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5 reference. FIELD OF THE | NVENTI ON The invention relates to visual display
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In response to the demand, new types of flat panel displays have been developed based

on the processing of silicon using MEMS technology. MEMS technology enables
microstructures having features on the order of a few microns to be formed on appropriate
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 determines how bright the pixel appears. The transmittance of the liquid crystal is
controlied 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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from a suitable light source so that light is incident on the pixels at a given angle with respect
to the plane of the display. When alternate ribbons of the plurality of ribbons in a pixel are
25  depressed, the plurality of ribbons in the pixel form a diffraction grating that diffracts some of
the incident light at an angle such that the pixel appears bright to a user of the display. If
alternate ribbons are not depressed, the plurality of ribbons in the pixel reflect the incident light
at a different angle such that light from the pixel does not reach the eye of the user and the
pixel appears dark. An appropriate pattern of bright and dark pixels forms the image on the
30  display. The patent describes methods for using pixels of the type described to produce a flat-
panel displays that provide color images.
Another type of micro-mechanical display is described in US patent 5,636,052 to S.C.
Amey et al, which is incorporated herein by reference. In this flat-panel display the at least one

moveable element in a pixel is a membrane. The membrane is flexibly supported so that it is
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Amey et al, which is incorporated herein by reference. In thisqfdl tmpanel
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It would be advantageous to have a flat panel display that uses amBient light, without
the need for a separate light source, and that can provide high quality high contrast images
- while operating at low voltages with low power consumption.
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 providiiag 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 elecirical power supplied at low voltages,

such as 5 volts or less. In some embodiments of the invention, a high voltage is used, such as



An aspect of sone preferred enbodi nents of the present invention ;,s related
to providing a flat-panel display that operates using el ectri ca? pﬁWerggg
supplied at |ow voltages, such as 5 volts or less. In sonme enbodi nents o
the invention, a high voltage is used, such as 3 50 volts. Optionally, the
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substrate. Preferably, the flipper rotates through approximately 1800 about the axis of rotation
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to rotate between on and off positions.
According to an aspect of some preferred embodiments of the present mvention,
25  rotation of the flipper is controllable so that the flipper is bistable. The flipper is either in the on
position or in the off position and remains in one position until it is controlled to rotate to the
other position. When the flipper is either in the on or off position the pixel consumes little or
substantially no energy. '
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 conirol 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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25 In some preferred embodiments of the present invention gray level images are achieved
by grouping pixels in a flat panel display into “super-pixels”. A super pixel comprises a
plurality of pixels, for example three pixels, each of which is contiguous with at least one other
pixel in the super pixel. A super pixel is small enough so that the eye does not distinguish
whether a single pixel in the super pixel is black or white. Instead the eye integrates the stimuli

30  received form the pixels in the super pixel and perceives an average of the received stimuli
which is a gray level. For example, a super pixel with three black and white pixels can provide

four gray levels of luminance. The constituent pixels may be the same (visual) size or may be

of different sizes. In one example, the pixels in a group are of sizes x, x*2 .. x*2(0-1), with n



which is a gray level. For exanple, a super pixel with three black and
white pixels can provide four gray |evels of |umnance. The consflid gt 2003
pi xel s may be the sane (visual) size or nay be of different sizes. In one
exanple, the pixels in a group are of sizes x, x*2 .. x*2(n-1), with n5
L12 AUG 2003 t he number of pixels, so that 2n-1 different gray |evel can be
achieved. Alternatively, non- binary relations between pixels sizes are

used, " f g Wbﬁpixélg,%o?thaeﬁl-ﬁaiffe%t %f’ak' 183 Un g &1 Andd¥i%8y, 4;&'1- ot her

preferred enbodi nents of the present vention Irst color”of pixels in
a 5 sup@prypplaigns bgtweenipiked sizagresaised, G)r eampleytbe §iB)s bavivg tabies sfgowad ofol or i s
black. Rixels in the super pixel are therefore R G or B when their
flipper Is in an on position and black when their flipper is in an off

posi tion. Sulperthgyiprdbrsedoamrhpdingntsgpf thobweeht piverion the Erstselabbepixélnimecor dance

wWthea L4l [ resent i.nventi.on.tQ provjide a col or
flat§pa?1 of ?élﬁggefiﬁx%q%gggi?ro%?é @érfagdgl}eeﬁp% é:aﬁ’é}?bbg%c}(hgﬁ%g e eprst pr esent
i nvent i pirelragd tiereore B, G ooB mdiemtheir Bipper pixed on pusitien mad sk wieheatidireipgep as a
"mul ti-fJ.i ixel "~ that conprises.at Least two flippers.. The axes about
ahich 7 1 hABBE Rl e TRIPREE “Soipr TRl Arometir B8 Shintarits

par al | eprefendd embalimcitof thaplesai irentichheplokidp pesisr Astahdi idppgd back and forth
bet ween on apd of f, positi OfIS ndb(IHJsr!e; on %ach other jn nuch the ,g,ame way
that pages in"&PEYSE SYPLPF EFB%BIH RIS, O DF BrepaRt URyentiondelals OdXeHdBE her when
t he 1000k pixe}, Ihgichgfierpefered todas Abrhelti-HiPpefPiNeBstf BHRHESSE e tabiwd HIBpeRy. ef er r ed
enbodi mi.gt s of, the {qﬂ}fnti on i Es)?t he reduction or counteracting of stiction

bet ween 15° #4F Ahput Whish thprers Loife Peaeen onghd g€tRositions arg eangTYSRT @ptalig) and

enmbodi NelBieto ehichidiifer Thé SRpeRard ﬁb?édﬂq%cﬁ £ndO¥RK BARLRDN a8k btpo@RolsRndie
pl anar - el ga%h;)%de. device using a levitation electrode. In a preferred

enbodi m&h of Ingmiich s iams vay that ppass in 4 beckrare flipeed bagk andsforthjaad lie pn gher

than a eRMaileEwRIBHERIKWIOEE opld Gid @hlel S 20 to be broken. However, in some
errb?gi ments, the el ectrode may be the sane heifght_ or even slightly |ower,
and!3ti || gemeissitecrddressed by same prefered erabadinents efithe inisension és the edusiton of 0 br eak

its Sti:&hie@d&ﬁ?‘@ks'ti@ﬁ'dntb%ﬁ@eeﬁ ReipLMRMe Q¥Sd Ne surface of the device. In a
preferred enbodi nent of the invention, additionally to the planer

el ectrodes UARASREE RbIenaPisVIcAErphediments efthedavantien relstae ke avereonting pper, by
180 f1i pRiifgin Aplh@fieledld R MRk LIR VISR gwﬁdx kAR kﬁt&&ﬁtnem of

perpendi cul ar 25 to the planer electrode and/or the noving part.

Pr ef er atheyaventain; thgdevitationmidcireds is erised iighen/tharma inovebledlentnt sdleseatictiandst at t he
st apg of I{E%Bl%ﬁ. f, -Vl 1o f [ I..of tigtion. In
an exer?p ary engog%%ﬁ??yl?ﬂ%ngﬁﬁlglggitg %g%o?%f)ng&%giﬂi?eﬁa&gs?te%&%r%‘%%d her ei n
and t heslightly dewdr.omd stillegstisratid @ web dgyitatingsfoomenothe moveble leleatenip debreglhitch ext end

in adi £tﬁfi61j1 b E@i‘ia?ee{ﬁg ieféiﬁleﬁ‘tr ovePirk Qﬁrfac%%tﬁ}tler (%Rr%e. In a preferred embodiment of

the invention, additionally to the planer electrodes used to move a moving part of the device,
such as a flipper, by 180° flipping, a levitation electrode is provided substantially perpendicular

25  to the planer clectrode and/or the moving part. Preferably, voltage is applied to the levitation
electrode at least at the start of motion of the moving part in order to free it of the stiction. In an
exemplary embodiment, the device is a flipper pixel as described herein and the levitation
electrode comprises one or more electrodes which extend in a direction perpendicular to the
substrate.

30 An aspect of some preferred embodiments of the invention relates to various nub
geometries. Preferably, but not necessarily, the nub geometries are selected such that they
reduce stiction between the nubs and a moving element in contact with them. In a preferred

embodiment of the invention, the tip of the nub is formed to have a reduced contact area with



30 An aspect of sone preferred enbodi ments of the invention relates fo
various nub geonetries. Preferably, but not necessarily, the nub* ~ut 2003
geonetries are selected such that they reduce stiction between the nubs
and a noving element in contact with them In a preferred enbodi nent of
the invention, the tip of the nub is fornmed to have a reduced contact area
with 6 LI 2 AUG 2003 the noving el enent, for exanple the tip being pitted

(havi-ng the)encoingnéiereenpi fos kexarifle Mietlp beihg bitekAdhavitg Qhie 0P WEHEPRS), pointed,

Al ternat| ve&%! o(% addi.ti on%lll ,.a faced.o_f t he novi nﬁ: el enent, and/or its
cont act BHIdY 2BHotRESAEHS AlgrativRY opddilippaliyga 258 o6 he B FlEment A/ RTeduce
cont act isfceftactABIinAGIDES bulfrats 6P bPpilbEiMIRS r&IFRGRTB Rédac®bontdieartIvent i on
relates to | qgcati ng he nubs 5 at ] ocations where the forces applied to

move the novitTsEe evretprretarebogiments of dhe inwapgpn gRlatesyin docating e @ubsui t abl e

angl & t it QREHE whiR thid fobdel AFplicd b ABR tﬁé‘ﬁlﬁpih? clehl3ft WiNRvEh Grh@f MHdadtear a
rotation axis of the noving elenent, so that forces acting at the mddle or

end of tHEHBPITYIain Rt gPPPsefhoticten inenceatle drarhyers famed nerit vel vy,
the nubsofiéh Slibs thd HoOfgiclen@nt) 98 thab MR btz ARV WRIddleSlrahil ¥ ok Qudvitly aPpl i ed
force, so that the applied force will exert "torsion, 10 shearing and/ or

t ear i ng PPl adll grovidte strath clgvaressi drtenatively, | he auhulaye distribgtediined ndir ect i ons
to  brealmbdiicShintibt Rl Of¢ B spfflePRECLe e BRTBRICHEL Ff GERAGLERN S Of
the invention relates to using a stiction redu Fi'on coating, for a

f1i pifer -Speaxiag apdlor earingioroge g thetadbierab cagion (sually prosbprin desiredidoditiornte of  t he
i nvent i QReaitaeestid %cgp reducing coating is applied to the nubs, to reduce
stiction oa%( the 15 I pper to them Alternatively or additionally, the
coating is apwl dspat pbsarpreprefeirpp embedimiérdy of the pmehton mlatdsite usinp atstiction, ot her
than th ' [ 4 tctlon-r in oatin | so .functions as
a light %ﬁ‘%}ﬁ?‘?‘y‘f"%ﬁ%‘%}g‘ﬁ‘éﬁ e.r'ijp(ﬁl %e%gg%%’b%%ﬁnﬁg&n%bogg ’ Ifclﬁlé’ T ij’i eedﬁetnll%gﬁl,me ¢ coat i ng
sel ect i vikd inverdfohethe stictom radbeorgomating st appidd erthamiube Ity ratucaetititivh ofidlel y, t he

coat4isng tivel v ret.| s_a..certain wavel engt f light. Alternpatively
o - a3a I b ML T ko RiRRL bR oo B R APP o e ot s B

sel ect i wé thwtstibstiatet etherahart themdeabptivgalivg yhelbdctiomhiednont cobtingChnfutadionOds

physi cal

NS...For ex le in a.low stress silicon nitrjde coating, the
it cknoSd BB RSHEm muEid B abs prip il e SR Bafn, tE Sontbesle B ToRes e
Al t er natorr vabkarbs dight eXlesmiatieelnt drngiditiingiiy, ahs costinpdedlédtively BByt ebsigr f or

different effects. tionally, the. insulating layer |s deposited only under
the nubs’ av%ﬁn@g Bglﬁhgoﬁl{%ﬁﬁel% P’é?‘gft’r"éafye WSGB?"%’E ﬁFaIé"tb‘Teiyt %Fﬁ/]éﬂli‘f i HBFSer Z | at es

t 0 [@ooviselediyeatitibliee of e Eddihg aGdyShd AcHiRSUGR theniedlf @ChyekalShbsmti B&t t hat
couples a fl.ipper and a surface the flipper is in contact wth. In one
preferr (?Ha"éﬂﬁé‘g P ey stress silicpp Mitads coatips, fhyiirkness af the sonting Jetammrings if &

conpr es geflkcRlor bR dight) ARednbtevely, PRt éodtihd mBRPAIAGE adlitlvas WA stk sat e. The

force atpgﬁjied g%/ the. spring may. be designed to be in one or nore of nmany
directi ge,reqtﬁ %pﬁagn lbrthee%%}ng,layphls deposited only under the nubs.

An aspect of some preferred embodiments of the invention relates to providing a force

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 substrate,
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,
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direction of the novenent of the flipper or perpendicular to the flipper
movenent. In a 30 preferred embodi ment of the invention, the sgring,ds
integrated with the flipper at one or nore ends thereof, so that %hbﬁﬁﬁhe
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 substrate, storing energy in the spring. Wen a

]1: : | ppi ngPsfegbiy, tﬂas;:_ﬂmg)isicgplﬂnarr Iw.ethftlheleﬂliﬁpdsr,ast]:hbxtt'ﬂﬁﬁtgpxbﬁﬁdmg f6m its headder, ftﬂﬁé-ps t he
i pper in _conjunction w t he. rel.ease of the ener ent .up i.n the
spring. ofi%sséﬁéf PAV VK grraggﬁg{lalﬁrh%egmgﬁ% %8%%?{5&3%%@{0@0‘% i pper,

rat her tdtiopmaterisldhdvgever, iy tdo, is howeyential. ARérBativiesy GlddRiIEEAR b @lseparate

‘Alternatively. or. addi ti onally,. the spring is formed of an ingul ating and/or

low st i BFPEPRiRRFY Lol oy n af pSArvigy iR if, Bt B daenitiction CRCISGRHAY | vel y

or adsli télesn@btayic éfech. ARAAGER, thHERpiid}Omay BefokhbPBE theishSBbie, MR¥xIMWICH) ON as a

spring, ich is bent by the stiction effects and/or 5 electrostatic

ef f ect s. "RFEBIUARR MR y, "t he spring may be formed on the substrate, for

exanpl e by M@Fs&brwﬂe prefeibl erWbdRSRRCIS (RS inSGQHiBn PUALSE eHe SpRAdh Nt s of
e

the invention relates to using vibpration to counteract stiction effects in
a fli ppefoupiesast stighien effectstra fipnsrpirslgiseiceraheyibretiona may bg seneraefeingne onpre of
ANy WaYgorclotflabflivags, HRfudfkasm idll 3R i At ement s
and/ or byolrfo_ actjijva i n uaﬁlgart xg‘??ll? ﬁg%?@%g?ﬁggﬁ%%ke te;férrllgeql %raa!ﬁﬁ/gﬁﬁ}to
caus & vi ¥tixatings payt of the dedseimsireneating roanatr, todatseasiraiion. f dnesxamplg,ladecal to t he
pi xel ang{oen@ voitRbi a1 QLY . Y. i i . ' .t he
vibration. Such a éﬂl(tl)rat oﬁh I§a%§y§:}oau%+%@r§urﬁd7fgrﬁﬁpg§§5 églsgﬁ(ﬂgaétogtﬁ?wgé; a nub
and/ or athpvibgasion. Sch ervilmatprmpy bosoupldd iand/emiatated adgacert tte analy andéorpriingeded t o

vi brate Aﬁé’mﬁ T, ks We-h - ' : .t uated, for
exanple at t %%&gfﬁ%?aita € agxgl%(/ﬂlafég%s pg%vs}%dg? ;/ri,ﬁhgé %‘%g{ﬁ%’gg%lsi’ﬁg d\%‘/é%%g?“g’ 515 used,
whi ch propatpames be sigricdhfor edgwlactt thelrdgzaethadevice. Rdssibly] 4 ppagatingeaveds

prefegr ' vichrations is.by el ectrifying electrodes on
B ot B ocel it nrbhaglE RO ! ke b Yl BUR, &S pibheCul W ik ofhETE D0 0
a Vi br at gemerahge wibratiohsais byued ehgni fying . eldetrodes atnhe piegockricamatedied, such s @2Ton i s
caused b i yat i ng t.he flipper .element, faqr..exanple with an AC voltage,
to cause)(lt'?\e}lllq%frv a i%lﬁ%e‘ﬂfff g‘%%?‘%vaeﬁgﬁagﬁ ﬁs?e‘ﬁﬁ?lgém?%rlﬁl} anqihe; cxample, the

non- sy mmebnaiien Bawmstdby hctipatingahd Hipper efement GorleRartisie thithlan AC PolREE S Sfise

enbodi me‘[}ér gf t.he igv?ntg}gn t he frﬁgﬁlenci es used.match Hatur | resonance
f r equenc &89} Alifmatiyely, g Byl iomms, Heh 4 ARoncPINEHS 2y - tooth Bulse BTPsm@esi gned
to 2bncentsedl B b heefener gybaiméd e hd ki, ROfbdiRAci@&Nuield Ghaas gduanp! i t ude
i's provided. Fo% exarrp(lbf;s t he nub y. be horn_?svgﬁpe% so fhat, the

anpl i t udEBPNSG; BRUERLR off et Lippsr pudQr dhe apky Optigpafly.ofiei 1 1 dssienes; & er abl vy,
but not caceEs@ the energherap® vitkaion0Bo @hat Anbiddch@B dn$HliSBGH R&NidRd For5 Wi th
t he applicatiéo&@of a flippi nghvolta e to flip the flipper. An aspect of
sone pr PEPPEYNE P MO Fhapeth sp Fipk Hieiagplifude of awratigniofite G ds BiRgich

than of its base. Preferably, but not necessarily, the application of vibration is synchronized

25  with the application of a flipping voltage to flip the flipper.

An aspect of some preferred embodiments of the invention relates to integrating a
micro-machined flipper based display device and a touch input device. In a preferred
embodiment of the invention, a transparent surface is displaced from the substrate by a
plurality of support elements. Preferably, these support elements provide a touch-sensitive

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

8



m cro-machi ned flipper based display device and a touch input devjge, In a
preferred enbodinent of the invention, a transparent surface iSidTQ%ﬂ%
fromthe substrate by a plurality of support elenments. Preferably, these
support el enments provide a touch-sensitive 30 functionality. In one
exanpl e, coupled to sonme or all of these support elenents are pressure
sensors which generate a charge, generate a voltage and/or change their
resi st ar}miesm;f mﬁh%lnpxeaaIteo@plbclﬁalelepfe@tpggmwmsnwlnﬁm RbR- ST il ﬁmbﬁin@ﬁtpgbﬁ@dt ot hﬁ
support el enent ternative itiona aci tance based touc
devi ce i EHRPBRENAY B i EHFTAR AGREER ASBSE PAHEASAP) Paseh i8hSUE ¢ he

di spl ay dfeetiGeaifatiyus meﬁpmﬁrgabﬂihetdyw@é) Rl Bk lehfbodinfehts C411da8t sodioFfheCi r CUi t's
are 8 12 AUG 2003 g‘_osm bly not coupled to sug port el enent s. Al ternatively,
't

a non- | GUBICTE JErREnts prf rade fisgiblede.gy by 1SRitAbigTelsstions of rmatgrial) and/onaimtnageds

Sur f ace MR heh WERe LA valasaehek Bpaﬁua(:u&iolaﬁctsdﬁﬁ]%duﬁace%ﬂl%ﬁb&&% at the
peri phery of the deV| ce). In sone enbodi nents, at |east sone of

suppor t REPReFRIPnSOf AWEaseaitevaeR it Hieedipnlay, surfasy. Bxamplasy epasingcel the rﬁ“ﬁ?ort

mat er i al Jerfpfl RE fAfeE RRACRA 120 dr Aot éisin&feyfé} PP iR G RAbRALandelRES LYPes
of contact of objects with the surface wll afféct the propagation of

ul t r asorfxes efdledisnlay. t he di splay surface. Exenplary spacing of the support
el ements ar eAne%{/%EcttMné ﬂrgferrg)r% %QRQ ént?%f%@%ﬁ@ﬁt?onpﬁﬁategl t%Chhethbdy 1€

hori zontal and rtical axes | spl ay aspect sone preferred
embodl nesaclifping thedndividea pixehelenednis ba preferred trobiwlirpént of the diventioni fiyouity t he

i ndi vi dugly. teﬁ eé}ehfam @’r dévﬂ:fe%o%é:%;a%ﬁmg% dg@?ﬂ'uggﬂ% s2la mF‘%JChQI%Sq:QttA

circuitry erl Vi Ce I ncorpora he plxels is
used t o pixaiwhils mmmtm asms:latﬁd mﬂendlpldndlwgelwm nbed to acrtnfauettlnwpmﬂs’ﬁms,aiamd with

individ |er Thus can.be witten
o the i o e 1d e YREA o 8 AL A dRa i RorEh el s SR o SRR 1T
condi ti dor a fwaticm rdgrizd iforflippog) iAledhaficdy b1 adfdmongly, Fivtee ponadricae by used for

o el® o e e UG, WAL 1607 iRTHRER s P P R R PSR 2
parti culea:rarticy}:aet}{pﬁ oﬁ.m‘pj:hﬁcﬂmm; t:rmxstdrs' ansbal Brswiteties tdidatngd powi tb t o
P g

R R R
transi E tmmpienﬁnﬁﬁamahtmhs PR rabWy, t}ﬁhwﬁtﬂ&ﬁ&ls&fdiﬁ iijrg afathtdiRddTh ah Bﬂétatefbyaa.nhon
state Yy, 8 aci taor .char rin i.xel_ addressjng, operatjon. Thus,
even af t%8p3¢ F?Fea’éﬂ-ﬁéé]g’é?%@ g‘fe?&g‘g?ﬁs’ﬂgﬂ??pf‘%n D | ¥e atter; the USRS Y 2 can
nai rgoai pitdd & omplddl, it APacRBLEAYMAREIANEE bREcSThah Snele) RharPebipl YA€ One
advantagﬁsslﬁ\?si?b%sult especially if high voltage is used for flipping, is

that hi Anfgecopsresdt, swpacigflysié high éoltagp F%‘WF‘F]@T flipgingnis et high ﬂeﬁpmg

gr ay- | eveks alypdsdblc dalfdwiftd Ha GenditsioQ o fadrhyldk A8 by Hhyad %ﬁpgﬁxﬁ%ﬁﬁ@ér QRSAlgut i on
with rel atl vel TV"H sggllfe circuitr I n one enbodi nent of the invention,

f1ip-chips ipRyBrith reltively SimPIE iR ent s,

In one embodiment of the invention, flip-chip bonding methods, or their equivalents,

25  are used fo 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 transisiors 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:




#|-‘

25 are used to bond one or nore integrated circuits to the perlphery 01g &[Wé
di splay device, to control individual or groups of pixels. Alternatively
or additionally, alumnumon glass technology is used to formthe 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 filmtransistors or other types of
transistors naysdfcdbpny dnedtedl e thah Nesqdbte hil PR compHsiag Sird4AdBdcBad t he

fli ppers are m on glass technology and the transistors
are depos#iogﬁﬂg’ﬁlgtﬂ%la"ﬁ%ﬁ‘?i‘esoé’? re the aluminum There is thus provided in

accor dance W tathia mmef wieiatdviagiied an® o siddd Bavify Qb Rnisits, Whepdipbaidll sSpl ay
nprises: 9 a surface

conpri si e%gf pltur@ %ﬂﬁ{ pi xel s each of which co

havi ng aR™Sr82otraly copplef tp'said surfare sp 2p fomiotais besweRsra Eetagndra seamd pagitiarecond
regi ofis btavi dguxsipafaleiao blidbhghes whdhtud deftidd akigar panel having first and
second si ges haV| gl?eﬂsurface fini shes, wherein said panel is rotatably

coupl ed ¥ ereitsid PRl Freidststposition psqositianadavaieid Grstrerign withdts seceed gdkl
posi t i ONfacitg 3KO st ek Ard RREH hflaid QoS fhsBibh 88 Sancl Siid¥isSovieldes a

hi nge; wherein said panel in said first position i's positioned over said

first relryH weieR "flﬁhsﬂssféfébﬁ@\e Brige saiff gegong regiord Prefergblyy @gi pavehdefingshar ei n i n
said sec i econd ion with
RIS %?‘#%‘é?iﬁgﬁ%& sfRBEEL 4 RO S5 o Thot Wil nBETENGT 581 Phes an
angl & bePrefzeblys shid dngresns opasidi°oAltemativeli o aﬂﬁxﬁiﬁdﬂ)pcssjdt mgn; ﬁrui;el\/\ﬁpa)ﬂe sai d

angl e is ver 1& ferabl y,.said angle is over 160. Alternatively or
addi ti on& W‘“"& % =§a16\?’é31e‘f8’63r 19}-t ernatively or additionally, said
angle is overp}9ffertdd eﬁab@éﬁ%ﬁrorfﬁ{i iERAdH, E%é‘&r%? sl bRyention, said angle
is under 270. In a preferred enbodi nent o e I nvention, sai d panel is in
contact with B4 Pfefeﬁﬁ%ﬁmb?(b’gpmpfvth‘t inventipns adid] phuel g irp owitact avith @idefist abl vy,
sai d Confogieh whAH 8w ikt hoPibnb B '

Al ternati %el y or addi t |Soh S?&P) lte | spd%ogé&%a?se%gtéﬁgg 0 fweg{f Eag(gjg Sub

bet wken @disgidgagien. Adischageglyl or aiglutmall)Prﬂ@ftbﬂ:éayl gompsiacsdlt akt dns bbb betederon sai d
panel . Al at [ roe sai. a_preferred
enbodi rreriiltded(’)a1H ahggz%l%{/gﬁ}'?[l %ﬁféﬁl& %fﬁd {‘l% ea%ngip)%saﬁu |gA(rj1)t5rél?tér lysaq?% IFPI nge

t han an i8furmed enlepid pRiosai d panel . Alternatively or additionally, said panel
contacts bot L d re ion. ternati y or ad i onal ly,
sai d nub has H%E?’!r Serfdh avfin?]boglmeél{rj%itge %13’8{‘ dh® ?rgﬂ]leﬁ OPfh lﬁr’l’ﬁ?rﬁre?a’dd{’m

Cr 0ss- setbér arputdr eé@ of said baneAlAﬂEmaﬂteﬂwei ayldmbnaltj};lgatd el dottacts bathl saﬁdlhh}h as a
rounged i, ternative ddi.tion , nub has a pitted tip

A teg(ﬁata}nvgfld G0 R B o G s 3% HREAES T tone A | vel y
or addi tlilﬂrm:bthyzr crsm-ﬁctfwa baid ﬁm)ahﬁél'nuﬁﬁe[y o a&dm@xiall?,rhai’deﬁﬂ %Mrouﬁ‘cﬁ:aftlp ng.
Preferab g&{ ng ¢ S an, |Hsul E Al ternatively, sald

coat i ng léé 1ng¥ Sor additi lly, sa; as a pitted tip. Alternatively or additionally; said nub

has a roughened tip. Alternatively or additionally, said nub is coated with a stiction reducing

coating. Preferably, said coating comprises an insulator. Alternatively, said coating comprises
25  Silicon Nitride.

