsmmanged

for exanple, vertically or horizontally. The subeectr ma

ety f R tsgiodt PaHS Grmisras, feapukiot fenbrey SipeoFOditAlt oM K5 1o he
sub- gh eché esas TR YboRE @B EIEdEdde Bovint Nireh ElERFa0 106 VRE LaEiRGted It ti PoIREEr I ed
embodi nent of the invention, the vol tage on the levitation electrode is
vari ed dewtPwgThe ¥oliaep pytputis Sien rpsedrte thflipping gpiageawhichicanserall pigels 20 Bhe
possi bl eth@ﬂi&‘ﬁla?fto\fl?ﬁtoathélf’ﬁesﬁréd bR o Bffisfate LubSartly @ﬂﬁxlﬁ§eoﬂsl UFI’EsIt 'ef&&rd?ifes the
expected position of I pper. For exanple, as noves, the
vol t age 2% of édlupisels (2@ ge thqmmﬂnecrt@d tos gpoapd) all agnteal ﬁlﬁpﬁmﬁbﬁ yof mxeﬂs @p eang

el ect r 0dgsinPlte PRI the v&ifag& Bﬁtpﬁ»‘t' A8 HEORa S Sutfilt GELek tf ﬂh@?’ocﬁﬁlg%ft&glctrh@ TRl the
flipper position. nat or additionally, the eléectriticationis
nmodi 1% edaléBleSfZth:ﬂhPomomffﬁthteS @twluth ey weresets, whi ch can be neasured in a
| aboratory, f i y or
addi  onal 1 y, epEHERR Euingithe SahbBekel a chif B bl ot copRHAPE R Y
speed, fomeefapipile 28. 38 ahreglhiE:rthvcbd»talagme trequmgd useset afd fickhwxel§ RDppithgr r at es

are required. The 19N in,v e. ntl uous, of. i t. b
<t eppoa, PRterial, VGt ale B e Rrbi e R S PSR BORR Bt i ke 8F
pr ef er r egixelsRodi nent s of the invention, the timng of | evi tat| on el ectrodes

is synchroni dwith the fli i of fI| er.s n
vt BT o o i e araons S ReRRE Soress BROST ke BT 1 e Bt i ng
the fli ppifgpfletaispagein. acddifard ikt préferrt® emBodifhents \A@tﬁl@bﬁ?@ﬂ'ﬂnventwn in

PCT/ 1 L99/ 00488 rovt ded.r e onI suffici e the sti,c on or
it may b@’g’éH@H@ﬁ Oopre, (Y, qaﬂy F‘PCP?T SE’H%‘ AERYS|yegoniso i@éﬁ%taqﬂﬁ F‘FB}EFHtC’n and 0

Al t er nat lI‘Hé%le)tonﬂéﬂﬁtﬂbﬁéMﬂﬂ’éé.di’l@o@é@@dﬁ@dﬁs@mﬁeﬁhl pping el ectrodes have an
over | appi ng activati on, to ap a nmaxi mum force agal nst stiction. 1ln sone

enbodi nent st PREferady:+ a1 |%WyePgdt1’tféﬁj@0| dhafi sy individyally apdisr oimafancgysly

ot hebyi S gorfulof¥H189n szco}d}ﬁcef\Jvit}pﬁ)ﬁfefe?fég/eﬁﬂboénﬁﬁtsd}‘ih@ﬁreﬁnﬁfn%tﬁfoﬂr1§$orm|eﬂ' af hese
enbodi nents, the levitation el ectrodes q»%ql e activated before the flipping
€

el ect r od@anongihlesk iameproresy (at wreraesdayesmpitieatiops end anaghanigal ompracEs fiect  of
the levi hﬁ.}nl gte leg{rodes In sone preferred enbodi nents of the invention,
| evitation e rodes nmay be activated to break stiction on a plurality of
pi xel s (or thle sontei preferted, robgdiments PE the @erssityinventietha pie! omprisengrotethan

el ectrod V, fy sone
ot of or rod S Ebay WAGki EpRH AR | Hheid AoBEAE o) el A BnPLH Sl o B
appl Bed byaodbrﬁ&rmeemth 4 m:fetrad cmhocbmemtqfdtte}seﬁndnhmntrbh,l qEpipniging lagduralodes f or
di fferent, plxels r er Al i ion
for di ffelﬁentppﬁslhﬁf)zﬁil) S‘b vg %ééer%)&fﬁ%ln& g1g %grkg%?etrﬂs#ﬁe&%}
levitati oasioxeltlmntarp)ﬂﬂhﬁvnng asmgleﬂmpmg type 15 p| er However, it shoul d be
noted that su Vi ion electr e adv eousl sed in
other pixel "t iBestA b ey e e BiE fePpiule M pe s SIS Poet MR 't he
i nstant ptcoRlaficd With Gagrefrrbd EgBsdithB@ bfQRE piesdnk linRhtton. Pired1 60 cdiprdses itwio
general, a levitation el ectrode breaks the stiction and a functional

el ect rode causes the elenent to change2 state. Additionally, a stiction
counter-acting el ectrode nay be used in other MEMS devices, for exanple to
assist in the 20 initiation of the notion of rotors or other noving,

bendi ng or flexing el ements which adhere to the substrate or other

m cr o- nechani cal structures. Such elenents may be smaller (in their maxi num
dimension) than 5 millineters, 1 millinmeter, 0.1 mllineter, 0.01
mllimeter or even 0.005 mllinmeters, depending on the application.

Al ternativel Y, I ar ger eI errents are pr OVI ded. Thus a stl ctl on- count ering

. e S




25 beamtype sensor. Figs. 14A-14F, which correspond to sone of figures
8C-8M illustrate steps in manufacturing a pixel, having levitation

el ectrodes, in accordance with a prefen: ed enbodi nent of the invention.
Thi s et hodVQ ¥WR8My exenpl ary and nany ot her nmanuf act uri n§CHEOHHHEE and
vari ations thereof ||l u ski | | Ln.. f 0. Fi 14A
corres poE‘?Pé’ “Po? Ellcr)sé .ﬂ\{m & zli%gns %%\7(5% mgd gﬁ’k%ﬁ%ﬁlguk]ué@ﬁﬁaﬁ?%lglGglhé%%hg%cdghgsas es
3l 2 f oantdigstadeotrgl atidt thiré sty thatesse AwiiBh Bipd 6266C Fespectizdly. Eigr bPsshowsiant o

Fig. 8D an ows anchor. vi.as. 314 for al,o i de .vias 81 and 83 for
al I owi ng e’éﬂ@gﬁ@‘{fn Vé‘f%8f‘?16%ég§HVé? S?B?%Z%C’Iwﬁ%%s owgdﬂth%Pg el ectrode bases
312. 39 VWO DMultb Bippér g4l /6B lcBpsdd 8 Bubstrgte 224@viag an ésparinks layer 281 Birst@hd and

shows _second, el ectr ode ti 316. f ormed, above | r 8 d.in a.sane

D1 ane S as PR LACTRIB AR AN PR optetrorita el 0, U Rl Fsstedst ¥ e ont act
el ectrodes2 besemddad &b fau@d oviiasulading layer @3. Rifd) deSordl, Shiffeand RwrtBlcedtiag. 14C,
showi ng only the electrodes, in which |layer 82 _js 5 transgarent, show ng
the bri d§lepgedss 1B dé4.rlddand Blffe%r"smgﬁflea%s*‘ﬂw@ 1} fieofdRnd Fi8s®314. Fig. 14E is
a rendering ofirfifGpped #62 isicBupMi t@fpiieayar?f phiSof BradkeRA78ach SIOWICR bhobhe
doubl e levitation el ectrode structure. Fig. 14F corresponds to Fig. 8M and
shows t h&reyghad differepicmennsing haleiiB dn fitsh flipperel 62 c Ppo abbragKets K/ 64¢ ancheisd 49 t ed,

e 1t 1 o B T e B e T ST ect on
pi xel f 3?g;ef¢59?bé¢rngdlfmm arvancgwna:mtegielr- fér%taﬂien@r ﬁqij@timkcffiﬁﬁd@m;@nwiéh only
one 0 -

levitati o%gg? e@ﬁlgggéﬂﬁg?% ﬁsalgg arﬁﬁe? ?Ste‘l(i:qt\&i_ r%c}(g)t'tE 0 'r'e{ %%I%it;@i ﬂgcué%r ace col or
of the adjachisred by phypical candetor regidnstof firss ﬂ;mm b&%‘ﬁnli rﬁﬁil)o;a; of segorti anidcﬂrni\aj\slih ly,
transpar l J sed. In the enbodinents 1 S where

t he el ec?%@gg&g%ogg%g}?ﬁgg?ﬁ%ﬂ\%&?%ﬁgé?wpper, they nmay be conprised of

t randpar ent cBevdnd flipper [¥dl iy n@uplalap piict &) na pait pSrsgetsel0 thap Jep. thiongta

Pl ppor SRR TG 15208 5F6n GRAEBICE P b oAy 29 Berriendd e taSeT ng

nubs bet Wekmni hienothed to efduitle eldovoder €24, Aracietsci8are plefesatdy doicdefrom a

1T pper FRAEHE BReaR SrroRAAnebASE s AR RiAL Fanel g St e B Fiehre
si de of tleeirddes PPICindOl74 208 Btabkers TBOC Picydpablyfelcbutiapl cofitacd ik AeHievad 8¢ phfsidahe

flipper. Alterpatively or additignally, .a | stiction coati i ed
bot nlin’ e PP Frsion ot erSonEiiBpssuB Rt regiGhoie rd e FoulPsrpiiehEme 76 he
i nvent i oand {73eand Gedckdlg180. SO servers a visual function, for exanple

providing a reflective ‘%%. g., Whi te% or an .absorbent area, in black and
white and/or TH BOPYE ehherckes 72 aral Shiedhpr espestive cegial elgtirokps 1P Rost whi ch,
dependi ngjegiy §HIG/ntiR IFeK BRS MoRhtidd ¥oidsay€ and 182 Sid thE Mahdr i Which Brfketa pHOT bi ng.
The coat:mgl‘g may be applied over nubs 44 (FI%. 8M or underneath them

Al t er nat RRE18 Toep Brquga dreinespertiie mymteg holes ©/Sianrl 83 resprctugly isonostgleady al s
may be ugeAdid MY @l de the dual insulation-color functions. Qther materials
may al so be sel ected, for exanple based on having the property of varying
their optical Refaminade Eigi 6B first fippesd6bis peefernbly formed avitrelqsrapss dafis 186that

var i ati ogg, e ehS MR AhdicHo AU Hipdd: 365 TkRbAblectidal EbAcE with ArkCAR Bt T de

coating iIs scr
central electrodes 171 and 174 or any part of brackets 180. Similarly, second flipper 164 is

p —

preferably formed with clearance slots 186 that are large enough so that no part of second
30 flipper 164 makes electrical contact with second and third central electrodes 172 and 173 or
any part of brackets 176. External surfaces of brackets 176 and 180 are preferably covered with
a layer of insulating material to assist in prevention of undesirable electrical contact with first
and second flippers 162 and 164 respectively. First and second flippers 162 and 164 are
preferably electrically 1solated from each other and from first and second lateral electrodes 26
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exanpl e in "Fabrication of Mcronechanical Device for Polysilicon Filns
with Snooth Surfaces", by Guckel, in Sensors and Actuators 20 (1989)

