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Ei Su r regel %5 owm f{mtlog 8(:% iF a\\éﬁ%labl ' Ivefp 4& % ;Jéi ifs a Jslg‘r; ;:gg o déejj f Ff ix e t o
make the PeLsa Eg.agea e i fasa o Jnhom
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(2 he Sfafdcl, AU 8 QRustREEL ndrtBizBERThd Witdco betwdi the®unBAR&SH {of%uoﬁ beeES 1919

eg,,f eég;,ggddp&},ggiactmyid Afhads i f the hinge were fornmed as a rectangul ar
p| ece on the spacer prior to deposition of the beamnetal. 55 Pi xel 20

is operated by applying a voltage between, 1mat al layers 26-28 and el ectrodes
42 or 46 on substrate 22: beam 30 andai#e-—el ectrodes formthe two plates of
an air gap capacitor and the opposite chafges induced on the two plates by
the apglied voltage exert electrostatic force attracting beam 30 to

subst r at eFoRsmallehglessd sotatibreand withl & expredsedriniradiansat andincdrgirelated bhe sane vol t age as
beqn 30. This attractive force 7 EP 0 332 953 Bl causes beam 30 to tw st
at hinges 34 and 36 and be deflected vvarq&oggbstrate 22; see Figure 2 for
a schematic view of this deflectifom er2%-=t h an i ndication of the
charge® concentrated at the regions 3nal | &t gap for a positive voltage
applied to el ectrode 42. For voltages in the range of 20 to 30 volts, the

defl ecti 0 ;‘]‘:EL I Qhe Q,fgthr SRS of%f:%?eg@%%g g?et qucﬁs tofs fon B Wn ot %é' asr ‘%h"ggde

| onger OI’ narrower I on wou reas

conpl | %nce ﬂqn&&eﬁéu 34,% smahﬂgg Lign Eto &.n,ﬁgu r@rsses Q,td ﬁz%y ,s%r:h i
di rect ﬂy@sl s aérwshaﬁ WG Boa bft S
thi cknes Storsu ?5@ zhign BHAY HidinSuxSe8 e this A&W inWRIRI NY
of beam 3§, ﬂmueb@bsﬁw 8@@9 ws{hs eﬁ.an eaiaa rvahfasi bétWdeh M@ dAtall 628 Sh Bigsionbebm tiBRandt he
t hi nness dabireky dlgRodd4 42iislapphsrinitely lasbinging € QoIm alsUER. fiel ighoning frihgid Sekis) Blbiant es
the regd ection of |ight from def |l ected beam 30 as may occur during
operation of a DWVD. 10 Iib&ihon of e m 30 is a highly nonlinear
function of the applied voI e e)éL / t-oa)dcg force generated by
the twisting of hinge 34 is app:om mately a |inear function of the

defl ection but the electrostatic force of attraction increases as

funct i en wWieretf ds the elegiotield a"éf 1sH@e Qectric sliselacepment iptep smallovedipah yaluppe. Netp ﬁerr 2o

beam 30 ahi§ taalipight efttee gmall vp "gaﬁ'f’ thah LA p AL istthaiength of dhocsmal grog on forgion
di st ance kgaw1ak Obsouss Q'WSPH‘H B8 £ 719 FelptRd %&Wef'?i@Y"é&y@e MRdiYtiantity and get
cl oser together). Figure 3A Illustrates the approxi mate 15 dependence of

defl ection on voltage for pixel 120 which Is a sinplified version of pixel
20 with el ectrodes 42 and 40 joined together as address el ectrode 142 (and
el ectrodes 41 and 46 joined together as address el ectrode 146). See Figure
3B for a plan viewwith the elenments of pixel 120 referenced nunbered 100
hi gher than the correspondi ng el enents of pixel 20. The voltage at which
tor5|on bean1130 of plxel 120 becones unstable and bends aII the way to

. A NNt o o I T o I T o ~



volts) for anal og operation are nuch |arger than the usual for integrated
ciscuits. Prior to analysis of the€Eepme3s2osamiof  pi xel 20, a qualitative
anal ysis of the sinplified pixel 120 will be presented. Figure 4 is a
schematic cross sectional elevation view (anal ogous to Figures 1 B and 2)
of pixel 25 120 showi ng definitions of Pt garr abl es invol ved; and Fi gure
3Bis aplan viewto two adjacent pixels 1 0’ As indicated in Fi gure 4,

address el ec, and.tor.si be r d a voltage [err]
S app | cePOraRrPE 48 Rkt e S o Sl Srf T, 130t rotare
t hrough %an angle [err] The rot ation of the, torsi on beam may be expressed
in terms of the distance that tip 13J t.cﬂs.l.on beam 130 is defl ected,

[err] or as a distance a nornalized to théochistance bet ween the undef! ect ed
torsion beamtip 131 30 and address el ectrode 142, zo; that is [err] 35 For

smal | angl fi% all fortledt ih8 Verfa(z)irbélio &1 #hé srﬁaﬂm"éa%?% eNeBirié i 818t thd Stlal deRviiive

[err] ar e gfeduah 86 zRirectiéh: [err] where L
is the length of the side of square torsion beam 130 which is torsion

hi nged at opposite corners 135 and 137. 4 The torque exerted on

torsi on beam 130 about the axis throuylf) = 135 and 137 by application

of voltage [err] to address el ectrode 142 iz conputed as follows. First
consider the small (infinitesimal) area of torsion beam 130 | ocated a

di stance xsdromthe axis of rotation and of width dx (see the top viewin
Figure 4). The electrostatic energy in the snmall vertical volunme between
the_snal | area on torsion beam 130 and address el ectrode 142 is

approxi ftely (assumng a uni armEl ectddi c k&é ring fringing fields)
equal to 50 dU = [err] 55 whele* Teg r.—s—,?i‘ fleld and [err] is
the electric displacenent in the small vefti cal vqurre Note that [err] - z

I's the hei @Rhé’@ qu o Blorted " thriGiRbea JaH ﬁiéﬂi%t%&e Js{ ]:dF béc)auéeﬁhet 13%e has

orr) ant [aRet U8 s, sg'%tt%a i eyt o 0 30 4%, S i

332 953 Bl an the el ectric fleld magnltude is just the voltage di fference
di vided by the separation: ZO - io The snall force[Jn the vertical (z)
direction on the snall arﬁagb zape_.el gjé‘@?i(lld 23'?01 t the partial
dekivatisye of dUin the z di #ection: 2? tdd 20 (20— zog

[err] and the small torque exerted on torsion beam 130 by this small force
is just [err] because the force has 25 nmoment armequal to x. Thus the
total attraiere e smalraggle appfaimationaixe tan@piwasrusédin sét@r= keam 130 by [err] applied
t o address elEzauationché thedegrabyiglisyren by 30

[err] wiere the small angle approximation [err] = tan[err] was used to set

[err] Evaluation of the iptegral ;yields: 36 [err] 40 where [err] has
beer;v expressed in terns of, gelii_i_t [