Ina preferred embodiment of the invention, the display comprises a vibration source
underlying said nub or said hinge. Preferably, said vibration source comprises a piezoelectric
material.

In a preferred embodiment of the invention, the display comprises a layer of insulating

30  material between said plane and said first region.

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:

a surface comprising first and second regions having surface finishes;
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25 Silicon Nitride. In a preferred enbodi nent of the invention, t Hed d%f-éﬁoIEﬁQS
conprises a vibration source wunderlying said nub or said hinge.

Preferably, said vibration source conprises a piezoelectric material. In a
preferred enbodi nent of the invention, the display conprises a |ayer of
insulating 30 material between said pI ane and said first region. There is
al so provided in accordance with a preferred enbodi nent of the invention, a
vi sual di spl ay t]moptmma}amj hawpg ﬁrsahndtsyc@ﬂ sfilex BdvingesaeticeOfinishds, ®hefeiiigald ses: a

surface t,.an i ons havin urface fi nlshes 10 1
2003 a t 3%%"?3’ B"“ﬁidtﬁé@f‘ TP fa i B &W%%@fﬂﬁaﬁm 2R e

fini shesa,bouﬁmramsmmmldosaﬁmmﬂaca whichab défings §BMpd;@fdt 0 said surface so as to
rotate betvveer] Ih and a ond ? ition_ ahqut an axis parallel to

sai d surface? Riff ® @ga’é‘?eflﬁ “’%Fe‘ﬁ 4\‘381"*“%‘1‘?8 said fizsf £981Q% | nsul ati ng

mat ers alwheedinedd pai @ splddne pasitorSia psifidred bvdrQ8id Fst repi R itsesadkiRanel in
sai d flgf ‘ﬁil on s p83|t|oned over said first region with its second

si de & "ﬁ% Bt Fagpogan é‘@‘?’i‘}}? g said\rcondippsition said pangbis paeitionsdioverowids ai d

panel i se@adirtdion@h QY st Sidk %cu@%ﬁﬁ@e&n@%@éh Whdelrab1l; Ssafd lﬁﬁ% d%ﬁtﬁé‘s dsaci ng
said secopd re Preferably, said | ayer doubles as a Tol orant

Pr ef er atfP m‘éagﬁ%&h rSak Golet Properiisy @red detaminase by by thicknesscRbeaid layersai d
| ayer. P?éf@rfaslyaéaid)ﬁnﬁéhzﬂl cOBpdeh @hm&?ﬁﬂ:ﬁhé Otertlatib 3P By M(fltlfchffy sﬁhtp%{e[‘%t ively

or additionally, said pixel is 10 manufactured using A uninumon ass
t echifol degruiachiTed ysing fAdvrpisamonisdess fashiolesy. t he i nvention, said pi xel

COMpr 1 29 2t I SRKARRkRBA PLESHLACS Al PHIAS Rk o e e red
enbodi rréilﬁ"tf@ie foniirping exid pansl beéweevlsgéavomssphay conprising a plurality of

pi xel s each gkl S econd
regi ons havi ngesur?g}:g{a?’a?ﬁl ghe&cor&%ﬁg“ﬁﬁ afﬁ(ré] 15 g%d&gﬁgl&hﬂgﬁﬁggﬁ r%st and
second Sisyaldtisplayicomprsing aplaralityifpivels, eamhhe’r“émqh cemprsespanel is rotatably
Couped {0 Sabaiks gl A3 bl ByRIHRE bl o 2gH, % Sooond
hinge; wherei hﬂsmpldnqmaoml ham&ﬁnsmnﬂlsctsmd pxd Ilaivmg sugfaqediishes) Mdreipweid sai d

first ' ' se side facing said first.re d wherein
in sai d(i’g"lééggsnl\éMt s)l§°§181r‘1358%5 Fr?% NE ‘Bé%*F‘F%S‘PF&a“ a ft and a s %"E‘QB‘E}?}{? % egi on
with i t@btbutlastamspaielldl wcsaniguﬁ‘anedwﬁlelmmddefﬁgs oOiiipgeand wher ei n sai d pi xel

conpri ses at gast e f ip | ect rode f. ar fI| I n ai d ane bet ween
said two posi |r81rﬁlssm£?3@f3 Pa%fcggrsfﬁ%s“éﬂ 15|p3§) Eé@g St T dts

| evidDat isenoné bide facimg@aid 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 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. Alternatively or additionally, the display comprises at least one levitation electrode
for aiding said flipping elecirode in said flipping. Alternatively or additionally, said at least one
levitation electrode inhibits said flipping. Altematively 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 electrode 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
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for nmoving said panel, thereby aiding said flipping electrode in

flipping out of said first 25 position. Alternatively or additio élﬁyﬂ 2808
di splay conprises at |east one levitation electrode for aiding said
flipping electrode in said flipping. Alternatively or additionally, said at
| east one levitation electrode inhibits said flipping. Alternatively or
addltlonally said at least one levitation electrode protrudes above said
fi & st f Ir e@ecﬂmﬁedﬁ}iﬂoemlr)mcmm' iny sgid ﬂi;ﬁ»mgtell@ﬁadd mtexa,-latmmesmdé ?."Mtﬁh |e??r@ﬂe&c_t & ode
ai ds i ppi ot ac ort.h. rnatively or additionally, said at

| east SOQgﬁ%ﬁh EP? y gﬁ%?gﬁgn$§”éﬁﬁ?@§eﬁ en at least two of said

pi xel's. Al 't ernatpryfeirytl ehbodanlght lof eHedihlehios abid el @a%hs@rue ldaVdro @bty
electrode conmpri ses at | east two levitation el ectro each one aSSOCIated

with a dffepReddRarety whish sprpe equgles said pang! %"Sé@f’ﬁ’&t reg}!&‘%“é‘?"ﬁé?‘ﬁ%‘}e&m&lﬂ said
addi t§ onfisd positiohhe di splay conprises circuitry for electrifying said at
| east one levitation electrode in synchrony with the fIEgglng of a

particul ar pib08Te.is plePEwilst yn acoqrdanqeavitlh & peged cabedipwrs ofdhe mvension, & | 2003

el ect ri fiiagi @EpIoy c(ﬁ'rﬂ)l’i@ingﬁbfdrfilﬁﬂr BShiSd Shoh bf PRENGNGIBEE rode. Al ternatively,
said levitation electrode is ‘electrified sinmultaneously with electrifying

sai d flipping 2smdeecemprisingfirat 49 evcend wgioanbryinermercediishpeaidvent i on, said
panel conpris %%latplang%helql@ﬁng ikt %gjesne@é&das@&e@ ﬂa&lﬁgegu@faee fifhHeg %%&;A g coupl es

sai d panel and said first gl on aid panel”is at said I rst
posi 1§ orpangla retatply amﬁ:@ﬁddp 9l gardace 150 48 rorothimigbweshtahing! gud@fsepand dodiidrodi nent

Of Lhe | EE @ paficith Skl 2Bh N £AMELSLAGGR Bl Ural ity of pixels cach

of which conpris ace conprising tirst -and second regions having
surface fi ni sthetein aaid pand i saig|fasigosifaméd pdsitionedyovarrsgid Ensidregion ovith 9 des

havi ng S#éécfrﬁ%‘f‘deffhé‘ﬁ Ja&sﬁrstgt@@&gaaa Witk i %Qld%%&%h 35&15110&@&@9&1% ﬁ;ﬂi%lns

said surface so as o r ot etween & fIrst about
an axis mr%ﬂld@lconddegmmﬂsua:ﬁatadefahngkﬂuasqcmddegwmesda hi nge wher ei n sai d

Dot 0 da Pl i@ Rkt PRI ORI W PRl bR B R 11 | €9

second side faC|n &gl On anc &R Th sal p%5|t|on
sai d pansaid paselpod sand diraetbgiouwﬂmn sad plarseb iscn ehid ﬁg't pcn;xtmnt Prefet@lyf Baid it ledsde
facing sai d second re 5 _wher.ei. ane rises at | east one
Spring STEIERGE therErs Sha PR R G ST pRal bR R 4R 2l o frs
regi on when daid ppdfaet ensboaimeﬁaalotﬂ the lisventhas ishidodisplk) ebmprdal Yot iesi dnatt | east
one spri ngrahs an extension of a sheath portion of said panel, opposite said
hi nge ar BE2MHO4™Sr ef erred enbodi nent of the invention, said display

conpzd ses at Thersik aB rovided B bdcOfilafRUli€Ca prR€rrEh @Boditneid FahPmesitded i n
accor dan‘(,:lseua\{\ﬁlspt]ayc rp%gl%ér ed enbodi nrent of the invention, a
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 satd 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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visual display conprising: at |east one vibration source; and a. plurality
of pixels each of which conprises: a surface conprising first aﬂdisédmd@93
regi ons 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

hi nge; wier piriphagi of pihdisplay) Rrafecibfyl ksitl 40Q&dst bad vibSatipd Sotuice ReMpMReera sai d

first region wi.th,.its seco side, facing sajd first region and wherein in
said se ?%8&5%1%? f”ibff’&fog é?ﬁcepz‘gtgﬁnatiwflypﬁsﬁdaﬁlﬂﬁ%h ’ S%‘i) aloloast oUe, yifralign 9VECer egi on
Wi th it scofiptisss dfoditryl ahichgiraes daifegindld 6 aghrl, bPrebgiakletcsaildgat ol east
one Vi br‘ﬁt hi?% source conprises a plurality of vibration sources, at |east
one of tTEHPHELLUFAMEL with each pixel. Preferably, said vibration source

unders i es sailflalpréfeieed AhBoRidak b¥ @leYinPdntionddé WispRAlcbpri&aiatoddnbieaditiven source
underlies a contact point between said panel and said first region.
Al t er nat!PRA y or additionally, at |east one vibration source conprises a

vibration soungs is dido profide®inPREDRRE Willa HekHedlmtld@ent BF @lcahfRtiyn, 252l d at
| east one vibration source conprises a piezoelectric vibration source.

Al t er nat'Pspal 4isplay caE@risingnal |y, said at |east one vibration source

conprises Ci bedlchkdhsMik Glpudiides said pixels to vibrate, by varying
electric vol tag}gj_ to electrodes in the pixel. 5 1n a preferred enbodi ment
of t¥e i nvenepBulity plpieglsqrtagl wehnompaisesa t ouch-sensitive input. There is

also provided In AGEARAGSiHE i oSl fth BARELARRL aflndkfifa! nventi on. a
vi sual display conprising: a touch-sensitive input; and a plurality of

pi xel s each of wh# ¢incdener ipsedd :haging Ufirftaewl seapd isties gaving surfanedfisseand

regi ons ENg,: C I A 1 : ' I hayi flL,rst and
econd <) ealpu Biief Sropdthy " tpled B it sl o8 R I8ogREREReHTY DR |
coupl ed seewnd apsiticuabpuice asie parsiidl ¢o yatt satfacehwhink exis deffries shingmd a  second

positd on about a L: [ I [ & .sutf . ich axks.defines a
i nas: 15 wher ef n it st B el hedYltiBy e Ao ELsB NS BT 0, i o
first ratyisseondidide facing silchind regictiearflaghargin Saisdidf secatd paijionrsainphnahir ei n i n

221 2o5BoRE%) . A Rt B SRR RE ol BRSO U
i nput coophiseBiiva inputicahprisys Ofivtabityadf teleh detetting oiinemntsladigh plataliey &
plurali tind%fixels In said display and distributed over said display. Preferably, each of said elements
20  comprises a contact switch and a force transducing element for transferring force from a
display to the switch, to close the switch. Alternatively or additionally, 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.
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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said pixels in said display and distributed over said display. Prepegabl Y
each of said elenents 20 conprises a contact swwtch and a force tran'édﬁcm*q%
el enent for transferring force froma display to the switch, to close the
switch. Alternatively or additionally, each of said elenments conprises a
pi ezo-resisti.ve elenent and a force transducing el enent for transferring
force from a display to the piezo-resistive, to nodify its resistance. In
a preferred ebeih sahpamef it fifd finy podifienis soaitendloset siid firti pged vaatiween said
posi tions 5. b¥ t he %&E%I catio %1:9 electric voltages to el ectrodes

associ at> S isldR 1eHs SEdEt repiQp 40 vhgedin £5id secopd Positing said pepel & pogifined

transi stover sakisecdndrfonvvitihitd fer siofalingddadi deasidi@thndnder said pixel for
controlling sai %. a?f{l)éi cation, There is also grovi ded in_accordance with a

preferred ent Bfnet pe Hinped SetwerR sd pesitong) by theprpalicasionofisdschis a

Pl ural i tusltares B A@rddRasRdcialed With Bt (SATRE] ®BrisAR afleSHbdAfRsiO Ridcikdg first
and secon%sregl,ons havi E{g surface finishes; and a thin planar panel having

first afisbedne! apdicsmphyndey sedmixet forriopirallies saidurnlisptions Breferabby reid i s

r ot at ablanGQuP ke oIS Wit 4l HAE C1090 vafagh CariOL 1P WEGA, Ridh! USitagdnd @

second position about an axis parallel to said surface, which axr's defines

a hi nge;Alematiyelnor aiditionallneid tygeter is contrelleparitl a pignal of d short deragissiot i on i s

posi t i 0RAGw QY8 apsiRhhnl dfssil vﬁl@%l%)%r WML kb dndy 10?1%319&%01%'119%&&%&9 i$dog Tirst
econd p pa

regi on and wherein in said s osition”sail neél 1's positione over
sai di0sedsrrtion-dyriorably s4id lang duration isatdeast &oir tigpes aaid skat dwrdtione Freferatdyd

uher ei n <5@iishaRARRbn i ebl BRAHAEI MRS Ao AirdlihOSi i ons by the appl ication of
electric 5 voltages to el ectrodes assocCi al%d with the pi xel and conpri sing
at | east oneln#pmisited embaiygot phthe thvemionhsaidtmngisteefunctivds for svathunder sai d

pi xel for co J Y pplicatiop. Preferably ..said. transj.stor is
control | ed w&%ﬁggg %l%lg%rtg,@ld?doglv é\%%dfr? %‘ﬁéeg@%lcf pé%ﬁ??‘g%%g"geélégﬁ&e RYGR° 81 t age.
Al t er natieftwidyof Sippagdi ganed mak bixel ushg dletireshutic $dross, dompeisingr ol | ed with a si gnal
of short d | .allow said.application of said | t ages r a

si g?\lisf i cant | g‘g‘?‘?ﬁ%ﬂﬁéjggﬁé‘ n],%t‘gt N Séaéagtp Shi agé % AVHEHSPE %i‘gd &5’83?‘?%???

Pr ef er alabplying aivdltigongya Buitaioh electiraiepdndl east four tinmes said short duration.

Preferably, gsaid |lan urati js at l.east eight tines said._ short
duration. | nﬂa’f"ﬁ‘:ges?‘@rp%%% uélﬁﬁgﬁgmeré‘?dﬁﬁép?lﬁ\? r’i‘t‘?"h?ﬁe g &isa""f’ii’atﬂgli”g%’or
functi orkciaslea switch. There is also provided in accordance with a
preferred e di ment of the. invention, a thod of flipping a panel in a
pi xel usi ngngﬁ%"?:fsr%?t%ff’fl efﬂr%%@?“@%ﬁﬂpiaﬁr%?eﬁgnm?“éP B IREF4es: @t i on
bet woen nsettiod of Aippingardnd ibalpikeasing Siebibstatie kg adapakiagh by applying a
voltage to a levitation el ectrode;, and flipping said panel using a field
gener at ed by UPFFaIAGSUCION PFAER set panelang & gurface by yibygjing said panel refative

to said surface; and

flipping said panel using a filed generated by applying a voltage to a flipping electrode.
Preferably, the method comprises electrifying said flipping electrode to induce said vibration.
25  Alternatively or additionally, the method comprises electrifying a second, levitating, electrode
to induce said vibration. Alternatively or additionally, said vibration is effected by suitable
electrifying of a piezoelectric material coupled to said panel.
There is also provided in accordance with a preferred embodiment of the invention, a
display device comprising a plurality of pixels, each pixel changing state by the application of
30  electric voltage to the pixel, wherein each pixel has associated therewith a circuit comprising at
least one transistor, which at least one transistor switches said application of said voltage over a
period significantly longer than a period used for addressing said circuit. Preferably, said
circuit comprises fewer than ten transistors. Preferably, said circuit comprises fewer than five
transistors.
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el ectrode. There is also provided in accordance with a preferred enbodi nent
of the invention, a 20 nethod of flipping a panel in a pixel usilny Al!3 200
el ectrostatic forces, conprising: counteracting stiction between said pang
and a surface by vibrating said panel relative to said surface; and
flipping said panel using a filed generated by applying a voltage to a
flipping el'ectrode. Preferably, the nethod conprises electrifying said

f1ipping el ecthepd alsd proleliea 8n Sedostiaddedhith b Pfeferred 2nfdboli@feAfdf ME vetion, a
additionally, the nmethod conprises electrifying a second, levitating,
el ect r odBUTOTeRRRIcA! dexice COMBYHRG on. Al ternatively or additionally, said

vibration is ghbags g Byisid habhem @hekioniol s@aPibott POEAABKEEL! | ¢ Materi al

coupl ed to said panel. There is also provided in accordance with a
preferred enoUiiPBHY Pat intqeatapt Wil eidgnoving pagh spl ay devi ce conprising a

plurafity of pixelSevi@AE Bleixehr SHARY gﬂ@nﬁ%ﬁ%?%?‘elé}d‘@ t&BR4 'stgt?t;rfalg’rgaﬁf 30

electric voltage to the pixel, wherein each as assocl ate erewith
a circui ®konprising at | east one transistor, which at |east one transistor

swi t ches sai d, 3R &Rk | period sianifi tly

| onger than a peri od use_g]gg?%crﬁg%gﬁégéﬁslﬂggglgglg&??? té'glﬁ’%ée c%r%#dgﬁg‘%} , said
circuit wowpiforeest leasivessists i hreaking stictins absai} eontapf of saidadtdtionary giaxd and sapdii t
conpri se t i :qt | St i 2 0 i l.s0

pr ovi dedmlﬁ{rrlﬁ cor %%%(r:%ﬁ%/\n%? Ilq %&gfﬂé e@?%ﬁleé]%%toaqmnper}ﬁ? SZ%} %][egtgc%feﬁfs}eggp?\gr?ﬁ a

m cr &0 meelkeirosiotd fodeesi Skgrnativaiyrar siddigonadlynend siiptipm coyntdniny i elsgtradentatei fonasn

di mensi of. . 0.01 miIlimeters; a stationary part in

cont act %ﬁtﬁuﬂégoﬁ%&ﬁ%@@ﬁéggéé t'; 5 a force providing el enent for noving said
noving part relative to SBRIEEDESCBIBYION QR FIGURES stiction countering

el ectrode whi .appl.i es...an el ectrostatic rce on sajd Vi. N art. whi ch
force at | easﬁ%é%‘ge&sl n Il begore plear %‘?FIEEOP%BP' Ee?ergngego %‘8 ﬁ?qg)é’f“%"reg%‘aﬁﬁn

S][ at i onaofyprpfarred embbdéaéns thtéf rre;gi b:aafohjun&tcafxeiﬂgbnlelsﬁgxmiada&ed ﬁ&?tpr Bviheli Ng

ele t gconprises e) ectrode. for ying 1Q electrostatic fo S

Nt obhe: FOTR togteainiofite g il R oa P hith Miheadn Greraiirn grec e Ao pbeled

i nt er f er with theistrhe flrh@alfin 81T the Figones T wigctetheapptar. B fighrddaRCRl PTI ON OF FI GURES

The invention,wl| re clearly understood reference to the follow ng
description g ‘pere"lpérSHD‘ﬁ SERATLF ﬁ?@%é{f%fof%anwwﬁn%}%wi St th t he

figures gippa&Ghedted eifRicht pdsitichd)6n adddrdah@Uki@Sa piek@RtlicabbdilehtiSl HE BRsen! EMENt S
~or partsin\‘/}/é}ltitt:)g; appear in nore than one figure are | abel ed
20 Figs. 2A-2D show schematic side views of the pixel shown in Figs. 1A-1C and
illustrate how electrostatic forces control movement and position of the flipper, in accordance
with a preferred embodiment of the present invention;
Figs. 3A and 3B show schematic side views of a variation of the pixel shown in Figs.
1A-1C, in accordance with a preferred embodiment of the present invention, in which the
25  structure of the pixel has been simplified in order to illustrate how electrostatic forces control
movement and position: of the flipper;
Fig. 4 shows schematically another pixel structure in accordance with a preferred
embodiment of the present invention.
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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are: Figs. 1A-1C show schematic perspective views of a m cro-nmachined "“’piz

with a flipper in three different positions, in accordance with a
preferred enbodi nent of the present invention; 20 Figs. 2A-2D show
schematic side views of the pixel shown in Figs. 1A-1C and illustrate how
el ectrostatic forces control novenent and position of the flipper, in

accordance \Hig.h7 shoprseiemheeshuBiigsi iad, dhstildRd Rh @6@Mdantd WAt R8eréd 9. 3A
and 3B sh schegﬁ%ic side views of a variation of the pixel shown in Figs.