117-122, osure of which is i ncorporated herein b
WO 00/ 52673%’@@%99/ 00488 Alternatively or additionally, )égli@%g%,roﬁi{gg“ al s
nay al SO fe28% gdapgdﬂ;g:ﬁ%lty piid HoR@endudvd iﬂsxﬁhtﬂm Rk (n&tClshEﬂ’vifi}ll§1‘3b§S idyeisi 6N

and/or frictio ernatively or additionall ;1/_@ surface area reddcin
t echni qudisulatiag patsenl depesitse op WieirgurfpgesMawnfingihglss Bé8 aphelpaance §lotshB4t nge

| t t
nha pr eh?ﬂfp%ﬁ?%f%ﬁ??xgﬂﬁgxge&ﬁes 138, a!nﬂ‘é‘?e’ﬂah&’é‘slo{shx% deRE }R:fr 1840% éést(c#_ a?[%per

are 5 manu . mni el sized contact area W th
for exarrpllltévnjslleﬁglommm‘tlﬁwépe etch to make themsnmall, as described for

exanpke in 5 f’%@&ﬁf&;\g’gqﬁ?g E@&Qct% %ﬁ%ﬁ' 'tl?gi m:n@%:l Jpadst 73 253 ﬁL“eCh-

M cr oen~. osure I's 1 ncorporated herein
by ref er ep@ging Abttagenatdcomd gnddhlrchchmrai dmﬂgs, 172 andrd K3 agl themebyntebrststiippdr,  t he

nubs may 1?% ('Poln;léc g)ns(betwg controq Fin€ 169 6hd2 secqgl émd \élg%\rlltﬁaﬁgﬁ Cﬁ% fztantdrﬁbr

top), fur ucli ng contac ar ea e an
exenpl ar yrermbhﬁdn big. 6Arumﬂemg ueD. g centipi tihe 9ONislkonneated ae ditd and Eourthtdanteal

< or ovi AlstRodg A1 G feronsamtiFs tutees sttt S003) Seeiobe! Tiapert dsp,

such 18s had tRIBG 6 setend Aippdy BRAIC Cofuleiidts bR cbﬁﬁﬂf r1m8342 lafid fifst BRIIfRRAKt he
el ectrode, with a via 335 therein. 1S In Fi | y-silicon | ayer 336

i s for medleireden 1/l jand 1/4qargsown in fiig, 6G agg gFlsa918r Fg%l#eéalp%lfqtr@%@é o

renove i toM%6tedtlto iaNcdnfi6l MheE 194 bixd Sdcodd FatdBSeledtibdEi2B. is lpreflerablydy@arkafly |
etched to renove it down to the |evel of layer 334 or even slightly ‘[;el OoW.

This ren8®¥dsds preferably achi eved using an isotropic wet etch, al t hough

ot her net hOdSFﬂfﬂ%’i@ séddnd h'h@erﬁretlec%&'es% 434 anaQaéhnothhg facé s§t¥ace§ @F Ripp&s6 1S
further etched to forma 3in the top of a forned

Ther daf t éf2 and |18 eef mf{elsmp er@nprﬁfetabl.‘/dtrem tq)élsa@pjdmet@fdthemeﬁewém yBy but
not neceg ﬁ@wﬁa{e cHofle o@wﬂ&h%fe@ﬁré&g E@Qnd?# éﬁffaée%urf&?eE 'ax%ftTetatéa@o by ehich T om

hinge 38,"to allow a greater lTeverage for levitation e ectrodes an
f1i ppi ngon¢ eCthe B@@sccri@r&lmml 160 displeysrn differentr angtoif Vsl RGB icolosinsadniedif itent s,

the nubs, {Elo %@ é{g ? # sag
and/ or VI ? e M@S E =) QQHSQ?P 5%1‘%51& gxrain%l é#\?EejQs'?rzegt 8%@%&1 ?ag? mng a
rounded ﬂndﬁa,ces of mcmmm ﬂnpnelns 1362m1dfle§|4 raedlabeltzbihi ewein bf Bigs.tGre6Crwithnthe on. | n
Fig 5F n|tr | ayer ]cl? % Si.t srateii
pol ysgjl i cgﬁs ?sll?/rer gﬂ’fy désl%é F‘@e Cl{ elbor‘lvsap"bffiotlgg rB (t‘il BrPs g?s
deposi t edisalagy & suHstanﬁ.hl}'Ldadlrdmi redtceldr, tIh gecont ahdh tlﬁrdasmﬂescxiﬂjﬁml eadyochictesit s,
other materials tha poI {5) for e eoxglgor ot her
ot o | a1 SERHTOURPE A B Bt obrd Gt 460 Gy b ublnfay B b€ Bhoun 1 n
the Fi g gwaﬁl cbloe Pesﬁﬂ:twa?tﬂ&pttmloetcﬁ‘ho]oﬁs fo3 EgtetsOrfaiesl OF Cligpe0l 62Sdnki 16G@ANd42 (or
ot her Er l (g% und th fo g narrow nu -stub (sha d&)tted
as el eneftECEHSs 2 a’f"n" yl“’%’(%‘ e&‘a‘i“ lrend gfhep 5plg phaicey ﬁ’%%’és‘
depogkt edard By adv@ﬁta@doﬁ§ tFoQbe?npléithG face Gaifhded of NPperw D63 bwd 16AcH R theafeli Bo NUD 1S
formed, which tip 1s smaller than the process 41
that they dlsplay different levels of gray. Instead of displaying one of the RGB colors in each of
its states, pixel 160 will then display a different gray level in each of its states.
Switching between first second and third states is accomplished in a manner similar to
the way in which pixel 20 is switched between on and off states. For example, to switch pixel
30 160 from its first state shown in Fig. 6A to its second state shown in Fig. 6B flippers 162 and
164 are grounded and first lateral electrode 26 is raised to a flipping voltage. To switch pixel
160 from its second state to its third state shown in Fig. 6C, first lateral electrode 26, second
flipper 164 and second lateral electrode 28 are grounded while first flipper 162 is raised to the
flipping voltage. To switch pixel 160 back from its third state to its second state (Fig. 6B) first
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WO 00/ 52674 PCT/1L99/00488 di nensions. Thereafter, a layer of nitride is
preferably deposited. One possible advantage of this construction is that
the nub is symretrical on both sides. Another possible advantage is that
pitting i s MWRX00SEIhi red. Alternati veI y or additionally, ac‘t‘?’i/”éﬁ?t@ﬂ%ds of
reduci.ng \ te th

flipper a%éd; SS%J’“%’? tgrrayggés%%%?’sa?é %]l% ixel & SHdﬁ‘g Itrl;gra%elrs1pand S? %on? {:s?]i6gn ?126‘& oken
or at | easte rsisedithdte filppihggoltage. Rxxdbrié(t isewitghaddtono secomsd statelm:ﬁxst sgaté {Figi@nt | y

for levit t l.ect rodes or ctrode ak t L

Thi s oy Fekig 98 B eRs Frdt et o4 Ry AnrgroRab iR Ho e bRl
nodes of tlearodetand it flippseréer, it may not be requrred |n all enbodi nments.
10 The_i nduced_vibyati may include a conpone in the djrecti 0

(Vi pper ot onTolock Bheblb R Ak art o Bttt BRearbiect: bk Fleres 2ot 2. The
effected Hﬂebéraﬁrldé&,anlﬂ%‘dﬁd 5, ar\4@pliddnRUERt GAYRLREd tflippdre 167 diig eb4Viddtmat i on,
may have a conponent in the direction of the flipper notion, In a preferred

embodi nenfPrsepriatfesmall, ¥elfags dlifferences, psy geperated |b§“’t?€%éfil%% lwabrleetqdrt $ihg 15
el ectrodepj,psa periodic or other manner to induce the vibrations, for
exanple, the levitation electrodes (or the fl I@é)pl ng el ectrodes) rra(%

swi t ched on anﬁgot’ fheys gchematingln @ererspesiive Nisy of anoftier pltiyfiinper pieloiein pi xel
structyre [ R tou £ tion
s br offen oepRAR P ELRAEURRedE O MEbi, RERhcht SRR fohiiReS bl
speci al vﬂb)rpatts|2621 amh@r@tﬂ Adplaifepnen pigeldop 1behomndmacse@pnti@tagfeﬁemlam@th¢reecond

vi bratory_pmt | . I t | r [ fdph al

ot feot of “FRARRIEAT Sk o b s MM u3p8 200 8 CbBRES o By AP
flipper aelectm;iaé% yywirdobtathin@s Z@thamawkg/momﬁtlegdewnm@m%lO(ﬁmﬂ)sbmamvetdchm th a
reduced int I in that on e f e ed to
vi brat i on*of° @h gt 4 ppefrrogri ﬂfRP rel;rbga lmlB‘fl ﬁ‘BP er%4 ?S o8P ﬂe(ri %\E/)r ae°8§‘% Cencfgll:oupl e
the fis ppellearodilzez by brabaoxarisges Aay triatacabmmeainbtyntgg r&euemlml 215 Qasnlyemenqﬂvﬂnc}by

)28 SR PRSP G A M BB 8 S

vi br at i onsets bfybax Bhggl208 ahd 214 &lies dlifpec302 issﬂlp;ieldlﬂrczed)e Posfrion Jif® whidhuis s at es

a display_device.350 on a.substrate. 351 inclu at i ener at or
352 P AROORARTE (o h S EAORO RSt B SR T Ager Jd: FHGERPS A TR
exerrpl ar yclesrhadisigey2o. f 1 i ppers in a display area 360 are exci ted by a

pi ezo%ectri C teri al ]g‘ﬁ6 30 andvm hed ggptween an el ectrode 354 and an
el ect fdde 358 Eigs A8 iilslrts 35 e"E‘aﬁ’éal & pfebrieafieny ipraseduppeiny, pasprdancsnwith, aq
pref erabl ﬁrewﬁlex eMBbdiMShtH tRlpréstft iffefidn, &r fetmind FR4120 skoved B Figdomever, if
desired they may be activated conti nuousl y. In a preferred enbodi nent of

the i nventi on, Fign®A phoves|a fstesighin thnfabyratian propgsatewhick asplstratei2dnareferaply sone
cases, tNgbd RO 6 W fe¥Bid 8o R edBwititi fh?rpllnﬁllitlng%ﬁr 83, T8 fAm a material
Alternatively, a 42 WO 007 52674 PCTI 1099/ 00488 plurality of apertures may
be for medsuchas piicannitider or the flipper nmade hollow, to support such

flexi In a e i y the
fli ppg€J is pr o@?dge%glﬁtogﬁnagﬁ%ﬁg&gﬁp%?gebr%%%nn& t{&gﬁeg@ r’vtve??lq ﬁé? ﬁég%’eﬁ and
pr ef er abl govewdneith iantagegr 80 oficonducting friatepiplersucts aFrpgb'mhonamdm&taHsmdhl ystrate
a flipper ¢ [

t her eof , ?lﬁglglg\éqor é‘?r‘%télﬁgr‘ i g&%&tﬂ rreeé t E%%d?%%’%ﬁ o?br%héele‘?rﬁ\a/%asg% éé{rctl%

Fi g. 17A aldp@intraloa‘leqtmds 3@ Mhiclr elegivden2 @8rand 136 and sigen dfier drehanc formérkin

fl exing oE E@ flipper. Al though two springs are shown, one at each outside
cor ner, sprl ngs may be fornmed al ong any part of the edge of the

fli ppé@ or evHirst |sacotnhendttai|ﬂhbelaftroﬂd366f 2§ pdex0, andfcx'plm;t sexficenef sobymated2t he