: defl e Figure 5
illustrates the dependence of [%Err]a’oﬁ for)lt%ﬁfhe QI ?%Ir ent addr ess
vol tages [err]. The restoring torque produced by the tw sting of the

torston hig HEE e 3 1 el %‘tﬁﬁ ofd eno,ma?zaid&mme %ﬁr?f ag ance o
dashed I|n an gwen a{)\re e wﬂégi?l' p‘t&bor si on bea'mgffBO
may be foun y an yz ng 0| nts of zero net torque. In Figure 5 for [err]
there i g5zero net torque at the points |abelled "P' and "Q'. Point "P" (for

[err]) 55 represents a stable equilibpium begca for small excursions of
a in either direction the net toreue Osﬁor@?c‘?j

50
where C is the torsion hinge compliance. The magnitude of the restoring torque is indicated by the dashed
line in Figure 5.
Points of stable equilibrium for torsion beam 130 may be found by analyzing points of zero net torque.
In Figure 5 for ¢4 = Vi thers is zero net torque at the points labelled "P” and "Q". Point "P" (for a« = a1)
65 represents a stable equilibrium because for small excursions of « in sither direction the net torque restores
a towards ai. Contrarily, for point "Q" the net torque for small excursions of a away from a2 acts to
increase the excursion; either back to a1 or to collapse with tip 131 landing on electrode 142 {(« = 1).
Similar behavior obtains for any ¢, between 0 and Vz.



[ert] towards [err] Contrarily, for point "Q' the net torque for snall
excursi‘ons of a away from[err] aBP93IBR9BHBAease the excursion, elther back
to [err] or to collapse with tip 131 Ianding on eI ectrode 142 (a =

Simlar behavi or obt ains for an y_, [err bet vveen a"n,gl V2 ' EP 0 332 953
Bl For [err or t |nts pP @oal lrg l t
tangency 3 | ' ’;’?ﬁ?i“ q""‘ﬁ"’ t% e° ‘:I‘-‘ °"°
quasi - stef F‘éeg J‘e 8 Eﬁ ﬁ?ﬁsa “P“é]f g@ ;ftargie n l p ergaj’
{gza:fsz b s ”‘,g éﬁ@ ';g: e
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to a i mr@gm@g@&@bﬁrgm eebisvnlyemiall i brium [err] and at [err] the
st abl e equi Nétb tHatanchiRpse! RN ®ean 6F 131 tWithdstadtiresstbistRfiocIae and 4 fargb RerrenPpdssdss ed
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t wo st ablpher@epandni flyrthis pdrtinulaf @chitbcturs. [Ferr vely thin tidnsian hinges) thaingesgreegptfuditildinks iand
(def | ect iapnbleheyremylsheniriorion bdamaattapsesot her digital ([err] = 1) independent
of [errs] FBirel P& pyercompetha meobloys plopixek tR0i df high vellagedépsutinacadrdestamiiye gpliapde of #9 | s
only di gitersiPn begp te thejnderlying eleqtiodassixel £ hasithn-pddiionef tangingl slactrodeg ¢h @rd 4dwhicks s
el ect r odeare] glectrically gpnpegieg do é‘lﬁ'qﬂe'???mﬁ%ls@éﬁet Wﬁ@?&{!ﬂﬂ qf jagdrass plecigrda|42 ith gedress4 2
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separ at ecsamp yariablerged Elgwre 4 with tha addjtion oyl o mepsyrp Hieextent of aldieaelerirades 42 andAG

natur e ofungeriersiambepry 3f;tigconyenigntip epresy)t’as @ RpTmalirad disfance Si0efingd bY | g of

| andi ng el ectrode 41 by tip 31 does not lead to a |l arge current pul se ad

the welding of tip 31 to | anding el ectrodg,41 because beam 30 and | andi ng

el ectr@de 41 are electrically connectgg. ther, as beam 30 is deflected

in the opposite direction towards | andi nb/ Bect r ode 40, a tends to -1 ad

[err] decreases because the separation between beam 30 and address

el ect r oderydbiol sixdi 150 € FShid uaﬁ%aa aﬁa BWolld EquaBP with thisdafinitoR AtHEcHaRgo ot inBF@ﬁHrIC ed

on beagy ?\Q,,gp,)ésqggi{oﬁ,gﬁa&},% Jede 42 is easily seen to be related to [err] by
synmetry: [err] [err] Thus for a flxed voltage [err] applied to both

address el ectrodes 42 and 46 and n ﬁfl ction of a, the net
attractive torque [err]r.,l:sfudF & Zﬁ_t_{éw] with positive torque
attracting to el ectrode 46*and neg?atlv tor(QU'e’tﬂ) racting to el ectrode 42.
The neto attractive torque as a function of a is illustrated in Figure 8;
the curves for [err] and [err] will be derived in a manner anal ogous to the
derivation 35 of [err] in connectléa,&u,?h Ihéd!a@gsswn of pixel 120.
Figure 9 illustrates the varlable's me variables as In
Figure 4 with the addition of L' to asOr xten of address

el ectr#des 42 and 46 under torsion beam 30. It is convenient to express L'
as a normalized distance [err] defined by 40 [err] Thus for pixel 120 L'
woul d equal [err] and [err] would equal 1. Wth this definition and a
change of Integration 45 variables, the conputation for [err] is: [err] =

[err] 50 [err] 55 10
10



EP 0 332: 953 Bl This is imediately integrated by partial fractions to
yi.eld: f[err] 10 16 where [err] is &Pd 382es8@1l ess function defined by the
equation. Putting [err] leads to the curves In Figure 8. To analyze the
operation of pixel 20, prelimnarily consi der the effect of increasing the
posi tive dTH¥ijnmpediately ipjpgsated yrnartial fiaffionsdg Yield: heam 30 and | andi ng el ect r odes
40 and 41 while address eIectrodes 42 and 20 46 are both held at ground
potential. (OF course, 3genelrat S the sarre torqu a pI lWng [err] to
bot h address el ectrode& gu‘\c;d Q- apyl Jel ectrodes;
al so negsatlve [err] give s?cmet!f esults but only po%r-taﬂe [grr] will be
considred for notational sinplicity.) As with the anal ysis of pixel 120,
the conputation of points with zero net torque (attractive torque [err]
plus restoring torque [err] determnes equilibriumpoints. Now [err] s

t he samg,as for pixel 120 because [err ] JUSt depends upon the torsion beam

25 deflection and the torsion hinge ¢o | ance; 'however, the attractive
torque [err] for pixel 20 is bounded, ?Sﬁ E; Inékand passes through zero at
O (see Figure 8) in contrast t 0t hegaun d torque at a = 1 and the

posrtlve torque at a = 0 for pixel 120 (see Figure 5). This leads to a
qualitatéve difference fromthe previously discussed operation of pixel 120
as fol | owswheRd glasi is12)dimersienlessciunclionadrfindgdey the equationpPuttiry £ G deads to el gurves i |
and gr oundBguraldr ess el ectrodes 42 and 46. The 30 net torque vani shes .at a
= 0 and beamT8(enpirpatha LPeralsafaf kA0 meliminarly, gensider tha Rifest o Aeyegsing thenegsitivl ng
a S /1 wher dffesentiah bipg Ve sprliad foheam 30 apd B?ﬂ!!'!!cﬂ‘“tfw'es roamm htiﬂ @éte%mwfe 4gpndy 1)
the net 2 o%ﬁ'@ bP’édte aé '°Hf§’a 93 A 'f‘H@"JHq@?
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EP 0 332 953 B1 torque produced by the addr ess el ectrodes on beam 30 is:
[err]