w

| A- 1C, i‘?F‘Qbé’élHB‘?“a BPRFDhECENPRE er r ed enbodi nent of the present invention,
i n which the Fig5 satgNIGHlit@teOlscichRtiti el Raso-Raahnas Nablidaties! prbeedy d6F tO
illustrate how el ectrostatic, forces control novenent and position of the
f1i pper ; PrRiisingshe Rygisshewn dhdies dAr 1y inacseriencesyidor prefamed embedimgntafdhy dance
Wi th s phedett hstio®nbodi nent of the present invention. Fig. 5 shows
schematically a portion of a flat-panel display conprising a two 30

di mensi onal dh#sayAondoPR eshew schematisdlyda merspestivh vigwprmsk aroresgsestipodievent of
the bresifectivel oy phtid Sonshitinhofa a0l W' fdlinla ERBSAiMEdr G and
operation of a'multi-flippéer pixel In accordance wth a preferre

enbodi nepfesepfinydnlionir esent i nvention; 15 12 2003 Fig. 7 shows anot her

mul ti-flippergQi L. C - W f or . odi nent
of the pr osertey A d RRFpHSL G By BTRRRADE ok bl uRuRt BibEE nisfeld

m cr Y mexskreptively, fesiriateat in ecroplapeesith € weferrgt ochodingnt bftbe picxeat ingéntiory i N Fi gs
1A-1C, in ac ] . red _enmbaodi nent _of.the . 5 present

i nvention; Fﬁqﬁqqgi&éﬁgﬁ%’gﬁg%ﬁiﬂ?@ﬁﬁ lx%eli cd ?038 aéw?)‘en?ﬂslﬁéjcr:?f?r\rleed e\Pﬁ’g\Svmgﬁh a

cr oss- sedfithaymesehigwventiegpect i vel y of anot her pixel, constructed in

accordance W refe enpodi t of the present invention, Figs. 1
On and 1 e S 12Br e s REREERY, Pt udi iR Hhe i post Bhd a
flipper pradicimgsixankel wisdwn inFigsSA-eRst ed i n accordance with a preferred

enbodi ment ofg.t present j.nvention; Fig.,.11 sho schemati cal l.y .anot her
ot el " ac i d3A0S E il PSP somshilsinbrie T o SERESRPe SR ent § on:
Fi gs. 12dectddle fok b fifppergiiee] fcdvedrdirice afith y peeféried embodialRhi Mg idhtibgat i on
process for

with the sane nurmeral in all the figures in which they appear. Thep fd;gurg@i

~ Fig. 13B is a sectional view along a line A-A in Fig. 13A;
Figs. 14A-14F, which correspond to some of Figures 8C-8M, illustrate a method of
manufacturing a pixel having a levitation electrode, in accordance with a preferred embodiment
20  ofthe invention;
Figs. 15A-15E illustrate a method of manufacturing a pitted nub, in accordance with a
preferred embodiment of the invention;
Figs. 15F-15G illustrate an alternative method of forming a rounded nub, in accordance
with a preferred embodiment of the invention;
25 Fig. 16 illustrates a display device including a vibration generator, in accordance with a
preferred embodiment of the invention;
Figs. 17A and 17B illustrate a flipper with integral springs in respective top view and
side views thereof, in accordance with a preferred embodiment of the invention;
Figs. 17C and 17D illustrate steps in manufacturing an integral flipper spring in
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 invention;
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produci ng the pixel shown in Figs 9A-9B; 15 Fig. 13Ais a schematic
illustration corresponding to Fig. 1A and showing a levitation el é’ctﬁﬂngma
for a flipper pixel in accordance with a preferred enbodi mrent of the
invention; Fig. 13Bis a sectional viewalong a line AAAin Fig. 13A; Figs.
14A- 14F, which correspond to sone of Figures 8CG8M illustrate a nmethod of
manuf acturing a pixel having a levitation electrode, in accordance with a

preferred enbpigi meh schéthafid citdlf diapMeniot 9ﬂ1pp€ﬂ—19§el ihabsobPifod Wit S hlAled @

met hod of Era f urln a pitted nub, in accordance with a preferred
enbodi mefft* Thﬁ\}%" pE®nandri gs. 15F-15G il lustrate an al ternative met hod

of formng a Fl@lﬂlﬂgg séHéRhatid MuREOH SONGE- chifﬁ colfighrRo8 66 f &ice FHRRMr IH%EE of the

invention; 25 Fig. 16 illustrates a display device including a v ation
gener at oMith Pﬁre&m@&’éﬁ@@%ﬂfﬁlﬁweﬁﬁ@f erred enbodi ment of the invention;

Figs. s17A and 17BEThiUBDTHSCIAFIONRSK PREFIRAIAF BAOBRIERGS |1 Tespecti ve

top view and _side views thereof, In accordance a preferred enbodi nent
of the inventFigh; “Fil@sShO‘I?S@hWCJPPBPWIWGMWt@C stp@pi; 20 rforresrufnag tiriong  an

i nt egral pfeliapRer d1§1ﬂ£§ qg debbrazle 3GHOL g?e@&%d\’\érﬁl{bdgh&g Sk Ghd ?l%a thﬁgﬁtn%nt of

the invention; Fig. IS a schematic Circul I agram o I hput
devi ce, Cﬁma@ts»‘msatad'@bmmm lof alxelpi(béhewnem FiggbbaHl femt] mthetdthaer ifiguenticarn; Fi g.

18B is a,gk I t Cro- rrec anl touch input device
in accorecc‘faér%grégvv%n&t§ ﬁd]ezﬁfgrgg@{e}?ér%l ee:%#%ng n’%g“r ® ey g‘ﬁﬁl 7 cof%e"l’i‘g’@. 19 is
a sch@matdclasity efgiresedietig: am for a fli pper - pi xel , | n accordance with a

f d t d h t
P FuStr ot on MRS TP olerllS IV bh O SRS shodfsoop olind AEACERINIES  wit
a pr ef er reehi@wholdi aremtiarpt vhthleaA Ipil'ﬂéﬁ'fbﬁl mbodﬁndaE'BAh}leEﬁeHﬁSG?blﬁiﬁh%ixazzo
PREFERRE S ective views of a
o el 20" PR Beich Mmoo i85 ot G AR EleSneEp Phgrd PR bt anta kpam o

preferr edecemti@aﬁ) rﬂm‘.’erab}fy & tén pyesESndf inshlaeing nfrial depivmes el8éttdaith, ek aaent s of
Cand in the other figures are not necessarily

pi xel - 20

o Suat o EREH Rubelele 2 Brefistdion Bin nivsh e Pt wsopih 2 Bech cemismen YA

conveni emstdatmg()aﬁﬁm islaggobd yon@fictit BIRR AL fligHer ZE’thiﬁ![an 3ﬁ phsitiddAf .ﬁf Bbl e f gr med
ning. techniques. In dccordance

Wth a pPEPEARdUPARBSCREAT. ToF N HPRSEAE VA A bRF i Kemegte the o
P Pixemmedy
and off positions. Flipper 24 is preferably formed in the shape of a thin rectangular planar panel
having two relatively large surfaces, a first face surface 40 shown in Fig. 1A and a second face
20  surface 42 shown in Figs 1B and 1C. Flipper 24 is preferably formed with mounting holes 32
and 34. U brackets 36 and 38 loop through mounting holes 32 and 34 respectively and loosely
bracket flipper 24 to central electrode 30 so that flipper 24 is rotatable back and forth between
the on and off positions of flipper 24.
For a black and white and/or gray level flat-panel display, in accordance with a
25  preferred embodiment 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 electrode 26 is preferably treated so that its surface is black 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.
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conprises a flipper 24, first and second side el ectrodes 26 and 28
respectively and a central electrode 30. Preferably, a thin Iayﬁ ﬁ
insulating material separates el ectrodes 26, 28 and 15 30 from subs at&MB
22. Preferably, a thin planar region of substrate 22 that is contiguous
with insulating layer 23 is a good conductor. In Fig. IAflipper 24 is in
an on position and in Fig. 1C flipper 24 is in an off position. 'In Fig.
1B, f1i rqubstadiblly 811 SO th Pixdl J0QBAttateOAsiblO bRIVIEE Al ﬁlxtal% dﬁ{aear@@ﬂteowlth
positions. Flip 24 is greferabl formed in the sha

r ect angutBRer 8I4alﬁdﬁle e epttion, skavgint Kig- Hel @PPV&@S‘J‘J&P‘&E‘HE wpma@@év C‘H’efsl r st

face surdeeedfs %ﬁtp‘fwmbﬂ 2b1 ®ig. |1A)%&I@eﬂraﬁi%feeﬂs’defﬁ?&af?greswﬁﬁ@% élgesﬁllﬂown I n
Figs | Band 1 C_F er 24 1s preferably fornmed with nounting holes 32

and 34. Stpynsigibesls sq;@ﬂ%@rfa pigl PO Byt amh vistkih atediack iand theatixsd depofem dpars

respect iptky and | oosely bracket flipper 24 to central el ectrode 30 so
that flipper 24 is rotatable back and forth between the on and off

posi tions of lfshppldde mied tmyregions adiclempntani nixel 2Adherary desgribedvas| befrigat - panel

di spl ay,irchidg 36 O HHRR GF »Mht% Rad be%@ &% %Is g%? SIEROGIERL, B acl% BE whE SN

invention, first face surface IS prefera reated so that
it is wREel ms&r@mnplweg@manéebws Qf—'plgé 201wt amdvhit@):anbetpﬂawﬂem hbley treated

so t hat d a othat its
ur f ae 5" pEisng Shone phivaly 168 ehloR-Bixeag R B BEMRNNFALBE PN hae 11
sur fifce ong of REB et escatslingly zndpo ﬂtelajfpcﬁﬁlo@ Bnegnxdl Ay) wﬂbbe blaek. Pinefsade of

o0 t A EAEE Y 888 e Bhed 1 b RGE Byl et RE T siordeliee ik Sprral
el ect r ogebsdinshtaxf th@;asemulweethi;mproﬁﬂe zpqmir f&ﬂ.pml démpm}hfe of f positi (r)]n (Fig.
10 istrea at ) ac ack. col ore rfaces are .shown
shaded and '?i 8§§gh 43?18”668 gagpé)ﬁj S\Rﬁqnwstcﬁgtﬁ?fégﬁ&cﬁc%dm%g £1i pper
24 is i tprdfcbm%d(nmlqodmdlt mhs hevent invedtion, byheledtiostage forddd bemreed Sippetst aiat i al |y
co Iet [ st nd portion 31 (Fig. 1C) of electrode 30 that
ar gplbl agi%ami (i %gﬁeggﬁg{lg%f. ally all surfaces in pixel 20 that are

visi bl e are mhotler targdnemte( ahd Mtaphesrdecwbititl. fodks, Breférhblp PRspe2 94 bkt he of f
covers

positio p 24, subst ant i IIy comnpl et el

el ectr OE’E‘“ g%mgﬁ&mbg ?”feo %I:I?IEI %eo ugting amaterta s b # Ié’@fs?l%?a% OB@X’FH%H"“ ar e
white. Alsef&aiﬁlgsﬂiﬂ)ﬂer 245816 badubtilel ecBichl sdnidcaGe® deﬁualer&ho&’é)sé had/oare

vi sible arEErt%é]? fig the%ﬁtexel t heref ore appears bl ack. It should be

noted t REE Keltage P Hinper 2415 always sgl?sgana@lgycq:qubletg vaKagsei ng

t reaped apflic@eo Ednaalkel@trodd U0l Breddblf) QoddubidfeRikelrRallonRbinérdddh AippeLidigly t han
black or white.. In_ particular, for exanple, regions and el énments of pixel

20 t hat S&FiEodgHit is %ﬁ"qﬁiea% Estls 9f tpay%éo@act dstvisen wegignsi of fprer 34 ande

pri mary rigidhs 6Pbiedudde B %61 U Bckdk JdHaq@p. position will therefore display 10
one of the REB colors accordingly and in the off position the pixel 20 will
be bl ack. Pi JBepdditiy, flipper 24 is preferably substantially isolated from conductive electrical

contact with first and second electrodes 26 and 28. Preferably, conductive electrical contact
25  between flipper 24 and first electrode 26 is prevented when flipper 24 is in the on position
respectively by providing first electrode 26 with insulation nubs 44. Insulation nubs 44 on first
electrode 26 are shown in Figs. 1B and 1C. Preferably, conductive electrical contact between
flipper 24 and second electrode 28 is prevented when flipper 24 is in the off position by
providing flipper 24 with insulation nubs 45 on face surface 40 shown in Fig. 1A. Preferably,
30  insulation nubs 44 and 45 are formed from a material that is a poor conductor. In some
preferred embodiments of tl;e 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 elecirodes 26 and 28.
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treated to have different ones of the R@ colors are useable, in qcnqﬁgagﬁg
with a preferred enbodinent of the present invention, to prOV|de a col 3
fl at-panel display. Mtion of flipper 24 between on and of f positions is
controlled, in accordance with a preferred enbodi nent of the present
invention, by electrostatic forces between flipper 24 and 15 first and
second el ectrodes 26 and 28. In order to generate and control these

el ectr ost at i nshilaticesubs @4 @h@A s bleyer |dir§cﬁ%hy§<ﬂﬂ amacUbet%ap ﬁé— 26namekt 38 art -,
made froma co(gguctl ng terial such as polysilicon_ or alum num

Pr ef er aBP S¥EPRGHEFHTOIoS ¢ E“ldrggc Svhsn dipnee 24 F%’@t‘F? o positimy (i 1wt TpReg Rt r al

el ect r odets iAthion nibs 4aloRelkatcde 36 aldbed ot ridke @H&,@Ebﬂt&c;t wYtﬁlﬁ}ﬂgﬁctEHaef |1 pper
24 is alfzgaés substantially equal to voltage 20 applied to central electrode

30. Pref8r BEPYSC EBOR IR 46198 PP candusinit, atbppebéﬁvmnbswmplbecleqmaamd
el echr oaR1adf o ARNEIRMAA . 26. Biife®s Wb budnt BHYSH b&g C@g@&% tgﬁg@e bﬁg' ons of
rac an . n

flipper 24 and regions of electrode 30 and
addi t i oﬁ"e“flﬁlarﬂ?éeﬁm differense cistsgistween ielpstredet Zﬁamdyelﬁqf,l@ﬂaﬂ&csimﬂm odwduct i ve

el ect 11 Giper SORLAEE o doliribi (1. 1E0AiOREINEL BB TLAAE AR AN e sulRlegl er abl y,

conductivé el ectrical "contact I pper ectrode 26
i s prevéfpbdivpmied and flippesr24 2usubstaitially blectdealiygsvilatédoiom mpm:b@lecmeﬂeymay

providing fi t b t|o nubs 44 on
first el ectirﬁgde 2 al? 39‘? %ﬁ:ﬁ%#&&ﬂ;ﬁﬁ% aei%%m%% fém%ﬁgel#eéar%%[lo ¥/ ap%ﬁlﬁ%uct ive
el edPri ¥elfageoint eleatrobest W @B anﬂI&Omoetrolznowndmsdcﬂupplerel%m r@dmlad® wish pr event ed

when fl ,pper (A iLding.fli 4 W

i nsul at Pon r?ﬁ%élbb%e ?l% ggsserlljt ‘gegEel 43“ 19%own %v}f’wé%fp,&fep ﬁreaé? %‘?‘%‘H&’z, 30
i nsul at poflmfating e shm;l eds ofl flgppol4riithe poafereed readbedin@ht shbvah in Biga 22620
conduct odi ments o .esent inventiqn, an

i nsul at ?%gcogcghé:? R%rﬁ yerp&ﬁéélg%{ edzzeﬁ% o CORtEGES ‘t”fﬂ%) HsHgHRe %Xert%‘"n ﬁ@i‘@mg%m

non- condtistis mcaﬂe(hstuF@'s i a2Puind intdthantbudds tl'mtfolw, bypheviag subsahie @R rak cal
contact 4 and el ectr 6.a 28 respectively, they also
reduge ggt%%l%vtﬁlegtﬁ: o‘? cggg LPRERAS § B ‘ﬁf&ﬁ rfgpectrodes 26 and 28. 18 i t

i 2203 | nsFipaA stowsulbel 26hwith dlllfiaﬁr DY @vRnén ﬁbsftﬁﬁfco@&)zﬁ&ﬂcﬁﬁé toGR WoalEbn bet ween
rodes 26 and 28, Wien flipper 24 is

flipper rst nd ,secon

in the 8%38 |(1t4 |’J&5""I’(’I‘t—‘|laa qlAA)n W}P&P Iﬂiﬁg%ﬂ“’hwf’eg’tt@e empostiion flipnen dt 1 &n 44 of

el ect r odemt@beladndd€lB@ andi@tularRk eubli 4 6hlyGan bﬁﬁrt-ucmst éhofvhr St fire @&hrb@0ss. 26.
Becauseghfg;ﬂ at i o nubs. 44 are poor conductors, JfOY 24 is substantially

el ectri %%cérad? 0549 aréP‘%E’tarR?ﬁ’é‘V?BOkaEFt %}d elfstredes kent 1 ows

bet wgen n I ot ent i.fference exists
ot 28 onad 4D A ANnElBRbE OGPl yE Bladd 1s ARSR P RN Shoftile BHERSE, X
t he of f assemed fOOQDT(VFlllglGeDB@)a,uSﬂcﬂhpmnéﬂ- 1s214 comscttsmhrmemtmi; alleatadeﬁo,rmmbr% on face

surface;; 40, of |p er Lht rhgp E er subst.ant i 1y
i sol at ed From seco eI Setl SaRpe f}a s &l BosTtive ciarge strituffn Halch &8

schematically in Flg. 2A by plus signs. The positive charges on flipper 24 induce negative

p:

charges, shown schematically by minus signs, on first electrode 26. Electrostatic attraction

25  between the positive and negative charges prevents flipper 24 from moving away from first
electrode 26 and flipper 24 is locked in the on position. Since insulation nubs 44 are
substantially non-conducting, substantially no current flows between central electrode 30 and
first electrode 26 through flipper 24. As a result, with flipper 24 locked in the on position
substantially no energy is dissipated in pixel 20.

30 It should be noted that whereas in Fig. 2A first electrode 26 is shown grounded, first
electrode 26 does not necessarily have to be grounded for an attractive electrostatic force to
exist between flipper 24 and first electrode 26. As long as there is a potential difference

between flipper 24 and electrode 26 there is an attractive force between them. In accordance
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Figs. 2A-2D illustrate schematically how el ectrostatic forces generated by
applying 10 voltages to electrodes 26, 28 and 30 control I'TDVGI'TEF#tz,OAU"‘ 2003
flipper 24, in accordance with a preferred enbodi ment of the present
invention. In Figs. 2A-2D views of pixel 20 are shown in profile facing
the short edge of flipper 24. In the preferred enbodi ment shown in Figs.
2A-2D the conducting layer of substrate 22 that is contiguous wth

i nsul at Wﬂ@abﬁ@f&fed%bb&m@ﬁ@fﬂﬁ'@ﬁesenﬂihﬁéimbﬁ, voltshes 3tHRH thhf it Dshowr ?% and in
ot her f#%ures that, foll ow,, by showi ng substrate 22 as_ 15 grounde The

conduct Fg°diabe Hsedc fos logk 1lpRer Jdni e v Pesifionniixibey Providej wauimd wiggs pi xel

20 wit hdifffelleﬁ&ebet%eﬂtﬁeélaﬁro%s fashdfigprcorresponding to the position of
flipper 24 shown jin Fi in which pixel 20 is white. In the on position

flipper 24 rid®pg Hris qug?ﬂ ‘lnébe eiff pesiticsd eorsEpending tﬁﬁlﬂ a0 prvivahiyxel 20 ipnl y one
of Whi Chladk$ ird BRiar m@finek ité He. @i}?ﬁ)&ﬂ' fi gerzﬁl is lb&eg eCt f{?sgfoﬁagrg% g r ode 30

is shown c argedtoap05|t|ve vol t and 28
are gr otffeRsde ec("fPﬁ‘é 28 lio igpowngsd %ﬂgﬁﬂﬁ@ relftch'edtvﬁ)@ ﬁcageltags 31hiA weltage anif, a
positiv e IS ) conveni ence. ) Because flipper 24 js in
cont act p\RnY? toc quﬂec%qd%?g‘j H’éggﬁ’perf% 136‘81"“2’&0’? iPESILPILi§ hﬁ’iemﬁ&’_r refgaed, result,
f | i pperto24aHlaskiag n@tagp0si ti ve charge distribution indicated schematically

in Fig. 2A Signs. Th S|t|ve char es on flipper 24 induce

negative ﬁérg Ean%m % B Sg %P‘Fulére%&%ﬁg’emtﬂ‘i flinper 2%fiect r ode
26. 1(El etinlookdd ot mte bﬁ @sgmonmﬁ&hﬂﬁhw&ﬁ df sRidE blla }rﬁyﬁgq sBRag gbitaye t# har ges
prevents fli from novi ngp away fromfirst ectrode 26 and fli pper

D <"\ G R i oaecto: SpiEon g deteds H S o gleckrodes

subst anté @l i3y a0 ﬂigﬁdtzat(asrbgesu&lm&aghi Rhia¥: With &é&r&@é‘im frésgr\ﬁ'ﬁ Rehvgen
central e|l.ectrode 30 and first electrode 26 through i pper 24 As a

resul t, 2PRiEhve! Tag?f’p‘éii“?&hﬁrééﬁ(@deliewqdﬁ@dhatﬁé%PPHO@FP 1113$]Esf°aﬂilﬁlchﬂlfgﬁgﬁ 0 ener gy
is di ssilpabesdt i) 3D|ziﬁﬁ|ﬂ1ﬁ19:r 230Thd &Jﬁ&d'dﬁ betRatesk ti%a&ndm%?g ?bé} 79 2A

first electrode 26 is s grounded, first el ecdtrode 26
necegsa%eF‘Frﬁteﬁ&&%o%t%lclf@c@?rtbﬁmwteft@ kit fliprer 24 awey fem dirs elerioule26iand ﬂu’r ce to

exi st bietopeshdl ddoRBES 22 | s a
potential difference b?&gglrt]afgb ?%E’gru%&{qu% %%d?:té?gg@ﬁ%%géﬁ}eorggﬁlgg an

at t r act§hoenflgge enchsh seibat thhrelagtroptaticaforess dwstrengl @102€10B oxercbmestjstiod end ed

enbodi t 4 t h hown in
Fig. z@%&%ﬁ?t{ ubge thgﬁﬁ% c{fq%é) r Iﬂﬁ%§$€o%m%né$ tﬁe %%ff'nu%ﬂ’ey provi de
requi r exdnsiyit volgase lschPPh@r &nohe ebbb@mnﬁ,tﬂnevcdiag@mamd@md dvdrlﬁm cbhns«p)pér

Fl i pper corres in which
oi B g0 erle SARE Bfbobe e Balple, PG g BRE SERRTRER T, B pheiline 5

| ocked thmmpmeohtomsncbmostwué’mef erably second el ect rode 28 IS grounded and

ol oot rode a0 o skfielP ahO ofabe. ol R R R fbe) ARGeF SorBcRRb e

r ef er r edectrode 26 in which both central electrode 30 and first electrode 26 are raised to a same

positive potential +Vy (chosen positive for convenience) in order to flip flipper 24 from the on

25  position to the off position. The positive charges on central electrode 30, first electrode 26 and
flipper 24 induce negative charge on second electrode 28. An electrostatic field that results
from the positive and negative charges generates a force that acts on flipper 24 in a direction
indicated by arrow 25. Force 25 lifts flipper 24 away from first electrode 24 and rotates flipper
24 away from first electrode 24 towards second electrode 28, so that flipper 24 flips to the off

30 position.

Flipper 24 may be similarly flipped from the off position back to the on position, in

accordance with a preferred embodiment of the present invention, by applying voltage +V to

central electrode 30 and second electrode 28. This is schematically illustrated in Fig. 2C in
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to as a "locking voltage". In accor dance with a preferred enbodi nent of the
present invention, flipper 24 is 10 "unl ocked" fromthe on posﬁt? @i anbs
flipped to the off position by applying a sanme voltage to central

el ectrode 30 and first electrode 26 and groundi ng el ectrode 28. Charges on
el ectrodes 26 and 30 and on flipper 24 (as a result of being in contact
with electrode 30) resulting fromthe applied voltages induce charges on

el ect t od@icBPokiled clafeR mmbﬁsearé ofhdd thhIS ﬁzﬁmrﬁeﬁld%cns&@fstﬂm gs 26, 30
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i nvention e +VF to .central electrode 30 and second
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fromthe charge distributions generates a force on Tlipper 24 in a

di r &t | BinpériAdishewrein Fig 26\and tiregnetiaod forfligping m@lao%shswhemﬁigl 2 lgkneratena
al ter na&aﬁlemqypp%g I’o&dep pA Q/g]tzggle'\Plp 853d2t4 fp[()a tﬂ%%%rnbp Qetween on and off positions is

hereinafter referred to as a “flipping voltage”.