LxanPe, PR Mn brortlvith p SRoisy Bt A Ge RS o R b Aol e g Sihod by

ext ensi onss ﬁﬁcdnhﬁoﬁheahmaﬁgn @b flellp e rand tulatibh aul héles Bhaer hal etSthptﬂfot I'n
a preferre gnbodl ment . of. t he mvegtlon t he sheathrrgg,iﬁ forped of Silicon
CB 2 il 13

Nitride. clalilaver fdalnpyiprion Mibs¥esd ae Blied holesartas YsbSarhaf Ae &g al
f1ipper spédetge 3lldhd Wal %o 868 diREtERIe WB! ths@atiineiudl ioket $3ThedhidBgH hdlés dhe
invention. A poly-silicon layer 380 is_sandw ched between a nitride |ayer
376 and a nitride |layer 378. Then the fplpper is covered with a photo
resist layer and a hole is formed in the photo resist |ayer adjacent spring
372. A wet etch may then be used to etch poly-silicon | ayer 380 underneath
nitride layer 376 while the photo resist |ayer protects the rest of the

pi xels fromthe etching Fig. 17D shows the resulting 20 springs in which

| ayer 380 is etched away in spring 372. In a preferred enbodi nent of the
invention, the spring are used to enhance the effects of vibration, far
exanple anplltude ~energy storage, andlor coupllng of V|brat|on nDdes
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the flippers, so that the display functions as a touch screen.
Alternatively, the flippers may be used to generate a display for other
types of toquch |n7out devi ces, such as touch-pads. Al though 30 the area
contacted 3O %¥fMger is generally above the flippers, inFPSHNE"EMR¥di nent s,
at | eastppepde off tﬂeh@aﬁb%&tre@é&hﬁ& f@@ﬂsﬁfatn@ﬁﬂﬁp&%nsaﬁ%'xﬁ&ﬁﬂ 19ink ths@iGEH T 1 Ng

t he touch input are at or bel ow the ippers. In a preferred enbodi nent of
t he i nvetbrda, (thhéA) s dlinpey %W@fﬁfc{iw@wl@im@m‘ibﬁﬂﬁs §3sarg gordr totfprm insplatioof t he
di Spl 2y, iBQUBYA! frst ik 1835 881 dnd . 3E2BF YondubehgShaklia! lution
is 43 r\l/\tD 00/5 r§4 P%r'cr)}l 9'}0%%%% urkl)i #qc])rm weverondltun rre enbsug??réén ts,
non- uni fralysilsoaior almiowe ks thesdﬁpgsxted renFayifisel pryey 82 €tbndiing daysr 84/ seberof

i nput b S , i e cit ance
based scltd HeaB I T addal it 1o Bl Hfter o Mib Pl B FREILTT)
based sem@%gas fhotngn FigBAF | I Etg sﬂfhesmatnoo xmb holes 83 dreafjiiic@lnwiftothe anataiat of/ e t ype

touch i Vi e400 |tionis detected by a switch
or a serrtlls 82%1 %dﬁsr]i’eaémw}vgt‘ﬁoﬁ‘amﬂ Eelcg?%l ty of row el ectrodes 404
(formed in thesaoibiakafidil 1&)?6@86 showh i Bik) 8, mfheﬁaépumecahemé fanthes fifper
simlarly, fornmed nthe at | ur f. sw tches 406, Wen a
cwi ton i widBeed mutteee, o Ty o BRetiaRy tabu Btinioys SNk IR ¥ r ean,
the 1l eyiddh di&\Meatmgolejghwms QbACs QAR aR R flifbed DOLA®EH poinct TRINAMIMS iANCE
bet ween them | owered) and this shorting can be detected using standard

ci rcui t ryFedies 3 matepal fordleps 28f the device. Alternatively, other types of

pressure det emfeisRiheBTAaRH icHMalyEBEToREWE Eonfiitl£6£ duPci dnGMtitH ¥ iT@poliRdused.
Fig. 18B is a schematic side view of device 400, show n plurality of

support 2% afmesttssaguicigipys 8§ﬁe&ésst:pt&Satﬁ§bf‘aV1@mty@£@eredaq87 Pf ampsw‘t aes 406.

Wien pr egpisgonsoaRet fn@ﬁhtﬂ-@ HoRB 38 QY P34 41D ’8Has'ﬁo§£‘ Qéﬂemfa@éallg)é%mg& Seclith &
reference 414, support elenment 408 is pushed down, thereby urging a row

el ect¥ odthe lyars afpixelA0 that @rs shewin &1 Elet&%d@mhorzosswtppe? talgnadong adling e A

di sposed. i A r

orba: e B e Bhfs SF IRl SRR HRRANh G HEMEmct & LaGLEL 80y e

el ectr odeos&@@ct(omrﬂmpec@ am:esta)o wieitgo dischmnédted mis Jrelaige part Béand a gmalhpet ed to
t he subs eLiSh he_ col ctrode AI t swi t ches
206 are- o S REkirRhOe Rl B aC At tHEr I EP 8 of et 2PHAoBY | 10
flippi ngtha:lugh Urlordeke) 38 ctﬂ]:meel iz& (gt IAssHI)t Lake md9]t, herginafier rbferréd tuaht))odyor

exa e bej ng. for i epr ssi Qns t. el enents 408 arate
el egg(itt sp%ge%lobslrtaétg%gm Eocg'f %\% éfdsé{?’ﬁ% i§ TPl EREEE %"W B‘?{??%g& veni ng
i nsul at i appedrayebecawze tﬁd}ﬁmermyhdo@osatsbmhedsséahﬁmgb mofithg ithe 3IN(Fon @Fpsef er red
enbodi rre@ltn of the invention, a switch 406 is formed at a | ower spati al

resol uti OBRPEHEn the fli pper, for exanple one switch every 50 |inear pixels.
Thus, some pipoBb&inFBNepdSitioe Pf aealidil Byért 8d)eHur AbIeEr%ataﬂeV@drﬂl,ed't ligosaM t ches
(and suppo ‘t el enents) are formed between pixels, y.reducing the sizes
of nei gh 153] IayerePe aJi‘daF%élrl the,way toettﬁ\fptt@fetqtéﬁwaheteﬁmﬁ 30npsng msthrdsel y,

t heya29mayxde@vnl id ki, Etibﬁrhs By Plaéﬁh or S’tﬂeﬂd'tbh%%”?hé)foﬁi 6f t"v@%f%@i%@do Hﬁ%&wﬁ’fn t he
i nvention, a standard pi xe ﬁlf'é e created, which pixel is suitable for

both fl Wi %Oalﬁ@thcahelﬁs 9@ isedrlled hropgle pacifigiablayere 8é|ae¢r§ﬁtat the lgeasiens efed or
ot her wi sg RUdrafepfkiheeto LRE aR ml sho%aﬁt ﬂh%sp@&fv\ée&“ 5\% a1, swgt 8h ARG

ot herw se, the &rxel remalins a @&Pab pi xel 00/ 52674

PCT/ | L99Schemaia trrobejes Yoandiloyers lé@@ngamegs%@hee W denglbir Asdi g an
array ofg glg pper-pixels, in some preferred enbodi ments of the invention,
active adl ressing met hods are used. In sone preferred enbodi nents of the
i nved i on, cilaes 90 ynchdcpeas:hnqoBS(eﬂc used esmgdlds domfephingypatthef thewdegsantiUor
extend t r I i Mool i ons
greater &Eak(r%%t a%n%g*g (:F dl)g%ér% gtﬁ%)!ﬂgli %%P{’ttgng&%i\%l 3.2 gﬁéﬁ%‘,&r a? c%n be
witten Thn Iobatiop nehcslesam aetémgﬁb whére on Seiisd aletiradel 30 mad@smﬁdemblwso% t he

act ual i 19 is a s henatl cir t diagram circuit
For "ar  vGes mepfyR gsautt arf Rorgbe i A f 154§ ainepv @FEad e et o

t he i nveartidplacddfrén plicé edgiced. Bachnidaliiitatiohs inhtke hetuenay iof placdniting ofhalesui try
is inplemented as a thin film for exgngple as used in thin film10

transi stors, deposited under the fIipger pi xel s, however, this is not
essential. This circuit can be used to translate col um and row driving
signals into an activation of the flipper. Asimlar circuit my be used to
activate the levitation electrodes, if any. In an exenplary nethod of using
this circuit the followng logic is used (and i nplenented using the
circuitry shown and/or other driving and device control circuitry): 15 (a)
a wrd line is selected and all the data lines (for a row) are brought to
an approprlate potentlal (mhen Ieft |s selected right is grounded and

o - o, . o -



charging turns on a thin filmtransistor (TFT); (c) the activated thin film
transi stor connects the mddle electrode to the appropriate 20 vol tage, or

ground, based on which capacitor was charged; (d) the word line is grounded
so that theW1%&P7¢ontrol circuit is disconnected from t hePGTELPHHER,)

tral; : } : t tpl
capact t orbq et HEIeFh TS Brfice BhANEE AN T o6 A oot SRIRMB L prc i
descr i bedhese nefiaris damlg dainxgdd is tterprogess efrfdmaing &ole® 90. Saamfidialdayee 8hectseskknown i n

the art .be, used. In a ferred e i.ment _of the inventigan, the
LT ca t v PIYiay g8l aki® plr 35 S 00 2R 37 BOR U ne cbliioub 5B oA
f 11 pper s.FigheKfand Bpgethst ic depobieedromriafen 86 mtidathersikxpased biend oflpixed 20 glgsiso2 is

t echnaql oqy, ich is, . in_so vari ations .t her.eof im.lar to silicon

br ot odsedbiaumt Urtiieketd R Ao ettt ace oL T soatipliue bl s Sgon
conduct or93apaidaefdd] fpiBlanipSe, ISRt RS BMRingEzéd toC-Blackdd) 38,ay18EBwolld tHREEr
enbodi nents, ot her__m cromachi ning technol ogi es may be used for constructing
a devi ce FPHICRAPBFRATOLIGRYE 2 preferred enbodi ment of the invention.