10 Wwhere’[err] is the dinmensionless function previously defined in
connectiion with anal ysis of pixel ERD®B32888B1err] is the di nensi onal
gquantity 15 Figure 18 illustrates the functions. Then [err] is the val ue of
[err] that nakes [err]' and [err] tangent at [err] = 0: 20&Le
[err] ando@¥s pedugrdyiia 399iees ghackedepnbspmg®ien, this can be reexpressed as 25
[err] If the torsion hinge conpliance C I s known, then the foregoing
equation can be solved for [err] th erentlal 30 bi as that just makes
pi xel 20 bistable. if C sz §¢ gc pressed as a
per centage of the coll apse V6| tage [erze] ber tr':b f pi xel in the
anal og node and determ ned experi nent aII . To mmke a bistable pi xel 20
addressabl e, a preferred direction Fofedsi &) on nust be established. If
bot h address el ectrodes 42 and 46 are grounded, then small perturbations
about ferwereada i L g5H46&8)00@IF) Rhd &né@ﬁﬂ%ﬂhcﬁoﬁ%ﬁu@{%ﬁﬁé&'iﬁ edpsttidrOwiine
of the | adndivsigofix@aRD, AALSH iSO Bimeiidhdl gadntitpn of the differential bias (Vs >
35 J[err] to beam 30 and | andi ng el ectrodes 40 and 41. However, if prior to
application of the differential bi as,}%ess el ectrode 46 is set to a
potential of [err] where [err] is a posfitive nunber nuch less than 1, then
applicsgtion of the differential bias Vs to beam 30 and | andi ng el ectrodes
40 and 41Fiqusets iltistplesgheliBictigns] Ther boid theevalee ¢f e thabimakeer.tand r-danganeatea® 30
towards | anding electrode 41. This is illustrated by the [err] curve in
Fi gure 16. In effect, torsion bearﬂﬂ?s bedr,, trrggered into the [err] = +
1 Stable state by [err] of the oppgal‘!ﬂ‘)ﬂ Pgn of [err] Note that the
opposi t% S|gns of [err] and [err] |rrpI|es t%e attraction to address
el ectrode 316 hSaneater . ‘a g) %eactlon t.0 address el ectrode 42 once
the diffetenti gaﬁ' B %pr '°"§5|3|V?'b ISSOL R PPPPE9230 is still undeflected: also
the small size of y means that prior to application of [err] beam 30 need
rotate,only a small distance to r e GV E stanw equi | i bri um poi nt anal ogous
to point "P'" in Figure 5. Sym‘retrm%fl_ g the triggering potenti al
[err] to address electrode 42 will rotate a!ﬁ‘l"’so to | anding el ectrode 40
45 upon application of the differential bias. Also, if the triggering
pot ent i al i {ne kokdionihfng® Eorkpighcs 8 MINGWY theiithe FoPdgbihg bduation lchi o JoRedPBIVORG &I

A/ abee Niast thet RBPMKes Pixél 20 IbisGEer If 0Gs @MAdMA] théd Vy0dan bl @xpidapedisdstacperdeiigel &b tHeh e
opposi t e aapseattagel i tdr bestaior0st@BeltidiBe halol @toad aridaletelmined exrimpdily.ed. As | ong
as V8 i s nuallemakeebistatiepixal 30 addresseble] @prbferrast dirbaion tor rotafign miist be estabiishad. ifrbothhat
st abl e stasidesscelestrodes 42 abd #6)gre igrondep dhepremalh berfudbations abojier =] 0 Wil casabeal 3tatod
t he addr ergnsomlyaetate @utbenliapse torane df theplangling sfedtrodpsupon epfication of the giflesent@lbiasi{¥am 30
from offe %l toheems¥0ane lapding electrodels 4P and 4b IHoweypia f riortth eprijpatioreefdie diidrential dias.must
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Thus :



25 G = [err] [err] For exanple, if [err] = -50 volts and [err] = 0.1 (so
the address voltage [err] = + 5 volEP)332983B1G = 21. This 40 neans that the
torque at [err] = 0 is twenty-one tinmes greater when the 5 volt address
voltage is conbined with a 50 volt differential bias than when the 5 volt
address voltage is used al one. Thi s, cepi’v f s Orque gain helps illustrate
the feature of differential bi sz_’aﬁ&[tﬁ_ﬁala_gg@ In the torque produced
by a smal | er address voltage W|thout al sed produCi é”a net torque when
acting alone. A feature of the use of address el ectrodes with [err] <1 in
pixel 2F is the soft |anding that be{t3)*regkeB)45 when it hits |anding

el ectrode 40 or 41 as conpared to the | anding that beam 130 of pixel 120
makes when it hits el ectrode 142 or 146 under simlar operating conditions.
Fi TSt CONS rfleiyofhv oraub 2fboudah 9y BctBll do i o 5 sdriCas ot dofifbaand
restoring torques p1 xe th the collapse voltage ‘applied to
address el gctrnge, 446 but with eI ectrode 146 decreased in wdth to [err]
times the half-wdth of beam 130 (this is the sane [err] as in pixel 20 and
i's needed friusMsGiothtidddeundueunded nature of the attractive torque if beam
130 hits electrode 50 146). The landing torque is just the difference

bet ween 1 he atd Kaetv)e@.ang-4MISt ori ng torques at the |landing deflection (a =
1); and the landing torque normalized to the restoring torque is this
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Yode 146 will permt use of
[err] =, wi dth el ectrodes 146 because th| s WI |1 prevent beam 130 from
hitting el ectrode 146 and destructin ';:ct aislimted to a 15
value slightly less than 1.0). Thus deflection [err] may be
| ess than 1, and the product [err] appro 8§ 1 |s the logarithmc
sipgularity in [err] And the n Il‘;glba d| ue for [err] =1 and
[e{lr/] =g9. 987 (which correspoad ysilicon el ectrode

146 covered 2,000 A of silicon dioxi dé‘rgm}iyﬁlsﬂbacer | ayer of 4 micron

t hi ckness and operation in air) conputgs Iy atiout 3.08, and the coll apse
deflection [err] = 0.54. The ratio o lized | anding torque with
[err] =1 to the normalized landing [err]Y= 20 0.5 is thus about 278; this
indicates the |large effect of [err] on nornglized | anding torque. There are
two effects to be considered in determ"n?*r'l‘g the utility of soft | anding.