The equivalence of the Fig. 2C and 2D methods 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 show pixel 50 in a side view equivalent to the side view of
pixel 20 shown in Figs. 2A-2D. In both Figs. 3A and 3B flipper 24 is in the off position.

Pixel 50 comprises substantially the same components as pixel 20. In pixel 50 however,
insulation nubs 44 and 45 are omitted. Central electrode 30 has been “shrunk” to an electrical
contact point 30 used for connecting flipper 24 to a power source. U brackets 36 and 38 are

30  replaced by hinges 52, only onie of which is shown in the perspective of Figs 3A and 3B, that
enable flipper 24 to flip back and forth between on and off positions.

First and second electrodes 26 and 28 and flipper 24 are substantially the same size.

Flipper 24 is assumed to be coated with an insulating coating (not shown) that substantially
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positions, in accordance with a preferred embodi nent of the present
invention. In Fig 2D flipper 24 is shown in the off position w flp q@qt@&h
el ectrode 30 and second el ectrode 28 grounded. First electrode 26 is
charged to a positive potential VF. A resultant positive charge 10
distribution on first electrode 26 i nduces a negative charge distribution
on flipper 24 and on second el ectrode 28. The positive and negative charge
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A voltage VF used to flip flipper 24 between on and off positions is
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'i deal i zenil' on 28 Yandirp rbetyfeepiinsalatieg laydi 3% and Autatrate 3B sﬂmxmlpﬁ()(aie sh@wh n a
si de Vi ey grg%c ﬁ%g%g # dh hi%usssé%% view of pixel 20 shown in Figs. 2A-2D. In
an

both Fi gs. pper isin the off position. Pixel 50 conprises
subst anti al | thtﬂ:mngmlﬁgdﬂna@amsu]ss ofygising xedon® Blecttade AR xad flipPert2dwe veitage

i nsul at i tte ty.ode .30 has be
 Shr unk TBoIRRe el e Abodi PR e ALl Bt 2o SR Ferpper 24
t0 a1pOoVBctALNEand !dl;#?,ela%@&;Sco?f&mﬁs&dara%ie%&ﬁa}éocaﬁgét@@ﬁ%eth& #y fﬂa?%exﬁ% only

one of which is shown'in the perspective of s 3A an t hat abl e

flipper 9PnEedipjaFapg ¥rltagadirsielechodscad qad flinpar %ﬁma:obq cqpeidered enimctPnest and
second e} g@able Qefeicf @s‘wregﬁt ABkk & thep@&)lbsx%é p@§1ﬁv€&gféqu§1&éf§ldnythé al&@&re si ze.

Fl i pper 24 1s assuned be coated wth an’insul ating coatin not shown)
t hat subg&eaisty &f pixelsD) gtzthm@ngmsvewm secorsl dlectpde?8 @ui ﬂapmﬂm Tistchargel second

el ectr Od%dwgpsﬂo%qﬂg‘igd 34 b ltﬁﬂerbu'ﬁsﬁhg Bfac 9Qflth9tvL unf%oo%'tﬁ% ‘Osﬂ-%lloer (f(‘) g@?otri’ vely.

Substrate 22°is groun conduct | ng ayer 22 t hat
| s cent i Buwekbyniachnd Plsm‘om Qﬁgmﬂ &jpper 28 Thampotiiionchargs in sgrood eltcipldartd inf pi xel

1l b e AL SR SRR TP BB S 2
first el pesitivodba@sbinifippgr %mde@benﬂi’m@ ondthd¢eayeace 42 (only an edge of which is shown
in the perspective of Fig. 3A) of flipper 24.
The positive charge in second electrode 28 induces a negative charge in the conducting
25  layer of substrate 22. The negative charge in substrate 22 is concentrated at a boundary region
56 between substrate 22 and insulating layer 23. Except for edge effects, the electrostatic field
generated by the charges at the boundary regions 54 and 56 of insulating layer 23 is confined to
a volume of insulating layer 23 between the charges and has little effect outside this volume.
Second electrode 28, the conducting layer of substrate 22 and the region of insulating layer 23
30  between them function as a thin parallel plate condenser. The amount of positive charge on
second electrode 28 can be estimated from the capacitance of the parallel plate condenser,
which is determined by dimensions of second electrode 28 and insulating layer 23 and the

dielectric constant of the material of insulating layer 23.
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configuration shown in Fig. 3Ais the sane as the voltage confi gqr;at!jz,%n 3f
el ectrodes, 26, 28 and 30 and flipper 24 of pixel 20 shown in Fig ) 0%
Fig. 3B, Fli pper 24 and second el ectrode 28 are grounded and first

el ectrode 26 is raised to VF. The voltage configuration showmn in Fig. 3B
is the sanme as the voltage configuration of electrodes, 26, 28 and 30 and
flipper 24 of pixel 10 20 shown in Fig. 2D. Plus and m nus charge
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Therefore forces 27 and 29 in Figs. 3A and 3B that act to lift flipper 24 away from second

electrode 28 are identical. Applying the results of the analysis for the “ideal” pixel 50 to pixel

25 20 shown in Figs. 2C and 2D leads to the conclusion that forces 27 and 29 and therefore the

methods for flipping flipper 24 shown in Figs. 2C and 2D respectively are substantially the
same. '

The deposited and induced charges on flipper 24, first electrode 26 and second

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 el ectrode 26 depend substantially only on the shapes of first ? ctrode
26 and flipper 24, and the potential difference VF between them hEQGW%
an electrostatic field in the space above flipper 24 and first el ectrode
26 is a function substantially only of the shapes and relative positions
of first electrode 26 and flipper 24 and on VF. It follows then that force
27 generated by the electrostatic field that operates to |ift flipper 24
away fr @qmﬁ@wmhtﬁk@cﬁdh@éiﬁ péthtatdfibPert PRIt 65 Eh@&dae 6 Qe @8 26 whith

subst ant . only a function of the shapes and relative positions of

first el %ﬁ@“ﬁ%”@ﬁ@'fllpper 24 and VF. A sinilar analysis of the charge
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i denti cal . Ap ying the results of the analysis P deal " pixel 50 to

pi xel 28GR gﬁ%ﬂ?ﬁ ¢rpbodinpent 012@3 arvgem DVP@MSIWWIGh]@ mh?cﬂ b@W@ﬁm thplendsor ces 27

d 29 f th fl 4 h Fi 2C
and 20 PEEkaN el uriSuntaah a R b PRl Wi Seuittelin ol nucea
changes 19p. Mdr@ﬂ%fera%ﬁ@fs'b@%eﬁ apLLP¥e026 and second el ectrode 28 in the

various voltage con urations that are used to rotate flipper 24 between
on 30 and of Th«saraa el‘éplaerléloge'rmhqlplbgcl umvc@dancatweﬁi acprefered cmbddanmtioﬁttnf

rotati O?’at e fuweg 152]§¥’ﬁfel-‘|2_1§ Irag .Is ]Ell‘ ’r rte:Ctreosr lt hfaiﬁgregera Ogig{)z!:ri 15 Ic ? é are al so

concent near | gnlof lt, nost
of the tlﬁﬁ)Q]mE:rqmactngraoﬂ a0emiddns ppdy. Tﬁeheldsn@e]nﬁs“prbade byquasrgiesd 1inminact on
ren forces are

relativ | ever armns. on t

(bt ok 1t RG0S apeRYtoneiTBer 24Tk BSfEbb e a1 ERg: Bnnd S miskrB o

poi 120s bmndef hﬂlmpg)rovidks amduap@j)imélapmxmia&w [Mmc?cﬁls o a&ﬁigt Alp\im Gfmlsfsizisgper . 24218
isto ertt..eoty t and second . el ec an
are subﬁ%ﬁﬁqﬁﬁﬁrogﬁl&gﬁﬁ?cﬁ‘a g’hgfﬁ quF]l Spiay ga"?@ afgeplien o &ré% Les the
concentrati ol af preRatd @nibodimehD of Hke idsént Olhvérdibalt fligPer 24 is formed from

polysilicon and has dimensions ! x 14 x 83 microns, resulting in a pixel having dimensions

approximately 28 x 83 microns. Electrodes 26, 28 and 30 are also preferably formed from

25  polysilicon and are preferably 0.5 microns thick. Insulation nubs 44 and 45 are preferably about
1.5 microns high. For these dimensions and materials, the inventors have determined that
flipper 24 can be flipped between on and off positions in a time on the order of 12 milliseconds
using a flipping voltage substantially equal to five volts. A locking voltage of about 2.5 volts
locks flipper 24 into an on or off position.

30 Pixels 20 that are 28 x 83 microns can be used, in accordance with a preferred
embodiment of the present invention, to provide a black and white or gray level flat-panel
display. A flat-panel display comprising pixels 20 of this size has a resolution of 300 DPL in a

first dimension and approximately 900 DPI in a second dimension.

24




5 of flipper 24. In addition for a given distance between edges afj fjrst
and second el ectrodes 26 and 28 that are close to the axis of rotatiol @03
flipper 24, a coplanar geonetry for electrodes 26 and 28 maxi m zes

di stances between points on the two electrodes. As a result, for a given
flipping voltage and given di stance between "cl ose edges"” of electrodes 26
and 28, flipping forces are mnimzed when el ectrodes 26 and 28 are

copl anar. 10 Ahengfveryepixiip 26 onishiRlcar betkeg MDRE|IE B St Snel dAfor RIsSRENE
invention, inp order to_ increase flipping forces for a given flipping
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28 and 3 ef erabl orned fram. 25 polysilicon and are
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about 1. Blestiode 801 bachIpixeF20 irt heseofdiinenisi fanparhdispiay 62.i Bkl coltuf® chitegnt or s

have,detgrm ned that . flippe 4 n be fli d between_.aon and_of f

posi tl.g on e 5 Cprefed to centtH clefrpae 0'ln Sschumpiel 20 prdum, of Pigels i lat-panel,

vol t age @isjisy 62tScabrldyeletroads 280infailvixelO2d Sre plroh@eiiyngoviled ABea @blopRgUt 2.5
volts Iockf g1 ‘;é))er 24 into .aa on or off ;Positi on. 30 Pixels 2Q that are
28 x 83 RISt YrRlacSomrrsng Swyr Pixels.£edbPRSHLST Gf PRV comariesthise PXERBOM frent of
the presestimi b¥8iRELS Svwntin FRY 6)Vdod€ tdfolth @ Glbstmelalhdquste Qliped bRk, B ne of
flat-pang'l‘3 .di izﬁl.ay. A flat-panel displa corr_gqr,i sing pixels 20 of this size
has a re¥SPEEEHY B S0 PRl WeHd displpy nsteadipiwhits i Ahepposision g diffigentiope 900 DPI
i n azeecomnbe HGERRRrgON. 24 12 AUG 2003 Alternatively, pixels 20 of this size
can be used tod_[)r ovide a flat-panel calor display, in accordance with a
preferred endBdichBme! displpn 82, BigRas24i0h parial 3f is fippechirem pn tp affisingdher

di spl ay méied dERABeOln Bk HRbusdBn WPAs. FCint K FEh 86t Rnhf Mb& b ofd 88 1A-1C
are treated to _have one of the
electrode 26 are charged to a flipping voltage. Flipper 24 is flipped from off to on using the

method described in the discussion of Fig. 2D, in which central electrode 30 is 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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RGB col ors. Each pixel of the flat-panel color display is a "super pixel",
substantially square 5 and approximately 83 microns. on a side, ppnpnhsk&g
three pixels 20, each of which has a different RG color. It shotl d~Be*™:
realized that although pixels 20 have been descri bed as being white, black
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an on posia reswt dor examplefof puibrativwm Gst-prgelt dieplae thode sifoMmreiumelitg.thetA i N
whi cfx ¢ : trode Sg_,é)i.s char e% 0 | ocki.ng voltage and first and
sec oir]lsd 2“%@? Jflsc') etgl%é'gg %&F? g f 3t‘%aﬁlglu S&’iﬁ. éﬁé‘? ’éﬁvﬁrallag 8?1?"1%"2??‘13@0“ ¥oper 24
of a pi xepixdQOttecirngoits sute ohihtepiaially. (Dutisg tt Stetieh eidhatdwtiObdsy Setdmeng or
turning pixel 20 on.or off r ectively. 30 Tq form an i nmage on
flat- pan%thecfp‘gﬁplé?glgﬁ‘?sn%ia%%?gu%&égﬂn%ﬁ’?q %‘Xﬂﬁg%?lﬁﬁcfkf“}' as required to form
the inmage, rovitebyll tigpixSELO im@isplayx 62 GreXGopeilydsel, QW chRmicofrol0fides BE @GNS Wi t h
all row co‘%%tr cH%%l |.i.nes 64 of fkltgt , alnel di spl ay 62 grounded and all colum
control Tres _081fm5 Y‘?itlag?)@ﬂ_%‘f \f EISP ay thg on g off gated tov gl trn iave Sramage .
Col uxn centihekinlei in@&eHB 0Ffm Bh %BAge oROd: @aﬁdp@isgﬁw 62h@butRfaBtidlly d3B8a1S6the tO ON
are then roungled and_colum_control lines 66 of pixels 20 in the row that
are to UWMDEE of pwsoinqflaypanel dispjay 62 mes the lip tige) off the pixelsnia the iflsppang]
vol t age.didgmy. control line 64 of the rowis then set to the flipping
' In some flat-panel displays, in accordance with preferred embodiments of the present
mvention, an image is formed in a time that is much shorter than the time it takes to form an
25  image in flat-panel display 62. The image is formed in a time substantially equal to the flip
time of pixels 20 in the display rather than in a time substantially equal to a product of the flip
time and the number of rows in the display.
This is achieved in a flat-panel display, in accordance with a preferred embodiment of
the present invention, by providing each pixel 20 with addressable switches. The addressable
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 is 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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vol tage. Wien this happens, all pixels 20 in the row are sinulta geously set
to their desired on or off states in a time, hereinafter refernkd £65a008
"flip time", that it takes a flipper 24 to flip between an on and off
position. Flippers 24 of pixels 20 in the row that have their colum 5
control lines 66 set to zero remain in the on position if they are in the
on position or flip toonif they are in the off position. Flippers 24 of
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t | t 66 d | ock | t to | ock
the. pi xS 1R rERAK oiout s RS kel B QRTE ook sk S5 Pists 288 ' e
tinme it thaadaq:;aytto ffip konthein desivad) en onofflsate subsitially slpiuamae&&ly s?nsubédh-aﬂ&sl ally

I t f flat - 62 ti t f
the- pi xef St PREBAC e st pogriafto.fonns, bR secimdrne apep 288 in -

accor damomevicd ko the ebleige edpetdnd dicmithge @ftput ResePio@heRtking MYIRIRE.I Tk lod l mage
is f.qQr that |s nmuc horter than the tine it takes to form an
Reodlptige I ehfPor el Bt nt

25 itragé Vifidte is formed in a tine

subst anti al | Scaafiingland settilgahd dwighés c¥urah a ﬂm&@ﬁa‘ﬁ isAQry dhoftREmPArsdloaNe Mgt her
ual, to a product of the fli time and the

than in a ti tantial l q

number & “‘igl % S Eeﬁ‘idgyfﬁ ©oipistime repuHpEd Je geti Fdalopk @zxeﬁa%rn gi€8pl ay, in
accor danpgopvididi o op 6 s@irek 86l 28 B R TRNMAQE is HibKak=09 @Bkal tOMRMib Yhe Y

provi di 59«51§§%h pi xel 20 with addressable switches.” The addressable 30

swi t che controll able to connect central electrode 30 and first

el e@pr ode ZGVMO&Q%%Mbné F vt il RE aﬁdosvﬁtcﬂéghﬁ 9&@1&@%&% ed B féyhgm ay

power source independently of each other. In way eac pi xe Ois
i ndi vi d@dfapaned dispigy 1&@'}0@3‘%’63 i E@f?ﬂ?%gnbﬁdlfaeqﬁ R’éthezueﬂe@t Brenien,ohf in the

di spl ay whihphemn ﬁ&l irld§veaRatiP @ncﬁ@rtsﬁrhﬁlgm&jus tcbﬂt olibi% % Be bWitdnBB ol iy The

vol tage _output_of the _power supply Is su It can e set to ground or
to appr OpFe&PRiguERtionsvillaprdily lorqip taigrspes of the art.

Preferably, an array of pixels 20 that are individually and/or simultaneously
25  controllable, in accordance with a preferred embodiment of the present invention, is formed as
a mono-block in a process that integrates layers of electronic and mechanical components to
form a single unit.
In some preferred embodiments of the present invention a pixel comprises more than
one flipper. Whereas a pixel that has a single {lipper has two states, an on and off state, a pixel,
30 in accordance with a preferred embodiment of the present invention, comprising a plurality of
“N” flippers has (N+1) states. A multi-flipper pixel can therefore display a greater variety of
colors than a pixel having a single flipper.
Figs. 6A-6D show schematically a perspective view of a multi-flipper pixel 160, in
accordance with a preferred embodiment of the present invention. Pixel 160 comprises two
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| ?* 2003 voltages. Wien the voltage output is set to the |ocking or
flipping voltage, the power source can substantially S|nultaneoust4qp%mg?
el ectrodes 26 and 30 of all pixels 20 in the display to the |ocking or
flipping voltage in a tine substantially less than the flip tinme of the

pi xels. To forman inmage on the flat-panel display, in accordance with a
preferred enbodinent 5 of the present invention, the voltage output of the
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preferre %Saa i Jélf tc’lgaltffmtfuﬁé’?]&geoéle ﬂfl h’i'sﬁa’@ﬂ?ri %h ,"gfhrf)églﬁﬁ ‘l:ft‘?e‘b’PQ é?cg&% are
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The confi gurat r eadi. | ers ns.of the art Preferably,
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cont r ol klhing thesal(BgQﬂi éaameﬂwp&mlsa QE@BBEI’&QQ&Q@OQQ 'aﬁE%BiedQé ﬁ?sh@le&fdﬂ%lem

i nventi [ or as ock in_a process that |ntegrates ayers
of el ec??{)fﬁl‘i é\ Jﬂ‘f'g'angﬁt&?'ﬁow&npéa‘%‘ﬁts 180 #F preferefvelommed fromasone
preferr ealdaab@dhﬁt&ﬁm ss&tmd h@)p@tr ﬁﬂe@tm leR¥EBA1 BRtast itk Bikst GRARSUBQen®R € t han
onefllplg Wher eas _a pi xe has asmgnefll pper has two states, an

on and &ffrdestd and lﬂfli?’éqbra"l@@ llgﬂ Brelewblyaple@rical eontact israshisyadey rbjriieddi nent of

t he 2pr eggiidot bFMepidh @ﬂ’beccﬁﬁrfﬁﬁﬂé h&0wah Rlgitng bt fidét Q{d folifth EdrkBPSERolRs 7( N+1)
states. A rrultl-fllpper pi xel can therefore display a greater variety of

col ors fphlY émﬁm@élfetsn]&?l ng a single flipper. Figs. 6A-6D show schematically
a perspect i Vene/inEWiRk o2 bfkdid 17d dAPRH tRURER redfiOivel dntral electrodes are most

clearly shown in Fig. 6A. Mounting holes 178 and 182 and the manner in which brackets 176

and 180 loop through their respective mounting holes 178 and 182 respectively is most clearly
25  shown in Fig. 6B.

Referring to Fig. 6B, first flipper 162 is preferably formed with clearance slots 184 that
are large enough so that no part of flipper 162 makes electrical contact with first and fourth
central electrodes 171 and 174 or any part of brackets 180. Similarly, second flipper 164 is
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 isolated from each other and from first and second lateral elecirodes 26
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accordance with a preferred enbodi nent of the present invention. Pixel 160
conmprises two 27 12 AUG 2003 flippers, a first flipper 162 and &<séeéndlf3
flipper 164. Milti-flipper pixel 160 has three states, first, second and
third states, that are shown in Figs. 6A-6C respectively. Fig. 6D shows an
expl oded plan view of pixel 160 in the second state, which is shown in Fig.
6B. Multi-flipper pixel 68 conprises a substrate 22 having an insulating

| ayer' 23andFisr & appishriafelySsiecachohabiualiveein@ifadass 4t %ﬁ'ﬂmga)rad}dla did &f .
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6D. First flipper 162 is coupled to pixel 160 by a pair of brackets 176,

each of WHWEFF?XBB’S@PI?%V’S%@P a different nounting hole 178 in first flipper
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and the other to third central electrode 173. Brackets are preferably
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el ectro d, t;he, 0t he t ro ets 180.are
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and bra @_@n #80. Preferably, electrical contact is achieved by physical 20
r

cont act egi ons of second flipper 164 with regions of first and fourth
central el ecFredad sécdhd laeel clettrodas 26bindCR ehé edBhbf tﬂéhﬁcmfht:ésrtg fifpeltr acket s

176 nd 0] h ect €. el ectrodes are earl hown
12?% 1’Lfé/blué‘ri‘t ‘l?tlnﬁlxﬁl esarf%e g %‘f‘teéinﬁ’ 'ﬁ%‘%’é?sﬁﬁé’f *P%?%Sﬁﬁ CRBr gé’ketS s 176

and 180 appropridth cleigof whheleceaize 26 hnde28nad Fide Rarfieed &6 trdat& RkphS Avhich
6B. Referring to Fig. 6B

respectlvel st cl ear n Fi :
firor f19Esbie RO Fof L olnd ik Beceston B BARGLEISP o8 St okl o e
| ar ge enmeglifferent fiats. BRpIS&ET durfades bf filnpald sé@Ad TR&ESIRIEAk N6 6Ad 28 altAGt W th
first and fourH]rgbcentral Iectg?g aél?l and 174 or fn‘% part of brackets

180. Si nPyieges Argeqnd; 4 predfheleddn pasho Fidgs. GALGE itk dheance
sl otz 1868 h@lbr @128 tHeR [ARP1a9NRUBID 630 i@ sHo®s weis ffo ﬁ%cﬁﬂ&i st3, plxkiPRgr 164

makes eld?sc{ ri caIb contact with second and third central el ectfodes 172 and
173 or plays a substantially saturated red color. In second and third states of pixel 160, which are
shown respectively in Figs. 6B and 6C, pixel 160 displays a substantially saturated blue and
green color respectively. The choice of colors for face surfaces of flippers 162 and 164 and
electrodes 26 and 28 are chosen by way of example and other color choices are possible and
25  can be advantageous. For example the face surfaces of flippers 162 and 164 can be treated so
that they display 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.
Switqhing 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 sec‘ond state (Fig. 6B) first
29



any part of brackets 176. External surfaces of brackets 176 and 180 are
preferably covered with a layer of insulating material to assistsigq,
prevention of undesirable electrical contact with first and second AUS 2003
flippers 162 and 164 respectively. First and second flippers 162 and 164
are preferably electrically isolated fron1each other and fromfirst and
second lateral electrodes 26 28 ? 2?'" 2003 and 28 by appropriately placed
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state, pishbwd)fOlipghr gl M&n&d&ﬁ&h&ﬂ@fﬁxb@ﬁw 288t @bl fligfér 208 Q'cleat BotheCONd
and third stfées of pixel 160, are . shown res&lctlvely in Figs. 6B

and 6C, pike %’@ﬂ%ﬁssﬁ&ﬁ ég}é 2Lf &&5% ﬂ&’ﬁ?‘i #2155 tipped fropetre pogiion iu™high &9 col or
respect i vigdwh in e TROL §6sitkn i6 GhReLSit 16§ of apCorStpp00s. Bfppkl 2daPBL SinliBe and
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acconplished in a manner sinmlar
formed from a silicon wafer, is covered w1th a thin insulating layer 23, formed from a material

such as silicon nitride.

25 Fig. 8B shows a next step in the fabrication procedure in which insulating layer 23 is
covered with a layer 80 of conducting material, such as polysilicon or a metal such as
aluninum. Conducting layer 80 is then etched to form first and second electrodes 26 and 28
and central electrode 30, which electrodes 26, 28 and 30 are shown after they are formed in
Fig. 8C.