Al ternativel yTae Rfdliciih®hdidrial ofilhyetionr thaf @F dégasitedi 60 Ipel 29 BlWhRIgEmEe. 9. |
peri pheral -area circuitry rovided using flip-chip bondin

Ul may be p A g
t echni quel§posttipgsand idﬁilwg&&%aﬁyﬂr flbuholes 20d hiaesit aeheel deprasHens e BitofL t he
di sply deMkE ByelrdDin 28obs debtitn! iteRSal@Hy 1A AloY Fﬁjg?\ﬂ'lé@rgfgtgbl&,nla}{"é}' 2his 45
WD 00/ 52674 P&/IL99/_00488 a pixel area 502 is connected by a plurality of
| i nes 50dotmeddfFany palysitieqne Lryer Y2 iy giche @awry ¢ fosm upper pasts o prackeiess ande3&hown
connect e I . i | :
orm nat (a0 Lfvf Pafls S BorliRiis 362 ORORS GRlcay MIFH0 P 4SIMBATED o
driving ovhcuthe mategiahofhlayea 50 acdepdsited). Sairifisrah kyere 86 ywnd 82 fifej thercérpgediswayi ng,
Wi re bongj [ i [ Y, ired
that o pible HblodtRaffih ng altloRASEL K PROEELA%0 dbwh o ¥ALAMA BERLT O
t he pliSxelssction ofipixkl A0xbang lime |A — Aen Rigg®M i$ shosmrieFigr 8Verred enbodi nents of the

nvention) Sugklon.is 4SPds'Q PEOVAHCLIUER Boil SBud GRAADIEwd AR FXATP! €
the combi nati on of 1 €vitathon ersctrodes an | i'ppi ng e ectrodes I's

requi r ed rhamufaciuping ppuicksslillustrived &l Bigs. r8ade 8L lieit mgreasit shwatrenh hiracksts36@ad 88 i n
parallel.. Alternatively or additjqnall ot her . stigtion 10_re ti

et hods, L ateaas 2T Amde Ay bt ekl St epPad E SHF M

t he i nvenind Mternslahaulddre9% sHos/nah FigD 8N aStbuliets9Tané b2 edsulo lem the posfifoningdéd f or
flippjng.and |evitation uses. Alternatively, e vitation el.ectrodes may
be. SHICE ol o MUt p e scised i s Efefhon Shes sbind f ThRGE%a Suffb g hene
above devi@es Utbiickess I5Bdnd 38 CWAILIE ste YBdWDinFag BMChedull tefé @i Hi fiefembezah @il s@2.0f 15
However, In a preferred enbodi nent of thﬁ inventign) the pixels are

manuf act Uioka 90nd gheapastsiof Hrbraekety 3sand; 38 Watoams (rmedl by Sebine AWy REeed of hat by

usi Ng NoNgayek lob CRNpreviBSY fiddr&Sthe IsRApBEHI ULISTRIKAY IIICTESwHR Ysirkli fRea Nind (Rdde
Further, by using flexible substrates, flexible display devices can be
manuf act (EBHS WP Broyn i intgesteel RIS o ATESHEUON- f or exanpl e by depositing
met alzsor sili gOghohRYSE foted Phat HRBxIE Bart 3SRl YHGV ioR1dBRNILS sRSINVBEPigPiN el S
rather than at pixels. 20 In the description and clainms of the present
appl i cat iUgAesirable iPigy” inte peyitian of Rippgs2tds inorqaped; injadditig 1 Fxigspart 3 s

conj ugat %lowqgrsﬁcﬁi(lder@_r9ff)1/ib‘§é?%4%|ngég janhed GdiRt pleNBoRRirCAld Y prBRinRR! Fordf the

verb are not necessarily a co e" listing of conponents, ‘el enents or
parts of refaéngisedhe beighobphoutdersPO is drtermined by ecthiskreseeit sagrificesl dayer8Znas

been desgyi ' =L, L Ag: e i.pf f pr.of ed
Cent o R0, A2 bl A SUR 055 0% el ARl i

i nt erfded 820n thempréduttion poaseshofvn ihEigs. AN oinst bedesk titah treshicknessifdalyentht s
descri bechovr\AM].cR%lcu%r%Lpis er sons of the art. For exanple, a pixel in
accor dance W th apﬁ’re erred enmbodi nent of the present invention nmay

conpri se diff & pimels danidiictathe drickneds of éatudles taoker thaanenthickoéss bf@ipperedder r ed

enbodi nent s, of .the esent .inventiaon scri bed abave., | 0 ferred
enbodi menvekgr b8 BF gk TRvR A mERSE ' Rfich ACan B sPRRuRo Cisctet 2oy or
el enent s derrpined Bylthe thitknessthE saxkifibiablayer 82 ef brackeardifdctentdvinsbratkets@olaad 3pi xel s
in accordance with a preferred enbodi %t of the present invention,
features and/or el enents shown only i ifferent ones of the described
preferred enbodi nents nmay be conbi ned. The scope of the invention is
limted only by the followng clains. 46 WO 00l 52674



CLAI M5 PCT/1L99/00488 1. A visual display conprising a plurality of pixels
each of vhich conprises: 5 a surface having an area less than 1 square

mllimeter _co JﬁSl ng first and second regions having surface finishes; and
a thin pl aWé’rong'é 4 having first and second sides having BeVHE¥M4Y i shes,

wher ei n Bajdy @@Etﬁllple'ﬁ ﬁé?tzﬁttél@éﬂ(rapélb’d?}o@(éi 36.Qt 4 aaum@gesusssa lﬁ‘@arré?atfvggat e
between a first and a second position about an axis parallel to sai

sur f ace, thigkpacrifigie] lgyarSeiimexlentoringgrse thegpage de@iean Swper Haand|firstiglestiods 26i r st
DO | P rnl 30308 lek QORCsW R, Bhel 24'if Bt 818 oltlobh SosBRAORG iFbiE: {021 N9

said first reglon wherein 1n sal secon ition s
pOSi ti orfberewe?tlctm & passiblednawdfictmngiprdeedurs f(frlnrtstucmgdreadcats |3ﬁgn@; aB avithecond

redi g, FouAnohiaht R BG60 it el Riopisg s sai d panel defines an

angl e between sard f £ on cond position and where
sai d angl e i Othareixels3md b%ackﬂs dc»rsrpdumyngﬂwmdltmglxbb in| aacanidhce witbpeiferreslai d

I 0 4. A d di t I d I
over - 1agmeogmen e BT AP bn o Eiein G T tireds HGE SR P over
190. 6 mgsd ioap! ay arqeeduded gsih® fa%ﬁyatﬁ:fl pebcatliives frabareWaE ARG of dledpraseghe | S

under A display according to claim1l, wherein said panel is in
cont act ﬁl"’t‘%tegé‘ilﬁlgfl%g region while in said first position. 8. A display

accorodi ng t 0 FidsabALIR sa«{eﬁaa@danysﬁdnd aCSRé1 a0D ceRipEiSing St fligpdrad, e hwBAIAnGAl d
panel and _said_region A di spl ay accorgl ng to,.claim?7, co rlslng at

| east or¥thyprefsae h°d§’é'F’Ef oﬁgﬁéresaﬁdn‘éeé’?‘%ll Re to £i8. SAnpixgloy08owhish is

PCT/ | LO%OWA88 a19ers}£%cﬁ|¢r§ ch@}’ 1@%19_,[ slinfiar &P plep R0 th WABY @iffdrepsd G Mlkhel S
formed on said panel. 11. di spllay according to claim9, wherein said nub

i s for me@nyRcEen af thediraskets shaizoume @ap@m &@tcaelémqslp 39- pixpla?trilpger Yhisr ei n
sai d at éoﬁﬁﬁ& tooélé‘ctﬂaHPw By 'ﬂﬁ@}a&{etssﬁ' Ad Rk %9& ém{icﬁﬂa&% %gsﬁﬂ'ﬂ Sttidh, tﬁé‘Ud

panel . di splay according to any of claims 9-12, wherein said panel
cont ¥t sbrmkpthto skecdode 9. hrpdxed 4V flipperi2dns conpled 40 elpctmdg 8P apthdeacketslil fdando any

Of &1 31 s o WAEHEAA. S 8hele P 15 o ahlpRe ML A, 61 B933C OB | e

t.han anot her Cross- sect pl ay accor |ng to any of
cl ai ns gora_dkptsvu(?éraed n04 aasda sagbndhieg 148 ey rdd@dncttleptend_sll 11§ way thi dpitragle decordi ng

to any thc c 1@' :%p qtl(;.lf%%:tw\’\ﬁe~I {hg %é%?wg 1'85'%1’ pac%étﬁ%i LR 10% nd elc {r(?cfgl _ay

accordi ng erein sa| as a roug fhene
18 A di Cﬁ)pGay 18@ ssdoesti sagm ina mofyle viewcoigiixat 100 taRen wheg eiine Bai B slmlm m§1g.oat ed

o, UL S50 oS F it RSP BT
cl ai m 18raskeer W2rundaiod. BakkétJoz anPnosate Shdllet anNirhdkiede36 and 38 because
brackets 102 and 104 are anchored to central pixel 30 at one location whereas brackets 36 and
38 are anchored to central pixel 30 at two locations.
The decreased size of brackets 102 and 104 with respect to brackets 36 and 38 is
25 advantageous. When surfaces of a pixel, in accordance with a preferred embodiment of the
present invention, are treated to give the pixel a first and second color, e.g. black and white, the
flipper of the pixel is turned to an on position, for example, and all exposed surfaces of the
pixel are treated to give them the first color. The pixel flipper is then tured to the off position
and all exposed surfaces of the pixel in the off position are treated so that they have the second
30  color. Surfaces that are exposed in both the on and the off position of the flipper therefore have
the second color. As a result, with the flipper is in the off position the pixel displays more of
the second color than the pixel displays of the first color when the flipper is in the on position.
This asymmetry is undesirable and surfaces of the pixel that are always exposed should be
reduced to a minimum. Substantially all surfaces of brackets used to couple a flipper to a pixel

33



21. A display according to any of clains 9-12, conprising a vibration
source underlying said nub. 30 22. A display according to clai'm2l, ‘wherein
said vibration source conprises a plezoelectrlc material . 23. A display
accordi ng t¥OAR§265¢ cl ai ms 1-21, conprising a vibration sd’t‘fﬂ"@b”(?ﬁﬂ’érl y| ng
said hin IIL / cordin
claim Zz%vﬁ%(ggseefi 1r\1/\;9%t$3{1 Aqf Sslt(l)%rg@g%%onﬁ?er an&t a ﬁ%racg%rglagc ?aigeo ?erl al .
5 25. A vecmcmﬂhed]lzspﬂaycl«emnmamlusgitacplplafamppyrtohppaekel s each of which

conprises: a surf i rst and. second I ons i ng surface

TP hess o7 Rith ORI TRema oA ol PerPrae S SLbBRe Erab R OsaTP AL B T ace
fini shes flippee 12, fin 8@beiaikRNEth 4 prefepred eRBbImemyTltiipresens Riventfoul RefeRingd as t o
rot ate betweeﬁﬁflrst and a second POSItlon about ' [lel to said

surface, FihillR. Hioper s hasaeougting hgjes 12¢hapdian %fingg@#‘ng}‘f‘gxl‘?z%Fﬁ’%ﬂgmﬁﬁ?eriaI

bet ween &ﬂ&%&inﬁﬁ@h@l@ﬂlﬁﬁﬂi@feﬁ’ﬂﬂfg&b pﬁggoﬁmlpmewﬂsrboﬁgled tPadHRh] letuDad go first
position is positioned over Its, second side facing

sai d fir &Y PrejrIn l%qxfacw@c@tﬁ%a@awe E@eleﬁﬁa%&squf PRy aidiig 19Ade shqwsits

POSi ti ON@Ehs@UTonSBAH STBERREs 1B04RAN 30ichiphides alskitdh 132 A8 hamh 19, %@m@l 1§econd
region. 15 26. A disp Iaa;gaccordl ng to any of claims 1-5, 7-12 24

conpr i si Rfbracketsylep apg 13hElun slotsrigs rbftipperdi22 ped misesnt gy ement aﬁﬂlpaﬁdZ%ai d first
regi qg. %$ec¢r%nq;3§amaa% a@e%é'mstﬂ SrrdBicere 12%&& %@ mﬁé%ﬁ ﬁlay&rléém es as
a col orant pl ay accor |ng to claim?2 erein said color
proper t i detaching fien brackete LIapdd3@.hi ckness of said I ayer 29. A display

S 1 con N 1 i Ast 8 o YrReckes 107« 108 o] Bl o RPhelBLE ik orBRIBE 0°°
25, 27, 029 28 13T/mtsrambmoremoobepﬁra4dectredmmm uneehbcu@mngreﬁdrahiy mnmemh off ass
oehnol oy, F i BB B AR SRl kS BB e BET
surfdée feacrhms;btem 132ndd each bf the pthanard qﬁammi 13ﬂaﬁ¢mgexﬁnat glectande 38.daertd 3Simdes

havi ng s e.finis n_sa rot bl led to said
curf ace Sig RECsowR alidast AR e BF brefl T e b sRBla OB Islife i
paral | el tHean&aeicin Swhidhatescketvit20 ddatadtied teledntraledecarodd 30ge; 49 WO 00/ 52674

PCT/ 1 L99/ 0048 e sajd panel in said first OSI.tL i s positj oned over
said first g‘igo F’Hatfct%ty &S APEEPEFLVE eV 04 2004pey Pixe ﬂb ‘F"é’&“é'r‘?gé]%m’%her ein

in said anachca&amicb AthSRipfbiddAd BimboBinkas bi HRNReseAY Rivertind FEFPNd2 hegi on

V\AthItSfII’St side facing said second regjon; and
20  protuberances 144 at oppo%te ends of edge 146 onhe ﬂlpper Protuberances 144 are held in

socket brackets 148, Socket brackets 148 comprise a back panel 150 and a rim 152, Back panel
150 prevents flipper 142 from shifting laterally in a direction parallel to edge 146. Rims 152
prevent flipper 142 from separating from socket brackets 146. Each of brackets 148 is
preferably anchored to central electrode 30 at one location by a “foot” 149, only one of which

25 isshown in Fig. 11. A small space 151 separates most of the body of a bracket 148 from central
electrode 30.