The _first effect is the kinetic effect whi ch deals with the mechanical

damage pr oduced by the | ct of the novi q% beam hitti ng he el ecérod
(ei ther a %[ "%?“dt"hé ‘Eﬂ @Pé‘l‘?t F’Esso "*‘3 ¢ d= od@ Th‘ he
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[err] sel #etrastbrivgtomealaidie larking deflectah:i zed | andi ng torque the speed is
reduced to near zero upon |landing. In the undanped case the kinetic energy
continually increases until the beamhits the el ectrode and 35 may be
conputedsby integrating [err] from[err] = 1. The ratio of this integration
for [err] = 0.5 to this integration for [err] = 1.0 is even smaller than
the ratio of normalized | andi ng torques considered previously. Thus the
soft landing is effective in reducing both static and kinetic |anding
effects for pixel 120. The soft |anding analysis for pixel 20 with the
differential bias at a level to just nmaHk® pixel 20 bistable [err] is as
follows. Figure 21 shows Ta for -y = 0 (curve no. 1) and for [err] = 0.1
(curve no. 2). Now the 40 condition [err] = [err] inplies the tangency of
the attractive and restoring torque curves at a = O:



[err] and the normalized | anding torque for the bistable pixel 20 is 45
[err] 50 EP 0332953 Berr|- For [err] = 0.5 and [err]
0.1 the normalized landing torque is 0.74; that is, the landing torque is
74% of the 55 restoring torque. Contrarily, for [err] = 1.0, a = 0.987, y =
0.1, the nornalized | anding torque iSzdas8, he ratio of |anding torques
S 21 4. The normalized | andi ng @&&Mperl mental |y determ ned by
nmeasuring the holding voltage VH as shom{1i#) Fi gure 22. The upper [err]
curve represent the attracting torquelf the mnimal differential bias 14
EP0332953B1 VO naki ng pixel 20 bisk &_aladdress voltage [err] and

the beam |l ands with a | andi ng torqu@(?&ﬁ)]l Now presune that -y is fixed and
Vs is slowy decreased in nmagnitude below [err] At [err] [err] has

decr easedysf HPGHIMbIAS Figire d0Wak Lisel Wlsubbtfurd AABY BOrb¢ rﬂuemﬁsf A8nTb8 3Rd36h 0
Zero. FPrmska8hd iladss 'dbection &) RBiroxirRidi BquaiSto! 1) theft +HlappREINLS Berb.OFcF @SE Ode team
30 to thecofdpad BdieiEnlkl =DE.9 4RI R @BrhputedRo babEsd 86l landinig tordud-is kil @ %2a. thebrestoring
Ther ef or ewrqacsatjapdiid. 1S sl ow y decreased and becones slightly | ess than VH

i n magni t udepphiirgaanthBO disledkibciayey ovet| eawid 16 ot persit usendfet] =p O width elact@nes 146
returns tiscduae thisudhpevent beam 130 firbre diitiing eleaiedde g 46 gndi desthuctingtin effénd o0l dimitedi tos  Of
pi xel 20 valge tshghthhiess iah d.Opolhes tharlarding Jetipetion e ondylwdiessnthanct,rand diie produgbseudr si s
curve as dpprofihinarids e loghritirhic pingularity rim gl.Ah Andy thy sorealizad @ﬂ@@ntotﬂﬁe for 8 et et q.al

bi as [errf 0f8f (whichicoreagpqnds fo]pixelat20 with pelvsligyn qlastrede 146 covargd P.AYG °f=s" qligxides

al 0, zer A" REPARER YA (Pt BanigieRibickness &g qvaraﬂon air) PP’B?H“Bd? ﬂ'E°“ @)9 » @81 158 coflerse 1)
pikel 20 q°§°°|“?i‘ Fehe oéﬁér hB “aef ‘he PﬂS’Bﬂ'z‘?ﬂfﬂ‘d{"H "%{’Gd?‘ggs f'@?dr 'F“d"'g[ﬂe}’ r]

i e® t&° 5dys @ f 2u pormgll t‘ﬁ | t
?ﬁpal gea%’?? ?’F e i 1"1 ‘ﬁ ‘lﬁ'll:g‘fj L uhafl

I::L oals | cafﬁ‘%
I:’Leaéf]egs the ekﬁe i # H%geﬁg;i@? édle jzl enatné?

Pa% IS\§
I anglS ngsh T g,ha erceJﬁBi 's|r§d d ke aRJ?n E@ha% %@Bé de

t’HJ‘ u’l ic erfe ég’i'e(spsed) hﬁaﬁdﬁac

poi nt (3) %a %yf &l (5RRG Tad BQEan‘duﬁQtnf B&JeRdResh 6 aBre o
returns trﬁech&lﬁtaﬁ& p§.[DafiBing %Ma@s‘é@@iﬂ%%plﬁ&m‘dhﬂ of {he'faiﬁﬁr tﬁﬁgdp%tvdmdﬁo b&eAfanidO! Nt
(4) in FigsleBcrddo ad\he Wodnh qiitky tals (2 hueVib Bt theDdlecBbde? ShdOpe fwdltexifding dlied B
bi bbe sverdempig dnd ROEanspidigt ch i nto proper stable states if certain pixel
par anet ers thane dle@arhpedtadolthe dpaédvi thetbean Brgaitkiybroyght ta kerbin thenabeentdalra sastained
speci f i edatieatiive torquel Mausciorttie) tase fof @l selevtedt]tocreduca theowrmatized déndingl tdrdue teDspeed is
mar gi n; i rbdumed/toppat@éro ppandawdingr vari es by nore 20 than the noi se nargin,
then the pikethe widainpaghase the ikinetis anbray epndirugivsinereases Wit o peam hitgrive pledtrods and
devi at Pmm@fbem@ptp@m@m@@qsatms Fomy ¥afee =i} eeded- Hp &tia el th%;\qpsnam Jorfet @&dathishe
noi se mar_g; P for fe= dtOHé P"eﬂéf“a'!?éfhéfi the 1"%5‘? °f 'Pﬂ'i'“ F%@é?"d'"q UPsEPNBigred previously.

p Reft lansip Eﬁfftstf?fpfngdlz?'y i st abl e
pTht | AT lanmqs ﬁ'sfﬂé o wawmewar P'esgqtﬂ o Bt et LR
el ectrode( 'Pi" \31‘ P st dfory 5 O [EHve, ?15 Qow and
36 and‘"ne%? °s'f"p gpney g 'Vr?aP PR R HEP % ion from
fl at ness, g& %) gq(@? FLg ure 24 shows the attracting torque [err] for pixel
20 address@ a P"’Fode 46 (to deflect beam30 to a = + 1 at |anding
el ectrodey4 1%, %ﬁzeal,aﬁ@n&tgﬁ d Both&bibtae i sie [err] for three different

devi at 1,\,,ons 0 l%eam 30 rom | at ness (the dashed lines labelled (1), (2),
and (3)). For line (1) beam30 Is fla d the net torque rotates beam 30
towards a = +1. For line (2) beaﬂap.i@a_" "_ﬁ?hlé}-l ninitial deflection of
[err] 30 (towards |anding el ectrode 40)%@a@)the application of the
differential bias plus addressin voltage to address el ectrode 46 and
grounds¢ o address el ectrode 42_ ad'ef1,8)-oGhel, B)or que because of the
in-built initial deflection. F—FW-IH initial deflection
Is so large that application of e di f'ferent ?Iaﬁl as plus addressing

vol tage on el ectrode 46 and ground 42 produces a net torque rotating beam
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For'[err] = 0.5 and [err] 1, the expression for amreduces to [err] 50 The
angul ar devi ation margin increases ERiQ382485381 expected, -and as fl atness
degrades proper operation requires |arger addre55|ng voltage relative to
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current stepper msalignnent. O course, increasing [err] increases [err]
Address el e roul! ti-dasBnlerd] T4 al so be conpensat ed for by use of
bal-ance el ectr?des as 40 illustrated scherr'g @% ¥ in cross sectional