30 First, second and central electrodes 26, 28 and 30, and exposed surfaces of substrate 22
are then covered with a sacrificial layer 82 shown in Fig. 8D from an appropriate material such
as silicon dioxide. Insulation nub wells 81 and insulation nub holes 83 are then etched into
sacrificial layer 82. Insulation nub wells 81 are blind holes in sacrificial layer 82 that do not
penetrate all the way to second electrode 28. Insulation nub holes 83 are through holes that
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the way in which pixel 20 is swtched between on and off states. For
exanple, to switch pixel 30 160 fromits first state shown in Fig. 4A6A H%3
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 fromits second state to its third state shown in Fig. 6C, first

| ateral el ectrode 26, second flipper 164 and second Iateral el ectrode 28
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208 thapé%ap ﬁﬁémﬁ@hﬁﬂ? 2gXtensions 210 (only one of which is shown) that

protrude frofhd sihapmrsamlal Siyeri 86afollws Edntupest sdideek Sn GBidAlieH d%}ﬁbsﬁeds econd

central Al3 el ectra 0 es 214 that capture nountin

ext ensi ORE 5 f%ﬁ?f}l‘éﬁ%er%% %Péﬁpﬁé ’(’/@;Ft‘)“lt}r P%P‘bﬁ‘éﬂ" %O‘Zf fihEPEF&Fr?B@I with

ﬁl ear andq:r&lsmgmz%d\&r tdoaﬁnn@mabls 82 gﬂédzpp @‘[gf l@ﬁ%h&gs fh@ﬁucﬁw Dero§keionlor b \% ]
I nges 14 n er | S | ppe romthe position in I C

qg éﬁg orﬁpﬁeb%}gat Shg%bgﬁ Kig. {C. MicRisraserseotion }Sé%kebﬁﬁpéﬁhé‘f AH4 pper
204 Fl inpfigr 8@ OPhelpiime F fHelchss-s&tiBRpRABKABLA Se Sdffer 2@ deb@SionH; Bilthe
illustrate scherﬁt ically a fabrication procedure, in accordance wth a

pr ef er r E3SEHHHH 24 poReprs (o)have EHg disGapaepiad arts, pdares pAThY Inandigiswall P21y shown

|1 Fi 9593 Amall pi 93 Floinafi4 r§ﬂ3ﬁw§toaas TehRlpaAIBP, {1 JaRCr i 2 hpTodgE OCeSS 1 N
whi ch a substrate 22 gpre erably fornmed froma silicon overed

with a twsushiUrerasket Phef nixey &9 (f‘2§ 1{orlR d-agearntd | nkerenatisr fef%’[?dho @sboslyl i con
ni { 00 dep@boFiar GHBYY & ek 24 &R iple 01Gs haEhaL ko PJd?fﬁfaﬂLlB@eou'tn whi ch
conduct

I nsul at| ng layer 23 is "covered wth l'ayer 80 materi al ,
such as2RpSwy &P becawss tlhy planepf the) cropseeetig passes through mounting hole 34 (F ig. 8F) of

flipper 20.

Following deposition of sacrificial layer 86, four holes 90 are “drilled” through
_sacrificial layers 86 and 82 all the way to the surface of central electrode 30 using methods
25  known in the art, such as by plasma or other etching. The tops of two of holes 90 are shown in
Fig. 81. One other holes 90 is drilled through sacrificial layers 86 and 82 at the locations of
each of depressions 89 and are not shown in the perspective of Fig. 8I. Fig. 8] shows
schematically two holes 90 and layers of pixel 20 in a cross-section view along line A - A in
Fig. 81.
30 Holes 90 and depressions 89 are used as molds for forming parts of the “legs” of U
brackets 36 and 38 (Figs. 1A-1C) that loop through mounting holes 32 and 34 of flipper 24.
The locations of holes 90 determine where on central electrode 30 the legs of U-brackets 36
and 38 are anchored. Holes 90 are not flush with regions of layer 86 that cover axle part 93 but
are displaced from these regions. Technical limitations in the accuracy of placement of holes
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al um num Conducting layer 80 is then etched to formfirst and second

el ectrodes 26 and 28 and central el ectrode 30, which electrode51 8 and
30 are shown after they are formed in Fig. 8C. 30 First, second énd‘ 2003
central el ectrodes 26, 28 and 30, and exposed surfaces of substrate 22 are
then covered wth a sacrificial layer 82 showm in Fig. 8D from an
appropriate material such as silicon dioxide. Insulation nub vveI s 81 and

i nsul-at i orrequi thie h&iss RPoelifarichERod of RY& 263RA Eoek Sﬂébaﬂ 8B

Insulation nub wells 81 are blind holes in sacrificial |ayer fthat do not
penet r at'Besgregiqns beifg fampged dy B presesof fgrmingiples) Ws §11°éltﬁF@h13M@I [B61seIvessto83 ar e

t hrough digkiegytifdte 38 %m@9§‘kﬁd3ﬂ9§pﬂ?9?}tﬁ&ﬁ% n@!ﬂjcP W%Yay%ﬁ%ﬁc Ish¥hn 'ect rode

26. lnsulation nub well's 81 are used to forminsulatio 45 (Fg. 1A

on fli ppdes 8K and&kcthaf is depositedioneyans andlodier g@roaedearens of pixel 300 F-ayer ﬂ%ul ation
nubs 544 QB it U%ﬁ:x&tﬁ fjﬁld%@ Dﬁnﬁg@f@fer%ﬁ)%s o?lg? gntf o tegl axﬂ:f onaduct i ng

mat eri al such as I con or umis on sacrl ficial

| ayer 823 copldderulti n?gexlﬂalybrlnmlelpgﬂﬂﬁémnﬁﬁeze@heﬂ-brmkeﬁ@r which wooldtthegebtept h of
sacrifi cj, r rmflipper 24 with mounting holes 32 and 34, as
shown in %eahﬁéﬁﬂ%té%gb%F i nsul ation nub holes 83 are filled with the
mat eri al of Tlhaycendlﬁﬂng mzteribb pfldyes G2 dhatois dmbmteelébnomxéll 26 tfolbolwdrgy t}rede 26 A

second Sq%fi&sﬁt dnca!ngl gn If?ié &F 14 ggr’ 86 P% es BO Imes a%llstog%g}?rgsesﬂrps g%%dg;rggf erabl y,

formed f ose sur ACe W B VS
sacriff i c&ilaitrs laggred2 86 ¢ressfse¢tlmdalsfenmtmg 1fde A LlﬁcoﬁFxgl BK Ekefelrefblwddyysm Iscon is

used as terial r f and a po um num i d as a
nat er i alfgl (r)Er% 15 BOIESIP?E Laﬁ}ﬁp% Hag ebe%Pw?'a@ 4 EEIP%ﬁr pfug %&r@%ﬁf(‘}?la@y\ggcont ours
of sur f J@bs lover phitcbf Utbracketsl8pasi 38 chre fo@mwbyeﬁ)lebt% MCdebxfeksfdnaISQImer 86

B0 over MBHAP RHel idesgo T ieeden e, GG ntie o ubBBLare thaf Fpad Sy 7

Cr 0ss- sasingaetinids kbowmin thaye e leave @ﬁﬁl@lfoﬁ&dtﬁm&ll ZBYSEOVSIhBN‘FIg | SMFA @ros8G, whi ch

t taken al . 8G The pl f th
cr og. saetiogn pRe e PaTut AN SthEantmergvm i Bigboci on 80, In the

Cross-sect i oBrickétpBar arﬂi43&ﬂﬂ&ag§ EIMD dnaVEN tshew CHomROBNAG! REuIRAT tBm el ar ge
part 91 and_a smal | part 93, hereinafter referred to as

P o panagguAng groshs Hhergied in g, BAZSH. ERLWCIF GOLOVE IR DG SORdaiet 38 of

pi xel 2Qn plvibss figdhes. Akfong thedk getaﬂwr& eﬁamambﬁua@bfi QhowiBinSfigLEMlaAd 8§ body 20
part 91 |s part of the body o Axleygrrt 91 is not separate
§

fr om bodkpd Fisrpalghouldsrs 99&&6@5?%F15081‘g§é18ﬁ§%5 Phand {%msauligron phe pevieringsedct i on
Pass®S tHalel W RyHidUMs| d"'&uﬂ@& & B4 désEhigtion®r )Flg%f 81 drldi BIP e Wldverd RlahRWr BE

deposition of sacrificial |ayer 86, four les 90 are "drilled" through

sacri fi draiof Lakrarksts g6 aadhas, 8‘2‘“‘&1 gre ﬁl}‘i’é’ﬂ\m@&%‘dﬁf@t Sropy diferenses idhe sieg of
el ectrodg30ousi Mg sHek ReUShrackets 36 and 38 that are formed by etching away material of

layer 92. In previous figures the shapes of U-brackets 36 and 38 were simplified and these

details were not shown in the interests of clarity of presentation.

25 It should be noted that if axle part 93 falls below shoulders 99 shown in Fig 8N
undesirable “play” in the position of flipper 24 is increased. In addition, if axie part 99 falls
below a shoulder 99 flipper 24 can get jammed under the shoulder and be prevented from
rotating freely. The height of shoulders 99 is determined by the thickness of sacrificial layer 82.
In order to prevent flipper 24 from falling below a shoulder 99 the thickness of sacrificial layer

30 82 in the production process shown in Figs. 8A - 8N must be less than the thickness of layer 91
from which flipper 24 is formed.

In pixels for which the thickness of layer 91 is thicker than the thickness of flipper 24,
brackets 36 and 38 are produced using a method in which the height of shoulders 99 is not
determined by the thickness of sacrificial layer 82 or brackets different from brackets 36 and 38
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25 known in the art, such as by plasma or other etching. The topg of two of
holes 90 are shown in Fig. 81. One other holes 90 is drilled thr uthG 2003
sacrificial layers 86 and 82 at the |ocations of each of depressions 89
and are not shown in the perspective of Fig. 81. Fig. 8J shows
schematically two holes 90 and | ayers of pixel 20 in a cross-section view
along line A- Ain Fig. 81. 30 Holes 90 and depressions 89 are.used as

F‘Z\' ??;) f mﬁ u’ééﬁ’tﬂlcﬁgﬂﬁﬁ[ﬂp& :mftotca%tra‘f bl@cﬁﬁ)rie ab. ?)Igcanh{ieaagﬁﬁfta?eﬁﬁ teaek éi%laﬁFél ﬁ
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U- br ack efdsedénd ddtttodS2968erailiph@28ds ik 88 aﬁ@ oﬁ"’pﬁmﬂ&i regﬂédﬁ‘l"'bhy‘dnt dladr§gi ons of

| ayer 83 t hat cover axle part 93 but are 'aced fromthese regions.
¥

Technl c dFerqase PR oh 8035l Meugchiing Syocedurs) foa@écr@ﬁpg rackesy 36 ash 387with UG 2003

90 requib®’ HbaldeRGY @iSculdd Remimt ARtk hiRMIreQ 001 of layer 86 that cover
axle part 93 to prevent these regions being anaged in the process of

formi ng hol e3thgupixey and hrackety|for raguating Bippers yepixels in prapsdaped Wigh profrad e axl e
part 93 eﬁ@(ﬂﬁngﬁgbﬁ' tB@fafese%anéﬂtBH‘a?e d6wh g‘gﬁggﬁt ]hg'nleféya?lﬁ biketS QWA if Fi gs.

8K and 8L, that is deposited on l[ayer er exposed areas o p| xel
20. LayBigso9A i d15rqsieduced using rﬁabuczmoammeéur%thamre IgriatPasrafythetppocedge ons  of
| ayer 8f,epnid g )(\ngih axle portion 93 could result, for exanple, in
axl e part 93 el ng rozen to U bracket 38, which would thereby render
fl1ipper 24 nges. r%%ameelatldﬂﬂﬁ shom dupxél NGO mamprising adﬁppeay’lé,rm%cmrﬁmcei S

deposi t Lxal oglplon an |II| of,.l.ayer 86
Fi1Ts hora Ryt onfabith IRy Ty RS Rl PG TR T80 Vi T P e
| ayer 9ghowm W &rpespective tviewn it akensisdilen ¢ b1xnb2@x The énlgfdﬂ‘mgnceBK inRhef er abl y,

| ayer 9 f Sili con. L hed t o f.arm upper
parts OF I}SE?%CE et sql}f 6;9&1988%& lﬂpgrvxg%/?o g?'f%rsod% anuéé%%p% 23 38 are
f or red btyopledlte sle@odarid bglé.pbm@etsmﬁsanagslem}mf witi¢iclias e ldgat}at atelch dfe U ayer 90
is po . si ng
ot 15 00 CRERER e IoSRBRLId, B ey 1 B Bl g od oy e BBRERB R ant B o°
A crossi04léachexftwidch bds poingle 180164 tiagatidches the bradkétnto Fil@troddBo. sEasﬂﬂ@vm in
Fig. 8 ts nd 38 and 8N s sone de esul ting
fromt %mgﬁgs ﬁﬁa ﬁ& @s ?)F%‘B‘é‘ggeg lﬂgﬁléalt:xlg St FHfe égtheg’%y t°§i C\I\BI‘ e not
shown i Thdve md|<gatp51 1Bgy7emdnh a2 end Bf pgemﬁ GﬂSacfl iogﬁlfaex&tsdmmg lt)lﬂlﬁﬁcﬁ?]ldﬂiodél ; I's gg e
ext erna oul.ders shown and jnternal shaqul ders
shown i lf’so ?P U“@&f Begh ot ok 099 ViENCDIgord 35%\3?@%%1%%% odt thoBmimEisf 20
hol es 9@AV\Gh1£ mlm&%ﬁe%ﬁiéﬂscﬁ&lghrhottﬁﬁ fagse it Qibbsoxﬁbt @ﬁp Emg& shile RO’ Bl The
uneven ths of the g U brackets 36 a whi ch are shown in Fig

8M r esuPPesersohiZids Weﬁé@ ctp HO% Aad 4P4 éreoﬁfma“ﬁbﬂ‘é% bwk%fﬁéﬁtaﬁé 35ahecanse
U- br ackfagke6102ngd 364 hrb ahcndfed 1 6mBhiY 36 tE Bl gcAWRWhBRLL rh&kts @k 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 turned 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
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| ayer 92. In previous figures the shapes of U brackets 36 and 38 were
sinmplified and these details were not shown in the interests of 1cja4n[t3é 5)
presentation. 25 It should be noted that if axle part 93 falls bel ow 043
shoul ders 99 shown in Fig 8N wundesirable "play” in the position of flipper
24 is increased. In addition, if axle part 99 falls below a shoul der 99
flipper 24 can get jammed under the shoul der and be prevented from

r ot at'i n@ref dxB&del in BétE tRCInIH o2f po%hfaﬁi §ems el éadq?rs%éfeﬂf‘edad%é susttsn ckness

of sacrifjicial |ayer 82. |In order to prevent flipper rromtalling bel ow

a shoul #eficeie sigeoftrcketn Bekare psedde squplecs fipper inyapixed0 82 |n t he product i on
process showgiek NokL @B scRthat Sh(qaﬁ Layer 91
fromwhich fl | pper 24 S|Cs a(;?%g Sm e%%)?{elmsﬁ?& %’t?:ﬁptufyle ﬁ:&)ﬁ@ne of | ayer
91 is tHiRPREFZZ HogFoerdance mx@mgfgrr@i erpbqdisprat opthe prdgcracmumxsae&mga@ are

pr odgce g ) 2%1%%; e
det e?m (riftla%qg? ?j%gémh ch%hess q@é%??#pg?gﬁtep%gr %Sﬁ%r ?i{htﬁt g‘tg?ferent
f r om br Adtkarwmtsg holes 9. BQfewngUr Figi 104 @ippar E22us echpiasl toampfaéelbd:trqdpéﬁ 24 to
central |ve hi ck
sacr f1 & repaste eghe bl AGER I NAREPLD  Suctiy i FERN B8 22 “and
first ekestndmps. B8h Oﬁhmclsaﬁcmchnéllé&cmmﬂses%saptwnlﬂ aqdpmmzazhéhpﬂamz he on
and of f IV der decrease stict. possi bl e
manuf act gﬁrﬁéﬁeisq? 5 mgdcsiﬂ?@tfl%ﬁw ¢ %éc]%@{l l%% a%“lgé’tmve%téma’r?ﬂw%@f\ﬂ%[pﬁr ﬁg BEow
shoubde ldseutlsn qbamtielste edgat2d li'eme N84 of btableetdd 1 2 atgis1 Wnprefentilipperl £22. frdsh her
pixels S f u g flippers to pixels, in accordance with
preferre achm ﬁlfe lggoa?‘ﬂi:édgresent i nvention are shown in Figs. 9A 11.
Pi xel s and bAaﬂkmémsshﬁimtckelm l(Elaga 108 Ahownl inlFigiroa, pfea&mgchausamadkabri cation
pr ocedur, t are variatig rocedur ed in Fi
BA-81. i@feﬁ;?o SR GRRAR skt 8‘%??%916?& 0 lypqﬂﬁi?ca%‘bli’c%frﬁﬁlws?wn& i pper

: i n amhaifdamcEs4 wvartchozadweéngﬁlramﬁueﬂmmmsmm spabe 133 RELREs mbyemt i on.
Re r|n to Fi X |.C shown a perspective view, is
ver§5 ith 5P *P‘Bqﬁ?ﬁ‘geag‘b fetlﬁ aheprfing ofip P340 seatral lectiede VoReert LS on. of
t he br amgemx $ndovk 2 GEHeRlate ﬁrbﬁl%ﬂ@é’w Slbradke€]138Ghi 08@raBlectlole B #@1 ilgddalek | pper 24

coupled to el“ﬁctrode by U brackets 36 and 38 each of which has two

Iegs t h e ATPEFIR Wilch t&cli%l%%?@!é@qhe@@%v%%ﬁw 38. In pixel 100 flipper 24
is coupled tg geile&hér@ﬂi@alfyoshwsBpm&eﬁ@ﬁeﬂgﬁm@ﬂﬁrp&a%@e@ﬁa%ach O? has a

singl e Ieg that attaches the bracket to el ectrode 30 brackets
102 and 14B4n pgeordanee ¥ b prefprred smpedimerioefsthe present tiayration. | Flipaer 14yhas o

el egpr Ogﬁtf-’b@rance-ghﬂﬂ Gt bﬁpoﬁtegnﬁlﬁs &ﬂ%g@%ﬁ%? thel Alfpe Wofberkfls 18610 heRagh Of
brackets 102 and 104 and el ectrode
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 isshowninFig. 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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3 0. Gap 110 is best seen in a pro file view of pixel 100 taken along a
line B - B shown in Fig. 20 9A. Gap 110 is nade small enough so {liap;if 2003
flipper 24 does not slip out or shake | oose from brackets 102 and 104.
Brackets 102 and 104 are smaller than brackets 36 and 38 because brackets
102 and 104 are anchored to central pixel 30 at one | ocation whereas
brackets 36 and 38 are anchored to central pixel 30 at two |ocations. The

decr eas®e tngeta0inddsAek RIS thh Qdeatdttthd QkeWis hlppasg?% HeRaddh A Sed p%&;l and 38

is 25 adv]gnt ageous. \Wien surfaces of a pixe in accordance wth
preferr ¥g% Ewd A e herazpaab arep pEtBepiel nyent i on, are treated to gi ve t he

pi xel a fi rSFlgﬁﬁQASQQKriHlusﬁ@tle@Ehem%ﬂ&ilyleﬂﬁgss‘?lfkdf %ﬁme{ shivd DRGEs, Of the
pixel is turned to an on position, for exa , exposed surfaces of
the pi 8120498 Higpdad1th S]@Q"Y/%foﬁsrﬁéq?ﬁoﬂlﬁéfkﬁwsrtﬁten@bmﬂ ling e Aoshessin it Figoper i s
thenst upped ag,gcggg@orqgwd?cgglgtlﬁ,@g @#m@ﬁ?p %gl%lfl%es of the pixel in

the off position are treate second 30 col or.

Sur f aces t haltrodiction gisps dhstratedy i Proﬁhemﬁlgsam{l% aoef fdeptixs] td stepsaih thihe

f1i pper 4i.084 I hpt pper is
n' {he BrRese o BoRFYE ckiinIREARYE DleRt in BsCed 8F dbbeelle W R [0 e
pi xel dinsyhtngslayek 28 liredeppsited on sttpiratn@ARnA ldyer 8(] shmer iniRig.i 12B§ hfﬁzoﬁducpﬂgl tion.

This as r. ces t ar vvays
exposedt a4 tsd dHRERR! GBSl ) A58 Bl Hibr il e seitpd o
br aéket sentreleelettwdendfl 28 and BO peppectively aviitix ede s'ﬁawﬁznAvg 12008 Eig. elzi)(posed in
bothth o] ns of .the.fli t heref ore
advant agg%[l}d&?% % 313%2'0,[ g &ipoRed prigpes ‘Ep]t%ul"t‘ t a&?ref?hé"éedc?v(?reéo‘ﬁlﬁl e a
flipper ssk:nﬁaalplayeesz SEcrgfmzallh@rSEﬁBccﬁreﬂfeemhlaQ@Jef §4 sfvondeeng mestial\whivi ews of
anot her ris in accprdan h a preferred
enbodi nléﬁ lnt he %Engaé’ﬁ{ é‘?ﬁ&%ﬁ?‘{ %W?g‘ﬁé? P‘?rr%é shvn B ggﬁ%igé{‘e FP¥pper 122
has noumnasrgwlawlshmﬂﬁﬂﬁganmdéﬁlg%s 1265- 1oy thagfollb @] SippeB4t dpgbardI@ee W t h

in les 1 Referrlln é 4}, fI| er 122 is coupled to
cen?r al eq SOPHEE RS ap gx Blpg’? ?ﬁ?f' %b? éﬁf‘l%a“ veicistis only gn gHact 85,
Br acket thﬂ:3ﬁb1t50f@:tﬁss-@ébﬁ§inalﬁht]zl g 10A to show its construction. Each of

brackets 12 nd 13 r| s a septum 132 and a rim 134. Septa 132 of
brackets 12 ying ?tFkE 8 BE41p0tigse of pacfieiel ey 821e pickedaey Abvement

of fli pﬂﬁmlﬂ&g 26 13 QayChhak e felzio 200 1261 of bRl R el - 30RA MBIk R4y Bin D acket s
129 and 130 .prevent flipper 122 from detaching from brackets 129 and 130.