In an alternative design of socket brackets 146 socket brackets 148 comprise only rims
152. Rims 152 prevent flipper 142 from shifting laterally in a direction parallel to edge 146 as a
result of contact of rims 150 with the short edges of flipper 142.

30 It should be noted that whereas pixels and flippers shown in Figs. 1A-11 are
rectangular, pixels having shapes other than rectangular, in accordance with preferred
embodiments of the present invention, are possible and can be advantageous. For example,
pixels can be formed in accordance with preferred embodiments of the present invention in
which the pixels are diamond shaped or hexagonal. A flipper for a diamond shaped pixel would
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wherein said pixel conprises at |east one flipping electrode for flipping

sai d panel 5 beétween said two positions. 32. A display according to any of
clainms 1- 24, 25, 27, or 28, wherein said pixel at | east
one f||pplng g%ﬁ%frode for flipping said panel between sai a%ﬁ%%gltlons

10 33: Aediisdud aA8 @BVE HAK the afdadifTthed pixel AVBigps! AY AAlhdx@ahhl SMaged ikt ation
el ectrode for noving said panel, thereby aiding said flipping electrode in
said fl |"ﬁ1§'|14ﬁf"6£|1’éal b@ﬁa&mlal +r§‘t°fﬁb"sli’lf“r‘lon 34. A display according to claim

31, conprisi WgsaizA 9@231& 1191@&& E‘éﬁbﬁa@ﬁdamj‘ a‘ﬁhﬁ%@%ﬁ&dﬁnﬁﬂé Blefll GUsha®h th Figh PP Ng

el ectrode in said f Ig splay accor |ngtoca|m31 or claim
33 wherdé mddR. §lg§t 121’eah?£ Shew qre&?rsﬁtéph@iwlwséékmmgladmﬁl&té sBewnlinfHig.ppi ng.

di said at | east one
I eV| :[%at |9§§A%r dél&;%%gﬁ hgg%govee&srgég}rﬁ?drusc fr;%gildgn 37. A display

according t OPOdCthmrBSte}zszﬂlusitaaﬂdmnB;ﬁpﬁhherFegsn 12A4aFeird elenticel itoteps ectheode
aids fl :ﬁ?(giélntcl’(\),{ﬁgft %xa%kshg tl}cx ff)'éltsgictlge v13érvs nﬁa‘ IF% S?A ¥ r%éé)t%gtr \g: eynQn thq_lcl&ﬁ' m 31

or cl ai ihsal
bet ween iadulatieg $dyet 2\2)1sarepcsaecﬂorp subsfrate 2394 lag(endS(s phcayn mcitigr PR gf tendaétagm 31 or

claim33, wh ai d | i.tati c ri's t | east
o e et it 3o on S8 i@ et 2 ot e SIS Cif%gwéférﬁiwﬁiﬁ 30 and
el ecitor i foemehl tcm@&b‘ﬁar:mf 43. anlﬁ 30 3@?ﬁﬁvﬂ90ﬂhg}| B fhmml il 1=1tg3|12©r1rpF@l B3,
conpri si ng circyi t or electrifying said at |eas evitati

oL o0t 1 o UrRAcs, 2 1A% AR P (o srporl R O sl Javel 83 % 0T ety

00/ 5267 4adiffibidl 198 £2048Rifrihl 1aferdB25PbA¥red WaMradhyed 84 6f ondidiing hatetAE fwhich sai d

IeV|tat|on el ectrode is electrified prior to electrifying said f||p pi ng
el ect r odeshoyp in Kigyil 35, Layer84-is eighedyopgordure flipperor4 sppwn &) Fﬂgs ¥ In B¢ ctost-i on

el ect r 0dgetio vedve Sitdvi in8fg 91 281 M ik 2SO Y2RrHAb fcmloeﬁ ht;ipfmyw gpp%@as% Maeppl ng
el ectrode. 43. A visual display conprising a plurality of Fl xel s each of

whi i cowprdissernectsd puris; ae axle pah PP ghchey bedyr rart Hnhowesep Hils isegnoMsariagh ofg
surface tﬁé&lo&fé%?cm@% dahép Pl anar panel having first and second sides
havi ng surface finis e‘; Wherein said 10 panel is rotatably coupled to said
surface so agollewingithe efchies ofclinper 2/ pationsred Swr@@blﬂdelpﬁ)?sarmmhechmasan axi's
parall el 10, $RF %%ft&‘?ag bafd} gi&né‘éks%ﬂieib“ ﬁ‘trﬁ'eﬁ&ﬁode"wrﬁﬁ}n g%ﬂa“e' in
said first positi on i s positioned over sai First regi o Its second

si de facsam‘gﬁcmilaj'eﬂ%ss ther dépmisiteimoh al%eap@edlsurfacmfwnséb@mamml layer 228i d

panel, i's, posi Loned over, saldisecandanegion Wi (45 oFLEst Slde. gl ng said
second region O BT AT SRR A" panel °Conpri '€ aP eas% one spri'ng

attac hecSabﬁmlatlayer\M'ﬁ @érvespmlpmgmmlyphcﬂae &ﬁ]led;apaae(hncamﬂysmw Mifrodi amegi on
when sai d

anel ogitio Y, accok i to any
of cl ai rﬁ?“‘? ucng ’}ayfﬁggzzzfﬁo% EZ: 123831“3T %Posgﬁd OW?é’erngs ?%mb%ﬁdeﬁgtcgrrprl ses
at | eastunmraip«zhagsaaﬁﬁaameyzbrmerlebmhedg\/@mbs sS4 frga o0 u@aites ekatralle el and
said 20 fi.rst regjon wh sald is at said first position. 45. A
di spl ay %*&@b?%f‘hfgmséayew rRORds st P’m n said at | east one spring is an
ext ezssi on of Gangitgiak MeypO232ii9BtcRdd 16 dorth RaAEk@t 1040PAQHI sh@iffodil thyBisngLeradeda. 25
46. A visual |spI a conpri si ng: ?{? ast one w@%i on source; and a
plurali t%}"’%‘o é%%‘i‘own?nﬁlgc é‘%jjn’g?q igdigs 3 a ce conprising first and
second regi omﬁshhaw H%%o%drtﬁﬁQ?saEhﬂélﬁh% 206165 dicHel M reRloAT20 iR ARSdamBaWYNT
first and second sides having surface finishes, 30 wherein said panel is

r ot at abl atcaerficid lavsr 330 i deher deeeion 23 to sxpose aegio 23Quserdugting layer 34 a
Seﬁ?ggepﬁﬁﬂﬁ boHH RBRLY 1EPenXl SediBiASd Bl twh P18, InSpibleAsifeithbfiGdoBXlepaief | nes

a :
30 93. A symmetric bracket anchored to central electrode 30 in two places similar in shape to

bracket 38 shown in Fig. 8N could then be formed. A bracket formed in this way would
however have shoulders similar to shoulders 99 of bracket 38 but with a height determined not

by the thickness of sacrificial layer 82 but by the thickness of sacrificial layer 226.
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wherein said panel in said first position is positioned over said first
region with its second side facing said first region and wherein in said
second position said panel is positioned over said second regl on with its
first side VROMFE%aid second region. 51 WO 00/ 52674 PCFCIIbY/08#438 47. A
i spl 2y acoor gL el Qpy ol n 8B Tndicf of FitkPae 8,478 o2Lck el s O 49
conpri sing at eas One’ Vi bration sou 48. l'ay accor ng?o

cl ai m 46 embdrBments meayi rebt atclddeambs Oviachyreluczt the areg anf rcoﬂact))npthesmbs maplnot al ity
of V|brat| rce e ast one. o asso d w |xel 49.

A d 5o ayeaik SfelieRoy o” Sy a0Ginerat SRS HebPieRbn Nob SR TS | oo
sai d hi ngethod® o50:ouﬁteﬂlbtmy agd/acamdjng]gnd:tmnp Ilmlmd&ncmtteme| prefeirbd at i on

source und i es a,gontac nt bet ween i ane| d sai d_first region.
51 38t BaFodmERe B R e ol Meba e AR MY s8R S tPiogdf b TS Lo
sour ce CeoniphtiliRInde tHahoad baibns ofithe Golbtvigg eetritet afeyhods. ISRietpadied phatyomd 5 52.
A di spl ay ccordl n m 51, wherein said at |eas e. Vi brat | on source
conpri se§%& 15@@2168191@@89(%@1&)'1%?%@ % A SEGTRiRtiS magner, ‘Haﬁﬁc%lﬁ?f 5 Thg to
claim46, whemei prefopded emfbodifRft ofQRE inv oA th@mlﬁéﬂFﬁelswa{chﬁﬂSn aQeaed cuitry
whi ch drives sald g{l xels to vibrate, by varying electric voltages to

el ect r od&aViToRmeRfe This gryironment may;inelpdy degicesst mptedakns Blprsiveliy dragassRicticR 8hsi ti ve
i nputp aﬂﬁll‘ogél auehuﬁaély LiHe prpEF M8 Rofamh el M fRPEREH %ﬁx%odlﬁxeﬁbﬁfftﬁ,ﬁe
conprising first and second regi ons having surface finishes; and a th

pl anar piyentionaihe aepled; angironapeat eurnsise asﬂadéﬂyemf\gl%gors@pmt@mﬁpm@wab\her el n
sai d pan Sis I QL I W $W t e
first angjhghslécsg%ﬁfha%sﬁ%gﬁp 1@%&% (553?1’@5% slﬁ’%?lgf &Osu?gm{s gllegfégﬁr g@@&%l ch
axi s def befveem thei ﬂgeerssét the eneriphery of dhqaéwellay|and/9aur@p1¢qﬂrgstndp@@al iflinpeiss
position facing said first
regi on a2% %ﬁi’gfﬁbgﬁf@%@%@gggﬁ emséﬂ%’ho?]ngglﬁ g%ar%]éecﬂ%lus posi ti oned over

sai d18econd rAléroativialyt ér addslomllryspms pmofealevitrgion @ledtredss @redprovigedadjadsat WO