el evation U9l ' 3 WAUPY @ f easly srprovimsted and n Figure 27. Pixel 220
has addr®ss el ectrodes 242 ad 246, |anding el'ectrodes 240 and 241, plus

bal ance el ectrodes 243 and 245 Inter Q%;e,dl ggt heladdress el ectrodes
and the | anding el ectrodes. |foaspe ;—F ' t, then the bal ance
el ectrodes woul d be biased at the di reqt2 "b( bl tage; whereas, if
there iggm salign- nent of the address electrodes in the direction of

| andi ng el ef&duReBnelehGuldr fardinin (e Qirgblie/df RHGng dIScabLBSI & the saftle bl Bghim&gl ance

el ectrode Wourflg Ben.dirased 11 Hy\Bpfssidiierapdeduces3aippl y addi tional torque
(increase [err] to counteract the msalignment. If the msalignment is in

t he ot her dj=eateyon, then bal ance el ectrode 243 is biased towards ground.
The noi & nmargi ns conput ed above are not independent, and the effects

i nteract tdhd angeler devigtioremaygim increfsss witlk anpd expediadg andeasifptness| degtardest rrepet hieration
attracti veraqureglagsr pdsiesgipgovoltags relitive iptfhedifipdential Sigs.Fonekampleyith ratidiesd p d'BQJ
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devi at i &k typg of s plggtro ‘Epﬁ"’f‘ﬁg agi d torsion hinges' 34
Lnd 36 is illustrated in plan view in Figure 2 namel e electrodes are mlsaEh along the diagonal by

a distance ¢ in the direction of landing electrode 40 and away from landing electrode 41 but all other
alignments are correct. For simplicity, only this misalignment will be analyzed. First, as shown in Figure 25
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cases, and clearly the m saligned case has a margin for angul ar devi ation
of. one:half of the aligned case rerQBs2963B1respect to the + el ectrode and
a S0%greater margin with respect to the - electrode. O course, the
argument is synmetric and nonflatness within the angular deviation margin
wi |1 | owdhe rpispligmmnt defires theshaded erepn! tﬁwencprbewe@s‘ea'aﬁ prskelectredes #2 and 98:ikpse he
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di f f ersntri@) =he(a s Higtk.A hee28)ddr essi ng vol tage are at ground. See Figure 29
for a tink@p=cdrgr.@meadBich shows the differential bias [err] applied to
beam 30 and | anding el ectrodes 40 and 41, the reset pulses [err] applied to
el ect r odendithe gspripiolic foimnlesglitier 4 venrsmal) igrepsily; deyived frpm theldefisiianigig: vol t age [err]
f dka sequence of deflect, not deflect deflect applied to el ectrode 46,
and th¥® resultant beam deflection a. bea 30 were stuck on | anding 10
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530, 630) and 6.4 444,

e AR e et i

0
st
542, 546; 642, E%% ghjeesto 8%;"@?4 8 o T eeh ;]:
241: 340, 341; d fé&; trcall é rd @ﬁl);rzggt
sane potent i al 3:?&34:&)3 vfﬁer? saamsr ot Focgspicaly e ard 5{3eta Dimat

deflects %char

said bottom | ayer ( 422 622) the bottomof said | ocated to
contact said deflectable elenent (30 230 330, 430, 530, 630) mhen sai d
defl ectabl e el erent (30, 230, 330, 430, 5% 630) is deflected
electrostatically to said at |east one address el ectrode (42, 46; 242, 246;
342, 346; 442, 446; 542, 546; 642, 646).



10°2. Aisspatial light nodul ator according to claima1,
| ayer (24, 324, 424, 524, 624) fUuEPb@E32983BlIi.Ses a poI yngmr"'lﬂ ﬂ'ﬁurmﬂmm
selectively renoved to formsaid wells. & A spatial |ight* m atmor s =+
according to claim11 or clai m 2, where| n sa| d mddle Izgg/er furt her

I

conpri ses a395230. 330,430, 330; §30 }s ode 442, @6:\R4%: |246: 367, 4@ ‘R 4R SA2sai d
posts (624) 5464642A64§ ?ﬂ“f %ﬂ"eqfﬁb&rﬂe"}?ﬂdﬁﬂ & Oo?aoa@@&:’ﬂlsﬁ dﬁﬂf‘d&ny one of the

precedi ng cl al %Qg 330,
oty 26,

h of sai | bl e
gz 0 ef C@s.(ﬂ? i
ggégl 5§§6 620 aﬁogg 3?2'9?1% 2) at OIL%% ! |||gélg Oe)§ Z?h'd5ﬁgs
two addr ess &s&lnr qeﬁ& o 9*% %%“%}f’. ﬁ Sefipie
542, b4e) agﬁ e ng el ect o esg 8% K20° =0 3365 441

540, 541; 640, 641) 25 5. A spatial light nodul ator accordi né to claimd4,

wherein sRi d douvidl RfAE B&fate? | BEHdiCh8 cickndt 3, whdhsin ddld? midéibOlayed 43, 3344 824, 4547 624)46;
542, 546; OGfudher isétfa (DRFdr tRdREY bebr Shlecthdly.renfotBl todot sai@ kélis. 620) are spaced
apart from each other on opposite sides of the deflectable el ement (30,
230, 330,3. 4A@patiaidight nGaG)torcacdrdirg t ichaien, 1 srfviame2, wherain daic eitidiaaybi farhet Somprises a
| magi nary | pielitpettpaste (6249asaidl velisigesd b@deen36id paYe24336; 434, 436; 534, 536;
634, 636). 30 6. A spatial light nodul ator according to claim4 or claimS5,
wher ei n dki 8 spatig light mduljorakceardingdelany ofel Of thedprecedingDclaims] wherg 0, 341; 440, 441;
540,, 541; 640 %agvofp a"éﬁ@"’@%@@ﬁ?dﬂ 2305 330 490 SRO. 6@%@rmm¢¢©%g§§7ﬂtf@9@mﬁﬂ§sefof

t he/ def | ect Qﬁi?@ gseﬁ‘?@rﬂ%( 626, $8) by by torsigphingps (34, @39’)4 W1 4365 534 S3Gi0e4. e n

said c®nter %83 is an i magi nar i ne _bet ween sai d 34 36 334, 336

: ea sai ﬁels 420, 520 Lo gdgn mel ’c?ﬁ? &ﬁ%
any one or %“%ﬁ,ﬁ) %mmgaagﬁ%?ﬁg%@sx %g?rjaz g

326, 328; 4 626 628) I's constituted by flrst (26 326, 426 626)