As in t¥eniicidldaysy 23615 then deposites ol cxprsed sisiipesioh pRpLL000ecrifeigl layen B, each
of g acikahsn etditd BNEhcdAP al salaan&?@ﬁ Qéot@m@ﬁqﬁ T, Bl est Ll é&ugae 9gl y one

| ocation. Pref erabI\é one end each rins 134 is anchored to central
el ect r odErifeiablaver 228 aves @p)&&@cailxss%wfrlapét 9Bnband hﬂﬁypgrté?é}:ﬁom@mamn 132 and

each of cdnfifetinl NBfer Qﬁj sRbwiiid | Fir@ %thgﬁrﬁ'e r aglh ﬁée? (S(lr % ion 030 lded t 135 in

Fi g 10A shows a_ schematic | e view o centra eI ectrode
30 t hatwepyased whgnesacrificial layer 226 is etched, serves as an area of central electrode 30 to

which conducting layer 232 bonds strongly.
25 Conducting layer 232 is etched to form bracket 104 and all sacrificial layers are eroded
away to form pixel 100 shown in Fig. 9K and also in Figs. 9A and 9B.
It should be noted that if sacrificial layer 226 is etched in region 229 in the same way
that sacrificial layer 226 is etched in region 228 to expose region 230, conducting layer 232
would bond strongly to central electrode 30 in two places, one place on either side of axle part
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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the manner in which bracket 129 is attached to central electrode 30. Fig. |
| schematically shows a perspective view of another pixel 140 conpy |§,n%
flipper 142, in accordance with a preferred enbodi nent of the presen 003
invention. Flipper 142 has 20 protuberances 144 at opposite ends of edge
146 of the flipper. Protuberances 144 are held in socket brackets 148.
Socket brackets 148 conprise a back panel 150 and a rim 152. Back panel
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in Fig. 32}}9 A smal |l space 151 separates nost of of a bracket 148

from ceEigss of| SERtPRHEHIIr avaKing SRRt jny accgedanggn wish "wgeworrebradket s 146
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noted t Q@tﬁblﬁﬂ%@@ﬁn&h&%lvﬁﬂ afdadild PRA rgxsﬁg' c'rrhré.:sh&ﬁl J:d%‘cﬁllé' stithiGn.

rectangul ar, pixels havi gﬁ? shapes oth an rect ang n accor dance

with prefer ri pefevedievd @elﬁfoftthvemmgmrthe ﬂwmm@marean@spbm ggaledand can

be adva I th

or et or r o ape: TheEnHoRRmay RILE BuCAR RAckl ol & A5 RRLEERGRAL" L

d| arlﬁnd niiteggre diligmatestn gamblipper Andyl inpysein af acuan. dnarmcfd"r@lfmqﬂmdmmnkef thewoul d 34
A area . A flipper

for an e”%%%%h@? sg%ég%ggwﬂenﬁ&%\ﬁouﬁ\ég cagf\% 7 "%5‘%‘?5 THe er;reiaﬁs al%flg(%erueéréalof t he

pi xel . Ribiph. is 1521¢pend¢l2we|rlthm§lnppa1t plase I’ogrmplucaiitj wf augroacaaserfto protoding ng pi xel

100 sho j |.O8: 1 show cras onal views
t aken a; one‘g11 616' ﬁlgp?&gphtatﬂg l?g hery gé"h& 1s;gay9/&nn§?r 5P lB%é%@“ﬁ‘baﬁ E?JB‘?eFﬁ ng and
et chi ngPteaﬁe;rd:rl}s grcanpsupfmxlels ortmwhhleésnﬂay(afb inlOfnglPsealtdetll. on steps illustrated
identical to.st ction of

ofile i gs e i.n the d

i xB8720 shomiepfielia Ao BLS, pICE piRar@ish Bt Frorddi ot e
12A i nmlfhppamgtol ayigrin Bﬁerccﬁmdgms;ntteﬂ fortes b Splyh@ a? extrafolca peyfon8 Ghat Shown i n
Fig. 12B, .of,cC cti material is then deposited on insulating |ayer 23.
Layer 86p311§d8¥g‘r‘?é’gmf8fg%5°rdﬁfl rst, second and 10 central el ectrodes 26, 28
and 30 respeRigi 1/3@1 ﬂluwkut@h p@teﬂwmwmihgl a Evﬁatloh?eﬁisctrbdb ﬁjzgm abddadangd @@hr odes
26, 28 and f3 osg)g i§lurfaces f ingcgl ati ng % 23 are covered with
sacrifi GiP4f e’F%@ the myenfjon, gﬁ%ﬁﬂ’t qlectiofs, P2 g 134 gorespands g4 of
condoct engtlyred piktlalo sHokvh G Fid. 3 AS TR \Bartifuldrl @nstdedfion bR&Nro84308siRkvahgd to

12F. I n the cross- section view shown in

produce f| |)ggn:a 24_shown in Flg
Fig. 12fahaen ppos; face. Howmevssotie fonstections, suchias desolid Aonsypelimsor eray e

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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15 two di sconnected parts, an axle part 93 and a body part 91, however this
is only an artifact of the choice of cross-sectional cut. Foll owl el & 833
etching of flipper 24, portions of sacrificial |ayer 82 are etched away as
shown in Fig. 12Gto lay bare regions 228 and 229 of central el ectrode 30.
Arelatively thin sacrificial layer 226 is then deposited on all exposed
surfaces of pixel 100. Sacrificial layer 226 20 is then etched to uncover a

smal I r egi onF2313B shwwrnicmbbiighentlid whiddf the RMMdidh f&b&(‘cﬁ{e&gﬁra&Q the figRe! 1 fi ci al
serves si.cally isol axl e part 93 (and body part 91) from

I 2 t
a mext %%a‘f?affeﬂ % er|P§§éFedf§?° Igﬁa"\m? ¢ "PieﬁuTsz"'It ﬁeaqes vectrggraersel 8n pi xel

100. Redgiverdoma thetstigtionl B ond BLAWAE, ekt MABK 05 Bféek V\;}l'bé hisdcey ?r'iovg Hppes2ehched,
serves aﬁfi}ﬂn area of central electrode 30 to conducting | ayer 232

bonds stPoMgIaL! telieRsh Tbiyﬁ’ﬁeak‘éﬁél?efﬁﬁ?rf%dhé%l%@dh%%lbﬁtﬁterﬁmﬁket 104 and

all sacrificnphek @of‘cﬁg 1@A0Q1§ﬁlucuwﬂ£t9m eREM R X flowhOBow Vi 6tﬁ'? Fig. 9K
and also in Figs. It should be noted that if sacrificia | ayer

226 i s SrdEHEd ?@@é@%ﬂfﬂg mvgntigneotorrplectiade conpiactigrsceantliecusad. Thasieds 226 i s

etched intel ABHRNN 2RcitEXRARG LGB %eg:iﬁad(ﬁﬂ&glﬁfetﬁ ¢ bP%E bietnle mppu! d bond
strongly to central electrode 30 in two places, E ace on elther side of

axl e parerystergzample.dhederitation elsemrdesrn hmtrtb¢ b@;ght@f ppdr. ol aacxeroplery30 in

two Pl acabodhithl dhe lokotBRPR § dnicRhBCHE 8 b2ROUA ulcn Al BRGRULY &ihen be

formed. A brackét forned in this way wou owever Have ‘s s simlar

t o souladditignally, the losatipnloé the3B:cyede opn viry altie, aghtitatien elestiode thap (bb smta;cdt he

-t hi ckne ess of s icial layer
Shon g srldef éggé@f th!e ﬁg:?ér dég %),%nét&gsﬁp r%%fcp a co ro ﬁlﬁ%%‘s 44 gtn d

226. 351 ove 0SSI unc ron o
45 is tcﬁnﬂaeﬂha@etsslple@gem@ncarmmgebnbodl ments may not include nubs (wh| ch

reduce the ar o duce stictio

suf fici ent a#gglﬁtgﬁau% &t ?‘P‘ﬁaﬂ%l degcrl {R%'ngcon a&gsh\yg?l rret hods
of countiemtaidgn nlgctmdd/pdncecauoﬂm opgmsg i It mrmmxampleaﬂmoﬂlﬂpmrme sikdttiedh ﬁwo&r theus

pref rr i of e_invention. vever s, hot.ed th sone
P T Shoite SRR ML SO hidde ehd' i Bt ERARAS raleiaeh SnBRib G BB1 D00

f ol I oW mgtemamiy beaﬁdumnhi@dme lbtitatien elx.cpmﬂe &dtytbhaﬁspsm aboanthe Afpt0Re Of

i ¢ manner, r.educi

nmet hods yn t stical |

Tt 1 ors etote WMGER T ah B YRELS CF ' FerlRROR Londtt B oS8 embolirions BB xel s
are encaeszaelnamemmeal ae@lwuemwgemmatwoﬂ{m %mmlsbmclsﬁ&Mng dflthe

desi ccant .mat er.i al a as .dry.gasses, ni trogen.

Al t er natTW&TSR elf’%ﬁ’a‘?sl ?‘Dgptge ¢ g %?}g 5 ?Ptéeq}‘él"é‘ifjuﬂte“i‘aﬁwﬁlyﬁr @F@?‘P@"glye%odi nent
of the ilevitatiin aa:tmﬁhmagm;alle@teamu HRTRNGr HOVEIhE S Scrdd Fr gl 9fegl ass or

anot her transpar. mat er i whi ch is suspended over the flipper plane by
a pluraf We@f’“g@ﬂﬁ%?‘i”‘é‘ihg B%s protruding between the flippers, at the

periphery of AtthéugtiagitnayleABMion elcb e ACH0Gn] iRdbm GHeddrrelilchiBB@fRnts of the

invention, the electrode can be non-planar, for example being columnar. Alternatively or

-1

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 obligue 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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Preferably, groups of pixels or the whole display are in a single seal ed
cell. 15 Alternatively or additionally, one or nore levitation ei%p ndes
are provided adjacent the flippers to assist in overcomng the tlétwoﬁmﬁ
forces by applying an extra force beyond that applied by the plane

el ectrodes. Fig. 13A illustrates a pixel 300 including a levitation

el ectrode 302, in accordance with a preferred enbodi ment of the invention.

Except T alko 8k @sfnirélfc. 3020 o &btivikdA (%lfa"g@stﬁﬁiﬂg)sof e efeéasaels X ek %ﬁﬁﬁ@gél

I A. The artlcul ar construction of electrode 3 own in

shown in Fi
t hat of Q‘T’f‘mgtﬁér]i""]l"é’n%}’éy rifistrat for diffgrept elestiades gad/prrizels.such as a sol i d
construction 1§=1fF1g3']§Blt&ro I%!Waﬁ&'h élé’lﬁrodé%aaféého% &n{%%n eﬁéhcsgdeatf %el ﬁﬂr&éé eF| 0

the pixel surface and/or the outer ed e use

13B i s aPskwed @W&Pdlme@w%ﬂ@mgwwuonnbvmm @lecmdcelaress}raredsbwwengnxebv it at i on
el ect 5 0dgmbZAmdALwRAH o) 3 UnB 1b¥ifdhish Gt ! y the

| evitation el ect r‘gde 3n9 anl%op |lon&T ng?? ggg%&rﬁcf&ﬁlx%ﬁgg??%%ﬁﬁ%ﬁ&og t he

ot her si H#do giterpaie levitatigpesiectrades §mnthﬂmplx¢ie1flépgml; leiigagioh afeciomies edeastd ode 302
exerts. | %‘{rh‘fgq}f'aqgct&%fct% 09?51.9%? 1l %Er 3ﬂe¢1{ FQIP ?l ctro‘c‘iesa Qa% b tac ﬁvede d% wher e
they have a greater |everage F per “and ‘oveérco g

sti cti onnotehhat hlénef o1 pher gnogplhg\mf tlfa:uteht;n elbd:tmdes may rl& e emetheretonbé  needed
and can a typical configuration, these levitation 30 forces
wil | tenaﬁ{'%@%%?gr%ng?&s@ne flipping, and, so, are preferably shut off so

t hat 18 hey do Incmmeadafenrsbbmb@:ﬁmaﬁs of e ibénpiph,ng diffdrers hmntlaﬁbxbelecnmﬂeds t hat

simlar, t er forc |eved ven i f the
el ectro de]@rlé:gtgéd go§ rsﬁdlf ereht BE tplf %ago? osy Ie 8 u§ q;ep?n@&egr Olbrt eatyRe, of | HRRSE | y

bel ow. 3Gotenient,\eld. Sem(i{glit Eldg‘pr shad. Ahﬂnﬁwﬁljv eﬁh@dbl&ﬁﬁﬁca!tlﬂn vday @b ubddctor

| evi tatlaml elfegtf es_dj rectlt%/ ai se her_.preferred

1ppe \{ re ﬁ' g Hoveyver d fte
enbodi nen PhE PRVENE Wt fﬂﬂ)ﬁr%1 IOG%&"’L %J?%S@aﬁh%a UL PeHhver come
the sti c@expandnmarmmeemap kther i ifs@igd, aty vt fat@s oMY clBfrods &4l tfsdrove

flipper 24 e 0 per t hereby breaking the flipper's
adhegl ont%l glﬁpﬁrm%wgt?’?'g?r byb‘ﬁ?%ﬁ’ﬁ‘glt{' U9 {he exanple of Fig. 13A a

particul ar | duisbitippéfereddeerhtiodiifentss ofSthe ifiventib\R¥Riral didtuBidiche opirabeid ed
enbodi nents of the inventiqgn aqther el ectrode constructi ons can be used.

Thus, asCOifgtBErdeh IR AYercPmE the SEH0 PR example 35shay) ind'isl3Bi bbed. I n additi on,

the height ofa laaaa@hw;&aﬁen@am soMRDYoferte@lenfBS&MRhG of IHA8nVeRNL BdyHes
el ectrode can be at the height of the fl |gper In an exenpl ary enbodi nment

the el ect PYEREL &f fbrriccirerles Whighien be paangedrior exanply, ypricallygriherizantallvel y or
10 ag@i tTliH'h%b-le}éctrécté@ n{a?%@%le@iﬂﬁ@{i 111t1§]1?a11%i &Ghkafe. &ﬁé?na:fﬁ*@% gﬁk}]ﬁonaﬂy ligyi tation

el ectrode may be situa al on he out si de edge | pper”’(as
shown) , %‘Pt‘ﬂ‘?@“ﬁ"i@n’sﬁb’&ée@%ﬁ‘éﬁwﬁhdléfe@étr‘f?éﬁge@f the flipper (near the outside

edge or near thR&bRdIdmbodiment 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). Alternatively, different
electrodes or parts of the electrode are electrified as a function of the flipper position.
Altemnatively 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. Alternatively
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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Additionally or alternatively, an opening may be defined in the?ftlppegwﬁgd
the levitation electrode placed in the opening. In one exanple, the
flipper is slotted fromthe 15 outside edge towards its mddle and a

| evitation el ectrode protrudes through the slot. Alternatively or
additionally, the levitation el ectrode may be suspended above the fli pper,
for exanple attached to an under surface of a transparent cover. .In sone

enbodi mpriviied @ bel @Y duBtidien tehom ﬂh@@ﬁéhoﬁrd% iWnbe be LRASH 'Et?ﬁctn?a'ﬂ? 1M4OmE i N
concert,..so that, precise alignment of the Ilevitation electrodes and the

f1i pper TRt G appumt é&fﬁ?’ﬁ%"&lm Idaetlﬁ‘ﬁﬁ%%\?q Sleqtipde pnddigping elieadgs havpen 20
| evi t at badiaBpies bitRAfod)RY afply 4 Bedinfith Bhroe AHindCEIMG0L n é&?ﬂé’&nﬁdaﬁn J‘tﬂ@ ar ea,

for exanple to be syrmetrlc with respect to the hinge. Although a planar
| evi t at ieemat@meilfqtr@e% Iy ysedHEvaguss vibebons o ethervissdflexitsoaf ﬁ@nﬂ@p@fmdhe

i nvest i @Rociith®sthlcRds! RiBeEAMbBEMRR: tﬂ{z ithtio féi’éctrﬁ&‘e%% gare t]%(ﬁ:&% gnar-.

Alternatively or additionally, the e ectro e nmay per on two
or t hr ethesflipRiag elestradest Whieh peer antietted iR mingerlimed rt@dehmihc reffiastyofhtbe

control le%ﬂatioﬁe!eh?ode@”gth (along the length of the pixel edge - opposite
the hinge). Although an el ectrode which is as long as the flipper is
shown, shor tlarsowk prafartsd embadipente ofitho wivewibn, fevitation atepﬂr@,es glap bt nattetsd bet ween

30% and Ano her hi ch may
be contr o@?fécfg Ftéc;ntrkﬁj adéﬁ%nﬁ%t&gm% (‘mﬁe én '?e ¢ §ina tm@ﬁus %0‘@@13 ative to
thelfli plp@rodssriwplgacuvmedfdnilxﬁoeseldmtedgaesaufqunm | evitation el ectrodes. In
SoTe oy Fases thisph® pAIH M SRS ol B8 il SUER, WbBRR ST R ey T2 "
addi ti ohﬁﬂifge;ennanv*tawmmamcbalann/os Otppoigi slgtrodey tbedifferdt pigels. s efletthe
effects rod 0 i xel on anot her pixel.
Al ter na %Iéebges mﬁ&l%ﬂ (ft'loﬁ} rcﬁht%eﬁ g‘g‘g’ﬁsu on being asymmetrical, the size
2Ind/ 0{ hs hapeTIrcfatbsvmgésmylﬂloﬁdias tﬁﬂ:&sdmyus&}é %%VMIIOG et?&ﬂadeafose fbﬁn@@ﬁﬁl etric.

S e._activatiap.(v 0 el ectrodes r exanpl e as
ded? i ooty aPYier ARyl B e s Pepdbviflind BeRueCHREEC beaRamBIORT, xol 5.
In Fig. usedfy omv@xieﬂvyﬂeatfommble% dQeetedah the oAt oPHn Athe Mstinspidds of t he
pi xel. In S rr@I E?ﬂ"’ﬂe”e enbodi mani_g of the invention, levitation
el ect r ofe¥? 5} &% GMHEEWEENT puRE Jhus B 2anedhi3denition dlectyods Bregi e a si ngl e
| evi t at stizfio b@T4 fdEonabelb@Rde PRkesthX 8lemed t@@ﬁﬁig@ |sﬁteaﬁﬂﬁﬂ&?dﬁ?n$ stlcﬁoﬁ 0
alternate |evitati onagl ectrodes every other pixel. If corner levitation

el ect r offeicEAmg Sleptrade may, by gsedk inptheg MEMSodevicgy, foF efagle ionassifeinfherber of

| evipp at m&usﬂl 8Lthe 6N 6A80toRCordERE ﬁlwielg, Yehdih or @éaarﬁgdelénli@&s »@hﬂ:ﬂ Rfefo OF her
groupi n | evitatjon el ectrodes nmay be wred together to be activated

sinul ta éﬂ‘gﬂtvte oroother misppemenhameal rssact@rﬁ%o%ich@mr@n@fm%be Fmgllen lingtheir a
di f f er epbxihui (IlﬁaEﬁs@Jh) a8t hiBHRetdrS 1 millimeter, 0.1 millimeter, 0.01 millimeter or even

0.005 millimeters, depending on the application. Alternatively, larger elements are provided.

‘Thus, a stiction-countering electrode may be used in a electrostatic motor or to loosen up a
25  beam-type sensor.

Figs. 14A-14F, which correspond to some of figures 8C-8M,  illustrate steps in
manufacturing a pixel, having levitation electrodes, in accordance with a preferred embodiment
of the invention. This method is only exemplary and many other manufacturing methods and
variations thereof will occur to a person skilled in the art.

30 Fig. 14A corresponds to Fig. 8C and shows a pixel 310 having two electrode bases 312
formed along with electrodes 28, 30 and 26.
Fig. 14B corresponds to Fig. 8D and shows anchor vias 314 formed along side vias 81

and 83 for allowing an upper electrode layer formed later to contact electrode bases 312.
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electrified (or a different electrification profile is used), depending on
the type of flipper novenent, e.g., left, right and/or speed. 72 a:in
Alternatively, a sane electrification may be used for dlfferent fllpp"éw3
novenents, for exanple if the electrode is alongside the side of the
flipper (perpendicular to the hinge), rather than its edge, any
electrification of the electrode will cause 15 the flipper to levitate,

t her eby br eakign g4ct HKrefondd to Tk, 8F Bncsﬂﬁﬁfs %&ﬁ&élé&@d@ﬁ@ﬁ&s@ltﬂﬁn{éﬁ abdhe -
i nventi 85[}’?1‘035 %r‘n éeI ectrodes are erated in concert in order to overcone

the sti RERp PEnG &s élmmh? it sheyld ba poted, thap plecpdecpprigme 1P ode may,

in sorrecmtaftereémegmggQ,CQI;mﬂb,gghq,ﬁastgm@ i nvention, conprises a pl ural ity of
sub- el ectrodes whi ch may be arrgﬂg for exarrpl e, vertically o

hori zont al | yFig. é@iﬁrﬁe&%f‘u‘ﬂe"épégtgr $horps walyeheelpetiofpsein Which laven 82etp or in.
seri gs. néhgp%ﬂaﬁnowfgym@sm%d@ otfbfe&?ddleyayeﬁs@% a&i@lﬁ%%ﬁgﬂ ﬂgsg'lmrmy be |

electrified with different voltages. I'n a preferred enb ment of the
i nvention, tH& VF iagdecnderingnel Figyil4Gtinowhich daver Siés transparenti ehdwingrthag its

appl i ca%@km@ﬁﬁ%ﬁ@ﬁ&taaesmlﬂg atimng circuit. One possible type of
variation is to nodify the voltage as a function of the expected position

of the fli ppBig: 14Fgoriespangs te Figa SMoEdishews the fipd struadwre.sn whikh thmsk elagmde s
reduced ely, different electrodes or
JayBrs e geliBied, ibchudin 5 Qborotk hEHORS 18!

parts o ctrode ar ctri as"a function of the flipper
posilfi on.  Abs ehavar inviEigy 148 thedidvitatiom alektyqdes ey deabesighdd waltdven mminmbdi f i ed

as a f ugﬁdb‘g?lgoefffe&rbg;p@%l%#} ?rﬂr l_f)e?ﬂtf Cl%§v Pﬁ%\h' %‘d ﬁearﬂyraged i e%?l?ﬂé'd%rg?qt% vely or

| abor at ory, r exa e, set et .
addi t i onnlylope of ﬂeseefemes isf usccatAltcmansely ar mﬁhltldneﬂ)pmlﬁﬁsie\nﬁatltoﬂ elebigode inapi ng

speed, r iLgher valta used i i ghe ng rates
are reqiﬁ?r eagléa"[%ﬁ%f%\r}%r 5 8% tl?lﬁ Sof eagoz é/r'}%e TG F‘W gggmg?r f“%gt%é@ be

ste p ped ,Althmatveehanphckhtcbmplm diangpaent lehieation rlacobdes lagc tisedNinCthe Wadddimkems SOMe

<18y e e AR o R R g Aot i o B Brersstapprbee
| evitat r:ondu&heqbbmﬁeéepaﬁ&doﬁ@ttﬂaﬂépmedt dogerbr eak stiction prior to activating
the flipping, electro unt of. force 38 pr.oyided may be only
sufficient t %PTSEFE ?ﬁ@b%dr“?’ﬁ‘lt e, veTion, CB@"‘@M&@H‘“{OBCL@?B’(%alal %}Pﬂﬁfft t he
flipper amd £oibbiteis acdatstby p@dntuﬁﬁglél&ttﬁ@ﬂlly inshAing RIbk batve@Ntheh e rédsethand

flipping el cIrod . haye_an _over!l appin ctivatjon, to aplyamaxumm
force agss't Extiction. dRisgRd Sty fg%w@u bRhelew g alsp B PRXIdeB REIRE BOE PBde | S

usedot ol Ushad@bf G116 additicH BHM SEHE ebstng, B thé Bend diiddTane APPLRE S
associ at ed. struct ure In these enbadi nents, the |evitation el ectrodes may

be acti P&Fid B@f‘@?‘éo bumep pp el sige Of dhar ﬂ’BH@sAlt%i‘tE’ﬁlYa‘?readdﬁloﬂ%@t ad°%n a

nmanner bhdhesl céRinkid dskd Bervb 18 HBFdr 208 HeRBbsthRVint Alrk PR ELREIdALR 81 th!e n some
preferred epbodi nents of the invention, levitation el ectrodes na

act i vat dyeniiog, B’Féa?élf’gtﬁl%?tSFWHTS@nVlalabﬁw%ﬂﬂr fo example peqvidingr refleativer(e +gr=
devi ce) whitehudrt ANARUBLY arddl tD bkl ald WRIM RH/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 undemeath 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.

40



10 el ectrodes being activated only for selected ones of the pixels. In sone
preferred enmbodi nents of the invention, different anounts of force afe
applied by different levitation el ectrodes and/or flipping electrodéézw@g
different pixels. This reflects differences in stiction and/or friction
for different flippers. The above description has focused on using a
levitation electrode for a flipping-type 15 pixel. However, it should be

noted that sughraBVdly 8f ddARicBAIBE bEAIRRYmA) A% Beuld YRBIAARMI:Y38 Hsed in
d b In the prior art or even in the

ot her pi xel tgPes, for _exan&l e_as describe h y

i nst ant J38-&Ds to reguce shigtion and{prfiction Adteradvel o1 4dditippallys sutseearcanisdusing n
gener al , e@mid@¥d, hddds@ibeg b TR 9Rb St Gl and a functional

el ectrode céﬁses the element to %ﬁgﬁgi E%Fgatggﬁi@?kgnal ly, a stiction
count er - act i Ajy fePEéricd canbedimese ofi dhel ventéinmh dhe KBVBT dubs ds(Fig.ofMexenpl e to
assi st 1 RadupRedtld donitok at foi [ I .0 ing,

bendi ng _o?&uf] exi n%)n%ﬁ%g?rdeﬁr}%gh@mﬁl% ecggﬁet rag&t \gfth tﬂ%faﬁ{é)g%lgtf?raét’éea&glren%ﬁggl

m cr o- magdERice gich stor makeuthemn s@abth ae|desriheds fornpxdvepls rinl 1S¢ictiqn mn tSuefage

maxi mum g amRsd, ",tﬂéf""g%§5il{r§.'l gtlgic@&ﬁ.sm%o%g.' H(f%%g%s%—gw% i {ﬁ'silgr%%eeéf 0.01
mllineter or eve . 005 : di*ng "on"the’applrcation.