00/ 52674&5%65&59%' aggéiglﬁ overcoming the stiction forces by applying an extra force beyond that

applied by the plane electrodes.
Fig. 13A illustrates a pixel 300 including a levitation electrode 302, in accordance with
a preferred embodiment of the invention. Except for electrode 302, Fig. 13A corresponds
20  exactly to pixel 20 shown in Fig. 1A. The particular construction of electrode 302 shown in
that of an open fence. However, other constructions, such as a solid construction or one in
which the "bars" of the fence are not parallel to the pixel surface and/or the outer edge of
flipper 24, can be used.
Fig. 13B is a sectional view along a line A-A of pixel 300, showing levitation electrode
25 302 and showing lines of an electric field generated by the levitation electrode and an optional
corresponding electrode 304 on the other side of the flipper. As shown in the Fig., levitation
electrode 302 exerts levitation forces perpendicular to flipper 24 and at its end, where they have
a greater leverage for flipping the flipper and overcoming stiction. Once the flipper is levitated,
these extra forces are not needed and can be shut off. In a typical configuration, these levitation
30 forces will tend to obstruct the flipping, and, so, are preferably shut off so that they do not
adversely affect the flipping. It should be noted that similar, albeit smaller, perpendicular forces
can be achieved even if the electrode 302 is shorter, at the level of the flipper or even slightly

below.
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55. A display according to any of clainms 1-5, 7-12, 24, 25, 27, 28, 31, 33,
43, 45, 46 or 4853, conprising a touch-sensitive input. 56. A displ ay

accordi ng O@:Jé%éﬁ] 54, wherein said touch sensitive input gg&ty%gfé o er .

plurality o detecting el enents replacing a pl ural i€

in said displg wﬁ BIBsHAivS b bRV EReRME ihichi tHe R RdlodYorces/direlti¢l kaﬁ&'tﬁé/ﬂ@?&or di ng
to claimb56, erein each of said elenents conprises a contact swtch and a

force trHAYENFS RGther islsied Fabodinsnis pEtheiinNsnten, other fasies yegPis srpe wdttche
swi tch, B\%ré]e%eqhé’ §tfct1t)ﬁ' Qn Dk E)E;alihcple13 She 16viEhhiS R FRYes e YedlsBWtdt rHo@e' fith

wherein each of said el enents ri ses a pI ezor esli stive el EITEI’I
force tr@ﬂ@&ﬂepﬁt@c@!p@m‘emerefoaiRorqaklaa#&lppmgaébmﬂewth@mbamﬁ Belpwyt. to the

Pi €zosresi stipgye %ﬁ‘l{n IF}’gp'l.’%& z{ %t cd a?ﬁb“vﬁ%oj&léﬁodﬁs ¥1‘.o%HF‘ho€Ue§e9'1ﬂ36ther

conprising a plur xel conprises: a surta
conpri si pngferned smbadnmesbmf e mgmtmsothmwlwg0®mdmwtmm cghbs usedna”h!as, ahin

pl anar  RNE) 9 0akiiak, 800 SERO0E RIS AAVLAIPHELAST old AlRBESpather o1 1

sai d pane ace ’so
first andar, &emmplcpdsa lbvxmnoﬂeleathﬁhtcamhe atxuhs hpightadf] thd ﬂtppcxsm ah wnfpm:ye

whi ch axi s, defi nes a hinge;. erein s anel | 05| on is

p05|t|on818bc§€’8FnQS§PedelfftF°gif ‘Fmgl NTORE t orﬁ’ ttg g)g% ﬁg t@ J&“’F&J‘ﬁ&’%y&“ fIrst

regi o andiitdnangitie lbeatﬁaiodthsemaﬂerwﬁ Ivirlyﬂl’hlﬁazi Bvipaiog lelectodaandy beositestedver

sai d second regi on, Wi,th cing said second re

Wher e . SN AHBIe 4Eq e SRrprce o b e L SIE PG Ehp R BB LRET on of

eI ect ri q&&m@bﬁtgg@gdgggrgéaeg{em@;s associated with the pixel and corrprl si ng
- |l east one transistor associated with the p| xel _and _fornmed under said

p. el for contiditionally aapltemabinely.c &t jopRnIng Enayabeldefingd, iyt fipnsy and they of
cl ai ms 1teQitatibnldectrdde pl?aéed 317the2(§>em’r?lé In36he AAmpfD theé fipptBisOstottdd 26n e

wherein said panel is flipped between said positijons the aggpl I cation of
el ect?i co‘gﬁ}d‘?cﬂdgag}@‘garﬁﬁ is| piddlodad pdeviation éHCWGFhP{OF}B % spughnthecBotpr i si ng

at | east AﬁaﬂaﬁJe@néa RdRlonARS B laéla@lowearad@%%% s@:ﬂ@ecﬁﬁﬁ@é ieStlppeRdey sai d

pi xel for controlling said application di spl ay according to claim
59, wher etampimpigacheds jag tugden surfaentof ¢ frangpagentheoyer jInstome| empadimeniyehand

cont rol <15 asehrollshe YAkY B8EneORa wilDi00h52074, RETLLLEIAANASA @%53 AL

di splay according to erein sald transi st I's caor
si gnal ofevhathmi¢ctrddesaandahe ﬂ(ppaat pisels ssanw,t tapptedc Alteroatively emadfitiaselingbs for a

si gn:z6| c 1tat}6 éf%c%gu%}%g: ! l ea acent b 0%9%% 1'§h0r%mgu{09%*agr‘?q)l? §) 3 A

di spla ccor i h el sai & ong onis east four

tinmes sas;dnmémbbvltﬁuésptadtmheﬁégeA d| spl ay accor d| ng to claim62, wherein

said long durgftﬂo%gh Iaspla%%r llesi?a%iton %iegtrr]cgdetié %%vn??ni sdome preferred embodiments of the
invention, the electrode can be non-planar, for example being columnar. Alternatively or
additionally, the electrode may border the flipper on two or three sides.

25 Another parameter of the electrode which may be controlled is its length (along the
length of the pixel edge - opposite the hinge). Although an electrode which is as long as the
flipper is shown, shorter electrodes may be provided, for example, electrodes between 30% and
80% of the dimension of the flipper.

Another parameter which may be controlled is the symmetry of placement of the

30 electrode relative to the flipper shape, the flipper hinge and other levitation electrodes. In some
cases it is desirable that the force lines be generated in a certain direction which is oblique to
the flipper motion. Alternatively or additionally, non-symmetrical positioning may be used to
reduce the effects of levitation electrodes of one pixel on another pixel. Alternatively or

additionally to the position being asymmetrical, the size and/or shape of single electrodes may
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10 short duration. 65. A display according to any of clains 59 or 61-64,
wherein said transistor functions as a switch. 1 S 66. A nethod of fli pping
a panel in a pixel using electrostatic forces, conprising: counteracting
stiction beW®EWA24i d panel and a surface using field gene?ekBa¥Y88pp| yi ng
a vol tage,_o | [ ect. ; fl.L PRI aj e | a field
gener at edal%)oybgBﬁnéntg&agg%ﬁ*caéctél["%go‘ia(vge g’ng{'ﬁ%} ng?eng%t@?%c{f?% ea% 0%%67. A
met hod of ddstriiegibelgwamag be Hifferenafop diffetenueeatydes apdfor pixtlat i ¢ f or ces,
conprising: caunteragting_ sii.cti,0 et ween sai d panel .and surface b

U brat i ng sai d i dit aftdeiphiot §0ionE AEFRaBEb SRR rBESr e Btkl, A Sonl

usi ng a fpreetedembodiinetits wf thyp plvgntiog, Evitalohagdetbdesaart Ishqrpd bgwetrepixelodm. 25
68. A pethod according to claim67,. and incl udi el.ectrifyjng said

ol i ppihg ETCRGIPRREE PR IR Ig iR Pstrod o Ysed Pot RS RP SRS SPAREST o

cl ai m 67, isagditdrigit Uititipnadl@abddsfeyed) @tiRr pi&eI0 Mkored Vevitation¢ectdesedre adedade t o
I nduce sai d, vié)?rg.tion. 70. Af net Q}?d a cor?' ng to i:l aime67, wherein said

vi brat i onS8VE18&¥ f 2gteigef o Qi fPUIHR dheumber p t‘/‘?’ o elegtredes £ape 2% _‘?"Ed'ﬁhfseri al
coupl ed tgot&RiHdt RANY or Bther gM@f)iQQ/ 0726vithtiRCEleb bS5 QRABBe HhredAogdtid?! t8YbedeVi ce
conprising a plurality of pixels, each pixel changing state by the

appl i cat i &Hvged mulianepesiXol t age to the pixel, wherein each pixel has
associ@t ed t hef,eeNydrefbd Chbbdim@iR ol Shd hvBhtidn®aSdiffeR felidivh HiQtodeMy ch at
| east one transistor swtches said application of said voltage over a
period si gedtiifiedater|ay diffsrage electifieation uefilods wsed) demendingioastse ipesedi Biveér cui t .
o 12. A Un5pliibh AN 6 ARE WD Dol AHEAMel! 5 LRLIRLMRAMAA fiby 6L'hed for
conprises fewer ‘than tenm transistors. 73. glsplay Jevi ce according to

cl ai m 71, diffewsnieflipperanevepientsufor esamide ifsthe cleetvasle is hlongdides e s@letaf dhssflipper s.
74. A m cfQ- i i i SLOg; i : h NG Xi mum
di ens] onPaPor LAt s Ble 5 e IRt b8 doy ALRKL A B i Bl R 0L
wi t h $&i dtheflifipaxtopevitate, therehy bsakieg the etidtidh.ng el enent for novi ng sai d novi ng
part relative to _said stafionar art.. and a stjction nt erin | ectrode
whi ch applies Iﬁnsoglleepcr'ft?%%({ 5??%5'%8@% 8% E)hr? gla?ngloﬁm%/e?%\rapf)lﬁgt?oféemﬁfec fagerdc%1 at

| east asstmteat inrordet eadveRgnetthedtiction, &r eganple aodhbaatn Big. B3.d stati onary part

and sai d novin rt. . . . , :
g ldQ/ﬁatlon electrode may, in some preferred embodiments of the invention, comprises

a plurality of sub-electrodes, which may be arranged, for example, vertically or horizontally.
20  The sub-electrodes may be electrified in parallel or in series. Alternatively or additionally, the
sub-electrodes may be electrified with different voltages.

In a preferred embodiment of the invention, the voltage on the levitation electrode is
varied during its application, preferably, using a timing circuit. One possible type of variation
is to modify the voltage as a function of the expected position of the flipper. For example, as

25 the flipper moves, the voltage is reduced (e.g., until it is zero). Altematively, different
electrodes or parts of the electrode are electrified as a function of the flipper position.
Alternatively or additionally, the electrification is modified as a function of the stiction forces,
which can be measured in a laboratory, for example, for setting the timing circuit. Altematively
or additionally, the electrification is varied responsive to the flipping speed, for example a

30 higher voltage being used if higher flipping rates are required. The variation in voltage may be
continuous or it may be stepped, for example depending on the control electronics used.

In some preferred embodiments of the invention, the timing of levitation electrodes is
synchronized with the flipping of flippers. In one example, the levitation electrodes are
activated to break stiction prior to activating the flipping electrodes. The amount of force
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2v 75. A device according to claim 74, wherein said force providing el enent
conprises an electrode for applying electrostatic forces. , 76. A device
according to claim74 or claim75, wherein said stiction counterl

el ectrode M 9528 feres with said force providing el enent? 99’0048
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Fig. 14F corresponds to Fig. 8M and shows the final structure, in which three electrode
layers are deposited, including a top electrode portion 318.