Zlg(g Sg %ggg xzdzg g;% ggg%bcl vﬁie oihcs (ggfg EMSQ algam:éy(gi 2%5352@26
hi nge (34 W opp S|de 30|4%0 0, 630) kﬂ:qp from

only said fiyhetdin ¥Fkne (2 im @ id h %'?8435@5343- 6 kﬂ
accord| ng tgsﬁ&% one of the pr ece3| ng C ai ns er ein: said |n Sa|

miNdell esl ayer (624) for said pixel (620) joi ns with the correspondl ng wel |

i n an abug. t Argatiai gk mddoR@y accétiindto ofhinia toh B18imad, whéerGie bdid tg idnbing Prbotrodies (§02@1;
220, 320, 424, 2520640, $4034004410540054 ;| 63D, d41)gind spated bart ftom éeeh o6thel onpbasitecsidesm 5,
wher ei n sai of tlefbfiectisid bloment €302 13805 38 3130, 530), 636)3nter 8, wieBdl s4dB Cgnten i is an

def | ect ed t waginats linetetween ssid hirigess(@4,86: IO 33BA4PI498; 581.508;16841836).( 42, 46; 242,
246; 3%2, 346; 442, 446; 542, 546; 642, 646), by. applying a signal voltage
to the sdeof@praipl lightimodelgter agepriingde any| oge ofithsisecedingelaime whardip:  246; 342, 346;
442, 446; 542 said gpflecting lByes (26526> 3265 328) 42614£8; %Gwrfé’ﬁ)memsﬁut%s’cw&@ t‘% 6%xel s

(20, 220, 397 segord (285338, 428,498 syblayerssppsh plseid|spblayers (26,378 A28y ﬁ%gq ¥ any
one of the E?“&:‘Eiﬁer?éla aeish ﬂ%"c‘f?!&'r%@?%PFez@Epet%‘ 1994 (388 434 £436; Q%P% R &38)sal
vol t ag®s to e only) sgid fiystgyblayey 5. 326,126, 5% 246 342 346; 442, 446 542,

546; 642, . 8. tl Ihgl-??{ rr}od Qreaté)rr]d e 06% CL%L tarec n er |§0 230, 330 430,
530, 630); gg él 5 jﬁﬁ‘gﬁg @@ e
el enent s (38‘3‘“'?'5 el é gk 3%) causl n sal ??g"(':?pogﬁ Fe?f%nts
(30, 230, 3 0, 630) to respond to the previ ously appl i ed si gnal

vol tages RN AGRHId %ﬂﬂé&ﬁ.ﬁ 1Rl gl (5008, $26242046%0, e?éd)?of a%f4ial BfdmodAHr actdtding B46:
542, 546; OGdidim £ %Rrein éad dﬁle&ﬁmm 840233b, 430536 636) aradenbidul towardskthe irst
gebl | det er sfaidingd &idreks SGUERA W20l6) 242, PABDSI2, ﬂseuad%mmmlm) By &pplylagat r at
oder ei ne Beigtaneaitsyeqb the (sdodnd 3iXdid tWiatidrebdlgcirodsis (M2, 4d; R42cbascimocaus; 442 /46,3524,
424, 54, 6848} 642ué4ser Bodenschicht 6 (22, 322, 422, 622) und eine

refl ekei erende Schicht (26, 28; 326, 328; 426, 428; 626, 628) aus Pixeln
(20, 220,103A0MmethdR Of addRSsingGRE pixais(20,H20, 320:3BG 1529, 621 of Phpatidl ligh? ModuRRD accBRihg
420, 520, 6RCny ewstdietpreceding dsimsicharetariand bydhe tep ehkbar es,

| i chtrefl ekti epelyiokaignsl veliages toaddress 2igtrodgnd2, 48242, 2483342, 6@0142 HE542, P48 B2,

ref | ek®i er e AtH:hongath pach peflegleble sigment3, 238 330, 430, B30, B3P anciihe 628%0 %ebl | det | st
und it dem REGEYiEER biFtYg q'raqﬂéﬁpo%w %Maé'ﬁ@'eq;i?s orgs (39,6230, 55 430 530, 630) pausing -

d H?g% 0 ) ond to the previously’ applied’signal
626, 628) Vo ?age;'{,% aderrn;ss%ectro es l(gﬂ 1%410 %46%2 3

442, 446; 542, 546; 642, 646).
22



10 ° 336; 434, 436; 534, 536; 634, 636) verbunden ist, das aus der

refl ekti erenden Schicht (26, 28; 3XEP 033205346, 428; 626, H Eﬂﬂmﬂmu“m
I'st, wobel das Elenent (30, 230, 330, 430, 530, 630) aut e
Spannungspotentlal %ehal ten !st, eine in der Mttelschicht (24, 24" 434,
524, 624) BUsMRRRPIICMRL| de, die sich von dem abl enkbaren El ement (30, 230,

330, 430, 530'?833'0 chuz:hl%stlrder Bo‘(‘zljenschl cht. 22 322 422, 622 |n el gét

gr 58eren Blej

330, 430 53(?;;" .-4 i(‘ ¢ °°'?f§;lx h
246: 347 34é( M
422, 622) am

2 S
.% §§ . 2
624) und der §éﬂ h 28 628@?;5 S&Jﬁ&etlﬂi nHﬁu@&J&'@%@s‘é

abl enkbar en E&f%ﬁ%%éen(s’cﬁhcm% Ozg; 32’6032843&; 4983656, 29 WbertehnlgabHstein GiibnR B4, 36; 334,
angeor dngt ! sise; 4daH361354, 858; esikbss; %rﬂ\mtdaé'a’&de&%ﬁblm Hon Sthicht (26, 926 52%0
630) el ekt r 0426t 428.0426 56PBREebRdeR Rk twowd ldeis ERABNt G80) B30, 80) B3(E 5805 630) auf einem ersten
Pot ent i al di f fspamiadgsporertia lgeraitshag, abl enkbare El ement (30, 230, 330, 430, 530,

630) und di e eh@driedet sktlelschibit (24,2324 624, BAL 624 4ebildad Muldd Gie st 2on 4éb ;ablbrkBaren
546; 642, 64@leranyad,230, 330, #ah, 5300630nk don BldsnechiEht 22e302, 422062218 Giner YRiBeror BRite
530, 630§ abggid denRisiterdes dblonkbarariFleneants!{30e 2300380,430.530, 630) evabredkyst ens si ne
Anschl agel ektweoidster(sidine ArteBeidkdiode (2,146, 347) 243 £42, G(N42,4448; 543/P16: 642 54644, der
641) auf im viedenselight (22322422, 29 ashBademder duide awisolien der-Mittelsshieht|(24a 824, $24ePadnt
(30, /230, 33@24)4@9 derBogensghiehy (224 122.ff. 888 pestreckhpndinterhalp de%@le"khe@z Elegots (0m
Bolten dgg Mul 438, 338 @%ﬁ?oa bvﬁ"ﬁfﬂe!"dwgta"gea%efgﬁtedaaé'gs sﬁﬁ"&ﬂ@o P'ée K%Qn%#?t 3 30
230, 33 43