Al t er natwhiel i incheporpted hetebripeereaace provi ded. Thus, a stiction-countering
el ectrode nay, i : at i.c tor _or.to | oosen u. 25

beam t ype se&lgﬁa@?}gg}. Qdf%@&@%é %n%%lgﬁ t%eol}r{lggssrb%ﬁmm? R Q? pl?‘fxg{f’r%’s 8C- 8M
i |1 uk) r dtage steapmarscavites foimed atrthaigop), firtkerlredubimy ithegrohavti Zraat | on el ect r odes,

i n accordance. w referred enbodi ment f .the Lnvention., his nethod is
only exenpl ar%l Saﬁg %Eyﬁgﬁeer T EATTPR @?lﬁl?thﬁgﬁgt%%tacﬁlﬂag A BIFLEPENE ¢ her eof
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8C and shows .a pixel..310 hayi ng. two el ectrode bases 312 . forne logng with
el ect r odeg” ,’ca\%&)é%ﬁ’ %mg?}gé@%fién%%’r%é’irﬁgﬁlﬁgersgﬁﬁl ! ascfpy ‘g?? ° anchor

vi as 314aérificiat dxidt aper 334 thefornadsone clenddd ith@rvizad I5aMdrelg. an upper el ectrode

| ayey. forned. |l ate o contact elegtrode bases 312.. 39 1 2 ~UU 2003 Fig. 14C
cor r&sponds Elb?’}gi iéJS.Bt’élgc’ FrCOn e é&%‘%ﬂn@%’fhg‘&eﬂﬁgﬁi ons 316 formed above
| ayer 82 and It Figal K9 Wed38AEpaaGmed todBabveddexchit iShewicchiR®rRfatgsl t hat

el ectrode poié'ﬁ)gg 316 é%lt,act el ectrodes bases 312 through vias 314. Fig.

14D is a sid 13+ laysr 336 s eiched o frmeyedhign inethe lavst polaed 33f er@rsnch | ayer

82 is  SlifghtB A, alhls reBb@Msettasly REtiSGH ngngtm RbesHit RetettR¥RoagBdiferand 316
t hrough vi as g&4. Fig. 14E is a rendering of Fig. 14C, in whi c% | ayer 82 is

t r ans pargffpods Ot ¢ HEMAHRAMEL | evi tation el ectrode structure. Fig. 14F
corrgsponds tQFigi 5E, BbanE iSHANG efch& biffial a it 5855h Wop bfa Wih& mbhuse

el ectrode )
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 vsed 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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| ayers are deposited, including a top el ectrode portion 318. 10 As shown in
Fig. 14F, the levitation el ectrodes may be designed to have a rfihis

shadowi ng effect on pixel 300, by being |ow, narrow and perforated.” 003
ot her enbodi nents, only one of these features is used. Alter natlvely or
additionally, the levitation electrodes may be made reflecting, to reflect
the surface color of the adjacent flipper and/or substrate. Alternatively

or addi idinhsiohy/ Thireas PALOG of Bl & profirblebarlgs
enbodi ments 15 where the agl eoctro des %r er 3&% Qggoegé?m%%%dv% r})1‘:?hey may

be conpiisEYSBFcHOR i hatihe AEb icomaesidal en pohyifss. Aot possiblorivantagednspar ent
cover. kit ttg{gqgﬁdtg@qlr@dmom ment of the invention, the anount of stiction
bet ween a and a substrate is reduced by prOV|d|ng electrically

i nsul ati ng nﬁ @nﬁé@b@nadﬂﬁ@mllﬁ éetiveduethodsaf reduceg wictient may iberusediiiing and
prnes ! aRRRIMER iR NIShAL MENE U 3RoBfiR hRY AERMISL fhal WBFe00 20 the
flipper instead of or in a Ion to nubs on e substra He

si de of brojken pr Phlsest so rthatpbssg Beyvibmtort Wv@omﬁs mdmprdmuffemdnﬂg rfosledmuoﬁ t he
flippergeah nat w |on coating is used
bet weenetehe&d?{l ppg?’ﬁﬁ e ggutﬁés?‘?}ggfl(l ¥hel %ncn% er PEY S980% TRE OF the

i nvent i elsctrifipation odtthesg eéﬂcmdas gp ke sodesy ph tlml v1bnanmt i HowevBiOrit eepmpt ée

provi di , White) or an absorbent area, in black and
white a%}lﬂec{lﬁnhg(&#baﬁe 'e parti cular exanple is 25 Silicon Ntride, which,
depédfdi ng onThehedickd glrations maf inchee hay@ponehsinahd digsctisredf fppdr RGO or it
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O her n%}grl als may also be selected, for exanple based on having the
property oo varying their optical char acteristics based on chem cal and/or

physi cal 30 Inar prefeirah smbotithéit offeteciialioR B Oibratibs mcge;&sia&h b ldlddiifAne -
Sili el Ni nas ride coati,ng i s described,. for exanple in "Fabrijcation of

M cronme&RamIgah oRsiodis cfr@fsheﬁ’&ai}g?r t Lyyethe pbrains, BREwEle. Gif lewiaien by
G.IC kel , eleetroBen®ot® fhpingdedtalies) fay Bc (RGN of hld 42 a(l HaﬁiaﬂéesﬁéqQ&iéS/ gfof whi ch

|n0ﬂ1§p¢)r ated h reln b%/ﬂugeference 40 12 Al -"1 003 Alternatively or
addl tio 191"3’fs(f:‘ifcﬂ FraPiel Sustupag), thirely Pereasing theo"lb@a?n ?wahtﬁiiﬁhg@tﬂ(ths in'

Fi g. 8Mtictib® iy BRUEE T3 ¢ibia@bn %ﬂﬁl K ednfifell @it DAY ?&Eé@ah'lt&‘ﬁllﬂ’vegf speclal

addi ti on%I ly, surface area reduci ng techniques, as describ bel ow f or

nubs ney e casng slameats may bhprowidetytle, sanerate the afbertors mations dlopsbly, B¢ t he

i nvent | QBratlbﬂf'Sf thé BHp&fis Bus eﬂ’éct (vﬁhg ﬂ}p?Mg oftftfe X Redf@p Hlfh@lcﬁl & sd Rafitye @

m ni mal _sized contact area wth or exanpl e 'usi'ng an
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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 iliustrates 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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which is incorporated herein by reference. Alternatively or additionally,
to making the. nubs small, the nubs may be pitted (e.g. 10 halée ane %yg
nore cavities fornmed at their top), further reducing the contact area.“’
Figs. 15A-15E illustrate an exenplary nmethod of manufacturing a pitted nub,
in accordance with a preferred enbodi nent of the invention. In Fig. 15A a
silicon substrate 330 is provided, coated with a nitride |ayer 331 and an

el ectr odptulaBiyedt aBFRwes oS beForniedlin Ble FEPP e fippér mSRGNIb# Clodh 'qéh ! ayer
334 is fQorned_on the el ectr.ode, II\}vl teh %ﬂew a 33?pt rgI‘EII’? 15 | pMs a

pol y- si | &3 g erefepsd embodimentenf thiningention) gngrayistpraggsn theriﬂweg is ﬂlguded ayer
336 is padidgesmest fBre Cattdch@*GORE flifhet DR YieFdrkblY ¥ Flg
15D, |ayer g:(-3336 S etecﬁ]giggt% renove |t1 gvvn \g tﬁe or?:{ed"i#n%%%};’g}th
even slfl’@Pﬁfiy bel ow. This renoval is pref erably achi eved using an

| sotrppi c WEtFEé‘st ¢ o] {AOHESRL D per@% Wgntgé}&l}'%nfﬁé} 3785 ngg:?, | na&bﬁaeuseo'

20 In Fig. 15 | ayer 336 is furt etched t© apit top of
a f or medSi9RIHew Apreot; Th apeszdanes witha mﬁ@red efbsiifnentorf the invendiennayFipd 7&61305 i ted.
Pr ef er abl ¥ oAb AL ARG, r giyer than
furtherb“lf,rpoom hﬁ ngearg g't'ﬁ?)@{%{]t é/hm%ehgreagl?c %f‘egf\llgé‘rg ﬁ18 egvjlx
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sone enb dfar.fro e e,lo 5a||ow
the flipp %%Ezh Ihg ({%ﬁ) J |e£1@ppef’§tth_e¥ ’?8“{]'? us 39@"%{&’%
al t ekhat M@hmﬂh@meohurhbmmﬁﬂmagsrmaymtaded) (it, exiunpla oo vdihrte cin Fig. tiMBahe

preferre nt_of .th |nv i 5F nitr ela er 331 is
deposi te%mggjggssﬁnc%sn UG % %ﬁ %ﬁlmﬂs B%F’S?g’}’?alﬁﬂ% ﬂa fipagr td@pom t ed
and t henngmahsipporedn 8 pretfam;eé emBédimes of the poehtic thalsheathing 1 f@rh@ﬂ bfisiliconnot ed
that in & '.dse and ot her enbodi nents, other materials than 30 polysilicon may
be used, T0r exanple oxide or other materials known in the art. The photo-
resist | ayer Higs. pad ted D20 1111&ﬁ-at$h&pmini maituftiring . andn@giah Aipparsptis@BYORI ¢ et ch

is used t derc 342 (or other materijal.s used nder neat h,
fannfsﬁg %?cor{ FBW ﬁhﬁ‘ EIF%% ‘iseﬁg\ﬂﬁl%tt Pédhe AR et (PRI °°nTH‘¥%f §hir g.
15G,  a |saydwiciedd yeolees ial nigide zﬁéﬁsT@mﬂeapﬂﬁideqdy&gvstmneh@gtpg)adle%over@und

coating t e n b-stub, a s nub.is formed, which tipis srraller t han
the proc® °iesft%a§gg§1° Frg‘f@F‘?)Héthe?h@Péﬁﬁt &pver adigeghtspring 3T Ay de i s

pr ef er abiat e&ﬁmltﬁdﬁ% uSito B&ﬁ%bi?[sﬁlcaﬁiléz Bt RO n@dmeatthifide et $26GHHiRMd S t hat
si des not her possi bl e advantage is that

the nub i,s s ical on bot
pitting R@t%ggﬁ@ﬁﬁpﬁogﬂts the wegh o dha Riealy e thegielincobig) 13D shewsitheeresiiittods of
redum ngpﬁysqhwﬁhwr AT AN aq,@?ms? ,a%g';zve nmethod is to vibrate the

flipper and/or other associated pixe ructures so that stictionis
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 fransfer 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. Alternatively, 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 inventidn, 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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broken or at | east so that during the vibration stiction is reduced
sufficiently for levitation electrodes or flipping electrodes thbmggkg}ge
stiction. This may require timng the electrification of these electro‘g
to the nodes of the vibration. However, it may not be required in al

enbodi ments. 10.The induced vibration may include a conponent in the
direction of flipper notion or it nmy be wholly perpendicular to the
f1ipper umifoinenHowher,ehf ek dmubdimarti, On-HOORY QhatiBMEkkh febGieth ﬁﬁfp;leed to

t he i nduced viQ;ation ng%,have a component in the direction of the flipper

mot i on. AEAYISPdp Vanas Waese b Blpiispmolsgics eay; b afrdi isludinge byt petdimigd fos
gener at egpdjtarb fb@af_,eﬁiséﬂéiritggresilﬁn&' 1R6ddr REESE, lafld BARE [FufileCaciistiO WAGE) yaBRANer to
i nduce the vibrations, for exanple, the Tevitation electrodes (or the
flippi ng*®¥¥ct rodes) may be switched on. and off at a resonance frequency

of tshe flippel 188%s QlBRMaké Bbuitdidghih %r%sﬂassi{iﬁg/ﬁgl%ﬁch H&%?g@kd&ob,hﬁ

vi bration anplitude until the stiction is bro Thi s "vibration may be

conbi ned"Hifh hiopgh pasitiords dergetedrbigrswiteh gr 2 sqpearianh toughddlasation A plumilingofel enent s
may be R6RVdiEedddsos@ie fiskiCint fi€ ¢ béaraﬁ YUoks THLAAS, £e5EmR o cub%ﬁ 28
e e the f P i the current or

vibration of the flipper is a si ffect of | pping O

ot her f |Simpiipsly formgg ¢ sybsisate Bl 4 pluwlityaefewitshes| 409. Whin aswiigh isCpsédorfierl | y, t he
device ig ] Lot ar - pi i

Vi br at i G a S SRR e bl B AEANER Skl Bl B ron TRl il e

Al t eifnatsherésdy{or thtarepistagesi betpeanvthete doveaed)eanduibisestivtiing dah ppedetectedhsing

vi brati : A f exanpl rovidin .

pi ezoel ceg(%? ‘rkl{}gxlr n%’?lgé r |E§P&g€§§§|& g%écg ) j\%il’t?rﬁégglg’i (gdé r%egaf}?)rﬁsﬁgre%F f%f)tf%r(‘el S.

Al t er natand/et gwitchslosire vetedtion Rirpitryl Bay beewsod.e  generation of vibrations, by a
single or a few,gpurce Is.utilized. .Fig. I Llustrates di.spl ay device
350 on a subgﬁF a1t§ g légliﬁhﬁ%lﬁtﬁcdlslﬁa vée"(/f’gr‘ig‘g'feo%go’g%‘ﬂ‘é’w§t%Pﬁ%’g}f of ﬁgpé’(?ﬁor dance
with a plefeersdfd whivheplicae rtinsphrehthover AV@ frbinGwitcias 406 i Bhepessmiratsyapplied

enbodi nen fli.ppers. in.a displ area 3 are excite . a piezoelectric
mat gl(r%i glq 0%%06' erS%)lBsaasnsg‘\c/’mw% ﬁ%ﬁx‘%@ﬁﬁg{ﬁregﬁewgg‘?’rséiﬁﬁmfgﬂn%’gégéﬁ pB&@&fzj?‘Bﬂe 358 at
a pgri phhﬁrgbyodrﬁinbel ﬂ)i\lspllea';bf dd?lﬁl:i Cag?,inst_ﬁhﬁ)h‘lxthzblé&t:ﬂr@i&%(ﬁl’ ?}iﬂfeﬁfp_ﬁ{eﬁ?aﬁ Uﬁm y
activategd at .the star a flipping cycle. However, esired _they may
be acti éﬁpgﬁdeIBn?rF%u?)]{?s g?ff’ve‘?rh the 5}?8&%&5@6“1& i Fe‘i)ﬁmgﬂ‘gmie’i‘fv%meon, t he
pi xel elimvertidn, v elctrsileViOb iatiggended §RE collvnh RRRTodel 4D250NBicE-2885 ustop@ f 1 i pper
may be dﬁ of asuitablefleg{}‘bl ,naterial._AlternativeI}/, a 42 11 AUrn
201 3 WoHbly SuspPesion beap. Sennseied {9, e SuhmizpiotRs ithenside ph eI gipdioder ¢ he
fli@oer Ardeghekitodvs 40608 R hs Swalhg 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.
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flexing. In a preferred enbodi nent of the invention, energy storage in the
flipper is provided wusing one or nore springs attached to the fIipper and
preferably formed integral with the flipper. 5 Figs. 17A and 17B? Hn‘WG'
illustrate a flipper 370 with integral springs 372 in a top view and 3 ¢ 3
side view thereof, in accordance with a preferred enbodi nent of the
invention. In Fig. 17A a pair of nubs 374 are shown near the hinge, to
enhance the fAltwsigigpaefivd fdrdssihpp@y be ﬁ&ddh@ﬂgﬂlréskﬁﬁ% a RirhyN@fligp@-phR\MA, Oone at
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of the FPSFEH terrg} extlndimenty 91, 8° HvaRHQR- Brveled psingpmpthogstare esd: BL$®ied beyond

the fli gﬁeﬂerr@j efifodindéhts \6itthé ivBRlohY circitiest AMTHIREISs AbedSB rahﬁbﬁ%/ fiBYows used,
one or three. In Fig. 17B.the springs are shown as being

for exa dF ?
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p

manuf actYbst#yaRninfereadangy of the gpkflingats72 in 15 accordance with a
preferred enpodiment, %I:heh‘ﬂﬁc cﬁ&ﬁ@tﬂagﬁm b¢ Qoén)(zuﬁ'fiaf gﬁﬂpéaayﬁfpgéégxéismn t he
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shows t r a e i n sprin
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s o SR 06l fd BIAUD ool Gy (o BERRL LY B B B 80R LY '

nubs may orne o enha Ion, espeC|a
i ncreasiq’u@prﬁhﬂngalhﬂ(aivwonorawbtlrmm to the fI i pper I n sone enbodi rrent S,

t he i pper ont a oth the nubs and
the Bhr ! hgs, lgmard phe ebReCi 3 e UahSigfeSoiopimetir S sttty ne

i nventi cpmtenaalt(whexﬂeﬁmﬂectdd:\ﬂghas gouakdand aicedersd)f h the flipper-pixels. In
a preferred di of t i nvention, the. tou h.sensiti eq.i.,s above
The! 1 pper s (Vo8 (HB ineh 2ot Y4 YiCRPBIOT it S WERLAS o Bt Shich

Alter natahmgingmmhaaétmrpﬁlﬁfﬁan@mrm)used to generate a display for other
types of tou VIC , .Such as touc Al th h 30 the area
cont act ed by%‘g 4‘? Egg,ate @Iﬁzirir@r ?1?0%‘515’9%“%&@ ’gﬁ]ﬁﬁécho‘? e ARPTESI nent s,
at | Hastvoltsge(er @buridBased @Qﬁrﬁl@}ﬂéaﬁ‘aﬁcn@fl%@dhaﬁg@ﬂrsors associ ated with acquiring
the touch in (%t are at ar below the flippers. In a preferred enbodi nent of

the inventi of®) hhHEORILS) 1§ grogpied o the the g wmfﬂ% if direqnneqtethfiomphy  of the
di spl ay, pehmeanmﬂ hing is not essential. Preferably, the spatial resolution
is 43

(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  scanmng 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 is, 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 used 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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1 2 AUG 2003 uniform However, in some embodi ments, non-uniformsgpatial
touch resolution may be provided. Various types of input technol ogll“é% 3%3'}
be used, including, but not limted to capacitance based sensing,

resi stance based sensing, and SAW (surface acoustic wave) based sensing. 5
Fig. 18Ais a schematic. circuit diagramfor a passive type touch input
device 400, in which a touch position is detected by a switch or a sensor

at a toughed alacal is%nneete_efbywmramr of linds 306 & &SR PEERItA0th fh GeiRdoden the
substrate) cross a pluralit f um el ectrodes 402 ‘simlarly formed on

I I of co
the subs¥f %ﬁ‘é“eéta“‘aﬂtﬂ“m%{ﬁm%dotp SGlp Cheswintrsa segead et ofidines 1irg shopmsed, for
exanpl e téidutib @ atilib-Bip RIGSHE 800 WHidies hUHD SRiAER: dliflfe LRlu@kASh YeOW and

columm el ectrodes are 10 shorted gpr t he resi stance between thHem | ower ed)

and t hi SU3H6¢ {5 Aferaativelydo din @in kandingi We bopdimaaeaydeabadeui try at the
perighery of if Baside\uhiRssinp 1S5 rlf%‘ﬁa!lll‘jre&eléiredo&xQFB P s gfstegitlgésﬂf%gng%em hon

and/or switch closure detection cifcuitry may use I's a
schemat iveltaged &0 \thasgelsetivey pic éredpigels shdwi Aigped willirtsl higy. bf ssoppoferedel ement s
408 whi chbsi e« | 6 ssure is
applied 15 tﬁ%gw?g%?‘&iﬂi‘g’% %hgxﬁ%\%n%edﬁégmfé@%n%p@g %ﬁ?@é&&n@%?ﬁ;ﬂg support
el ement tO®nibinagos hEkvitkian clecinaiee byd fipping gleatrodoniselequted dol @ipldgixelgdienst a
col um : Is [ xe n:be di.sposed.in.areas 412 between
he. supsefoded Bead Qivalet P Bl By HE b RS S RERe Pl BP SRR TG sk

el edfr odeludiioh mehaisselnabadbratiermgydiewswl. el ect rode 402 (or vice-versa) using

a double su i on-be connect to the substrate op either side of the
col um el ect ?‘gge.e Eﬁfeﬁeﬁ%%%mseﬁstocﬁ‘g% YGRHORy SRS ‘g%gpf‘m r‘ﬂ“ﬁﬁomt rusi ons
in the diviales sepiaddd(fer fippingtind keitatibh uppi Allerpdtivelyr the ésjtatidohdl&trodesnot
essential_and, they.can be flush, for ex e hei formed in depressions.
Suppor t r%alyg’ﬁglﬁf“tg%gq}@ %Vsﬁéassaesb%ka%”gf@g@h?lﬁ H‘B%g'si ted onto of the row
el ectrodes (possTHel sbowe tibviem mait by wamiBgured Ssiha g diftert) tedinolopRy, may be
attached,to cover 410. 25 In,one preferred enbodi nent of the inpvention, a
o g HswtrE” VS h e gmbaliBr e dhveroue GrIPROR A JHOEHEER P8 1 or
exanpl e amngmsivok gliseteetinglogd. It sl bdhoted hat Hhkdng SRANIRh Xeshated B3t ghe

i.tches. Alter the switches (and support el enents)

repl aced. b W . ively, I . .

are for %&B?éyag‘fiﬁﬁéé‘?f‘yrhef@%‘fegﬁuﬂg‘?’ %%Hﬂ’éﬂ Hexitle enbsiratess flgyiblsdisglan dpYieRs pi xel s
rather ftchaBe nhePWMEIRA! PRBblyEBidh! Bkdl is Miff@ENabl ¥Rlnble bl Aepd¥Rthg Bfethiagrger than
a pixel ., n sone preferred enbodi nents of the invention, a standard

30 ]
pi xel nﬁ&hc?)‘éfa}f‘?‘%é? 2yt the displan deyisedendsdetsen pipls rathsr thes ekpixels- ppi ng and touch

det @gti on. \WiftRe desSHRRA dnd RlaBHBHE thi §gesé¥1?§1§)3fc£(ﬁﬁl &dch QF MR e-Bhpaghed over
the pixel, that pixel serves as a sw tch 406, ot herw se, the pixel remains

13

a flipp a@’pl@d?;’i 3ng| “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 vsing 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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44 plan 2003 Al t hough passive addressi ng may be used for addresgipgﬁ@m
array of flipper-pixels, in sone preferred enbodi nents of the inven't‘l“br?,m-}3
active addressing nmethods are used. In sone preferred enbodi nents of the
invention, circuitry at each pixel is used to anplify the power and/or
extend the duration of the flipping activity to power |evel or durations
greater than that 5 of data transmi ssion to the pixel. Thus, data can be
witten to the pixels at a high rate, substantially independently of the
actual pixel fliprate. Fig. 19 is a schematic circuit diagramof a circuit
for driving a flipper-pixel, in attédM&nce with a preferred.enbodi ment of
the invention. In a preferred enbodi nent of the invention, this circuitry
is inmplemented as a thin film for exanple as used in thin film 10

transi stlor s, Agegpalgiispiay comgesing hplufalitymferxelsierehl of whinhwemprisest hi s i s not

essential . Thj ' I: r e col um d_r.ow dri ving
Si gngl s int ohdaﬁurgdlg% ?%/Ué{‘% %ﬁg%c? ??Sﬁgﬁg ?]i %ﬂ%‘g{e. r%iﬁ%?t%ﬁ' FarTee, g%}i atndr’?ﬁ'f?nge used
t o act i vepians hinang swiatcofinigwes;@héct rodes, if any. In an exenplary nethod of

using this ci [ he_foll ow | 0gic I s,used. (and inpl enented using the
circuitry sho%&alﬁ%saneg%ﬁgnrg f{c}% a{}?g?“ﬁ%ﬂd%%i”&% S%‘%ar‘ff ?1318 o Wh‘ﬁ?‘flrsv : 15 (a)
a wor d [panedisi retatablyeotpldd snehiddukfatdse ddad sothte betwvedd © Firshaiddaecatidepditionght to
an apprqpriate. pot i al en l.eft . .is _selected, right is grounded and

Vi ce- ve;‘%s)% an "(”%vpﬁrﬂ%p{?ﬁlg S ??S’SW}B& %‘ﬁsttfegﬁs % one capacitor in each

pi xdb to be whacigedid paelch saidhfsgpdifiohUs Posifidhed dvbr shid tsmégi@nwitster (TFT)
(c) the actév ted thi. filnltraﬂs'stpt connects the m.ddle_ el ectrode to the
appr opr FEPY SI9facInE said first tsgiog apd, Whereig du said fonghrasivior s3id prnebis pegitone ar ged:
(d) theovansldksécnnd tegiog Mathri@eilst Side Fhmlg shidQeddhX Rlgiogont rol circuit is

di sconnected fromthe peripheral control; and (e) the m ddle el ectrode
stays at that voltage until the capacitor discharges below the TFT on

vol t age2. Al t Ryl acBRAIBE BNE14IAOT, ivheftRB Gid PG ddrinel M S beRleeR lsai8 Gigni ng and
ot her 25_scanning met hods, known in the art may be used. In a preferred
enbddi mifitiesrangd gaid pecorceqsion aphiwhesre paidianglsis oys38%anpl e as shown in Fi g.