10 As shown in Fig. 14F, the levitation electrodes may be designed to have a minimal
shadowing effect on pixel 300, by being low, narrow and perforated. In other embodiments,
only one of these features is used. Alternatively or additionally, the levitation electrodes may
be made reflecting, to reflect the surface color of the adjacent flipper and/or substrate.
Alternatively or additionally, transparent levitation electrodes are used. In the embodiments

15 where the electrodes are formed above the flipper, they may be comprised of transparent
conductive polymer deposited on a transparent cover.

In a preferred embodiment of the invention, the amount of stiction between a flipper
and a substrate is reduced by providing electrically insulating nubs between them, to reduce the
area of stiction. This and other techniques described below may also be provided using nubs on

20 the flipper instead of or in addition to nubs on the substrate, on the same side of the flipper or
possibly one type of bump on either side of the flipper. Alternatively or additionally, a low
stiction coating is used between the flipper and the substrate. In a preferred embodiment of the
invention, the coating also servers a visual function, for example providing a reflective (e.g.,
white) or an absorbent area, in black and white and/or in color. One particular example is

25  Silicon Nitride, which, depending on the thickness of the layer, is either reflecting or
absorbing. The coating may be applied over nubs 44 (Fig. 8M) or undermneath them.
Alternatively to Silicon Nitride, other materials or groups of materials may be used to provide
the dual insulation-color functions. Other materials may also be selected, for example based on
having the property of varying their optical characteristics based on chemical and/or physical

30  variations in the material and/or its crystal structure. Silicon Nitride coating is described, for
example in "Fabrication of Micromechanical Device for Polysilicon Films with Smooth
Surfaces", by Guckel, in Sensors and Actuators 20 (1989) 117-122, the disclosure of which is

incorporated herein by reference.
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Micromachining”, by Tas, in J. Micromech. Microeng. 6 (1996) 385-397, the disclosure of
which is incorporated herein by reference.

Alternatively or additionally, to making the nubs small, the nubs may be pitted (e.g.,

10 have one or more cavities formed at their top), further reducing the contact area.

Figs. 15A-1SE illustrate an exemplary method of manufacturing a pitted nub, in
accordance with a preferred embodiment of the invention. In Fig. 15A a silicon substrate 330 is
provided, coated with a nitride layer 331 and an electrode layer 332, such as for electrode 24. A
sacrificial oxide layer 334 is formed on the electrode, with a via 335 therein.

15 In Fig. 15B, a poly-silicon layer 336 is formed which fills via 335.

In Fig. 15C, layer 336 is patterned to remove it except in the vicinity of via 335.

In Fig. 15D, layer 336 is etched to remove it down to the level of layer 334 or even
slightly below. This removal is preferably achieved using an isotropic wet etch, although other
methods known in the art may be used.

20 In Fig. 15E, layer 336 is further etched to form a pit 383 in the top of a formed nub 340.
Thereafter, a layer of Silicon Nitride may be deposited.

Preferably, but not necessarily, the nubs are formed closer to, rather than further from
hinge 38, to allow a greater leverage for levitation electrodes and flipping electrodes against
stiction. Alternatively, in some embodiments, the nubs may be formed far from the hinge to

25 allow the flipper to sag and/or vibrate.

Figs. 15F-15G illustrate an alternative method of forming a rounded nub, in accordance
with a preferred embodiment of the invention, In Fig. 15F, a nitride layer 331 is deposited n a
silicon substrate 330. A polysilicon layer 342 is deposited and then a photoresist layer 344 is
deposited above. It should be noted that in this and other embodiments, other materials than

30 polysilicon may be used, for example oxide or other materials known in the art. The photo-
resist layer is patterned, as shown in the Fig. and then an isotropic etch is used to undercut
polysilicon 342 (or other materials used) underneath, forming a narrow nub-stub (shown dotted
as element 343). Then, in Fig. 15G, a layer of polysilicon 346 is deposited for the electrodes,
and, coating the nub-stub, a small-tip nub is formed, which tip is smaller than the process
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"109%&5 () eledinitiof/@i § peryxliza{ dthrdBinGer to induce the vibrations, for example, the levitation
electrodes (or the flipping electrodes) may be switched on and off at a resonance frequency of
the flipper (or other pixel structures), thereby increasing the vibration amplitude until the
stiction is broken. This vibration may be combined with DC forces. Alternatively, special
vibration causing elements may be provided to generate the vibratory motions. Possibly, the

20  vibration of the flipper is a side effect of the flipping of the current or other flippers, so that the

flipper are usually vibrating. Optionally, the device is constructed with a reduced inter-pixcl
damping, so that vibration of one flipper is coupled to vibration of other flippers. Alternatively,
damping is provided to decouple the flippers.

The vibrations may be locally generated, for example, by providing a piezoelectric

25 material associated with a pixel or groups of pixels. Alternatively, as shown in Fig. 16, remote
generation of vibrations, by a single or a few sources, is utilized.

Fig. 16 illustrates a display device 350 on a substrate 351 including a vibration
generator 352, in accordance with a preferred embodiment of the invention. In this exemplary
embodiment, flippers in a display area 360 are excited by a piezoelectric material 356

30 sandwiched between an electrode 354 and an electrode 358 at a periphery of the display device.
The vibrations are preferably only activated at the start of a flipping cycle. However, if desired
they may be activated continuously.

In a preferred embodiment of the invention, the pixel element which is vibrated is the
flipper. In some cases, the flipper may be made of a suitable flexible material. Alternatively, a
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10  Additionally, other numbers of springs may be used, for example one or three. In Fig. 17B the
springs are shown as being formed by extensions of the sheathing of flipper 370 without an
internal support. In a preferred embodiment of the invention, the sheathing is formed of Silicon
Nitride.
Figs. 17C and 17D illustrate steps in manufacturing an integral flipper spring 372 in
15 accordance with a preferred embodiment of the invention. A poly-silicon layer 380 is
sandwiched between a nitride layer 376 and a nitride layer 378. Then the flipper is covered
with a photo resist layer and a hole is formed in the photo resist layer adjacent spring 372. A
wet etch may then be used to etch poly-silicon layer 380 underneath nitride layer 376 while the
photo resist layer protects the rest of the pixels from the etching Fig. 17D shows the resulting
20  springs in which layer 380 is etched away in spring 372.

In a preferred embodiment of the invention, the spring are used to enhance the effects of
vibration, for example amplitude, energy storage, and/or coupling of vibration modes.
Alternatively or additionally, the nubs may be formed to enhance the transfer of vibration,
especially increasing the vibration amplitude, to the flipper. In some embodiments, the flipper

25  must flex in order to be in contact with both the nubs and the springs, against the substrate.

In some preferred embodiments of the invention, a touch input device is associated with
the flipper-pixels. In a preferred embodiment of the invention, the touch sensitive area is above
the flippers, so that the display functions as a touch screen. Altematively, the flippers may be
used to generate a display for other types of touch input devices, such as touch-pads. Although

30 the area contacted by a finger is generally above the flippers, in some embodiments, at least
some of the electronics and/or sensors associated with acquiring the touch input are at or below
the flippers.

In a preferred embodiment of the invention, the resolution of the touch input is lower
than that of the display, however, this is not essential. Preferably, the spatial resolution is
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sensing.

5 Fig. 18A is a schematic circuit diagram for a passive type touch input device 400, in
which a touch position is detected by a switch or a sensor at a touched location. A plurality of
row electrodes 404 (formed in the substrate) cross a plurality of column electrodes 402
similarly formed on the substrate at a plurality of switches 406. When a switch is closed, for
example as a result of pressure on the touch screen, the relevant row and column electrodes are

10 shorted (or the resistance between them lowered) and this shorting can be detected using
standard circuitry at the periphery of the device. Alternatively, other types of pressure detection
and/or switch closure detection circuitry may be used.

Fig. 18B is a schematic side view of device 400, showing a plurality of support
elements 408 which space a transparent cover 410 from switches 406. When pressure is applied

15  top cover 410, as shown for example by a reference 414, support element 408 is pushed down,
thereby urging a row electrode 404 against a column electrode 402. Flipper pixels can be
disposed in areas 412 between the support columns. In a preferred embodiment of the
invention, row electrode 404 is suspended over column electrode 402 (or vice-versa) using a
double suspension beam, connected to the substrate on either side of the column electrode.

20  Although switches 406 are shown as forming protrusions in the device surface (e.g., of the
flipping electrodes), this is not essential and they can be flush, for example being formed in
depressions.

Support elements 408 may be separate elements deposited onto of the row electrodes
(possibly with an intervening insulation layer) or they may be attached to cover 410.

25 In one preferred embodiment of the invention, a switch 406 is formed at a lower spatial
resolution than the flipper, for example one switch every 50 linear pixels. Thus, some pixels
may be replaced by switches. Alternatively, the switches (and support elements) are formed
between pixels, or by reducing the sizes of neighboring pixels rather than removing them
entirely. Alternatively, they may be larger than a pixel.

30 In some preferred embodiments of the invention, a standard pixel may be created,
which pixel is suitable for both flipping and touch detection. When a support element is
deposited or otherwise attached over the pixel, that pixel serves as a switch 406, otherwise, the

pixel remains a flippable pixel.

44



10 10f &9109%&' () - 6f 109&' () - 4Y10%& ()-3109%& ()-KzZ"| dEnbC ! 10!-109&' ()-
"109& ()-"yYL0%& ()-F 10%& ()- yY10% ()-Y" @O%: ()-<J dEnbC !

10! LZ109%& () - 3f #109&' () - LZ109%&' ()-  10%& ()-I 109 ()-" F109%& é‘% ;}ul bCTbC !
10! L10%& ()% Yo 9077 ()-3%$109%& ()-y 3$10%& ()-yLZ10%&' () - 31RGEILPOPBRHENDHC |

|10! L&GLOY& () Ai(?(éi%?{%aés)ve%@egsg(fgg (nhy ¥e Lkuseok lddresypxg/% (a)rt& %%ﬂ)ﬁ&-&)(elg\,’ﬁd EmbC
10! L04109@n¢ prefercd oyabofimentsiafohg invention @otive(Addieysivg omlody ate(Bed I spine$™ 1mo

2808/57 (; %%ﬁ%%&} 93‘6@%%%&% Fﬁ%g @r&l}tﬁ_yoat leg%pl(x)el \s used to amplify the power

"109%& ( ) and/ 0k tenyl -thef drik Q4R C(f)thd:ﬂx@mg/&t(v)tyﬁdﬁ@&r(lyvdl AFdlBSEihslgr@ﬁ:’B thahQR& () - !

SS10%' A MBS L i A LR ) T B
substantially independently of the actual pixel flip rate.

Fig. 19 is a schematic circuit diagram of a circuit for driving a flipper-pixel, in
accordance with a preferred embodiment of the invention. In a preferred embodiment of the
invention, this circuitry is implemented as a thin film, for example as used in thin film

10  transistors, deposited under the flipper pixels, however, this is not essential. This circuit can be
used to translate column and row driving signals into an activation of the flipper. A similar
circuit may be used to activate the levitation electrodes, if any. In an exemplary method of
using this circuit the following logic is used (and implemented using the circuitry shown and/or
other driving and device control circuitry):

15 (a) a word line is selected and all the data lines (for a row) are brought to an appropriate
potential (when left is selected, right is grounded and vice-versa);

(b) the data lines potentials cause one capacitor in each pixel to be charged, which
charging turns on a thin film transistor (TFT);

(c) the activated thin film transistor connects the middle electrode to the appropriate

20  voltage, or ground, based on which capacitor was charged;

(d) the word line is grounded so that the pixel control circuit is disconnected from the
peripheral control; and

(e) the middle electrode stays at that voltage until the capacitor discharges below the
TFT on voltage. Although line scanning is described, individual pixel scanning and other

25  scanning methods known in the art may be used.