= zzzﬁgﬁwﬁﬁm LB

wrd. 2. Spat ze'c dul at or nach Anspruch 1, bei wel chem d| e
rheﬁye%‘

Mttel sghi Cht elé(gdﬂe 4, AHBRL0G K, "k43§°44¥r§% W adB] iy afl@dd
zu Bi | ding defes d}E ab¥Hic é‘Elb:%Ent 530,330,936 536'1686) au der
Li cht nodul at Oéodaﬁ £\28, P28 B L8 B o: |e nshana |sf® das ablenkbare
Mttel schi ChtEnéHbﬁ?(a Eﬁﬁbfmb"@é %3 BG0) DBribrD Wohn Bdd a%hl&&re ERIBR (a0 280, BAb, G530,

zwi schen di esgb) entidstlisch 62 dar v@ﬁi@é&éu&%ﬁeﬁl\dﬁbeleﬂmd&@,t%%@ r24b;i 3451308 dud, adepsaz,
nach ej nem degss \aas, lees)aedemndawitd. Anspr Cche, bel wel chem jedes der abl enkbaren

EI enente (30, 230, 330, 430, 530, 630) mt der reflektierenden Schicht (26,
28; 40 - 232patiak? &ichihdbulatet Aach Baspructs28hei Mslehent diei Millalschios | (1) 3g€ | 424kE24/( 624)
36; 334,. 336;auBdtdbm B BolynieB 4yfwdil Glas £3BIldur@3i8) Muldaniseieidie antiestt wordemdst] edes der

Pi xel (20, 220, 320, 420, 520, 620) zwei AdreBel ektroden (42, 46; 242, 246;
342, 3465 24 ZBpatiplps Lickmodulaty @achcAnsprudhicydes Aospeicly detiel welehom| digy MittelrehichicruperdenD,
41: 240, 241;meupme SRien (624)pyiweisty wobehdie)Muldenizwisghen diegan Shulan (63 gehildet gigd.5
SpésU/aI er Lichtnodul ator nach Anspruch 4, bei wel chem zvvel Adr esel ekt roden

(42, 46; 242 Sralinpr L'S'ZPEOGUEEB"%M'QS"' ﬂérd"fhmez'emsaénsp@a‘? b%»! %des Pi xel s

dedegfg@' ab are E e|i|t7~| (3 Fd ,ZQB '
Sei ten dbr M EBCRE R -géé@ Y ﬁ"‘Fﬁ“@?Péﬁf"? i eg%% 0 S ;
t E S en

e Nl Yt et

630) angebrac )V N
den Gel enken A )

Spati al er Ucl‘gﬁnﬁe’le% %51)g@fmst Spruc nspruch et em zwel
Anschl aggl ekt roden (40, "41; 240, 241; 340 341; 440, 441, 540 541 640,
641) i m Abg! agiiakp DRAMBAILEK nddh BIGHER YD B lWeREEN AN AStBlIcRIOIBKE [42Met b bienae,
des abl enkbarfp; 4ab,eq¥8; 843, 548,(642,%36), jodds Pixeld §0, 2203820, 428 0520,2620)5R ABdd voheiHender
wobei 66 dikf a\@dg&dgeéekzten iSGitef idBCM@EIRHC GdsQablehHbhren Eldsiad) (30, Z256)1330L43eN50N60P4,
36; 334, 336;andebflachtsin; wdbsidiesd Mifellifia dine Hediaghte IShie zwisthen delri@ednksn 2349863 3481 336;
Spati al es Uchisnpide:l5ad, 686; as4; b3episnem der vor her gehenden Anspr~che, bei

wel chem die reflektierende Schicht (26, 28; 328, 328; 426, 428; 626, 628)
von er st en6{ 2patia®P Gichtmoduiatod ah- Anspriich eodercAnsgre S, @%lcmmgweleﬂlg)hlagelektmden (40,
Tei | schi cht en41g'é‘19| 2405340; 341, 440001540, B4 BA B41) dm [Abstand vpreinandena gegengberlipgenden
626; 28, 328,Seligader ditwjinia ges ahianktaren Flameats (X0 P30, 330, ¢60. §306I) angebracht gind, wobei
weni gst &hs el%M@‘l‘%ﬂ“% goglachtgdl.inie;zyischopsion Gelenken 433636 834 336; 4% 4902934, 535934y
aus der erst 97 | schicht (26, 326, 426, 626) gebildet ist. & Spatialer
Li cht nodul at or nach ei nem der vor hergehenden Ansprtlche, be! wel chem die
Mul de in der Mttel schicht (624) fOr dss Pixel (620) sich an die

ent sprechende Mul de in einem

»%

23



10 angrenzenden Pi xel (620) anschileft 9. Verfahren, z

Pixel (20, 220, 320, 420, 520, 628k 0332983 Bpati al en Llchtmanmuuuml
Anspruch 5, bei wel chem abl enkbare El ements (30, 230, 330,* 430, :538, %30)
gegen d|e erste der zwei AdreBeI ekt roden (42 46; 242, 248; 342, 346; 442

446; 542,7-58pstialgrdschtrpdy) insfder Voeergetend nrmmcaﬁbp elchemm e zueite der
zwei Adr eBe @R’?ﬂeﬁtﬂ?ﬁd"tﬁ '°“‘4 » 28,1396, 3285426 | 428; 626,62 ?‘3 g 42,
646) si ne S QP‘% f'%"‘ ht'queB' dgl' w‘\?@'r’%%iﬂebﬁ;?gggafz@ P& r?zﬁer
Pi xel % Q?f % u.atars n

ot hhet VSEE 19 5% elr'20
i er n El gnc(:ffg %Egﬁung E%ﬁ girﬂelgel eEtroden (42, 46; 242, 24[3I 342