19, is deposited under the flippers. The flippers can be manufactured using
al um num on glass technology, which is, .in some variations thereof,

sim | ar3to shldisobn agoutimsteelim 8xekgptin sdidanglais omiridM.i s used i nstead of
polysilicon as a conductor and a polyner is used as the sacrificial 30

| ayers. I n other enbodi nents, other m cromachining technol ogi es may be used
f or congt r ucAidfsglay 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 T 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 claim 7, comprising at least one nub between said panel and said
region.

47




a device in accordance with a preferred enbodi nent of the invention.
Alternatively or additionally, circuitry for the display as a mhfle bg.g.,
peri pheral -area circuitry) may be provided using flip-chip bond ggA o 2003
techni ques. Thus, integrated circuits can be attached to the face of the
di splay device. Fig. 20 illustrates an exenplary device 500 in which 45 12
AUG 2003 a pi xel area 502 is connected by a plurality of lines 506 to

dri vinglor! T QUibilYy achérain® LbieHY, Suheldfifsaigifth iHomhéd ikaRifindNoWn connect ed to
a chip 510, while a second set of lines are shown as ‘termnating at
flip-chip bunp-pads 508, which a flip-chip containing driving circuitry can
be  AtLAChER &igolayhckBEi1A1S BV, Whelclr BigGitb By BARKH diidtbdiéh, Pondi ng may be
used. 5 I n passive addressing, it 1s usually esired that a pi xel has a
step-like response to voltage, so that selectivity of the pixels to be
flippe il i ed. i I i on,

sti (F:atoi glrgw: S %@gpc]}i&t %Q%rglggit%glg@h%%g@%@e%ldrazg%%%ggﬁ&% % ngjri]rglt %e(daﬂr?g‘%ée,&n t he
conbi naanjcyier edgelodvdid paicbn el ectrodes and flipping el ectrodes is required to
flip a pixel, the electrodes being activated in series or in parallel.
Alternatively or additionally, other stiction 10 reduction nethods, such
as Vi bridti o\ dwepiapaccosiag. to lany sHeleinroe 2 whediresdbpinebadnsacfbottheaid mbent i on,
separagﬁd§§aﬁaﬂﬁlrom1and colum el ectrodes are provided for flipping and

l evitation uses. Alternatively, the levitation el ectrodes nay be
elettrified as groups or as a single unit for the whole display. The above

devi ces, may b nuf act ured usj ny, different chnol qgi es. 15 However,
In a prsléf er X e%slgeﬁ%l h &GRS © 8PV P %‘ggmn?éﬁr f‘”hi‘?ﬁelr‘t%’{eb Iﬁ’itbfi@f & Up VIR A 58t ur ed

usi ng sattiomsmalieraimnghether ck@serabwefsaidldubshoul d be noted that by using
non-silicon substrates, |arger display devices may be achi eved. Further,
by using flexible substrates, flexible display devices can be

manuf actur ed\ di0ssichbring 60y of thiids q-sz,s«hélfefn@aﬂdmbh@da@x@dmkig. by depositing
met or silicon |ayers, so that the display device bends between pixels

rattter than at pixels. 20 In the description and clains of the present

appl i catéi on A &gy @torlig to/AkydS clainfs®ITY, whérein saidab Ukes pifidithp. has™, and
conjugates thereof, are used to indicate that the object or objects of the
verb are not necessarily a conplete listing of conponents, elenents or

parts of7. t he &yhiyektord®E tSaRo®ehinsal 12 ReedRIsRid nlib Badd B88HRhed gpveNt i On has
been described using non-limting detail ed descriptions of 5 preferred

enbodi ments thereof that are provided by way of exanple and are not

i ntanded. t o A hikglhy adchRir2GOREy Of cihiif d-{?{%&eﬁpsaﬁ‘/ﬁ&ﬂ f?}tcbﬂg&uf% a | ments

described will occur to persons of the art. For exanp a pixel in
accor ddpdisingiceMing. pref erred enbodi nent of the present invention may
conprise different conbinations of features and el ements of the preferred

19. A display according to claim 18, wherein said coating comprises an insulator.
25 20. A display 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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enbodi ments of the present invention described above. In sonme preferred
enbodi nents of .the 30 present invention, a pixel mght omt features and/or
el enents conprised in the described preferred enbodi nents. In ot e%Umﬁwéﬁs
in accordance with a preferred enbodi mrent of the present invention,
features and/or el enents shown only in different ones of the described
preferred enbodi nents nay be conbi ned. The scope of the invention is
limted pnly hydishRy balokdugng el-aihme?, Abwededy AR 209358 AbMB: Leardhrisks ual

di splay conprising a.plurality of pixels each of which conprises:” 5 a
surfaceﬁﬂﬁﬁ#@ﬁﬁﬂg less than 1 square mllineter conprising first and
second regions having surface finishes; and a thin planar panel having
first and second sides having surface finishes, wherein said panel is

r ot at’abl 35-couplvesgal dspay chmprsdarephmldy of pixdotabe! bhicheempdsdsi rst and a

second positio out an.axks parallel to said surface,. which axis defines
a hinge; 10 V\/rf[(;“rfu(glé%3 gcérf”%fj%%éﬁm %ﬁfieﬁ?rﬂ:{ FEPei %W%?‘F B5&siti oned over
said first reg thin plahdr gahsl hasBeohe: siddRcdmicidg heehg afrfdcs finf@ed, ohe@ithaid
wherein in faid sifond ?osition said panel is positiopned over said, second

regi on W PUSRHAPRSTOUSTdelorat WSy 2S Booiftr Payrar it apd gsergndposition

accor di Ngpdupachoa Pardilel Wi ki rRal SRR adBid 1e%ANangl e bet ween said
first 15 position and said second position and ere said angle is over:

135.1%0 3. A #lyp dyraddpedraierial Goovean srid plaphandgaid Sat wewngl e i s over 160.
4. A display. dihg ] 2] atk.d i r. 25 A
di spl ay accor%ﬁ%gz;mo CF%%%% %h@véresF “’?ﬁﬁg%?sdﬁo%tbqngﬁ]%g%&%? %ﬁde glgg \thlltsspl ay
accor di ngeeond sidy fagingehili fivst :2gibn anb evhetein Radeid seagidpokifion Beia ped & pddficded A

di spl ay accor.di_n o_claij wher ein .said pane] is in contact wth said
first real%ﬁmg\ﬁ?f%flér?gﬁa%g?%}fﬁfﬁfgts’dgcﬁ?‘?ﬁﬂﬁqg 9‘14&5&?°§pl ay according to claim
7, wherein said contact causes stiction between said panel ‘and said

regi on. 9. .display according to claim7, conprising at |east one nub
bet\l\gsgn igu d 6%%%&133’61%60’?5‘?@0 Ty igheims7-3, H1nex49@oRprising 2 layer of msulating

1naterial between said plane and said first region.
27.  Adisplay according to claim 25, wherein said layer doubles as 2 colorant.

20 28, . A display according to claim 27, wherein said éalor properties are deterrnined by a
thickness of said layer. '

25. 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 2nd second regions having surface finishes; and

a thim planar panel having first and second sides having surface finishes, wherein said
panel is rotatably coupled 1o said surface so as to rorala between a first and a second position

about an axis perallel to said surface, which axis defines a hinge;
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10. A display according to claim9, wherein said nub is forned on said
panel . 11 A display according to claim9, wherein said nub is flar i a3
said region. 5 12. A display according to claim 10, wherein said at |east
one nub is nearer said hinge than an outer edge of said panel. 13. A

di splay according to any of clains 9-12, wherein said panel contacts both
said nub and said region. 10 14. A display according to any of clains
9-12,- wherein ' : ' i ; 0SS - I ] er . n

anot her cr oss@gﬂgl&i %%@%%hgggﬁségdnggba%%@A@d)ﬁég af/i ozlglg(g)éruglrﬁrrl% q?%&gﬁ?/tﬁgg cl ai s
9-12, whéeeshd sida faginggiid fiass regioncud sbierein; ip said $&@ondbposptiodissip Ipanel Eqositiciedg t o
any of cl aLs: 19 %]ﬁr L L.d: . . | tip. 17. A display
accordi né’qﬁ)ﬁlg%ﬁ&é?r alyﬁ%ﬂﬁéﬁl&%%%%%dg’gﬁéﬁ%%%} glgd a roughened tip. 20
18. A di spl ay wacrewr shidhpixeloccanpyisesf atdeast ose Hipbihg elbmrode dorsipping whidipgneoat ed

with g S%E@g%@&ic%fx@é%ﬁfﬁ@&.coati ng. 19. A display according to claim 18,

wherein sald coa conprises an insulator. 25 20. A display according to
claim 18, wherein said coating conprises Silicon Nitride. 21. A display

accordi ng,to gny_of clai.ns 9-12 Qnpr,i Si vibration source underlying
25 d nub 230 Bty feeBll 8 alf pr FRERILS 6 RerAs) Sy Rl R Y on
sour ce cenmpiisest least @iediipahgectdtiode fonflppinglsaid anel Betdreabakiftwa @oitichsng t o any
of ¢lainms 1-21, conprising a vibration source underlying said hinge. 48 12
AUG 2003 24. A display according to claim 22, wherein -said vibration

sour i@ caBpri aeﬁspaaly_ aﬁ&ceaiﬁg{oaﬂdiﬂlhm, d&?}pﬁ&i%l@%lgﬁa 8 leitatibss eladtrodé &@h]gwing
conprising.a plurality. o> els each .o [ .conprises:; a surface
conpri si ﬁ%dﬂ’la&i’t SRy %dé%ﬁ‘?gi égg}@}f‘%%gmf?&?/f"rfﬁldstﬁl’ﬂl%%“tf’ifFﬁ‘%ﬁ’@@?"s‘é‘o{"hi n pl anar
panel having first and second sides having surface finishes, wherein said
panel is rotatall cou(PI_ed tog said surface so as to rotate between a first
and a sec8nd Tf’%{a}ydﬁc rdigg i claim S campyising 4t dyast gne devitgtion pleciede fopAKRg axi s

defines aaibif@ais ddtoddindaill Ayingdf 1 nsulating material between said plane
and said first regions wherein said panel in said first position is

posi tPoned over said fast region with its
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 profrudes 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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second side facing said first region and wherein in said second y?ca;si,‘t,f'sorg .
said panel is positioned over said second region with its first si 003
facing said second region. 15 26. A display according to any of clainms 1-5,
7-12 or 24, conprising a layer of insulating material between said plane
and said first region 27. A display according to claim25, wherein said

| ayer doubles as a colorant. 20 29. A display according to claim 27,

wherein sai d QOkigflaPieB@inkit& 812 $, %&fﬂagﬁlqvi%iogﬁleétggdgﬁﬁécﬁiﬁ)efd %Bldg layer.

29. A display according to any of clains erein sal

mat eri al SSHIYng&yd figpingelsarodet ri de. 25 30. A di splay according to any of
claims 1-5, 7-12, 24, 25, 27, or 28, wherein said pixel is mnufactured
using Alum num on d ass technol ogy. 31. A visual display conprising a
plurality2of pidisPlyewetrdiog tahileim dBnphesmssaid 3¢viatiouefeaemiccbngedtsfisdg fir st
and seco j Vi DA oS i N ..and a tin planar panel having
first %angggggg%‘%g%ivaglsaﬁgﬁlﬁggagcllj@lpgiélég&?‘ﬁ?‘%hes, wherein said panel is
rotatably coupled to said surface so as to rotate between a first and a

second iti . xi.s _parallel. to said r.face, which axis defines
a hi ngel;oqi}g l%nvﬂ'%hg%mpg?%gg%fa R eﬁchs%fis 1 PLPrSSsi tion is

posi ti oned oves swice cdmprising fieg bhsevdrtdiredibiss hasiag euthes fifiehdsgamidng sai d first
regi on and wheregi.n in sald. second sitign. said panel is.positioned over
saigd second r eélﬁ{érhpfva\nmfrﬁmim?ga‘??gr@tﬂ @&Ecqflgéﬁd 3%’55%&“%@8 Pse&‘b"érﬁ’;n s3idd

meg dion panal éqon‘tc)amdbbcmpre@i sesidiurfaeasd asqaeot%ﬂ;ibﬁﬁieglga@:rﬁﬁﬁd Qd&ofé@faosﬁtioinppi ng f
sai ane et we aid t 0sitiaQns. .../A display according to any o
cl ai mFs) 12 ?ut%ﬂfpfgl?el%im%ﬁgﬁfw gh axij definps e ingsy p!oxe?/ conpr i sgs at Igast
one flipping eheetnratiepdnel inf daiddopish Jositaindis RREIGbnAEGVE 843d FRdt FedidP witQSist | ONS.
10 33. A di s&liﬁ% accor.gi n% to cl gi m 31, conprising at |east one |evitation
el ect r od&°PBY SpAHg said Srdregionend wharsind yaid pesPrAPifion stif ppsl Hgposfiersdr ode i n
sai d fli ppérngidesdond tegimi veltt itsIfirdt sfie FackdgQBid s8dhnd fegtbnSRla@y according to claim
31, clgrrprl Si ng, at. | eigst ‘ﬁne levitation el ectrode for aiding said flipping
el ect'Pode in EHFEspdRANG gomatsens loast enespring atipehed thareie, Wiscl sraingcamplesr cl ai m
33, wher eiif pariti shdbdaid fasbei@\OhdnQMidtpahdl A ht 84 B} pRHRI Nhi bits said flipping.
36. A display according to claim 31 or claim 33, wherein said at |east one
| evitation

44. A display according to any of claims 1-5, 7-12, 24, 25, 27, 28, 31 or 33, wherein said
panel comprises at least one spring attached thereto, which spring couples said panel and said

20 first region when said panel is at said first position.

45. A display according to claim 43, wherein said at least one spring is an extension of a

sheath portion of said panel, opposite said hinge area.

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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20 el ectrode protrudes above said first region. 37. A display acc$%ding to
claim3l or claim33, wherein a sane levitation electrode aids f kpBU 92003
both back and forth. 25 38. A display according to claim31 or claim 33,
wherein said at |east one levitation electrode is shared between at | east
two of said pixels. 39. A display according to claim31 or claim 33,
wherein said at |least one levitation electrode conprises at |east two

| evit-ati on el ectrodes each one associated with a different pixel 30 and
electrified together. 40. A display according to claim31 or claim 33,
conpri si Y- ci Actisiavaceqsding feay ol elpimrgl -3, £, 2&251 Eh g8, Ynd3 picAB, carmprising

el ect r odey jelst SHOGBfaARY softdeh the flipping of a particular pixel. 50 1 2 AU
G 2003 41. A display according to claim39, wherein said levitation
electrode is electrified prior to electrifying said flipping electrode.
42. Asdi sl ay Aae ' : Ligl a3 [ [ it ati rQde is
o ect it £ ERRneRRabE (UG SRk b1eallol L b TR SuBEleCs,.
43. A vi PhublitypEyibratiorcsonyses, ot lagst anquifthead assaciaddd woitlxeklspimelch of whi ch
conprises: a surface conprising first and second regi ons having surface
finishes; and a thin planar panel having first and second si des having
surface f9ni skhelsplapeecceding wailadm 4B0wikaeie kaid sibrativa tabdeyundedipd said Higesai d
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
panellli n 50ai dAfdispddy apasdihg tclaism 48pwhdéreio RaEd vibyion Saurek dridedits £ agit@poMtt h i ts
second sidgkfach sPig t&rs rg&jon and wherein in said second position
sai d pangf {egtl BAARFLIE 519 UL P8 § second region with its first side
facing said second region; and 15 wherein said panel conprises at |east one
spring attached.thereto,. which spri coupl e sai d_panel and said first
regi on AR o B ol feporfine 1 Clem 49, phftets Spgal ep e htagn BRUEH5 SAPPERE B di ng
to any ofvitlghtiin¥Burde &i,a pérightry @haiddplag/, 28, 31 or 33, wherein said panel
conpﬁgses at | east one spring attached thereto, which spring couples said
panel"™“and said 20 first region when said panel is at said first position.
45. A di 3pl ay Aadigycice@dih® to-dl@ihi™ 14 FherdiShidiaPlcitiofe Abrai6RSur@NBmPALSRY 1S an
extension,of a ,sheath portion of said panel, opposite said hinge area. 25
46. A vi SIFEPEIGR Y IPUIPBIPsi ng: at | east one vibration source; and a
plurality of pixels each of which conprises:

33. 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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a surface conprising first and second regi ons having surface finishes; and
a thin planar panel having first and second sides having surfacg ¥iqitshess
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
sal d TissSt negiohly BAaHER Sy/or blintAlS SRCONDSPERLE! AN5HsdsNABE 44 S
positioned over said second region with i'ts first side facing said second

r egi on.335Pmprising\a tpuch-seusitivainputa di spl ay according to any of clains 1-5,
7-12, 24, 25, 27, 28, 31, 33 or 43, conprising at |east one vibration
source. 5 48. A display according to claim46, wherein said at |east one

vi br at i%6n sdufisplay erqerdisp ¢o glaim| 3y athietein ofid piphagensitives oyrt esmprasts heast one
of the i i %Q i . 4 . spl ording,:t9 claim4s,
mhe%eiﬁmggﬁgQS?ﬁgggﬁ%ﬁﬁ'ourcggdﬁ@%??%gghégﬁ%%ﬁfﬁéggg%dngﬁg SI’:i:)ﬁysp ay

accor didisgrittedoiveri said4splagher ei n sai d vi bration source underlies a contact
poi nt between said panel and said first region. 51. A display according to
claim46, wherein said at | east one vibration source conprises a vibration
sour ce 5dt aApdsplphecyrdof te @iain dics phayin ¢héh bPsaid\elinsith aympried b domactt 0 ¢l ai m

o br at FORLBR En SR i B B ige e Crar A e ot

| eddt ohse the bwiadh. on source conprises 20 circuitry which drives said pixels
to vibrate, by varying electric voltages to electrodes in the pixel. 54. A
vi sual display conprising: a touch-sensitive input; and 25 a plurality of
pi xel s 58achAodispMy addor@BiFN6| 65 562 wiidfefnaguRh &P BB eldnttaitsl donhis@ndpigrond

regi ons hgviqg surfgce finishes; and a thin Flanar panel having first and
second "E1SHES AL RG] & Pics Fanydping Flement hanstermesiorre frompp djsplay & deabl y
coupl egiczorSRtick, flrhbdBLtsTesidmcE 0 rotate between a first and a second
posi_ti on about an axis parallel to said surface, which axis defines a

hi nge; 30 wherein said panel in said first position is positioned over said

first segi On viubiispldyTomBAGRAE Sty FpixeE ead ot WhidhTompRgtsOn and wherein in
sai d second posjtion said panel is  positioned over said second region with
its first sitRTRcRGORPrisas §rstanrdssernd segions baving surface finishes; and

a thin planar pauel 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 hingg;

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 least 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 electrodes associated with the pixel and comprising at least one transistor associated

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

6l. 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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52 1 2 AU jr 2003 55. A display according to any of claims 1-5; 7-s1id 256@
25, 27, 28, 31, 33, 43, 45, 46 or 48- 53, conprising a touch-sensitive
input. 56. A display according to claimb54, wherein said touch sensitive

i nput conprises a 5 plurality of touch detecting elenments replacing a
plurality of said pixels in said display and distributed over said

di splay. 57. A display according to claimb56, wherein each of said elenents
~conprises a contact switch and a force transducing el ement for

transferdi ng f gLy hi@mitg 8 SBRRYY, bheldisSdirkGitioriOcontlied @iB atsip@alsefiat ch.
58. A display according to claim56, wherein each of said el enents

conpri sesiod duiaizo-io mHewswrid/eppiiceivamt saifdvalleges: ioe atsHEaanly IRpeetEhoRt 2% or
transferyi force .f .display to the piezo-resistive, to nodify its
resistan%??QT%Fggfﬁf&aﬁéﬁgP”display conprising a plurality of pixels each
of which conprises: a surface conprising first and second regi ons havi ng

surface finishes; and a,thin planar panel ving first .Sl.ees
havi ng s@f ac® Spphy Sregdingdac %§QW5“mB§ﬁglmW%g?%?%}%ﬁﬁgg%gﬁ%ﬁgﬂmf%ﬂgaid
surface gg.tagrdignrotate 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 wth its
second sjfe f&‘éﬁs@& %@&é}g&yﬁua{r%b%ﬁﬁ SWASER] dirkifbnS3 ke eRACIPOSIN ON
said panel is po IPioned “over sai'd second region with its first side
faci ng sshod deetiond regi on and wherein said panel is flipped between said
positions by the application of electric 25 voltages to el ectrodes
associated with the pixel and conprising at |east one transistor associated
Wi th thegpi xeh aapthyf0EsraEg o ey ofdiiths 5P xeb1-barwisoeh sl Inangstsfigctions 2s 2
application. 60. A display according to any of clains 1-5, 7-12, 24, 25,
27, 28, sAilchg3 43, 45, 46, 48-53 or 56-59, wherein said panel is flipped
bet ween said positions by the application of electric 30 voltages to

el ectrodes associated with the pixel and _conprising at |east, one transistor
associ at 66  wAthethdieofifiippikg a pand dpopirelasingrrrsrog A HOFERSP™PYF 80Nt r ol | i ng

sai d applicat] 61, :Spl cordi t HrRR W GLRI Bt b
transi stor i 3'508]%% %%Pgéélq%}mé r‘f@a@’%ﬁr%{fbf}%&vaﬂﬁ tage anéﬂg(q:ont r(E)?s a segond,
hi gh vol ffing 23cltagd 4200 B2ctrolledindpl ay according to claim59, wherein
said transist %ppin% sate ;Earng{ st%:(njg & telg g%ncsi'latgg %}lf agglyl%g a voltage to a second, flippmg,

electrode,

67. A method of flipping 2 panel in a pixel using electrostatic forces, comprising:
coﬁuteracﬁng stiction between said panel and a surface by vibrating said panel relative
- to said surface; and
flipping said papel usmg a filed gendaiéd by applying a voltage to a flipping elecirode,
whersin*said vibration is effected by suitable electrifying of a piezoclectric material

coupled to said panel.

68.- _ 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 rnoving part;

a foree providing element for moving said moving part relative to said stationary part;
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short duration.to allow said application of said voltages for a
significantly long duration, at |east twice said short duratioh? 635 2003
di splay according to claim®62, wherein said long duration is at |east four
times said short duration, 64. A display according to claim62, wherein
said long duration is at |east eight tinmes said short duration. 65. A

di spl ay according to.any of clai 9.0r.61-64,. erel d ansi.skor
fictions as & Sf’%%ftf: CSHFQ%JBFD tennélt’%gcﬁég?c 1 |°;il§pz‘iP ﬁldmgglpgﬁgﬁoﬁ?%cgﬁ%%xe S%gi ng
el ect r oS keCpit) i, fofrarpidasi Aa¢sts iCbueriting abtiongt stid céritan of etidettiosay d.
panel and a surface using field generated by applying a voltage to a

| evi t at iP87) 281 &8¢ FOYREPARG f1 i ppi ng said panel using a field generated by
applying a voltage to a second, tipping, electrode. 67, A nethod of
flipping a_ panel in a pixel using electrostatic forces, conprising:

count er £9¢ | nd\ devies drsarding WwedHms &Y, W hsEne sad rferca PERIRYIRG & amEnt PHPRETR s ai d
panel relative- 10 j .and flipping said parcel using a filed
gener at eegpc’%fle‘{%%f)mﬂl %Eg]eg% SE%EOIF%' a flipping el ectrode, wherein said
vibration is effected by suitable electrifying of a piezoelectric materi al

coupl ed to sai anel . ,68. m ¢ o- mechapi cal .devi,ce,. conprl sing. a jyovi ng
part, haVli ngiag‘ﬁg'iﬁ ar?ﬁ"r&ﬂgréﬁgaﬁjﬁ%%iﬂr Flaue %5 b st SBeopp .C%ﬁ?tlaltil%e Eﬁétrmscggn a
st at | ONGfNrfRRE {yith Bai@ Fork@glovitiddel&addl noving part; a force providing el enent
for noving said noving part relative to said stationary part; and 54 1 2 k'
'S 2003 a separate stiction countering el ectrode which applies an
clectrostatic force on said noving part, which force at |east assists in
breaki ng stiction at said contact of said stationary part and said noving
part, 69. A device according to claim68, wherein said force providing

el ement conprises an electrode for applying electrostatic forces. 70. A
devi ce according to claim68 or claim69, wherein said stiction countering
el ectrode interferes with said force providing el enent 5S