In a preferred embodiment of the invention, the circuitry, for example as shown in Fig.
19, is deposited under the flippers. The flippers can be manufactured using aluminum on glass
technology, which 1is, in some variations thereof, similar to silicon processes, except that
aluminum is used instead of polysilicon as a conductor and a polymer is used as the sacrificial

30 layers. In other embodiments, other micromachining technologies may be uscd for constructing
a device in accordance with a preferred embodiment of the invention.

Alternatively or additionally, circuitry for the display as a whole (e.g., peripheral-area
circuitry) may be provided using flip-chip bonding techniques. Thus, integrated circuits can be
attached to the face of the display device. Fig. 20 illustrates an exemplary device 500 in which
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embodiments of the invention, stiction 1s used to provide such a step response. In one example,
the combination of levitation electrodes and flipping electrodes is required to flip a pixel, the
electrodes being activated in series or in parallel. Alternatively or additionally, other stiction

10  reduction methods, such as vibration may be used.

In some preferred embodiments of the invention, separate sets of row and column
electrodes are provided for flipping and levitation uses. Alternatively, the levitation electrodes
may be electrified as groups or as a single unit for the whole display.

The above devices may be manufactured using many different technologies.

15 However, In a preferred embodiment of the invention, the pixels are manufactured using
aluminum on glass technology. It should be noted that by using non-silicon substrates, larger
display devices may be achieved. Further, by using flexible substrates, flexible display devices
can be manufactured. Possibly, each pixel is stiffened, for example by depositing metal or
silicon layers, so that the display device bends between pixels rather than at pixels.

20 In the description and claims of the present application, each of the verbs, “comprise”
“include” and “has”, and conjugates thereof, are used to indicate that the object or objects of
the verb are not necessarily a complete listing of components, elements or parts of the subject
or subjects of the verb.

The present invention has been described using non-limiting detailed descriptions of

25  preferred embodiments thereof that are provided by way of example and are not intended to
limit the scope of the invention. Variations of embodiments described will occur to persons of
the art. For example, a pixel in accordance with a preferred embodiment of the present
invention may comprise different combinations of features and elements of the preferred
embodiments of the present invention described above. In some preferred embodiments of the

30 present invention, a pixel might omit features and/or elements comprised in the described
preferred embodiments. In other pixels in accordance with a preferred embodiment of the
present invention, features and/or elements shown only in different ones of the described
preferred embodiments may be combined. The scope of the invention is limited only by the
following claims.
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panel is rotatably coupled to said surface so as to rotate between a first and a second position

about an axis parallel to said surface, which axis defines a hinge;

10 wherein said panel in said first position is positioned over said first region with its

second side facing said first region and wherein in said second position said panel is positioned

over said second region with its first side facing said second region.

2. A display according to claim 1, wherein said panel defines an angle between said first

15  position and said second position and where said angle is over 135°.

3. A display according to claim 2, wherein said angle is over 160°.
4, A display according to claim 2, wherein said angle is over 180°.
20
5. A display according to claim 2, wherein said angle is over 190°.
6. A display according to any of claims 2-5, wherein said angle is under 270°,
25 7. A display according to claim 1, wherein said panel is in contact with said first region

while in said first position.

8. A display according to claim 7, wherein said contact causes stiction between said panel
and said region.

30
9. A display according to ¢laim 7, comprising at least one nub between said panel and said

region.

47



10ii " $109& ()-!109& ()- &F109& ()- 109& ()-!109%& ()-$10% () - WdEYNC 10i i
08 1098 ()-s$! 10%&' ()-"$10%&' ()-!10%& ()-fL! 10%& ()-110%& ()-v; dBYNC

10i i ! DI 0$109%& ()-g-! 109& ()-z,! 109 ()-s*$10% ()-L(410% ()-s': 109%& () - nbC
10ii ! 9@mo%ﬂ0(0w5¥@-ﬁ/& ()- 10 10 109109 ()-6109%& () - 3! 10%& ROTIEPL888C

10111 @ONE ()¢ RIS L) AR LSRN O £ @AM iy, " 10% ()11 (e

"109& () - 9210%&'() (C$dEbC 10ii . 109& ()-f, "109& ()-Y*: $10%&'() $
" 109 )7y 1 %& é % %_J}% s9cd cblo 0%&'({1)

" 109& () 411 BRI, ROE é@?’&‘.‘i & T EPGRI of v:
10i F: $10%&' () - 3! 6F $10%&' ()-3! F: $109& ()-3!: KF: $109& ()-3 10 10

1091Q%& xX6{Y. 10!1 9$1 /& #! 6 10%&' #! @9$1Q
& () - #I %9$130;£ p?ﬁy éﬁ%ﬁ‘i‘é%&c gQ @*1%% f(aft %2% nearer salc{%mge than
10! @\ 34 0kér édge of SuidpUR () - $10°/&&& ()-

13. A display according to any of claims 9-12, wherein said panel contacts both said nub

and said region.

10
14. A display according to any of claims 9-12, wherein said nub has a tip having a cross-
section smaller than another cross-section of said nub.
15. A display according to any of claims 9-12, wherein said nub has a rounded tip.
15
16. A display according to any of claims 9-12, wherein said nub has a pitted tip.
17. A display according to any of claims 9-12, wherein said nub has a roughened tip.
20 18. A display according to any of claims 9-12, wherein said nub is coated with a stiction

reducing coating,.

19. A display according to claim 18, wherein said coating comprises an insulator.

25 20.  Adisplay according to claim 18, wherein said coating comprises Silicon Nitride.

21. A display according to any of claims 9-12, comprising a vibration source underlying
said nub.
30 22. A display according to claim 21, wherein said vibration source comprises a

piezoelectric material.

23. A display according to any of claims 1-21, comprising a vibration source underlying
said hinge.
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material between said plane and said first region.
27. A display according to claim 25, wherein said layer doubles as a colorant.

20 28 A display according to claim 27, wherein said color properties are determined by a

thickness of said layer.

29. A display according to any of claims 25, 27 or 28, wherein said material comprises

Silicon Nitride.
25
30. A display according to any of claims 1-5, 7-12, 24, 25, 27, or 28, wherein said pixel is
manufactured using Aluminum on Glass technology.
31. A visual display comprising a plurality of pixels each of which comprises:
30 a surface comprising first and second regions having surface finishes; and

a thin planar panel having first and second sides having surface finishes, wherein said
panel is rotatably coupled to said surface so as to rotate between a first and a second position

about an axis parallel to said surface, which axis defines a hinge;
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34. A display according to claim 31, comprising at least one levitation electrode for aiding
said flipping electrode in said flipping.
15

35. A display according to claim 31 or claim 33, wherein said at least one levitation

electrode inhibits said flipping.

36. A display according to claim 31 or claim 33, wherein said at least one levitation

20  electrode protrudes above said first region.

37. A display according to claim 31 or claim 33, wherein a same levitation electrode aids

flipping both back and forth.

25 38. A display according to claim 31 or claim 33, wherein said at least one levitation

electrode is shared between at least two of said pixels.
39. A display according to claim 31 or claim 33, wherein said at least one levitation
electrode comprises at least two levitation electrodes each one associated with a different pixel

30  and electrified together.

40. A display according to claim 31 or claim 33, comprising circuitry for electrifying said

at least one levitation electrode in synchrony with the flipping of a particular pixel.
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25 46, A visual display comprising:
at least one vibration source; and
a plurality of pixels each of which comprises:
a surface comprising first and second regions having surface finishes; and
a thin planar panel having first and second sides having surface finishes,
30 wherein said panel is rotatably coupled to said surface so as to rotate between a first and a
second position about an axis parallel to said surface, which axis defines a hinge;
wherein said panel in said first position is positioned over said first region with
its second side facing said first region and wherein in said second position said panel is
positioned over said second region with its first side facing said second region.
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52. A display according to claim 51, wherein said at least one vibration source comprises a

piezoelectric vibration source.

53. A display according to claim 46, wherein said at least one vibration source comprises
20  circuitry which drives said pixels to vibrate, by varying electric voltages to electrodes in the

pixel.

54. A visual display comprising:
a touch-sensitive input; and
25 a plurality of pixels each of which comprises:
a surface comprising first and second regions having surface finishes; and
a thin planar panel having first and second sides having surface finishes,
wherein said panel is rotatably coupled to said surface so as to rotate between a first and a
second position about an axis parallel to said surface, which axis defines a hinge;
30 wherein said panel in said first position is positioned over said first region with
its second side facing said first region and wherein in said second position said panel is

positioned over said second region with its first side facing said second region.
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58. A display according to claim 56, wherein each of said elements comprises a piezo-
resistive element and a force transducing element for transferring force from a display to the
piezo-resistive, to modify its resistance.
15
59. A visual display comprising a plurality of pixels each of which comprises:
a surface comprising first and second regions having surface finishes; and
a thin planar panel having first and second sides having surface finishes, wherein said
panel is rotatably coupled to said surface so as to rotate between a first and a second position
20  about an axis parallel to said surface, which axis defines a hinge;
wherein said panel in said first position is positioned over said first region with its
second side facing said first region and wherein in said second position said panel is positioned
over said second region with its first side facing said second region and
wherein said panel is flipped between said positions by the application of electric
25  voltages to electrodes associated with the pixel and comprising at lcast one transistor associated

with the pixel and formed under said pixel for controlling said application.

60. A display according to any of claims 1-5, 7-12, 24, 25, 27, 28, 31, 33, 43, 45, 46, 48-53
or 56-59, wherein said panel is flipped between said positions by the application of electric
30 voltages to elecirodes associated with the pixel and comprising at least one transistor associated

with the pixel and deposited under said pixel for controlling said application.

61. A display according to claim 59, wherein said transistor is controlled with a first, low
voltage and controls a second, high voltage.
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15 66. A method of flipping a panel in a pixel using electrostatic forces, comprising:
counteracting stiction between said panel and a surface using field generated by
applying a voltage to a levitation electrode; and

flipping said panel using a field generated by applying a voltage to a second, flipping,

electrode.
20
67. A method of flipping a panel in a pixel using electrostatic forces, comprising:
counteracting stiction between said panel and a surface by vibrating said panel relative
1o said surface; and
flipping said panel using a filed generated by applying a voltage to a flipping electrode.
25

68. A method according to claim 67, and including electrifying said flipping electrode to

induce said vibration.

69. A method according to claim 67, and including electrifying a second, levitating,

30 electrode to induce said vibration.

70. A method according to claim 67, wherein said vibration is effected by suitable

electrifying of a piezoelectric material coupled to said panel.
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10  transistors.

74. A micro-mechanical device, comprising:
a moving part, having a maximum dimension of less than about 0.01 millimeters;
a stationary part in contact with said moving part;
15 a force providing element for moving said moving part relative to said stationary part;
and
a stiction countering electrode which applies an electrostatic force on said moving part,
which force at least assists in breaking stiction at said contact of said stationary part and said

moving part.

75. A device according to claim 74, wherein said force providing element comprises an

electrode for applying electrostatic forces.

76. A device according to claim 74 or claim 75, wherein said stiction countering electrode

25  interferes with said force providing element.
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