c—r

242,

Anl egen von
346; 442, g 44Baa5ATomnRAGatord e.,@mﬁ] Rl Afiche Jal GRDRT o0 El erent
(30, 230, 334 mdROn d5|39|me|§§: @ ﬁﬁ%@hﬁ&ﬂﬁ%uﬂ%&%%ﬂ% idlelngit an
die abLoenkb@ﬁgegp.zg,h SRS B2d 3{;&,” 330, 430 530, 630), die die abl enkbaren
El enents (30, 230, 330, 4&0 530, 630) veranl aet, auf die zuvor an die
Adr el el ekd.r weiifreh 4uln Ridcksetzbf deor PGB0, 240) 3203 440, 52&,4&0) o8 spalidleh LichthiodGiders n&ch 8)
angel egt en Shgnsh SRNWeKEhGAEbIBRKDbErE ERmerite (30, 230, 330,430,430, B) @egonie dviteltdraiveiur
spati al de |AdieBdiakitodbn (4214602025246, 842,5346; 462, 482 542) 5480642 648) abgélantli vieedes Litidamtanr e
en couehes diergpeits denzwel AdeGdiektrodat (42u4611242, 2461 SH2: 3d& 442 3146; (522 ,54@ D22, 646)Bine622)
, une couch@&igodspenmnghgangdlept weR4, 424, J 30 524, 624) sur ladite couche
de base (22, 322, 422, 622) et une couche rdflectrice (26, 28, 326, 328;
426, ; 428 10. Hz@hfeezqﬁ‘éressmekéwsﬁw@o 2202 §20, 322’05204@@ e'@zepaﬂﬁmychtmé%t@a fach
deedit s pi xé!"%’“ o (yorhergehendsp Anspyiohe, 9?5‘2'&5'2‘5‘?5‘2 ﬁ&'ﬁiﬁ?\t un el enen
refl ecfeur (ﬁ' ??Brs@"a'st? élgﬂe a%IAE 2 3 P18 % 146 542 546;
(30, 230, 330, 2g§e ox ‘ %)ek ; 10%‘ ?g&:feag ggﬁ
?(Zal?l egterI Cg ga?é‘%ﬂe %E) EEEE d%g %zuvor an d|e dreBe lﬁe
artICULsatIOI(I W245p2 4007 4 4%%? e@féﬂ ﬂ?gﬁ P%r n@eaﬂerpartlr
de | adit eg M@ﬁoﬁgflectrl ce (26, 28; 326 328 426, 428; 626,628), ledit
El 6nment (30 230, 330, 430, 530, 630) Etant maintenu & un prem er potentiel de
t ensi on, #n MkklidtSur fsﬁéuﬂfdedﬁﬂférd RAME 8anS AHE BRUCRIRNST Bdushok 24adite fuctufe’ dn coébs
624) et s’ elanbaHt uksubatfa b urdetliche ddbase (22,5428, 008) 622 Adbeehel Gentiay 281 doa 24, 30,
230,/ 3D, 4364, 6243 Qur 15RO outRd 8o baadlid2p 320 ume22yl6 Una seuchelflecttide’ (264387 3260348); de
| ar geur sup+4ee, 28 ;%626 628) dedixgle (R0, 2b00320, 420,528, 1620)C add dbsdiie phtely (201 220,820,320,
230, 330, 4320, eXpeomposdddt; au noi ns une El ectrode d' adresse (42, 46 ; 242,
246; 342, 346;undiEmentiréibctelrAdd, Iavilre, cafabl, distostatiquembrt dib tdéviation (30230830, 1488,6530,22
322, 422, 6830 forpé favm tbdithuadivche piflectrice d20(2B8 ¢ 326, 828 ¢R26C4280026,628) pit qopreeté (aR spste3R 4,
45 35424, Bditp cayohp) réactrice, (A8t 28; 388132804286428 26 ar 3@ noing 2e ajoudation: {34,36;
s' 6t endant A3%IESHAUPORY FIBEPIBAR) for abmemaée mf@néf(esmce (26,28 RHF28:430,
53Q, 830) ef28:438:628428% 'm'éremm#a% £30,53Q.639 Ptqreiewmnu L= E'G’EPVHEQR"“Q! Aabl e
de deviatio “'% 230 33g ad430 530, 63 de teI I e sorts rs dllljdge
d|fference
dEvi at Fon ( Bg ﬁ 63@ é ggg
46 242 242%5 $§%’H63 "’° Y 8. largdy 66'556’ "°1’° e de
dEvi &1 r}"‘éﬂ%qﬂ o 83005 3Kin %622%30:42 &3@? Sli3yd € C%a&tzgéd Ble
o s une E'ia@fié e 20 Zﬁ frau tord it enﬁé]'g;i‘?ézlgwci% méfﬁ(m
541; 640, 64d4529088) & lé‘cﬁg%ucﬁéld %(@%@Mﬁ&es € s aﬁtaﬁd@%ﬁgdd&ﬁ%%ﬁ de
d~vi at i on (3&2:ab|3%9 «dévaation (383880, 55304300 840) Bﬁﬂ)Bﬂﬂ&I@U lpobiradlibrosideRstdiqueBntame
(22, 322, 43%Rmerfdapabldde Bm@lord@ollztso 1380, 4S50, 55U, 830) Qe RMLI$ortS GlicloR§u' e AfiGehce € C
| edi t El 6mepbtemtisisdbappliqiée Shtrd ilaait isBmert 2apabld IO déviatioh (39,330, 336} 430, 330) p30) @t ladik e
| edi t El 6meslectoap dladresse @2586; 242, 245;342,5346:042, 448 542536),642618), 1048 @lsmbid @apabiBQp est
ddvl 6 & ect nédtiart (30)12807830, 4300530, 63a)dévie, canacténtsé pa une El ectrode d' adresse (42,
46; 242, 248; @DIAgIns34®; élebtidde del Gontabi]l@0.541; 260] 241,634D,3412 440,441.2540)Vb4iu 640, BAT)
spatial de sensibloment su néme patentielaw didit #6ment capaiiiarde dbviafjore (30 236, 338 430 58h &30)
central e (24tuégsur ladio gouctpdp bage (2P, 328n$A2c478) audfenddudit puitplasés pavhPiee euiontactst d
st ecti vemeAyecdadit émens sapable g Agviation-@01i28Q, 330, 4305 5303630)lorsayedledit flémept opale our
| umi er & sol Sﬂ"‘a"%[' $.780, 380 430, 530, §3095t devié,Slockastatiquament yprsladite au moiag e Sl
couche 5  dagEsip (43 ¥ B30, 3B MR 5492 807G/ i t e de Dbornes
(624), lesdits puits Etant fornds entre | esdites bornes (624). 4. Mbdul ateur
spatial de lum bre solon |'une quel conque des revendi cati ons pr~cé6dentes |,
dans | equel : chacun desdits el ements capabl es de deviation (30, 230, 330,
430, 530, 630) est connectd & ladite 12 couche r6flectrice (26, 28;
326, 328; 426, 428; 626, 628)



par deux articulations a torsion (34, 36; 334, 336; 434, j
634, 636) ; et chacun desdits pixelEP ¢ 28 g53(B1 320, 420, Jmluﬂqmﬂ ll
deux El ectrodes d' adresse (42, 46; 242, 246; 342, 346; 442" fa6" 542 548
642, 646) et deux El ectrodes de contact (40, 41; 240, 241; 340, 341; 440,
441; 540, 841Modgigtgur spatiph de lymidns selgp,ig savendication J siars laquel jedite cavphe qentialy (B 374, 424,
revendi cat i orp2: @‘&FQ"‘P"@ 3? p'F%E’HP‘t' %ﬂ?{é‘@ etiyogEienigvepepidarmer lespis pultg-

242, 246, égzm i po r lu%?e szlb nd %ﬂ'@ r vendlcaltlo 0’4“ an eque‘ §él% c%:c%e

320, 420,
la I'igne centfgzne ca "b d&e dlg%?%%)rlod's

530, 630) dans Iadlte i gne centrale ost une Ilgne |nagna|re entre

20 | esdigt eﬁod’%fa{shgd&tﬁf de0Hire 38omitine QRfkoriad destevandicafions Ergéderﬁ%  dakd38uB136) -
6. Mbdul at eur  spgllfdesdle éléH\Q?lt@Eé%aﬁQ &rhé itioh eﬂﬂ' 4381430, 534, tSonnectd & ladite
revendi Gat i ONeobehe 63BSride QLB 88; 3060558 48 S4286HI8, )ectrodes de cont act (40, 41;
240, 241; 340, 3fddedddiculdtibas 2 bofidn (44d6; 3544 8ae; £54 486,534 536 BBR68PSatl ' Une de

| “autre sur des cleRiircdesGiRRORI201220| $20) 4201520£ 620§ Samports] @euk 'sRbicbdesiradiesea pl2e4erle
devi ati on (302422236; 343 336; 4423 @46; B2, 546; 6423616) & 36)x dibetictios oa)tvatact! (607 1; @40, 2¢1) 840,
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